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Denuc PA3YBAEB

Poman NEYEHKUH

AHHOTALINA

PacnonoxeHue uHgbpacmpyKkmypbi kene3Hbix 0opoe Ha OCHO-
8aHUU U3 MHO20/1€EMHEMED3IIbIX 2DYHMOB NOBbILAEM PUCKU
803HUKHOBEHUSs1 dechekmos u Oechopmayuu 3emIsIHO20 NOoMHa.
B Poccuu MHO201eMHeMeP3ible 2pyHMb! 3aHUMaom NPpUMEPHO
65 % nnowadu cmpaHb!. Kak cnedcmeue, 0eghekmHocme 3emns-
HO20 NOI0MHa, PacnonoXeHHo20 8 makux patioHax BocmouHozo
nonueoHa xeneaHbix 00poe Poccuu, npegbiiaem cpedHull noka-
3amenb no cemu.

Lensto uccnedogaHus sgnsiemes nogbiweHue aghghekmus-
Hocmu cmabusnu3ayuu OCHOBaHUS 3eMIISIHO20 NOMOMHa Xenes-
HOOOPOXHO20 NYyMU UHBEKYUOHHbIM cnocobom npu Oezpadayuu
MHO20/IEMHEMED3ITbIX 2PYHMOB.

[ns akennyamupyemoeo 3emIsiHo20 NONoOMHa KenesHbIX
dopoe 8 ycnosusx Oezpadayuu MHO20IEMHEMEDSbIX 2PyHMOos
U ¢hopMuposaHUsi c1abbix epyHMOE 0CHOBaHUS NPEANIOKEH yCo-

meniossideneHue pacmeopos.

Mup Tparcriopra, 2024. T. 22. Ne 1 (110). C. 6-16

Ctabunu3auma oCHOBaHMSA 3eMJIAHOrO NONOTHa
WHBEKLMOHHLIM CNOCOOOM Npu Aerpagauum
MHOrOneTHeMeP3nbIX FPYHTOB

Menuc Anexceeeuu Pasysaes’,
Poman Cepzeesuu IMeuenkun ?

12 Cubupcruil 2ocydapcmeennbviil ynueepcumem nymeil
coobwenus, Hosocubupck, Poccus.

" ORCID 0000-0003-0850-3414; Scopus Author ID:
57204687242; PUHL] SPIN-xo00: 3250-0657; PUHL]
Author ID: 726831.
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8EpWEHCMB0BaHHbIL aneopumm NPOEKMUPOBaHUs HaNOPHO2O
UHBEKMUPOBAHUS UEMEHMO-2PpYHMOBKIX PACMBOPO8, peanusy-
wuti KomnnekcHbIl No0Xo0.

MocmasneH u ebinonHeH nabopamopHbIli KChepumeHm
no onpedesnieHuld 06LeMo8 menosbIAeNeHUs UHbEKYLUOHHbIX
pacmeopos pasnuyHbIX peyenmyp 3a cyem 3K30mepMuu ye-
mMeHma. YcmaHosneHa nuHeliHasi 3agucumMocms ydenbHo20
mensio8bIOeNEeHUs UHBEKYUOHHBIX Pacmeopos om co0epxaHusi
yemeHma.

MpednoxeHa Hogass pacyemHasi cxema C dK8UBANIEHMHbIM
crioem pacmeopa 8 30He cmabusnuaayuu 015 NPO2HO3UPOBaHUs
8E/1UYUHbI PACMENNIEHUS MHO20/IEMHEMEP3ITBIX 2PYHMO8 OCHO-
8aHUST NPU UHBLEKMUPOBAHUU Mamepuasos ¢ UEMEHMHbIM 85XY-
wum. MpednoxeHo aHanumuyeckoe peweHue paccmampusaemol
3a0a4u 0151 npedgapumerbHbIX pacyemos.

Knouesble criosa: xenesHas Gopoza, 3eMASHOE NOMOMHO, 2PyHMbI OCHOBAHUS, MHO20MeMHeMep3nble 2pyHmbl, dezpadauus
MHO20MIeMHEMep3IIbIX 2PYHMO8, MajuKosas 30Ha, criabble 2DyHMbI, UHLEKMUPOSAHUE 2PYHMO8, UEeMeHMO-2pyHMOebIl pacmeop,

bnaeodapHocmu: OaHHasi paboma ebinonHeHa npu guHaHcosol noddepxke epaHma OAO «PXK[» no [Jozosopy Ne 5106471 om
28.12.2022 200a Ha pa3gumue Hay4HO-neda202uyeckux WKon 8 obnacmu xene3HodopOXHO20 mpaHcnopma.
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BBEOEHUE

TpancnoprHas ctparerus Poccuiickoii @ene-
pamwm 1o 2030 roza ¢ MPOrHO30M Ha ITEPHOL 10
2035 roma' mpemycMaTpuBaeT MOACPHHU3AIIMIO
JKeNe3HOIOPOKHOU HHpacTpyKTypsI baiikano-
Amypckoit 1 TpaHCCHOUPCKOH KeTe3HOIOPOXK-
HBIX MarucTpaieil ¢ pa3BUTHEM IPOITYCKHBIX
¥ TIPOBO3HBIX criocoOHOcTei. [Ipu aTOM Hamex-
HOCTH M 0O€30I1aCHOCTH JKEJIE3HOJO0POXKHOTO
ITyTH, B TOM YHUCIIE 3€MJITHOTO TIOJIOTHA, SIBIIS-
FOTCSI OCHOBHBIMH TTOKa3aTEIIAMH, TPEOYIOIMNMHA
0Cc000T0 BHIMAHHS.

BMecTe ¢ TeM Ha CEerogHSAIIHUN I€Hb HAH-
OonpIIMe PUCKH, CBOWCTBEHHBIE BocTouHOMY
TIOJIUTOHY, CBS3aHBI C C MPOTSHKEHHOCTBIO JIe-
(exTHOTO W MEeOPMHUPYIOMIETOCs 3eMIISTHOTO
TIOJIOTHA JKEJIE3HBIX JIOPOT. JTO CBSI3aHO C pac-
TIOJIOXKEHUEM 3HAIUTETbHON YacTH HH(PACTPYK-
TypBI JKENEe3HBIX Aopor BocTouHoro mosnmrona
Ha OCHOBAHUSIX M3 MHOTOJIETHEMEP3IIbIX TPYHTOB
[1-3]. I3MeHeHNEe BOMHO-TEIIIOBOTO PEKHAMA
9KCILTYaTHPYEMON CHCTEMBI «HACHITIb — OCHOBA-
HHE» B TAaKUX CJIOXKHBIX HPUPOJHO-KINMAa-
TUYECKUX M WHKEHEPHO-TCOJIOTHYECKHUX yCIIO-
BUSIX TIPUBOJMT K JIETPaIalliyl MHOTOJIETHEMEP3-
ne1x rpyHTOB (MMI) € hopmuIpoBaHIIEM B OCHO-
BaHUAX TAJHUKOBBIX 30H C HU3KOW Hecyullen
CrocoOHOCTRIO [3-5].

AHanornuHble TPOOIEMBI HAONIOMAIOTCA
1 B psifie IPYTHX CTpaH, TakuxX kak Kuraii [6; 7]
u Kanazma?, co CXOXHMMHU MPHPOAHO-KIHMA-
THYECKAMH YCIOBHSIMHA M PAacCHpOCTPaHEHUEM
MHOTOJIETHEMEP3IIBIX TPYHTOB B OCHOBAHHH
COOPY>KEHHUH.

D10 TpebyeT pa3paboOTKH W peaau3anuu
HOBBIX 3()(heKTUBHBIX pEIIeHUH 10 cTadmIm3a-
uu ocHOBaHWH. OTHIM U3 BOSMOXKHBIX 3 dek-
TUBHBIX CIIOCOOOB MOBHINICHUS (PUIUKO-
MEXaHHYECKHUX XapaKTEPUCTHK CIIa0BIX TPYHTOB
TAJIMKOBBIX 30H SBJISETCS METOJ HAIOPHOH
WHBEKIHH TPYHTOBO-IIEMEHTHOTO pacTBODPA,
XOPOIIIO 3apEKOMEHIOBABIIHIA ceOs mpu cTabu-
JM3anuu cadbix ocHoBaHuH [8; 10; 11].

[Ipu 3TOM CTOMT OTMETHTH U HENOCTATKH
METO/ja HAOPHOW HHBEKINH B CITydae €ro npu-

! TpancuoprtHasi crparerusi Poccuiickoii ®enepanun 10
2030 roxa ¢ nporuo3oM Ha mepuoa a0 2035 roxa. YTBep-
xkaeHa Pacnopsibxenuem IlpaBurenbcTBa Poccuiickoit
Deneparyn ot 27 HostOpst 2021 1. Ne 3363 -p. [DneKkTpoHHbIH
pecypc]: http://static.government.ru/media/files/7enY F2uL5
kFZ100pQhLI0nUT91R;jCbeR.pdf.

2 UCalgary researcher heads up major federal permafrost
study in Manitoba [Dnexrponsiii pecype]: https://schulich.
ucalgary.ca/news/ucalgary-researcher-heads-major-federal-
permafrost-study-manitoba. Toctym 08.02.2024.
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MEHEHHMsI JJ1s CTaOMITU3aLMH OTTasIBIIMX MHOTO-
JIETHEMEP3JIbIX TPYHTOB OCHOBaHUs. B mepByio
o4epelib peub WAET O HAPYIIEHUH TeII000MeHa
[10; 11] B ocHOBaHUY B TepUOA HHBEKTHPOBAHUS
U 3aTBEpJEBaHMS LIEMEHTO-TPYHTOBOTO pac-
TBOpa M3-32 €ro COOCTBEHHOW TEIUIOTHI U MPO-
[[ECCOB IK30TEPMHHU [[EMEHTHOTO BSDKYIIETo>.
OTu npolecchl NPUBOAAT K JallbHEHIeMy pac-
TEIUIEHUIO MHOTOJIETHEMEP3JIBIX TPYHTOB U BO3-
HUKHOBEHHUIO CJI0S CJ1a00T0 OTTasIBILIETO IPYHTA
HETOCPEACTBEHHO I0J] YCHJIEHHBIM MaCCHBOM.
Bo-BTOpBIX, yCUIEHHE OCHOBAHHUSA METOJIOM
HalopHON HHBEKIUY IPAKTUYECKH HE BIUACT Ha
BOJIHO-TEIUIOBOM pEXHUM CHCTEMBI «HACHIIb —
OCHOBaHHE» H YCIIOBUS TEII00OMEHA COOpYKe-
HUsI ¢ arMocepold B IIepHo] TallbHen e IKe-
IUTyaTauy. B ycioBHAX, B KOTOPBIX OJIOXKEHNE
rpanuusl MMIT He cTabuinM3npoBaioch, BO3-
MOXXHa MX JaJbHEeHIIas Aerpajganus, Takxke
NPUBOJAIIAS K (POPMHUPOBAHUIO CIIA0BIX IPYHTOB
I10J] YCUJICHHBIM MacCCHBOM U IPOCaKaM.

JIns ncKiro9eHns HeraTUBHBIX ITOCIIEICTBUH
pacTeIuieHUuss MHOTOJIETHEMEP3JIbIX TPYHTOB
B Ipoliecce MHbEKTUpOBaHUsA B padore [10]
MIPEUIOKEH aJITOPUTM NMPOEKTUPOBAHUS UTEpa-
LIMOHHOTO UHBEKTUPOBaHMA. B mpennoxeHHOM
aJIropUTME HHBEKTUPOBAHHUE IPOEKTHUPYETCS 110
CTaHIapPTHON TEXHOJIOTHH, HO B HECKOJIBKO 3Ta-
noB (urepauuii). [Ipu kaxmol nmocnenyrouien
UTepaIyy UCTIONIB3YETCs 3HAYUTENbHO MEHbIIIEe
KOJIMYECTBO PACTBOPA M CYLIECTBEHHO CHIDKA-
etcs pacremstonnii adexr. [Ipoexkrupopanue
cTabMIM3aluy 3aBeplIaeTcs Ha TOW UTepaliu
HHBEKTUPOBAHHUSA, IPU KOTOPOI pacTeTlIsIOIUi
3¢ (deKT He BBI3BIBAET NMPOCAJOK OCHOBAHUS
CBEpX JIOMYCTUMBIX 3HaueHHH. OHaKo ajiro-
PUTM NPOEKTUPOBAHUS, IMPEAJIOKEHHBIN aBTO-
pamu B [10], mpuMEHUM TOJIBKO B YCIOBHUAX
cTabuiM3anuy MoyoxeHus rpaHunsl MMIT
B OCHOBaHUH, YTO PE3KO OTPAaHUYMBAET 00IACTh
€ro NpUMEHEeHHUS.

B 31011 CBSI3U yenvio ucceJOBaHuUs ABIAETCS
noBbileHNe 3P(PEKTUBHOCTH CTaOMIU3aLUN
OCHOBAHUS 3€MJITHOT'O ITOJIOTHA XKETEe3HOA0POXK-
HOTO MYTH MHBEKIIMOHHBIM CHOCOOOM MpH Jie-
rpagalii MHOTOJETHEMEP3JIBIX TPYHTOB.
B Hacrosiieii paboTe npencTaBiieHbl MPeAIoKe-
HHUSI [T0 COBEPIICHCTBOBAHUIO CIIOCO0A TPOESKTH-
POBaHUsI HAIOPHOTO HHBEKTUPOBAHUS [IEMEHTO-
IPYHTOBBIX PACTBOPOB Ui OCHOBaHM ¢ MMI,

3 PyKoBOJCTBO 1O GETOHHPOBAHUIO (DYHIAMEHTOB U KOM-
MyHHKaIHil B BeYHOMEP3JIbIX TPYHTAX C y4ETOM TBEPACHHUS
OeToHa ITpY OTPHIIATEIbHEIX TeMneparypax / CTpoinsaar. —
HUMXB Tocerpos CCCP, 1982., 160 c.
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Puc. 1. YcoeepuieHcmeosaHHb il anzopumm nPoeKmuposaHusi HaNOPHO20 UHLEKMUPOBAHUS UEMEHMO-2PYHMOBLIX Pacmeopos dnsi
ocHoeaHull ¢ MMI™ [ebinonHerHo asmopamu]: UM — urxeHepHble usbickaHusi; HOC - HanpsikeHHO-0e¢hopMuposaHHOe COCMOsIHUE;
BTP - 0dHo-mennogoii pexum; S, — donycmumas ocadka 0CHO8aHUS 3eMIIAHO20 NOIOMHa; S, — 0cadka OCHO8aHUS U3-3a USMEHEHUSI
obujezo BTP Ha y4yacmke cOOpyKeHus.

pe3ynbTaThl 1abOpaTOPHOTO IKCIIEPUMEHTA 10
OTIPEAEIEHUIO 00BEMOB TETIIIOBBIZICTICHUS HHB-
SKIIMOHHBIX PAaCTBOPOB, a TaKXKe HPEIIOKEHBI
K 00CYXIICHUIO pacyeTHasi CXeMa H METOJ IIpo-
THO3MPOBaHHMS BEJIMYNHBI PACTEIUICHUS] MHOTO-
JIeTHEMEeP3JIbIX TPYHTOB OCHOBAHHS IPH HHBEK-
THPOBAHUH.

PE3YNbTATbI
CoBepiuieHCTBOBaHHUE cII0C00a
NPOEKTHPOBAHNS HATIOPHOTO
HHbEKTHPOBAHUS

Jnis amanTanyy K peaabHBIM, MIMPOKO pac-
MIPOCTPAHEHHBIM YCIIOBHSAM SKCIUTyaTalluH JKe-
JIE3HOOPOKHOTO IIyTH (MOJOKCHUE TPaHHIIBI
MMI He cTaOMIM3NPOBATIOCH), MPEIaracTcs
TTOAXOJUTH K IPOSKTHPOBAHHUIO HAITOPHOTO HHB-
EKTHPOBAHUS IIEMEHTO-TPYHTOBBIX PAacTBOPOB
Jutst ocHoBaHMH MMI™ KoMIutekcHO. DTO mpemy-
CMaTpPUBAET BBITOJHEHHE PACUCTHOTO 0OOCHO-
BaHMA KOMIUIEKCAa MEp, HAIPaBJICHHBIX W Ha

®  Mup TpaHcnopTa. 2024. T. 22.

TIOBBIIIEHNE HECYIIEH CMOCOOHOCTH TPYHTOB
TAJIMKOBBIX 30H, ¥ HA CTAOMIIM3AIHIO TIOJIOKEHUS
TPaHMIBI MHOTOJICTHEMEP3IIBIX TPYHTOB OCHO-
BaHMA.

YcoBepIIEHCTBOBAHHBIN AITOPUTM MPOEKTH-
POBaHNUS HATIOPHOTO HHBEKTUPOBAHHMS [IEMEHTO-
TPYHTOBBIX PACTBOPOB Ul OCHOBaHMH ¢ MMI,
pean3yIomuil KOMIIEKCHBINA MOAXO, IPEACTaB-
JIeH Ha puc. 1.

CormmacHO TIPEUIOKEHHOMY aITOPUTMY, pe-
IIIEHUE O MOBBIMCHUN (PU3UKO-MEXaHHIECKUX
XapaKTePUCTHUK (CTaOMIN3aINN) TPYHTOB TallH-
KOBBIX 30H IPUHUMAETCS U3 YCIIOBHS 3aBepIlIe-
HUS (QUIIBTPAlMOHHOM KOHCOJIMAIMN OCHOBA-
HUSl, a PElIeHNne O CTaOWIN3AINH MTOJIOKEHHS
rpanunsl MMIT B OCHOBaHMH — U3 YCJIOBHS HE-
TIPEBBIIICHHS BO3HUKAIONINX H3-3a JIETPAalliy
MIPEACIbHBIX 3HAYCHUH MPOCAIOK My TH.

Hcxons U3 9TUX yCIOBHH, MO pe3yabTaTaM
pacyeTa BO3MOXKHO TOJIy4E€HHE OJHOTO U3 CIe-
JYIOIUX YETBIPEX PEIICHUI:

PasyBaeB [1. A., NeyeHkuH P. C. CTabunusaumsi oCHOBaHWUs 3€eMIIAHOrO NONIOTHA UHBEKLUOHHbLIM
cnoco6oMm npwu gerpagauum MHOFOfIeTHEMEP3IbIX TPYHTOB




— cTabuIM3alMOHHBIE MEPONPUSATHS HA
y4acTke He TpeOyroTcs;

—TpelyeTcs cTaduau3anus caadbIX IPYHTOB
TAJIMKOBBIX 30H 0€3 cTaOMIIN3alny TOJIOKEHHS
MM

— TpelyeTcs cTabuiT3anus NOJIO0KEHHs rpa-
Hupl MMIT Ge3 ynydlieHus: XapakTepHCTUK
TPYHTOB TQJIUKOBBIX 30H;

— TpedyeTcst KOMIUIEKCHOE PEellIeHHe 10 CTa-
OMJIM3alK TPYHTOB TaJIMKOBBIX 30H U MOJIOXKe-
Hus rpanuisl MMI

st crabuiinzanmy cabbIX rpyHTOB Ha3Ha-
YaeTcsi HAIIOPHOE MHBEKTHPOBAHHE LIEMEHTO-
TPYHTOBBIX PAaCTBOPOB B HECKOJIBKO 3TanoB [10],
a s cTaOMIIM3alUy TOJIOKEHUST TPaHUIIBI
MMI — onHo U3 3PPEKTUBHBIX MEPOIPHATHH
o TepMocTabuim3anuu [6; 12—16]. [Tocne pea-
JIM3alUH BCEX HAa3HAUYEHHBIX MEPONPHUSTHI
MIPeAyCMaTpPUBAIOTCSL Pa0OThI 110 MEXaHHU3UPO-
BaHHOM BBINIPABKE MyTH.

[IpenycMoTpeHHOE aJIrOpUTMOM HAIlOpPHOE
WHBEKTUPOBAHUE BBIMOJHIECTCS Yepe3 BEpTH-
KaJbHbIE U HAKJIOHHbIE HHBEKTOPHI C OTKOCOB
3eMJISTHOTO TI0JIOTHA, a B CJIy4ae HaJM4us JIBYX
1 Ooniee MmyTei — TONOIHUTENIBLHO C MEXKITYTHOTO
MPOCTpPaHCTBa BHE rabapuTOB MPHUOIMIKEHHS
ctpoenus [8; 9; 17]. Takast paccTaHOBKa HHBEK-
TOPOB TNO3BOJISIET BBIOJHATH PAOOTHI C MUHU-
MaJIbHBIMH OTPaHUYEHUSIMHU JABUKSHUS TTOE3/I0B,
a B HEKOTOPBIX Cllydasix — 0e3 orpanuueHuii [17].
Bce paboThbl TOIDKHBI BBITIOIHITHCS B MEXKIIO-
€3/IHOW MHTEPBAJl B COOTBETCTBUH C JICHCTBYIO-
LIMMU NIPaBUIIAMH TEXHHUYECKOW DKCILTyaTalu
MyTH.

B nponecce MHbEKTHPOBAHUS U aJbHEH-
LIeH 9KCIUTyaTaluy 3eMJISTHOTO TIOJI0THA C 3JIe-
MEHTaMHU TEPMOCTAOMIN3AI[UN BBIIOJIHSIETCS
MOHHUTOPHHT TEMIIEPATyPHOTO IOJISI CHCTEMBI
«HACHINb — OCHOBaHUE». MOHUTOPHUHT BBITIOJ-
HSIETCS 110 YCTAaHOBJIEHHBIM IO BBIIIOJIHEHHUS
paboT TepMoMeTpHUYECKUM cKkBakuHaM. CKBa-
JKUHBl YCTAHABIMBAIOTCS B COOTBETCTBUH
C JEeHCTBYIOIMMH HOPMaTHUBHBIMU TpeOOBa-
HUSIMHU 10 U3MEPUTEIbHBIM MMONEPEYHBIM
npoduisiM ¢ 000YMH, Yy HOJOIIBBI HACHIIH,
B MEXAyIyThe (IIpU HEOOXOAMMOCTH) U B I1O-
noce orBoja (KOHTpOJbHBIE). PaccTosiHme
MEX/1y U3MEPHUTEIbHBIMU MTOTIEPEYHBIMH TIPO-
¢uasiMu Ha3HA4YaeTCsl NMPU NMPOEKTUPOBAHHUU
U 3aBHUCHUT OT HMPOTSIKEHHOCTH HMHBEKTHPYE-
MOTO y4acTKa OCHOBaHHS M €ro MH)KEHEPHO-
reojornyeckux ocobenHocreid. KoHtpoiup
oOecrieueHus Hecylel CnoCOOHOCTH OCHOBA-
HUS BBIIOJIHSAETCS METOAAMHU CTaTHYeCKOTro
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WIH JAUHAMUYECKOTO 30HIMPOBAHHS MOOHUIIb-
HBIMH ycTaHoBKamu [9; 17].

IIpenyioxkeHHOE B aITOPUTME MPOESKTHPOBA-
Hust (puc. 1) KOMILIEKCHOE PEIIeHUE MTO3BOJISIET
HE TOJIBKO PEeUInTh NpodiaeMy ciabblX TPyHTOB
TaJIMKOBBIX 30H, HO M CTa0MJIM3HPOBATH I0JI0-
skeHue rpaHuil MMIL T1onoXUTEeNbHBIM TEX-
HUYECKUM 3(P(PEKTOM NPUMEHEHHs HaHHOI'O
peLIeHHs, B OTIIMYHE OT KJIACCHYECKHX CIIOCOO0B
TEepMOCTaOMIIN3ALINY, SBISIETCS CYILIECTBEHHOE
YCKOpEHHeE Tpolecca CTa0MIN3aluK C MoTy4e-
HUEM pe3yJbTaTa B JOCTaTOYHO KOPOTKHUH CPOK,
9KOHOMUYECKHM — CYLIECTBEHHOE CHHIKEHUE
KOJIMYECTBA W/MJIM MOIIHOCTH, &, COOTBET-
CTBEHHO, U CTOMMOCTH TE€PMOCTaOMIIU3UPYIO-
IIUX YCTPOUCTB.

IlocTanoBKa, IpOBeAeHNE H Pe3yIbTaThI
J1a00paTOPHOIO IKCIEPUMEHTA

Jlns manpHe#ero pa3BUTHS pacueTHO-
TEOPETUUYECKOTI0 amrapara yCOBEepIIEHCTBOBAaH-
HOT0 BBIILIE cIT0c0o0a MPOEKTUPOBAHUSI CTA0OUITH-
3allMM OCHOBAaHUM C MHOTOJIETHEMEP3IbIMHU
IPYHTaMH MOCTaBJIEH M BBINOJHEH J1aboparop-
HBIH DKCHEPUMEHT I10 ONpelesieHHI0 00beMOB
TEIUIOBBIJICJICHUS UHBEKIIMOHHBIX PACTBOPOB
Pa3IMYHBIX PELENTyp 3a CUeT SK30TePMUU Iie-
MEHTa.

[TpuMeHeHHEe M3BECTHBIX 3aBUCHMOCTE®
TEIUIOBBIJIEICHNs NTOPTIAHALIEMEHTa WIN pac-
TBOpOB (OeTOHOB) Ha ero ocHoBe [ 18] st pemnae-
MOH HaMH 3aJ1a4y He MPEACTaBISETCS BO3MOX-
HBIM 10 psily IpUYKH. Bo-1iepBbIX, HHBEKIINOH-
HbIE [IEMEHTO-TPYHTOBBIE PACTBOPBI MIMEIOT CyIIIe-
cTBeHHBIE OTN4us [17] OT 00IIEeCTPOUTEIBHBIX
pacTBOpPOB M OETOHOB KaK B IJIaHE BOIOLIEMEHT-
HOTO OTHOIIEHUS, TaK U B IUIaHE COCTaBa, IO-
CKOJIBKY B Ka4eCTBE OCHOBHOTO CTPYKTYpPHOTO
3aMOJTHUTENS], KaK IPaBHUJIO, UCIONB3YIOTCS IIIH-
HHCTBIE ¥ TIECUaHbIE TPYHTHI B Pa3JIMYHOM COOT-
HOIIIEHUH. BO-BTOPBIX, CYLIECTBYIOIINE 3aBUCH-
MOCTH, KaK IIPaBHJIO, IOy 4YEHbI ISl HOPMAJIbHBIX
TeMIIepaTypHO-BIAKHOCTHBIX YCIIOBHH, COOTBET-
CTBYIOIIUX YCJIOBUSIM TBEP/ICHHSI OETOHOB U pac-
TBOPOB B CTPOUTEIIBHBIX KOHCTPYKIHSIX. YCIIOBUSI
TBEPJEHHS] MHBEKLIHOHHBIX PACTBOPOB, 0COOCHHO
TIPH UX TPUMEHEHNH B TAJIBIX TPYHTaX OCHOBAHHS
¢ Onm3kuM 3aeranneM MMI, cyiiecTBeHHO OT-
JIMYAIOTCSl OT HOPMAJIBHBIX M, OYEBHUIHO, BIHSIOT
Ha TEIUIOBBIICIEHHE 32 CUET 3K30TEPMHUH LIEMEH-
Ta.

AHanu3 cymecTBYIOMINX METOANK U MOJIXO0-
JIOB K OIPEAETICHUIO TEeIIOBBIICICHHS [IEeMEHTa
IIPY TBEP/ICHHUH [TOKA3aJ, YTO MIPU TAKUX UCCIIe-

PasyBaes [. A., lNe4yeHkuH P. C. CTabunusaumnss oCHoOBaHUA 3eMJIISIHOTO MONIOTHA UHBEKLUNOHHbIM
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Puc. 2. Kanopumemp dnsi onpedeneHusi 06beMog menyiosbIOeNEHUs UHbEKYUOHHBIX Pacmeopos Ha MOJENISIX «2pyHM-Pacmeop-2pyHmM»
[ebInonHeHo aemopamu]: 1 - kopnyc mepmocmamupyrowell kKamepsl; 2 - ghopMa 0ns ucnbimyemoli modenu; 3 - hopma dns modenu
cpasHeHUs; 4 — oxnaxdatoujue NIUMbI ¢ mepmModeKmpuyeckuMu Modynamu u damyukamMu memnepamypal; 5 - damyuku memnepamypebl;
6 - 2pyHmosas Yacmb Modenu; 7 — 2pyHmMo8kIii pacmeop 8 MOOeNU CpasHeHUs; 8 — ueMeHMo-2pyHMoebIii pacmeop 8 ucnsimyemoii Modenu;
9 - 8HeWHss menou30nsAYUs hopm ¢ Modensamu.

JIOBaHMSAX B OCHOBHOM HCIIOJNIb3YIOTCSI KaJIOpH-
METpBI C aIHa0aTHYECKIM HIIM H30TEPMUYECKUM
PEXUMOM TBEPACHUA. AIHa0aTHIEeCKUNA PEXXKUM
TIPH OIIPE/IeNICHIH TEIUIOBBIIEeTIeHHs OeTOHA IPH
TBEPIICHUH MIPETyCMOTPEH KaK OTEUECTBEHHBIMH
(TOCT 24316), Tak u 3apyoexubivu (EN 12390~
15:2019, NEQ) HOpMAaTHBHBIMH TOKYMEHTaMH.
W3orepmudeckne KalOpUMETPBI, KaK MPAaBUIIO,
HCTIONB3YIOTCS TSI OTIPEEICHHS TETIIIOBBIACIIE-
Hust Tipu TBepaeHun mementos? (TOCT 310.5,
BS EN 196-11:2018) mubo ncciemoBaHusi Mo-
JIEIIbHBIX OCTOHHBIX cMecei [18].
AnnabaTHdecKuil pexXxuM IMoApa3yMeBaeT
OTCYTCTBHE OOMEHa TEIUIOTOW HCCIexyeMoit
CHCTEMBI C OKPY’KalOIIUM IPOCTPAHCTBOM
C 3aKOHOMEPHBIM ITOBBIIIEHHEM TEMIIEPATyphI
HCTBITEIBaeMOro obpasma. M3orepmuyeckuit
PEXKMM HOZPa3yMeBacT IPOBEACHHUE UCITBITAHUH
B TEPMOCTaTUPOBAHHONW KaMepe, B KOTOPOH
TETUIOBBIACTICHHIE 00pa3iia paccenBaeTCs 10CTa-
TOYHO OBICTPO, M €0 TEMIEpaTypa OCTaeTCs
MOCTOSTHHOM. OmpenieneHne TeIIOBbIICICHIS
TIPH 3TOM BBIMIOJIHAETCA IO PA3HUIIE MEXIY
TEIUIOBBIACIICHUEM HCCIIeyeMbIX 00pa3IoB
1 00pa3LoB cpaBHeHHS. OCHOBHBIM HEZJOCTATKOM
aMabaTHIeCcKOro PeXKNMa CUNTAETCSA HEPEPHIB-
HOE ¥ CYIIIECTBEHHOE ITOBBIIIEHIE TEMIIEPATYPBI
00pa31oB (BbILIE, YeM B PEaJIbHBIX YCJIOBHAX
CTPOUTENBHBIX MIOIIAA0K), YTO MPUBOIUT
K CaMOYCKOPEHHIO IPOLECCca TEIUIOBBIICICHHS

4 Hamp.: An experimental comparison between isothermal
calorimetry, semi-adiabatic calorimetry and solution
calorimetry for the study of cement hydration (NT TR
522) [Onexrponuslii pecype]: https://www.nordtest.info/
wp/2003/03/28/an-experimental-comparison-between-
isothermal-calorimetry-semi-adiabatic-calorimetry-and-
solution-calorimetry-for-the-study-of-cement-hydration-
nt-tr-522. loctyn 08.02.2024.
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[18]. M3oTepmudeckne KalopuMeTphl MOAAEP-
KHUBAIOT 33/IaHHYI0 TEMIIEPaTypy TBEpIACHHUS,
COOTBETCTBYIOLIYIO PEATIbHBIM YCIOBUSIM, OIHA-
KO €CTbh OTPaHUYEHUSI TT0 Pa3MePaM UCTIBITYEMBIX
00pas31oB, IO3TOMY HCCIIEA0BAHUS IPOBOIAT HA
TOHKOJUCIEPCHBIX PAaCTBOPAX MM MOJEISAX
6eronHbIx cmeceit [18; 19].

Kaxk yxe oTmedanocs paHee, yCIoBHs TBEp-
JCHUS] HTHBEKLIIMOHHBIX PACTBOPOB IPU UX HPH-
MEHEHUH B TAJIBIX IPYHTAaX OCHOBAHHMS C OJIU3-
kuM 3aieranueM MMI' cymiecTBeHHO omInya-
IOTCSI OT YCJIOBUM B CTPOUTEIBHBIX KOHCTPYK-
LUSIX, TO9TOMY IPUMEHEHHE BBIIICONUCAHHBIX
PEKUMOB HCCIIEIOBAHHS MIPOLECCOB TETIIOBBI-
JeJIeHUs] He MPEACTABIAETCS BO3MOXKHBIM.
B paccmarpuBaeMbIX yCIOBHSAX I[EMEHTO-
IPYHTOBbIE MHBEKIIMOHHBIE PACTBOPHI OyayT
TBEPAETh B IPYHTOBOM MAacCHBE C JOCTAaTOYHO
HU3KUMHU Temneparypamu. Kpome toro, Temre-
paTypa MHBEKIMOHHOTO PAacTBOPa B MpOLECCE
TBEPIICHUS B TAKHX YCIIOBHAX OyJeT CHIDKATHCS.
3OT0 CBA3aHO C €ro TEIII00OMEHOM B OCHOBAHHHU
¢ 6onpM 00BeMOM oxTakaeHHBIX (0...+4°C),
BOJIOHACBHIIICHHBIX NIHHUCTBIX TPYHTOB C 10CTa-
TOYHO BBICOKOH TEIIOEMKOCTBIO. Takue yclIoBUs
HE MOJEIHPYIOTCS HHU B aanadaTH4ecKoM, HH
B U30TEPMUYECKOM KaJIOPHUMETPE.

ITosTOMy 7151 BBITIOJTHEHHS SKCIIEPUMEHTA Ha
MOZETISAX «TPYHT-PAaCTBOP-TPYHT» B YCJIOBHSAX,
MPUOIMKEHHBIX K ONMHUCAHHBIM BBINIE, CKOH-
CTPYHPOBAH KaJIOPUMETP Ha OCHOBE alIapaTHON
1 porpamMMHoi wactu mpubopa I'T 1.1.12 HIIIT
T'eorek.

OKCHepuMeHT (PHC. 2) 3aKITI0YaJICS B OXJIaXK-
JEHUH TEPMOCTATUPOBAHHBIX MOJIENIEH «TPYHT-
PacTBOP-TPYHT» U MOJIENN CPaBHEHUS (PUKCHUPO-
BaHHBIM TETIJIOBBIM IOTOKOM ITOCTOSTHHOM MOIII-
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Tadauna 1

CocraBbl HCIBITYEMBIX HHBEKIIMOHHBIX PACTBOPOB

Ne cocraBa | Pacxon MaTepnaiioB A IPUTOTOBJICHUS | IUTpa pacTBopa, T

Iement (IIEM I 42,5H) Ipynr*: Cynecs necuanucras ¢ [ =5 Bona
1 300 1650 180
2 350 1600 220
3 400 1550 260
4 450 1500 270
5 500 1450 360

* IPYHT, IPUMCHSEMBIil B IPAKTHKE HHBEKTUPOBAHMS, 00ECIICYMBAOIIHIT COOTHOIICHHE INIMHUCTBIX U IIECYaHBIX YACTHII,

61H3Koe K onTHMansHoMy [17].

HocTH. B Mozenu cpaBHeHUsI TpUMEHSIICS pac-
TBOp (7, puc. 2) 6e3 nobaBieHHs LEMEHTA.
OneMeHTHI KaJJOpUMETpa U TpyHTOBast 4acTh (6,
puc. 2) B MOJEISAX TEPMOCTAaTHPOBAINCEH J10
temrepatypsl +2°C (Toka3arenbHas TeMiepa-
Typa OTTasIBILIMX IPYHTOB OCHOBAHMS 3€MJISTHOTO
TI0JI0THA), pacTBopsI (7, 8, puc. 2) TepmocTaru-
poBastich 10 Temrieparypsl +24°C (Temmneparypa
TIPUTOTOBJICHHUS WHBEKIIMOHHBIX PacTBOPOB Ha
TUTOIIA IKE TPOU3BOJICTBA PaOOT B TEILIBIH MTEpH-
oxroza). [1o oTHOIIEHNIO BpeMEHH OXJIaXKACHHS
HCIIBITYEeMBIX MOJIETIEH M MOJIETIH CPaBHEHHMS JI0
Temneparypsl +2°C B JaJIbHENIIIEM BBIUUCISIIOCH
Y/ICIIBHOE TETUIOBBIIEICHNE HHBEKIIMOHHBIX Pac-
TBOPOB PA3IMYHBIX PELENTYp 3a CUET IK30Tep-
MHH TIpoliecca TuApaTanuy nemeHnra. Jns
OXJIK/ICHHS MOJIeNIeH TI0 MX TOpIiaM YCTaHaB-
JIMBAJINCH TEPMOCTATHPOBAHHBIE OXJIAKIAIOIINE
(+2°C) mmuTsl (4, puc. 2) ¢ TepMOdIIEKTpHYE-
CKUMH MOIYJISIMH U JaTYNKaMH TEMIIEPaTyphbl.

Bpemst npoBeneHHs SKCTIEpUMEHTa OTPaHU-
YMBAJIOCh BPEMEHEM OXJIXKICHUS MOAEIeH 110
+2°C 1Mo JaHHBIM C JATYNKOB TEMITEPaTypsHI (5,
puc. 2), HO He MeHee Tpex CyTok. Temmeparypa
perucTpupoBajiack ¢ WHTepBajaMu He Ooiee
siTH MUHYT. [Ipy nansHelIeM TBepIeHUH pac-
TBOpPA B PeAJIbHBIX YCIOBUsX (Ooree 3—7 CyTOK)
TETUIOBBIJIENICHNE TPOAOIDKAETCS, HO B 3HAYM-
TEJTbHO MEHBIIIEM KOJINYECTBE, KOTOPHIM B HH)KE-
HEpHBIX pacyeTax BO3MOXKHO MpeHeOpeyb.

HcnpiTyemMble MOAEIH ¥ MOJEIIH CPAaBHEHHS
TIPUBO/IMIINCH K PAaBHOW MOJICIEHOH TEIIOEMKO-
ctu C . DTO IOCTUIraloCh U3MEHEHUEM MACChI
TPYHTOBOTO PacTBOpa (M + ) B MOZIENAX CPaB-
HEHMS 10 BHITIOJHEHHS CIIEYIOIIETrO yCIOBHSL:
cm tem t+cm=cmtcm )
TJIe ¢, — y/eNbHas TEMIOEMKOCT CyXOTO TPyHTa
B pactBopax, Jx/(kr-K);

¢, — yAenbHas TEIUIOEMKOCTb BOJIBI B pac-
TBOpax, npuanMaemas 4190 Jx/(xr-K);

¢, — yHenbHas TETIOEMKOCT IEMEHTA B Tie-
MEHTO-TPYHTOBOM pacTBope, npuHuMaemast 800
ox/(xr-K);
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m_— Macca rpyHTa B LEMEHTO-TPYHTOBOM
pacTBOpe HCIBITYEMOW MOJIEIH, KT

m,, — Macca BOIbl B IIEMEHTO-TPYHTOBOM
pacTBOpe HCIIBITYEMOH MOJIEIH, KT

m,— Macca HEMEHTa B IEMEHTO-TPYHTOBOM
pacTBOpe HCIIBITYEMOH MOJIEIH, KT

m_— Macca TPyHTa B TPYHTOBOM PacTBOpE
MOJIEJIN CPaBHEHHUS, KT

m, — Macca BOIbI B TPyHTOBOM PacTBOpE
MOJIEJIN CPaBHEHHMS, K.

[Tpu u3MeHeHHH Macchl TPYHTOBOTO pac-

TBOpa B MoZieJ I cpaBHeHHs 110 (1) B 0Os13aress-

m m
HOM IOPSI/IKE COXPAHAIACE IPOTIOPIHS - == *

ws. we

IIpoBeneHne 3KCIEpUMEHTa HAYWHAIOCH
C TIOATOTOBKH IIEMEHTO-TPYHTOBOTO pacTBopa (8,
pHC. 2) IUTSt UCTIBITYEMOI MOJENTN U TPYHTOBOTO
pactBopa (7, puc. 2) 1 Mojeny cpaBHeHus. Bee
MaTepHuaibl Ui pacTBOPOB MPEIBAPUTEIHHO
TEPMOCTATHPOBAIUCH N0 +24°C, TPYHT BHICYIITH-
Bajncsi. CocTaBbl HCIBITYEMBIX IIEMEHTO-
TPYHTOBBIX PaCTBOPOB IPHBEAEHBI B TabmmIe 1,
COCTaBBI TPYHTOBBIX PACTBOPOB IJISI MOAEIeH
CpaBHEHUS ITOAOHPAIINCH TI0 METOIMKE, ONIMCAH-
HOM BbILIE.

HenocpencTtBeHHO mocie TPUTOTOBICHUS
pacTBopa B 3apaHee TePMOCTATHPOBAHHBIX IO
+2°C opmax (2, puc. 2) u (3, puc. 2) u3roras-
JUBAJINCH UCIBITyeMasi 1 MOJENb CPaBHEHHUS
(puc. 3). B xadecTBe TpyHTOBOH 9acTH MOAEIH
(6, puc. 2) mpuMeHsIIach TEPMOCTATHPOBAHHAS
o +2°C cymech IMeCYaHUCTasl, BOMOHACHIIICH-
Hasl, TUITACTUYHOIN KOHCHCTEHITHH.

B nportecce nposenenus (puc. 4) maboparop-
HOTO SKCIIEPHIMEHTA (OXJIaXKI€HHUS TEPMOCTATH-
POBaHHBIX MOAENEH «TPYHT-PAaCTBOP-TPYHT»)
BBITIOJTHSIIOCH TIOCTPOEHHE IPa(KOB N3MEHEHHS
TEMIIEpaTyphl B CEPEANHE SKCIEPHUMEHTAIBHBIX
Mozeneit. OTbIT 3aBepIualics P YCTOHIMBOM
TEPMOCTATUPOBAaHUH CHCTEMBI M MOAEIEH 10
+2°C, ¢ monaepKaHWeM TaKOTO COCTOSIHHS HE
MeHee CyTOK (001iee BpeMs TPOBENCHUS HKCIIe-
pUMEHTa COCTABIISIIIO HE MEHEE TPeX CYTOK).
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a)

6) 8

Puc. 3. UszomoeneHue akcnepuMeHmanbHbIx Modeneli [8bINONTHEHO agmopamu]:
a) hopmbI kanopumempa; 6) Modenb CPaBHEHUS ¢ 2PYHMOBLIM PacMEOPOM;
8) ucnbimyemasi Modesb C eMeHMO-2PYHMOBbLIM PAacmeopPoM.

Tesmneparypa pactsopas
MOJICNH, [~

a)

Puc. 4. lpoeed: 60opamopHo020

T
.y

24 36 48 60 Tz
Bpeus, 1

=== ICTIRITY @MAS MOTETE

— NMoreis cpaseRa

6)

)pumMeHma [8bINOIHEHO asmopamu]:

a) obwjuli eud ycmaHoeku; 6) npumep 2paghuka memnepamypbi 8 cepeduHe ucnsimyemoii modenu 0ns cocmasa Ne 3
U Modesnu cpagHeHUs! 80 8pPEMEHU.

C nonydaeMbIX Tpad)KOB CHHMAJIOCh BPEeMs
OXJIQXK/ICHHS UCITBITYEMbIX MOJCITH M MOJACITH
CPaBHEHHs ¢, U t, COOTBETCTBEHHO.

W3BeCTHO, YTO MOIITHOCTH TEIUIOBOTO MOTOKA
orpezaensercs no Gpopmyle:

N =0, 2)
rae O — KOJUYECTBO TEeIJIOTHI, IEPEaHHOE CHC-
teme, Jx; f — Bpems, C.

VYuuteiBas, 4TO IUTUTHI C TEPMOIICKTPUYIC-
CKHMH MOIYJISIMH (4, puc. 2) OXJIa Al HCIIbI-
TYeMYI0 MOJIeNTb (C IIEMEHTOM) U MOJEIb CpaB-
HeHust (0e3 IEeMEHTa) C OJIMHAKOBOI MOIIHOCTBIO,
HO Pa3MYHOE BPEMs, f, ¥ f, COOTBETCTBEHHO,
1 IOTYCKasl, 4TO U3-3a HATUYHS TSILUIOM30 LMY,
TUTITHI OXJIAXKAANH TOJIBKO Moaesn 6e3 pacxoza
MOIIHOCTH Ha OCTaNbHBIC AIEMEHTHI CHCTEMBI,
CNIPABEIUTUBO BBIPAKEHHUE:

Qm_od — Qmod + Qc
1 - t El (3)

2 1

riae O, — KOJIUYECTBO TEMIOTHI, IEPENAHHOE OT
winT (4, puc. 2), 1i1st oXJIaKAeHHs (TEpMOCTaTH-
poBanus 10 +2°C) Moeneii paBHOM TEIUIOEMKO-

cru, JIx;

®  Mup TpaHcnopTa. 2024. T. 22.

(., — KOJUYECTBO TEIIOTEI, TIEPEJAHHOE OT
T (4, puc. 2), Uil KOMIICHCAIIUN TETUIOBbI-
JIeJICHHs! [IEMEHTA ITPH TBEP/ICHNH B UCTIBITYEMOH
mozenu, Jx.

Torna, 0.=0,., (%—1) 4)

2

[TpuHIMAas BO BHUIMaHKE, 9TO HTOTOBOE 3Ha-
YEeHHE TEMIIEPATyPbl 3apaHee TEPMOCTATHPOBAH-
HOW IPyHTOBOM 4aCTH MOJENN HE U3MEHHIIOCH,
a BCE KOJMYECTBO TEIIIOTH () KOMIIEHCHPO-
BaJIO OXJIAXK/ICHNE TPYHTOBOTO PACTBOPA B MOJIE-
JI5IX, TOTAA, ¢ y4eToM paBeHcTsa (1):

QK=(cs-m:+cw-mw:)-AT-(tt—‘—l], 5)

2
rac AT — u3MeHeHue TEMICPATypbl TPYHTOBOI'O

pactBopa B Mozen, K.

VienbHOE TEITOBBIICICHUE HHBCKITHOHHBIX
PACTBOPOB 3a CYET THApATAldU LEMEHTa MpU
TBEpJIcHUU B K/[)K Ha ONUH JTUTP MaTepuaa
BBIUUCIIACTCS KaK:

—0,001+ 2
4.=0,001+ 5, (6)

is
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ViensHoe
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TETUIOBBIICIICHIE
pactBopa, k/Ix/n
W A Loh (o

S

250

350

450 550

CozeprxaHue [EMEHTa B HHBEKIIMOHHOM PacTBOpe, I/JIUTP

Puc. 5. 3agucumocms ydesibHo20 mennosbIdeNieHuUs UHbEKYUOHHBIX Pacmeopos om codepikaHusi yeMeHma npu UHbeKmMuposaHuu cnabbix
2PYHMO8 MaluKo8bIX 30H [8bINOIHEHO asmopamu].

rie V, —o0beM pacTBOpa B MOJENSX, TPHMHAMAE-
b1t 0,5495 1.

[To kaxxaOMy U3 HCCIIEAYEMBIX COCTABOB
(Tabmuma 1) BeIMONHEHA cepus U3 Tpex Jadopa-
TOPHBIX IKCIIEPUMEHTOB, IO pe3yJIbTaTaM KOTO-
PBIX BBISIBIIEHA 3aBUCHMOCTb YAEIBHOTO TEILIO-
BBIIEJICHUS] HHBEKIMOHHBIX PACTBOPOB ¢, OT
CozlepIKaHus LIEMEHTA 11, (B unTepBane ot 300
1o 500 r/m), npencraBneHHas Ha puc. 5.

PE3YNbTATbI U OBCYXAEHUE

BrigBiIeHHYIO 3aBHCHUMOCTH (pHC. 5) BO3-
MOKHO almpoOKCUMHPOBATh JIMHEHHON (yHK-
AEHN:
q,=0,16m_+0,5333, )
KOTOPYIO B JaJIbHEHIIIEM IIpeIaraeTcs UCTIONb-
30BaTh AJs IPOrHO3UPOBAHUSI OOBEMOB TEILIO-
BBIJICNICHNS] UHBEKIIMOHHBIX PACTBOPOB Pa3IHy-
HBIX PELENTYp 3a CUeT 3K30TEPMHUH LIEMEHTa IIPH
MIPOEKTUPOBAHUH HAIIOPHOTO MHBEKTUPOBAHHS
LIEMEHTO-TPYHTOBBIX PacTBOPOB B TaJIMKOBBIC
30HBI 0cHOBaHUM ¢ MMI'. JlaHHasi 3aBUCHMOCTh
YUHUTBIBAET KaK yCIIOBUS TBEPACHUS MHBEKIH-
OHHBIX PacTBOPOB B PacCMaTPUBAEMBIX YCIIO-
BUSIX, TAaK ¥ OCOOEHHOCTH UX cOcTaBa. [IIst MHBIX
YCIIOBUI HHBEKTUPOBAHUS, CyLIIECTBEHHO OTJIU-
YaloIMXCs OT pacCMaTPHBAEMBIX B paboTe, peKo-
MEHAYETCS BBHIIOJHITH HENOCPEICTBEHHOE
ONpEAEICHUE yIeIbHOTO TEIUIOBBIIECICHUS
HMHBEKI[MOHHOTO PAacTBOpA 110 OIIMCAHHOM BhIIIIE
METOJMKE.

JU71s1 IpOrHO3UPOBaHUS BETMYUHBI pacTerlie-
HUS /1, MHOTOJIETHEMEP3IIBIX TPYHTOB OCHOBA-
HUSI IPU MHBEKTUPOBAHUHU IIEMEHTHBIX PAacTBO-
pOB mpemIaraeTcs K 00CYKISHUIO pacyeTHas
cXeMa C HKBUBAJIICHTHBIM ci10eM (puc. 6). Ogep-
TaHUE JKeIe3HOIOPOKHOM HackH (1, puc. 6) Ha
pacueTHOH cxeMe, a TaKKe IPaHHULbI MEXITY
KOHCOJTUINPOBAHHBIMH (2, puc. 6), HEKOHCOIH-
TUPOBaHHBIMU (3, pHC. 6) 1 MHOTOJIETHEMEP3-
neIMU (4, puc. 6) TPYHTaMH OCHOBaHUS, U, KaK
crencTBye, GopMa TAIUKOBOW 30HBI IIPHHUMA-
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0TCA 10 pe3ylbTaTaM HHKEHEPHBIX U3bICKaHUH
Ha KOHKPETHOM O0BEKTe.

30Ha HHBEKIOHHON CTaOMIM3alii OCHOBA-
Hus (5, puc. 6) Ha3HA4aeTcs IO pe3yIbraTaMm
ouenku H/IC ¢ ydeToM (akTHueCcKoi CTPYKTYpBI
U COCTaBa CJIaralomux ero rpyHToB. I1o pesyns-
TaTaM pacueToB Hecyleil clocOOHOCTH U Ocal-
KA OCHOBAaHHS Ha3HAyaeTcs IIMPHUHA M MOII-
HOCTH hs, 30HBI cTaOMIM3anuu. J{jst obecreueHust
TpeOyeMBbIX PU3NKO-MEXaHUYECKUX XapaKTepH-
CTUK YCHJICHHOTO OCHOBAaHHMS IoAOHpaeTcs
Cpe/IHEB3BEIICHHBI KOA(PPUIMEHT apMHUPOBa-
HUS1 30HBI CTA0MIIM3AIIMH PACTBOPOM Ak C y4ETOM
KOJIMYECTBAa MHKECHEPHO-TEOJOTHYECKHUX dIe-
MEHTOB B TOW 30HE M MX OTHOCHTEIHHOTO
obwvema. Ha npaxtuke [17], pacTBop B 30He
cTabWIN3aK PaclpoCTPaHsIEeTCs XaOTUYHO,
B BHJIC MacCHBOB, CTOJOOB M NPOCIOEB, YTO
YCIIOXKHSET IPOBE/ICHNE TEIUIOTEXHUIECKHX pac-
geToB. [loaTOMy 1711 omperneneHus BEITUYHHBI
pacremienns MMI' B ocHOBaHuHM /i, IPU UHB-
€KTUPOBaHUH TIPEAJIAraeTcsl HCIIONB30BaTh pac-
YETHYIO cXeMy (pHc. 6) C 3KBUBAJIEHTHBIM CJI0EM
pactBopa (53, puc. 6) MOIHOCTLIO /1, B HUKHEH
4acTH 30HBI cTabmin3aiuu (y kposinu MMI).

[«]

Puc. 6. PacuemHas cxema 0nsi npo2HO3UpPO8aHUS 8€1UYUHbI
pacmenneHust MMI™ e ocHogaHuU Nnpu UHbeKMUpPOBaHUU
UeMeHmMo-2pyHMO8bIX Pacmeopos [8bINOIHEHO asmopamu]:

1 - Kene3HodopOoXHas Hacbinb; 2 — KOHCONUOUPOBaHHbIE
2/IUHUCMbIe 2PYHMbI OCHOBAHUSI;

3 - HeKOHCONUAUPOBaHHbIE 2/TUHUCMbIE 2PYHMbI OCHOBAHUSI;
4 - MHO20N1eMHeMep3/Ible 2PYHMbI OCHO8aHUSI; 5 — 30Ha
cmabunu3sayuu 2pyHmos 0CHO8aHUS UHbLEKMUPOBAHUEM YeMeHmo-
2pyHMOo8bIX pacmeopos; 53 — akeusaneHmHbIi coli pacmeopa
8 30He cmabunu3sayuu 6 - 3oHa pacmenneHus (dezpadayuu)
MM 3a cyem mennoebideneHusi UHbEKYUOHHO20 pacmeopa.
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Puc. 7. XapakmepHble 30HbI npu men1ogom e3aumodelicmeuu uemMmeHmo-2pyHmogbix pacmeopos u MMI™ npu uHbekmupogaHuu
[ebInonHeHo aemopamu]: a) do npoeedeHusi UHbekmuposaHusi; 6) nocie nposedeHUs! UHbLEKMUPOBAHUSI.

Takol moaxox HE TOJBKO HE BHOCHUT CyLIe-
CTBEHHBIX OIIMOOK B TEINIOTEXHHYECKHE pac-
YEThl, HO ¥ COOTBETCTBYET PEaIbHBIM YCIOBUSIM
HaIllOPHOTO MHBEKTUPOBAHUS, KOTJa PacTBOP
pacrpocTpaHseTcs B 30Hbl HANMEHEE KOHCOJIH-
JMPOBaHHBIX IPYHTOB OCHOBaHUS. [Ipu aTOM:
h,=k h, ®)

MomHOCTE 30HBI PACTEINIEHHs /4, MHOTO-
JEeTHEMEP3JIbIX TPYHTOB OCHOBaHUA (6,
puc. 6) peKOMEHAYETCS OTIPEEIISATh C [IOMOIIBI0
CHEMAIN3NPOBAHHBIX IIPOTPAMMHBIX KOMILICK-
COB C 3aJJaHNEM BHYTPEHHEr0 MCTOYHUKA TeIl-
JIOTHI B BHJIE 9KBHBAJICHTHOTO CJIOSI B COOTBET-
CTBUU C NPEIJIOKEHHON pacueTHON cXeMOU.
OO0BeM 00mIero TEIUIOBBIAEICHHS CIEAYET
OTIPEAEIATH B 3aBUCUMOCTH OT Ha4aIbHON TEM-
TepaTrypsl ¥ COCTaBa HHBEKIIMOHHBIX PACTBOPOB,
a TaKXKe YAETBHOTO TEIUIOBBIIENEHNS ¢ , OTIpe-
JICJICHHOTO TI0 pe3yiabTaTaM WCHBITAHUN WIH
3aBUCUMOCTH (7) IpH MHBEKTUPOBAHUH CXO-
JKUMH MaTepHallaMd U B YCIIOBHUSX, CXOXKUX
¢ paccMOTpeHHbIMHU B padote. Ilo pesympraTam
pacdera MOIIIHOCTH 30HBI PaCTEIICHNUS, B COOT-
BETCTBUU C aJTOPUTMOM IIPOEKTUPOBAHUS Ha-
TIOPHOTO MHBEKTHPOBaHUA (puc. 1), BO3MOXKHO
OLICHHUTH JIOIOJIHUTENIBHYIO OCa/IKy OCHOBaHMS
S, ipu pactemiennn MMI, a Taike OLEHHTH
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i
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Puc. 8. Cxema usmeHeHusi memnepamypbi 8 3oHe lll nocne
UHbeKmupogaHus u cmabunusayuu memnepamypHozo oHa
[ebInonHeHa asmopamu]: 1, 2— memnepamypHoe nose do u nocne
ommausgaHusi MMI" coomeemcmeerHo.

Mup TpaHcnopTa. 2024. T. 22. Ne

HEO0OXOMMOCTB ¥ KOJIMYECTBO JOTIOTHUTENBHBIX
9TaroB (UTepaIHii) HHEEKTHPOBAHUS.

JInst MHXKCHEPHBIX pacyeToB IMpezsIaracTcs
YHPOILIEHHBIH METOJ IPOTHO3UPOBAHUS BEJH-
9uHbl /1, . [10M0OHbBIE YIIPOIIEHHBIE PACYETHI
NPUMEHSIOTCS, Harpumep, B PykoBoxctae’, mpu
9TOM JJIsI pelIaeMor 3aJa4 MX MCIOJIb30BaHUE
He 000CHOBaHO, OCKOJIBbKY B HUX TPUMEHSIOTCS
pacueTHBIE CXEMBbI, MaTepHabl 1 HEKOTOPHIE
TerIo(U3NIECKHE TapaMeTpbl, KOTOPBIE HE COOT-
BETCTBYIOT PACCMaTPHUBAEMbIM HAMHU YCIIOBHSAM.

Oty 3amady npeiaraercs peuarb B OJHO-
MEpHOH ITOCTaHOBKE 10 OCH HACBIITH M paccMart-
pHBaTh Ha EPBOM ITaIle TEIJIOBOE B3aMMOICH-
CTBHE 30HBI | MOIHOCTBIO hel CcO ciIa0BIMU
IPYHTAaMH OCHOBAHHMS B TajJOM COCTOSIHUH
U cpenneii Temneparypoit T, u sousl II, npen-
CTaBJICHHOW MHOTOJICTHEMEP3IBIMHU TPyHTaMH
ocHoBaHusA (puc. 7 a). TemnoTexHUYECKHUE mapa-
METPBI TPYHTOB B YKa3aHHBIX 30HAX ONpees-
I0TCSl IO pe3ynbraraM u3blcKaHui. [10CKOMbKY,
B 00mieM, B paboTe paccMaTpHUBAIOTCS YCIOBHUS
nerpagaunn MMI, Temneparypa Ha rpaHuue
TaJbIX U MEP3JIbIX TPYHTOB NPHUHUMAETCS KaKk
T, —Temmeparypa OKOHYaHHsl OTTaHBaHHs TPYH-
TOB.

[Mocme naBeKTHpOBaHUS (pUC. 7 0) cnalbie
TPYHTHI 30HBI | paccMaTpuBaroTCsl Kak SKBHBa-
JIEHTHBIA cloi pactBopa (53, puc. 6) MOIIHO-
CTBIO /1. OTa 30Ha (I”) ABIAETCA pacueTHOH 30-
HOH TETJIOBBIIENICHUSI HHBEKIIMOHHOTO PacTBOpa
C HayalbHOM Temreparypoi 7, ¥ MOIHOCTBIO
h, 3a C4€T COOCTBEHHOM TETUIOTHI W TETUIOTHI
9K30TepMHH LieMeHTa. KonndecTBo TemoThl,
BBIJICJICHHOE B JIAHHOW 30HE, COCTAaBHT:

(cs-m;c+cw-mim+cc-m;)~

= .he eq 9
-(TM—T,,)+qC-106 ! ) ( )

I

rie M,,m,,m, —COOTBETCTBEHHO PACXOJ IPYHTA,
BOJIBl U [IEMEHTA B MPOEKTHOM LEMEHTO-
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TPYHTOBOM pacTBOpe (JUIst IPUTrOTOBIEH S 1 M?),
Kr/Mm3;

T, — TemMneparypa 30HbI I mocie moiHoro
3aTBEPACBAHUS PACTBOPA M CTAOMIIM3AINN TEM-
TIepaTyphl 10 OKPYKAIOIIEMY TPYHTY, IpHHIMAa-
em T,=T,K;

a — x03(hGuIeHT, paBHBIi 1 M2

B 30me III ¢ MomHOCTBEIO hthi MIPOUCXOIHUT
nerpagauuss MMI 3a cuer TenaoBbLAEIEHUS
HWHBEKIIMOHHOTO pacTBopa. KommuecTBo Termo-
TBI, IOIJIOIICHHOE JAaHHOK 30HOM, CKJIadbIBACTCS
W3 TEIUIOTHI, HeoOXoauMoH s (ha30BOTO Iepe-
X0JIa «JIeI—BOJa», a TAKXKe TETUIOTHI, HE0OXOTH-
MOH JUIsl TIOBBIMIEHUSI TEMIIEpaTyphl cHadaja
Mep3JbIX, a 3aTreM (Tocie (pa3oBoro mepexona)
TaJBIX TPYHTOB:

}"i.pg.(u/;m_Ww)+

O =| (¢, +¢, *hyca,
+ % '(Trh_Tul) l

Tie A, — yAeNnbHas TEMIoTa IUIABJIEHHS IbJa,
Jx/krT;

P} — IUIOTHOCTH CKEJIETA MHOTOJIETHEMED3-
JIBIX TPYHTOB, KI/M?;

W, — CyMMapHas BI@XHOCTb MHOTOJIETHE-
MEp3JbIX TPYHTOB, [1.€.;

W  —BI2KHOCTh MHOTOJIETHEMEP3JIBIX TPYH-
TOB 3a CUET HE 3aMeP3LIEH BOIBL, 1.€.;

¢, — YAeNbHas TEIIOEMKOCTh MHOIOJICTHE-
Mep3nbIX TpyHTOB, JIx/(M*-K);

¢, — YA€NbHAs TEIUIOEMKOCTh OTTASBIIETO
rpynTa, Jhi/(m*K);

T),,— MakcUMalbHas OTPUIATENbHAS TEMITE-
parypa MMI' B 30He III 10 BBINOTHEHUS HHBEK-
TUPOBaHMA IO AAHHBIM U3bIcKaHUi, K.

Bripakenue (10) cripaBeyinBo 1py U3MeHe-
Huu TeMneparypsl B 30He III mo cxeme, npen-
CTaBJICHHOH Ha PUCYHKE 8.

B 30ne IV ¢ momHOCTEIO A s TIPOUCXOUT
noBblIeHHe Temneparypsl MMI' 3a cyer Temmno-
BBIICJIEHUS] UHBEKIIMOHHOTO pacTBopa. Komu-
YECTBO TEIUIOTHI, MONIOEHHOE JaHHOH 30HOH,

COCTaBHT:

[Ipu HEOMHOPOAHOCTH CTPYKTYPBI M COCTaBa
rpyHTOoB B 30Hax Il u IV ¢usnyeckne xapakre-
PHUCTHUKH TPYHTOB, B TOM YHCIIE X TEIUIOEMKO-
ctu, ucnons3yemsie B (10) u (11), pekomeHay-

(10)

[(c: M+, oM, +C, om, )o(Tm ~T,)+q,.10° }he, -c, {%}hﬁ'

€TCs IPUHUMATB 10 CPEAHEMY 3HAYCHUIO B TIpe-
Jienax paccMaTpUBaeMbIX 30H.

Jlomyckas, 4To OCHOBHas 4acTh TEIJIOBHI-
JIeJIeHUs] 0T MHBEKIIMOHHOTO pacTBOpa B UTOTe
OyzeT HarpapJieHa Ha pacTeIUIeHHe MHOTOJIETHE-
Mep3JIbIX TPYHTOB OCHOBaHUs, 0€3 CyIeCTBEH-
HOTO paccenBaHMs TeIUIa yepe3 3HAYUTENbHYI0
TOJIIIY BBILIEJTEXKALIUX TPYHTOB B arMocdepy,
CIIPaBEAIMBO BBIPAKEHHUE!

QI' = QIII + QIV' (12)

Torpa A, MOXHO onpesieUTh Yepes TIpHUBe-
JIEHHOE BHU3Y CTPAHUIIBI aHATUTHYECKOE pelie-
Hue (13), KoTopoe Mo3BOJSIET pelarb 3anady
MIPOrHO3a BENWYMHBI pacTeruienus MMI npu
WHBEKTHPOBAHUH HA OCHOBAHUH JIAHHBIX, TIOJTY-
YaeMbIX 110 pe3yJbTaraM WHKEHEPHBIX U3bICKa-
HUi1 Ha 00BEKTE, a TAKIKE PEIICHHI U TPEIOKE-
HUIA, TOJTy4EeHHBIX B HACTOsIIEH paboTe.

3AKNKOYEHUE

Jist moBbIeHns 5 QEKTUBHOCTH CTAOWIIHU-
3allUM OCHOBaHMS 3€MJITHOTO TIOJIOTHA JKEeNIE€3HO-
JIOPO’XKHOTO MyTH Tipu Jerpagamuu MMI yco-
BEPLICHCTBOBAH CIIOCOO MPOEKTUPOBAHUS Ha-
MTOPHOTO HHBEKTUPOBAHHSI LIEMEHTO-TPYHTOBBIX
pactBopoB. Crioco0 aanTHpoBaH K pealbHbIM,
LIMPOKO PaCHPOCTPAHEHHBIM YCIOBUSAM DKC-
TUTyaTally JKeJIe3HOOPOXKHOTO Iy TH Ha CI1aboM
OCHOBaHMHM Ipu oTTanBaHuu MMI.

OnucaHbl MOCTAaHOBKAa U MpPOBEJEHHUE,
a TaKk)Ke JaHbl Pe3yNbTaThl Ja0OPaTOPHOTO KC-
NepUMEHTa 10 OlpeelIeHnI0 00beMOB
(puc. 5) TenoBbIIENeHNS] HHBEKIIMOHHBIX pac-
TBOPOB PA3JIMYHBIX PELENTYp 3a CUET IK30TEep-
MUH [IEMEHTA.

IIpenmnoxeHa pacueTHas cxema sl Mpo-
THO3UPOBAaHUSA BENUUUHBI pacTerieHus MMI
B OCHOBaHUU NPU UHBEKTUPOBAHUH LIEMEHTO-
IPYHTOBBIX PAcTBOPOB JJISI TEIJIOTEXHHUYE-
CKHUX PacueTOB B CHENUAJU3UPOBAHHBIX
nporpaMMHBIX KoMmiekcax. Kpome Ttoro,
MPEIJIOKEHO aHAJUTHYECKOe pelIeHue At
WHXEeHEepHbIX pacueToB (13). B nanpHeiiimem
BO3MOYXHO COBEpIIEHCTBOBAHHUE NOJy4YeH-
HOT'O AHAJIUTHUYECKOTO pEIleHUs Ha OCHOBE
onpeneyeHus HEeKOTOPBIX IMIHPUUIECKUX
KO3 (UIIUEHTOB.

IomyueHHbIe pe3yabTaThl HO3BOMISAIOT BHINOJI-
HATb IIPOTHO3 BEJIMYUHBI PACTEIUIEHHS /1, MHO-
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TOJISTHEMEP3JIBIX I'PYHTOB OCHOBAHHS IPHU
HHBEKTHPOBAHUHU LIEMCHTHBIX PacCTBOPOB
U B JJAJIbHEHIIIEM OIIEHUBATH JOMOJHUTEIBHY IO
0CaJIKy OCHOBaHUs S, , a TAK)KE HEOOXOIMMOCTh
1 KOJIMYECTBO JIOTIOHUTEIBHBIX UTCPAIUN UHb-
CKTUPOBAHUS.
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OnpeneneHne MexaHU4eCKOW MPOYHOCTH
KoMno3uTHou Tpasepcol ana Bl 6-10 kB
METOZAOM KOHEYHbIX 3/IEMEHTOB

10puit KOYYHOB

OmuTpuii EFOPOB

AHHOTALNA

Ha 8030ywHbIX nUHUsX 3nekmponepedayu HanpsieHuem
6-10 kB, npedHa3Ha4yeHHbIX Ons nposodos8 numaHus
ycmpolicme cueHanusayuu, yeHmpanusayuu u 610Kuposku
U AUHU NPod0IbHOZ0 3MeKMpoCcHabxeHus, 8 kayecmee noo-
OepxusaroLyux KOHCMPYKYUL UCNOb3YoMCs Memarniuyeckue
mpasepcsi ¢ hapghoposbIMU LU CMEKSHHbIMU U301SMOopamu.
Mo umetowjumes 0aHHbIM, 0eheKmbl, 8bI38aHHbBIE MEXaHUYe-
CKUMU HanpsiXeHusMu, cocmaensiom 6onee nonoguHsl om
obuwez0 yucna HapyweHul HopmansHol pabomb! 8030YWHbIX
nuHUl. M3 3moeo yucna cmoum ebidenums dehekmbl, Komo-
pble A8nSOMCs Haubonee YacmeIMuU: CKOT U30Isimopa, u3aub
WMbIPS, U3IOM WMbIPS, PaspyweHue u3onamopa, cpbie u3o-
f15Mopa co WmbIpsi, NEPEKOCc Mpasepchl, paspyweHue mpa-
8epchl, U32ub mpagepcbl, 3agHUBaHUE UU KOPPO3Us mpa-
8epcbl.

C yenbio nosbiweHUsT HadexHocmu 8030YWHbIX MUHUU
U cokpauweHusi daHHbIx nospexdeHuli npednazaemcs uszomas-
fiugamb Mpasepch! U3 NOMUMEPHO20 KOMNO3UMHO20 3/1eKmpo-
U30MSIYUOHHO20 Mamepuana. Takue mpasepchl He UMelm u30-
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1MOPO8 U UCNOb3yomcs Kak 3eKkmpoMexaHuYeckasl KOHCmpyK-
yusi, obnadatowas mpebyemoll MexaHu4ecKol U anekmpuyeckol
NPOYHOCMBHO.

Llenbto OaHHoOU pabombi signsiemcs oueHKa MexaHu4ecKol
NPOYHOCMU MpPasepc, 8bINOMHEHHBIX U3 NOTUMEPHbIX KOMNO3UM-
HbIX 371EKMPOU3O0NAYUUOHHBIX Mamepuanos. Lns peanusayuu no-
cmaerneHHbIx 3aday 6 pabome paccMompeHa mpexmepHasi Mooerb
mpasepcbl. OnpedeneHue ee MexaHU4ecKol NPoYHOCMU Ocyue-
CMeneHO C UCN0b308aHUEM NPUKNadHO20 NPO2PaMMHO20
obecneyeHusi, peanusylouieeo Memod KOHEYHbIX 31eMeHmo8
(MK3). K mpasepce npuknadbigatomcst Hagpy3Ku 8 20pU30HMarb-
Holl u 8epmukanbHol nmockocmsx, onpedensemcs Haubonee
Ha2pyXeHHoe HanpsixeHHo-0ehopMUPOBAHHOE COCMOSIHUE
cmepxHeli mpagepcb U WmbIpesoli HakmaoKu.

Kpome moeo, 8 cmambe 6bInoHsemcs cpasHeHue pesysb-
mamoe pacyema aHanumu4yeckum mMemodom, 8bINONHEHHO20
8 npedbidywell pabome, ¢ pacsemom MK3. Takxe ocywecm-
8r1eHa 8epughuKayus NPUHAMBIX hU3UKO-260MEMPUYECKUX Napa-
mempos, csolicme Mamepuana u donywjeHull 8 pacyemax.

Kmioyesbie criosa: xene3Ho00pOXHbII MPaHcNopm, nekmpocHabxeHue, mpasepca, NOAUMEPHBII KOMNO3UMHbIT Mamepuar,
MeXaHU4ecKas NPOYHOCMb, CMEPXKeHb, Hagpy3ka, Memod KOHEYHbIX STIeMEHMO8.

Ons uumuposarus: KouyHoe 0. A., Ezopos []. B. OnpedeneHue mexaHuyeckoli npoyHoOCmu KoMNo3umHol mpaeepcbi 05isi
BJ16-10 kB memodom koHeYHbIx anemermos // Mup mparcnopma. 2024. T. 22. Ne 1 (110). C. 17-23. DOI: https://doi.org/10.30932/1992-

3252-2024-22-1-2.

MonHbil mekcm cmambu 8 nepeeode Ha aHanulickull A3bIK ny6uKyemcs 60 8mopoil Yacmu 0aHHO20 ebINnycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

DNeKTpOoCcHAOKEHHE JKEIE3HBIX JOPOT — 3TO
CIIOJKHAsI, MHOTOJIEMEHTHAsI CHCTEMA, KOTOpast
110 KPUTEPUSIM HaJE)KHOCTH SABISICTCS OTpeE-
ouTeneM nepBoii kareropun. Kpome odcmyxu-
BaHUS TATH MTOE37I0B, ICKTPONMUTAHHIE MOTY-
Yaf0T HETSATOBBIE MOTPEONUTENH, TAKHE KakK
YCTpPOHCTBAa CHUTHAIM3AINH, IECHTPATN3AINH
u 6nmokupoBku (CHB) n muHIN MPOIOITEHOTO
anektpocHabxkeHus (I[19), muTaHne KOTOPHIX
OCYIIECTBIISIETCS IO BO3AYIIHEIM THHUSAM (BJI)
SNeKTpornepenadyn Hampsokennem 6—10 xB.
B kauecTBe moaAepKUBAIOIUX KOHCTPYKLUUH
HCTIOJIB3YIOTCSI METAJNIMIECKUE TPaBEPCHI
¢ ¢papdOpOBEIMH TN CTEKISTHHBIMHU H30JIATO-
pamu. [To craTucTHYECKUM JaHHBIM, € (EKTHI,
BBI3BaHHBIE MEXaHNYECKIMH HAIPSKCHUSIMH,
cocTaBisIIoT 58 % oT 00IIero 4rnciaa OTKa3oB
BJ[1; 2].

JIJ1s TTOBBIMIEHUS] HAaJIE)KHOCTH U C LENbBIO
COKpAIEHNsI TaHHBIX MOBPEXKICHUNH WH)KEHE-
pamu OO0 «HIIT «2JIEKTPOMAII» 1 co-
TpyOHUKaMHU Kadenpsl «IeKTpocHaOXKeHne
Tparcmopta» Ypl YIIC pazpaboTaHbr H30ISAIH-
OHHO-TIOJ/IEPXKHUBAIOIINE KOHCTPYKIINH — KPOH-
IITEHHBI M TPABEPCHI, BHIMOIHEHHbBIE U3 TTOJH-
MEPHOTO KOMITO3UTHOTO JIEKTPON3OISIIMOHHOTO
Mmarepuaina (ITKOM) [1-8].

Takwe KOHCTPYKIIUHM 00JamaloT TpedyeMoi
MEXaHUYECKOU U AIIEKTPUUECKON MPOYHOCTHIO,
HE UMEIOT U30JIATOPOB, TEM CAMBIM YMEHBIIAIOT
BEPOATHOCTH OTKA30B M3-33 MEXaHHYECKHX I10-
BpEXICHUH.

OpmHAM U3 ITAIOB BBEICHUS HOBOTO 000PY-
JIOBaHMS SIBISIETCSI MOZICIMPOBAHHE TIPOIIECCOB,
MPUKIAABIBAEMBIX K HCCIEIyEeMOMY OOBEKTY.
JlOCTOBEPHOCTBH PE3YyNbTATOB HCCIEAOBAHMS
HEOOXOIMMO BepH(HUIIMPOBATH ITyTeM IIPUMEHe-
HUSI Pa3JINYHBIX METOUK PACUCTOB M HATYPHBIX
9KCTIEPUMEHTOB.

B [8] mpencraBineHsl pe3yasTaThl pacyeTa
MeXaHHIeCKOH IPOYHOCTH TpaBepchl n3 [IKOM
AHATUTUIECKAM METOAOM, MpPU pacueTe ObuIn
y49TeHBl KO3((HUINEHTH 3amaca MPOYHOCTH,
oIpeieNieHb! HanOoIee HarpsHKEHHBIC JIEMEHTBI
KOHCTPYKIMU TIPH TIPUIIOKCHUN BO3ACHCTBYIO-
el CHIIBI, TTOMYYEHB! 3HaYCHUsS AedopMaryn
1 HalpsOKEHUH.

JlaHHAsT CTaThsI COAEPKUT PE3YIBTATHI BTO-
pOro 3Tama HCCIEeIOBaHHS IO ONpPENEICHHIO
MeXaHHIeCKOH IPOYHOCTH TpaBepchl u3 [IKOM
C WCHOJB30BAHNEM MPHUKIATHOTO IPOTPaMM-
HOTO 00eCIIeueHMsI, peaTn3yIomero Memoo Ko-
HEYHBIX dnreMeHToB (MKD).

® Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 17-23

PE3YNbTATbI

B pabote B KauecTBE THIIONPEACTABUTEINS
ucciaenyercs tpaBepca TK-3m-BOPIJI (manee
M0 TEKCTYy — TpaBepca) MPOHU3BOACTBA
00O «HIIT «JIEKTPOMAI» (. EkaTepun-
O0ypr). OcHOoBHBIE (PU3UKO-TEOMETPUUIECKHE
TapaMeTphl TPaBEPCHl U Y3JI0B €€ KPCTUICHHS
TIpeCTaBJICHHI B [§].

TpexmepHast reoMmeTprdecKas MOAEIb Tpa-
BepcHl (puc. 1) MmogenupyeTcs kak Habop Mexa-
HAYECKH KOHTAaKTHPYIOUINX yNpyro-aedop-
MHUPYEMBIX TBEPJBIX TEJI C YUETOM IUIACTHUE-
CKHX CBOMCTB CTEKJIOIJIACTHKA, & TaKxke
BKJIOYAET B PACUETHYIO CXEMY KPEHEXHBIC
JJIEMEHTHI.

TpaBepca (puc. 1) Kak Toamep KUBArOIIAs
MEXaHWIeCKast KOHCTPYKIS PACCIUTHIBACTCSI IO
METOLY TpeX MpeAeNbHBIX cocTosHM [1; 8; 9]:

1. [TpouHOCTH KOHCTPYKIINH.

2. Dedopmarus.

3. YcToW4IHuBOCTS.

Ha ocHoBe mcrnons30BaHUSA aHAIUTHYC-
CKUX METOIOB pacdeToB B [8] ompexmeneHo,
YTO HamboJee HarpyKeHHOE HaIpsKEHHO-
nepopmupoBannoe coctosaue (HIAC) BO3-
HUKAET MPU BO3AeHCTBUM Harpy3ku Ha HII
B TOPU3OHTAJIBHON IIOCKOCTU. PacueTHas
cxema IpeACTaBlieHa Ha puc. 2.

B pacuere BBOmuUTCA psin gormyeHnit [9—15]:
XKO cMmoznenmpoBaH Kak aBa 0onTa C )KeCTKOH
3aIeNKOH B CBOOOAHBIX TOpIax (B, F); BEIOpaHa
MOJICTIh KOHTAKTa YToNKa 75%75%8 11 onopsbL, mpu
KOTOPOH OTCYTCTBYET TPEHHE MEXIY MOBEPX-
HOoCcTAMH [11]; ®I1 mmeeT orpaHuyeHHs mepe-
MEIICHNH BO BCEX HANPABICHHUAX B CBOOOTHBIX
TopIax (Ha puc. 2 OTCYTCTBYET); OIIOpa CMOJIe-
JMPOBaHA Kak abCONIIOTHO TBEPOE TEJIO C Orpa-
HUYCHUEM TIEpEMEICHUH BO BCEX HAIpaBie-
HusIx (G).

HarpyxeHnne TpaBepchl OCyIIECTBIsAETCA
B JIBa 3Tara.

Ha nepBom sTame Momenupyercs 3aTshKKa
601TOB. YCMiIME 3aTSKKH ONPENEIsieTCs 10

bopmyre:

y ; (M

Qsam: ’ 2 = s
() ()
n-d’ 0,2-d
rae d — nuametp Oonra.

Crnenyer OTMETHTD, YTO YCWJINE 3aTSKKH
00JITOB, KPETAIINX YTOJIOK K onope (£, I), mpu-
HATO U3 YCJIOBUS MPOYHOCTH yTONKa 75X 75x%8.

Ha Bropom stane k HIII npuknagsiBaercst
ycunue, paBHoe 3 KH (4), B Topu3oHTaIEHOM
HalpaBJICHHUH.
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Puc. 1. TpexmepHas 2zeoMmempuyeckasi Modenib mpasepchbi TK-3w 5OP3J1 [ebinonHeHo asmopamu]:
1- onopa CB-110-5; 2 - eepmukanbHas 6anka mpasepcs! (BBT); 2.1 - o2paHudumensHbIi na3; 3 - 2opusoHmanbHas 6anka mpasepcoi (M6T);
4 - Haknadka wmeipesas (HLL); 5 - xomym kpenneHusi Ha onope (XKO); 6 - gpukcupyrowjass nnacmuna (@)

. Hernote Force: 3000M
B Ficed Suppont

. Balt Fretenacn: 4000 N
[ Bt Pretension 2: 23000 N
[ 0t Pretension 3 45000 N
Bl Feeed Suppost 6

E Remote Displacernentd
[ et Pratensicn 4 31000 N
[l o<t Pretension 5: 43000 N
B Bt Fretensicn & 45000 W

Puc. 2. PacyemHas cxema npu eo3delicmeuu Hazpy3ku Ha HLL e 2opuzoHmanbHol niockocmu [ebinosHeHo asmopamu]: A — (ycunue)
Hazpy3ka, npuknadbieaemasi 8 20pU30HMaNbHOM HanpaeseHuU K Haknadke WmbIpesoll 8 30He KpensneHus npoeoda; B, F - (ecmkas 3adenka)
c8o0600dHb1e mopyb! 6onmoe XKO; C, D, E, H, I, J - (ocesoe ycunue 3amsixku) 6onmoebie coeduHeHusi; G - (0o2paHuyeHue nepemeujeHuli 60
ecex HanpaesneHusix) o6pamHasi CMopoHa onopkl.

Puc. 3. 06ujuii dehopmupoeaHHbIli eud [8bINOTHEHO agmopamu].
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i E’i \ Taoauna 1
[E12 Pe3yabTaThl pacyeTa KOMNo3uTHOI TpaBepcbl MK

Haumenosanue Pacnpenenenne sKBHBaJICHTHBIX HANPsDKEHUH o0 Musecy Maxkcumansasle | 3anac
OT/IENILHOTO SKBUBAJICHTHBIE | TIPOY-
JIEMEHTa HaNpsHKeHHS, HOCTH )
TPaBePChI Mlla
IBT _—T T T aa— 155,2% 44
(MpOIOMBHBIH " w " om " R
pa3pe3) r.::_\l;:uh-:v:lllxilnu

- ——
BonTsl, 350,42 1,4
HCHIOJIB3YeMbIe
JUIsL KpETIeHHUs
BT o
C MeTam-

YECKUM YTOJIKOM
75x75%8 (pa3pe3 -

OIKHEro -
K IPHUIOKEHHO# i
Harpy3ke 6oiTa) ey
o
——
Vromok 75x75%8 301,76 2,1
(pa3pe3 OnuxHEro
K IPHIIOKEHHOH
Harpyske
OTBEPCTHS)
I'bT 276,16 4,5
(IpomONBHEIH
paspes)**
DIT** Typuts Exgirvalest e i Tvesy 206,3 2,1
Uink:

]
FATAS Max
mar
e

T

Ty
BT

TS5

46T
R

0 Hide- 15 Wen

*Maxkcumanpsuble HanpspkeHuss B I'BT paBubie 1197,9 MIla o0ycioBieHsl KpaeBbIM 3((EKTOM, BO3HUKAIOIIUM IOCIE
3aTSDKKHU OONITOB.
**Jlns pacuetHOM cxemsl Ne 4 [8].
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Tadauma 2

CpaBHI/ITe.leHbIe AaHHbIE, MOJY4Y€HHbIC aHAJTUTUIECCKUM METOAO0M pacueTra u MKD

PacuerHas cxema Ne 1
Meron OlieHMBaEMbIE BETHUNHBI
Hedopmanus BT, | Hanpspxenue I'BT, Hanpsoxenue Hamnpspxenus 60110B,
MM MlIla yronka, MIIa MlIla
AHanuTHYSCKUI 34,4 130,2 2214 105,3
MKD 39,6 147,1 209,8 99,2
Torpeuocts, % 13,1 11,5 5,5 6,1
Pacuernas cxema Ne 2
Merton OlieHMBaEeMbIE BETUYHNHBI
Hedopmarus I'BT, Hamnpspxenue BT, Hampsoxenue Hamnpspxenus 601toB,
MM MIla yronka, MITa Mlla
AHaIATHYECKUN 35,1 133,3 258,3 266,7
MKD 39,9 150,8 2479 254,5
TorpeuHocts, % 12 11,6 4,2 4,7
Pacuernast cxema Ne 3
Merton OlieHMBaEMBbIE BETUYHNHBI
JHedopmamus I'BT, | Hanpsokerne I'BT, Hampsoxenue Hamnpspxenus 60atoB,
MM MIla yroska, MITa MIla
AHaIUTHYECKUAN 38,2 135,6 308,2 363,6
MKD 43,8 155,2 301,76 350,42
OTHOCHUTEIIbHAS 12,7 12,6 2,1 3,8
TOTPEIIHOCTD, %
Pacuernast cxema Ne 4
Merton OueHrBaeMbIe BETUUINHBI
Jedopmarms BT, mm Hanpsxenne BET, MIla Hanpsioxenus ®I1, MITa
AHaIUTHYECKUN 35,6 285,7 221,4
MKD 39,5 276,16 206,3
ITorpemrHocts, % 9,9 3,5 7,3

Oobmee meopMUpOBaHHOE COCTOSIHHE JUIS
Tpasepcs nox ornopy CB-110-5 (BapuanTa KoH-
crpykiun yronka Ne 1 puc. 3 [8]) npuBeneno Ha
puc. 3.

Pacnipenenenne SKBUBAJICHTHBIX HAIpshKe-
Huil o Musecy, MIla, Bcex aneMeHTOB Tpa-
BEpPCHI IPUBEAEHO Ha puc. 4.

Pacnipenenenne SKBUBaJICHTHBIX HAIpshKe-
HAH B OTACIBHBIX JIEMEHTaX TPaBEpCHI IO
Muszecy, 8 MIla, npuBenens! B Tabm. 1.

Omnpeznenenne COOTBETCTBHS OCHOBHBIX KOH-
CTPYKTHBHBIX 3JIEMEHTOB yCIOBHSIM ITPOYHOCTH
TIPOM3BOIUTCS TI0 METOTY JIOITyCKAaEMBIX HATIPSI-
JKEHUI:
[6,0,) 2 [0 @)
e [0,,,] — MakCHMalbHbBIE DKBHBAJIEHTHBIE
HalpspKEHUS], BOSHUKAOIIUE B OTACIBHBIX KOH-
CTPYKTHBHBIX JIEMEHTAX TPaBEPCHI.

3amac MPOYHOCTH COOTBETCTBYET TpeOOBa-
ausM ['OCT. [t BceX OCTaiabHBIX JeTanei
KOHCTPYKITHH 3aI1ac MPOYHOCTH 1 = 5.

Crenyromum 3TaroM ONpeersieTcs] yCTok-
YMBOCTh KOHCTPYKIHMH. PacueTHas cxema mpu
BO3JICHCTBUU BEPTHKAJIBHON OCEBOM CHKMMaIO-
meit cunel 3 kH (F) mpencrasnena Ha puc. 5.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 17-23

3anac yCTOWIMBOCTH 7], ONPEACIACTCS 10
dopmyre:

1. =LM-=k, 3)
rae LM — 3amac yCTOHYMBOCTU IO MPOrpamMm-
HOMY pacyery;

k — k03¢ GUINEHT, yYUTHIBAIOIINI HECOBEP-
IIEHCTBO T€OMETPHUECKUX (HOPM JUIA CKATHIX
CTepKHEH mepeMeHHoro cedenus, k = 0,8.

ITepBast popma noTepu ycTOHINBOCTH MpE-
CTaBIIeHa Ha puc. 6.

MuyHMManbHBIN 3aMac yCTOWYHUBOCTHU IO
IporpaMMHOMY pacuery LM = 8,2. I]yCT =82
0,8 = 6,56. 3anac yCTOMYMBOCTH KOHCTPYKIMH
obecrieunBaeT MEXaHNUECKYIO IPOYHOCTD U CO-
OTBETCTBYET TpeGoBaHMsM [8§; 9].

ITocyie mpoBenEeHHBIX PACcYETOB MPOU3BO-
JIUTCSl CPAaBHEHHUE TOJYYCHHBIX PE3YJIbTaTOB
C pe3yJbTaTaMy pacueTa aHaIUTHIECKUM METO-
1oM [8]. CpaBHUTEIBHBIC TaHHEIC TIPE/ICTABICHBI
B TaOmI. 2.

HecmoTpst Ha He3HAUNUTENbHBIE OTCTYII-
JIEHUSI OT KJIACCHYECKOW METOIMKHU pacuera
Ha MPOYHOCTH KOMIIO3UTHON TPaBEePCHI CPaB-
HUTEJbHBIA aHAJIU3 [T0Ka3all, 4YTO OLlCHUBaE-
MBbI€ BEJINYMNHBI U CXOJUMOCTH IOJYyYEHHBIX
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Puc. 4. PacnpedeneHue akeuganeHmHbIx HanpsixeHul no Musecy, MITa, ecex anemeHmoe mpaeepchI [8bINOTHEHO asmopamu].

Puc. 5. PacuemHas cxema npu eo3delicmeuu cxumarouje2o ycunusi Ha BBT 8 eepmukasnbHol n1ocKocmu [8bINOMHEHO

aemopamu]: A, B - (ecmkas 3adenka) ceo60dHble mopybi 6on1moe XKO; D, F - (xecmkas 3adenka) ceo600HbIe mopybi ®I1;

C - (0o2paHu4eHuUe nepemeujeHuli 80 ecex HanpaesieHusx) obpamHasi cmopoHa onopsl; E — (ycunue) Haepy3ska npuknadbieaemast
8 8epmuKanbHOM HanpassieHuu k B6T e 30He kpenneHus npogoda.

Lead Multiplier (Manlneary: 0.2008
UniE fifn

1.000E Max
aeeap
QTrie
QEET2
0556

Qs
Q206
Qire
Qe
& Min

Puc. 6. ®opma nomepu ycmoiiyugocmu mpaeepchI [8bINOTHEHO agmopamu].
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pacdyeToB HE MPOTHBOpPEYAT METOAHKAM,
yKa3aHHBIX B %3,

3AKNOYEHUE

B paborte onpenenena MmexaHnueckas Ipod-
HOCTh KoMmo3uTHOM TpaBepchl TK-3-m bO-
P3OJI, BeIONIHEHHAST METOJIOM KOHEUYHBIX dJie-
MeHToB. [lo pesynbraram pacuera TpaBepca
YIOBIETBOPSIET TPeOOBaHUSIM MEXaHHYECKOH
MIPOYHOCTH.

CpaBHeHHE aHAJUTUYECKOTO METO/a pac-
yera [8] u pacuera MOK mokaszano, 4yTo mo-
IPEIIHOCTh pacyera cocTapisieT He Oonee 15 %,
YTO MOJATBEPXKIAET MPUEMIIEMOCTb MPUHATHIX
XapaKTepUCTHK MaTepHajIoB M JOIYIEHUH
B pacuerax.

JlaHHbBIE METOAMKH MOT'YT HCIIOJIb30BaThCA
MpY KOHCTPYHPOBAHHH TPaBEPC, BBIMOIHEH-
HBIX M3 IMOJINMEPHBIX KOMIO3UTHBIX MarepHa-
710B. Marepualibl JaHHO# paboThI MOTYT OBITh
HCHO0Jb30BaHbl B MHKEHEPHBIX pacyeTax,
a Takke B 00pa3oBaTeIbHOM Ipolecce Ipu
00y4YeHHH CTYAEHTOB MO CHELHATBHOCTIM
U HampaBJeHHsAM nonrotoBku: 13.02.07
«dDnekTpocHabxeHue (MO OTPACIIM)»,
13.03.02 «2neKTposHepreTUKa u MIEKTPOTEX-
Huka»; 13.04.02 «DnexkTposHepreTuka
u anekTpoTexHuka»; 23.05.05 «Cucremsl
obecriedeHus: ABMKEHUS TI0E3/10BY.
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AHHOTALIUA

Ha ocHosaHuu aHanusa 3apybexHo20 onsima pa3pabomku
a8MOHOMHbIX JTOKOMOMUBO8 ¢ 2ubpudHol sHepeemuyeckoli
ycmaHosKoU 060CHOBaHa 803MOXHOCMb NOBbILIEHUS 3(hheKkmus-
Hocmu pabomsl meno80308 3a Cyem UcnosTb308aHUST 31eKMpU-
yecKux Hakonumenel 3Hepauu.

pednoxeHa npuHyunuanbHas cxema sHep2emuyeckol
cucmeMbI Mennogo3a, UCMOYHUKOM 3Hepauu 8 Komopoli Hapsdy
¢ Qusenem s8nasemcs mszogas akKymynsamopHas bamapes
C UMNYMbCHbIM NPepPbIBamesiemM NOCMOSHHO20 HanpsiXeHus. Pas-
pabomaH ansopumm ynpagneHusi mseossiM npueodoM menso-
803a ¢ 2ubpudHoll 3HepeemuyecKoll ycmaHoskoli, obecneyusaro-
WUt noskluwieHue ms2080U CuMbl JIOKOMOMUBA Ha MSXeESbIX
ydacmkax npogpuns. ModepHusauyus sHepeemuyeckoll cucmems|
mensogo3a nymem npuMeHeHus 2ubpudHol aHepaemuyeckol
yCMaHOoBKU paccMompeHa npuMeHUmernsHo k mennosody 2T3116.
C ucnonb308aHueM ypasHeHul 3Hepaemuyecko2o banaHca mseo-
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WUcnonb3oBaHue anNeKTpu4eCKMX HaKonutenen
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8020 anekmpodsueamens paspabomaHa Mamemamuyeckas Mo-
Oenb pabomel mA208020 Npugoda mennoeosa ¢ NUmMaHuem om
2UBPUOHO20 UCMOYHUKa IHEpaUU Yepe3 ynpasnsiembil npepbisa-
menb HanpsxeHus. Memodamu yucreHHo20 ModenuposaHust
8 npoepammHbix cpedax MatLab u LabView ebinonHeH pacyem
mseosoll xapakmepucmuku mensiogo3a 2T3116 co wmamHou
3Hepeemuyeckoli ycmaHogkol U eubpudHoll aHepeemuyeckoli
ycmaroskol. [loka3aHo, 4mo 80 ecem duana3oHe pabodux cKo-
pocmell 0guxeHUs Mennoeo3 ¢ 2ubpudHoU 3HepaemuyecKoll
ycmaHogKol no3sonsiem nosydums cuiy mseu Ha 15 % ebiwe,
YeM menio8o3 co WmamHol sHepazemuyeckoli cucmemoll. Pac-
Yemb| 060CHOBaNU, YMO NOBbIWEHUE MA208bIX c8olicme Modep-
HU3UpoBaHHO20 mennogo3a 273116 0aem soamoxHocmb Ha 15 %
nogbIcUms pacyemHnbili 8ec cocmaea, @ CoomeemcmeeHHO
U 3¢heheKkmuHOCMb UCNOMb308aHUS IOKOMOMUBA Kak msA208oli
eduHUYBI Ha cemu xesle3HbIx dopoe.

Kntouesbie criosa: xene3Ho00POXHbIU mpaHcnopm, 3nekmpuYeckue Hakonumenu aHepauu, eubpudHas sHepaemuyeckas ycma-
HO8Ka, No8bIWeHUe 3KCnilyamalyUOHHbIX Xapakmepucmuk MagucmparibH020 mensiogo3a.
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BBEOEHUE

B ycnoBusix pocta 005eMOB ITEPEBO30K Ke-
JIE3HOIOPOXKHBIM TPAHCIIOPTOM (POPMHUPYIOTCS
MOTPEOHOCTH B MAKCHMAJIEHOM HCIIOTb30BAHUH
TIPOBO3HOH CITOCOOHOCTH ITOABHKHOTO COCTABA.
OTO B MOTHOW MEpe OTHOCHUTCS K Pa3BHTHIO
KEJIE3HOOPOKHOTO TpaHcmopTa B Poccunm
u OAO «PX»! [1; 2].

B pamKax TEXHHYECKOTO pa3BUTHS KOHCTPYK-
TOPCKUMH OTZAEIAMHA ¥ NHKEHEPHBIMH [IEHTPaMHU
TTOCTOSTHHO MOHIMAFOTCSI BOTIPOCHI 0 M3TOTOB-
JICHUIO COBPEMEHHBIX, 00JIE€ MOIIHBIX JIOKOMO-
THBOB, KOTOPBIE PEaNN3yIOT 00Jee BBHICOKHE
TATOBBIC YCHIIHSI M CTIOCOOHBI IEPEBO3UTH OOJh-
1ee KOJIMYECTBO TPY30B.

OmHAM U3 CIIOCOOOB TTOBBIIIEHUS TATOBOK
3¢ PEKTHBHOCTH JIOKOMOTHBOB SIBISICTCS YIIyd-
IIEHNE WX KOHCTPYKIMH MOCPEACTBOM MOJCp-
HU3aINH, KOTOpast 3aKII0YAETCS B IPIMEHEHUH
Gornee COBPEMEHHBIX TEXHUIECKHAX yCTPONUCTB.

B Hacrosimee Bpems oydaeT pactpocTpa-
HEHHE TATOBBIN MOABIKHOW COCTaB C THOPHI-
HBIMU MCTOYHHUKaMu >Hepruu. B I'epmanunu
SKCIUTYaTHPYIOTCS THOPHUIHBIA MaHEBPOBHIH
nmoxomotuB Prima H3 mpousBoncTBa kommanuu
Alstom ¢ TUTHEBBIMH TATOBBIMH aKKyMYIISTO-
pammu, Maccoit 67 TOHH, CHJION TATH IIPH TpoTa-
Huy 225 kH, momHocThiO 700 KBT [3]. B Poccnn
MAaIIHOCTPOUTENBHBIM X0onauHroM AO «Tpanc-
MAIIXOJIANHT ObLT CIIPOEKTUPOBAH U IIPEJICTaB-
JIeH Ha MeXIyHapOJZHOM >KEJIE3HOIOPOKHOM
canone npoctpancTBa 1520 «PRO//[Ismxenue.
OKcIo» THOPUIHBIN aBTOHOMHBIH MaHEBPOBEII
JIOKOMOTHB C MOIIHOCTBIO TATOBBIX HAKOIUTEIIEH
suepruu B B 240 kB12. B IlIBeiinapnu B HaCTOS-
mee BpeMst BEIyTCsl pabOTHI 110 MPOU3BOICTBY

! TparcroprHas crparerus Poccuiickoit @enepaunn 10 2030
rojia ¢ MpOrHo3oM Ha nepuoa 10 2035 roa. [D1eKTpOHHbIH
pecypc]: https://mintrans.gov.ru/file/473193. Joctyn
17.09.2023.

2 ManeBpoBblii rubpuanbIi Temioso3 TOMSX. [Dnexrpos-
HBII pecypc]: https://sitmag.ru/article/25569 manevroviy
gibridniy teplovoz tem5h gibridniy-avtonomniy-lokomotiv-
obrel-plot. Joctym 02.10.2023.

Puc. 1. ®yHKYUOHamLHas aneKkmpomMexaHuyeckasi cxema mpaouy

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 24-29

JIBYXpe>XKMMHOTO JIOKOMOTHBa HOBOH cepun 93
C UCIIOJIb30BAHUEM JIMTHH-TUTAHAT-OKCHIHBIX
AKKyMYJIAITOPOB, C IIMTAHUEM OT KOHTAaKTHOU
ceTu nepeMeHHoro Toka 25 kB wactotoit 50 [,
C MOIIHOCTBIO camoro JjokomoTrBa 1300 kBT [4].

L]envio uccrnenoBaHus SIBIAETCS IPUMEHEHHE
HAKOIHTENIEH SHEPTHH Ha ABTOHOMHOM ITOJIBUYKHOM
COCTaBe ITyTeM BHECEHHUS W3MEHEHHI B IITATHYIO
KOHCTPYKIIMIO KJIacCUUecKoro TerioBosa 212116
¢ nepesadei nepeMeHHO-TIOCTOSHHOTO TOKa.

PE3YNbTATbI

Hccnenyemsrit Teruioo3 2TO116 npencras-
JsieT co00il JIOKOMOTHB, KOTOPHI B KauecTBe
MIEPBUYHOIO UCTOYHHUKA SHEPTHHU UCTIONB3YET -
3eJIbHBII JBUraTellb BHyTpeHHero cropanust ().
Ero ¢gyHKuuoHanbHAs 3JEKTpOMEXaHHYeCcKast
cxema TpesicTapieHa Ha puc. 1. JluzenbHbli 1BU-
raresib IPUMEHSIETCs Ha JIOKOMOTHBAX 110 TPHYKHE
BBICOKO HaJIeXXKHOCTH U O0JIee BHICOKO pa3BHBae-
Mo# MorHoCTH [S]. JIBurarens npeodpasyeT Xu-
MHYECKYIO 3HEPTHIO TOIUIMBA B MEXaHHYECKYIO
SHEPTHUIO BpAIlleHHUsI KOJIEHYaToro Baja. MexaHu-
YecKasi SHEeprus peoOpasyeTcs B AIEKTPUIECKYIO
MOCpeICTBOM BpattieHus potopa (P) cuaxpoHHOrO
reneparopa (TCT), koTopblit ipeodpa3syer mMexa-
HHYECKYIO SHEPIHIO BPAIIEHHS B MEKTPUUECKYIO
SHEPrHI0 MepeMeHHOro Toka. IlocpencTsom uc-
TI0JIb30BaHUsI BHIIPIMHTENBHON ycTaHoBKH (BIT)
MIEPEMEHHBII TOK MpeoOpasyercsi B MOCTOSHHBINA
[6] u momaeTcst HA TATOBBIE AIEKTPOABUTATETH
noxkomotrBa (TO]I). TaroBeie 3meKTponBHraTEIN
JIOKOMOTHBA [IPEJICTABIISIOT COOOH ANEKTPUIECKYTO
MallrHy, KOTopasi mpeodpa3yeT JEeKTPUYECKYIO
SHEPrHI0 B MEXaHUUYECKYIO SHEPIUI0 BpPAICHHUSI.
B nensix peanuzanmu OONbLION BEIMYMHBI Bpa-
IIAIOIIEr0 MOMEHTA JUIS TPOTaHUsI ¢ MECTa JIOKO-
MOTHBA IIPUMEHSETCS TSATOBBIN 3yOUaThlii peIyKTOp
(3P), KOTOPBIil YBEITNUMBACT MOMEHT, HO YMCHbB-
II1aeT YyacTOTy BpallleHus. B nanpHeliem Bpaie-
HHE ¢ OOJIBIIION BEIMYMHON MOMEHTA MIEPEIACTCS
Ha KOJIECHYIO Iapy JIOKOMOTHBA U HPHUBOIAT €€
B JIBIDKCHHE.

Kl
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Puc. 2. ®yHKyuOHanbHas 3neKmpoMexaHuYeckas cxeMa 2u6pudHo20 mennoso3a 273116 [exinonHeHa asmopamu].

OyHKIMOHATbHAS JMEKTPOMEXaHUIECCKas
cxema rubpunHoro Temioso3a 2TI116 mpen-
CTaBIIcHA Ha pHC. 2.

M3MeHeHne KOHCTPYKINHU JIOKOMOTHBA JUIS
TIPEBPAIIEHHSI €T0 B THOPUIHBIN 3aKITI0UACTCS
B YCTaHOBKE JOIMOJHUTEIHHOTO HAKOTHUTEIS
9HEPTUH, YaCTHBIM CIyd9aeM KOTOPOTO SIBJIS-
eTcs TiAroBas akkymynsatopHas Oatapest (TAB).
B xoncTpykmmn tokomoTtnsa TAB ciayxuT s
peanu3anuy dIEKTPOINHAMUIECKOTO pEKyTIe-
PaTUBHOTO TOPMOKEHUSL, & TAKKE JUIS TIPHAHUS
JIOTIOJTHUTENIFHOW MOIHOCTH JIOKOMOTHBY Ha
TSDKEJIBIX YYacTKax MyTH JJIS TPOXOXKIACHUS
pacyeTHBIX OABEMOB. Takxke TATOBas aKKyMy-
nATOpHas Oarapest MOXET 3aMEHUTHh COOOH
MITATHYIO TATOBYIO aKKYMYJIITOPHYIO OaTapero
7 00eCTIeYnBaTh 3aITyCK IN3EIBHOTO JBUTATEIIs
BHYTPEHHETO CTOpaHHs, MUTaHHE OOPTOBOM
CETH M MUTaHNE BCTIOMOTATEIbHBIX HYX[] JIOKO-
MoOTHBa. [ peryaupoBaHUs 3apsIHO-
pa3psAHBIX TOKOB TATOBOM aKKyMyISTOPHOMN
Garapen He0OXOMMa YCTaHOBKA yCTpOICTBa
perynaupoBanus 3apsaa-paspsana (YP3P), koro-
poe TpencTaBiseT co00il IByXCTOPOHHUH HM-
MyJIbCHBIA TIPEPHIBATEINb IOCTOSHHOTO Harpsi-
keHHUs. TakuM 00pazoMm, IaHHOE yCTPOHCTBO
OyeT KOHTPOIMPOBATh MaKCHMAIIBHO IOy CTH-
MBbIE AJIS1 TATOBOM aKKyMyJNATOpHOI Oarapen
3apsAAHO-pa3psIHbIC TOKH.

OyHKIIMOHAIIBHOE NMPUMEHEHHUE TATOBOU
UEKTPUUCCKON OaTapen 3aKIII0JacTcs B peau-
3alUM €€ Ha THKENBIX yJacTKax IyTH IOCpe-
CTBOM MapAJUIEIBHOTO €€ MOJKIIOUCHHUS C TATO-
BBIM CHHXPOHHBIM T'€HEPAaTOPOM K TATOBBIM
JIEKTPOABUTATEIISIM.

Cuna TATH JTOKOMOTHBA C 3IIEKTPHUECKON
riepenadeii 3aBIUCUT OT MEXaHWIECKOTO MOMEHTA
Ha TSATOBOM 3JICKTPOJIBUTATENE, PAIHyca KOJEC

® Mwup TpaHcnopTa. 2024. T. 22.

KOJIECHOM TTapel JIOKOMOTHUBA U IIEPEAATOYHOTO

OTHOIIEHHS TATOBOTO 3y0uaroro peaykropa, H:

n M. -i
F = oc K
=l (1)

i

r€ 7, — KONMYECTBO MOTOPHBIX OCEH JIOKOMO-
THBA, IIT;

M _— MOMEHT, cO3/1aBaeMblii TATOBBIM JIIEK-
Tponsurarenem, Hw;

i — IIepeIaTOYHOE YHCIIO TATOBOTO 3y04aToro
penykropa;

R_—paaunyc KoNeCHOM Naphl IOKOMOTHBA, M.

KonungecTBo oceil, paguyc KOJIeCHBIX Map
JIOKOMOTHBA U TMEPEaTOYHOE YUCIIO TATOBOTO
3y04aToro peaykTopa SIBISIFOTCS KOHCTPYKTHB-
HBIMH TTapaMeTpaMH JIOKOMOTHBA, KOTOpbIC HE
MOTYT M3MEHATHCS B MpOLEcCEe ero paboThI.
Takum 0OpazoM, 3Ha4E€HHE CHIIBI TSTH JOKOMO-
THBA MOXXHO YBEJIMUUTH ITOCPEICTBOM yBEJINYe-
HUSI MOMEHTA Ha TATOBBIX DJIEKTPOABUTATEISIX.

W3BecTHO?, 4TO MOMEHT 3JIEKTPHUYECCKOTO
JIBUTATENs] TIOCTOSIHHOTO TOKa MOCJIEA0BATEINb-
HOTO BO30YXXICHHSI OTpEAesIeTCsS 3aBUCHMO-
cThi0, HM:
M =c sl +® =c Il =c I’ 2)
TJie ¢, — KOHCTPYKTHBHAs NOCTOSHHAS 3JIEKTPO-
JIBUTATEIIS;

I, — ToK, mpoTekaromuil Mo 06MOTKe AKOPS,
A;

1, —TOK, NpOTEKaONIHUii 10 0OMOTKE BO30YX-
JIeHus, A,

®_— MarHUTHBIA TOTOK 0OMOTKH BO30YXK/1e-
Hus, BO.

* Ipockypsikos B. C., CoGones C. B. Pacuer snexrpudyeckux
MammH: Y4e6. mocobue. HanmonanbHbli ncciienoBaTels-
ckuit TOMCKMI MONMTEXHUYECKUH yHUBEPCUTET. — TOMCK.
W3n-Bo ToMCKOro NMONHTEXHUYECKOTO YHHBEPCUTETA,
2011. — 112 c. [Daexrpounsiit pecypc]: https://portal.tpu.
ru/SHARED/v/VOV/uchebnaya_rabota/Tabl/Tab/UP1.pdf.
Jocrymn 02.10.2023.
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Puc. 3. CpagHeHue msi208bIX Xxapakmepucmuk mpaduyuoHHo20 U 2ubpudHo20 mennoeo3oe 2173116 [ebinonHeHo aemopamu].

TakuM 00pa3oM MOXHO cliellaTh BBIBOJ
0 TOM, YTO MOMEHT TATOBOTO DJICKTPOJIBUTATEIs
MPSIMO MPOMOPIMOHANIEH KBaJApaTy 3HAYCHHS
TOKa OOMOTKH SIKOPSI TATOBOT'O JJIEKTPOJBHIa-
Tesl.

CoBpeMEHHBIE TATOBBIE aKKyMYJISTOpHBIC
Oarapeu, Takue kak O6arapes LT-LFP770P mpo-
n3BozcTBa OO0 «JInotex», 10MyCcKaoT HOMHU-
HaJIbHBIN pa3psil, paBHbII 3HAYCHUIO HOMHHAITb-
HOH eMKOCTH aKkKyMynsaTopHO#H Garapeu c,
paBHbIit 770 A4

[IpumenuTensHO K TemnoBo3dy 2T3116 Bo3-
MOXKHO TIOCJIEZIOBATENILHO YCTAaHOBUTH H-HHOE
KOJIMUECTBO SIY€EK TATOBOW aKKyMYJISITOPHOM
Oaraped ¢ HOMHUHAJIBHOW eMKOCThIO 770 Au,
KOTOpBIE OyIyT paboTaTh Ha IIECTH Mapajlieb-
HO BKIIIOUEHHBIX TATOBBIX JJIEKTPOIBHUIATEISX
TeroBo3a. Takum o0pa3oM, MakCHMaJbHOE
JIOIyCKaeMoe 3HaueHHe CHJIbI TOKa OT TSATOBOM
AKKYMYJISITOPHOM Oaraper Ha Ka)KIOM 3JIeKTPO-
JBHUTarelne OyaeT COCTaBNsATh, A:

B _ITA_E:IZS,:; A,

™0 — -

oy )

rae I, — 3Ha4eHHe Pa3pAAHOro TOKa TATOBOM
aKKyMYJISITOpPHOH Oarapewu, A;

Ny — KOIMYECTBO TSTOBBIX JJICKTPO/IBATA-
TeJNel Ha CEeKIMU JIOKOMOTHBA, LIT.

Cuuta ToKa Ha KaXKAO0M TSTOBOM DJIEKTPOJIBU-
raresie pacCUUTHIBACTCSI, UCXO/s U3 XapaKTepH-
CTHKH TATOBOTO CHHXPOHHOTO TeHeparopa, KOTo-
past MOXKeT OBITh MosTydeHa 13 [IpaBui1 TATOBBIX

pac4eToB Juts roe3aHoi padotsl (ITTP)S.

4 PyKOBOJCTBO MO IKCIUTyaTallHH aKKyMYJSITOPOB JIH-
THH-HOHHBIX cepuil LFP-P ¢ HOMuHanpHOH €MKOCTBIO
200 A-g, 240 A-4, 300 A-u, 380 Ay, 700 A-g, 770 A-u
LT.38294932.3482.003-2016P3, 2016. — 25 .

3 I'pebentok I1. T., Jonranos A. H., Hekpacos O. A., Jlucu-
ubH A. JI., Crpomckuit I1. T1., bopouxos A. I1., UykoBa
T. C.IlpaBuna TArOBBIX PAacUeTOB ISl ITOE3AHOI PabOTHL. —
M.: Tpaucnopr. — 1985. — 287 c. [DnekTpoHHbIi pecypc]:
https://djvu.online/file/syjaectzWQPjhN. loctym 02.10.2023.
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COOTBETCTBEHHO, CHIA TOKAa OT TATOBOTO
CHHXPOHHOTO TeHEpaTopa OyIeT ONpeae/iaThCsa
Kak, A:

ITCF _ In‘r
Vic)/ B

o (4)

rre [, . — 3HaYCHUE TOKA TATOBOTO CHHXPOHHOTO
reseparopa, A.

Takum 00pa3oM, UTOTOBOE 3HAYCHHUE HA TSTO-
BOM DJIEKTPOJIBUTATENIE JIOKOMOTHUBA OIpeesi-
€TCs 3aBUCUMOCTBIO, A

_ grer TAB
= Irazz + ITM .

1T3ﬂ (5)

Hcnons3ys ypaBHeHus (1-5), 3Hasg KOHCTpYK-
THUBHBIE MapaMeTpsl TeroBo3za 213116, Taro-
BOT0 CHHXpOHHOTO0 rereparopa I'C-501A u Tsro-
Boro anekrpoasurarens J/[-118A, Bo3MoxHO
paccumuTaTh TATOBYIO XapaKTEPUCTUKY TEILIO-
Bo3a 2TD116 ¢ TAroBOI aKKyMYJIATOPHO# Oara-
peeit.

CpaBHEHHE TATOBBIX XapaKTEPUCTUK Tpa-
JULIMOHHOTO M THOPUIHOTO TEMIOBO30B
2TD2116 npenctaBineno Ha puc. 3. Orpanude-
HUE M0 CIEIUICHHIO TEII0OBO3a HEBO3MOXHO
MOBBICUTH YBEJIMYCHHEM MOMEHTA TSTOBBIX
AJIEKTPOABHUraTENEH, TOCKOIBKY 3TO IPUBEICT
K OOKCOBaHHIO KOJIECHBIX Map U HE MPHHECET
moJie3Hoit padoTsl [7]. OrpaHuYeHUE MO KOH-
CTPYKTHUBHOM CKOPOCTH OIPENENSIeTCs, NCXO-
Il U3 YCJIOBUH JTONMYCTUMOI'O BO3JIEHCTBUS
JIOKOMOTHBA Ha My Th, XOZAOBBIX CBOWCTB JIOKO-
MOTHBA, BO3MOXXKHOCTH CXOJ]a €ro C pPElbCOB
Y IPOYHOCTH €r0 COCTABHBIX JETAJIEH U Y3JI0B.
U3 coobpaskeHunit TpeOOBaHMIA K O€30MTACHOCTH
JIBH)KEHHSI JaHHOE OTpaHUYEHUE HE MOXKET
OBITh M3MEHEHO. M3 pOBEIEHHBIX PacyeToB
BHJIHO, YTO NMPUMEHECHHE TATOBOW aKKyMYIsi-
TOpPHOM OaTapen MO3BOJSET MOBBICUTH 3HaYe-
HHE CHJIBI TATH TemioBo3a Ha 25-35 % Ha
MIPOIOJDKUTENBHBIX PeKUMaxX paboThI.

W3 [paBuit TATOBBIX PACUETOB® CIEAYET, YTO
BBIOOpP pacyeTHOIl Macchl COCTaBa Moe3/1a Mpo-
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Puc. 4. 3asucumocmu moka sikopsi U moka 8036)XkAeHuss MA208020 31ekmpodeuzamenst
3/-118A mennoeo3a 2T3116 [ebinonHeHo aemopamu].

HM3BOJINTCS HA OCHOBAHHU CJIEAYIOMICH 3aBUCH-
MOCTH, T:
Qzﬂ,,—(‘f;fi,,)l’, 6)
W, +i,

e F, — 3HAYCHHE CHJIBI TATH JJOKOMOTHBA MPH
pacueTtHoit ckopocty, H;

W ' — CONPOTHBIIEHHE JBHKEHHIO TOKOMO-
THBa B pexuMe Tsru, H;

wo” — COIIPOTHUBJICHHE JBMIKEHUIO COCTaBa
roe3za (BaroHOB) B pexkume Tsrd, H;

P — cuenHas macca JIOKOMOTHBA, T;

ip — pacueTHBIH moabpeM, %o.

13 3aBucumMocty (6) BUIHO, YTO OCHOBHBIM
TTOJIOKUTEIHHO BIHAIOIIUM Ha IIEPEBO3UMYIO
MacCy cocTaBa noesza (GpakTopoMm sBISIETCs pac-
YeTHasl CHJIa TATH JIOKOMOTHBA. B cooTBeTcTBHI
¢ IITP pacuerHas cuna Tsru JokomotuBa 2TO116
[IPU PACYETHOM CKOPOCTH v = 24,2 KM/4 COCTaB-
nser 50600 krc (496 xH). Bocnonb3oBaBmmch
3aBUCHMOCTBIO CHITBI TSATH OT CKOPOCTH IBFKCHHS
rubpuaHoro temioo3a 2TD116, yBumum, 4to
pacdeTHasi CKOPOCTh TeIeph coOIromaeTcs Ha
OTpaHWYCHUH TIO0 CLEIUICHHI0. TakuM 00pa3om,
pacdeTHOe 3HaUEHHE CHJIBI TATH Ha OTPaHUYCHUN
1o creruieHuro coctapisieT 58 200 kre (571 xH).
Ha ocHOBaHNM TaHHOTO pacyeTa MOXHO CHIENIaTh
BBIBOJl O TOM, 4YTO (haKTHYECKasi IepeBO3uMast
Macca cocTaBa oe3/1a pH IIPIMEHEHUH TATOBON
AKKyMYJIATOPHO# Oaraper Ha TEIIOBO3E MOXET
OBITh yBEIHMYEeHA IPUMEPHO Ha 15 %.

OpmHAM U3 IPEUMYIIECTB IPAMEHEHHS TATO-
BOI aKKyMYJISITOPHOH Oarapem SBISETCS BO3-
MOYKHOCTB PEKYIIEpaIiuil MIEKTPUICCKOH SHEP-
THH B HAKOITUTENb SHEpTrun. B HacTosmmee BpeMs
Ha TEIUIOBO3aX peajlu30BaHa BO3MOXHOCTH
SIIEKTPOANHAMUYIECKOTO, PEOCTATHOTO TOPMOJKE-

Mup TpaHcnopTa. 2024. T. 22. Ne

HUSI, KOTOpPOE MOApa3yMeBaeT MpeoOpa3oBaHue
MI0JIy4E€HHOM 3J1EKTPUUYECKOM S3HEPTUU IPU TOP-
MOXEHHH B TETLIO.

Toku pexynepanuu MOTyT OBITH IIpeIBapH-
TEJIbHO OLIEHEHBI, UCXO/1s U3 ACHUCTBYIOIIEH 3aBU-
CHMOCTH TOKa SIKOPS TATOBOTO MNIEKTPOABUTaTEIIS
O/1-118A TtermmoBo3a 2T3116, xoTopast npen-
CTaBJIeHa Ha puc. 4.

U3 rpaduka BUIHO, YTO MHKOBOE 3HAYCHUE
TOKOB SIKOpsI HaONIONAeTCA MPU CKOPOCTIX
nBuxeHus B 40—80 KkM/4 M cocTaBisieT
650 A. Takum 00pa3oMm, TATOBast aKKYMYJISITOP-
Hasg Oarapes JOJDKHA OBITH paccyMTaHa Ha
MIOJIyYCHHE MMUKOBBIX TOKOB OT IIECTH TSATOBBIX
anexTponBurarenei B pazmepe 3900 A. Onna-
KO PyKOBOJCTBOM IT0 3KCILTyaTaI[lH BEINIHMHA
3apsIIHOTO ToKa orpanmdeHa B 2310 A. B naH-
HOM CIJIy4ae MOXeT OBITh PeaTH30BaHO TEXHH-
YECKOE PEIICHHE M0 YaCTHYHOMY IIEPEBOIY
TpeX TATOBBIX 3JEKTPOABUrareseil nepBoit
TEIEXKKH B PEXHUM PEKyIEpaTHBHOTO TOPMO-
KEHHS, @ OCTABIINXCSA TPEX IEKTPOABHUTATE-
JIel BTOPOH TENEKKHU — B PEKUM PEOCTATHOTO
TOPMOKECHHSI C MOJKIIOUEHINEM K TOPMO3ZHOMY
pesucropy. B mo6om ciydae 3¢pGeKTUBHOCTD
PEKyIepanoHHOT0 TOPMOXKEHUS € Iepegadeit
SHEPrUH B TATOBBIA HAKOMUTENb YHEPIHHU OyeT
OTIPENEIATHCSA JEHCTBYIOMNM IpoduiaeM myTH
1 KOJINYECTBOM BKIIFOUCHHUH PEXUMa PEOCTaT-
HOTO TOPMOKEHHUS JJISI OCTAHOBKH COCTaBa
noesna nMubO0 MOAAepKaHUS ONpeNeleHHOM
CKOPOCTH JIBUKCHHS.

BbIBOObI
AHanm3 BO3MOXHOCTHU IPUMEHEHHUS TSTO-
BOW aKKyMYyJISATOPHOW Oarapem Ha Maru-
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CTpaJIbHBIX JIOKOMOTHBAX TOKa3aJl, 4TO HpH-
MEHEHHE TATOBOM aKKyMYJsTOpPHOH Oarapeu
MO3BOJIUT:

1) yBENMYNTH KacaTelIbHYI0 CHIIy TATH Ha
JIOKOMOTHBE 32 CYET yBEJIMYEHUS MOMEHTA Ha
TATOBBIX 3JIEKTPOJBUTATENSAX, YTO MO3BOJIUT
YBEJIMYUTh BO3MOXKHBIN IEPEBO3UMBINA BEC CO-
CTaBa Ioesja npuMepHo Ha 15 %;

2) peanu30BaTh PEKYIEPAIMIO JIEKTpHYe-
CKOM PHEpruu Ha aBTOHOMHOM IOJIBUXKHOM CO-
CTaBe, YTO MOBBICUT IHEPTETHUCCKYIO dPPeK-
THUBHOCTb M B KOHEYHOM CUETE YBEJIMUUT 00BEM
NIEPEBO3UMBIX I'PY30B.

[IpennoxeHa nmpUHOHUIHAIbHAS CXEMa
U MaTeMaTHuecKas MOJENb JNEKTPONpPUBOAA
TEIJIOBO3a C TMOPHIHOM SHEPreTHIecKoil ycra-
HOBKOI, COCTOsAIIIEN U3 AU3ETsl U TATOBBIX AKKY-
MYJSATOpPOB.

Takum 006pa3oM, YUCICHHBIE HUCCIICIOBAHUS
TEIJIOBO3a C TMOPHIHOM SHEPreTHIecKoil ycra-
HOBKOH ITOKa3aJiy, 4To ero 3(p(heKTHBHOCTh KaKk
TATOBOM €JUHHUIBI Bo3pacTaeT Ha 15 %.
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CoenacHo TpaHcnopmHoli cmpameauu Poccutickol @edepayuu
3annaHuposaHb! becnpeuedeHmHble 0bbembl nepego3ok no BAMy
u TpaHccuby 3a c4em No8b ILIEHUS 8ECO8bIX HOPM COCMaBoe, yyacm-
Ko8bIX ckopocmeli OBUXEHUS, 3gheheKmUBHOCMU MS208bIX 803MOX-
Hocmeti mensnogo308. [10006Hs le 3adauu yxe cmasuruck 8 70-e 20061
npoLLNIo20 cmostemust. VX peuueHue 0CrIoxXHsNoCh HeAoCMamoYHbIM
0nbIMoM (N0 CO8PEMEHHBIM NPedcmassieHusM) co30aHUsT U npume-
HEHUS ONOPHO-PaMHbIX U KOMBUHUPOBaHHbIX MS208bIX Npusodos Ha
2py308bIX MENI0803ax U omecymemeuem 06bekmusHo20 npedcmas-
NeHus1 06 3KCnTyamayuoHHbIX YCrIosusiX, 8 KomopbIx npedcmoum
pabomamb npoekmupyeMbIM meniogosam. B amoii cesi3u, npoek-
mupogaHue KorecHo-MomopHbIx 61okoe (KMB) menexeyqHb x akuna-
XKell menyioeo308 ¢ ONOPHO-0CE8bIM NOABEILBAHUEM MS208bIX
npugodos 8bINOMHANOCH Ha OCHO8E 0DOBWEHHBIX pe3yibmamos
aMnupuUYeckux uccredosaHull OUHaMUKL PasnuYHbIX munoe U cepull
IOKOMOMUBO8.

Llenbto pabomsi signsiemces pa3pabomka mModenu mamemamu-
Yecko20 aHaIu3a U aneopumma pacyema kame2opuli OUHaMUYECKUX
cun u ckopocmu 83aumodelicmeusi Korec 2py308020 mennogo3a
8 KOHMakmax ¢ pefibcamu, Ha cmaduu NPOEKMUPOBAHUST MS208b X
npusodos, Ans 06eCNEYEHUs B8bICOKUX MEXHUKO-9KOHOMUYECKUX
nokasameneli ux pabomb| 8 yCrosusX SKcnTyamayuu.

MHo20nemHuli MOHUMOpUHe HadexHoCMU paboms! mensio-
80308 Ha BocmoyHom yyacmke bAMa onpedenun cucmemHble
omkasbl 060pydosaHus IKUNaXHOU Yacmu, KomopbiMu nod-

C penbcamu.

Mup TpaHcnopra. 2024. T. 22. Ne 1 (110). C. 30-35

YTOYHEHHbIe noaxoabl K Kputepuam oueHKu
AWHAMUKN B KOHTAKTEe «KOJeCO—pPesibC»

fApocnas HOBAYYK

ITemp Ezoposuu Ezopos’, Poman Buxmoposuu Koonoé’, pocnae Aumonosuu Hosauyx’

123 [lanenesocmounsiil 20cydapcmeennviil yrusepcumem nymeti coobwenus (ABI'YIIC), Xabaposck, Poccus.

meepxdaemcsi HeO6bEKMUBHOCMb PacYemHbIX KOHCMPYKMOop-
CKUX peweHuli ms2oebIx npusodo8 mensiogo308 COBPEMEHHbIX
cepull TO25A, 2T325KM u 3T325K2M, cosdaHHbix 8 XXI eeke.
CucmemHble omka3sbi 0bopydosaHusi KME cospemerHbix cepull
(T325KM) siensiromest cnedcmeuem HenocpedcmeeHHo20 «Mexa-
HUCMUYeCK020» 3aUMCME08aHUs Heyda4HbIX KOHCMPYKMOPCKUX
peweHul yHugepcanbHbIx akunaxel mennogo3os (T310
u T9116).

B uccnedogaHuu npednoXeHO yMmOYHeHUE Meopemuyeckux
NoMOXeHUL MOOEIUPOBAHUS Ka4YeCMBEHHbIX KpUMepUes OUHAMUKU
8 KOHMakmax Korec ¢ pefibcamu ms2oebIx npueodos mensioeo3o8
Ha cmaduu npoexmuposaHus. Mexarusm 83aumodeticmeus «Koreco—
penbc» 060CHO8aH MameMamu4eckoll meopuel 8UxKeHus Kpyaa —
yukroudod. Arieopumm OUeHKU Cus 8 KOHMaKmax KOrec ¢ peribcamu
nocmpoeH Ha meopemax Kiaccuyeckoli meopemuqeckol MexaHuKu
Hecg0600H020 A8LKEHUS KOECHOU Napb! U 3aKoHax QUHaMUKU Kak
HEU3MEHsIeMOU 201TOHOMHOL CUCMEMB.

[Mony4eHo ymoyHeHuUe Xapakmepucmuk KuHeMamuku (yerosasi
CKOpOCMb, Y2r1080€ YCKOPEHUE), pearibHbIX UeHmpos ckopocmell
U yCKOPEHUL Konec, MOMEHMO8 UHEPUUU 8paLLatou4uxcs Henoopec-
COPEHHbIX Macc KOIeCHO-MOMOPHbIX B/I0KO8 C ONOPHO-0CE8bIM
nodgewugaHuem msi208bix npugodos. Hoebil nodxod nossonsiem
KOMUYeCMBEeHHO OueHusamb Kpumepuu AUHaMUKU 8 KOHmakmax
Konec ¢ pefibcamu Ha cmaduu NPOEKMUPOBaHUST, KOMOpbIe PaHbLLE
He noddasanuck pacyemy.

Kntouesbie crioga: xenesHod0poxXHbILi mpaHcnopm, TOKOMOMUSbI, Hec8oB0OHOe NOCKONapaniernbHoe ABUXEHUE Konec, Nocmy-
nameribHasi CKOpoCMb NOOBUXHO20 COCMAga, yarioeasi CKOPOCMb, Y2lo80e yCKopeHue 83aumModelicmeus Kpy208 KayeHusi Konec

Lns uumupogarus: Ezopog 1. E., Kobnos P. B., Hosauyk 5. A. Ymo4HeHHbIe nodxodb! K Kpumepusiv oueHKU QUHaMUKU 8 KOHmakme
«koneco—-penbey // Mup mpaxcnopma. 2024. T. 22. Ne 1 (110). C. 30-35. DOI: https://doi.org/10.30932/1992-3252-2024-22-1-4.
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MonHbili mekcm cmambu 8 nepegode Ha aHanulicKull A3bIK ny6auKyemcs 60 emopoll Yacmu 0aHHO20 ebinycKa.
English translation of the full text of the article is published in the second part of the issue.




NOCTAHOBKA NPOBJIEMbI
AKTYyaJIbHOCTDb MCCJIeJOBAHU I

Hecwmotpst Ha 001en3BECTHBIE JOCTHKECHHS
B MPOCKTHPOBAHUH U CO3JaHNH OTEIECTBEHHBIX
JIOKOMOTHBOB, HETaTUBHBIC SBICHHUS KOHCTPYK-
THBHBIX OTKa30B MEXaHUIECKOTO 000PYTOBAHHS
9KHUMaKEH B TOCIIEIHEE BPEMSI CTAITH [IPEIMETOM
AKTUBHOTO ANCKYCCHOHHOTO OOCYXIECHUS B KPY-
rax y4eHbIX, HH)KEHEPOB JKEIIE3HOJOPOKHUKOB
n MamuHOcTpoutener [1]. [Ipuamabr 3TOTO
CJIETyTOIIHE:

1) mo HacTosIIEero BpeMeH! HU 3aKa34nK, HA
TPAHCTIOPTHBIE MAIIMHOCTPOUTEIH — UCIIONTHH-
TEITH 3aKa30B, HE PACTIONAral0T MaTeMaTHIeCKOH
TeopHei MPOEKTUPOBAHUSI O0NIEE MOIITHBIX MarH-
CTpaJIbHBIX TETUIOBO30B C MOBBIIICHHBIMH TTOKa-
3aTesIMA HAJAEKHOCTH, YITydIICHHOW TUHAMH-
KOW W TIOBBIIICHHBIMHU TATOBBIMH CBOICTBaMH
[2];

2) IPOEKTHPOBaHNE MEXaHUIECKOTO 000pY-
JIOBaHMS SKWNAKHOM YaCTH BBIMIOTHACTCS B CO-
oreerctBur ¢ OCT P 55513-2013 mo craruue-
CKOI 0ceBoit Harpy3ke, ko3 duimeHTam 3amaca
CTAaTHYECKON TMPOYHOCTH U CONPOTHUBICHUIO
IUKIMYECKOW YCTaIOCTH, KOTOPhIE HE MOTYT
B TTOJTHOM Mepe OTpakaTh pPealbHbIC KPUTEPHH
CUJI U peakUui HarpyKeHHOW MEXaHHUYECKOU
YaCTH TATOBBIX IIPHBOJIOB B SKCIITyaTallHOHHBIX
YCIOBHUSAX;

3) pemeHne 3a1a4 AMHAMHKH SKHATIAXEH pH
HECBOOOJHOM IBIMXEHUH MaTePHATIBHBIX TOYEK
TIOJTFOCOB KOJIEC B KOHTAKTaX C IMOBEPXHOCTHIO
pPEeIBCOB, BBHIOIHACTCS MO NMPUOIHKEHHBIM
METOJMKaM, B OCHOBY KOTOPBIX MOJIOXKEHA CPEI-
HsIs anreOpandeckast IoCTynaTeNnbHast CKOPOCTb
LIEHTPOB KOJIEC, @ «3TO CBSI3aHO, B YAaCTHOCTH,
C OTCYTCTBHEM METOJa OTPE/CICHUS yITIOBOH
CKOpOCTH ® Koiecy [3];

4) mapagurMbel MOACTHPOBAHUS JHHAMIYC-
CKHX Harpy3ok, MOCTYHAlOIINX HAa KOHTAKTHI
KOJIEC C PENbCAMHU U TIOPECCOPEHHBIE MACChI
9KHUMa)XHOH YacCTH TEIIOBO30B, MOCTPOCHBI
TOJBKO HA XapaKTEPUCTHKAX TE€OMETPUICCKUX
BO3MYILEHHUNA OT COCTOSIHUS TIOBEPXHOCTEN PElb-
COB (TIPUBENICHHBIX K TPaBUTAIIMOHHOMY YCKO-
PEHHIO g), IO KOTOPHIM OLICHWBAIOT AWHAMUYC-
CKHE CBOWCTBA, MPOYHOCTH M JOJITOBEYHOCTH
KOHCTPYKIIMH Ha CTaIUN MPOSKTHPOBAHUSL.

YT0 KacaeTcs IMIHOTO OIBITA UCCIICIOBAHMIA,
3aMETHM, YTO BIIOTH /10 HBIHEIIHETO TIEPHOAA
HE JI0 KOHIIa U3Y9eHBI ¥ aAalTHPOBAHBI BAXKHEH-
M€ 3aKOHBI JMHAMUKH, KaTETOPHUHU CHII U CKO-
pOCTEN B3aMMOAEUCTBYIOIINX KOJIEC U PETIBCOB,
JIeXKAIINE B OCHOBE ITPOLIECCOB PAOOTH MEXaHU3-
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MoB. ChopmupoBaBiieecss MPUIMHHO-CIC/-
CTBCHHOEC IMOJIOKEHUE B 3TOM IPOLIECCE 3aKpe-
IWIK OMKUOOYHEIE ITO3UIMU HMCCIEA0BaTeNei
U WHXCHEPOB, 10 CYTH, YTBEPXKAAIOIIUE, YTO
MIPUPO/IA JTUIINIIA )KEIE3HOJOPOKHIKOB 3aKOHOB
MeXaHHKH. PaccMOTpuM, Tak Jid 3TO, Ha OTEYe-
CTBCHHBIX TIPUMEpaXx.

OreyecTBeHHAsI HCCJIE0BATETbCKAS
HAY4YHO-TeopeTH4YecKas 0a3za

[TpakTHueckas HEOOXOAUMOCTH yIITyOJIeH-
HBIX HAay4YHO-TEOPETHYECKUX HCCIIEe0BaHUN
OLICHKHM JMHAMHUYECKUX MOCTOSHHBIX U Iepe-
MEHHBIX CHJI U peakUuil B3aUMOJIEHCTBUS KO-
JieC MapoBO30B B KOHTAaKTax C pelibCaMu
B 3aBUCHMOCTHU OT CKOPOCTH JIBMDKEHHS ObLIa
ompeneneHa KpyureHuamMu noesnos (1883,
1888 rr.) Ha xesne3HbIX goporax Poccuu. Kpy-
LICHUs] CTaJd OCHOBHBIM MOTHMBOM Hpodec-
copa H. I1. [lerpoBa B uicciieioBaHUM BIHSHUS
LEJIOr0 psijia COMYTCTBYIOIIUX HOCUTENSM
MPUYUH SBJICHUI, KOTOPbIE HE UMEIH K ITOMY
BPEMEHH TEOPETUYECKUX 00OCHOBAaHUH U ai-
TOPUTMOB OLIEHKH: JIOITYCKaeMbIX I'pDaHUI] Ha-
npsbkeHui [6] B penbcax (B CONPUKOCHOBE-
HUSX ¢ Kojiecamu) [4].

3Hasi 3aKOH HECBOOO/IHOTO U BHIHYKIEHHOTO
JIBIDKEHHUSI MaTepHaJIbHOW TOUKHU 10 33/aHHOM
HETOJBIKHOM MOBEPXHOCTH M C YUETOM HAJO-
JKCHHBIX Ha Hee cBs3eit, mpodeccop H. I1. [Terpos
MIPUCTYIIHI K OIIPEJIeICHUIO JISHCTBYIONIMX Ha Hee
cwi1. Ha ocHoBe Takoro nozxona Obutd paspado-
TaHbl MIMUTAI[OHHAsI MaTeMaTH4ecKas MOJeib
aHaM3a M aTOPUTMBI OTPEENICHUS] YHCIIOBBIX
3HAYEHU I BEKTOPOB: TOPH30HTAILHBIX CHJI TSTH,
KOTOPBIE OIpENeNIEHHBIM 00pa3oM 3aBUCST OT
BPEMEHHU U OT CKOPOCTH NapoB03a; BEPTHKAJIb-
HBIX LIEHTPOOEKHBIX CHJI BPaIIAIOIINXCs Macc,
BOCIIPUHUMAEMBIX PEJILCAMHU IIPH [TOCTYATEIb-
HOHW U BpalarebHOM CKOPOCTH JBMIKEHHS KO-
Jjec, UX CUEIUIeHUs ¢ pelnbcamu. B ocHOBy
MMHTAIMOHHBIX MaTEMaTHYECKHX MoJelel
ObuTH MosToXKeHb! ypaBHeHus1 Llumepmana u Kia-
nieiipona. IIpuoputer o Hauodosee 00LEeKTUBHOM
CXOJIMMOCTH C PEaJIbHOCTHIO ITOJTy4YHiIa MOJIENb
Ha ocHOBe ypaBHeHu# Kianeiipona.

JIng noATBep K ACHUS HAyYHOH JOCTOBEPHO-
ctu Teopun H. I1. I[leTpoB BEINOIHUI yTOUHEHHE
1 KOPPEKIIMIO PE3YyJIbTaTOB PaHEe BBIOJIHEHHBIX
OIIBITOB JIPYTHX y4YeHBIX. PacueTHble 3HaUCHMs
JMHAMHYECKHX Harpy3o0K OT KOJEC Ha PeJIbChI
UMEJHU CXOAMMOCTb C ONBITHBIMH JaHHBIMU
B uHTepBase mwitoc 3,9 % u munyc 1,8 % (B ku-
Jorpamm-cuiax) [4].
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ITo 3aKITFOYEHHIO YUEHOT0, 3Ta TEOPHSI KOCBO-
0oxmana OT HEOOXOMUMOCTH JeaTh MPEAIo-
JIOKEHUST HEKOTOPOTO TO00US CYIIECTBYIOMICH
JIEHCTBUTEIIPHOCTH ¥ MO3BOJISICT OLICHUBATH
nosHoe 000co0JIEHHOE BIMSHUE KaX0ro (ak-
TOpa, HEBO3MOXKHOE B OTIbITaX». B manpHeiiem
teopust H. II. IleTpoBa momy4una pa3BuTue
B HCCIICIOBAHUAX U HAy4HBIX padoTax mpodec-
copos C. II. Tumomenko, A. JI. Bactotunckoro,
I M. llaxyHstHUa ¥ JPYTUX B 00J1aCTH B3aHMO-
JICHCTBUS TIOJBHIKHOTO COCTaBa U MyTH.

B 1897 roay no npoekry H. II. ITerpoBa Ha
ITyTH0BCKOM 3aBO/IE CO3MATH MACCAKUPCKUN
napoBo3. JluaMeTp JBHKYIIUX KOJIEC MapoBo3a
coctapisut 2000 mm. OH ¢ moe3nom Maccoi 250 T
JIOCTHUTAJ cpeaneit ckopocTu 78 kM/4. [TapoBo3bl
3TOM cepuu mpopadorau 10 1911 roga — B Kypb-
€PCKOM JBMKEHUH, a 10 1930-X ro/10B — B MeCT-
HOM [5].

IIpo6seMsbl Tekyliero MOMeHTa

VHTeHCHBHBII NIepexoj Ha MPOrpecCHBHBIC
BUJIBI TATH (TEIUIOBO3BI, JICKTPOBO3bI) OTpe/ie-
JIMJI Psil HOBBIX JIMHAMHUYECKUX CBOMCTB Telle-
JKEUHBIX SKHUITAXKEH C WHAMBUIYAIBHBIM PH-
BOJZIOM KOJIECHBIX Iap. Bo3HukIime npoodiemMsl
HE MMeJ 00bEKTHBHOTO HAyYHO-TEOPETUUECKOTO
aHaJM3a U OOBSICHEHHS, YTO MPUBEJIO K HEOO-
XOZAMMOCTH M3y4aTh UX B IIPOLIECCE IKCIIEPUMEH-
TaJbHBIX UCCIICAOBAHUIA.

Heo0xoaumo 3aMeTuTh, 4TO B Ipolecce
9KCHEPUMEHTOB HE MACHTH(GHULIUPOBAICS Pl
OCHOBHBIX (hakTOopoB: cuia Tsiru KMb u otnens-
HBIX JIOKOMOTHUBHBIX CEKIIMH, MaKCHMaJIbHbBIC
MOMECHTBI KOJTHUECTBA IBU)KCHUS HHEPIIUATIBHBIX
cu Bpamatomuxcs Mmacc KMb u psig npyrux [6].
YucoBble KPUTEPUH CHIT B3AaUMOJIEHCTBUS KOJIEC
C peIbCaMH BBIYUCIISUTUCH 110 BETUUUHE aMILIH-
TYIl M YCKOPEHHH MOJPECCOPEHHON YacTH Telle-
JKEK M Ky30Ba, MPUBEJCHHBIX K MX PaBUTAIM-
OHHOMY YCKOPEHHIO B JIOJISIX g, & TAKKE 110 KOA(-
(unMeHTaM TMHAMUKH [TOAPECCOPEHHBIX YacTer
K, B 3aBUCHMOCTH OT OCTYNATENbHOH CKOPOCTH
Pa3IUYHBIX TUIIOB JIOKOMOTHUBOB [6].

Pernast HenpocThIe 3a/1a41 YITy4IIeHUS JITHA-
MUKH TATOBBIX IPUBOJIOB TEII0BO30B, A. 1. be-
nsieB [7] oOpaTui BHUMaHHE HAy4HOH 0OIe-
CTBEHHOCTH Ha pa3lM4HOE BUOPALMOHHOE CO-
CTOsIHHE OYKCOBBIX y3JIOB KOJIECHBIX Hap
C OINOPHO-OCEBHIM IOABEIINBAHHEM TSTOBBIX
NpuBOAOB. B mporiecce TiaresibHO MOATOTOB-
JICHHBIX U BBITMOJHEHHBIX ONBITOB OH YCTaHOBHII,
4TO U3MEpsIeMOil equHuILe BUOPALIMOHHOTO
yCKOpeHus OYKCHI B J10Jie g (CO CTOPOHBI 3y04a-
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TOTO PEIYKTOpa) KaX/blil pa3 COOTBETCTBOBAJIA
HeoIpe/e/icHHas (ClTyJyaiiHas ) BeTMUNHA BEPTH-
KaJbHBIX aMIUIMTYZ BO3MYILEHHH, OCTyHar0-
LIMX OT PENIbCOBOM KOJIEW, B CPAaBHEHUH C ITPO-
THUBOTIOJIOKHON OYKCOI.

MaremMaTH4eCKUM UMUTAIMOHHBIM MOJICIIH-
poBanueM BuoOpaiuii anemeHroB KMb Teroso-
308 (TD210JI, T10B, T2116, TOMT7), B coro-
CTaBJICHUH CO CTAaTHCTHUKO-BEPOSITHOCTHBIMH
JAaHHBIMH OTIBITOB, A. V. bensieB yctaHOBuUII Cy-
LIECTBOBaHHE 3aBHCHMOCTEW aMIUIUTY! BHOpa-
LM OYKCOBBIX Y3JIOB OT KOHCEPBAaTHUBHBIX CHJI,
OIpeeNIieMbIX HEIOAPECCOPEHHBIMU MaccaMi
Pa3IMYHBIX THIIOB IPHBOAOB. OJJHAKO TH 3aBHU-
CHMOCTH M3-32 HEIOCTATOYHOW aHAIMTUYECKOU
apryMeHTalUu B TEYEHUE MPOIODKUTEIHHOTO
BPEMEHH BBI3BIBAIOT Y IKCIEPTOB HEIOBEpHE
K HUM. B TO e Bpemst OOJIbITHHCTBO U3BECTHBIX
MOJIeJIeH, 32 PEIKUM HCKITIOUeHUEM, CHOPMHUPO-
BaHBl HA OCHOBE MPHUOJIMIKEHHBIX JIMHCHHBIX
nuddepeHIManbHBIX YPaBHEHUH BEIHYKICHHBIX
CHHYCOUJAJBHBIX KOJIeOaHHH paM TelieKek
U Ky3oBa. Maremaruyeckas CylIIHOCTb TaKOTO
MIPOTHO3UPOBAHUS OTpa’kaeT HEIO0CTaTOUHOE
TIOHUMAaHHE NPAKTHYECKUX 3aKOHOB TapMOHHYE-
CKHX KOJNeOaHWH M AMHAMUKH chucTeMbl KMB,
B YaCTHOCTH, CYIIECTBYIOIIUX KHHEMAaTHYECKUX
U TMHAMUYECKHUX (PaKTOPOB B KOHTAKTaxX KoJec
C pernbcaMu, Korjga Touka koneca 7 (Touka KOH-
TaKTa C PesIbcOM) BBIHY)KJIEHa JJBUTaThCsI 10 3a-
JTAHHOM HETIOJIBIXKHOM MTOBEPXHOCTHU Pejibca He-
TIpeICKa3yeMOoro (PU3MIECKOrO COCTOSIHUSL.

Ucxons w3 omnpeneneHus: TMHAMHKHU, OHA
HMeeT OHO Hayano — cKopocTh. OmHaKO 10
HACTOSIILIETO BPEMEHH y HccieI0BaTeNel coxpa-
HSIETCSI HEJOCTaTOYHOE ITOHMMAaHUE TPUPOJIBI
CBsI3ell MeXaHM3Ma KaueHHs U MaTeMaTH4eCKOH
CYIIHOCTH KOHBEPICHIIMH ypaBHEHHU (B 4acT-
HOM clly4ae) KHHEMaTHKH MOCTYNaTelbHO-
BpallaTeIbHOTO JBIKEHHUS Kojleca: MOCTyIla-
TEeJBbHOM, OKPY>KHO! U YIJIOBOI CKOPOCTH; Kaca-
TEJILHOTO, HOPMAJILHOT'O M YIJIOBOTO YCKOPEHHH
pH PaBHOMEPHOM JBHMI)KCHUHU JOKOMOTHBA
U PaBHOMEPHOM BpallleHuH Koseca [3].

3TO CBSI3aHO C TEM, YTO B COBPEMEHHBIX
yueOHHMKAX 110 TEOPETHYECKOW MEXaHUKE U MO-
HOTrpadusIX aBTOPhI IPUBOIST PSI/] IPOTHBOPCUH-
BBIX TOJIKOBAHHI 3aKOHOB THHAMHKH M TEOPEM
IJIOCKOMapauIeIbHOTO JABUXKEHHUS TOJIIOCOB
BE/IYIIHX KOJIEC, B YACTHOCTH, TOYEK CONPUKOC-
HOBEHHs X C pejibcamu. Hampumep, xaueHue
KoJieca Io MPSIMOJIMHEHHOMY penbcy paccMar-
pUBaeTcs TOJIBKO KaK MOCTYNaTeIbHOE CO CKO-
pOCThIO IIeHTpa Kosteca. Takum o0pa3om, cIox-
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HOE JIBIDKEHHE TOUEK — [TOJIFOCOB CEYEHH KPYToB
KaueHUsl KoJIeC — IPUHUMAETCS TOKAECTBEHHBIM
MOCTYIaTEeIbHOMY JBHKEHHIO JJOKOMOTHBA, IIPH
KOTOPOM BCE€ €r0 TOYKH JBMIKYTCS TaK XKe, KaK
MIPOU3BOJIBHO BBIOPAHHBIE MOJIOCHI — LIEHTPHI
xonec [8; 9].

B paGorax [10—12] BnepBbie HpeIOKEHBI
a/IaliTUPOBAaHHbBIE METO/IMKA U aJTOPUTMBI, I10-
3BOJISIFOIME OOBEKTHBHO pellaTh 3aJa4u JHHa-
MHUKH HECBOOOTHOTO, IJIOCKONAPaJUIeIbHOTO
U MOCTYHATeIbHO-BPALIATEIBHOTO JIBHIKEHHS
ToJII0Ca KoJleca, KOIJia TOUKa BBIHYXK/IEHA JIBU-
raThCsl [0 33/IaHHOH HETIO/IBM)KHOM TOBEPXHOCTH
WM KpUBOH. MeToaMKa MO3BOIISET ONPEAeIsATh:
a) YTO 3aKOH JIBMDKCHHUS TOYEK Kpyra CeueHHs
pouIIs JKeJIEe3HOJOPOXKHBIX KOJIEC COOTBET-
CTByeT roforpady ILMKIOUIbI, COXpaHss CBS3U
Y COOTHOLICHUSI TMaMETPOB KOJIEC OJJHOH KOJieC-
HOU apbl ¢ MOCTYNAaTeIbHON CKOPOCTHIO TEILIO-
B03a; 0) Pe3yNbTHPYIOILYIO CKOPOCTh V, TOUYKH
A (npuHaIexKalen Kpyry KauyeHus Kojeca) Ha
JII00O0M y4acTKe TPaHCIIEHICHTHON TPaeKTOPUH
uksonbl (0T 0 710 ), yYUTBIBAs AUAMETD JIBU-
KYIIUX KOJIEC, MOJIOKEHUE KOJIECHOH mapsl
B PEJIbCOBOM KOJIee U BPEMsi; B) CKOPOCTb B3au-
MOZIEHCTBHS KOJIEC C peNbcaMu V,, B 3aBUCHMO-
CTH OT MOCTYMATENBHON CKOPOCTH V| TETIOBO3a,
I') yIIOBYIO CKOPOCTb M, B3aMMOJIEHCTBHUS KOJIEC
C peNbcaMH; ) YIIIOBOE [IEHTPOCTPEMHUTENBEHOE
YCKOPEHHUE & B KOHTAKTaX KOJIEC C PeIIbCaMH.

OnpenesieHne yrjioBoro YCKOpeHust
B KOHTaKTe K0JIeCa ¢ PejIbcoM

OnHa n3 psiia NPUYUH HEPa3BUTOCTH TEOPHHU
B3aUMOJIEHCTBUSI «KoJeco-penbey [13] coctout
B TOM, YTO HECBOOO/IHOE JABHKEHHE KOJIEC JIOKO-
MOTHBOB OTHOCHTCSI K MajO WU3y4YEHHBIM pa3-
JIeTIaM TEOPETHIECKOM U MPUKIIATHON MEXaHHUKH |
[9]. B 6a3uce npoTuBOpeUnii, B 4aCTHOCTH, 1O~
MHUHHPYET OTCYTCTBHE aJalTHPOBAHHOW MpaK-
THUYECKOM METOJUKH U QJITOPUTMA, MO3BOJISIO-
LIMX ONpPEAESATh YUCICHHbIE 3HAUYEHHs YINIO-
BOro (LIEHTPOCTPEMUTEIBHOI0) yCKOPEHUS
TOYKHM LIEHTPa Macc BEIYILEro Kojieca, SIBJISIO-
LIErOCsl €ro MOJIFOCOM U KOHTAKTOM C PEIbCOM.

L]enb paboTHI COCTOUT B aKTyaIIM3aL[MH U OIIH-
CaHMM MaTeMaTHYeCKUX YPaBHEHHH YIJIOBOTO
YCKOPEHUs U pa3pabOTKe MaTeMaTuueCcKoro ajro-
pHUTMa peleHus 3a1a4 ¢ BBICOKOW JI0CTOBEPHO-
CTBIO OIIEHKH KPUTEPUEB YCKOPEHHUS B KOHTAKTE
«KOJIECO-peiibc» Ha 0Oasuce TEOpPHUU LUKIOMIbI,

! Tapr C. M. Kparkuii Kypc TeopeTnyeckoil MexaHuKH: yued.
Juis BTY30B. — M.: Bricmas mikona. — 1986. — 416 c.
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MTHOBEHHOHW YIJIOBOW CKOPOCTH TOYKU Kpyra
KaueHUs KaXKA0To B OTJAEIBHOCTH KoJieca Kojec-
HOM Mapbl B KOHTAKTE C PEJIbCOM, C YIE€TOM KOH-
CTPYKTOPCKO-TeXHHUYECKUX nmapameTpoB KMBb.

METOAONOrUA, PE3YNbTATbI, OBCYXAEHUE
MeTo0M0THYeCKHe MOAXOAbl K PELICHUIO
3aj1a4 OLIEHKH YIJIOBBIX YCKOPEHHH, B YaCTHOM
citydae, TpeOyIoT YTOUHEHUS U 00OCHOBAaHMUS
0COOEHHOCTEH TEOPETHYECKHX IOJIOKEHUH KH-
HEMAaTHKH U JUHAMHKH HECBOOOIHOIO, CIIOXK-
HOTO0, MOCTYIAaTeIbHO-BPALIATEILHOTO JBIIKE-
HUsI KOJIEC JIOKOMOTHBA, HallpUMep, BpaIlEHHs
Kosiec (KOJIECHOM Maphbl), HAIPECCOBAHHBIX Ha
0Ch. 3aKOH BpallaTelIbHOTO JIBWKEHHS Kojeca
BBIpa)KaeT ypaBHEHUE:
o=1f(. (1

W3mepsieTcst yrosl ¢ Bceraa B pajuaHax.
OCHOBHBIMU KHHEMAaTHYECKUMH XapaKTePUCTH-
KaMH BpalllaTelbHOrO JBIDKCHUS Kojieca SIBIIs-
€TCs €r0 yIIOBasi CKOPOCTh ® U YIJIOBOE YCKO-
peHue €. YIIIOBYIO CKOPOCTh B IAHHBI MOMEHT
BPEMEHH ! BBIPAXKAET YpaBHEHUE:

o = de/dt. 2)

Ecin yrioBast ckopocTh Kojieca ocTaercs
MIOCTOSIHHOM (0 = const), TO BpallleHHe KoJieca
Ha3bIBACTCS] PABHOMEPHBIM:
o=/t 3)

B TexHuKe CKOpOCTh PABHOMEPHOTO Bpallle-
HHUSI 4YacTO OIPEACNSIOT YKCIOM 000pOTOB
B MUHYTY, 0003Ha4asi 5Ty BSJIMYUHY uepes 71, 00/
MUH. 3aBUCUMOCTh MEXIY /1, 00/MUH U ® — 1/ceK.
ITpu otHOM 000POTE KOJIECO TIOBOPAYMBALTCS HA
yroun 27, a npy n 000poTax Ha 27n, 3TOT MOBOPOT
nenaercs 3a Bpems ¢ = 1 muH = 60 cex. Mcxons
U3 3TOTO CJIEAYET, YTO:

o =nn/30~=0,1 n. 4

Crnenyer 0co00 IOAYEPKHYTh, UTO 7 110 pa3-
MEpPHOCTH HE yToJl, a yIJIoBas CKOpocTbh. Toraa
YIJIOBOE YCKOPEHUE B JAHHBI MOMEHT BPEMEHH
YHCIIEHHO OyIeT paBHO IIEPBOi MPOU3BOJHOM OT
YIJIOBOH CKOPOCTH IO BPEMEHHU:
¢ =dw/dt. 5

B kadectBe eMHUIIBI U3MEPEHHST OOBIYHO
npumMensetcs 1/cex?.

YcTaHOBHB XapaKTEPUCTUKH YITIOBOM CKOPO-
CTH Kpyra Ka4eHHs1 KoJieca B 1IeJIOM, HE0OX0MMO
NepeiTh K MOSCHEHUIO JABMKEHUS OTIENbHBIX
ero touex [10; 14]. UToObl ynpeauTs NpOTHBO-
peurst ¥ JUCKYCCHH, HEOOXOMMO HAIlOMHUTH
0 TOM, YTO 3aKOH JIBUKEHHsI YCIIOBHOW TOYKH
Kpyra ce4eHHs BeIylIero Kojeca MMeeT Mmare-
MaTHUYECKOE OIMCaHNE OOBIKHOBEHHOM IIUKIIOU-
nel. [Ipy ABMKEHHMH Kojleca — Kpyra KaueHHs
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=

Puc. 1. Tpaekmopusi deuxeHus moyKu A cedeHus Koneca (MUHUU YuKnoudbl), 6EKMOPbI y2108020 ycKopeHusl £, Momenma M,
€ CONPUKOCHOBEHUU Koneca ¢ penbcoM, sekmopsl: Fy - cun mazu, R, - peakyul penbca, R, - cuna, ompaxkatowasi cyenneHue
& cocmosHuu pagHosecusi (moxdecmeerHas R ), K, — umnynsc pagHodelicmeyrowjux cus [8bInosHeHo asmopamu].

C paJlyCcoM 7, yCIIOBHAs TOUKa A OyHeT OIUCHI-
BaTh LUKJIOUAY, IJIOCKOCTh KOTOPOU HepIeH M-
KyJIIpHA K OCH BpallleHUs, HO LIEHTP MOBOPOTA
Oyner B Touke 7, B MOJNIOCE HAa HEMOIBUKHOMN
TTOBEPXHOCTH LICHTPOUIBI (TTIOBEPXHOCTH TOJIOB-
KH peJibca).

Heo0xomumMo OTMETHTB, YTO YIJIOBask CKO-
POCTh KaueHUs Kpyra CeueHUs OaHaaxa UMeeT
OTJIMYKE OT JIMHEHHOW UITN OKPYKHOM CKOpOCTH
touku 4 [10; 14].

MareMmaTuyeckuif 3aKOH PaBHOMEPHOTO,
MJI0CKONapAJUIEIbHOIO JBUXKEHUS TOYEK cede-
HUs Kojtec 0e3 MpOCKaIb3bIBaHHUS B IIOJIIOCAX
MpeACTaBIEH MaTeMaTH4YEeCKON TPaHCLEHIEHT-
HOM (PYHKIMEH — IMKJIONION, KOTOopas coxpa-
HSIET COOTHOLLIEHHS U CBSI3U BEKTOPOB YCKOPEHHUS
B TOJIIOCE KOJIeca. DTOT 3aKOH ONPEEIIEH ypaB-
HEHUSIMU KUHEMATHKH MOCTYaTeIbHOM, Pe3yib-
TUPYIOLIEH U YITIOBOM CKOPOCTE ITpU paBHOMED-
HOM JBHXEHUH KOJECHOW Mapbl U yIJIOBBIM
YCKOpPEHUEM B YCIOBHBIX TOYKax BO3BpaTa
OOBIKHOBECHHOUN HHUKIOUABI, TEOpEMaMHu
H. E. XKyxosckoro, /I’ Anambepa [15].

IIpu TakoMm moaxoze 3aKOH IBHXKEHUS MaTe-
pUaNIbHOM TOUKHU 10 TOBEPXHOCTHU PEbCa PABEH:

= (©)
rae V, — noctynareibHas CKOPOCTb KoJleca.

Ipu ycitoBuHM, 9TO KOJIECO BPAIIACTCS PABHO-
MEpPHO, MOYKHO OTIPE/ICITUTh JIMHEHHYT0 CKOPOCTh
TOYKH A, KOTOpasi pacroioKeHa Ha Kpyre Kade-
HHs 00012 KoJleca:

®  Mwup TpaHcnopTa. 2024

das d
VA=VO=E=(r<p)=r7(tp=rm, @)

CornacHo cBoiictBaM muxonast [10-12; 14],
MoJIy4yaeM ypaBHEHHE BEKTOpa JIMHEHHOU pe-
3yJIBTHPYIONIEH CKOPOCTH:

V,=2V,ecosa. ®)

U3 ycnoBwus, 4TO MOIIOC KOHTaKTa Koneca T’
C PENIbCOM HE CKOJB3UT IO PENIbCy W BEKTOP
JIUHEWHOW pe3yNbTUPYIOIIEH CKOPOCTH TOYKH

0
KoJieca V, HampasJieH moj yriom cos45° k mocry-
naTenbHOW CKOPOCTH LEHTpa Kojeca V), uto

2
COOTBETCTBYCT 7 , HAXOJIUM:

VA:2VOg:VOx/§. 9)

CrnemoBaTenbHO, TOXKISCTBO (9) HCKITFOYaeT
comHeHwus nmpodeccopa M. @. Bepuro [3] 1 mo3-
BOJISIET ONPENEATh MTHOBEHHYIO YIJIOBYIO
CKOPOCTP B3aUMOJICHCTBHSA Kpyra Ka4eHHUs KaxK-
JIOTO KoJieca KOJIECHOM Iaphl C PEJIbCOM:

- (10)

®opmyna (10) mokaswIBaeT, 9to0 V, mpencras-
JIIleT MTHOBEHHYIO CKOPOCTH B3aMMOJACHCTBUS
KpyTa CedeHusI KoJleca C peJibcoM B romtoce 7. Jta
CKOPOCTh MaTeMaTH4ecKu 00OCHOBaHA Mapame-
TPHYECKON CBA3BIO C IUAMETPOM KPyTa Ka9eHHS.
Hapsiny ¢ 5TM BEKTOp pe3ynbTUPYIOLIEN CKOPO-
CTH VA, KacaTelbHOW K LMKJIONJE, BCErna Ipo-
XOIUT 4Yepe3 BEPXHIOI TOUKY AMaMeTpa Kpyra
KaueHHs. A HOpMaJIb K KacaTelbHOH BCeraa mpo-
xomut uepes nomoc 7 [10-12; 14]. B coorset-
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CTBHU C TPAHCIIEHAECHTHOCTBIO IIUKIIOU/IBI, KaXK-
JbIiA Toztorpad IMeeT CBOIO MOCTOSHHYO A:
1

k= \/2:r . (11)

ITo ycnosuto (10), korga M3BECTEH: MOIYNb
cpenHeil anreOpamvecKkoi MocTynaTelbHOI
CKOPOCTH V, 4MCIIOBOE 3HAYEHUE TIEPENATOY-
HOTO OTHOUIEHHS TSTOBOTO PEIYKTOpa L KoJec-
HO-MOTOPHOTO 0JIOKa, AUaMeTp KPyroB KauyeHHs
KOJIEC, OTIPEAEIIAEM YITIOBYIO CKOPOCTh B3aUMO-
JEeHWCTBHS KOJIeca C PeTbCOM IS JIF000TO cede-
HUS IPOoIIIS OHON KoJecHOH napsl. [Ipu aTom
JIMHEHHAs CKOPOCTH V) IOJKHA OBITh BBIPAKEHA
B paJMaHax B CEKyHIY, TOTJa:

n
i=3g" (12)
mT:VT:Vo\/Ea (13)
n
mT=’3LOr 2. (14)

Ecnu yrnoBasi CKOpoCTb BJISIETCS BEJIMYUHON
TIOCTOSTHHOM ® = const, TO BEKTOP HOPMAJIbHOTO
YIJIOBOTO YCKOpEHHs nostoca 7 OyJeT HarpaBIicH
10 HOPMaJIM K TPaHCLIEHIEHTHBIM roforpadam
TOYKH HOIBIKHON HeHTpoupl>. CienoBarens-
HO, YCKOPEHHE MaTepHAIbHON TOUKH KOJIeca Mo
MOJYIIO COOTBETCTBYET LIEHTPOCTPEMHUTEIHHO-
My YCKOPEHHIO €, BEKTOP KOTOPOTO BCET/ia Ha-
TIPaBJICH OT TOUKH 1 K IEHTpy ocH kpyra O cede-
HUSI CIIOXKHOTO Tipoduiist koneca (puc. 1):

&y =%rﬁ ) (15)
3AKMIOYEHUE

Takum 00pa3oM, pa3BUTHE METOAUKHU OIPE-
JIeJICHHSI KaTeTOPHH CKOPOCTH CIOXKHOTO TIOCTY-
MaTeJILHOTO M BpallaTelbHOTO ABMKEHHUS KOJie-
Ca JOKOMOTHBA IO3BOJIAET pelIaTh MEPBYIO
Y BTOPYIO 3371a4i INHAMUKH ¥ OTIPEJICITUTD PeaK-
AN HAJIO0XKEHHBIX cBi3eil. OCHOBHON 3aKOH
JUHAMHUKH 17151 HECBOOOIHOTO IBMIKECHHUS TOUKH
KoJleca MPUMET BU/I;

2omgey = F'+ N, (16)

2 Bare M. U., [xxanemunze I 10., Kens3on A. C. Teoperu-
yeckasi MexaHHKa B mpuMepax u 3agaqax. B 3 Tomax. Tom 1.
Craruka u kuHemaruka — M.: Hayka, 1967. — 512 c.

rae F* — akTHBHBIE TIOCTOSIHHBIC U TIEpEMEHHbIE
CHJIBI, IGWCTBYIOIIME Ha mostoc 7

N — peakuusi pOBHOI IOBEPXHOCTU HEIO-
JIBIDKHOM [IEHTPOHBI (pesibca) Ha BO3/IeHCTBIE
MOJII0Ca KoJleca ¢ y4eTOM KOHBEPIeHIIUY aKTUB-
HBIX CHJI U CKOPOCTEH.
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Bnagumup KPACUIIbHUKOB

AHHOTALNA

Yempoiicmea 015 N0O3UYUOHUPOBAHUS OMHOCAMCS
K ycmpolicmsam 0na nepemeweHusi 06bekmos, a UMEHHO
Kk NodbeMHbIM ycmpolicmeam, U UCNOMb3Yomcs 8 pasiuyHbIX
ompacnfix MawuHOCMPOEHUSI, 8 MOM YUCTIE, 8 XeNe3HOO0POX-
HOM MawuHOCMPOeHUU. Yecmpoticmea daHHO20 muna akmy-
anbHbl 0N NPUMEHEHUs 8 u3mepumenbHoU mexHuke Ons
no3uyuoHUposaHus Oemanell gpaweHus. Yecmpoiicmeo 0ns
no3uyuoHuposanus 06bI4HO LCNONbL3yemcs 8 cocmase
ycmpolicme 01151 U3MePEeHUsi U KOHMPOIs Pa3mepos KOMECHbIX
nap.

JIUHEUHbIE NapaMempb, NO3UYUST USMEPEHUSI.

Mup Tparcriopta. 2024. T. 22. Ne 1 (110). C. 36-42

Mo3nMLMOHMPOBaHNE KONECHbIX
nap Npyu U3MepeHnN NUHENHbIX NapamMeTpoB

Bnaoumup Cepzeesuu Kpacunvnukos

Qunuan Camapckoeo 20cyoapcmeeHHo20 yHugepcumenma nymeti coooujenus, Huowcrnuil

ORCID: 0000-0002-8592-0396; PUHL] Author ID: 1112077; PUHL] SPIN-x00:

B 3a0ayy uccriedogaHusi 8Xo0UI0 PaCCMOMPEHUE Pasnu4HbIX
cnocobog u yempolicme 07151 NO3ULUOHUPOBAHUS KOMECHBIX Nap,
8blsigNieHUe ux 00CMOUHCME, 0e2paHuYeHul U Hedocmamkoe.

Lenb uccnedosaHus cocmosna 8 paspabomke H08020
ycmpolicmea Onst NO3ULUOHUPOBAHUS, NO38ONSIOWIE20 NOBBICUMB
HadexHocmb e20 pabombl, pacluupums 0bnacmu NPUMEHEHUs
U ¢hyHKLUOHambHbIe 803MOXHOCMU. B cmambe 0aHbi pekomeHda-
yuu no cosdaHuro boree yHuUBepCanbHO20 ycmpolicmea no3uyuo-
HUpOBaHUSi, NPU20OHO20 K NPUMEHEHUIO ON1sl KONECHbIX Nap pas-
TIUYHBIX MUNOB.
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BBEOEHUE

VYerpolicTBa AJisl TO3MLMOHUPOBAHHUS HC-
TOJIB3YIOTCSA B KEJIE3HOJOPOKHOM MAaIInHO-
CTPOCHHH B NPOM3BOACTBE KOJIECHBIX IIap,
a TaKkXKe Ha PEMOHTHBIX MPEINPHUATHIX CETH
KEJIE3HBIX JOPOT B MpoIecce peMoHTa U (op-
MHPOBAHMSI KOJIECHBIX Map. YCTPOMCTBO MO3M-
[IMOHUPOBAHMUS MPEIHA3HAUYCHO AJISI TIEpEMETIe-
HUSI KOJIECHOM Maphl C PETbCOBOTO ITyTH B H3ME-
PHUTETBHYIO CHCTEMY Ha MO3HIUIO M3MEPEHUS
JTUHEHHBIX MapaMeTpoOB MOCIE PEMOHTa WIH
(hopMUpPOBaHUS KOJECHOW Maphl Al TPOBEPKU
TOYHOCTH Pa3MepoB, B TOM UHCIIE W MOCIE BbI-
TIOTHEHHS PENPOQHINPOBAHIS €€ TOBEPXHOCTEH
KaTaHus. YCTPONCTBO MO3ULIMOHUPOBAHMS HUC-
TIOJIB3YETCSI OOBIYHO B COCTaBE TEXHOJOTHYE-
CKOTO 000pY/IOBaHNS 10 PEMOHTY KOJIECHBIX ITap
[1; 2] u, B 9aCTHOCTH, B COCTaBE CHUCTEM JISk
M3MEPEHNS TMHEHHBIX TapaMeTPOB 3JIEMEHTOB
KoJIeCHBIX Tap [3—6], M0 KOTOPBIM MPOM3BO-
IUTCS OIIeHKa UX pecypca [7-9].

B crarbe ¢ MOMOIIBIO cpagrHumenbHo2o ana-
JIU3a PACCMOTPEHBI IOCTONHCTBA ¥ OT PAaHHICHHS
M3BECTHBIX CIIOCOO0B M YCTPONUCTB MTO3UIINOHH-
poBaHusA. HemocTaTkm CymecTBYONIHX
YCTPOWCTB CBSI3aHbl C HEBBICOKON TOYHOCTBIO
TTO3UIIMOHUPOBAHNUS KOJIECHOH Tapbl, 00yCIOB-
JICHHO MTOTPEITHOCTSMH €€ yCTAaHOBKH OTHOCH-
TEIbHO M3MEPUTEIBHONW CHUCTEMBI, a TaKXKe
C TIOTPEIIHOCTSIMU M3MEPEHHH, BO3HUKAIOIINMHU
13-3a BUOPAIINH KOJIECHOW Maphl IIPH €€ Bpalle-
HUH B TIO3UINHT N3MEPEHUSI.

L]en» MiccenoBaHuUs COCTOSIIA B pa3paboTKe
HOBOTO YCTPOWCTBA IIO3UIIMOHNPOBAHMSI, OPHCH-
THPOBAHHOTO Ha ITIPEOJIOJICHNE HEJOCTATKOB
M3BECTHBIX YCTPONCTB M MOBBIIICHNE HAZICKHO-
cTH paboThl. B crarbe maHBl peKOMEHAAIINHN 1O
IanpHeime pa3paboTke Oojee yHHBEpCalb-
HOTO YCTPOWCTBA MO3UIIMOHNPOBAHUS I pa3-
JINYHBIX TUTIOB KOJIECHBIX TTap.

PE3YNbTATbI
HcTopusi npuMeHeHHs] H3BECTHBIX
YCTPOICTB AJ15 MO3MIIHOHUPOBAHHUS
KOJIECHBIX Map

VYeTrpoicTBa A1 MO3ULMOHUPOBAHUSI KOJIEC-
HBIX T1ap UCIIOTB3YIOTCS B I3MEPHUTEIBHOM TeX-
Huke 6omnee 40 met. OqHUM U3 HanboIee paHHIX
YCTPOUCTB TaKOTO pofa OBLIO YCTPOWCTBO, KOTO-
poe npemnoxuin I. Burtkonn u I. I'pyTesep
B 1981 romy [10]. B 3TOM yCcTpOiicTBE KOHCTPYK-
THUBHO pa3IelIeHbI Y3IIbl, 00eCIIeYnBaroIIie Oa3u-
pOBaHHNE KOJECHOW Maphl, a IMEHHO, 0a3upyro-
1ee PHCIIOCOONICHHUE U OTIOPHBIHA CTOJ, TIPHMe-
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HSIEMBII B Ka4€CTBE NOABEMHHKA KOJIECHOM Ta-
pel. OHaKO JaHHOE pa3lielieHHe HMPUBEIO
K HEOOXOZIMMOCTH ITPOBEICHUSI IOTIOJIHUTEIILHON
olepanuy Mo MepeMEIleHHI0 KOJIECHON Hapsbl
C OIOPHOTO CTOJIa B Da3zupyloliee Mprucrocoo-
JIEHHWE, YTO YCJIIOKHWIIO TPOLIECC U3MEPEHUil,
U, TEM CaMbIM, SIBUJIOCh, ECII CMOTPETh C TT03H-
LU CErOAHSIIHETO JHS, ONPEAEIeHHBIM HE/10-
CTaTKOM YCTpOIicTBa.

B 1988 rony B 3asBke Ne 262425 [THP 6bu10
MIPEJIOKEHO JPYroe YCTPOHCTBO I MO3UIHO-
unuposanus [ 11]. laHHOE YCTPOUCTBO, MOAPOOHO
onucanHoe B [12], umeer Oasupytouiee npu-
CHOCOOJIEHHE U CTOJI C OIIOPAMH, IPEHA3HAYEH-
HBIMH JUIsl pa3MEILEHNUs] Ha HUX KOJIECHOH I1aphbl.
Bbasupytomiee npucnocobnenue B ycTpoiicTse
[11] coBMerieHO C OOPHBIM CTOJIOM B OTJIMYHE
ot npensiayiero ycrpoiictea [ 10]. Takoe coBme-
LIEHHE MPUBENIO K YIPOLICHUIO KOHCTPYKIIUH,
HO CHHM3WJIO TOYHOCTh U3MEPEHHUIl M3-3a TOro,
YTO KOJIECHAs Mapa IO0JBEpraercs TOJYKaM
U yJaapaMm BO BpeMsl ee pa3MelleHHs Ha CTolle,
a TaKKe BUOpaIMU TPH MOCIEAYIOIIEM Bparlle-
HHUH. DTO MPUBOJUT K NOSBICHHUIO OMeHNH (13-3a
OTKJIOHEHHI OT HOMUHAJILHBIX Pa3MepOB KoJleC-
HOM Iapbl U ONOPHOIO CTOJA), YTO CHUXKAET
TOYHOCTbH M3MEPEHHH.

Jpyrum HeoctaTkoM ycrpoiicTsa [11] siBis-
€TCsI HEeBBICOKasi TOYHOCTh MO3UIIHOHUPOBAHUS,
CBsI3aHHAs C OONBIIUMH JIOIyCKaMu ! Ha OTKJIO-
HEHHUE OT KOHIIGHTPUYHOCTH KpyTa KaTaHHs U Ha
OTKJIOHEHUE BBICOTHI IpebHeil konec (1o 1 Mm).
Henocrarkom siBisieTcst Takke HEJIOCTATOYHAsS
YCTOMUMBOCTH KOJIECHOM Iaphl, BO3HUKAIOIIAS
13-3a TOTO, YTO KOJIECHAs Mapa pa3MelaeTcs Ha
OTopax IOCPEACTBOM KOHTAaKTa C rpeOHIMHU
KoJIec.

YeTpoiicTBO ¢ NOBLIIIEHHOH TOYHOCTHIO
TMO3UIMOHUPOBAHUS

B 2007 rogy ¢ yyactueMm aBTOpa CTaThbH
ObUIO pa3paboTaHO YCTPOMCTBO UIsi TIO3UIIMO-
HUPOBAaHMSI KOJIECHOM Mapbl C MOBBILIEHHOU
TouHocThio [13]. Ilenb co3manusi ycTpoicTa
3aKJII0YaJIach B TIOBBIILIEHUH TOYHOCTH IIO3HLIHO-
HUPOBAHUSI U YCTOWYNBOCTH KOJIECHBIX IT1ap TUIIA
PY1-950 u PY 111I-950 rpy30BbIX BATOHOB Maru-
CTpPaJIBHBIX KeJIEe3HBIX Jopor kojeu 1520 M.

' Muctpyxuus LIB-944 o ocMOTpy, 0CBUICTEIbCTBOBAHHUIO,
PEMOHTY 1 ()OPMHUPOBAHUIO BATOHHBIX KOJIECHBIX ITap. Y TBep-
sxaena MIIC Poccun ot 20 urons 2003 1. Ne [1B-944. Been.
2006-01-01. [Onexrponnslii pecypc]: https://docs.cntd.ru/
document/1200102226.
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Puc. 1. Ycmpolicmeo 05151 n03uyuoHUpo8aHusi KonecHol napbi
[13]: 1- ocHosaHue, 2 - Hanpaensouwue, 3 - onopsbl, 4 — KonecHasi
napa, 5 - penbcbl, 6 — cmoiiku, 7 — 2anmenbHble nepexodbI,

8 - nepeknaduna, 9 - npope3u e Hanpaenswux, 10 - mexaHu3m
nepemeujenusi, 11 - welika ocu, 12 - npednodcmynuyHas Yacmb
ocu, 13 - o6nacmb KOHMakma onopbI U 2aIMeENbHO20 Nepexoda.

OTH KOJECHBIE Maphl’ BBIMYCKAIHUCH 10
2006 roga c HOMUHATIBHBIM TUaAMETPOM 950 Mm.
Cxema ycTpoHCTBa AJIs MO3UIIMOHKPOBaHuUA [ 13]
MoKa3aHa Ha puc. 1.

Ha ropusonTansHoM ocHOBaHUH | ycTpoii-
ctBa [13] 3akperuieHbl BepTUKaJIbHbIC HAIPaB-
JSIFOIIKE 2, KOTOPBIE BBIMOIHEHBI B hopme TpyO.
BryTpH HanpaBisromux 2 pacnojoXKeHbI Mo-
JIBIDKHBIE CTOMKH 6, Ha KOTOPBIX YCTaHOBIICHBI
OTIOpHI 3 [T pa3MeIEeHHs KOJIECHOM aphl 4 Ipu
CHATHHU C penbcoB 5. CTOWKH 6 pacroyIoKeHbI
MEXIy CO00 Ha pacCTOSIHUH, PABHOM PacCTOs-
HUIO MEXJAY TajJTelbHBIMH Nepexonamu 7,
Y COeTMHEHBI Niepeknaannoi 8. Hanpapmnstoriue
2 UMEIOT Mpope3u 9, B KOTOPHIX MepeMeliaeTcs
nepexnanuHa 8. [lepexnaguna 8 onupaeTcs Ha
MexaHu3M 10 BepTHKaJIbHOTO MepeMelIeHHS,
YCTaHOBJIEHHBIN Ha ocHOBaHUU 1. Omopsr 3
BBITIOJTHEHBI B hopMe V-00pa3HBIX JIOKEMEHTOB
JUIS1 B3AUMOJICHCTBUS C TOBEPXHOCTHIO TAJITEIb-
HBIX TIEPEXOJIOB 7, PACHONIOKEHHBIX MEXKITY M-
JTUHAPUYECKON YacThio mmieiku 11 u mpennoa-
CTYIHYHON YacThio 12.

KoHTakTHBIE TTOBEPXHOCTH OMOP 3 BHINOJ-
HEHBI OTBETHBIMU 00pa3ylollel rajTelbHbIX
MEePEexo/loB 7, TO €CTh, CEYEHHWE KOHTAKTHBIX
MoBepXHOCTeil ornop 3 B obnacty KoHTakTa 13
OIOPHI U TaJTeIbHOIO Iepexoia COBMaaacT
C CeYEHHEM MOBEPXHOCTH TaJITENIbHBIX IEPEX0-
JIoB 7.

ITocTaBneHHas 3ajmada Mo MOBBIMICHUIO
TOYHOCTH ITO3ULIMOHUPOBAHHS U MTOBBILICHHUIO

2 TOCT 4835-2013. KomecHble mapsl jKeJIe3HOAOPOIKHBIX
BaroHoB. Texnudeckue ycnosus. Been. 2014-01-07 npuka-
30M DeziepanbHOTO areHTCTBA MO TEXHHIECKOMY PETyIHpO-
BaHUIO ¥ MeTpostornu ot 8 Hostopst 2013 . Ne 1421-cT. — M.
Crangapruadopm, 2014. — 66 c.
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YCTOWYMBOCTH KOJICCHOM mapbl ObliIa pernicHa
B ycTpoiictBe [13] 3a cueT TOro, 4To OMOPHI
BBITIOJIHEHBI B BUI€ V-00pa3HbIX JIOKEMEHTOB.
I'maBHOI1 0cobeHHOCTBIO yeTpolicTBa [13] sB-
JIeTCA TO, YTO KOHTAKTHAs TIOBEPXHOCTH OIIOP
BBINTOJIHCHA OTBETHOM 00pasyromiell moBepx-
HOCTH TaJITEJIbHBIX MEPEX0/0B (3aHMKECHHE
JuamMeTpa mieiiku ocu B obiacT rantenu’
nocrturaet 0,45 MM), a pacCTOsIHHE MEXIY
CTOKaMM BBIOpDAaHO PaBHBIM PACCTOSHUIO
MEXJy TaJTelbHBIMU IepexonamMu. Takoe
BBINIOJIHEHHE ycTpoiicTBa [13] mo3Bonuio
(myTeMm mepeHoca orop IMoj yKa3aHHBIE raj-
TEJIbHBIE TEePEX0/bl) NOOUTHCS YMEHBIUICHHS
MOTPEIIHOCTH MO3UIIMOHUPOBAHNUS, BHOCUMOM
MEXaHUYEeCKUMH COCTABIAIOLUINMHE YCTPOHCTBA
[11] mpu B3aumMoneHcTBUM ONOp C rpeOHsIMU
KoJiec. DTO yMEHbIIeHHE 00eCIIeYeHO TEM, YTO
JOMYCKH Ha pa3Mephl TaITEIbHBIX EPEX0J0B
(0,2 MM [8]) B 1ATh pa3 MEHbIIIE, YeM JIOIYCKU
Ha pa3Mepsl AMaMeTpa Kojiec KOJIECHON mapshl,
H3MEPEHHBIX M0 UX rpeOHsM (ropsaka 1 Mm).
Tem caMBIM TOYHOCTH TO3UIIMOHUPOBAHUS OCH
KoJiecHOW mapel B [13] Obuta moBwilIeHa 10
BeIHYUHBI £0,2 MM.

YcTOWYMBOCTE KOJIECHOM Maphl B YCTPONUCTBE
[13] moBbImIeHa 3a cUeT CyIIeCTBEHHOTO YMEHb-
LIEHHUS BBICOTHI KOJIECHOM Maphl [0 OTHOIIEHUIO
K OIopam, Tak Kak JuaMeTp TrajTelbHbIX mepe-
x0710B (T1opsiaika 130 MM), KOTOPBIMHU KOJecHast
rapa OIHMPAEeTCs] Ha OMOphl, HAMHOTO MEHbIIE
nuamerpa koiec (950 mm).

JlononHUTENbHBIN (aKTOP MOBBIILIEHUS
YCTOHYMBOCTH KOJIECHOHM Haphsl B YCTPOHCTBE
[13] oOycinoBieH yBenueHnEM BEIUYHUHBI pac-
CTOSIHUS MEXTy OTIOpaMH J0 BEJTMYMHBI PACCTOSI-
HUS MEXJAY TalTelbHBIMHU IEepexoaaMu
(1874 mm), koTopoe mpeBbimaer Ha 402 MM
paccTosiHue MeKIy rpeOHsaMu komec (1472 mm).

Pacnonoxenue ctoek 6 Ha pacCTOSHUHU
MEXAYy HMMH, PaBHOM BEIMYHUHE PACCTOSHUSA
MEX]y raJITeIbHBIMH IIEPEX0JaMH1, U HETTOCpe -
CTBEHHO MOJI ornopaMu B yctpoictse [13] uc-
KJIFOYaeT BO3MOXHOCTH AedopManuu U3ruda
KpeIUIeHUH 0Iop, BO3HUKAIOLIEH ITPH OIIMPaHUU
KOJIECHOM Napbl IPeOHSIMHU KOJIEC Ha BBICTYIIAK0-
LIIHE OTIOPBI OTIOPHOTO CTOJIa (UTO HAbMIoIaeTCs
B ycrpoiictBe [11]), U MO3BOJISET JOIOIHH-
TEJIbHO MOBBICUTH TOYHOCTH MO3UIMOHUPOBA-
HUSL.

CrnenuanbHO€ BBINOJHEHHE KOHTAKTHOM
MIOBEPXHOCTHU OMOP B BUJI€ OTBETHON 00pa3yro-
e MOBEPXHOCTHU TalTEJIbHBIX MEPEeXoa0B
MO3BOJISIET YMEHBIIUTh yAEIbHOE JaBlIEHHE Ha
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OIIOPBI CO CTOPOHBI KOJIECHOH Tapbl, 4TO MO3BO-
JISIET IPEAOTBPATHTH JIOKATbHBIA M3HOC KOHTAKT-
HOU TIOBEPXHOCTH OIIOp, B PE3YJIBTATE YETO I10-
BBIIIAETCS TOYHOCTHh MO3UIIMOHUPOBAHUS
B [IPOLIECCE JUTUTENBEHOM SKCILTyaTallluy YCTPOH-
ctBa [13].

Brinmonnenue onop B Buae V-00pa3HbIX
JI0)KEMEHTOB [T03BOJISIET YCTAHOBUTD KOJIECHYIO
rapy CHMMETPHYHO 110 OTHOIICHHIO K OCEBOM
BEPTHKAJIBHOMN IIOCKOCTH, & TaKXKe OTHOCH-
TEJILHO MOTIEPEYHOI BEPTHKAIBHOM IIIOCKOCTH
YCTPOWCTBA MO3UIIMOHUPOBAHUS, YTO YIPO-
[IaeT MPOLECC YCTaHOBKHM KOJIECHOW Mapsbl
B IO3UIMIO U3MepeHus. Bribop crnocoba pas-
MEIIEHHUs KOJIECHOH Mapbl MyTeM KOHTaKTa
raJITeJIbHBIX MEPEXOJ0B C OMOpPaMH, BBIIOJ-
HEHHBIMH B BUJE V-00pa3HBIX JIOXKEMEHTOB,
KOHTaKTHasl IIOBEPXHOCTh KOTOPHIX OTBETHA
o0pa3ymlieil NOBEPXHOCTH TalTeIbHBIX
MIePEX0/10B, NO3BOJISET 3a()UKCUPOBATH KOJIEC-
HYyIO Napy Kak B IIOTIEPEYHOM, TaK U B IIPO-
JOJIHOM HaIlpaBJIeHHH. DTO o0ecreynBaer
HaJIe)KHOCTH 3aKPEILICHUS U3MEPsEMOro 00b-
€KTa OTHOCHUTEJILHO BBIOPaHHOM CHCTEMBI KO-
OpAMHAT.

Opnaxo u 310 ycTpoiicTBo [13] umeer orpa-
HUYEHHS U HEJJOCTATKH, @ UMEHHO, OTCYTCTBYET
BO3MOXXHOCTb TPUMEHEHHUS YCTpOMCTBa 1Jis
KOJIECHBIX Iap Pa3IMYHbIX THIIOB — IJISl KOJIEC-
HBIX Tap C Pa3HbIMU PACCTOSHUAMHU MEXKIY
rajTe’lbHBIMH MIEPEX0IaMU 1IEEeK OCH U C HIeH-
KaMH Pa3JIMYHOTO IUaMeTpa.

YerpoiicTBo A1 NO3MIMOHUPOBAHUS
KOJIECHBIX Nap ¢ MeilKaMu oceii pa3jInyHoro
auaMertpa

CJeayromuM 3TarnoM CTajio HOBOE YCTPO¥i-
CTBO /sl TepeMelleHns (TI03ULIMOHNPOBAHUS)
KOJIECHBIX T1ap, pa3paboTaHHOE aBTOPOM CTaThH
B 2022 rony [14]. Pa3paboTka 3T0OT0 ycTpoiicTBa
HalpaBjieHa Ha 00eCIieYeHne COXPaHHOCTH I10-
BEPXHOCTH ILIEEK OCEH, OBBIICHNE HaJIeKHOCTH
paboTHl yCTPOICTBAa M paclIMpeHHe 00JIaCTH
MIPUMEHEHHUs JUIsl KOJIECHBIX Map pa3in4HbIX
THUIIOB, @ UMEHHO, JUIsl KOJIECHBIX T1ap C Pa3HBIMU
PacCTOSIHUSIMH MEX/Iy T'aITEIbHBIMU ITepexo/ia-
MH U C IIEHKaMHU OCEH pa3IudHOrO TuaMeTpa.

Ha puc. 2 npuBeneHo cxeMaTuieckoe H30-
Opakenue ycrpoiictsa [14], Ha puc. 3 moka3aH
pa3pes 1o IonepevyHoil (paauanbHO) BepTH-
KaJIbHOM TJIOCKOCTH MEXaHU3Ma BEPTUKAILHOTO
TiepeMelLeHus] KOJIECHOH aphl, a Ha puc. 4 moka-
3aH ()parMeHT yCTpPOMCTBA ISl TIepeMeIleHHs
(no3uumonuposanusi) [14] B cocraBe aBTO-
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Puc. 2. Cxemamuyeckoe usobpaxeHue ycmpoiicmea
0ns nepemeweHusi KONeCHbIX nap:

1- ocHoBaHue, 2 - MexaHu3M 8epmuKasibHO20 nepeMelyeHust
KonecHoll napbl, 3 - KonecHas napa, 4 — nodeuxHasi yacmb
MexaHU3Ma 8epmukasbHo20 nepemelyeHusi, 5 — onops|
¢ nockumu Haknadkamu, 6 — weiika ocu, 7 — pefibcoebIl nymb,
0-0 - 2eomempuyeckasi ocb konecHol napbl, H - ebicoma
pacnonoxeHus 2e0MempuYyeckoll 0Cu KosecHol napbl,
Haxodsujelics 8 no3uyuu usmepeHus [14].

MAaTH3UPOBAHHON YCTAHOBKH® GECKOHTAKTHOTO
HN3MEpEeHHUs TeOMETPUIECKIX TapaMeTpoB KoJIec-
HBIX Nap, pa3paboTaHHOW Ha OCHOBE MPHHIIUIIOB
CO3/1aHMs1 YCTPOUCTBA JUIsl U3MEPEHUS JINHEHBIX
pasMepoB KoJecHbIX map [15].

Ha ocnoBanuu 1 yctpoiictBa [14] (cM.
puC. 2) 3aKperyieH MeXaHu3M 2 BEPTUKAILHOTO
MepeMeIeHNs], Ha MOJABIDKHBIX YacTaxX 4 KOTo-
pOTrOo 3aKpeIUICHBI OTMOPHl 5 IS pa3MeleHus
meek 6 ocu KojecHou mapsl 3. B cocraB mexa-
HHU3Ma 2 BXOISAT THIPOUMIMHAPHI (Ha puc. 2 HE
TIOKa3aHhbl).

Ornopsl 5 BBIOJIHEHBI V-00pa3HbIMHU, M Ha
HUX yCTQHOBJICHBI INTOCKHE CMEHHBIE HaKJIaIKU.
TonmuHa HaKNIAJAO0K BBHIOUpAETCS IS KaXKAOTO
THTIA KOJIECHOH Maphl OTAEIBHO B 3aBHCHMOCTHU
OT BEJIMYMHBI AHaMeTpa Iieek 6 ocH AJs TOro,
4TOOBI 00ECIEUUTh YPOBEHb IOJIOKEHHUS Te0-
METPUYECKON OCH KOJIECHBIX Map 3 ¢ ImelKaMu
pa3HOro nuamerpa Ha OJAMHAKOBOM BbicoTe H
B MO3UIMHU U3MepeHus. Beicora H uzmepsietrcs
OT YPOBHS TOJIOBOK PEIHCOB IO YPOBHS F€OMET-
pUYECKOM 0CH KOJIECHOM Maphl B MO3ULIMHU U3MeE-
peHHS.

OTIUYUTENILHOW O0COOCHHOCTBIO MPOBE/Ie-
HUS U3MEpeHHil B ycTpoiicTse [ 14] siBisercs To,
YTO KOJICCHYIO Tapy 3 B MO3HUIMIO H3MEPEHUS
HAa 33JaHHYIO BBICOTY H TOAHUMAIOT, HCIIOIb3YS
MEXaHWUYECKHI KOHTAaKT IUIOCKMX HaKJIaJ0K
omop 5 ¢ MWIMHIPUYESCKUMH IIeHKaMu 6 ocH
KoJiecHOM mapsl 3. Jlanee, B MO3UIIUU U3MEpE-
HUSL, QUKCHPYIOT KOJIECHYIO TTapy B YyCTaHOBKE?

3 YcTaHOBKH aBTOMaTH3HPOBAHHBIE GECKOHTAKTHOTO H3Mepe-
HHUsI TeOMETPUYECKHX TTAPaMETPOB KOJIECHBIX Iap «leomapy.
Texunueckue ycnosus. TY 3138-076-52473498-2008
(HXCA.401.722.000 TY). Been. 2008-08-08. —22 c.
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Puc. 3. PacnonoxeHue week oceli KonecHol napbi 8 no3uyuu
u3mepeHusi Ha Hakniadkax onop ycmpolicmea dnsi nepemeujeHus
KosecHbIX nap (pa3pe3 no nonepeyHol eepmuKanbHoU
NocKOCMU MexaHu3Ma 8epmuKanbHO20 NepeMeleHust Ha puc. 2):
1- nodeuxHasi Yacmb MexaHuU3Ma nepemeujeHus, 2 - onopa,

3 u 4 - Haknadku pasHoli monuuHbl, 5 u 6 — weliku pasHo20
duamempa, O - 2eomempuyeckasi ocb konecHol napbl [14].

JUTS I3MEPEHNUS TMHEHHBIX TTapaMeTpOB KoJIeC-
HBIX nap [15], BKIIO9AOT BpamieHne KOJIeCHOH
Tapbl 3 ¥ IPOMU3BOIAT U3MEPEHNE €€ TMHEHHBIX
mapameTpos. Ilocie npoBeneHus U3MepeHU
BCE OTEpaIUH ITPOU3BOIAT B 00paTHOH mocie-
JIOBATEILHOCTH ¥ OITyCKAalOT KOJIECHYIO Hapy
KoJIeCaMH Ha peiabCcoBBIM myTh 7. Ha puc. 3
M0Ka3aHO PACIOJIOKCHHE IICHKH OCH Ha Ha-
KJIaJIKaX OIMOPHI MEXaHW3Ma BEPTHKAIHHOTO
TIepPEMEIEHHs yCTPOHCTBA /ISl IEPEMEICHHS
KoJIeCHBIX map [14].

ITonBu:kHas yacTe 1 MexaHM3Ma BEPTHKAIIb-
HOTO TnepeMenieHus (cM. puc. 3) COIEpKHUT
OTIOpHI 2 ¢ HaKJIagKkaMu 3, 4 pa3HOU TOJIIUHEL,
KOTOpBIE 00€CIIEINBAIOT PACTIONOKEHHUE TIEEK 5,
6 pa3HOTO qUaMeTpa B TIO3UIMH H3MEPEHHUS KO-
JIECHOM Mapkl. YTOI MEX Ty AByMs YaCTSMH OIIOp
cocrasisieT 90 rpagycos.

Ha puc. 4 mokaszan ¢parMeHT yCTpOWCTBa
JUTS TIEpEMETIICHUS KOJIeCHBIX nap [ 14], KoTopsrid
SIBIISIETCS YaCTBIO YCTAHOBKU® JJISI H3MEPEHUS
TEOMETPUUCCKHIX MAapaMETPOB.

VYeTpoilcTBO A1 NEPEMEIIEHHS KOJIECHBIX
nap [14], Bkioyaroriee MEXaHu3M | BEpTHKaIIb-
HOTO TIepeMeIeHNs (THAPOIMINH/AD) U OTIopy 2
C HaKJIaJKaMH1, HAXOANUTCSI B COCTABE YCTAHOBKH
JUISl I3MEPEHHS TEOMETPHUYECKHUX MapaMeTpoB,
BKITIOYAIOIIEH CTeHNT 3, OJIOK 5 M3MepeHwus aua-
METpPOB IICHKH OCH M OIIOK 6 M3MEpeHHS JHa-
METPOB OCH KOJIECHOW Tapsl 4.

IIpn ompeneneHny TeOMETPHUYECKUX Hapa-
METPOB KaXkK/10€ M3MEPEHHE MOBTOPSIIOCH TISITh
pas (n = 5). 3a u3mepennoe 3Hadenne D = TpH-
HUMAJIOCh CpeHEe apU(PMETHIECKOE 3HAUCHNUE:
D = D +D,+..+D, '

usm n
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AOCoIIIOTHAs! MTOTPEIIHOCTD AJIsT KaXKJOT0
pe3yibrara U3MEpPEeHUil OnpeeNsuiach Kak pas-
HOCTh CpEIHEro apup)METHUYCCKOrO 3HAYCHUS
pe3yibTara U3MEpeHHsl mapaMeTpa u JACHCTBH-
TeJAbHOro pasmepa D, KanuOpoBOYHOro MpH-
cnocobnenus: A =D —D,

B wactHOCTH, 1JI1 U3MEPEHHUS TUAMETPOB
meek oceil konecHbIx nap PY1-957 u PY 1111-957
B uanasone 129...131 MM UConb30BaCs Kalu-
opoBounbiii ctepxenb KC130 munoit 130 MM,
H3MEPEHHBIN CITyKO0H METPOJIOTHHU C HOTpel-
HocThio £ 0,0013 mM. KanuOpoBouHbIii cTep-
JKEHb YCTAHABJIMBAJICS HA TEXHOJOTUYECKOM
KpOHINTEHHE B OJOKE M3MEPCHHS JUAMETPOB
mEeHKK ocu. 3areM MPOU3BOIUIOCH U3MEPEHHE
JUTUHBI CTEPKHsI, KOTOpas COOTBETCTBOBAja
JMaMeTpy IICHKH OCH KOJIECHOW mapbl. AGco-
JIFOTHAsI OTPEITHOCTh MU3MEPCHUS TUaMeTpa
meiiku OCH HE NpeBbIINajia 3HAYCHUU
+0,0040 MM.

IIpenmyuiecTBa HOBOIO YCTPOIiCTBA
JJ151 TIO3UIMOHVPOBAHHUS
[IpumeHeHue MIOCKUX HAKIaJOK (CM.
puc. 3) B HOBOM YCTpPOWCTBE AJIsi U3MEPEHHUS
KOJIECHBIX Tap, UMEIOIIUX IIEeHKU ocell pa3nu-
yaromierocs nruametpa [ 14], mo3Bonser ycraHo-
BUThH KOJIECHYIO Iapy CUMMETPHUYHO OTHOCH-
TEJIbHO OCEBOW BEPTHKAIBHON IJIOCKOCTH, YTO
oOneryaer nocjeayoniee NO3UIUOHUPOBAHHUE
KOJICCHOHM mapsl B ycTaHOBKe®. BbImonHeHue
HaKJIaJJ0K ITOCKUMH NTO3BOJISIET PeaTn30BaTh MX
JOCTAaTOYHO IUPOKUMU (10 120 MM) B Hamnpas-
JICHMU OCH KOJIECHOH mapbl. DTO 00ecreuuio
BO3MOKHOCTb U3MEPEHHUS KOJIECHBIX Hap C pas-
HBIMH PAaCCTOSHUSIMU MEX]y T'aJITEIbHBIMH Iie-
pexXofaMu U, TEM CaMbIM, JOIOJTHUTENIBHO pac-
LIUPHIIO 00TACTh MPUMEHEHHS yCTpoiicTa [ 14].
[IpumMeHeHHe CMEHHBIX IJIOCKUX HaKIIa/loK,
TOJIIIIMHA KOTOPBIX BEIOUpPAETCsl B 3aBUCHMOCTH
OT BEJIMYMHBI IMaMETPa LIeeK 0Cei, 00eCIIeunio
BO3MOXKHOCTB MO3UI[MOHUPOBAHUS KOJECHBIX
nap ¢ meifkaMu pa3Horo JuaMeTpa.
BrinonHeHne HaKJIAAOK U3 JATyHH, UMEIO-
11ei MEHbIIIYIO TBEPAOCTb, YEM TBEPIOCTh IIEEK
CTaJIBHBIX KOJIECHBIX I1ap, O3BOIMIIO UCKITIOYHTh
MOBPEX/JICHHE TOBEPXHOCTH IIEEK OCH.
KoHTaKT IIocKuX HaKJIaJOK C HHJIHHApHYE-
CKMMH TIOBEPXHOCTSAMH IIeeK 00ecredynBaeT
HanOOJBIIYIO TOYHOCTH NMO3HIHOHUPOBAHUS
KOJIECHOM mapbl, TaK Kak JOMYCK Ha pa3Mep
nuamerpa meriku ocu (0,004 MM) 3HaYNTEIBHO
MeHble, yeM gomnycku (1,0 MM) Ha pa3mepsl
JIPYTHX YacTed KOJIEeCHOM mapbl (rpeOHU Koec,
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Puc. 4. ®paemeHm ycmpolicmea 01151 nepeMewjeHUs KoleCHbIX Nap 8 cocmase ycmaHoeKu’® 051 U3MepPeHUs 2e0MempPUYeCKUX Napamempoe:
1 - MexaHU3M 8epmuKaibHo20 NepemMeujeHuUs KoecHol napbI 8 NO3UYUI0 U3MepPeHUs (2udpoyunuHAp), 2 - onopa ¢ Haknadkamu,
3 - cmeHd ycmaHosKu Ons USMEPEHUS 2e0MEMPUYECKUX Napamempoe, 4 — KoslecHasi napa 8 no3uyuu usMepeHusi, 5 — 110K usMepeHus
duamempoe weliku ocu, 6 — 6110k usmepeHusi duaMmempoe ocu KonecHoll napbi [14].

MOBEPXHOCTH KaTaHUs KOJEC), ITOBEPXHOCTH
KOTOPBIX UCTIONB3YIOTCS B KaUeCTBE KOHTAKTHBIX
MOBEpXHOCTeH B ycTpoiicTtBax [10; 11].

OpHako, TOUHOCTh MO3ULIMOHUPOBAHUS KO-
JIECHOH napbl, BenuunHo# nopsaka + 0,004 mm,
B JIaHHOM CJIyyae OKa3bIBaeTCs BCE )K€ HEIO-
CTIPKUMOMH, TaK KakK MOTrPEUIHOCTh MO3UIIUOHH-
pOBaHUSA ONpeieNeTcs JOMyCKaMH Ha N3T0TOB-
JIEHUE IJIEMEHTOB MEXaHM3Ma BEPTUKAJIHHOIO
NepeMeIeHus], KOTOpbIe B pealbkHOM HUCIOIHEe-
HUU COCTAaBJISIOT BelIMUuHy mopsaka 0,1 mw,
MI03TOMY MMEHHO 3Ta BEJIMYMHA U ONpelenserT
JeHCTBUTENBHYIO TOYHOCTH MO3UIIMOHUPOBAHUS
(0,1 MM) koecHOM mapel B ycTpoucTse [14].
Jannas TouHOCTb Ho3uLMoHnpoBanus (£0,1 Mm)
B JIBa pa3a MPEeBOCXOJUT TOYHOCTh MO3UIIUOHU-
poBaHus B yctpoiictse [13], B koTOpoM OHa
cocTaBisieT BenuuuHy +0,2 MM.

OmnBIT 3KCILTyaTalliy YCTPOHCTBA IepeMeliie-
Hus [ 14] A1 1O3UIMOHUPOBAaHUS KOJIECHBIX ITap
B COCTaBE aBTOMATHU3WPOBAHHOM yCTaHOBKHU®
0ECKOHTAaKTHOTO M3MEPEHUSI T€OMETPUUYECKIX
NapaMeTpoB, pa3MELICHHOM Ha y4acTKe BBIXO-
HOTO KOHTPOJISI BATOHHO-KOJIECHBIX MaCTEPCKHUX
K/, moka3zan, yto ycTpoiictBo [14] umeer
CYIIECTBEHHBIC NMPEHUMYIEeCTBa B CPaBHEHUH
C U3BECTHBIMH YCTPOICTBaMH AJIs O3UIIUOHU-
posanus [10; 11]. beuin moaTBEpIKIEHBI BEICOKUE
TEXHUYECKHE BO3MOXKHOCTH yCTpoicTBa [14]
B YaCTH MOBBIIIEHHUS TOUHOCTH TO3ULIMOHUPOBA-
HHUS KOJECHOH Maphl Ha MO3UIUU U3MEpPEHUs
(mo £0,1 MM) 1 B yacTH 00CCIICUCHUS TO3UIIHO-
HHUPOBAHHUS KOJIECHBIX Nap C IIeiikaMu ocei
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pasHoro auaMerpa. /luameTpsl 1eek ocei Kojec-
HBIX [1ap COCTABJISIIOT, HAPUMEP, IJIsl BATOHOB,
TennoBo30B TOII-70 u BaroHoB ¢ MOBHIIICH-
HBIMH OCeBBIMH Harpyskamu: 130!, 1602
u 180 MM*, COOTBETCTBEHHO.

Henpro manpHeimen pa3paboTKHU JTOJDKHO
CTaTh CO3JaHue OoJiee YHUBEPCAIBHOIO YCTPOii-
CTBa JUIsl TIO3UIIMOHUPOBAHUS JIOOBIX THIIOB
KOJIECHBIX T1ap, B TOM YHCIIE, ¥ ISl BHICOKOCKO-
pocTHbIX noe3noB [16]. TpeOyercs Takxke pas-
paboTKa CHelralbHOr0 MEXaHu3Ma I0JbeMa
KOJIECHBIX Iap C IeHKaMH pa3IM4HOro AuaMeTpa
Ha TO3UIMI0 U3MEPEHNUs1, KOTOPBII ObI obecre-
YMBAJI WX MO3UIHOHUPOBAHUE HA OJIMHAKOBOM
YPOBHE PACIIOJIOKECHUSI TEOMETPUIECKON OCH
KOJIECHOH mapbl 03 MPUMEHEHHsI CMEHHBIX Ha-
KJIaJI0K.

BblBOAbI

TexHHUECKHM pe3y/IbTaTOM pa3paboTKu
HOBOI'O ycTpoicTBa nepeMmeineHus [14] mus
MO3UILIMOHUPOBAHHS KOJIECHBIX Iap SBJISETCS
pacuMpeHue o0acTy MpUuMeHeHH s yCTpoiicTBa
U ero (PyHKIMOHAIBHBIX BOBMOXXHOCTEH, ITOBBI-
LICHWE HaJe)XHOCTU paboThl U obecreyeHne
COXPaHHOCTH LIWIMHAPUYECKUX TOBEPXHOCTEH
IIeeK OCH KOJIECHBIX Map. YCTPOHUCTBO obectie-
YHMBAET BHICOKYIO TOYHOCTH IIO3ULIMOHUPOBAHHS

4TOCT 22780-93. OcHu 17151 BATOHOB 5KEJIE3HBIX IOPOT KOJICH
1520 (1524) mm. Tunesl, mapameTps! 1 pa3mepsl. Beex. 1995—
01-01. [Tocranosnenune Komurera Poccuiickoit @enepaiiu
110 CTaHAAPTH3AaLUHU, METPOJOTHU U CEPTUPHUKALUU OT
02.06.1994, Ne 160. — 20 c.
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KoJiecHBIX nap (710 £0,1 MM) ¢ pa3HBIMHU paccTosi-
HUSMH MEXAY TaldTeIbHBIMU MEpPeXOoaaMu
U C meikaMu ocel pasnu4Horo quamerpa. Jis
JTAIbHEHINEr0 paciIupeHus 00IacTH IpUMEHe-
HUsI HeoOXoMMa pa3padoTka Oosiee yHHBEpCaib-
HOTO YCTPOICTBA MTO3UIIHOHUPOBAHUSI, TIPHTOI-
HOTO K IIPUMEHEHHIO TSI JTFOOBIX THUIIOB KOJIEC-
HBIX Map MOJABMXHOTO COCTaBA.
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B cmambe npugodsimcest pesynbmamb! NpUMEHEHUS Memodos
MawuHHo20 0by4eHus Ans uccredogaHusi daHHbIX cheyuanbHoU
aHKembl, ydumslgatowiell obujue xapakmepucmuku aguapelicos,
XapakmepucmuKU Naccaxupos U UX MHEHUST O Pa3/IuYHbIX acnek-
max asuapetica. Llenb uccnedosanus — 8bI8MEHUE 8 3KCNEPU-
MeHmarbHbIX 0aHHbIX (haKmopos, HeeamugHO BMIUSIUWUX Ha
OMHOWEHUE Naccaxupos K yciyaam aguakoMnaHuu.

Mpu nposedeHuu uccnedosaHusi bbiIu UCNONB308aHbI NO-
nynapHble anzopummel, 8xodsuwue 8 cocmas c80600H020 npo-
2paMmMHOo20 obecneyeHus 0N aHanusa 0aHHbIX U MaWuHHO20
0byyeHus, yHueepcumema Balikamo (Hosas 3enandus) WEKA,
pacnpocmpaHsiemozo no nuyeHauu GNU GPL: HausHb i 6atiecos-
CcKUll Kaccughukamop; MHO20COUHb I NEPUENMPOH, UCNONb3YI0-
wuti aneopumm 0bpamHo2o pacnpocmpaHeHus owubKu; Memood
6nuxatiwux cocedell (KNN) c adanmugHbim nodbopom napamem-
po8; Oepesbsi peweHull — aneopumm J48, komopbii sensemces
aHarnozom Ha Java uzsecmHozo areopumma C4.5; criyqaliHbili nec;
Jfio2ucmuyeckas pespeccusi; anzopumm adanmusHoeo bycmuHea

CMBeHHbIL UHMeIeKm, MawuHHoe o6yquue

Mup TpaHcnopra. 2024. T. 22. Ne 1 (110). C. 44-49

WUccnepoBanue kayecTBa 00CnyXmBaHuS
KNWEeHTOB aBUaKoMnaH1n MeTogamu
MaLIMHHOro 00y4YeHUs

Bauecnae Anamonvesuu /[1ox’,
Hzops Iennaovesuu Manvizun?

2 Huemumym npobnem mpancnopma

um. H. C. Conomenko Poccuiickoil akademuu HayK
(UIIT PAH), Cankm-Ilemep6ype, Poccusi.

! PUHL] SPIN-k00: 3148-2066.

2ORCID 0000-0002-0403-8095; Web of Science
Researcher ID: E-2182-2018; Scopus Author
ID:57159964300; PUHL] Author ID: 375896.

M1y duke@mail.ru.

(AdaBoost); mawuHa onopHbix eekmopog — anzopumm SMO
(Sequential Minimal Optimization), sensrouutics 00HOU U3 803MOX-
HbIX peanusayuli aneopumma MauwuHb| ONOPHbIX 8EKMOPO8.

[MokasaHo, Ymo Haumy4wue no MoyHocmu modenu, ompa-
Xalowue y0081emeopeHHOCMb Naccaxupos ycnyzamu agua-
KOMNaHuU, NoMTy4alomesi ¢ NOMOWbIO aneopummos «ciy4aliHbILi
necy (nozpewHocmb Ha mecmosoll 8bibopke — 3,9 %) u Hellpo-
cemeso20 no0xoda (noepewHocms Ha mecmosoli 8bIbopKe —
3,7 %). Buecme ¢ mem, yKka3aHHble an2opummbi He NO380NAIOM
A8HLIM 06pa30M 8bIOeUMb (hakmopsl, XapakmepHsle 0115 agua-
naccaxupos, He y00811emMBOPEHHbIX Ka4eCmeoM 0OCITyKUBAHUS!.
3mom npoben 8ocnoHAem anaopumm Ha o0cHoge memoda
CMPYKMYyPHO20 Pe30HaHCa 8 MHO20MePHbIX OarHbIX SRMD, nosso-
nusLUL 8bI8UMB 8 OaHHBIX MOYHBIE T02UYecKue npasusa, obna-
darouyue 8bicokoll nonHomol. [onmyqeHHble no2udeckue npagusna
ABMIAIOMCA XOPOWIO UHMeEPNPemupyeMbIMU hammepHamu nacca-
XKUpo8, Komopale nubo ompuyamesisHo, MUbo HelmparnsHoO oye-
HuBalom ycityau aguakoMnaHuu 8 Uerom.

Kntoyesble croga: aguayUoHHbIL mpaHcnopm, MapkemuHe, ycryau aguakoMmnaHuu, Ka4ecmeso O6Cﬂy)KU83HUﬂ haccaxupos, UcKyc-

om 18.01.2024 Ne 075-03-2024-666).

QuHaHcuposaHue: paboma 8bINoNHeHa 8 pamkax UchosHeHusi 20cydapcmeeHHo2o 3adaHusi MIT PAH Ne 075-00602-24-0 Ha
2024 200 u Ha nnaHosb i nepuod 2025 u 2026 20008 3a cvem cpedcms npedocmagneHHol MuHobpHayku Poccuu cybeuduu (coenawerue
0 npedocmasneHruu cybcuduu u3 hedepanbHoeo brodxema Ha huHaHCcoBoe 0becneyeHue 8bINOTHEHUS 20CY0apCmMeeHH020 3adaHusi

Ona yumuposanus: [iok B. A., Manbieu W. I". UccnedosaHue kadecmsa obCnyxxusaHus KIUEHMOs asuakomnaHuli Memodamu
MawuHHOo20 0byy4eHus // Mup mpaHcnopma. 2024. T. 22. Ne 1 (110). C. 44-49. DOI: https://doi.org/10.30932/1992-3252-2024-22-1-6.

MonHbIl mekcm cmambu 8 nepeeode Ha aHanulickull A3bIK ny6nukyemcst 60 emopoll Yacmu 0aHHO20 8bInyckKa.
English translation of the full text of the article is published in the second part of the issue.




BBEOEHUE

OreHka KavyecTBa 00CITy)KUBaHHsI aBHaracca-
JKUPOB MI'PAET BAXKHYIO POJIb B aBUAIIMOHHOM
WHIIYCTPHH 10 HECKOJIBKUM NPHYHHAM:!

1. TlonnManune TOTO, Kakue acleKThl 00CIy-
JKMBAHUS BaXKHBI ISl TACCAXKUPOB, TTO3BOJISIOT
ABHAKOMIIaHHSM BBISIBUTH cllabble MecTa U co-
KyCHUPOBAThCsl Ha HUX JIJIS YITy4ILIEHUsI 00CITYKH-
BaHUSL.

2. OrneHka KayecTBa 00OCITY)KUBaHHUS TIOMO-
raeT KOMITaHHSIM ITPEI0CTAaBIISITh JIyYIIHH CEPBHC
10 CPAaBHEHHIO C KOHKYPEHTaMH.

3. Xopouiee o0CITyKHBaHHE CIIOCOOCTBYET
YAOBJIETBOPEHHOCTH MACCAKUPOB U, KaK CIe[-
CTBUE, TIOBBIIIAET BEPOSTHOCTH MX BO3BPALICHHS
K JIaHHOW aBHAaKOMITAHUH B CJIEITYIOIIHNI pa3.

4. TlonoxuTenbHBIE OT3BIBBI O Ka4ecTBe 00-
CITY’>KUBaHHsI TOMOT'aOT [IPUBJICYb HOBBIX KITHEH-
TOB. PexoMeHAaIMu nacca)XxupoB 4acTo OKa3bl-
BalOT OOJIBIIOE BIMSIHUE Ha pPEIICHHE IPyrux
Jrozielt BBIOpATh TaHHYIO aBUAKOMITAHUIO.

S. VYnyudiieHne kayecTBa 00CITy)KHBaHUS T10-
MOTaeT CHU3UTh M3JIEPIKKH, TaK KaK MOBBIILICHUE
3¢ GEKTUBHOCTH U YITYUIIICHAE MTPOIIECCOB BEACT
K YMEHBIIECHUIO TPOOJIEM U COOTBETCTBYIOLINX
KOMITEHCAIINH, CBSI3aHHBIX C IIOXUM 00CITy>KHBa-
HUEM.

W3BecTeH psiJ METONOB OLIEHKH KadecTBa
00CITy)KMBaHUSI aBHAIaCCaKUPOB:

— @HKeTBl M ONpPOCHI: ABUAKOMITAHHU YacTO
WCIIOJB3YIOT QHKEThI M ONPOCHI JUIS MOTyYESHHS
00paTHOIA CBSA3M OT MACCAKUPOB. ITO MOXKET OBITH
Kak OyMa)KHBIH ONPOCHHUK IOCIE TOJIeTa, TaK
1 OHJIAHH-OTPOC, OTIPABIEHHBIH M0 AIEKTPOHHON
TIOYTE WM JIOCTYITHBIN Yepes3 MopTaJl KOMIIAaHUH;

— MOHUTOPHHT COLIMAJIbHBIX CETEH: OT3bIBBI
Y KOMMEHTapHH TaCCaKUPOB B Pa3IMYHBIX COLIU-
QIBHBIX CETAX MOTYT JaTh IIPEJICTABICHUE O TOM,
KaK MaccaXupbl BOCIPHHUMAIOT 00CITyKHBaHUE
ABHAKOMIIaHHH;

— (hOKyC-TpyMIIBL: OpraHu3anys GoKyc-rpyr,
B XOJI€ KOTOPBIX TPYIIIa MacCaXKMPOB 00CYKIaeT
CBOU BIIGUATJIICHUSI OT OOCITY)KWBaHHS, MOXKET
MPE0CTAaBUTh 0o0Jice IIyOOKOe MOHUMAHUE HX
MOTPEOHOCTEH U OXKUIAHU;

— Tal{HBIH NaCCAXUP: HEKOTOPbIE aBUAKOMITA-
HUH UCTIONB3YIOT «TAiHBIX MTACCAKHPOBY, KOTO-
PpbI€ [Ty TEHIECTBYIOT MOJT BUJIOM OOBIYHBIX TTacca-
JKHPOB, HO B PEaJIbHOCTH OIICHMBAIOT KaueCTBO
00CITy)KHBaHUSI, HCIBITHIBAsI YCIYTH 0€3 MpezBa-
PHTEIBHOTO NPEIyIPEKICHUS;

— W3yYeHHE NAaHHBIX M CTaTHCTUKH: aHaIN3
JIAHHBIX O 3aJIEPIKKAX PEHCOB, YPOBHE YIIOBJIETBO-
PEHHOCTH [TaCCaKMPOB, YPOBHE kKai00 1 pEeTeH-

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 44—49

3UH MOXET OBITH IOJIE3HBIM HHCTPYMEHTOM
OLICHKU KaueCcTBa 00CITyKHBaHUS;

— CpaBHEHHE C KOHKypEHTaMH: CpaBHEHHE
CBOMX ITOKa3aTeNe C OKa3aTesMA KOHKYPEHTOB
IIOMOTAeT aBHMAKOMIIAHHSIM ITOHSTH, Ha KaKOH
TIO3HIIMY OHH HAXOZIATCS HA PHIHKE C TOUKH 3PEHHS
KadecTBa 0OCITy>)KUBaHMSI.

KomOnHanust epeuncieHHbIXx METO0B 1103~
BOJISICT aBHAKOMITAaHHSIM IIOJTyIHTh OoJiee ITOIHOoe
MPEJICTaBIIEHHE O TOM, KaK WX YCIyTH BOCHPH-
HUMAIOTCSI TTACCAKHPAMU M YTO MOXKHO YIIyd-
mNTb. I3BecTeH psn 3apyO0eKHBIX 1 OTEUECTBEH-
HBIX MCCIIEIOBAaHUN KadecTBa OOCIYKMBAHUS
[IACCaXXMPOB C UCIIOIb30BAHUEM PA3JIMYHBIX Me-
To10B [ 1-10]. MBI B HaIlIeM UCCIICIOBAaHUN CKOH-
LEHTPUPYEM BHUMAHHE HA ONPOCHOM Memooe
C TTOMOIIBIO CHELHMANBGHON aHKETbI, YUUTHIBAIO-
el Kak oOIine XapaKTepHCTHKHA aBHApEHCOB,
TaK ¥ XapaKTEePUCTUKH NTACCAKUPOB M UX MHEHUS
0 Pa3IMYHbIX aCTIeKTaxX aBUapeica.

WUCXOOHbIE OAHHbLIE

Hcnonp3yemblit HaO0Op JaHHBIX CONEPKHUT
pe3yNbTaThl, MOJMyYCHHBIC HA OCHOBE aHKETHI-
OIIPOCHHKA, B KOTOPOH OTPa)kKeHO OTHOIICHHE
MaCCaXXMPOB K PA3IMYHBIM acIeKTaM peiica.
Jlannbie 6b111 06HaporoBansl Tumotu KistitHom
(Timothy J. Klein) Ha momymnsipHoM mopraie
Kaggle'. IleneBoit mepeMeHHOU sABIACTCA
«satisfaction», mpuHUMAarOImAs 1Ba 3HAYCHUSL
«neutral or dissatisfied» (HeiiTpanbHas 1160 oTpu-
LarenbHast OLICHKA) U «satisfied» (TonoxurensHas
onieHka). OpurrHaIbHbIC Ha3BaHUS IPYTUX Mepe-
MEHHBIX (ITyHKTOB aHKETHI), IEPEBOJL HA PYCCKUH
SI3BIK 9THX Ha3BaHWH M paciIn(poBKa 3HAUYCHUH
IIpeJICTaBIICHBI B TA0M. 1.

Bcst BEIOOpKa JaHHBIX pa30MTa Ha IBE YaCTH —
oOyyatomuii Habop (train) ¥ TECTOBBIM HAOOP
JaHHBIX (test). B oOygaromuii Habop BOIILITH pe-
3ynbTatsl onpoca 103904 naccaxxupos, B TECTO-
BBl — 25976 maccaxxupoB. Cyzst IO ONHCAHHIO
JTaHHBIX, aBHAKOMIIAaHWS, X TPEJOCTaBHBIIAs,
TIO)KeJIajla OcTaTbcsi aHOHUMHOM. Bmecre ¢ Tem,
9TU JTaHHBIC NPHUBJIEKIN BHUMAHHE JOCTAaTOYHO
0O0JIBIIIOro KOJIIYECTBa HecieioBaTenei. OTyeTsl,
CBSI3aHHBIE C TIOCTPOEHUEM MOJIENH, OOBSICHSIO-
11ei1 yI0BIETBOPEHHOCTh-HEYJOBIETBOPEHHOCTD
IIaCcCaKMPOB, MPUBEACHBI HA COOTBETCTBYIOIINX
crpanmnax Kaggle. HanOosee nonHslii 1 netanb-
HBIH aHai M3 OBbLI NMPOBENCH B aHAIMTHYCCKOU
YacCTH MCCIIEAO0BAHNS « YIOBIETBOPEHOCTD aBHa-

! Airline Passenger Satisfaction. [DnexTpoHHBII pecypc]:
https://www.kaggle.com/datasets/teejmahal20/airline-
passenger-satisfaction. Jloctym 07.01.2024.
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Ta6auna 1

IIyHKTBI aHKETbI-0NIPOCHUKA
00 yI0BJIETBOPEHHOCTH MACCAKUPOB
Pa3IMYHBIMM acIIeKTAMHU aBHapeiica
[cocTaBiieHO aBTOpaMHu
no Airline Passenger Satisfaction']

Ne | OpurunansHoe | OnMcaHue MyHKTa Ha PYCCKOM
Ha3BaHHE SI3BIKE
ITyHKTa ¥ pacmu(pOBKa 3HAUCHHI

1 | Gender Tlon: My»XCKOW MIIH )KEHCKUI

2 | Customer Type | Tum KIHeHTA: TOCTOSHHBIH

WITH HETIOCTOSIHHBINA KIIMCHT
ABHAKOMITAHHH

3 |Age Bo3spact: dakruueckuii Bo3pact

naccaxupa

4 | Type of Travel | Tum myTeriecTBys: TUYHAS HIH

JIeIIOBast OE3/Ka
5 | Class Kitacc: 6usHec, 5KOHOM, SKOHOM
ILTIOC

6 | Flight Distance | [TonetHoe paccrosiue

7 | Inflight wifi Onenka Wi-Fi cBs3u Ha 6opTy
service (0: Her ouenky; 1-5)

8 | Departure/ OueHka BpeMEHHU OTIPABIICHHS/
Arrival time npubsITus (0: HeT oneHky; 1-5)
convenient

9 | Ease of Online | OneHka oHIaitH-OpOHUpPOBAHUS
booking (0: met ouenku; 1-5)

10 | Gate location | OrieHKa pacroI0oKEHHUs BBIXOJOB

Ha nocazky (0: HeT oneHkH; 1-5)

11 | Food and drink | Onenka nutanus Ha 60pTy

(0: met ouenku; 1-5)
12 | Online O1ieHKa yCIIyTH MO BHITHCHIBAHUIO
boarding 1I0CaI0YHOTO TaJOHA OHJIAHH
(0: met ouenku; 1-5)
13 | Seat comfort | Ouenka komdopra kpecern
B CaJlOHE
(0: Het ouenky; 1-5)

14 | Inflight OueHka pa3BiedeHUH Ha 6OpTy
entertainment | (0: et ouenku; 1-5)

15 | On-board Ouenka 00cyXuBaHUs Ha OOPTY
service (0: met ouenkwu; 1-5)

16 | Leg room JlononauTensHOE YI06CTBO
service U1 HOT

(0: He onleHMBaNOCH; 1-5)
17 | Baggage Orenka 00paboTku Oaraxa
handling (0: mer ouenkwu; 1-5)
18 | Checking OueHka CIry>XObl perucTpanuy
service (0: met ouenky; 1-5)
19 | Inflight service | Onenxa oOcIyXUBaHHS Ha OOPTY
BO BpeMs IojeTa
(0: Het onenky; 1-5)

20 | Cleanliness OreHka YUCTOTHI HA 6OPTY
(0: He oneHMBaNOChH; 1-5)

21 | Departure 3azmeprkka OTIPABIEHUS B MUHYTaX
Delay in
Minutes

22 | Arrival Delay | 3amepikka mpUOBITHS B MHHYTaX
in Minutes

®  Mwup TpaHcnopTa. 2024

naccaxxupoB» (4acth 1) [Airline Passenger
Satisfaction (Part 1)]2. Pe3ynsrarsl 3TOr0 aHaam3a
MBI O0CYIUM HIDKE W JIOTIOJHUM MONyYCHHbBIE
PE3yIBTaThl JAaHHBIME HAIIIETO HCCIIEIOBAHMS.

WUCMONb3YEMbIE METOAbI
W PE3YIIbTATbI AHAITU3A

B aHanuTHYECKOH YaCTH HMCCIEIOBAHMUS
[Airline Passenger Satisfaction (Part 1)]* aus
aHaJM3a Mcroyb3oBaiack naker Scikit-learn —
OJIMH U3 HanOOJIee MIUPOKO HCTIONB3YEMbIX MaKe-
toB Python nyist Data Science [Hayku o 1aHHBIX
u Machine Learning [MamuHHOTO 00yueHHMs].
[Mpumensiicst HabOp CTAHIAPTHBIX MPOLEAYD
CTaTUCTHYECKOTO OHOMEPHOTO U KOPPEIISIHOH-
HOTO aHAITH3a, & TAKXKE PSJI ATOPUTMOB MAIIIHH-
HOTO OOy4eHHMs: METO/ OnmKaiiiero cocena
(kNN), mairHa oriopHsIx BekTopoB (SVM), airo-
putMm AdaBoost, nepeBbs 1 jec pemenuid (DT u
Random Forest). CaenaHs ClienyroI e BEIBOIBI:

— st Metoza kNN (mipu k = 10) ommOka Ha
oOyuaroreii BpiOOpke cocraBmia 5,2 %, a Ha
TECTOBOH BBIOOpKE — 6,5 %0;

— JUTSL «MAIIIMHBI OTIOPHBIX BEKTOPOBY OLINO-
Ka KaK Ha 00yJaroleM, Tak ¥ Ha TeCTOBOM Habo-
pax cocraBuia 5 %;

— JUTS KITACCU(UKATOPOB «CITYUAHHBIH JIeC)
omrOka Ha 00yJarolieM Habope He HAOMFOIAIACh,
a Ha TeCTOBOM Habope oHa cocraBmia 3,9 %;

— s anropurma AdaBoost ommbOka Ha 00-
y4aroniem Habope coctasmia 7 %, a Ha TECTOBOM
Habope — 7,2 %;

— JUIS «IePEBbEB PEICHHUI C IPaUeHTHBIM
YCHJICHHEM» OIITHOKa Ha 00y YaroIIei K TECTOBOM
BBIOOpKax cocramisuia 5,5 % u 5,6 % coorset-
CTBEHHO.

Hawnydrmmii pe3ysbTrar mokasai Kiaccuguka-
TOp «CITy4alHbIH Jiecy (MOrPeHOCTh Ha TECTO-
BO#1 BBIOOpKE — 3,9 %).

B momonHeHne K MPOBEICHHOMY aHaU3y BO
BTOPOW YacTH MCCIIENOBAaHMs® ObLITa HATPEHUPO-
BaHa HEWPOCETh, MPOJAEMOHCTPHUPOBABIAS
omu0OKy Ha TeCTOBOM Habope JaHHBIX B 3,7 %
(oOydeHHe HEMPOCETH 3aHSIO TOYTH CEMb YacoB).

[To mMoBOAY MPHBEACHHOTO BHIIIE aHATH3A
c/ie71aeM HECKOJIbKO YTOYHEHUH 1 3aMEYaHHH.

Bo-niepBbix, B iuTHpyeMoM UcTouHuKe Airline
passenger satisfaction (Part 2)* uccinenosarenn

2 Airline Passenger Satisfaction (Part 1) [DnexrpoHHbIi
pecypce]: https://www.kaggle.com/code/frixinglife/airline-
passenger-satisfaction-part-1/notebook. loctym 07.01.2024.
3 Airline Passenger Satisfaction. (Part 2). [DmekrpoHHbIi
pecypc]: https://www.kaggle.com/code/frixinglife/airline-
passenger-satisfaction-part-2. loctym 07.01.2024.
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TECTOBYIO BBIOOPKY cliernial u3 oOyuaromiei ((aiin
train.csv), ucrionbs3oBaB 90 % Ha 00yuenune u 10 %
Ha TeCT. DTO, HA HAIl B3[VIAI, HE UMEET MPUHIIU-
MUHAJILHOTO 3HAYEHHs, TaK KaKk 00beM JaHHBIX
B IIEJIOM JOCTATOYHO BEJHK IS MOJydYCHHS
YCTOMUMBBIX MOJIEIIEH.

Bo-BTOPBIX, B UCXOIHBIX JJAHHBIX IPHCYTCTBO-
BaJId IPOITYCKH, KOAUPYeMBbIe Kak mudpa «0»,
U 3]IECh MCCIIEA0BATEIIb 3aII0JHSLT IIPOITYCKU Me-
JUAHHBIMM 3HAYEHUsIMH MpU3HakoB. Ha Haru
B3IUIAJ, K 3all0JHEHHUIO MPOIYCKOB B JAaHHBIX
HY>KHO OTHOCHTBCSI O4€Hb OCTOPOXKHO. ITO MOXKET
OBITH ITOJIE3HO TOJIBKO B CITy4Yae MajbIX BRIOOPOK,
JIa ¥ TO TIPH YCIIOBUH IOCTATOYHO MPOCTHIX CTPYK-
TYP JI@HHBIX, IMEFOIINX OJHOMOJIOBBIE IUIOTHOCTH
pacnpeneseH s 3HaYCHUH.

B-TpeThux, ¥ 3TO CaMO€ IIIaBHOE, B [IPUBE/IECH-
HOM HCCIIe[I0BaHHM (KaK, BIPOYEM, U B psje
JPYTHX, OMyOIMKOBaHHBIX Ha moptaie Kaggle)
CJlIeiaH, Ha Halll B3[VIs, HEBEPHBIN aKIEHT B Ca-
MO}¥ NOCTAHOBKE 3a/1a4H. 3/1€Ch JIEIat0TCsI MOTIBIT-
KH MOCTPOUTH KaK MOKHO 00JI€€ TOYHYHO MOJIEI,
CBSI3BIBAIOIIYIO XapaKTEPUCTHKH PEHCOB, macca-
JKMPOB U UX OLEHOK YaCTHBIX XapaKTEPUCTUK
00CITyKUBaHHs1, HO OTCYTCTBYET OCHOBHAS 11EJIb —
MaKCHMajbHO TOYHO BBISICHATH HMPUYHHBI, MO
KOTOPBIM MACCaKUPBI OBIBAIOT HETOBOJILHBI
yCIIyraMu aBHaKOMITaHHUH.

MBI MOMBITAIKCH BOCIOIHHUTh yYKa3aHHbIH
po0elt, MOBTOPHB, C OJHOW CTOPOHBI, aHAJIN3
JAHHBIX C MPUMEHEHUEM JPYyroid OMOIHOTEKH
MporpaMM MalIMHHOTO 00ydenus. C apyroi
CTOPOHBI, MBI JIOTIOJHSEM PE3YJILTAThI HAIIETO
HCCIIEI0BAHMS BHICOKOTOUHBIMHU HAaTTEPHAMH,
XapaKTEePHBIMH /11 TPYIIIBI HEOBOJIBHBIX M HEM-
TPaJbHBIX ABHAIACCAKUPOB, KOTOPbIE BBISABIISA-
FOTCS C TIOMOIIBIO HaIllel HHHOBAIIMOHHOM TEXHO-
nmorud SRMD (Structural Resonance in
Multidimensional Data) [11], pa3BuBaemoit
xommnanueit J{um [larrepuc?.

B HareM ucciie10BaHUU MbI HCIIOIb30BAJIH
MOMYJISIPHBIE aJITOPUTMBI, BXOJSIIHME B COCTAB
CBOOOIHOTO MPOrPaMMHOTI0 00ECIIeUeHUs ISt
aHaJin3a JaHHBIX ¥ MalIMHHOTO O0ydYeHHs,
yHuBepcutera Baiikato (Hoas 3enannus)
WEKA, pacnpocTpaHseMoro mo JIHIEH3UU
GNU GPL [12]:

— HaWBHBIN 0aiieCOBCKUIl KJIacCHU(PUKATOP;

— MHOTOCJIOMHBIN MepIEenTPOH, UCTIONIB3YIO-
[IMA aITOPUTM OOPaTHOTO PAaCIpOCTPAHEHHS
OIINOKH,

— merox ommxaimx coceneit (KNN);

* https://deeppatterns.com.
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— JIepeBbs pelleHNUH;

— CIIy4JalHBbIil Jec;

— JIOTUCTUYECKasi PErpeccHs;

— aJTOPUTM aJaNTHBHOTO OyCTHHTa
(AdaBoost);

— MallIlHa OMOPHBIX BEKTOPOB (SVM).

[Tpu ncnosibp30BaHUM yKa3aHHBIX METOJIOB
B OCHOBHOM IIPUMEHSUINCH ITapaMeTpbl, 33/IaHHbIE
o ymomyanuto B nakere WEKA. Bumecre ¢ Tem,
CIIeIyeT C/IeNlaTh HEKOTOpbIe yTOUHEeHHs. B kaue-
CTBE OJJHOW W3 BO3MOXKHBIX peaiM3aldil ajiro-
pHUTMa MaIlIMHBI OTIOPHBIX BEKTOPOB IIPHUMEHSUICS
anroputm SMO (Sequential Minimal Optimiza-
tion), onucannblii B [13]. IIpu 3TOoM Hcnosb30Ba-
JIOCh JIMHEHHoe a1po. B MHOTrOCITIOItHOM NepLen-
TPOHE KOJUYECTBO CJIOEB ONPENEsIOCh MO
¢dopmyiie (KOJIIM4eCTBO TEPEMEHHBIX + YHCIIO
KJIacCOB) / 2, TAKAM 00Pa30M YHCIIO CJIOCB COCTaB-
asno 12. Eme orMeTuM, 4TO IpU NOCTPOSHUU
JIEPEBBEB PEIICHHUI UCTIONB30BAIICS alITOPUTM J48,
KOTOPBIH SIBJISIETCSI aHAJIOTOM Ha Java M3BECTHOTO
anropurma C4.5 [14]. B anropurme AdaBoost
B KayeCTBE KJIACCU(HKATOPOB HCIIOJIB3YHOTCS
JIepeBbs pemeHui, nocrpoeHHsle J48. [Tpumepst
UCIIOJIb30BAHUS JTAaHHBIX aJTOPUTMOB B TPaHC-
TIOPTHOM OTpaciy paccMaTpHBAIUCH HAMH paHee
B cTaThax [15; 16].

B Tabn. 2 npuBeieHbI pe3ybTarhl IPUMEHe-
HUS YHOMSIHYTBIX METOZIOB JUISI TIOCTPOCHHS MO-
JIeNI TIpe/ICKa3aHus 3HaueHUH LieJIeBOU mepe-
MeHHoi «Satisfaction». Kpome ommb6ok Mozenei,
BBIUMCJICHHBIX Ha TECTOBOW BBIOOpKE (test.csv),
B TaONuIle MPUBEACHO BpeMsl, 3aTpaunBaeMoe Ha
CO3/1aHKe U Ha NPUMEHEHHE MOJISITH.

B 1ie110M nostyyeHHbIe pe3ynsraThl BO MHOTOM
CXOXKH C pe3yJbTaTaMH, ToJy4eHHbIME B Airline
Passenger Satisfaction (Part 1)>. B To ke Bpems
OTMETUM Oo0JblI0e (MTOYTH YETBIPEXKPATHOE)
OTJINYME TOYHOCTU «HAMBHOTO 0OaiieCcOBCKOTO
KJIacCU(HUKaTOpa» OT MAaKCUMAIIbHOW TOUYHOCTH,
JIOCTUTHYTOH MPUMEHEHHEM METOIA «CITyJaiiHbIi
necy. [TonoOHbIN (heHOMEH XapaKTepeH sl He-
OIHOPOIHBIX CTPYKTYP AaHHBIX, KOTOPbIE HEBO3-
MOXKHO aJIeKBaTHO OINHKCAaTh OOILEH MOJIEIbI0
B IIPOCTOH (HaNpuMep, JTMHEWHOH) MHTEpIPETH-
pyemoii ¢popme. Bmecre ¢ Tem, Oosiee ClIoKHbBIE
MOJIEJIM JIal0T BBICOKYIO TOYHOCTH, HO ILIOXO
HHTEPIPETHPYIOTCS, €CIM BOOOIIE TOIAAI0TCS
uHTepnperauyu. Harpumep, «1epeBo peneHunin,
IIOCTPOEHHOE C TMTOMOIIBI0 anroput™a J48, B Ha-
ieM ciydae uMeer 1378 nucTheB, 4TO co3qaeT
npo0seMbl 11 GOPMUPOBAHUS LIEIOCTHOTO BOC-
NPUSTUS. M IOHUMAHUS BBIIBISEMBIX B JIAHHBIX
B3aUMOCBS3€H.

Ok B. A., ManbiruH W. I. UccnepoBaHue kayecTBa 06CnyXMBaHUSA KIMEeHTOB aBUaKOMMaHUM1
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Tabauua 2
CponHas Ta01uLa pe3ya1bTaTOB MOCTPOEHHA
Mo Pa3InYHBIMH METOIaAMHU
MALIHHHOTO 00yYeHHUs
[BbIMOIHEHO aBTOpamMHu]

Meron Ommbka | Bpemst Ha | Bpems Ha
MOZIeNH | CO3qaHHe | MPHMEHEHHe
B % MOJIEJH, C | MOJIEIH, C

Hawusnsiit baiiec 15,48 0,48 0,43

Jlorucr. perpeccus | 12,85 2,68 0,19

SMO 12,64 1937,76 0,27

KNN (10-NN) 7,42 0,07 249,75

Mpmorocit. 4,35 218,33 0,24

MepLEenTPOH

JlepeBbs pewienuii | 4,24 11,44 0,19

J48

AdaBoost (J48) 4,12 128,02 0,32

Cryuaiinblii 1ec 3,78 47,85 2,06

Jl1st MeTozia CTpyKTYPHOTO pe30HaHCa B MHO-
roMepHbIX AaHHBIX SRMD, KoTopbIil MBI TpuMe-
HWJIM Ha CJIEYIOIIEM ATalle aHaIN3a, XapaKTePHO
TO, YTO OH HaIleJIeH Ha TIOMCK B IAHHBIX JIOTHYe-
CKHX npaBu «if-then», UMeIOMKMX py 3aJaHHON
TOYHOCTH (accuracy) MaKCUMAaJIbHYIO IOJHOTY
nokpeitus (recall) 00bexTOB COOCTBEHHOTO
Kinacca. OtuMm cBoiictBoM SRMD o6GecneunBa-
€TCsl XOpOllasi HHTEPIIPETUPYEMOCTh PE3YJIETaTOB

aHajM3a JaHHbIX. KpoMe TOro, 3aMeTHM, 4TO
SRMD He Hyx1aeTcst B KaKOM-JIH00 HCKYCCTBEH-
HOM 3aII0JIHCHHH [IPOITYCKOB B TAOIHIIE TAHHBIX —
TMIPOITYCKH IIPOCTO HEe 00padaThIBatOTCSL.

B Tab11. 3 npuBeeHbI HEKOTOPBIE BBICOKOTOY-
HbIE JIOTHYCCKHUE PABHIIA, 0OHAPYKEHHbIE B IKC-
MEPUMEHTAIBHBIX JAHHBIX OMPOCHUKA 00 yIOBIIe-
TBOPEHHOCTH MACCAKUPOB YCITyraMU aBHAKOMITa-
HHH.

[puBeneHHBIMY B Ta0I1. 3 MPaBUIIaMH C BBICO-
KO TOYHOCTBIO (OIIHOKA B COBOKYITHOCTH COCTAB-
nsiet 1,9 %) nmokpseiBaetcs 82 % aBHanaccaxupos,
KOTOpBIE [aJIA OTPHUIIATENBHYIO THO0 HEHTPaib-
HYIO OIICHKY aBHAKOMITaHHHU. [Ipy 3TOM U3 HHX
6onbIMHCTBO (57 %) cocTaBIAeT rPyIIIa JIIOAEH,
COBEPIIAIOIIIX JIHYHOE (HEIeT0BOE) MyTellie-
ctBue. U, B CBOIO OYepesib, MPAKTHIECKU BCE U3
3TuX 82 % BBICKA3bIBAIOT HEAOBOILCTBO H3-3a
Huskoro kadecrsa Wi-Fi cBsi3u Ha GopTy camo-
nera. [To-BuIuMoMy, aBHAKOMIIAHUS, TPOBO/IHB-
[1ast OIPOC, MOKET JOBOJIBHO CYIIECTBEHHO MO-
BBICHTH YIOBICTBOPEHHOCTh MACCAXKUPOB, yBe-
JIMYUB Ka9€CTBO TOH YCITYTH B CATIOHE CaMOJIETa.
Kpome Toro, oueBuaHBII (MCXOMS U3 TAHHBIX
TabJ1. 3) pecypc MOBBIIICHHUS KA4€CTBA 00CITYKH-
BaHUS KPOETCSI B COBEPIICHCTBOBAHUH MIPOIIEYP
OHJIAlH OPOHUPOBAHHS M PETHCTPAIIUH TACCAKHU-
PpOB.

Taoauna 3

BpbicokoTO4YHBIE JIOTHYECKHE npasuJja, Oﬁl-lapy)l(el-ll-lble B JTaHHBIX
AHKETbI-0INIPOCHUKA aBHANIaCCaKUPOB [BLIl'lOJ'lHeHO aBTOpaMI/I]

Ne IIpaBuio

ITonHoTA TouHoCTH

OTpHLATEITbHAs )

1 Ecau (ue 6mnuec ximacc) M (Onenxa Wi-Fi cBs3u Ha 60pTy) <=3 U (Onenka 0,538 0,986
onyaiiH-OponupoBanust) <=4 M (OueHka ycIIyru 10 BEINHCHIBAHUIO
1I0CaJ0YHOTO TaldoHa oHnaiiH) <= 3 To (OO6mas oleHKa HeHTpaabHas JIHO0

2 Ecmu (ue 6msnec xiacc) U (Ouenka Wi-Fi cBs3u Ha 6opry) <=3 U (Onenka 0,467 0,99
onnaiiH-6ponupoBanus) <= 3 U (Ouenka o6cmyxuBaHus Ha OOPTY BO BpeMst
norreta) > 2 To (OOmast oneHka HeWTpaabHast MO0 OTPHIIATENIBHAS)

OIICHKA HeHTpanbHas 1100 OTPHIATENbHAS)

3 Ecau (muunoe myremectsue) U (Ouenka Wi-Fi cBsa3u na 60opry) <= 3 To (O0mas | 0,431 1

4 Ecnu (munoe myremectsue) U (Ouenka omnaiiH-6ponuposanus) <= 3 To 0,402 0,992
(OO61uast oreHKa HefTpaabHas THO0 OTPHLATEIbHAS)

5 Ecnu (munoe myrtemectsue) U (Ouenka Wi-Fi cBs3u Ha 6opty) <= 4 0,357 0,989
M (Ouenxa onnaiiH-6ponuposanus) <= 4 U (OueHka ycIyry o BBITHCHIBAHUIO
T0CaI0YHOTO TajoHa oHnaiH) <= 3 U (OueHka TONOIHUTEIEHOTO yroOcTBa
qutst Hor) > 0 To (O6mast orieHKa HeHTpaabHas MO0 OTpHLATETbHAS)

6 Ecau (Ouenka Wi-Fi cBsi3u Ha 60pty) <=2 U (OneHka pacmnosioxenus Beixogos | 0,357 0,987
Ha nocaziky) > 2 To (O6mas oneHka HelfTpaabHas JIHOO0 OTpULATeIbHAs)

7 Ecnu (Bospact) <= 35 U (ue 6usnec kiacc) U (Ouenka Wi-Fi cBsizu Ha 60pTy) 0,315 0,994

<=3 To (O6mias oneHKa HelTpanbHas TNOO0 OTpULIATEIIbHAS)

8 Ecmu (Onenxa Wi-Fi cBsa3u Ha 60pty) <= 3 U (oueHka 3anepxku otnpasienus/ | 0,267 0,991
npubbiTas) > 3 U (Ouenka onnaitH-6ponuposanus) <= 3 U (Ouenka
o0cyxuBaHHs Ha O0pTY BO Bpems nomnera) > 2 To (O6mias oneHka HelfTpanbHas
1160 OTpHIATENIbHAS)

9 Ecmn (Onenka Wi-Fi cBssu Ha 6opty) <=2 U (Ouenka onnaiiH-0ponuposanus) | 0,263 0,996
<=2 U (OueHka pacmonoXeHus BBIX0I0B Ha mocanky)™> 2 To (O6mmast oreHka
HelfTpalbHast JIH00 OTpULATENbHAS)
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3AKINKOYEHUE

1. MeTomp! MalIMHHOTO O0YYCHHUS TIO3BOJITIOT
TIOJTyYaTh MOJIENH, CBS3bIBAIOLINE O0IIHE XapaK-
TEPUCTHUKHU aBHAPEHCOB, XapaKTEPUCTHKH ITacca-
JKHPOB U MX OICHKHU PA3JIMYHBIX YaCTHBIX YCIIyT
¢ 001Ieil yIOBICTBOPEHHOCTHIO MACCAKUPOB
aBHapencoM.

2. Hamnmyuime mo TOYHOCTH MOJICTH ObLIH
TOCTPOEHBI C IOMOLIBIO ATTOPUTMOB «CITyJaHHbIA
Jiecy (TOTrPEeITHOCTh Ha TECTOBOU BEIOOpKE — 3,9 %0)
Y HEWpOCETEBOTO MOIX0/a (TIOTPEIIHOCTH Ha TECTO-
Boi1 BeIOOpKE — 3,7 %). BmecTe ¢ Tem, yka3zaHHBIC
AJITOPUTMEBI HE TIO3BOJISIOT SIBHBIM 00pa30M BhIJe-
JUTh (PAKTOPBI, XapaKTepHbIE YISl MACCAKHPOB,
KOTOpBIE JINOO OTPHIIATETEHO, MO0 HEHTpaIbHO
OIICHHMBAOT YCJIYTH aBUAKOMITAHUH B TICIIOM.

3. TouHBIC JOTHYECKHE TIPaBMIIA, O0JaIar0-
1Me JOCTATOYHON BBICOKOM TOJHOTOM — maT-
TEepHBI MMACCAKUPOB, KOTOPbIE JHOO OTpHUIa-
TEJIhHO, TNO0 HEHTPATBHO OICHHUBAIOT YCIYTH
ABHAKOMIIAaHUU B IICJIOM — YIaJOCh BBISIBHTH
B JIaHHBIX C TIOMOIIBIO aJNTOPUTMa Ha OCHOBE
METO/Ia «CTPYKTYPHOTO PE30HAHCA» B MHOTOMEP-
HBEIX Ja"HHBIX SRMD.

4. B paccMOTpeHHOM CITydae U3 BBISBICHHBIX
MATTEPHOB CIICYCT YaCTHBIA BBIBOJ, YTO aBHA-
KOMIIaHUSI MOXKET CYIIECTBEHHO MOBBICHUTH YJIO-
BJICTBOPCHHOCTD ITACCAXXMPOB, YBEIHUYHNB Kade-
ctBo ycimyru Wi-Fi B canone camonera. Kpome
TOTO, 3HAYUTENBHBIN PECYpPC TIOBBIICHHUS Kade-
CTBa OOCITYy)KUBaHHUS aBHAMACCAXHPOB KPOCTCS
B COBEPIIICHCTBOBAHHUH IPOIICTYP OHJIANH OpOHH-
POBaHHS M PETHCTPAIIHH.
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AHHOTALIUA

QyHKYUOHUpPOBaHUE mpaHchopma u eceli Heobxodumoll dnsi
He20 UHbpacmpykmypbI nopoxoaem (heHoOMeH mpaHCNOPMHOU
akocucmeml. [pupoda MpaHCNOPMHbIX U UHbIX 803HUKAKOUYUX
8 paMKax mpaHcnopmHoU 3KocuCmeMb| NPaBoOMHOWEHUU 8 3Ha-
yumenbHoll Mepe 06ycrosieHa NPOUECCOM MeXHOM02UYECK020
pasgumusi obwecmea.

Llenb uccnedogaHus: Ha ocHose docmuxeHul npagogoli
26pMEHe8MUKU, NPUMEHEHUs! CUCMEMHO-NPagosoeo aHanu3a
npoaHanuauposams NPasosoli PeXuM MpaHCNOPMHbIX 3KOCU-
CMeM, 0CHOBaHHbIX Ha NPUHLUNAX (YHKUUOHUPOBAHUS UCKYC-
CMBeHHO20 UHMennekma. Ha ocHoge npumeHeHus memo0os
CpasHUMesbHO-NPagogoeo U hopmanbHo-00eMamuyecKo2o
aHanusa nony4eHbl HayyHble pe3ybmamsi 8 chepe mpaHc-

NOPMHO-NPasoeoll HayKu. B yacmHocmu, oCywecmesnneHo HaydHoe
060CHO8aHUE 2UNoMe3bl 0 MOM, Ymo UMNIEMERMAYUST 8bICOKO-
MEXHOMO2UYHO20 371eMeHma 6 8ude LCKYCCMBEHHO20 UHMeN-
nekma eneyem KapAuHarbHble U3MEHeHUs 8 Memodonoauyeckol
0CHOBE (hyHKUUOHUPOBAHUS MPaHCNOPMHbIX AKOCUCMEM, MPaHC-
¢hopmupyem KoHuenm ynpaerieHyeckozo o3delicmeusi Ha npo-
ucxodsiuiue 8 HUX NPOUECChl U 8redem usMmeHeHue npupodbi
U codepxaHusi Npagosozo peaynuposaHus MpaHCNOPMHbIX
U CMEXHbIX UM 0BUECMBEHHBIX OMHOWEHU(. TofyyeHHbIe 8bI80-
0Obl HanpaeseHbl Ha (hopMUPOBaHUE HOB020 Hay4yHO 06OCHOBaH-
HO20 npedcmasnieHus 0 NPagoBOM PEXUME MPaHCNOPMHbIX
3KOCUCMEM, OCHO8aHHbIX Ha NPUHULNAX hyHKUUOHUPOSAHUS UcC-
KyCCmeeHH020 UHMeIIekma.

Kntoyeebie cnosa: MpaHCNOPMHoe NPaso, Xo3slicmeeHHast OesmenbHOCMb, X035UCMeeHHas SKocucmema, mpaHcnopmHas 3Ko-

cucmema, UCKYCCmMeeHHbIU UHMesnnekm.
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BBEOEHUE

B Hacrosdmee BpeMst TpaHCHOPTHAs CUCTEMA
HMEeT CYIIHOCTHOE 3HaYEHHE Ul 00eCIIeUeHNS
JKH3HEICSATENbHOCTH O0IIEeCTBa U HAITHOHAIBHON
0€30I1aCHOCTH CTPaHBI, a yIpaBlIeHUE B 00JaCTH
TpPaHCIIOPTa SBIICTCS BaKHEHIIEeH (QyHKIneH
rocymapcTsa [ 1], TpeOyroriei mpuMeHEHHS KOMII-
JIeKCa METOJOB MPaBOBOTO PETYIMPOBAaHUS, Xa-
PaKTepHBIX AT OTpacieil kak myOIHMYHOTO, TaK
u vyactHoro npasa [2, C. 117; 3]. Pasnuunsie
BUJIBI TPAHCIIOPTa 00PA3yIOT CAMHYIO TPAHCIIOPT-
HYI0 CUCTEMY CTPaHbl, HyXAaIOMIyIOCs, KaKk
CTIPaBEIIBO OTMEUYAETCs CIICIIHAINCTaMH B 00-
JIACTH TPAHCIIOPTHOTI'O TIpaBa, B yIIOPsAA0UEHHOM,
CHCTEMHOM IIPaBOBOM perynupoBanut [3, C. §;
4]. Ilpu 3TOM OYEBHAHO, YTO PACCMATPHUBATH
TPAHCIIOPT B OTPBEIBE OT OOECIIeUNBAIOIIECH ero
HHPPACTPYKTYPHI PEICTABISCTCS METOLOIOTH-
YeCKH HEBEPHBIM, IOCKOJIBKY TPAaHCIIOPT Mpea-
CTaBIsIET COOOH «MHCTPYMEHT» OCYIIECTBICHUS
[1€PEBO30K U OKa3aHMs TPAHCHIOPTHBIX YCIIYT IIPU
HCIONB30BaHUN UMEIOIUXCS B PACHOPSDKCHUU
y TIpaBooOIaaTesns TPaHCIOPTa COOTBETCTBYIO-
LIUX TPAHCIIOPTHBIX U COMYTCTBYIOIUX UM KOM-
myHukauuit [5, C. 118].

OyHKIIMOHUPOBAHKE TPAHCIIOPTA U BCEH He-
00X0IMMO JIs1 HerO HHPPACTPYKTYPhI TOPOXK-
naeT peHOMEH TPAHCIIOPTHON 3KOCHUCTEMBI, SB-
JISIOLENCs pa3HOBUHOCTBIO XO34MCTBEHHBIX
9KOCHCTEM HMHOPACTPYKTYpPHOTO XapakTepa.
IIpupona TpaHCHOPTHBIX U MHBIX PAaBOOTHOLLIE-
HUM, BO3HUKAIONINX B paMKaxX TPaHCIOPTHOM
9KOCHCTEMBI, B 3HAUUTENIBHOIT Mepe 00yCcIoBIeHa
MIPOIIECCOM TEXHOJOTHYECKOTO Pa3BUTHA 00IIe-
CTBa, YTO MOATBEPIKIAETCA PEe3ybTaTaMU LIEJIOT0
psiia CCIIENOBaHNUH, B KOTOPEIX 000CHOBBIBACTCS,
YTO MOSIBJIIEHUE U PAa3BUTUE HOBBIX TEXHOJIOI'MH
siBIIsieTCsl BbI3oBoM mpasy [5, C. 5; 7, C. 128].
VHHOBaLlMOHHOE pa3BUTUE TPAHCIOPTa TpedyeT
TIPUHATHS CHCTEMHBIX Mep, MMEIONINX HayJHO
000CHOBaHHBIA XapaKTep, HAIIPaBICHHBIX Ha
yperynupoBaHUe BO3HUKAIOUIUX MPU 3TOM HpO-
TUBOPEUUI MEX ]y paHee 1eiICTBOBaBIIUMH [1apa-
JUTMAIBHBIMA MOAXOAAaMH K 00eCHeYeHHIO
(YHKIIMOHHPOBAHHS TPAHCIIOPTHOW CHCTEMBI
U PUCKAMHU, CBSI3aHHBIMHU C BHEJPEHHEM HOBBIX
texunonoruii [8, C. 116].

B pamkax Hacrosmied craTbu NpeanpuHsITa
MOTIBITKA MPOAHATU3UPOBATh MIPABOBOM PEXKUM
TPAHCHOPTHBIX SKOCHCTEM, OCHOBAHHBIX Ha ITPUH-
numax QyHKIIHOHUPOBAHHUS HCKYCCTBEHHOTO
HHTEJUIEKTA.

PE3YNbTATbI U OBCYXXAEHUE

[Ipu n3ydeHHH HEMHOTOYHCIICHHBIX HCTOY-
HUKOB MO MpoOJeMaTuke XO03sIMCTBEHHBIX KO-
CHUCTEM MOXKCT CIIOXKUTHCA BIICUATIICHUEC, UTO 3TO
HEYTO HOBOE, CBOMCTBEHHOE JIUIITH HAIIEH COBpE-
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MEHHOCTH. OnHaKo ()eHOMEH XO035HCTBEHHBIX
IKOCHCTEM He SBIIIeTCS H300peTeHneM COBPEMEH-
HOro oOmecTBa. AHaJIOTHYHbBIE MO CBOCH MpH-
POZie CUCTEMBI X03HCTBOBAHHSI H3BECTHBI YEJIO-
BEYECTBY C PEBHUX BpeMeH (Hanboiiee N3BeCT-
HBIMHU U3 HUX SBISIIOTCA «Benukuil menkoBbii
ITyTh» B APEBHEH A31H, CHCTEMBI BOIOCHAOKEHHS
JIpEeBHEPUMCKHUX roponoB, bpuranckas Oct-
Wnnckas xomnanus u ap.). ChopMuposasmrascs
B CCCP cucrema moTpeOHUTENbCKON KOOTIEPAIHH
U ee HACJIEAHUKHU Ha MIOCTCOBETCKOM IIPOCTPaH-
CTBE SIBJISIFOTCSI IPKUM HPHMEPOM XO3SIHCTBEHHOM
9KocHCcTeMHOCTH. OCHOBOIONATAIOINM IPH3HA-
KOM Ka)KIOTO M3 Ha3BaHHBIX BapHAaHTOB XO3sIH-
CTBEHHBIX PKOCHUCTEM SBISIACH U ABISIETCS A0
CHX TIOP COBOKYITHOCTh KOMMYHHKAIIMH ¥ MHBIX
00BbeKTOB, (HYOPMUPYIOLINX HHPPACTPYKTYPY.

VHBIMH CTOBaMH, HCTOPUYECKHU CIIOKHIIOCH,
YTO X0O35HCTBEHHAs HKOCHCTEMA SIBIISIETCSI COp-
MHPOBABIINMCS B CUITy (JaKTOPOB 0OBEKTHBHOTO
XapakTepa CMMOM030M OOBEKTOB IpaB pa3iIvd-
HOTO XapakTepa M CyOBEKTOB, HCIOIb3YIOLINX
Takue 00bEKTHI Ha OCHOBE HEKOU OOMIETIPHHSTOM
METOAOIOTUH IJIsl TPOU3BOACTBA aKTyalIbHBIX UL
COBPEMEHHO X035 MCTBEHHOH SKOCHCTEMBI 001IIe-
CTBa M rocy/iapcTBa IpoayKToB. [1pn aTOM X035~
CTBEHHAsI KOCcHCTEMa (OPMUPYETCSI ¥ PyHKITHO-
HHUpPYET Ha OCHOBE TOH )K€ COBOKYITHOCTH TIPHH-
IIUIIOB, YTO U OHOJIOTHUECKUE 3KOCUCTEMBI, TaK
KaK B OCHOBE caMoro (akTa ux CyIeCTBOBAHHS
HaXOJIUTCsl OCHOBOIIONAraromas uaes, Gopmu-
pyolast KOHCTPYKIIHIO SKOCHCTEMBI, — CO3/IaHUE
1 (QyHKIMOHUPOBAHHE COBOKYITHOCTH MyTeH CO-
o01eHns1, 00eCIeYNBAIONIIX OBICTPOE U CHCTEM-
HOE JXKH3HeoOecreyeHne Bcex 0e3 MCKII0oYEeHHs
PE3UIAEHTOB YKOCUCTEMBI U CIICYIOIIHX Yepes Hee
00BEKTOB U CyOBEKTOB.

VHBIMHU CIIOBAMHU, X03:1ICIMBEHHAS IKOCUCTIE-
Ma — 3TO Bcerna NMpHoOpeTaromast Iy OIIHbIH
xapakrep (mpu4eM He 00ycioBieHHas GpopMoi
COOCTBEHHOCTH Ha CPEICTBA MPOU3BOACTBA, CO-
CTaBJISIIOIIAS «EIMHYIO IIAT(OPMY» XO3SHCTBEH-
HOM 9KOCHUCTEMBI) COBOKYITHOCTb Iy Tl cO001IIe-
HUS, COBMELICHHBIX C NMPOYMMHU KOMMYHHKa-
IIUSIMU, 1 00CITy’KUBAIOIIEH ee HHYPACTPYKTYPHL,
obecreunBaloIast )XKU3HEASATEIILHOCTh OIpesie-
JIEHHOTO MaJIoTO MM OOJIBIIOro cooOmmiecTBa
JTIOJEM.

CxazaHHOE MO3BOJISIET CeNaTh BBIBO, IIpe-
OIIPEIEIISIONINI CyTh HACTOSIIETO NCCIICOBAHNSL:
cam (axkt GopMHpPOBaHHS PETHOHAIBHOW WIIH
eANHON 00IIerocynapcTBEHHOH TPaHCIIOPTHOMH
CHCTEMBI 03Ha4aeT (POPMHUPOBAHHUE XO3SHCTBEH-
HOM IKOCHCTEMBI (€CITH OBITh TOYHBIMH, TO TAKOH
€€ Pa3HOBHIHOCTH KaK TPAHCIIOPTHAS SKOCUCTE-
Ma). ToT daxT, 4To TpaHCTIOPTHAS CHCTEMA BCETa
MHTETPUPOBaHa B OOIIETOCYAAPCTBEHHYIO CHC-
TeMy HaKOILUICHHs, 00CITy>KUBAaHUsI, paclpeesne-
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HUS ¥ IlepepacipeseieHns omar (To eCTh B KOM-
MYHAaJIbHOE XO3SIHCTBO, SIBISIOIIEECS Oe3yCIIOB-
HBIM CBOHCTBOM M 00S3aTEIbHBIM JJIEMEHTOM
KOHCTPYKIMH JIFOOOTO TOCYAapcTBa), MO3BOJISIET
KOHCTaTHPOBATh €IIe OJWH (aKT: TPAaHCIOPTHAs
cucTeMa U HeoOxomuMast st ee (pyHKIIHOHHPO-
BaHUsl MH(PPACTPYKTypa (KaK XO3sHCTBEHHAs
9KOCHCTEMA) SIBIISETCS KITIOUEBOH U 00513aTeNIbHO
HeoOXoauMoH aiisi GOPMUPOBAHHS HAITMOHAIH-
HOTO KOMMYHAJIBHOTO XO3SICTBa KaK «OOJIBIIOi
XO35HICTBEHHON (MaKpO’KOHOMHUUECKOI) IKOoCH-
CTEMBI».

N3BectHbIil 3x0oHOMHECT [)keiimc Myp yT-
BEPKJIAJI, IPETIOMIISIS HICH0 OMOIOTHYECKHUX KO-
CHCTEM Ha CUCTEMY «UEJIOBEUECKOTO X035 CTBO-
BaHHUS», YTO «KAK M €€ OMOJIOTMYeCKHil aHaJIor,
OM3HeCc-3KOCHCTEMa TTOCTENICHHO MEePEXOANT OT
city4aifHoro Habopa 3JIeMEHTOB K Oonee CTpyK-
TYpUpPOBaHHOMY coobuiecTBy»'. JlaHHas unes
(hakTUdeckHn moMoria HACHTU(GUITUPOBATH TIPH-
poxy Takoro 00bEKTHBHO CYIIECTBYIOIIETO COITH-
aJIbHOTO MHCTHUTYTa KAaK XO3AHCTBEHHBIE 3KOCH-
CTEMBI, TPAaHCIMPOBAB TEM CaMbIM Ha deJI0oBede-
CKOe O0IIEeCTBO TONYUYHBIIYIO PU3HAHUE HIICIO
Opuranckoro 6oranuka A. TOHCIHM O B3aUMOCBSI-
3aHHOCTH, B3aMMO3aBUCHMOCTH M B3aMMOAEH-
CTBUM XMBBIX OPTaHU3MOB B PAMKax OIpEIeIIeH-
HOW OOBEKTHUBHO CIOKHUBIICHCS CpeIsl UX O0H-
TaHUs, IPHIYMABILIETO TEPMUH «IKOCHCTEMa» .

OIHaKo COBPEMEHHOE COCTOSTHUE JIOKTPHHBI
XO3SICTBEHHBIX 3KOCHUCTEM COICPIKHUT OIpesie-
JICHHBIE HEIOCTATKH: YKOHOMUYECKasl IUTeparTy-
pa, IpsIMO MM KOCBEHHO 3aTparuBarolias mpo-
611eMaTHKy XO3SIMCTBEHHBIX JKOCHCTEM, IO3BO-
JISIET CAETIATh BBIBOA, YTO HaHOOJIee pacipocTpa-
HEHHBIM BapHAHTOM OHIMAaHHUS XO3IHCTBEHHBIX
9KOCHUCTEM B HKOHOMHYECKOH HayKe SIBIISCTCS
00yCIIOBIIEHHOE BOJICH MTpeAnpruHUMAaTeei (0co-
OEHHO TOTYEePKUBACM, YTO UMEHHO IPEIIPHUHU-
Maresiel, a He CyObeKTOB XO3SHCTBEHHOU naesi-
TEIIBHOCTH B IIEJIOM, YTO CYIIECTBEHHO CYyXaeT
KpYT CyOBEKTOB TAKHX OTHOIICHHH) KJIaCTEpHOE
WJIM CETEBOE Pa3BUTHE XO3SIHCTBEHHBIX OTHOIIIE-
HUMH, ecin 1 00yCIIOBJIEHHOE acleKToM MH(pa-
CTPYKTYpBbI, TO pacCMaTPHBAEMBbIM JINIIb B Kaue-
CTBE COITYTCTBYIOIIETO MeMEHTa (PyHKIINOHMPO-
BaHHSI X03HUCTBEHHOM dKocucTeMsl [9, C. 1499].

VHbIMI CcIIOBaMH, €CJIM PYKOBOJICTBOBAThCS
JIOTMaTaMu SKOHOMHYECKON HAyKH, TO XO3sM-
CTBEHHAs YKOCHCTEMa — 3TO Pe3yNIbTaT HCKITIOIH-
TeNbHO 00YCIIOBICHHOTO BOJICH CyObEKTOB Ipe-
TIPUHIMATENBCKOH IesTeNbHOCTH (POPMHUPOBaHUS

' Yro Takoe OMU3HEC-3KOCHCTEMBI H 3a4eM OHH HY)KHBI.
[OnexTponnslit pecypc]: https://trends.rbc.ru/trends/
innovation/6087¢5899a7947ed35fdbbf3. Joctym 21.12.2023.

2 Dkocucrtema. [DaeKkTpoHHBIH pecypc]: http://www.
lomonosov-fund.ru/enc/ru/encyclopedia:0134539: article.
Jocrym 21.12.2023.
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HEKOH OpraHU3allMOHHO-TIPABOBOM KOHCTPYKIIMU
CETEBOTO WM KJIACTEPHOTO THIIA, CaM (aKT CyIIe-
CTBOBaHUsI KOTOPOU CBsI3aH HE C (POPMHUPOBAHHEM
«xoM(}OpTHOI» WHPPACTPYKTYPHI IS XO3SIi-
CTBOBAHUSI C CaMBIMU Pa3HOOOPa3HBIMU LESIMH,
a BBITEKAET U3 UJEH YBEJINUECHUS TPOJIAXK U COOT-
BercTBeHHO Ipubsun [10]. Ecam ckasanHoe
MPUOTH3UTH K TIOHUMAHHUIO CHCTEMBI X035HCTBO-
BaHUsl, CBOIICTBEHHOMY NPaBOBOM WJIM IIOJIUTO-
JIOTUYECKOW HayKaM, TO MO)KHO KOHCTaTHPOBaTh
KpaliHe 3ay’>KeHHOE TIOHUMaHHUEe MPUPOJIbI X035~
CTBEHHBIX YKOCHCTEM B DKOHOMHUYECKOW HayKe,
IIOCKOJIBKY OHO CBOAMTCS JIUIIb K OJHOMY €/1UH-
CTBEHHOMY BapHaHTy BO3HMKHOBEHHUS TaKOW
9KOCHUCTEMBI — MHUIIMATUBHOMY, IIpeaIoiararo-
meMy co3faHne U (QyHKIIMOHHPOBAaHUE TaKOH
XO3SIICTBEHHON OOI[HOCTH B SKOHOMHUYECKON
rpynne Jul. Y XoTs B 5KOHOMHUYECKOH JInTepa-
Type ONHUCHIBAIOTCSI CaMble Pa3sHOOOpa3HBIC Me-
TOHONOTHH QYHKIIHOHHPOBAHUS X03IHCTBEHHBIX
9KOCHCTEM (YTO CBHICTENBCTBYET 00 M3y4eHHO-
CTH Pa3UYHBIX THIIOB, BUIOB U (HOPM XO3sIii-
CTBEHHBIX 9KOCHUCTEM), B 000OIIIECHHOM BapHUaHTe
BCE PaBHO TPAHCIUPYETCS UJIesl SIKOHOMHUIECKOM
TPYMIIbI JIHLL.

ITockonbKky BHUMaHUE XO3SHCTBEHHBIM 3KO-
cUCTeMaM JI0 TTOCIIeTHETO BpEMEHH yAesIa JIUIIb
SKOHOMHUYECKas Hayka, mpodiiemMa «hopMyIupo-
BOK» moporia 3QGeKT OIHUO0YHOTO BOCIPHUATHSL
HMHCTUTYTAa XO3SIHCTBEHHBIX IKOCUCTEM B HAYYHOM
1 TIPaKTHYECKOM coolmecTBax. B To ke Bpems
OTCYTCTBHUE 10 JAHHOMY BOIIPOCY IMO3UIIMH 3aKO-
HomaTenst 00yCIIOBICHO OOBEKTHBHBIMHU TPHIH-
HaMU: Ui TOCyJapcTBa A0 HEIABHETO BPEMEHU
(mo MOMeHTa HACTYIIJICHHS TaKk Ha3bIBaeMOM
«unpoBOI FMOXKW») BCE BAPHAHTHI BHEIIHETO
BOIUIOLLEHUS XO3HCTBEHHBIX SKOCUCTEM UMENH
7 WMEIOT JIB€ BHEIIHHE (OPMBI BBIPAKECHHUS —
HHpaACTPYKTypa roCyIapcTBa MM SKOHOMHYEC-
CKasl TpyIna Juil.

KapnunansHbiM 00pa3oM BOCIpUSITHE X035 -
CTBEHHBIX 9KOCHCTEM B OOIIIECTBE M TOCYapCTBE
M3MEHHUJIOCH JIUIIb ¢ BOBHUKHOBEHUEM TaKOTO
(eHOMeHa, Kak IU(POBBIE IIATPOPMBI yITpaBIIe-
HUS XO3SHCTBEHHBIMH 3KOocHcTeMaMu. MIMEHHO
9TO CHOCOOCTBOBAJIO 3aPOXKICHHUIO TaKOW HOBOH
Pa3HOBHUHOCTH XO35HCTBEHHBIX S9KOCUCTEM, KaK
«uudpoBbie IKOCUCTEMbI». M XOTS MOI00HYIO
KBaJH(UKALUIO XO3HCTBEHHON YKOCHCTEMBI MBI
CUHTAEM JIUIIH YCIOBHO KOPPEKTHOH (O0Tpakaro-
el ckopee creun(UKy BUAA XO3SHCTBEHHOMN
JeATEIbHOCTH, HEXEIU MPUPONY U NPABOBYIO
KOHCTPYKIIHIO XO3HCTBEHHON SKOCUCTEMBI), IS
LeJell HACTOALEr0 UCCIEN0BAaHUS MBI BCE XK€
HCTIOJIb3yeM JIaHHBIN TEPMUH B TEKCTE CTATHH IS
TOTO, YTOOBI 0003HAYUTH TPHHIIUIIAAIEHO BaXK-
HBIA IIPU3HAK XO3HUCTBEHHOM 3KOCHUCTEMBI, OC-
HOBHBIM MaCCHBOM HH(PaACTPYKTYpBI KOTOPOI

2. Ne 1 (110). C. 50-57
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SIBISIETCS] HHPPACTPYKTYpa OOIIECTBEHHOW KOM-
MYHHKAIIMUd — TO €CTh COYeTaHue WH(HOpMaIu-
OHHOW U ()MHAHCOBOI HHPACTPYKTYPHI, TO3BO-
NAIOIed Ha NMPUHIHIIAAIEHO HOBOM YpPOBHE
3¢ (}EeKTHBHOCTH HCIIOJB30BaTh JBa (axkTopa
MPOU3BOJCTBA — HHPOPMALUIO U KamuTal.
KBanmnmerpudeckas orieHka TOHUMAaHUSI TaHHOTO
KOMIIJICKCHOTO TIPABOBOTO WHCTUTYTA CTAJIKUBA-
€TCs C «TPYIHOCTSIMU TepeBoAa». B 3Toil cBsizu
B paMKax HACTOSIIErO HCCIIeNOBaHMS (YIUTHIBAS
(hopmar HaydHOU CTaThu) MBI HICHTHQHUIIUPYEM
XO3HCTBEHHBIE YKOCHUCTEMEI, TIPEXKIE BCETO, Kak
MPaBOBYIO0 KOHCTPYKIHIO, TPEUMYIIECTBCHHO
OCTaBHB «32 CKOOKaMI» KOHCTPYKIIUIO OpraHU-
3auuonnyo [11, C. 12].

C Hamiel TOYKH 3peHus1, 0003HAaYCHHON HAaMH
B LEJIOM D€ CMEXHBIX HCCIEIOBaHHUM, MO
«XO3AUCMEEHHOL IKOCUCTEMOLL» MBI TIPETIaraeM
TIOHUMATh 8bIPAJNCEHHbIN 8 u3uteckol unu (u)
yupposoii opme snemenm urnppacmpyrxmypol
eocyoapcmea, ynpasnsaemblil YnorHOMOYeHHbIM
20¢y0apcmeom cyobekmom unu npagoodoradame-
J1eM (—71sMU) Ha OCHOBe eOUHOOOPAZHOU MENMOOO-
J02uU OCywecmeanenus nyonuyHoU Uil YacCmHoul
XO35UCMBEHHOU 0esmeNbHOCMU, 00ecneyusaro-
well peanuzayuio nyonuYHo20 uHmMepecd, UCnob-
3yembitl 0I5l PA3TUYHBIX 3AKOHHBIX Yeell Heo2pa-
HUYEHHbIM KPY2OM (PUUHECKUX TUY U OP2AHU3A-
yuil.

I[MomoOHOE ompemeneHUE MO3BOIIACT HE
TOJIBKO C(HOPMUPOBATH LIETOCTHOE TOKTPUHAIB-
HOE TIPENCTABICHUE O MPUPOJE M MPABOBOM
KOHCTPYKIIMH XO3SIICTBEHHOM 3KOCHCTEMBI, HO
U BBIJCIHUTH B MX 4YUCIC (HOPMATBHO SBISIO-
oMxcsl CyObeKTaMH 9acTHOTO MHTepeca MpaBo-
oOnajaresneil yOOMSHYTBIX paHee «IHPPOBBIX
9KOCHUCTEM» (HampuMmep, Takux kak Microsoft,
Apple, Samsung, Google, Telegram, Snnexc,
ByteDance (mmpaBoo0iaaTesb COLUANIBHON CETH
«TikTok»), Coepbank u ap.). [Ipu 3TOM HE mpu-
XOIUTCSI CTAaBUThH MO/l COMHEHHE TE€3UC O TOM, UTO
XO3SICTBEHHAS JIEATEIIBHOCTD TAKUX XO3SHCTBCH-
HBIX 9KOCHCTEM He TOJIBKO Mprodpera spKo BhIpa-
JKCHHBIH ITyONIIYHBIA XapaKTep U cTajla Crocoo-
HOW OKa3bIBaTh BIVSIHME HA COCTOSHUE HAIlHO-
HaJbHOI YKOHOMHKH, COLUATLHON U MOJIUTHYE-
CKOW cdep rocymapcTa, HO U Bce B OOJbIICH
CTEIIEHU CTAaHOBUTCS XO351IICTBEHHOI 1eATeNbHO-
CTBIO C DJICMEHTaMH aJMHHUCTPHPOBAHUS CHC-
TEMbI O0IIeCTBEHHBIX OTHOIEHHH. C mpakTHde-
CKOIl TOYKHM 3peHHUs, MOTOOHAST UICHTUDUKALIUSL
TTO3BOJISIET TOCYAAPCTBY (hopMHUpOBATH IS TieTIeh
HAIIMOHAIBHON 0E30MaCHOCTH MPO3PAYHYIO Kap-
THHY IIPaBOBOW KOHCTPYKIIMU XO3SUCTBEHHOU
NEATeTbHOCTH CaMbIX Pa3HOOOpa3HBIX XO3sH-
CTBCHHBIX DKOCHCTEM, IPOBOJS YETKYIO I'paHb
MEX]ly SKOHOMUYECKOU U IIOJIUTHYECKOM COCTaB-
JIAIOIIEN TaKoW X03MCTBEHHOM NeATENBHOCTH.
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Kpome Toro, ompenencHre paBoBOil KOH-
CTPYKLHUU XO35IICTBEHHON 9KOCUCTEMBI HA OCHO-
Be MpeAsiaraéMoil HaMH METOAOJIOTUH JTOTIOJIHU-
TEJNBHO TO3BOJISET MICHTH(UIIMPOBATH YIIPaB-
JISTFOIIETO TAaKOW IKOCUCTEMON CyOBEeKTa WU ee
npaBooOaiaTens B KauecTBe CyObeKTa IpyIcH-
[UAIBHOW MOHOTIONWY (SIBJISIFOIIEHCS] OTHUM U3
TUNOB MyOnu4HOU MoHomnonuu) [12, C. 78], uro
JlaeT BO3MOXXHOCTH TOCYAapCTBY IIPHUMEHSTH
B OTHOIIICHHUHU TaKHUX CyOBEKTOB JIerajbHbIC Oapb-
€pbl, 0COOBIH, MpedepeHIMATHHBIN HITH perpec-
CHUBHBIH IPaBOBOU PEXKUM OCYLIECTBIICHUS X031~
CTBEHHOH JEATEILHOCTH, 00CCIICUUBAIONIHI 3a-
[IUTY HaI[MOHAIBEHBIX HHTEPECOB B paMKaxX WH-
CTUTYyTa HAalMOHAaNbHON 3KOHOMHYECKOMU
0€30ITaCHOCTH M HAI[MOHAJIBHONW 0OE30IIaCHOCTH
B IIETIOM.

A c HamIelt TOYKY 3pSHHUS, 8CH0 COBOKYNHOCHb
U3BECIHBIX XO3AUCTNEBEHHBIX IKOCUCTHEM MONCHO
KAaccugpuyuposams ciedyrouum oopazom:

1. ITo kpumepuio macuwmaba ocywecmense-
MOTL 8 PAMKAX XO3AUCMBEHHOU IKOCUCTHEMbL XO-
3AUCMEEHHOU 0esAMeNTbHOCU.

— 001IeToCyJapCTBEHHBIE (MaKPOIKOHOMUYE-
CKH€) X03IHCTBCHHBIEC YKOCHCTEMBI, KOUMH BCETIa
ObuTH M OymyT TPaHCHOPTHAS SKOCHCTEMA IoCy-
JlapcTBa U KOMMYHAaJIbHOE XO3SIHCTBO, a TaKxke
pa3H4YHbIe 3JEMEHTHl HHPPACTPYKTYpPhI 001IIe-
CTBEHHOH KOMMYHUKAIUH, MPEACTaBICHHON
JIBYMsI CETMEHTaMH — HH()OPMAaIIOHHOW U (H-
HAHCOBOM MH(pacTpykTypoi (Takue kak EPUIT
B PeciyoOmuke benapyce, Coepoank B Poccuiickoit
Deneparnyn; X035 CTBEHHBIE SKOCUCTEMBI, CHOp-
MHUPOBAaHHBIE OMEPATOpaMHU MOOMIBHON CBSI3U
v Ip.);

— OTpacieBble XO3AHCTBEHHbBIE 3KOCHUCTEMBI,
JISHCTBYIOIYE B MPeeiiax YCIOBHOW OpraHu3a-
IIMOHHOHM KOHCTPYKIIUHU OIIPEAETIeHHOH O0Tpaciu
HAIIMOHANBEHON 3KOHOMHKH, €€ SKOHOMHYECKOTO
KOMITIEKCA WM CEKTOpa (B Ka4eCTBE IPHUMEPOB
MOYKHO ITpuBecTH [ 1apk BBICOKUX TEXHOIOTHIl WK
WHHOBAIIMOHHEIH IIEHTP «CKOIKOBOY);

— MHKPOSKOHOMHYECKHE (MUKPOXO3SHCTBEH-
HBIC) 9KOCHUCTEMBI, C(HOPMUPOBAHHEIC HA OCHOBE
YaCTHOW MHUIINATHBEL, OTHAKO B CHITY TEXHOJIOTH-
YECKUX 0COOCHHOCTEH TpaHCc(HOPMHUPOBABIINECS
B 3JIEMEHT HAI[HOHATEHOW ¥ (MITH) MEKIYHAPOI-
HOW MH(PPACTPYKTYPHI (K UX YHCIY OTHOCSTCS
XO3SHCTBEHHBIE YKOCHCTEMBI, OCHOBaHHBIC HA
HCTIONTb30BAaHUH NU(POBBIX TEXHOIOTHI).

2. Ilo kpumepuio npupoosi ynpasisiemou
unppacmpyxkmypuol:

— XO3SHCTBEHHBIE IKOCHCTEMBI, c(HOPMHUPO-
BaHHBIC HAa OCHOBE (hH3WYECKOH MHPPACTPyK-
TYypbL;

— XO3SICTBEHHBIE YKOCHCTEMBI, chopMHpo-
BaHHBIE Ha OCHOBE I (POBOI HHYPACTPYKTYPEI;
HIPY 5TOM OCOOCHHOCTBIO TAKMX SKOCHCTEM SIBIISI-
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eTCs TO, YTO OHHU Bcerna 00pasyroT SKOHOMUYe-
CKYIO TPYIIY JIMII, TIPUPOJa W MpaBoBasi KOH-
CTPYKLHSA KOTOPBIX KpalHe HecTaHIapTHa
W CIIOXHA, B CBA3U C 4eM TpeOyeT NPOBENCHUS
OTJENBFHOTO HAYYHOTO UCCIICIOBAHMS.

3. Ilo kpumepuio KOHLIOHKIMYPHOCIU.

— YVHHBEpCAIbHBIE X035 HCTBEHHBIE YKOCHUCTE-
MBI (TPaHCIIOPTHASI SKOCUCTEMa, KOMMYHAIBHOE
XO03SHCTBO; (PMHAHCOBAsI CHCTEMa TOCYIapCTBa);

— KOHBIOHKTYPHO OOYCJIOBJICHHBIC XO35i-
CTBEHHBIE SKOCHCTEMBI — 3KOCHUCTEMBI, AKTYyaJIb-
HbIE IS TOCYAAapCTBa U OOIIECTBa B MEPUOJ
BOCTPEOOBAaHHOCTH IPEOCTABISAEMON UMH TEX-
HOJIOTUYECKON OCHOBBI.

4. Ilo kpumepuio 06WHOCMU XO3ANUCTNEEHHO20
(2KOHOMUYECKO20) UHMEPeca Pe3UdeHmMos:

— XO3SIICTBEHHBIE YKOCHUCTEMBI, HE SIBIISIO-
[recst SJKOHOMUYECKOH TpyIoi JInI (KIaccude-
CKUH MTpUMeEp — TPAHCIIOPTHASI SKOCHCTEMA TOCY-
JlapcTBa U KOMMYHaJIbHOE XO3sIHICTBO rocynap-
CTBa);

— XO35IICTBEHHBIE HKOCUCTEMBI, SABJISIOIINECS
9KOHOMHUYECKON TPYTIIOH JIUII.

B uncne Ha3BaHHBIX Bapualuil XO3sSHCTBEH-
HBIX 9KOCUCTEM CYIIECTBYET BCEro OJHa IKOCH-
CTeMa «abCOMIOTHO YHUBEPCATEHOT0» XapaKTepa,
CIocoOHasi, KO BCEMY MPOUYEMY, «IOTIIOTHTEY»
CMEXXHBIE X035IICTBEHHbIE SKOCHCTEMBL. TakoBOM
ABIISICTCSI TPAHCIIOPTHAS 3KOCHUCTEMA rocynap-
cTBa. 1 ee ctocoOHOCTE cTaTh BCEOObEMITIOMIECH
MOJKET BOIUIOTHTHCS B PEajJbHOCTh MPH OJTHOM
(hyHIaMEHTAIFHOM YCIIOBHH — IIEpEXo/ie Ha Me-
TOROJIOTHYECKYIO OCHOBY, C(hOpPMHUPOBaHHYIO Ha
NpUHIKNAX (QYHKIMOHUPOBAHUS HCKYCCTBEH-
HOTO UHTEJUIEKTa. B 3TOM citydae TpaHcriopTHas
SKOCHCTEMa TOCylapcTBa CMOXET Impuobpectu
elle OJHY YHMKAJbHYIO U HEIOBTOPUMYIO OCO-
OEHHOCTh — OHa CMOXET OJHOBPEMEHHO CTaTh
XO3AMCTBEHHON HKOCUCTEMOH, HE sIBIIsIOLIeCS
9KOHOMHUYECKOU IPYIIION JINILI, U XO3THCTBEHHON
SKOCUCTEMOU — IKOHOMUYECKOW TPYIIION JINIL
(mpruem naHHAsT 0OCOOCHHOCTD SIBISCTCSI OHO-
BPEMEHHO IapaJoKCOM M 3aKOHOMEPHOCTHIO).
HNMeHHO naHHAs 0COOEHHOCTH TPaHCHOPTHON
9KOCHCTEMBI TIPENOTIPENIEINISIET, BO-TIEPBBIX, CIie-
nUpUKYy TPAHCIOPTHBIX U TPAHCIOPTHO-
KOMMYHMKALIMOHHBIX OTHOUIEHUH, a BO-BTOPBIX,
crnenuuKy TpaHCIOPTHOrO mpaBa (KOTOpoe
B YCJOBHUSAX INOBCEMECTHON MMIUIEMEHTalUUU
HCKYCCTBEHHOTO MHTEIJICKTA B CHCTEMY 00IIe-
CTBEHHBIX OTHOILIEHU B CKOPOM BPEMEHH KapIu-
HaJbHBIM 00pa30M MU3MEHUT CBOW CYIIHOCTHBIC
XapaKTePUCTUKH, TPAHC(HOPMUPOBABIIKNCE U3
HHPPACTPYKTYpHOH OTpaciH Ipasa B, IO CYTH,
CBOE0OPa3HOE KIPOMBIIUICHHOE IIPaBOy (II0 IPH-
YUHAM, OITUCHIBAEMBIM Jlajiee)).

DYHKIIMOHUPOBAHHUE TPAHCTIOPTA U BCEH He-
00XOMUMOIi 1711 HEeTO MH(PACTPYKTYPHI TOPOK-
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JaeT (EHOMEH XO3SIHCTBEHHOI 3KOCHCTEMB,
B KOTOPOH:

1. TpancnopTHasi cucTeMa M TPaHCIOpPTHas
HHPPACTPYKTypa TocyaapcTBa 00pas3yroT B CBOCH
COBOKYITHOCTH XO3HICTBEHHYIO 3KOCHCTEMY, 00B-
€IUHAIONIYI0 B CBOEH MPaBOBOM M OpraHU3allu-
OHHOM KOHCTPYKIIUU CYOBEKTOB XO3SHCTBEHHOU
JESATEIILHOCTH, B TIOJABIISIOIIEM OOJIBIIMHCTBE HE
AMEIOMIAX MEXKAY CO00M HUKAKOH IOPUINIECKOM
CBSI3U, KPOME MPUHAUIEKHOCTH K OTPACIH KO-
HOMHKH WJIM SKOHOMHYECKOMY KOMILIEKCY.

2. B oTcyTcTBHE B IPaBOBOI M OpraHU3anu-
OHHOW KOHCTPYKIUH «eIHHOU HU(POBOI IUIaT-
(opMBD» TPAaHCIIOPTHAS CHCTEMA 1 TPAHCTIOPTHAS
nH(pacTpyKTypa rocyapcTBa Hepa3phIBHO CBS-
3aHBI MEXKTY CO00I0, HO BCE K& PYHKITHOHUPYIOT
CaMOCTOSITeJIFHO APYT OT ApYyTa.

3. IMnneMeHTalus B TPAHCTIOPTHYIO CUCTEMY
1 TPAHCHOPTHYIO HHPPACTPYKTYPYy UCKYCCTBEH-
HOTO MHTEJUIEKTa, 00Jafaomero Ipru3HakoM
«eIMHOHM IUQPOBOH MIaTGOPMBD» W HaJEIICH-
HOro ()yHKUIMEH yIpaBleHUs IPOLECCOM Iepe-
BO3KH, aBTOMAaTHYECKH BII€YET yCTPaHEHUE Tpa-
HUI] MEX]y YCIIOBHOM «IIEPEBO3KON» U yCIOBHOU
«UH(PACTPYKTYpOH IIEpeBO30K», IPpeBpaIas Bce
«TPaAHCTIOPTHO-JIOTUCTUYECKOEY B €IMHBIN X034H-
CTBEHHBII OpraHu3M.

4. mriiiemMeHTanys B TPAHCIIOPTHYIO CHCTEMY
U TPAHCHOPTHYIO HHPPACTPYKTYPy UCKYyCCTBEH-
HOTO MHTEIUIEKTa, 00JIafafounero Ipru3HaKkoM
«eIMHOH IUQPOBOH MIaTGOPMBD» U HAJCIICH-
HOro (DYHKIHMEH YIpaBICHUs IPOLECCOM Iepe-
BO3KH, aBTOMaTHYECKH BIEYET HE TOJIBKO CTHPA-
HHE TPaHHI] MEXAy MH(PACTPYyKTYpOH «TpaHC-
MOPTHOTO XapakTepa», HO U (PaKTHIECKH Mpe-
BpalllaeT BCIO MHPPACTPYKTypy rocynapcraa
B «EIIMHYIO TPAHCIIOPTHYIO HHPPACTPYKTYPY».

5. Tpaucdopmamnms Bcel HHPPACTPYKTYPHI
rOCy/lapCTBa B «EMHYIO TPAHCIIOPTHYIO HH(pa-
CTPYKTYPYy» 3a C4ET MMIUIEMEHTALMU B ITPOLIECC
ee ()yHKLHOHUPOBAHHUS BEICOKOTEXHOJIOTHYHOTO
JJIEMEHTa B BUJI€ UCKYCCTBEHHOI'O MHTEILIEKTa
BJIEUCT KapAUHAIBHbBIC N3MEHEHHS B METOIOJIOTH-
YECKyI0 OCHOBY NPOM3BOJCTBA TOBAPOB U HX
cOBITa Ha TOBAPHBIX PHIHKAX, TOCKOJIBKY JFOOBIE
IIPOU3BOJICTBEHHBIE MOIITHOCTH OyIyT aBTOMAaTH-
YECKH BBIHYKJIEHBI HE TIPOCTO HHTETPUPOBATHCS
B «EAMHYIO TPAHCIIOPTHYIO UH(PACTPYKTYPY»,
a MpeBpaIlaThCsl BCETO JIMIIb B AIEMEHT TaKoi
«UHPPACTPYKTYPHI — MOHCTPA.

Eme Ha craguu «IIpoeKTHPOBaHUS) TPaHC-
TIOPTHOM 3KOCHUCTEMBI, OCHOBAHHOMN Ha MPHHIIH-
nax (yHKLIMOHUPOBAHMS HCKYCCTBEHHOIO MHTEJI-
JIEKTa, TIIABHBIM CPEICTBOM IPOM3BOACTBA Oar
B KOTOpOH Oy/IeT BBICTYTaTh OECIIIIOTHOE TPaHC-
MOPTHOE CPEACTBO WU TPAHCIIOPTHOE CPEICTBO,
MaKCHMaJIFHO aBTOHOMHO (DyHKITHOHHUPYIOIIEe OT
JIMLA, CIIOCOOHOTO YIIPABIATh MM, CIEAYET Olle-
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HUBATh KBAJIUMETPUUYECKHE XapaKTEPUCTUKH IPaB
C YYETOM CIIeIyIONHX (haKTOPOB:

1. ITockonbKy TpaHCHOPTHAS KOCHCTeMa (Kak
X034MCTBEHHAs! HKOCUCTEMA MAKpO- WJIH MeE30-
YPOBHS) IIpeBpaIlaeTcs B cUucTeMy, (QyHKIIHOHH-
pYIOLIYI0 Ha NPUHIMIIAX OPraHU3aLMOHHOTO
enuHCTBA (YTO O0OYCIOBICHO HEOOXOIUMOCTHIO
LEHTPAJIM30BAHHOTO M €INHOOOPA3HOTO yIpaB-
JICHUS €10 U3 CMHOTO IEHTPa, TPOANKTOBAHHON
COOOpaKEHUSIMU HALIMOHAJIBHOM 0€3011acCHOCTH),
HEOOXOIMMO MePEeCMOTPETh MOAXOBI K OIpere-
JICHUIO MPUPOABI CYyOBEKTOB XO35HCTBEHHOM
JeATeIHOCTH, HE CIIOCOOHBIX ITO CBOCH IPHPOJIe
ObITH Opranm3anysaMu. Bens Oymaymas TpaHciopT-
Hasl KOCUCcTeMa o0cykaaemMoro popmMara He Oy-
neT (popMalM30BaHa B IOPUANIECKOE JIHIIO WIIH
B OpraHU3aLuIo 0e3 CTaTyca IOPUIIMIECKOr0 JIUIIA.
310 OymeT KOHOMHUYECKas TPyIIa JINII, He SBII-
FOIIAsICsl OPTaHU3ALIMEH, OMHAKO (QYHKIIHOHUPYIO-
1jasi Ha OCHOBE NPUHIUIA OPraHU3aLIOHHOTO
eIMHCTBA, YIIpaBiseMas U3 €IUHOTO IIEHTpa Ha
OCHOBE €JJMHOTO aJIrOpUTMa, HO OJHOBPEMEHHO
MHOTMMH COCTAaBJISIIOILMMU TaKyl0 3KOHOMMYE-
CKYI0 TPYIIY JHI CyObeKTaMu XO3SHCTBEHHOMN
JeSITETbHOCTH.

Takoe moIoKeHne e peBpanaeT XxapaKre-
pU3yEMYyI0 SKOHOMHYECKYIO TpyIIly JIUI] B Jie-
rajlbHyl0 MOHOIIOJIMIO Ha TOBapHOM DBIHKE,
IIpUpoaa KOTOpOil Ha NaHHBIM MOMEHT He OIpe-
neneHa (TIOCKOBbKY OHa B OOJIbIIeit Mepe OyaeT
TATOTETH K TOCYAapCTBEHHON MOHOIIONINH — U, TI0-
JlaraeM, 4To UMEHHO MOJOOHOMY MOAXOIY Clie-
JyeT MPUIaTh IPHOPUTET — HO SIBHO HE IO/Iaza-
€T TOJA KPUTEPUHU €CTECTBEHHOH MOHOIOIHM).
[Ipuuem seranbHy0 MOHOIONHIO, BHYTPH KOTO-
POl U OCyLIECTBIAETCA KOHKypeHUusd. bonee
TOT0, 3TO KOHKYPEHIIHsI 0cO00T0 pO/ia: TOBAPHBIM
PBIHKOM B paMKax TaKOH JIeraJIbHOW MOHOIIOIUHN
OyZIeT BBICTYNATh «PBIHOK IPaB Ha YIpaBICHUE
TOBApHBIM PHIHKOM IIEPEBO30K». A 3TO MpPEAIo-
JlaraeT KOpeHHYI0 TpaHc(OpMalHio MPUPOABI
JIeTIBHBIX 0apbepoB, AaHTHMOHOIIOIEHOTO, KOH-
JULOUOHHOTO, HHPPACTPYKTYPHOTO H JaKe MPO-
MBILUIEHHOTO PeryJupOBaHuUsl.

2. TpaHcmopTHas 3KOCHCTEMa, OCHOBaHHAS Ha
NpUHOKNAX (GYHKIHOHHUPOBAHMS UCKYCCTBEH-
HOTO WHTEJUICKTa, TIOPOXKIACT eule OAUH (eHo-
MeH: KOMMYHAaJIbHOE XO3SICTBO B LIEJIOM, 00B-
eKTHI TIPOMBIIUICHHOTO Ha3HAYCHHUS U OOBEKTHI
cepbl yeiIyr Kak Obl «yTpadnBaIOT CBOIO CaMo-
CTOSITENILHOCTE». 1O €CTh, €CIIM paHee Takue
00BeKTH (HYHKIIMOHUPOBAIM caMu To cebe,
a TPaHCIIOPT M €ro MH(PACTPYKTypa — caMH I0
cebe, To ¢ MOMEHTa (POPMHUPOBAHHS TIOJTHOLICHHOH
TPaHCIOPTHON 3KOCHUCTEMBbI, OCHOBAHHOW Ha
MPUHIHNAX (GYHKIHOHHUPOBAHHS MUCKYCCTBEH-
HOTO MHTEJUIEKTa, KOMMYHAaJIbHOE XO3SHCTBO,
00BEKTHl MPOMBIIIICHHOTO Ha3HAYeHUs U 00b-
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eKTHI cepbl YCIyT MPEeBpaIlaloTCcs B IEMEHT
TPaHCIIOPTHOH SKOCHUCTEMBI, ()YHKIMOHHPOBAHHE
KOTOpOro (00beKTa) AOJKHO COOTBETCTBOBATH
TpeOOBaHUSAM TPAHCIIOPTHONH HH(PACTPYKTYPHI,
a He Ha000pOT (KaK 9TO UMEET MeCTO ceifdac).

COOTBETCTBEHHO, (PaKTHICCKH BCE 3aKOHO-
JIaTeNIbCTBO, PEryJIUpyolIee HEe TONBKO XO3sH-
CTBEHHYIO JICATEIBHOCTh, HO U TIOPSAIOK OCYIIIe-
CTBJICHUA AAMUHUCTPATUBHBIX TPOLIEAYDP, U JAKE
OpayHO-ceMeiiHOe 3aKOHOJATEeNbCTBO OyneT
MOATIeKATh KOPPEKTHPOBKE, HOO ¢ MOMEHTa (op-
MHUPOBaHHUs MOJHOLEHHON TPaHCIOPTHOM 3KO-
CHCTEMBI, 0OCHOBAHHOMW Ha IPHHIUIIAX (yHKIIHO-
HUPOBAHUA HCKYCCTBEHHOT'O MHTEJIJICKTA, TPAHC-
mopT ¥ ero uHppacTpykrypa OyayT HAXOTUTHCS
y)ke He Ha ynuie, a (paKkTHUeCKH B KBapTHpe,
a KBapTHpa MPEBPATUTCS BCErO JUIIL B SJIEMEHT
TPAaHCIIOPTHOH IKOCHCTEMBL.

3. TpaHcTiOpTHAst KOCHCTEMa, OCHOBAaHHAs Ha
NPUHIOUIAX (PYHKIHOHHUPOBAHHS HCKYCCTBEH-
HOTO MHTEIJICKTa, OPOXKIACT ellle OJHH, Ky/a
Oonee (yHIAMECHTAIBHBIHN, CIOKHO OCO3HABae-
MBIf ¥ OTIACHBIN (PCHOMEH: HapsAAy C «IpaBOM
4EeJI0BEUECKUM» BOSHHKAET HEOOXOIMMOCTh pa3-
pabOTKH U MPHUHATHS «MAIMHHOTO / TEXHOJIOTH-
YCCKOT'0 ITpaBa» — TO €CTh COBOKYITHOCTH IIPABUJIT
MOBE/ICHUS «OOJBIIOrO HOCUTENSD)» UCKYCCTBCH-
HOTO MHTEJUIEKTA U OTACIEHON MaIlIMHEI — HOCH-
TeJsl UCKYCCTBEHHOTO MHTEIUICKTa B paMKax
€XEeMHUHYTHOTO TIpoIlecca YIpaBJIeHUS TpaHC-
HIOPTHOH 3KOCUCTEMON. Beap «I1pocThIMU» TeX-
HUYECKUMH ANTOPUTMAMH, «HABSI3aHHBIMI» Ma-
HIMHAM YeJIOBEKOM, 000MTHCH B TAKOM ClTy4ae He
TOJIYYUTCS, TOCKOJIBKY 0POra — 3TO IOCTOSHHOE
IBIDKEHUE B MPOCTPAHCTBE M CPEeIH OOCTOA-
TCIILCTB.

COOTBETCTBEHHO, B CIIy4ae BOSHUKHOBEHHS
PHCKOB M yIp0O3 Pa3in4HOTO XapakTepa HCKyc-
CTBEHHBII HHTEIUICKT JOJDKCH OyIeT MPOU3BECTH
WX OLIEHKY M HAaWTHU IPaBOMEpPHBIA BBIXOJ W3
CJIOXKHBIICHCS cuTyaruu. [[puMepoB, Korma 3To
OyzeT HeoOXOIMMO, MOYKHO ITPUTyMaTh OTPOMHOE
MHOXeCTBO. Tak, eciay Ha MyTH OeCHHIOTHOTO
TPAHCIOPTHOTO CPECTBA, HAXOISIIETOCS B IBH-
KCHUU OJHOBPEMECHHO CO MHOXCCTBOM APYTUX
OCCNUIOTHBIX TPAHCIIOPTHBIX CPEICTB CaMOro
pa3MYHOTO Xapakrepa (HaduHas OT OCCITHIIOT-
HOTO JIPOHA, BBIMOTHAIOIIETO (DYHKIIUIO Kypbepa-
JIOCTABIIIMKA UL, ¥ 3aKaHYNBAasT OCCIMIOTHBIM
JICBUTHUPYOIUM B BO3AYIIHOM NPOCTPAaHCTBE
oe3J0M (Y4TO TAaK)KE BIIOJIHE BO3MOXKHO CTaHET
pPEeaTbHOCTBIO B OTHOCHTEIHHO CKOPOM Oymy-
11IeM) ), BOSHUKHET MPEMSATCTBUC B BUJIC YCIIOBEKA,
KOTOpOMY I10 00IIeMy NPaBIITy MalliHa HaBpe-
IUTh HE MOXKET, TO MalllHa 0e3yCIOBHO OyaeT
BEIHYXJICHa OCTaHOBUTHCS. Ho uro eciu Takas
OCTaHOBKa MOXET IOBJIeYb KaracTpoduueckue
MOCJIEACTBUS TEXHOTEHHOTO XapaKTepa, KOTOpbIe
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HEBO3MOXKHO HPEIOTBPATUTh, €CIIU IaHHOE KOH-
KpeTHOE OECHIIOTHOE TPAHCIIOPTHOE CPEACTBO
Oe3anpTepHaTHBHO ocTaHOBUTCA?! UTo ecnu
HE0OXOIMMBIM 1 HEM30€XKHBIM yCIIOBUEM yCTpa-
HEHHS TaKOH OOIIECTBEHHON OMACHOCTH OyaeT
SIBISTHCS BIDKCHHE OCCITMIIOTHOTO TPAHCIIOPT-
HOT'0 CPEACTBA BIICPE U TPUINHEHMUA BPEIa €10~
BeKy?! 3HaYUT B «IIPOCTOH AITOPUTM» (DYHKIIHO-
HUPOBAHUSI HCKYCCTBEHHOTO MHTEIUIEKTa HEOO0-
XOMMO JJOOABJIATH BIIOJIHE ceOe MPABOBYIO KOH-
CTPYKIHIO KpaliHedl HEeoOXOAUMOCTH,
000CHOBAaHHOTO PHCKA U JAKE KONIHOKHU B HAJIH-
YiH 00CTOATENBCTB, UCKIIOYAONINX «IPECTYII-
HOCTB» OCIHUA HOCUTEIA NCKYCCTBEHHOTO MHTEIT-
JICKTaY.

JIubo BTOpOI MpHMEp: OKa3aBIIMICS HA ITYTH
6eCTIIIOTHOTO TPAHCIIOPTHOTO CPECTBA YEIOBEK —
TEPPOPHCT WM HASMHBIN yOWiilla, yTrpOsKarOIIHI
JKM3HH U 3JI0POBbIO MACCAKUPOB TAKOTO TPAHC-
moptHOro cpencrea. CoOnromast «IpOCTOi anro-
PpUTM» (DYHKIIMOHUPOBAHKS HOCHTEIS HCKYCCTBEH-
HOTO HHTEIICKTa, OCCIMIOTHOE TPAHCIOPTHOE
CpPENCTBO NOIDKHO OyleT OCTaHOBHUTBHCS W MHUPHO
JIOXKUIAaThCs, TIOKA 371076 TOBEJET CBOM yMBbICEI
JI0 KOHIIA ¥ HE MOKUHET TPACKTOPUIO BIKCHHS
HAIIIETr0 TPAHCIIOPTHOIO CPEACTBA. A MOXET ObITh
TPAHCIIOPTHOE CPEJCTBO HE IPOCTO MOXET,
a JIOJIDKHO 00eCIIeUHTh 3aIlliTy CBOMM ITacCaKHpamM
B TAaKOW CUTyalluy, IPUYMHHUB IIPU 3TOM BpEJ
JKH3HU U 37I0POBBIO BCTPETHUBIIIETOCS Ha €T0 IMyTH
TEpPOPHCTa WK HaeMHoro youisr?! Ecim otBet
YTBEPIAUTENBHBIN, TO TOIA B KIPOCTOH aITOPUTM
(DyHKIMOHNPOBAHMUS HCKYCCTBEHHOTO HHTEIUICKTa
HEOOXOMMMO JI00ABISITH BIOJHE ceOe MPAaBOBYIO
KOHCTPYKIIUIO HEOOXOIMMOW 00OPOHBI FIIH JaXe
JIEHCTBUI MO MPEAOTBPAIIEHUIO OOIIECTBEHHO
OIACHBIX TTOCIICICTBHA.

Tperuii mprmMep: 6eCIUIIOTHOE TPAHCTIOPTHOE
CpPENCTBO IOMKHO OBITh JIUIIb OE3y4aCTHBIM CBH-
JIeTeJIeM MPaBOHAPYIICHUH JIT000ro poja, oo
OHO JIOJDKHO aKTHBHO Y4aCTBOBATh B OXpaHe 0011e-
CTBEHHOTO TIOpsI/IKa, 00eCIICYEHIN HAITHOHATBHOM
6e3omacHOCTH (K IPHMeEpPY, B KOHTPTEPPOPHCTH-
yecko AestenbHoCcTH). Ecnu emy npunaercs ax-
THUBHAA O3UNHA, TO OTO O3HAYACT KapANHAIIbHYIO
JIOMKY BCEH CHCTEMbI IPABOOXPAHUTEIIBHON JIes-
TETIFHOCTH, TIPEATIONAT A0y IO BKITIOUSHHE B COOT-
BETCTBYIOIIlEE 3aKOHOJATEIbCTBO €IIe OJHOTO
0J10Ka / ypOBHSI IPABOBBIX HOPM — «MAIIHHHOTO /
TEXHOJIOTHUECKOTO TIpaBa (poOOTo-TpaBa)».

IIpu 3TOM MO «MALIMHHBIM / TEXHOJIOTHYC-
CKUM TpaBoM (poOOTO-TIPaBOM)» MBI TIOHIMaeM
HE HETOHATHBIH [U1s1 IPOCTOro 00bIBATENS LIM(PO-
BOH aJITOPUTM, 3aJI0KEHHBIN B MPOLIECCOpP HOCH-
TeJIsl UCKYCCTBEHHOTO MHTENIEKTa, a COBOKYII-
HOCTB [IPABHJI B3aUMHOTO «IIPABOMEPHOT0)» TIOBE-
JCHUA YCJIOBCKA M OKPYXAOIINUX €Tr0 MallWH,
a TaK)Ke aHAJIOTMYHOTO B3aMMHOTO «IIPaBOMEp-
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HOTO» ITOBEACHUS MAallMH MEXAY co0oro. Bosz-
HUKHOBEHHE TaKOH COBOKYITHOCTH IIPABOBBIX HOPM
HOBOTO (popMara MOBJIEUET HE TOIbKO HEOOXOAH-
MOCTh TIepecMaTpPHBaTh KOHCTPYKIUIO CHCTEMBI
IIpaBa ¥ HOPMOTBOPYECKOTO IPOoLecca, HO U IpH-
HUMaTh peuicHHe 00 OIpe/IeICHUH MPaBOBOTO
peXrMa, a BOSMOXKHO J]aXKe U IIPABOBOTO TOJIOXKE-
HUsI HOCHTENSI HICKYCCTBEHHOTO HHTEILICKTA.

C Harmreit TOYKH 3peHNs, YeTOBEIECTBO OyneT
BBIHY’)K/ICHO IIPU3HATh HanOoJiee COBEPLICHHBIX
HOCHTEJICH UCKYyCCTBEHHOTO MHTEIUICKTA CyOBeK-
TUBUPOBAaHHBEIMH O0bekTamu mpaB. Kpome Toro,
TaKUM CyOBEKTHBHPOBAHHBEIM OOBEKTaM IIpaB
MTOHATOOHTCA «TIepcoHnpuKanys». [Tomaraem, 9ro
WHCTPYMEHTOM TaKOW MEepPCOHU(UKALMU MOXKET
CTaTh UHCTUTYT O0OBEKTOB MyOINIHON HACHTHDH-
Kauy (SIBJSIOLIMKCS HOBBIM THUIIOM OOBEKTOB
HHTEIUIEKTyaIbHOH COOCTBEHHOCTH), Mpeiarac-
MBIl Hay4HOH ILKOJOHW XO3SICTBEHHOIO IIpaBa
Benopycckoro rocynapcTBeHHOIO YHUBEPCHUTETA
[12,C.79; 13, C. 232].

HHcTuTyMOHATM3AIMS IPeIaraeéMoro HaMu
KOHIIETITa TIePCOHN(UKAINN HOCHUTEINICH HCKyC-
CTBEHHOTO MHTEJUIEKTA B Oy/IyIleM MO3BOJIUT pe-
LIUTh CPa3y HECKOJIBKO MPOOIEeM KOHILENTYalb-
HOTO Xapakrepa:

— YCTaHOBHUTH TEXHOJIOTHYECKYIO OTBETCTBEH-
HOCTB B Ka9eCTBE CIEIN(PHIECKOI Pa3HOBUAHOCTH
IOPUANYECKOH OTBETCTBEHHOCTHU Ul HOCHUTENei
HCKYCCTBEHHOTO HHTEJUICKTA (Y HaC HE BBI3BIBACT
COMHEHHS BOSHIKHOBEHHE HEOOXOMMOCTH HHCTH-
TYIHOHAIN3AINH TAKOH OTBETCTBEHHOCTH);

— BBIpaboTarTh «Qopmynry» pacrpeneneHus
IOPUIMYECKOH U SKOHOMUYECKOM (XO3sIHCTBEHHOM )
OTBETCTBEHHOCTH MEX/y COOCTBEHHHUKOM CPEIICTB
IIPOU3BOZICTBA B PAMKaX TPAHCIOPTHON 3KOCHCTE-
MBI, OCHOBAaHHOH Ha IPHHIIMIIAX (DYHKIOHUPOBA-
HUSI HCKYCCTBEHHOTO MHTEIUIEKTa, IIPaBooOIaga-
TeJIeM MPOYHX MPAB Ha TAKUE CPEACTBA (KOTOPHIC,
KaK OCHOBATEJHHO OTMEYAeTCs, B OyayIeM moiy-
yaT mupoKoe pactpoctpanenue [ 14, C. 55]), uase-
CTOpaMH, MHBIMH 3aHHTEPECOBAHHBIMU CYOBEK-
TaMH, a Takke HOCUTEISIMH UCKYyCCTBEHHOTO WH-
TEIJICKTa, YIPABISIOUIUMHI «SIIPOM» CIHHON
1rdpoBoil mrarhopMsl yIpapIeHHS TPAHCIOPT-
HOI1 SKOCHCTEeMOH Oyy1ero.

4. Eme oHUM, HE MEHee «TII00aTEHBIMY PeHO-
MEHOM, MOPOXKIAeMBIM TPAaHCHOPTHON 3KOCHCTE-
MO, OCHOBaHHOI Ha MIPUHIHUIAX (YHKIIHOHUPO-
BaHUS HUCKYCCTBCHHOTO HHTEIUICKTA, SIBIISCTCS
KapIMHAJbHAs JIOMKA OTHOLICHHI COOCTBEHHOCTH.

C Hamed TOYKH 3pEHHs, B TAKHX YCIIOBHAX
HHBECTOPBI yTPaTAT HHTEpPeC K MOIYUYECHHIO
HMMEHHO IipaBa COOCTBEHHOCTH Ha OOBEKTHI TPAHC-
MIOPTHOM M COMyTCTBYIOMIEH eif HH(PacTpyKTypHI,
a TarKe Ha SKCIUTyaTHPyeMBIC C €€ MCIOJIb30Ba-
HHEM OeCTHIIOTHBIE TPAHCIIOPTHBIE CPENCTBA.
Ckopee Bcero, 4to ¥ (pU3NYECKUE JUa JHO0
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yTpaTAT caMu MHTEpec K oOJIalaHUIo Ha IpaBe
COOCTBEHHOCTH TaKMMH TPAaHCIOPTHBIMH Cpel-
CTBaMH, JIMOO rocy/1apcTBO YCTaHOBUT 3alpeT Ha
1ooOHOE BliaieHue. I1o OyJeT 03Ha4arh 00yCIIOB-
JICHHYI0 OOBEKTUBHBIMU (pakTopamu (OOJIbIINH-
CTBO M3 KOTOPBIX — BBIHY)KAECHHOTO XapakTepa)
HEOOXOANMOCTH (PaKTHIECKOTO OTOCYIapCTBICHHS
CPEACTB TPOM3BOJICTBA B PaMKaX TPaHCIOPTHOU
9KOCUCTEMBI, OCHOBAHHOM Ha MPUHIMIAX (yHK-
LUOHUPOBAHMUS MCKYCCTBEHHOTO MHTEIIEKTa,
1 «M300pETEHHSD TAKOTO MHHOBAIHOHHOTO HMY-
IIECTBEHHOTO IIpaBa HAa CPEJICTBA IIPOM3BOJCTBA
B paMKax TPaHCIIOPTHON SKOCHCTEMBI OyyIero,
KOTOpoe OyzieT couerarb B ceOe BCe MONOKHUTENb-
HBIE CTOPOHBI BCEX THUIIOB MMYILIECTBECHHBIX IPaB
(BEIIHBIX, UCKIIIOYUTENBHBIX U 00s3aTeNbCTBEH-
HBIX).

5. 3aBeparonuM (eHOMEHOM, KOTOPBIi OyzieT
HETIPEMEHHO TOPOXKJIEH HE TONBKO (hOpMHpPOBa-
HUEM TPAHCIIOPTHOU SKOCUCTEMBI, OCHOBAaHHOM Ha
MpUHIMNAX QYHKIMOHUPOBAHHS HCKYCCTBEHHOTO
HHTEJIEKTa, HO M MIMIUIEMEHTALMEeH TAKHX TEXHO-
JIOTUH B OOILIECTBEHHYIO XKU3Hb, SIBIACTCS BO3-
HUKHOBEHHE HEBEIOMOT'O paHee CyObeKTa myOITny-
HOTO MHTEpeca — COBOKYITHOCTH (CBOETO poja
o0miecTBa) HOCUTEIEH MCKYCCTBEHHOTO MHTEI-
JIEKTa, PU3HAHHBIX CYyOBEKTHBHPOBAHHBIMHU
00bEeKTaMH IpPaB M HaJEICHHBIMU OOBEKTOM
MyONUYHOIN UICHTHDUKALH.

Kak 310 HU (haHTaCTHUECKH 1 HENPABIOION00-
HO 3BYYMT ceifyac, HO BIIOJIHE BO3MOXHO, 4TO
OY€Hb CKOPO MOTYT BO3SHHUKHYTH IIPO(COIO3BI
PpabOTHHKOB MCKYCCTBEHHO-UHTEIUIEKTYaIbHOTO
TpyZa». A 3TO 3HAYMT, YTO YKe ceiuac HaM HeoO-
XOJIMMO FOBOPHUTH O COBEPLICHHO HOBOM (hopmare
KavecTBa B IpaBe U KadecTsa camoro npasa [13].
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Anppeit LIWHKAPYK

AHHOTALIUA

Cmambs nocesweHa paccMoOmMpPeHUI 80NPOCO8 aHanusa
NPUMEHSIEMbIX 80 8HOBb CMPOSILUEMCS NOOBLXKHOM COCMABE Y3108
u demarel, ux cucmemMamu3aayuu u hopMUPOSaHUI0 areopumma
yyema, a makxe ux 3aMeHb| ¢ onpedernieHuem npOBITEMHbIX acnex-
mog u nymel ux HUeIUposaHusi. M3y4eHbl CPOKU C1yxObl OCHOB-
HbIX 37IEMEHMO8 U a2peeamos, UCNOb3yeMbiX Ha NacCcaxupckoM
NoJBUXHOM coCMase, ycmaHo8/eHbl CPOKU Nepuoduyeckoll ux
3aMeHbl U PeMOHMa, a makxxe npedfioXeH aneopumm ux KOHm-
pors.

PaccmompeHbl 80NpOCkI 3aMeHbl UU 06CyXu8aHus
omOenbHbIX y31108, demanel U 371€MEHMO8 NaccaxupcKux
8a20H08 C npugs3kol k nepuody nposedeHusi niaHoso-
npedynpedumenbHo20 peMoHma, Heobxodumocmu 3akpeniie-
Husi omdenbHbIX mpebosaHull Ha amane KOHCMPYUpPOBaHUs
nodsuxHo20 cocmaea U e20 31eMeHMo8 8 HOPMamueHo-
NpagosoM nose ¢ Uenbio NosbILeHUs 3hhekmusHOCmU UcC-
nosnb308aHusi NOOBLXHO20 COCMasa Ha 3KcniyamayuoHHOM

Moderb, KOHCMPYKYUSI.

Mup TpaHcnopra. 2024. T. 22. Ne 1 (110). C. 58-63

YHudukauua cpokos obcnyxmBaHms
W PeMOHTa NaccaXMpPCKOro BaroHa U ero afIeMeHTOB
KaKk OCHOBHas 4YacTb peanu3auumn aKkcnayarayMoHHOro
aTana KOHTpaKTa JXW3HEHHOro LKna

Anopein Cepzeesuu ILllunkapyx

Axyuoneproe obwecmeo « Pedepanvrasn naccaxcupckas komnanusy, Mockea, Poccus.
ORCID 0000-0001-8462-8265.

3amane e20 XU3HEHH020 YuK/Ta U MUHUMuU3ayuu nepegoda no-
08UXHO020 cocmaga e Hepaboyuli napk U omesieyeHus om nepe-
80304HOU 0essmenibHoCMU.

Mposederb! uccnedosaHusi HopmamueHoU OOKyMeHmayuu,
nocmaegnsiemoll npu U320moBNeHUU 8a20Ha, CUCMeMamu3aupo-
8aHbl U NPOaHanu3uposaHbl CPOKU Cryx6bl Camo2o 8azoHa,
a makxxe Ucnosib3yeMbIx 8 HEM OCHOBHbIX Y3108 U agpe2amos.

[HaHHoe uccnedosaHue npu3gaHo Nosbicumb 3ghghekmus-
HOCMb 3KCnTyamayuu no08UXHO20 cocmasa, CLCmMeMamu3upo-
gamb U, 8 0mAesnbHbIX CryyasX, ycmaHosums mpebosaHus
K CPOKY CrTy0bl 0OmMAeNbHBIX Y3708, MEXaHU3MOS U 3/1eMEeHMos
Npu U320MO8EHUU U NPOEKMUPOBAHUU NACCaXUPCKUX 8a20HO8,
ynpocmums U ONMUMU3UPOBaMb OUEHKY CMOUMOCMU XU3HEH-
HO20 YUK/Ta 8a20Ha, CUHXPOHU3UPO8amb 3manb| XU3HEHHO20
YuKna omoesibHbIX 311eMEHMO8 NOOBLXKHO20 COCMAsa C KU3HEH-
HbIM YUKTOM (YUKITUYHOU 3aMeHOL]) NpUMEHSIEMbIX 8 NOOBUXHOM
cocmase y3noe u demared.
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BBEOEHUE

OpnHIM 13 OCHOBHBIX HANPABIICHNH B ITOBBIIIIE-
HIX Y(H(PEKTUBHOCTA UCTIONB30BAHIS IOJBIKHOTO
COCTaBa SIBISIETCSI MUHUMHE3ALHS OTBJICICHHUSI €10
13 SKCIUTyaTaIMOHHON IEATETBHOCTH C IIEPEBOIOM
B HepaOoumii MapK, 9TO MPUBOIUT K CHIDKEHHIO
3¢ PEKTHBHOCTH HCHOB30BAHUS M YBEIHINBACT
3aTparhl Ha COAEPKAHME HA SKCITyaTallHOHHOM
JTare )KU3HEHHOTO KA [ 1].

Bomnpoc ncnons3oBaHusa pecypca TATOBOTO
1 TIOZIBFDKHOTO COCTaBa CHCTEMATHIECKH PaccMar-
puBaercst mpu (HOPMUPOBAHNH KaK TEXHUUECKUX
3a7aHUil Ha U3TOTOBJICHUE HOBOW MPOMYKILIMH, TaK
1 B 9KCIUTyaTally, B TOM YHCIIE U B pa3pese mapa-
METPOB HAJISKHOCTH H IONTOBEYHOCTH [2]. Bmecte
C TEM, BCTPEUAIOTCS CUTYalHH, KOT/Ia I3TOTOBUTEIN
OTZENBHBIX Y37I0B M arperaTos, IOCTaBISIEMBIX Ha
TIACCAKMPCKUE BarOHBI, YCTAaHABIMBAIOT PECYPCHI
MEHBIIIE pecypca CamMoro BaroHa WM MPETIONAraloT
BO3MOKHOCTb KPaTHOM MX 3aMEHBbI C IPHUBI3KON
K ITAHOBO-TIPEIYTIPEUTEIHHOMY PEMOHTY JIHOO
K €T0 Ha3HAYCHHOMY CPOKY, YTO IPUBOZWT K yBEIH-
YEHUIO PacXOfIOB Ha COAEPKAHNE BaroHa Ha JKC-
TLTyaTaIFiOHHOM TIepHOIE SKI3HEHHOTO UKA [3].

Tak, U3 aHanM3a OTEYECTBEHHOM MPAKTUKU
SKCIUTyaTalliy yCTAaHOBJICHHBIX HA MACCAKUPCKUC
BaroHel Mofienei 61-4465, 61-4523, 61-4472 oc-
HOBHBIX Y3JIOB H JICTAICH CIIEYET, YTO 3HAYUTENb-
HOE KOJIMYECTBO IEMEHTOB BaroHa TpedyeT mepro-
JITIECKOM 3aMeHbI y3JI0B U JieTaseli 0e3 IpUBS3KA
K OYEpEeHBIM IIAHOBO-TIPEAYIPEANTETLHBIM Pe-
MOHTaM HITH e BBIpaOaThIBaeT CBOI HOPMATHBHBIIH
CPOK JI0 BpEMEHH OKOHYAHHSI HOPMAaTUBHOTO CPOKa
9KCIUTyaTallK CaMOTO TTACCHKUPCKOTO BaroHa.

Taxum 06pasom, meprogudeckast 3aMeHa TaKHX
9NIEMEHTOB, KaK BBICOKOBOJIBTHBIN IpeoOpa3oBa-
TeTb, CUCTEMA JKOJIOTHMYECKH YHCTBIX TyaJIeTHBIX
KOMIIIEKCOB M T.JI. B 3HAYUTEIIBHON CTEIICHN CHU-
KaeT TTOKa3aTeNb BHETIAHOBOTO OTBIICYCHIS BAaro-
Ha Ha 3aMEHY IeMEHTOB IO CPOKY CITyXKOBI .

[IpoBozsimuecs B ociaegHUE TOABI pabOTHI
10 MEXTOCYAapCTBEHHOHN CTaHIapTHU3ALNH
OCHOBHBIX TPeOOBaHHU B KEIIE3HOJOPOKHOM
OTpaciau M, B YaCTHOCTH, NMPEIbSIBIIEMBIX
K TacCa)kKMPCKOMY IOJIBHKHOMY COCTaBy, HE
3aTpParuBaloT BONPOC YHHU(PHUIIMPOBAHUS pPECyp-
COB Y3JI0B WM J€TaJcH, YyCTaHAaBIMBAEMBIX
B M3rOTABJIMBAEMBIN WU PEMOHTHUPYEMBIU ITO-
JIBIDKHOW COCTaB, TaK Kak HOpMaTuBHas 0a3a,
KaK IPaBWIO, PEITaMEHTHPYET TOJIBKO OOIIHE

! BaroHsl AByXd3Ta)XHbIE Maccaxupckue. «PyKoBOACTBO MO
nenoBckomy U KanutanbHoMy (KP-1) pemontam» 060 IIKB
LJT - 2014 PII. — M.: OAO «PXI». — 205 c.
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MPUHIIMITBI, KPUTEPUH U TPEOOBaHMS K y3JaM
B YaCTH O0ECIECUYCHHS WX HAIICHKHOCTHU, IPOU-
HOCTH, DJIEKTPO- U IMOXKApHOW 0e3011acHOCTH,
a TaK)Ke 10 PAAY UHBIX IapaMeTpoB2,

L]envio riccenoBaHys SIBISIETCS aHAJIN3 HOpMa-
TUBHO-TEXHIYECKON IOKYMEHTALIIH, IPUMEHSIEMOM
MIPH U3TOTOBJICHHUH, TEXHUYECKOM OOCITYKUBAHUU
U PEMOHTE MAaCCAXUPCKUX BArOHOB, WX Y3JIOB
U feTaieil. B uccrnenoBannu mpuMeHeHbI Memoobl
HOPMAaTHUBHO-TIPABOBOTO aHAJIM3a, HHXCHEPHOIO
MOJIEJIMPOBAHNSI M CPaBHUTEIILHOTO UCCIIEJOBAHHSI.

PE3YIbTATbI

B coorBerctBum ¢ TpeboBaHusiMu TexHuue-
ckoro peramenTa TC «O 0e30MacHOCTH KeJIe3HO-
JIOpoXHOTo moaBmwxHOro cocrasay (TP TC
001/2011)* peramMeHTHPOBaHO, YTO OOECIIEYCHHE
0€30IaCHOCTH KeJIE3HOJOPOKHOTO TOIBHKHOTO
COCTaBa M ero COCTaBHbIX YacTell JOJHKHO obecrie-
YHBATHCSI, B TOM YHCIIC, YCTAHOBJICHHEM HA3HAYCH-
HBIX CPOKOB CITY>KOBI U (HJIH ) PECYPCOB MPOIYKIIUH,
aTaKoKe NPOBEICHUEM TEXHUIECKHX 00CITy)KUBaHNI
U PEMOHTOB C HEOOXOMMMOW MEPHOTUYHOCTHIO.
Bwmecre ¢ Tem TpebGoBaHus 10 00s13aTeNILHOM TIPHU-
BSI3KE PEMOHTA HJIM TEXHHYECKOTO 00CITy)KUBAHUS
BCEX arperaroB, JIeTaJCi U JacTeil BaroHa K Ipo-
BEJICHHIO TEXHUYECKOTO OOTYKUBAHHS BATOHA HITU
TUIAHOBO-TIPEYTIPEIUTENLHOTO PEMOHTA CAMOMY
BaroHy OTCYTCTBYIOT.

Tak, ZU1s1 OCYIIECTBIICHUS AOCTYIa MaJOMO-
OWJIBHBIM ITACCAKMUPaAM HCIONIB3YIOTCS THIPABIU-
yeckne nogbeMuuku KITB-14 i KIIB-2°, s
KOTOPBIX EPUOJIMYHOCTB 00CITY KHBAHUSI B 00beMax
TO-1, TO-2 u TO-3 permameHTHpOBaHA Tepes
OouepeHbIM peiicoM Barona (moesza), ONuH pa3
B MECSI] U OJIMH pa3 B IIIECTh MECSIICB COOTBET-
ctBeHHO. OJIHAKO COMIACHO HOPMATHBHBIM TPeDo-
BaHMSIM K IEPHOITMYHOCTH TEXHUYESCKOIO OOCITYKH-
BaHUs MOJBM)KHOTO cocTaBa B o0bemax TO-2
u TO-3 oHO ocymliecTBIseTCSA MPU MOATOTOBKE

2TOCT 15.016-2016 «Cucrema pa3paboTKH W OCTAHOBKU
IPOLYKIIMU Ha Hpou3BOACTBO. TexHuueckoe 3amanue. Tpe-
OoBaHMs K conepkaHuio U oopmienuto. — M.: Crangapr-
unopm, 2020. — 31 c. [OnexrponHslit pecypc]: http:/gost.
gtsever.ru/Data/642/64271.pdf. loctyn 26.10.2023.

} Texunueckuii permament TamoxkenHoro corosa «O 6e3-
OIACHOCTH JKEJIE3HOJOPOXKHOTO ITOABHXHOIO COCTaBa»
(TP TC 001/2011). [Dnexrponusiii pecypc]: http:/www.
eurasiancommission.org/ru/act/texnreg/deptexreg/tr/
Documents/TR%20Podvignoisostev%20PID.pdf.

JHocryn 26.10.2023.

4 Kommuiekt nogbeMHUKOB BaroHHbix KIIB-1. «Ilacnopr
OILK92 I1C». Canxkr-Iletepbypr: BHUTH, 2001. — 43 c.

> KoMmIuiekT nogbeMHUKOB Baronubix (Mogens KITB-2).
«ITacmopt OJI.K112IIC». Canxt-Iletep6ypr: BHUTH,
2003.-50c.
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XM3HEHHOro uukKna




K JIETHAM Y 3MMHHM TIepeBo3Kam, a B 00beme TO-3
©KErOJTHO.

J171s1 aBTOHOMHO# pabOoThI Ha [UTUTEIBHBIX CTO-
SIHKaxX B psijie MOZENEH NacCaKUPCKUX BaroHOB
peayM3oBaHa CUCTEMa aBTOHOMHOT0 SHeproodecrie-
YEHUsI C UCIIOJIb30BAHHUEM JIH3elb-TeHEPaTOPHBIX
YCTaHOBOK®, /ISl KOTOPBIX MEPHOIMYHOCTD TEXHH-
YECKOro 00CITY)KMBAHHSI HICYMCIISIETCS B MOTOYAcaX,
OJIHAaKO, TIEPUOIMYHOCTH OOCITY’)KMBaHHUSI CaMOro
BaroHa MCYHCILIETCS KaJCHIAPHBIM MIIH TIPOOEeK-
HbIM nieprofamu. Takim 00pa3oM, prCK HapyLIeHHs
WJIA HEBBIIOJHEHNSI PEIVIAMEHTHBIX TIEPHOIOB 00-
CITY)KMBAHHs I PEMOHTA OT/IENIbHBIX Y3II0B, IeTa-
JIeil MK arperaroB BaroHa, B TOM 4YHCIIE C TI0CTa-
HOBKO# TIOJIBU’KHOTO COCTaBa B OTHEJBHBIX CITy-
Yasix Ha JUTUTEIBHBIH NIEPHOJ Ha PEMOHTHBIE TI03H1-
1M, Bo3pacrtaetT. J{aHHbiii (hakTop Takxke CHIKACT
3((EKTUBHOCTD MCIIOIB30BaHMUsI TTOIBIKHOTO CO-
CTaBa, YTO B CBOIO O4EPE/Ib BIIHSET HA IIOTPEOHOCTH
B MakCHMaJIbHOM HCIOJIb30BaHUH TOJBM)KHOTO
cocrasa.

Bmecre ¢ Tem, 1o pe3yiisTaraM aHaliuza Takux
UCIOJIB3YeMBIX B ITACCAKMPCKOM ITO/IBKKHOM CO-
CTaBe IEMEHTOB, KaK I'MJIPaBIMYECKUE TaCUTENN
KosieOaHHii, aMOPTH3aTOpbl YHUBEPCAJIbHBIE, [eTa-
JIM TOPMO3HOTO 00O0pYyIOBaHus (IIPOTHBOIO3HBIH
KJIaIlaH, IATYMK UMITYITECa), IEMEHTHI BHYTPEHHETO
o0opyoBaHus (pEryUpyIOIINe 3aCIOHKH, OTrHe-
CTOMKHE JIBEpH MACCAKUPCKUX BaroHOB, CHCTEMa
BUJICOHAOMIONCHHUS U PETHCTPALU, MOOMIIbHAS
cucreMa MH(GOPMHUPOBAHHUS, CBSI3U U KOH(HTypa-
1IMH), BBISIBIIEHO, YTO B OTHOLIEHWH HHUX HE yCTa-
HOBJICH HOPMAaTHBHBII CPOK CITyKOBL. Y 37IeMEHTOB
JIEKTPO- M BEICOKOBOJIETHOTO 000pY/I0BaHHs (CBe-
THJIBHUKH, BBICOKOBOJIETHBIE KaOeln M PO3ETKH,
CUTHAJIM3aTOPhl) YCTAHOBIIEH HOPMATUBHBINA CPOK
16 5iet. V psina BUIIOB 000pyIOBaHUS (3KOJIOTHUSCKH
YHCTHIE TyaJIETHBIE KOMIUIEKChI, YCTaHOBKH I1O/IauH
XOJIOIHO# 1 ropstuei BOJIbl, OKOHHBIE PaMBbl, 00PTO-
BO MBMEPHUTENHHBIN KOMITJIEKC KOHTPOJISI HAarpeBa
OYKCOBBIX y3JIOB H T.I.) CPOK CITy>KObI BapbHPYeTCsl
0120 110 28 set. Cpok city>x0b1 40 JIeT, aHaTIOTHYHBII
Ha3HAYEHHOMY CPOKY CaMoro JIByX3Ta)KHOIO Iac-
Ca)KUPCKOT'O BaroHa, periiaMeHTHPOBAH TOIBKO ISl
KYy30Ba, TEJIEKEK M MEKBAarOHHOIO 0€33a30pHOr0
CIICITHOTO yCTpO¥cTRa (Tadm. 1).

Ilo pesysbraram aHanM3a HOMEHKIIATYPBI IIPO-
W3BONUTEIICH Y3JIOB U JIeTallel, HCIOIb3yeMbIX
B JIByX3TaXKHBIX MACCAKUPCKUX BaroHax, CIELYET,
YTO [PH pazpabOTKe PYKOBOJCTB 10 PEMOHTY U TeX-

© Arperar [u3eib-TeHEPATOPHbIIl TO/(BArOHHbIH. PyKoBoz-
cTBO 1o kcrutyaranuu 076.01.00.00.00.000 PD, BopoHex,
¢mmman AO «Baronpemmann» «BopoHeKCKHi BaroHo-
PEMOHTHBIN 3aBoa», 2016. — 34 c.
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HHYECKOMY OOCITY)KUBAHHIO HE OCYIIECTBIISIACH
B3aMMOYBSI3Ka CPOKOB CITY)KO U MEPHOIUYHOCTH
PPEMOHTA HJTH 0OCITY)KUBAHHSI /IEMEHTOB, arPeraToB
WM JIeTaJIell BATOHOB C MEPUOIMYHOCTHIO CPOKOB
00CITy>KHBaHHS, PEMOHTA H CITYKOBI CAMOTO BaroHa,
YTO HEOOXOMUMO [4].

Hapsiy ¢ Bonpocamu, BO3HHKAIOIIMMH BBUJLY
PaCCHHXPOHHU3AIMH EPUOAMYHOCTH PEMOHTA
U TEXHHYECKOTO 00CITY)KUBAHUSI TIOJIBUIKHOTO CO-
CTaBa, BO3HUKAET U BOIPOC 3P(HEKTHBHOCTH HC-
T0JIb30BAHMSI BHOBb YCTAHABIIMBAEMBIX Y3JIOB Ha
MOJIBIKHOM cocTaB. Tak, HanpuMep, NpH 3aMeHe
B mpornecce akcmuryaranun komruiekca UTK,
CIHCaHUE BaroHa OyJeT MPOM3BOIAMUTHCS C JaH-
HBIMHU y3JIaMH, BBIPAOOTABIIMMU BCETO TPETH OT
HOPMATHBHOTO CPOKa CJTy>KObI BHOBb YCTaHOBJIEH-
HOTO KOMILIEKCa. A HCIONB30BaHUE JAHHOTO
000py/IOBaHUS NPU CIMCAHUK CAMOTO BaroHa
MOYKET IPOrHO3UPOBATHCSI IO CIITYFOIINM CIICHA-
pHUSIM: CIMCAaHWE JaHHOTO KOMIUIEKCA BMECTE
C BarOHOM WJIM €T0 JIEMOHTaX, XPaHEeHHe, Mepe-
JICITOKAIMS (TIPH HEOOXOMUMOCTH) M TOCTAHOBKA
Ha JIPYyTO¥ BaroH, 4o OyzeT TpeOoBaTh TOMOIHH-
TEBHBIX (PMHAHCOBBIX PACXOJIOB U IOTIOJHHUTE b~
HOTO OTBJICYEHHS IIEpCOHAIIA Ha ITPOBEICHHE PadoT
0 JIEMOHTaXy/MOHTaXy 00OpYJIOBaHHUS, Ha HC-
MOJIb30BaHME MOMEIIEHHI MO/l €r0 BPEMEHHOE
XpaHEHHE.

OBCYXOEHUE

Taxum 00pa3oM, BOIPOC O MPHBSI3KE EPUOINY-
HOCTH PEMOHTa 1 00CITy)KUBaHHUs JieTajlei, arpera-
TOB M Y3JIOB, YCTAHABJIMBAEMBIX IIPU MOCTPOHKE
MACCAKMPCKOTO TMOJIBIXKHOTO COCTaBa, a TaKiKe
perIaMeHTHpOBaHNe TPpeOOBaHHIA 110 CHHXPOHHN3A-
LMY IEPHOITYHOCTH OOCITY )KMBAHHS, PEMOHTA WJIH
KPaTHOCTH X 3aMEHBI B SKCILTYaTallMOHHOM T1epHO-
JIe CITy>KObI BarOHa SIBJISIETCSI OYEHb aKTyasIbHBIM [S].

HusenupoBarb 1aHHbIE PUCKH BO3MOYKHO CJIe-
JIYFOLIIM 00pa3oM:

1. Ha craguu ¢hopmMupoBaHUsS TEXHUYECKOTO
3aJ1aHMs 3aKA3YNKY PH 3aKIIFOYCHHN KOHTPAKTa Ha
nproOpeTeHne MOABIKHOIO cocTaBa (B ciydvae,
€CIIM COOCTBEHHUK IOJIBUXKHOTO COCTaBa Oyaer
OCYILIECTBILSITH OOCITYy)KUBAaHUE M PEMOHT CBOMMH
CUJIaMH) PErIaMEHTHUPOBATh TPEOOBAHUSI O CHH-
XPOHHOMW TEPUOIUYHOCTH PEMOHTA M TEXHUYE-
CKOro OOCITy)KMBaHHsI KaK BaroHa B LIEJIOM, TaK
1 Beex ero aemMeHToB. [Ipu ero peanm3aryu MOryT
BO3HHKHYTh PUCKH TIOHCKA aJIETEPHATUBHBIX IO~
CTaBIINKOB OT/EJIBHBIX JJIEMEHTOB BAaroHa, 4TO
B MTOTe TIPUBE/IET K U3MEHEHHIO CTOMMOCTH BaroHa,
1 NOTpeOyeTCst IOMOIHUTEILHOE BPpeMsI Ha peaju-
3aIMI0 MPOLIEYD, CBSI3aHHBIX C COIVIACOBAaHHUEM
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Taoauna 1
OCHOBHbIE CPOKH CJIYKObI M TIEPHOAUIHOCTH PEMOHTA
3JIeMEHTOB JIBYX3TA:KHOI'0 MACCAKHPCKOro BaroHa

Nen/n | HanMeHOBaHHE WU3IEIHS | Cpox cityKObl | TTepHoaNYHOCTH PeMOHTA

X0/10BBIE YACTH H MOJBATOHHOE 000PY10BAHHE

1 Tacurenu xone6anuii ZF Sachs HE PENIaMEHTHPOBAHO HE PErIAMEHTHPOBAHO
2 AMOpPTH3aTOp YHUBEPCAIbHBIH HE PenIaMeHTHPOBAHO JIP — pa3 B Tpu roga; KP — pa3 B mects et
3 Annapar, HOIIOLIAIIIHI PEKOMEH/IOBaHHBII CPOK PEMOHT arnmapara IpoBOAUTHCS corlacHo PO
C TMOJUMEPHBIMHU YIPYTUMH 3JIEMEHTAMHU JUIS ciryx0bI 28 et CILIETHOTO YCTPOHCTBA,
ABTOCIICITHBIX yCTpOI)’ICTB TTacCa)XKUpPCKOTro B KOTOpPOE€ OH BXOAWUT
MOJBIYXHOTO COCTaBA
4 MesxBaronHoe 6e33a30pHoe CIenHoe ycTpoiicTBo | 40 et NEPHOANYHOCTh PEMOHTA
u TO coBmagaer ¢ PO, P/
5 KoMmI1eKe moIHOKEK MOBOPOTHBIX 3aKPHITHIX He MeHee 28 et HEPHOUYHOCTh PEMOHTa
u TO cosmagaer ¢ PO, PJ]
6 Tenexka 40 ner anst pamsl, Opyca 600000 k™M niu TpH roxa
HaJIPECCOPHOTO
7 TopcuoHHbI cTabHIn3aTOP 1 MHJUTHOH LIMKIIOB 600000 k™M nitu TpH roza
HarpyXeHui
TopMo3HOE 1 aBTOTOPMO3HOE 000pyI0BaHIE
8 Pesepayap 20 ner HE PErIAMEHTHPOBAHO
9 Pesepayap 20 ner HE PErIaMEHTHPOBAHO
10 TIpoTuBOIO3HBIH KiamaH HE PErIaMEHTUPOBAHO HE PerNaMeHTHPOBAHO
11 JlaTyuK UMITyJILCOB HE penIaMeHTHPOBaHO cornacHo PO, PI]
12 TIpuGop ynpaBneHus: TOPMOXKECHHEM 20 ner coracHo PO, PI]
13 KnemieBbie MexaHH3MBI HE PErIaMEHTUPOBAHO BBIOOPOUHBIii KaUTaIbHBII PEMOHT Uepe3
TPH rojia SKCILTyaTalliH, COrIacHo miana TO
14 Bosnyxopacnpenenurens 242—1 20 ner coracHo PO u PIT
Ha TOPMO3HOE 000pyI0BaHUE
15 DiekTpoBo3yxopacnpeaenuress 305 20 sier o6ummii coracHo PO u P/]
Ha TOPMO3HOE 000pyIOBaHUE
16 DnektpoBosayxopacnpenenureis 305 15 ner karymku cornacHo PO u P/]
Ha TOPMO3HOE 000pyI0BaHNE
17 OceBoii TOPMO3HOM JHUCK TI0 COCTOSIHUIO 00TOUKA 110 COCTOSHUIO
18 Cyxapu 600000 km HET
19 CurHanu3arop JaBiIeHUs 10 ner HE YCTAHOBJIICHO
20 Pene nasnenus 15 ner HE YCTaHOBIICHO
21 Tpoc mucrannmonHoro ynpasnenuss FLEXBALL | 16 ner npu KP-2 npu KP-1 (4-5 ner)
OnexTpoobopynoBaHue
22 Kommuiext snexrpooboopyaoBanus HE YCTaHOBJIEHO HE YCTaHOBJIEHO
23 AKKyMyJITOp HE0OCTyKMBaeMbIi CpEHHUiT CPOK CITYKOBI HEPEMOTHOIPHUIOIHBI
12 ner
24 Brnok aquarnoctuku aBepeit He MeHee 28 net MIPOM3BOAUTCS TONBKO PAaOOTHUKAMU
TIpEANPUATHA-U3TOTOBUTEIISA
25 Brox ynpapieHus aBToMaTHYECKOi 1BEpU He MeHee 28 net MPOM3BOAUTCS TONBKO PAOOTHUKAMU
TIPEJIIPHATHS-N3TOTOBUTEIIS
26 BonoHnarpesarens 28 net TIEPHOIMYHOCTE PEMOHTA
u TO cosnanaer ¢ PO, P/
27 CBeTUIIBHUK 16 ner 1 pa3 B 1iBe Henenu
28 Harpesarens DH)XB 20 net
29 BeHTI/IHﬂTOp 0oceBoi HE pErIIaMEHTHPOBAHO KaXIbI€ IECTh MECALIEB
30 Tanens nndopmannonHas HE PEnIaMeHTHPOBAHO TIEPHOANYHOCTL PEMOHTA
u TO cosmagaer ¢ PO, PJ]
31 Ilanens MapmpyTHas HE pCrIIaMEHTHPOBAHO TICPUOANIHOCTE PEMOHTA
u TO cosnanaer ¢ PO, PJ|
32 KonTtpomtep HHbOpMALMOHHOI TaHen HE PerIaMEeHTHPOBAHO TIEPHOJIMYHOCTH PEMOHTA
u TO coBnapaer ¢ PO, PJ]
33 VYeranoBka o6e33apaxHBaHUs BO3IyXa 20 ner NePHOANYHOCTh PEMOHTA
u TO coBnagaer ¢ PO, P/
34 Jlammna amansramuas GakTepulnIHAsS HU3KOTO 8000 yacoB niu 4 rona, coracHo PO u PJ]
JIaBICHUS i 5000 BKITFOUSHUIH Ha 000pyI0BaHKHE
35 DNeKTPOHHBIN IyCKOPETyIUPYIOLIMii arnapar 1o KP-1, Ho He Gonee 8 et | cortacuo PO u PJ]
Ha 000pynoBaHHE
36 Poszerka MBC-1M-P185/2x95-4000/800 16 ner MePUOANYHOCTh PEMOHTA

u TO cosmnagaer ¢ PO, PJT
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Nen/n | HaumeHoBaHue m3nenust Cpox ciryKObl TeprnonnuHOCTH peMOHTA
37 IIpuemunk xonocroit 16 ner TEPHOANYHOCTh PEMOHTA
u TO cosmagaer ¢ PO, PJ]
38 Iltencens ¢ kabenem 16 ner MEPHOUYHOCTE PEMOHTA
u TO cosmagaer ¢ PO, PJT
39 Irencens ¢ kabenxem 16 ner TIEPUOMIHOCTH PEMOHTA
u TO coBnanaer ¢ PO, PJ]
40 Pozerka MBC-2-P185/2x95-4000/800 16 net MePUOMIHOCTH PEMOHTA
u TO cosmnagaer ¢ PO, PJ]
41 Kommuiext npeoGpasoBarereii st maccaxupckux | 28 ser cortacHo PO u PJ]
BaroHOB Ha 00opynoBaHHE
C INTAHHUEM OT BBICOKOBOJIBTHOI MarucTpaimt
42 TIpeobpa3zoBaTens HaNMPsKEHUs 28 et MepHOANYHOCTE peMonTa 1 TO coBmanaet
¢ PD, P
43 Brox ynpaBieHus 3MeKTPOCHA0KEHHEM BaroHa HE PerIaMEeHTHPOBAHO NepHOMIHOCTE peMonTa 1 TO coBmanaer
¢ npeoGpaszosareiem BYDB-IT c PO, PIL
44 SIIHK BBICOKOBOJIBTHBIH HE PErIaMEHTUPOBAHO HepHOMYHOCTh peMonTa 1 TO coBmanaer
c PO, PII
45 VeranoBka 06e33apaxHBaHus BOJbI 20 ner NepHOANYHOCTh peMoHTa ¥ TO coBnanaer
¢ PO, PII
Buytpennee u nepudepuiinoe 06opynoBatue
46 TepMeTHYHBII MEKBAaroOHHbIH IEPExXon He MeHee 16 et 1.exeMecsiuHOe 00CITY)KUBaHUE
2. moNyrofoBoe 00CITy)KUBaHUE
47 IIpoTuBonoXapHbIii KIanan HE PEraMeHTHPOBAHO HE PENIAMEHTHPOBAHO
48 Perynupyromas 3acioHka HE PerIaMEeHTUPOBAHO MPOGHUIAKTHICCKHE U HEPUOIUYCCKHIE
OCMOTpHI 3aCTIOHKH HE PEKe OIHOTO pa3a
B rOJ(
49 TlonHOXKa IIOBOPOTHAS 3aKPEITAs PaBast He MeHee 28 et HE PerNaMeHTHPOBAHO
50 TlonHOXKa TIOBOPOTHAS 3aKPHITAs JIeBast He MeHee 28 et HE PETNaMEHTHPOBAHO
51 Kommnexr s nyma pecypc 30000 yacoB, CpOK | HE perIAMEHTHPOBAHO
cIykO0bI 16 et
52 MobunpHas cucteMa HHGOPMUPOBAHHS, CBA3ZH HE PENIAMEHTHPOBAHO HE PErIAMEHTHPOBAHO
M KOH(HTYpaun
53 OrHecrolikas 1Bepb HE PErIaMEHTHPOBAHO HE PEerNaMeHTHPOBAHO
IS HACCAKUPCKHUX BATOHOB
54 Bo0371yX00TBOIUMK aBTOMATHIECCKHH HE PEIIaMEHTHPOBAHO HE PeraMeHTHPOBAHO
55 JlBeps GoKOBasi OHOCTBOpUATAs 28 et NepHOMIHOCTE peMoHTa 1 TO coBmanaer
C NIEKTPOMEXAHUYECKUM IPUBOIOM c P2, PIL
56 JIBeph TOpIIEBAs IBYXCTBOpYATAS 28 et NepHOIMIHOCTE peMonTa 1 TO comanaer
C NIEKTPOMEXAHUYECKUM IPUBOIOM c PO, PIl
57 Komruiext Bo31yXoB0J10B 28 ner 1 pa3 B Tpu roza
58 AJTFOMOIUIACTMACCOBBIC PaMbI 28 net yepe3 600000 kM., 1 pa3 B 4-5 ner
59 YcTaHOBKA MOXKAPHOI CHTHATM3AINN HE PerIaMeHTHPOBAHO HE PeraMeHTHPOBAHO
M HOXAPOTYLICHUS
60 BopToBoit n3MepuTenbHbIA KOMITIEKC 20 et MEepUONIHOCTH peMoHTa 1 TO coBmanaer
TEMIIEPATYPHOTO KOHTPOIIS GyKCOBBIX y3II0B c PO, PII
TACCaKMPCKUX BArOHOB
61 Cucrema KOHTPOJIS, TMaTHOCTHKY HE PEIaMEHTHPOBAHO HE PErIaMEHTHPOBAHO
9IEKTPOOOOPYNOBAHHS BaTOHA
62 Kontponnep ynpasnenus He PerIaMEHTHPOBAHO HE PEraMeHTHPOBAHO
3IEeKTPOOOOPYNOBAHHEM BaroHa
63 CwMmecurens 16 ner HE PErIaMEHTHPOBAHO
64 Cucrema BUIEOHAOTIOIEHHS He PEerIaMEHTHPOBAHO HE PErNaMeHTHPOBAHO
M PerucTpanyu
Onements OUTK n YIIX nI'B
65 Yeranoska BakyymHas Y BIII 28 et MEPUOAMYHOCTh PEMOHTA
u TO cosnagaer ¢ PO, PJ]
66 ‘YHHUTa3 BaKyyMHBIi 28 net MePUOMIHOCTH PEMOHTA
u TO coBnapnaet ¢ PO, PJ|
67 Tyanetnsiii kommiexe TK-05 28 ner cortacHo PO u PJ]
Ha 000pyHOBaHHE
68 Bak nakonurens 28 ner MePHOAUYHOCTh PEMOHTA
u TO cosnazmaer ¢ PO, PJ]
69 CurHanm3arop ypoBHS )KHIKOCTH 16 ner cornacHo PO u PJ]
Ha 000pyROBaHHE
70 ‘YcTaHOBKA MONAYH XOMOTHOM 28 et TEPHOMIHOCTE PEMOHTA
M Topsiueii BOJIbI u TO cosnagaer ¢ PO, PJ]
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HU3MEHEHUI B KOHCTPYKIMH pa3pabareiBAEMOro
TIACCAKUPCKOTO BaroHa.

2. TIpu 3aKITFOYEHNH KOHTPAKTa KM3HEHHOTO
IMKITA HA M3TOTOBJICHHIE U CEPBUCHOE OOCITY)KHBa-
HHE TIOBHYKHOTO COCTABA HA BCEM IKCILTYaTal[MOH-
HOM 3Tarle )KM3HEHHOTO [IUKJIa [IO/IBK)KHOTO COCTaBa
JIaHHbBIEe PUCKH OyIyT HAXOMUTHCS HA CTOPOHE HC-
TMOJTHUTENISI KOHTPAKTa, KOTOPBIA caM, Ha CTaiuu
Ppa3paboTKH MOJBUIKHOIO COCTABa, Oy/IeT 3anHTepe-
COBaH B CHHXPOHH3AIIUH JJAHHOTO TPOIECCa U MHU-
HUMM3AIMH OTBJIEYEHHS MIOJBIYKHOIO COCTaBa W3
IKCILTyaTallH.

B cy11iecTBYFOIIMX YCIOBHSIX, KT/ TIOMBIKHOM
COCTaB y>Ke TIPUOOPETEH U BOIIPOCHI TEXHIUECKOTO
00CITy>KMBaHHS HAXOIATCS B 30HE OTBETCTBEHHOCTH
COOCTBEHHHKA, HAHOOJIeE I1eJIECO00pa3eH MEXaHH3M
MPOBEJIEHNUSI 00CITY>KUBaHHS K PEMOHTA T10 THOPHUI-
HOM CHCTEeME C IIPUBSA3KOM 3aMEHBI y3JIOB U ieTaleit
BAaroHOB KaK K CPOKY TEXHIHIECKOTO OOCITY>KUBAHHSI
B 00beMe TO-3 WK II1aHOBO-TIPE Ty IPESUTEIHHOTO
PEMOHTa, TaK W/ ¢ GOPMHUPOBAHUEM OTICTBHBIX
MPOrPaMM 10 HX 3aMEHE T10 OTACTbHOMY IpadHKy.
JUyist BBINIOSTHEHUST ATOM 331a4K HEOOXOIMMO pas-
paborarh POrpaMMHOE 0OECIICUCHHIE, CIIOCOOHOE
OTCJIS)KUBATH U TIPOTHO3UPOBATH B ABTOMATHYCCKOM
PEKUME 3aMeHy BBIBOIMMBIX U3 SKCILTyaTaIH 10
KaJIeH/IApHOMY WJIM IPOOSKHOMY CPOKY OT/IENBHBIX
JIEMEHTOB MOJIBIYKHOTO COCTABA.

BbIBOAbI

Ipu mepexone Ha TAHHYIO CHCTEMY PEMOHTA
U TEXHHYECKOTO OOCITY)KHBAHUS MMACCAKUPCKOTO
MOJIBM)KHOTO COCTaBA PEATU3YIOTCS CIICAYFOIIHE
s dexTsr:

1. Iosvuenue bezonacnocmu osusicerusi. [1o-
SIBUTCSI BOSMOXKHOCTB BBISIBIISITH M YCTPAHSATh HEHC-
MPABHOCTH MOJBYKHOTO COCTaBa B MPOIIECCE MPO-
BEJICHUsI TUTAHOBOTO PEMOHTA WITH TEXHHYECKOTO
00CITy’>)KUBaHUsI TIOJBHXKHOTO COCTaBa, TO €CTh
MPEXKIC, YeM OHH CTaHYT MPHYMNHOM HHITH/ICHTA KT
OTKa3a 000PYIOBaHHSL.

2. Coxpawenue 3ampam. braronapsi JTaHHOMY
MOJIXOy CBOCBPEMCHHAs 3aMEHA HJIA PEMOHT CO-
KpaTAT PUCK JUTUTEIIHHOIO MPOCTOs BArOHA B Hepa-
0oueM Mmapke Mpu BOSHUKHOBEHHH U PAa3BUTUH
KPUTHYECKON HEUCIIPABHOCTH Y3714 WM arperara
TMOJIBXKHOTO COCTaRa.

3. Togwiuienue HaoedcHocmit 3a CUeT CBOCBpE-
MCHHOTO M B TIOJTHOM O00beMe TPOBE/ICHUS periia-

MEHTHBIX pabOT [0 TEXHUYECKOMY 00CITY)KUBAHHIO
U PEMOHTY ITIOBI)KHOIO COCTaBa, a TAKKe CBOE-
BPEMEHHOM 3aMEHBI Y3J10B U JITallell BaroHa, BbIpa-
0O0TaBIIMX HOPMATUBHBII CPOK.

4. Yyuwenue kauecmea 00CIyHCUBaHUS U 6HeO-
DeHue NePCneKMUBHbIX CPeocms OUACHOCMUPOBa-
HUA, A8MOMAMUYECcK020 KOHMPOIs, Yughposusayuu
npoyeccos peMoHma u OOCTYHCUBAHUS HOOBUIC-
HO20 cOCMaea, I03BOJISIIOIHE YCTAaHOBUTh CUCTEM-
HbIE HEHCIIPABHOCTH OT/ENIBHBIX 3JIEMEHTOB Baro-
HOB, YCTPaHHUTh PUCKH IOCTYIUICHHS OTACNBHBIX
HEHCIIPABHBIX IEMEHTOB WM TAPTHH MPOLYKLUH
KaK IPH MOCTPOKKE MOABKHOTO COCTABA, TAK U IPU
IIPOBEACHUN TEXHUYECKOTO OOCITY)KUBAHUS WM
PEMOHTa, YTO HOJIOXKUTEIEHO MOBIIHSIET HA Ka9ECTBO
OKa3bIBa€MBIX YCIIyT' M YIYYIIUT KoM(opTabens-
HOCTb IIPH Iy TEILIECTBUH IACCAKUPOB.

B menom, npumeHeHne THOPUAHON CHCTEMBI
PEMOHTA U TEXHUYECKOTO OOCITY)KMBAHHS UMEET
MHOKECTBO IOJIOKUTENBHBIX S3P(EKTOB 11 00ec-
MEUCHHsST KAYECTBEHHOM AKCILTYaTal[ii TOIBHK-
HOTO COCTaBa M JOCTW)KCHHS BBICOKOTO YPOBHS
HaIeKHOCTH, 00eCTICYeHIST 0e30IacHOCTH U dPdek-
THUBHOCTH pabOThI MAaCCAKUPCKOTO MOJIBIKHOTO
cocrasa.
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Anexceit KPABYEHKO

AHHOTALIUA

AxkmyanbHocmb memb uccredosaHusi 06ycrosieHa nPoUeccoM
KOHKYPEHMHO20 U KOMNIEKCHO20 Pa3gUMUsi PeUOHabHbIX Kypopm-
HbIx aenomepayuli (PKA) 8 Poccutickoli @edepayuu, coomgememeyro-
el cepsucHoU UHgpacmpykmypbI U cghepb! ycye.

Llenbro cmambu signsiemcs 060cHogaHuUe Npoyecca KOHKypeHm-
HO20 U KOMNJTEKCHO20 passumusi cepaucHoll uHghpacmpykmypbl PKA
3a cyem nogbILEHUS CKOOPAUHUPOBaHHO20 83aumodelicmeus cep
ycrye «KypopmHO-mypucmcekas — naccaxupckas asmompaHcnopm-
Hasi», y4UMb18asi CE30HHO-UUKMUYECKYI0 cneyuguky o6bemos nompe-
6umenbCckol akmugHOCMU PasHOCe2MeHMHbIX NOMpPebUMenbCKUX
2pynn NepcoHabHO-Macco8020 Ha3Ha4YeHUs! U 3as8/1eHHbIl ypOBeHb
Kadecmea cepeuUCHO20 CONPOBOXAEHUS.

INogbiLieHUe CKOOPAUHUPOBAHHO20 83aUMOdelicmeus yka3aHHbIX
cihep ycrye KoHuenmyanbHO obecnequsaemcs ynpasnsieMbIM UHU-
4uamopom npoueccom hopMUpoBaHUs U (OYHKUUOHUPOBAHUS UHMe-
2pamugHoli 6U3HEC-CUCMeMbI NAcCaxUpPCKo20 a8MOMPaHCNOPMHO20
obenyxusaHus (MATO), 8 kKomopyro MOMUBAUUOHHO 8O8MIEKaMCS
xoasticmeyrowjue cybbekmbI (C COBCMBEHHbIM PECYPCHbIM NOMeHYua-
110M) a8mompaHcNopmMHo20 bu3Heca U 8 Komopoli ocywecmensomes
UX payuUoHarbHble MapkemuH208ble 83auModelicmeust 8 cmpameau-
YecKux 30Hax xossiticmeosarusi PKA, yyumbigas yka3aHHyt Ce30HHO-
YUKITUYECKYI0 CneyughuKy U chakmopbI Kayecmea CepeLCHO20 conpo-
8OXOEHUSI.

B coomeemcmeuu ¢ a8mopcKuMu npednoXeHUsMU, UHUYUa-
mopom hopMUPOBaHUSA U (hYHKULUOHUPOBAHUS UHMe2pamugHoll
6usHec-cucmembi [TATO Moxem ebicmynamb pe2uoHanbHbIl Xo3s0-
cmeyrowuli cybbekm co cmamycoM 0NOPHO20 CUCMEMHO20 UHMe-
2pamopa, ucnonb3yrowuli 015 opaaHu3ayuu ceoell Xo3alicmeeHHol
dessmenibHOCMU pa3nuy4Hble (hoPMbI MaPKeMUH2080U UHMezpayuu
U cmpameauu 8edeHus a8mompaHcNOPMHo20 bU3Heca 8 ycro8usix
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KoHuenuma nHterpatMeHoro opmmupoBaHus
U (DYHKLMOHMPOBAHMA CUCTEMbI NACCAXUPCKOro
aBTOTPAHCMOPTHOrO 0OCNYXNUBaHUA B CE30HHO-LIMKINYECKUX
YCNOBMAX perMoHanbHbIX KYPOPTHbIX arfnomepauun

Anexceit Eezenvesuu Kpasuenko
Kybanckuii 2ocyoapcmeennviii mexnonocuveckuil ynusepcumem (KyoI'TY),

CKOOPAUHUPOBaHHO20 83aumodelicmeus ykasaHHbIX cghep ycnye
8 PKA

PesynsmamusHocms uccredosaHus obycrnosnusaemcs cnedyro-
WuMu CmpyKmypHbIMU KOMNOHeHmamu: packpbimbl C€30HHO-
YUKITUYEeCKue 0COBEHHOCMU (hYHKUUOHUPOBAHUS NACCa)UupcKo2o as-
mompatrcnopma 8 PKA; onpedeneH cucmemoobpasyrowuli chakmop
(uHuyuamop), enuslOWUll Ha NOBbILIEHUE KOHKYPEeHMOocnocobHocmu
cepsucHol uHghpacmpykmypbl PKA 3a cyem chopmuposaHus u aghghex-
MUBHO20 (DYHKULOHUPOBAHUS UHMeapamugHol bu3sHec-cucmembl
MATO; npedcmasneHa cmpykmypHas cxema ynpaeneHusi 6usHec-
npoyeccamu UHMe2pamugHo20 agmompaHCcNOpPmMHo20 6usHeca UHU-
yuamopa 6 MapkemuHe080-KOMMYHUKaULOHHOM npocmparcmee PKA;
cehopmuposaH kameaopuasnsbHO ynpagnsieMb Il CepeUCHbIL nomeHyuan
u npedcmasneHa modenb CUCMeMb! CKOOPOUHUPOBAHHOZ0 83aUMO-
delicmsusi cohep ycnye «kKypopmHO-mypucmckasi — naccaxupckasi
asmompaxcnopmHasi» 8 PKA; npedrioxeH 3koHOMUKO-Mamema-muye-
CcKull nokasamenib «UHMe2pasbHbIL IKOHOMUYECKUL aghghekm, cym-
MapHO CMpPyKMypuposaHHbIl onepayuoHHbIMU 3¢hchekmamu om
(hyHKUUOHUPOBaHUS UHMezpamusHol 6usHec-cucmemb! [TATO 6 PKA.

MposederHbili 8 cmambe aHanus no3gossem cdenams 861800
0 mMoM, 4mo 00HUM U3 3¢heheKkmUBHbIX CNocobog pewweHust npobnemb!
obecneyeHus pocma KOHKYPEHMHO20 U KOMN/IeKCHO20 pasgumust
cepauCHOU UHGhpacmpyKmypbl peaUoHabHbIX KYPOPMHbIX a2ome-
payull sensiemes ucnonb308aHue npednazaemoli a8mMopoM KOHUen-
yuu, Komopas uMeem 8aXHOe COYUaTbHO-3KOHOMUYECKOe 3HaYeHue,
NOCKOMbKY 8HOCUM CyWeCmBeHHbIL 8knad 8 passumue nogedeHye-
CKOUl 3KOHOMUKU peauoHa, obecnequsaem nosbiweHue aghgekmus-
HOCMU CUCMEeMbI ynpasneHusi NaccaxupcKumMu nepegoskamu U kaye-
CMBOM a8MmomPaHCNOPMHbIX YCIlye 8 CEe30HHO-UUKMUYECKUX YCno-
susx PKA.

Kntoyesbie crioga: cucmema, (hopMuposaHue, (hyHKULUOHUPOBAHUE, NEPCOHabHO-MAaccoebIli Cnpoc, KOMNIIEKCHOE a8MmompaHcnopmHoe
obcryxueaHue, kKayecmeo, KOHKYPEHMOCNoCoBHOCb, PE2UOH, KypOPMHas a2oMepayusi, SKoHOMUYecKu( agbgexm.

[na uumuposarus: Kpasyerko A. E. KoHuenyus uHmeapamugHo20 hopmuposaHus U (hyHKUUOHUPOBAHUSI CUCMEMbI Naccaxupckozo
a8MmompaHcNopPMHo20 00CTyKUBaHUS 8 CE30HHO-UUKITUYECKUX YCOBUSIX Pe2UOHarbHbIX KypopmHbIX aznomepayull // Mup mpaHcnopma. 2024.
T. 22. Ne 1(110). C. 64-72. DOI: https://doi.org/10.30932/1992-3252-2024-22-1-9.
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BBEOEHUE
KonkypeHTHOE pa3BUTHE KypOpPTHO-
TypucTckoit cepnr B Poccuiickoit @eneparun
obecrieunBaeTcs MporpaMMaMHy U CTPATETHSIMU
COIIMAIEHO-?KOHOMHYECKOTO Pa3BUTHSA U SABIISI-
€TCs JUI PerHOHAIBHBIX SKOHOMHUK HCTOYHH-
KOM pOCTa WHBECTHIMOHHOHN MPHUBIICKATEIIb-
HOCTH, JOXOJ0B, HalloTooOIaraeMon 0assl,
a TaK)ke MHTETPaTUBHBIM (DAKTOPOM pa3BUTHS
MapKETUHTOBBIX B3aUMOJICUCTBUN MEXAY CET-
MEHTHBIMHU XO3SHCTBYIOIIUMH CyOBEKTaMH
MaccakKUpPCKOTO TpaHCTOpTHOTO Om3Heca [1].
OnHNM W3 KITIOYEBBIX CETMEHTOB PETHOHANb-
HOTO OM3HEca KypOpPTHO-TYPUCTCKOH cdepsl
SIBJIIETCS aBTOTPAHCIIOPTHBIM CETMEHT — Tac-
Ca)XMPCKOE aBTOTPAHCIIOPTHOE 00CITyKUBaHHE
(ITATO) ¢ comyTcTByIOIIUM HHOPACTPYKTYP-
HO-CEPBUCHBIM o0ecrieueHueM [2].
Cucremuoe paszsurue [TATO sBusercs Tem
CTPaTErn4ecKIM MHCTPYMEHTOM, KOTOPBIA OKa-
3bIBACT 3HAYUTEIILHOC BIIMSTHUC Ha KAYECTBEHHOE
(YHKIIMOHMPOBAaHNE UHIYCTPHH OTABIXA U TyPU3-
Ma, SIBJIICTCSI TapaHTOM O0ECTIeUeHHS TPAHCTIOPT-
HOH TOCTYITHOCTH TEPPUTOPHATBHOTO IPOCTPAH-
CTBa BCETO KypOPTHOTO PETHOHA, 0COOEHHO, €CITH
ABTOMOOMIIBHBIN TPAHCIIOPT SIBJISIETCS GANHCTBEH-
HBIM CPEJICTBOM JUTS IEPEMEIIEHUS TTACCAXKUPOB
K MECTY OT/IbIXa, JICUCHUS, Pa3BICUCHUS 1 TYPHU3-
Ma, ONPEAEITSAET POCT MOABIKHOCTH MECTHOTO
HACEJICHNS], OTABIXAIONINX U TYPHUCTOB IPHIMEHH-
TENFHO K 00BEKTaM TOTPEOUTENBECKUX LIeNeH 3a
CUET CE30HHOTO CONPSIKEHHS PBIHKOB M CEPBHC-
HBIX HHPPACTPYKTYP TPAHCTIOPTHON 1 KypOPTHO-
TYpHUCTCKOU cdep Om3Heca, a Tarke odecredn-
BaeT AWHAMUKY, TUBepcrpUKanmio u 3pdhexTus-
HOCTbh PETHOHAJIBHOTO COIHAIBHO-
9KOHOMHYECKOTO Pa3BUTUS W MOBBHIIICHUE
KauecTBa JKU3HM ero rpaxkaaH [3].
Ce30HHO-ITUKINIECKUM YCIOBUAM (3MMa-
JIETO) PETHOHAIBHBIX KYPOPTHBIX ariioMepanuit
(PKA) cBoiicTBeHHA peryisipHas (CHCTEMaTHYe-
CKas) cMeHa 00heMOB (YMEHBIIICHUE — B 3SUMHUI
TIEPUOJ ¥ YBEITMUCHNE — B JIETHUH NEPUON) TI0-
TPpeOHUTENHCKOTO CIIPOCAa MEPCOHAIBHO-
MaccOBOTO HA3HAYEHUS, YTO, B CBOIO OYEPElb,
obecrieunBaeT U3MEHEHNE U ONPEICISIET aaar-
TaIMI0 MAPKETHHIOBOTO MTOBEICHUS OTIEPAIIHOH-
HBIX CYyOBEKTOB HEPEBO30YHBIX TEXHOJIOTHH
B KOHTEKCTE PAIlIOHAIBHOTO HCIIONb30BAHMS UX
PECYpPCHO-TEXHUYIECKOTO TIOTEHIINAIA O] 3asB-
JIeHHBIN ypoBeHb KadectBa [IATO B cTpareru-
YeCKHX 30Hax xo3sicTBoBanus B PKA [4].
MMmynbCcHO-CE30HHBIN XapakTep CE30HHO-
I[EJIEBOTO MEPCOHAILHO-MACCOBOTO IOTPEOH-
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TEJILCKOTO CIIPOCa, B COBOKYITHOCTH C arjioMepa-
LIUOHHBIM THUIIOM PA3BUTHUS PETHOHANBHBIX Ky-
POPTHO-TYPUCTCKUX TEPPUTOPUN, BBI3BaHHBIN
POCTOM IOIYJISIPHOCTH C(hephl OTbIXa U TYPHU3-
Ma, OIIpeieIIIeT CUCTEMOOOPa3yOIHi B3I Ha
IIOCTPOEHUE U BEACHUE aBTOTPAHCIOPTHOTO
Ou3Heca ONEepaluOHHBIMU CyOBEKTaMH Iepe-
BO30YHBIX TEXHOJIOTHH B YCIOBHSIX CKOOPIUHHU-
POBAaHHOTO B3aUMOJEHCTBUS Cdep YCIyr «Ky-
POPTHO-TYpHCTCKAast — MACCAXKHUPCKAsk aBTOTPAHC-
noptHask» B PKA 11 KOHKypeHTHOH TpaeKTopuu
pa3BUTHUsI CEpBUCHON MHOpacTpykTypsl PKA
u obecrieueHus 3asBJICHHOTO YPOBHS KauecTBa
CEPBUCHBIX YCIIYT, UTO SIBISETCS aKTyaJbHOMN
mpobiemoit [5—10].

OB30P JIUTEPATYPHBIX UCTOYHUKOB

CyIecTBYIOT pa3IndHble HayYHbIE U IPaK-
TUYECKHE TOYKHU 3PEHHUs Ha pelieHue mpoo-
JIEMBI TOBBIIIEHUSI KOHKYPEHTOCIIOCOOHOCTH
cepBucHOU nHOpacTpykrypbl PKA, kotopsie
JIeKaT, B OOJIBIINHCTBE CIy4YaeB, B IUIOCKOCTH
COBEPIICHCTBOBAHUS YIPaBICHUS MacCaKUp-
CKHMH IIepEeBO3KaMH, HO 0€3 TOJDKHOTO yueTa
cnenu(uKy aroMepanroHHoro Gakropa pas-
BUTHUS PETHOHANBHBIX KYPOPTHBIX TEPPUTO-
puii, Ce30HHO-IIMKINYECKOro (MMITYIHCHOTO)
BIIMSIHUSL IOTPEOUTENLCKON aKTUBHOCTH Hace-
JIEHUS Ha CTPYKTYpPY HAaCCaXXUPCKUX aBTO-
TPAHCIOPTHBIX YCIAYT U CONMyTCTBYIOLIETO
cepBuca. B He3HAUNTENBHOI CTENEHU YUUTHI-
BaeTCs BIMSHME TypHU3Ma Ha IIpoLecc CKOOp-
JIUHUPOBAHHOTO COBEPIICHCTBOBAHUS OPTaHU-
3alMM MACCAKUPCKUX TIEPEBO30K PA3TUIHBIMU
BHJIaMH TPaHCIIOPTa B C€30HHO-IIMKINYECKUX
YCJIOBHUSAX Pa3HOCETMEHTHOW MOTPeOUTENb-
ckoil aktuBHocTtH B PKA. Mano ocsemen
1 BOTIPOC YIIPaBICHUS MapKETUHTOBBIMHU KOM-
MYHMKAIUSIMU MEX/1y OTepalliOHHBIMU CyOb-
€KTaMU [1ePEeBO30YHbIX TEXHOIOT UM, yUUTHIBAs
YCJIOBHS B3aUMOJIEHCTBHS chep yCIyr «Ky-
POPTHO-TYPHUCTCKAasi — MaccaXupckas aBToO-
TpaHcnopTHas» B PKA.

IlonTBep>kaeHNE BBILIECKA3aHHOMY HAXOIUT
CBO€ KaTeropHajIbHOE OTPaKEHHE B HCCIIEI0BA-
TENbCKHUX paboTax:

— OpraHM3anyy, GyHKINOHUPOBAHHIO U Pa3-
BUTHIO IIACCAKUPCKOTO aBTOMOOHIIBHOTO TPAHC-
MOPTa, a TaK)Ke PHIHKOB MAaCCAKUPCKUX TPaHC-
MOPTHBIX YCIYT C COIMYTCTBYIOIIEH CEpBUCHOI
UHOPPACTPYKTYPOH, B TOM YHCIIE B YCIOBHUIX
MIPOTHO3UPOBAHMS IOTPEOUTENBECKOTO CIIpOCca Ha
YPOBHE PETMOHOB U TOPOJIOB, IIOCBSIIIEHBI Pa0o-
ThI [1-26];

KpaBueHko A. E. KoHuenuusa nHTerpaTuBHoro oopMmMpoBaHusi U (pyHKLMOHMPOBaHUS CUCTEMbI
NaccaXvpcKoro aBTOTPaHCNOPTHOrO O0GCYXUBaHUSI B CE30HHO-LMKITUYECKUX YCIIOBUAX

permoHanbHbIX KyPOPTHLIX arnomepauumn




— 00ecIIeYeHNI0 KayeCcTBa M IOBBIILICHHIO
a¢pdpextuBHocTH I[TATO Ha ypoBHE PErHoOHOB
Y TOPOJIOB, MTOCBSIIEHBI paboThl [27-33];

— BIIMSTHHIO IIPOLIECCOB MHTErpaunuu (B Ty-
pucTckoi cdepe U B 00IaCTH MACCaKUPCKOTO
TpPaHCIOPTa) Ha MOBBIIICHHE 3P HEKTUBHOCTH
CTpaTern4ecKoro ymnpaBlieHus, OH3HeC-
KOMMYHHKAIUi, OlNepalioHHbIX MPOLECCOB,
MOCBSIICHBI paboThI [34—42].

B cBsi3M ¢ 3TUM NpUMEHEHHE aBTOPCKOM
KOHIICTIIUY TIPENICTABISAETCS aKTyalbHbIM, Tpe-
OyeT HayYHO-TEOPETHYECKOTO 0O0CHOBAHUSL.

PE3YNbTATbI U OBCYXOEHUE

ITo pe3ysbraram ncciaeq0BaHUs PErHOHAIb-
HBIX KypOpTHBIX ariomepaiui (CounHCKas,
Amnarickas, I'enenmxukckasi, HoBopoccuiickas,
Tyancunckas) KpacHonapckoro xpast ObU10
BBISIBIICHO, YTO OHU MEHSIFOT (DYHKIIMOHATBHBII
CTaTyCc MacCaXUpPCKOro aBTOTPaHCHOpPTAa Ha
CTpaTernueckuil B CBA3M CO CMEHOW CE30HHO-
UKJIMYECKUX YCIOBHUH (3UMA-JIETO), UIMITYJIbCHO
BIIMAIONINX HA POCT 00OBEMOB Pa3HOCETMEHT-
HOT'O MOTPEOHUTENILCKOTO CIPOCa MEPCOHAIBHO-
MaccoBOro HaszHaueHus (JieToM J10 3-X u Oojee
pa3 npeBbIIAOIIUX 3UMMHHI [IEpPUOJ) Ha Iepe-
BO30uHbIe TexHonoruu B PKA [11-13].

Ecnu nonxoauTh K 3HAYMMOCTH TTACCaXKHP-
CKOT'O aBTOTPAHCIIOPTA C MTO3HULIUH TONBKO (YHK-
LIMOHAJIBHOT'O CTaTyca, TO €r0 POJIN — CBSI3YIOIIas
u obecnieunBatoias [ 14-21]. Ceszyroras poiib
obecrieunBaeTCs TPAHCIIOPTHON JOCTYITHOCTBIO
tepputopuu PKA myis1 MecTHOTO HaceneHus,
a oOecrieuynBarolasl — OKa3bIBaeT BIMSHUE Ha
JMHAMHKY U CTPYKTYPY TPaHCIIOPTHOI MOOHITB-
HOCTH, TAKOKe JUIsl MECTHOTO HaceseHus1. [Ipuuem
CBsI3yloIas U o0ecreunBarolias pojiu OrpaHu-
YHBAIOTCSI 3HAYMMOCTBIO TOJIBKO JUIS ITACCAKHP-
CKOM TpPaHCIIOPTHOM CHCTEMBI HE KypOPTHOTO
1epuosa, MOCKOJIBKY B OONBIIMHCTBE Clly4aeB
OCYILECTBIISIOTCS] IEPEBO30YHBIE TEXHOJIOTHU
K MECTaM NPHIOKEHHUS TPY/ia, OT/IbIXa, pa3Blie-
YCHHS U aHAJIOTMYHBIM TSI MECTHBIX JKUTEIICH.

BaxxHO BBIIENHUTH, YTO MTPAKTHYECKOE BIIUS-
HHE HA YCTOMYUBOCTh (DYHKIIMOHHUPOBAHHS
MaCCaXUPCKON TPAHCHOPTHOM CUCTEMBI B 3UM-
HUI TIEpHOJ] HE OKa3bIBACT IIOTOK OTABIXAIOIINX
U TypPHCTOB, [TOCKOJIbKY NPUOBIBIIIME HA KYypOPT
yalie BCero MCIHOJb3YIOT CBOM JIMUHBIN aBTO-
TPAHCIOPT JJIsl IepeMeIleHus], a OCTAIbHOM
MOTOK He mpesbimaer 15-25 % ot obero
o0beMa NepeBO3KU 1aCCAKUPOB B HACEIEHHBIX
nyHkrax PKA (kpome CounHCKoI armoMepariyy,
B KOTOPOH KYPOPTHBIN CE30H SIBISIETCS] KPYIIIO-
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TOJMYHBIM, U POCT 0OOBEMOB TIEPEBO3KH T1acca-
KHUPOB MOXKeT jtocturars ot 70 % mo 100 %).

Ecnu nonxoanTh K 3HAUMMOCTH MACCAXKHP-
CKOT'O aBTOTPAHCIIOPTA C ITO3ULUYU CTpaTerhye-
CKOT'O CTaTyca, TO ClIelyeT TOBOPUTH O KYpOpT-
HOM TIEPHOJIEC, KOTOPBIH MOXKET IPOJOIIKATHCS
0 6 MecsiueB (¢ Masi 0 OKTSOpB), U KOTaa
OCYIIECTBIISIETCA MEPEeBO3Ka y)Ke He TOJBKO
MECTHOTO HaceJieHHs, HO U HaceleHHs, MPH-
OBIBILIETO Ha KYPOPT C Pa3JIMYHBIMHU [EJIEBBIMU
yctaHoBkaMu [22-26]. Takoe cocTossHUE BOTI-
poca yxe 3aTparuBaeT He TOJIBKO TaCCaKUPCKYIO
TPAHCIIOPTHYIO CHCTEMY, HO M UHIYCTPHIO OT-
JIbIXa, JIGYEHHS, Pa3BICYCHUS U TypHU3Ma, 1, KaK
CJIE/ICTBHE, OKA3bIBACT BIMSHHUE HA YCTOWYNBOE
GYHKUMOHUPOBAHUE BCEH COLMAIBHO-
sxkoHoMu4eckor cucteMbl PKA. B cBs3u ¢ uem
K CBSI3YIOILEH U oOecrieunBarouiell pojiu nacca-
JKHPCKOTO aBTOTPAHCIIOPTA JI00aBIIsIeTCsl MapKe-
THHTOBO-KOMMYHHKAllMOHHAs!, (PUHAHCOBO-
HKOHOMHUYECKast U UHBECTHIIHOHHO-UMUIKEBAsI,
00pasysi poJIeBoii KaTeropHaIbHbIN (yHKIMOHAT,
MPUYEM B CBS3YIOIIYIO U 00ECIEeYNBAIOLIYIO
POJIH JOOABIISIFOTCS HEKOTOPBIE COJleprKaTesIbHbIE
KOMITOHEHTHI [27]:

— CBsI3yIOLIAsl POJIb OKa3bIBAET BIIMSHHE HE
TOJILKO Ha TPAHCIIOPTHYIO JIOCTYITHOCTb TE€PPHU-
topun PKA, HO 1 Ha JOCTYITHOCTb pa3iIMYHBIX
BUJIOB TPAHCIIOPTHBIX YCIIYT JUIsl BCEX CJIOEB
MECTHOTO HaCEeNIEHHUs, OT/IBIXAIOINX U TYPUCTOB
MOCPEJACTBOM TEPPUTOPUAIBHO-IIPOCTPAH-
CTBEHHOT'O COIPSDKEHHS CTPATErHYeCKUX 30H
OCYLIECTBIICHUS [IEPEBO30YHBIX TEXHOJIOTHI C UX
UH(PACTPYKTYpHBIMH OOBEKTAMU M CEPBHCHBIM
obecrieueHrEM;

— ofecrieunBaroLias pojb OKa3bIBaET BIIS-
HHUE Ha TPAHCIOPTHYIO MOOMIIBHOCTB JUIS BCEX
MePCOHAILHO-MACCOBBIX MOTPEOUTENbCKUX Ka-
TEropHid, a TAK)KE yUUTHIBAET FTHOKOCTH B3aUMO-
JIEHCTBHS Pa3INuHbIX MEPEBO30YHBIX TEXHOJIO-
ruii (BnusieT Ha BBIOOP Kak JUIs MECTHOI'O, TaK
1 TIPHE3KET0 HAaCEJICHHS MECT OT/IbIXa, JICYCHUS,
pa3BJIEUCHUS U TYPU3MA);

— MapKeTHHIOBO-KOMMYHHKAI[IOHHAS POJIb
OKa3bIBaeT BIMSHHE HA TUHAMHKY U CTPYKTYPY
MOBEJICHUECKOW SKOHOMUKH (MapKETHHIOBBIX
aBTOTPAHCIIOPTHBIX KOMMYHHKaIMi 1 00bEMOB
MepEeBO3KH MMAaCCAKUPOB PAa3HOCTATYCHBIMH
CyOBEKTaMH MEPEBO30YHBIX TEXHOJIOTHH, (PyHK-
LIUOHHUPYIOIIMX B CTPATETMYECKUX 30HAX XO351H-
ctBoBaHus PKA);

— (pMHAHCOBO-OKOHOMHYECKAs! POJIb OKa3bIBAET
BIIUSIHME Ha IIEHOBYIO JIOCTYITHOCTh U TIPHBIIEKa-
TEJIBHOCTh MAaCCAXKUPCKUX aBTOTPAHCIOPTHBIX
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Puc. 1. CmpykmypHasi cxema ynpassneHus 6U3Hec-npoyeccamu 0nopHoO20 CUCMEMHO20 UHMe2pamopa 8 MapKemuH2080-KOMMYHUKalUOHHOM
npocmpaHcmee pe2uoHanbHoU KypopmHoll aznomepayuu [papabomaxa asmopom].

YCIIYT ¥ COMYTCTBYIOIIETO TPAHCIIOPTHOTO cep-
BHCA, & TAKKE HA JOXOAHYIO YaCTh OMIOPHBIX CEK-
TOPOB SKOHOMHKH PETHOHA M TOPOJIOB-CITy THHKOB;
BBICTYIIACT PE3EPBOM MPOBO3HBIX BO3MOXXHOCTEH
1 HaJIC)KHBIM PECYPCHO-CEPBUCHBIM (—TEXHOIIOTH-
YECKMM) JIEMEHTOM BCEH PErHOHANIBHON macca-
JKUPCKOI TPaHCIOPTHOW CHUCTEMEI, 00CCIIeurBast
ec yCToiInBOe (PyHKIIMOHUPOBAHUE B YCIIOBHIX
JIETHUX BHYTPHPETHOHAIBHBIX, MEKPETHOHAb-
HBIX ¥ TIIO0ATBHBIX OTPEONTEIECKHUX HArpy30K;
OTIpEZICIISIET HANIPABJICHNS U YPOBEHb 3KOHOMHYE-
CKOTO M KOHKYPEHTHOTO Pa3BHUTHs KypOPTHOTO
peruoHa 3a cuer (PMHAHCOBOI 00ECTIEYeHHOCTH
Pa3BHUTHS BCETO CEPBHCHO-MH(PACTPYKTYPHOTO
TIOTEHIMaNIa KypPOPTHO-TYPUCTCKOH cepbl; mo3-
BOJISIET 00ECTIEINBATH CHCTEMATHUYECKHI TPUPOCT
HMHTErPaJIbHOTO 3KOHOMHYECKOTO 3¢ deKTa s
MHJyCTPHH OT/bIXa M TypU3Ma 3a CYeT obectiede-
HUS 3asIBJICHHOTO YPOBHS Ka9eCTBA CEPBHCA;

— MHBECTUIIMOHHO-MMHUIKEBAS POJIb OKa3bl-
BaeT BIIMSIHUE HA TUHAMUKY U IUBEPCUDHUKAIIIO
COIMATIBHO-I)KOHOMHYECKOTO Pa3BUTHS KypOPT-
HOTO PETHOHA ¥ TOPOAOB-CITy THHUKOB; TOBBIIIIACT
MHBECTUIMOHHYTO IpUBJIeKarenbHocTh PKA ¢ ee
PECypCHO-CEPBUCHBIM ITOTEHINAIIOM H HH(pa-
CTPYKTYpPOM ITOCPEICTBOM ydacTHsi B (GOpMHUPO-
BaHNH I'HOKHX, TEXHOJIOTHYECKH COTNIACOBAHHBIX
LIETI0YEK C BBICOKUM YPOBHEM KauecTBa KOMII-
JIEKCHOTO cepBuca (B TOM YHCIIE KOMIIEKCHOTO
MIePCOHAILHO-MacCOBOTO Ha3HAYCHUS).

BrimeckazanHOE TO3BOMISET KOHIIETITYaIbHO
TOBOPHTH, YTO MACCAKUPCKUA aBTOTPAHCIIOPT,
¢ynxauonnpys B PKA, mpuobperaer crpareru-

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 64-72

YECKoe Ka9eCTBO, 4TO TpeOyeT BEIPaOOTKH JAOTION-
HUTEJIFHBIX OPTraHU3alMOHHO-YIIPABICHUECKUX
MEp | CTpaTeruii BeACHHUS TPAHCIIOPTHOTO OM3-
Heca Ul eJIed MOBBIMIEHNS KOHKYPEHTOCTIO-
COOHOCTH CEPBUCHOM MH(PACTPYKTYPHI B CE30H-
HO-IIKJIMYECKUX YCIOBHAX MOTPEOUTETHCKON
aktuBHOCTH B PKA [28-34].

B cBa3u ¢ 3TM mpearionaraeTcs Co3IaHue
«omopHoro» cucteMHoro uaTerparopa (OCH) —
PETHOHAIBHOTO 3KOHOMHYECKOTO XO3SHCTBYIO-
mero cyobeKkTa, MO3BONIIONIET0 3((HEKTHBHO
YIpaBisATh (HOPMHUPOBAHNUEM U (YHKIOHHPO-
BaHHEM KOMMYHHKAaIIHOHHO-CTPaTeTHIeCKON
o6msnec-cucremsl ITATO, a Taxke paliOHAIBEHO
peasu30BbIBATH ONMEpanMOHHBIE OHM3HEC-
MIPOLIECCHI, 0a3UPYIOMINECs Ha PAa3INIHBIX Map-
KETHHTOBBIX CTPATETHSIX BEIACHUS aBTOTPAHC-
noptHoro 6uzHeca B PKA. CtpykTypHas cxema
ynpasienus: 6usnec-nponeccamun OCH B map-
KETHHTOBO-KOMMYHHKAIIMOHHOM ITPOCTPAHCTBE
PKA noka3sana Ha puc. 1: Ha BXOZie HCIIONB3Y-
I0TCSI COBOKYITHOCT CEPBHCHBIX PECYPCOB HHTE-
TPaTUBHBIX XO3AHCTBYIOMINX CYOBEKTOB CTpaTe-
TUYECKOr0 MapTHEPCTBA, CErMEHTHPOBAHHBIN
MOTPEOUTENBCKUI CIIPOC M OMpPEAEIAIOTCS
CTparerndeckue 30HbI xo3siicTBoBaHms (C3X);
Ha BBIXO/IE CO3MAETCS W peannu3yeTcs KOHKY-
peHTOCTIOCOOHBIN Gopmar ycnyr OusHec-
cucremsl ITATO, onennBaercs nx 3¢h¢heKTHB-
HOCTh 1 Ka4eCTBO.

OCH sBasieTcst ynpaBisSiONIUM areéHTOM,
KOOPIMHHUPYIOIINM BCto Om3Hec-cuctemy ITATO
¢ y4eToM BHenpeHHs 3G ()EeKTHBHBIX MapKEeTHH-
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OcpuyuansHbIi nopman 2opoda-kypopma Coyu:
https://sochi.ru/press-sluzhba/novosti/68/128976/.

Onumnulickutl napk 8 Coyu

TOBBIX CTpAaTeruii BeJCHUS aBTOTPAHCIOPTHOTO
W COITYTCTBYIOWIETO OWM3HECAa, PYKOBOICTBYSCH
panuoHanbHO cHOPMHUPOBAHHON MO 0OBEMBI
MOTPEOHUTENBCKOTO CIIPOCa MOCPEACTBOM aKTH-
BH3aIMM MHTETPALMOHHBIX IPOIIECCOB pecypc-
HO-CEpBUCHON 0a30if, BOCTpeOOBaHHBIM YPOB-
HEM KadecTBa MaCCaKUPCKUX aBTOTPAHCIIOPT-
HBIX yeayr B PKA [35-38].

B nanHOM cityuyae, meiaeBbIM OPHEHTHPOM
OCHU siBasieTcst MOCTOSHHOE (CHCTEMaTHIECKOe)
COBEPIICHCTBOBaHNE OM3HEC-TPOIECCOB TI0
rokasarensiM 3¢ QeKTHBHOCTH, KauecTBa U pe-
3yabratuBHOCTH. Ilo cBOEH cyTm Om3Hec-
nponeccsl OCH npemmaraercs Kimaccuuupo-
BaTh Ha 0a30BBIC, CYOBEKT-HHPPACTPYKTYPHBIE,
pa3BUTHS, yIPABICHUS.

BazoBrie Om3Hec-mporieccs 00eCeunBaIOT
OCH ocHOBHOI1 9acThI0 MPUOBUIH 3a CUET pea-
JU3aIMN TTACCAKUPCKOTO U COIYTCTBYIOUIETO
€My aBTOTPAHCIIOPTHOTO cepBHca (Ha peryIsp-
HOM ¥ 3aKa3HOM OCHOBE C TEPCOHATBHBIM, BBIOO-
POYHBIM ¥ (MJIM) KOJJIEKTHBHBIM OOCITYXKHBa-
HueM). CyObekT-uH(pacTpyKTypHbIE OM3HEC-
MIPOLECCHl MOANEP)KUBAIOT UHPPACTPYKTYPY
n 6uszHec-kommyHukanun OCHU. busnec-
Tporeccsl pa3BuTHa obecreunBaioT a1 OCU
yCHJICHHE KOHKYPCHTHBIX TO3WINHA Ha PHIHKE
KypOPTHO-TYpPHCTCKHUX YCIYT B CPEIHECPOIHOH
U JOJTOCPOYHON mepcrnexkTuBe. buszHec-
TIPOIIECCHI YIIPABIECHHS CBA3aHBI C OCYIIIECTRIIE-
HUEM BcexX (pyHKIHMHA ynpasieHus (TIaHUpOBa-
HUSI, IPOTHO3WPOBAHMS, OpPTaHU3AINH, IHATHOC-
THUKH, PETYJITUPOBAHNS, KOOPIMHAIINH, KOHTPOJIS,
oneHky, a"Hanu3a u ydera) OCH n sBisrores
LIEHTPAMH €T0 M3/IEPIKEK.

[IpennoxenHas aBTOpoM KiaccHpHUKamus
OM3HEC-TIPOLIECCOB ITO3BOJISICT ONTHMU3HUPOBATH
TIPOM3BOJICTBEHHO-XO35HCTBEHHYIO JCSTEIb-
HocTh OCH 10 (hakTOpaM: CTPYKTypa 1 B3auMo-

CBs3b OM3HEC-TPOLECCOB, M3JIEPKKN OM3HEC-
TIPOLIECCOB, IEHTPHI OTBETCTBEHHOCTH 3a 3 hex-
TUBHOCTH OM3HEC-TIPOIIECCOB, CTPYKTYpa IMpH-
ObUTH OT OM3HEC-TIPOIIECCOB U JIp.

OCH, moMuMo ompeiesIeHAs LIENEeBBIX yCTa-
HOBOK JUISl YYaCTHUKOB CTPATErHYECKOro MapT-
HEpCTBa, ITOCPEICTBOM AKTHBH3ALMH U PETYITH-
POBaHMS MHTETPAOHHBIX MPOIIeccoB obecrre-
yuBaet [39; 40]: a) pecypcHO-TEXHOIOTHIECKYIO
cOaTaHCHPOBAHHOCTH HA COMPSDKCHHBIX PHIHKAX
KYPOPTHO-TYPHCTCKHX W aBTOTPAHCIOPTHBIX
yeiryr B PKA; 6) noBeimenne 3¢ dekruBHOCTH
HCTIOJIb30BaHMSI PECYPCHBIX MOTEHIINATIOB CH-
CTEMHBIX OM3HEC-CyOBEKTOB B CTPATEIMIECKUX
30Hax xo3siicTBoBaHMs B PKA; B) KoMIUIIEKCHOE
TIOBBINIIEHUE KadecTBa cepBuca B PKA; 1) momy-
YEHHUE U pallMOHAIFHOE PACIPEICICHHE MEXKTY
CHUCTEMHBIMH OM3HEC-CYOBEKTaMH MHTETPAIb-
HOTO KOHOMHYECKOTO 3 (eKTa; 1) MOACINPO-
BaHWE MapKETHHTOBBIX CTPAaTeTHil yrpaBIeHUS
Ou3Hec-TIponeccaMu Mo N3MEHSEMBIE YCIIOBUS
MIePCOHAIFHO-MACCOBOM ITOTPEOUTENHCKOM aK-
tuBHOCTU B PKA.

CBoEBpEeMEHHOE TOCTHKEHHE IIENIEBOI1 ycTa-
HOBKH OCH — moBBIIIEHHE KOHKYPEHTHOTO
1 KOMIUTEKCHOTO pa3BUTHUSI CEPBHCHOI MH(pa-
cTpykTypsl PKA, yunTeIBasi ce30HHO-IUKIIN-
YEeCKyI0 cenn(huKy 0OHEeMOB TIOTPEOUTEITECKOH
AKTUBHOCTH Pa3HOCETMEHTHBIX MTOTPEOUTEIh-
CKHX TPYIII IEPCOHATBHO-MACCOBOTO Ha3Haue-
HUSI W 3asIBJICHHBIN yPOBEHb KauecTBa CEPBUC-
HOTO COIIPOBOXJICHHS, Mpeayaraercs obecre-
YHUTH 32 CYET 3PPEKTUBHOTO HCIOIH30BAHUS
CEPBUCHOTO MOTEHIINAIAa CKOOPJHHUPOBAHHOTO
B3aMMOAEHCTBUS cep yCIyTr «KypOpTHO-
TypHUCTCKasl — MacCaXUPCKas aBTOTPAHCIIOPT-
Has» C YIPaBIseMbIMHA OCHOBHBIMH H JJOTIOJTHH-
TEIBHBIMH KOHKYPEHTHBIMH (pakTOopamu
(puc. 2) [41; 42].

® Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 64—

KpaBueHko A. E. KoHuenuus nHTerpaTMBHOro hopMUpPOBaHUA U (PYHKLIMOHMPOBAHMUSA CUCTEMBI
NaccaXmMpcKoro aBTOTPaHCMOPTHOro 06CNYXUBaHMSA B CE30HHO-LMKITMYECKNUX YCNOBUAX

pernoHanbHbIX KYPOPTHbIX arnomepauuﬁ




Kypoprnan arjssicpanms
(1

CTPATETHHECKAR 11
NEECTRRANEE [ETH0HL

)

FIPARICHIE EOMIURECHY
TR T MO
TERHURT AR K
pamrnca CEX

=

M
[l
T YIPARIEHNE CROTEMOR BCpOORL T

N

Kypopruan Vopaimcm: HuTerpaTmiie- Vepanseina Kypopruas
AL ABMEpA TN R [T eI i AL BACPAINE
TEPPATpL TN PRy o
Ak . — SInec-npOCTRANCT G COPRRHMM
permonLILnan % ph— + cmeresisg [IATO: - i =~ ..h T ACTEENND:
KYPOpTI- peipramicmsol RoRKTpeRIAL GcneRm copERCIm © oMKl
Ty pRCIoKaN crpacnci Crpeaciol wdpacmpramype W pRam—. e KARCTEp et mona
AEETREA RIS TP Fid J

e T —
e ———
[Py ——

-~ a

L]

KypopTaas arinuepainns
ERE
[PET ML IAE CHETEMA
IEPCORLILIG-MALCOBOT 0
Pl RO 8

Oy

Puc. 2. Modenb ynpaensieMo20 cepgUuCHO20 NomeHyuana ckoopdUHUPOBaHHO20 83aumodelicmeusi cghep ycrye «KypopmHO-mypucmcekas —
naccaxupckas asmompaHcnopmHasi» € PKA: 01, 02, 03, 04 u 41, 2, 13, 14 - coomeemcmeeHHO ynpasnsieMble 0cHosHbIe (0)
u dononHumenbHsle ([J) KOHKypeHMHbIe hakmopbi cKoopAUHUPOBaHHO20 83aumodelicmeus cghep ycnye «KypopmHo-mypucmcekasi —
naccaxupckasi asmompaHcnopmHasi» [paspabomaHa asmopom].

Ecnn ocHOBHBIE KOHKYpEHTHBIE (hDaKTOPBI
00pazyIOT TOJIBKO €CTECTBEHHBII MOTEHIHAT ITPH-
pnekarensHocTH PKA, ¢ y3koit npeanpuHuma-
TENIbCKOM aKTMBHOCTBIO K Pa3BUTHUIO, TO JIOTIOJ-
HUTENIbHBIE KOHKYPEHTHbIE ()aKTOpBI, B COBOKYTI-
HOCTY C OCHOBHBIMH, Ha IIPUMEpPE paccMarpuBac-
MOH cepbl MacCaKUPCKUX aBTOTPAHCHOPTHBIX
yCIyr o0pa3yloT KOMILIEKCHOE€ KOHKYpPEHTHOE
TIPEBOCXOJICTBO 32 CUET JUBEpCH(UKAIMU 1 -
(hEeKTUBHOCTH CHCTEMOOOpa3yoIIUX OU3HEC-
TIPOLIECCOB CEPBUCHOTO MOTEHIINAIIA CKOOPIUHH-
POBaHHOTO B3aMMOAEHCTBHUS cep yCIyr «Ky-
POPTHO-TYPHCTCKAsI — MACCAKUPCKas aBTOTPaHC-
moptHasi» B PKA (tabn. 1). Takoe cocrosiHue
BOIIPOCA CHOCOOCTBYET HE TOJILKO TTOBBILICHHIO
YPOBHS COLIMAIEHO-9KOHOMUYECKOTO Pa3BUTHSA
Y MHBECTHUIIMOHHOM TIPUBIIEKATEILHOCTH KYpOPT-
HOT'O pETHOHa B LIEJIOM, HO U BIICYET 32 COOOH poCT
TIOTOKA OT/ABIXAIOIIUX M TYPUCTOB YK€ 3a CUET
CBOETO KYypPOPTHO-TYPUCTCKOTO UMUJIXKA C PEry-
JISIPHBIM [IPUPOCTOM COOTBETCTBYIOLIETO MHTE-
TPAJILHOTO YKOHOMHUYECKOTo 3pdekTa.

B 1ienom, onieHKy pe3ynbTaTUBHOCTH chop-
MHUPOBaHHOH M (yHKIMOHHUPYIOIIEH KOMMYHH-
KallMOHHO-CTPaTern4eckoil OM3HeC-CUCTEMBI
ITATO B PKA mnpennaraercs onpenemisTs ¢ uc-
M10JIb30BAaHUEM DKOHOMHKO-MaTeMaTH4eCKOTOo
MOKa3aTens — KAHTErpajJbHbIH AIKOHOMUYECKUH
3¢ (deKT», KOTOPBIN MPEACTABICH CIEIYIOIICH
ABTOPCKOU (hOPMYJITON:

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 64-72

IE ;=D IE oSy + D 1E, 08, + Y 1Eq S, |
i=1 i=1 k=1

e IE,, IEZJ., IE, — cooTBeTCcTBEHHO OmEpa-
nuonubie 3pdekrsl (IE) oT ocymecTBienus
MePEBO30YHBIX TEXHOJIOTHUH MacCa)KHUPCKUM
aBTOMOOMJIBHBIM TPAHCIIOPTOM i-T0, j-r0, K-ro
MEpPCOHAaJIbHO-MaCcCOBOTO Ha3HAYCHHUS (Ha pe-
rymsipaoit (R) u 3aka3Hoii (Z) ocHoBe, a Tak-
ke terkoBbIMU Takcu (T)) 11 pasHOCcerMeHT-
HBIX TOTPEOUTEIBCKUX TPYII HACEJIEHUs B
PKA;

Seo Szj, S, — COOTBETCTBEHHO KOJMYECTBO
CE30HHO-BPEMEHHBIX LUKIIOB OCYIIECTBICHHUS
MIEPEBO30K ACCAKUPOB PETYIISIPHBIM, 3aKa3HbIM
aBTOTPAHCIIOPTOM M JIETKOBBIMHU TakcH B PKA.

HHTerpanpHeiil SkKoHOMUYECKUi 3 dekt
(IE,,,) oObemuHsAET BCe onepauuonHbie S dek-
THI, TIOJyYEHHBIE OT peaju3alii WHTErpaTuB-
HOTO PECYpPCHO-CEPBHCHOTO MOTEHIMANa B3au-
MOZICHCTBYIOIINX YYaCTHUKOB CTPATETHUECKOTO
naptHepcTBa B PKA 3a onpeneneHHble ce30HHO-
BpPEMEHHBIE IMKJIbI TTACCAKUPCKOH aBTOTPaHC-
TIOPTHOM CIICIMAITU3ALIH, YTO [TO3BOJISIET JeyaTh
BBIBOJIBI (TI0 pe3ynbTaTaM pacdera) 0 CE30HHO-
LIEJICBOM BCIUIECKE (MJIH CIiasie) MOTPeOUTENb-
CKOTO CIpoca IEepPCOHAIbHO-MAaCCOBOTO Ha3Ha-
YeHHUsI ¥ NPEJIPUHUMATh COOTBETCTBYIOIINE
OpraHU3alMOHHbIE MEPbI, BIHUSIOLINE Ha CHCTe-
MaTH4YeCKUH TPHUPOCT MHTETPATLHOTO SKOHOMH-
YECKOTo AP QeKTa.
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Taoauna 1

CepBHCHBII IOTeHIUAJI CKOOPAMHHUPOBAHHOIO0 B3aMMO/IelCTBHSA cep YCJAYT «KKYPOPTHO-
TYPHMCTCKAsl — Maccaxkupckas aprorpancnoptruas» B PKA ¢ ynpabiasieMbiMu
KOHKYPeHTHbIMHE (pakTopamu [pa3padoTano aBTopom]

PernonanbHast KypopTHasi arioMeparus

(PKA)

KoHkypeHTHBIE (PaKTOPBI H Pe3yJIbTATHI OT CKOOPIAMHHPOBAHHOIO
B3aUMO/IelicTBUS cep YCIyr «KypPOPTHO-TYPUCTCKAS — MACCAKUPCKAs

aBTOTpaHcnopTHas» B PKA

Kareropust / DYHKIHOHA OcHOBHbIe KOHKYPEHTHbIE JlonoTHUTeIbHBbIE KOHKYPEHTHbIE
HA3HAYCHHS ¢pakropsi (0) daxropsi (1)
Ilomenyuan
Ha3Hayenus
KypopTHo- DopMHupOBaHHE Vnpasnenue komniekcHbIM RPOCMPAHCMBEHHO-MEPPUMOPUATLHBIM
pekpeaunonnas | C/HHOTO paseumuem Kypopmno-pekpeayuonHoll CepeucHoil uHGpacmpykmypeol
JleCTHHALHS TEPPUTOPUATEHOTO O,: cymectByroee reorpaduyeckoe | JI: IpoCTPaHCTBEHHO-
HPOCTPaHCTBA VI PacIONOKEHNE, KITHMAT, CE30HHBIE TEPPUTOPHAIBHOE Pa3sBUTHE
Kypoprro- Pa3BUTHA LUKJIIBI, pebed), TEPPUTOPHATBHBIH | HHPPACTPYKTYpBI MACCAKUPCKOI
pexpearuonnpii | KYPOPTHO- TIOTSHINAT JUIS Pa3BUTHS TPaHCHOPTHOH CUCTEMBI
MOTEHIUA PCKpCallnOHHON KypPOPTHO-PEKPEAHOHHO C COIYTCTBYIOLIUM CEPBUCOM
CCpBUCHON CEepPBUCHON HH(PACTPYKTYPBI, B COYETAHUH C CONPSIKEHHBIME
HMH(PACTPYKTYpPHI HMHUDKEBAsT 1 HHBECTHIIMOHHAS cepamu KypOPTHO-TYPUCTCKOIO
NIPUBJIEKATEILHOCTh TEPPUTOPUH 6usHeca B PKA
PKA
Pe3y/1bTaT: KOMIUIEKCHOE IPOCTPAHCTBEHHO-TEPPUTOPHAIIBHOE Pa3BUTHE
BCeil KypOPTHO-PEKPEeallnOHHON cepBHCHOI HH(pacTpykTypsl PKA
Crpareru- DopmupoBaHue Ynpasnenue komnnexcHbiM nepcOHANLHO-MACCOBLIM MEXHONOSUHECKUM
yecKast 30HA €ANHOTO pazeumuem C3X
X035 CTBO- TEPPUTOPUATIBHO- O,: HanMIHe 6IarONpPHATHBIX A,: ckoopMHUPOBaHHOE
BaHHs KOMMYHHKAIHOHHOTO | 3k0HOMHYECKUX yCIOBUH MIEPCOHATHEHO-MACCOBOE
HpOCTpaHCTBA VI IUTSL COTPSKEHHOTO PA3BUTHS TEXHOIOTHIECKOE 0OeCIIeIeHHE
Prinouno- CONPSDKEHHBIX chep Pa3NIuYHBIX cep U PHIHKOB B C3X PKA c 3asBIECHHBIM yPOBHEM
TEXHOJIOTH- H PEIHKOB yCITyT YCIIYT B TEPPUTOPHATBHO- 5(PEKTUBHOCTH 1 KauecTBa
YeCKHI KOMMYHHKAIIHOHHOM IIPOCTPAHCTBE | MTACCAXHPCKHX aBTOTPAHCHOPTHBIX
TOTEHIHAI PKA YCIIYT U COIYTCTBYIOIIETO CEPBUCA
Pe3ybTaT: KOMIUIEKCHOE MOBBILICHHE () (EKTHBHOCTU ¥ Ka4ecTBa
MepPCOHANBHO-MAaCCOBOTO TeXHONOrnyeckoro obecneuenus B C3X PKA
Mpoms- DopMupOBaHHE Vnpasnenue komniekcHbiM pecypcHO-cepaUCHbIM 0becheyeHuem
BOXCTBEHHO- €IMHOTO CONPANCEHHBIX CeED U PLIHKOB YCIy2
IKOHOMMYEC- MapKCTHHIOBO- O,: Hanu4Ke 61aroNpUATHOTO JI,,: oObeTMHEHNE U HOPMHPOBAHHE
KOMMYHHKALHOHHOTO

KHii KJacTep

OU3HEC-TIPOCTPAHCTBA
JUISL XO3HCTBYIOIMX

AIMHUHUCTPATHBHO-IIPABOBOT'O
KiImMara 1 KOMIIBIOTEPHBIX

MPOM3BOJCTBEHHO-TEXHHYECKHX
(¥ -TPYJOBBIX) PECYpCOB

HWHrerparus- HHPOPMAIIHOHHO- Y XO3SIACTBYIOMINX CyObEKTOB
HO-PECYPCHBII CyGbekToB KOMMYHHKAIHOHHBIX BO3MOXHOCTEH | CONpsiKeHHBIX cdep yemyr as
TOTEHIHA CONPSKCHHBIX CPeP | (cucrem) s ynpabneHus (hopMUpOBAHUST KOMILIEKCHOTO
H PBIHKOB yCIIyT HHTErpaniei X03siCTBYOMIX PeCypCHO-CEPBHCHOTO MOTEHI[HAIA
CyOBEKTOB conpsbKeHHBIX cdep yeuyr | cuctemsl ITATO mox 3asiBIeHHbINH
C HX PECYPCHBIMH BO3MOXKHOCTSIMH | ypOBeHb 3 ()EKTUBHOCTH M Ka4eCTBA
C LEJIBIO IUBEPCHUKALII aBTOTpaHCIOPTHBIX ycuyr B C3X
u noBsleHus 3¢ dexrusHocTu yeyr | PKA
(IpOM3BOJCTB)
Pe3yIbTaT: KOMILIEKCHOE, HOPMUPOBAHHOE I10]] 3asIBICHHbINH yPOBEHD
9 HEKTHBHOCTH 1 Ka4eCTBa aBTOTPAHCIIOPTHBIX YCIYT M PAllHOHAIBHOE
pacmpe/elieHie HHTerPaTHBHO-PECYPCHOr0 00eCIIeUeHUs Y4aCTHUKOB
crparernueckoro naprHepctsa B C3X PKA
Cucrema ®DopMupOBaHUE Vnpaenenue cucmemoii nepconanrbHo-macco8020 ROMPedUmMenbcko2o cnpoca
TepCoHANLHO- eIMHOM 6a3bl HA NPOOYKYUIO CONPANCEHHBIX Cep U POIHKOB YCILye
MaccoBoro MaHHEIX 00 o6beMax | O ,+ CE30HHBIC IIMKJIBI, HAIMOHANBHO- | JI,: BBISIBIICHHE CETMEHTHOTO
norpe6u- TIOTCHIHATLHEIX KyJIBTYPHBIE 0COOCHHOCTH cocTaBa M MOTEHIHAIbHBIX
TeJbCKOTO norpeGuTenelt yenyr | y norenumanbhsle MEPCOHAIIBHO- 00BEMOB IIEPCOHATBHO-MACCOBOTO
cnpoca B CONMPSKEHHBIX MaccoBBbIe 00beMBI OTpeOuTeNeit MOTPEOUTENBCKOTO CIIpoca Ha
cepax u peIHKAX B CONpPSDKCHHBIX cepax OuzHeca TPAHCIIOPTHO-TEXHOJIOTHIECKYIO
IMotpebu- yemyr KypOPTHO-TYPUCTCKOIO CEKTOpa nponykiio cucremsr [TATO st
TETBCKUIH 9KOHOMHKH PErHOHA CONPSDKCHHBIX PHIHKOB
CIIPOC-OpUEH- MACCAKUPCKUX TPAHCIIOPTHBIX YCIIyT
THPOBAHHBII B PKA
noTeHuual Pe3y1bTaT: KOMIUIEKCHO-CHCTEMAaTHYECKOE YOBJIETBOPEHHE TPeOOBaHHIA

NEPCOHAIBHO-MAacCOBOIro HOTpCGHTeHBCKOI‘O CIpoca Ha Ka4€CTBEHHOEC

cepBucHoe obecneuenne B C3X PKA
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pernoHanbHbIX KypOpTHbIX arnoMepauui




3AKNOYEHUE

B coBpeMeHHBIX PEIHOYHBIX YCIOBHSX (ak-
TOp TypH3Ma OTIpeeIsieT HOBYIO chepy MpHo-
PUTETOB M Hay4YHBIX MOJXO/J0B K PEIICHHIO
BOMPOCA MOBBIIICHIS KOHKYPEHTHOTO W KOMII-
JIEKCHOTO Pa3BUTHUS PETHOHAIBHBIX KyPOPTHBIX
arJioMepalni ¢ COOTBETCTBYIOLIEH CEPBUCHOM
HHPPaACTPYKTYpOH U chepaMu yCIIyT, YUUTHIBAS
CE30HHO-IIUKITNIECKYIO CIEITHPUKY POpMHUPO-
BaHUs 00bEMOB ITOTPEOUTENHCKON aKTHBHOCTH
Pa3sHOCETMEHTHBIX MOTPEOUTENHCKUX TPYII
MEPCOHAILHO-MAaCCOBOTO HAa3HAUCHHS W 3asiB-
JIEHHBIA YPOBEHB Ka9eCTBA CEPBUCHOTO COTIPO-
BOXIeHUS. JJoCTHIKEHUE TAaKOU MOCTaBICHHON
[IETTM BO3MOYKHO 32 CUET MOCTPOESHUS KIINEHTO-
OpUEHTHPOBAaHHOW M pecypcHO-cOaIaHCHpO-
BaHHOI Om3Hec-cucteMbl [IATO B KypopTHOM
peruone. LleHTpansHOE MECTO B 3TOM BOIpoCe
OTBOJIUTCS TEOPHH KOMIIPOMICCOB B WHTETpa-
TUBHOM XO35UCTBEHHOM JAESATENBHOCTH pa3iny-
HBIX XO3SICTBYIOMINX CyOBEKTOB, QyHKITHOHHU-
PYIOIINX B CONPSKEHHBIX KypPOPTHO-
TYPUCTCKHUX U MACCAKUPCKUX aBTOTPAHCTIOPT-
HBIX cepax yciayr KypopTHOT'O peruoHa.
Peanuzanus npouecca cCHCTEMHON HHTErpaluy
JlaeT BO3MOXKHOCTH 3(p(peKTHBHO B3anMopeii-
CTBOBATh B PHIHOYHOM IIPOCTPAHCTBE, a TAKKE
HCITI0JIB30BaTh PECYpPCHO-CEPBHUCHBIN MOTEH-
[IHAJ B CTPATETHIECKIX 30HAX XO3IHCTBOBAHUS
PKA ¢ BO3BMOXHOCTBIO ITOJYyUYCHHS 00JICE BHICO-
KOTO 9KOHOMHUYECKOTO pe3yibraTa (HHTeTpab-
HOTO 9KOHOMHYECKOTo 3 dekra).
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AHHOTALNA

B cmambe paccMompeHo cocmosiHue 6e3onacHocmu 0opoX-
Hoeo dswxenust (B1L]) 8 Poccutickoli ®edepayuu 3a d0/120cp04Hb Il
nepuod 2012-2022 ee. OnpedenieHbl OCHOBHbIE HanpagneHus
8 uccnedyemoll obnacmu, ompaxeHs! pe3ynbmamsi delicmeyio-
Weeo HayuoHaneHo2o npoekma «besonacHble kadecmeeHHble
0opozuy, a makxe npoaHanu3uposaHb peanusyemble hedeparts-
Hble NPOEKMbI, 8 YaCMHOCMU, Lernesble UHOUKamopb! hedeparib-
Ho20 npoekma «besonacHocmb AopoXHO20 OBUXEHUS» U Onpe-
OeneHbl nepcnekmugHble Nymu no Ux A0CMUXEHUIO.

YcmarosneHa Heobxo0umocms paspabomku nodxoda k aHa-
nu3y nokasamenel asapuliHocmu peauoHa, 0CHOBaHHO20 Ha
passumuu uHcmpymeHmos Big Data dnsi obpabomku 6onbuiux
06bemMo8 nepeuyHbIX OaHHbIX. BbiseneHo, ymo umetowuecs
0OaHHble, npedcmasiieHHbie 8 06Wed0CMynHbIX CMamucmuYecKux
6a3ax OaHHbIX, He N03BOISIOM 8 NOSHOU MePe OUEHUMb NPUYUHbI,
8 pesynbmame KOmopbIX 803HUKaom AOPOXHO-MPaHCNOPMHbIE
npoucwecmeus ([TI1). Hecmomps Ha 3mo ¢ yyemom umerue-
2051 pecypca, a UMEHHO OaHHbIX, NpedCMageHHbIX 8 aHanumu-
YeCKUX UH(hOPMAYLOHHBIX cucmemax, Haxodswuxcs Ha banaHce
8600MCMBEHHBIX OpeaHu3ayul, cywecmsyem 803MOXHOCMb

aBapUUHOCTU permoHa
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OUEHKU asapuliHoOCMu 8 LerioM N0 Pe2UoHy C y4emom nokasame-
neli agaputHocmu 6e3 nocmpadaswux, komopsle onpedesieHb!
3Ha4umesnbHo 6onbWwum ob6beMoM AaHHbIX. B makom crydae
803MOXHO OCywecmeums noOpobHyo demanusayuro NPUYUH
U ycnosuli 803HUKHOBEHUS NpOUCWeCmsuli, Ymo no3gonsiem
peanu3ogamb KoMniekcHbIl Nodxod 8 npedmemHoli obracmu.

B c8s3u ¢ 3mum 0cHoBHOU Uesbko uccredogaHus siensiemcst
paspabomka nodxola K aHanu3y nokasameneli agapuliHocmu
peauoHa. OcHosHbIMU Memodamu st JOCMUXEHUSI NOCMaesieH-
Hol yenu siensomcest Memodbl MameMamuyecko2o U cmamucmu-
Yecko20 aHasnuaa. B kayecmee Mamepuarnog uccredosaHus uc-
nonb3oeaHbl 06wedocmynHele 6a3bi 0aHHbIX, @ Makxe pecypcbl
cneyuanu3uposaxHol a8momamu3upo8aHHOU UHHOPMaULIOHHO-
ynpagnsioweli cucmembl (AUYC). B pe3ynbmame 8bINOHEHHbIX
uccnedosaHuli npednoxeH UHMennekmyarbHbIli Memod aHanusa
0OaHHbIX, kKomopbIl enocnedcmeuu noseonum 6onee aghgek-
mueHo 8bipabambigamb peweHusi no nogbiweHuto B/, 8 mom
yucre nymem ocyLecmeneHust KOHMpPObHO-Ha030pHOL desimerib-
HOCMU CO0MeemcmeyrouUX 0peaHos.

Kntouesbie cnosa: be3onacHocmb 00POXHO20 OBUXEHUS, NEPSUYHbIU aHanu3 OaHHbIX, noka3amenu asapuliHocmu, npuHsmue
PpeweHus1, UHmernekmyarbHbIli Memod, CI0XHbIE NOLUCKOBbIE 3anpocCh!.

3252-2024-22-1-10.

[ns uumuposanus: Esmiokos C. A., 3eliHanog @. H., Mumpowur 4. B., Hosukog A. H., LLlesyosa A. I'. Paspabomka nodxoda
K aHanu3y nokasamereli asaputiHocmu peauona // Mup mpancnopma. 2024. T. 22. Ne 1 (110). C. 74-85. DO https.//doi.org/10.30932/1992-

MonHbili mekcm cmambu 8 nepegode Ha aH2ulickull A3bIK Ny6IuKyemcsi 80 mopoll Yacmu daHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.

® © EBTiokoB C. A., 3eitHanos ®. H., MutpowuH [1. B., HoBukoB A. H., LLleBuoBa A. I, 2024




BBEOEHUE

OGecrmieuenne 0€30MaCHOCTH TOPOKHOTO
newkerns (BAJ1) aBisercs oqHUM U3 yCIIO-
BUU OCTUKEHUS HALlMOHAIBHBIX LeNiel pa3-
BUTHs. IS JOCTHXKEHNS COOTBETCTBYIONIUX
[[EJICBBIX TOKa3aTeneil pa3paboTaH U peann-
3yeTcs pAA JOKYMEHTOB CTPaTErHYecKOro
MIaHUPOBaHMS. Tak, yTBEpXKACHHAS PacIo-
psoxenuem IlpaBurtensctBa Poccuiickoit ®e-
nepannu ot 8 saBaps 2018 roga Ne 1-p Crpa-
Terus 0e30MacHOCTH AOPOXKHOTO ABMIKCHUS
B Poccuiickoit @enepanun mHa 2018-2024
TOJBI ' ABJISIETCS OCHOBOM 11 GOPMUPOBAHUS
1 peaJM3aliy TOCYJapCTBEHHON MOIUTUKH
B obnactu B/1/l Ha penepanpHOM, peTHOHATB-
HOM, MYHHIUIIATbHOM M MEXOTPACIEBOM
ypoBHsAX. YkazanHas CTpaTerus BKIIOYAcT
B ce0s pe3ynbTaThl aHanu3a cocTosHus BJ1/]
B Poccuiickoit @enepamnuu, a Takxke paspado-
TaHHYIO Ha UX OCHOBE COBOKYITHOCTBH MED,
HampaBJIEeHHbIX Ha noBblmieHue b/l u cHu-
JKEHHE CMEPTHOCTH B MaHHOU cdepe, chop-
MHPOBaHHBIX HAa CHCTEMHOH OCHOBE.

OnHNM 13 OCHOBHBIX HAIIPABICHUH peau-
3anuu TpaHcopTHOH cTpareruun Poccuiickoi
O®enepanun 1o 2030 roma ¢ TpoTHO30M Ha
mepuon 1o 2035 roga, yTBep:KIEeHHOM pacto-
psxennem IlpaBurensctBa Poccutickoit @ene-
pamuu ot 27 mostops 2021 1. Ne 3363-p2 3,
SIBJIIETCS CO3/IaHUE YCIOBUH IS TIOBBIIICHUS
Ka4eCcTBa XKU3HHM U 3I0POBbsI TPAKAAH, & TAKXKE
peanuzanus TPaHCIOPTHOTO MOTEHIHANA 3a
CUET OTIEPEIKAIOIIEr0 Pa3BUTHS TPAaHCTIOPTHON
HHQPACTPYKTYPHl M PACIIUPEHUS JOCTyIa
K 0e30macHBIM M Ka4eCTBEHHBIM TPAHCIOPT-
HBIM yCIyraM. B JaHHOM KOHTEKCTE OTHUM U3
(yHIaMEHTAIBHBIX HAMpaBICHUI OCYyIIECT-
BIICHHS JAHHOTO HaNpaBJICHUs OyAET SABISATHCS
ob6ecreuenne BJI/J1.

3a MpeAnIecTBYIOMNI MEpHoa B LEIOM IO
crpane B/IJl ynydmmnack, 4TO MOATBEPKIACHO
€XXETOAHO PETHCTPUPYEMBIMH OKa3aTeIIMU
aBapUHHOCTH, IPEACTABICHHBIMHU B TOM YHCIIC HA
UIEKTPOHHBIX pecypcax — B CTATUCTHYECKUX

! Pacniopspxerue IIpaBurensctsa PO ot 08.01.2018 N 1-p
«O006 ytBepxknenun Ctparerun 6€30MacHOCTH JJOPOXKHOTO
nBikenus B Poccuiickoit @eneparyn Ha 2018-2024 roapi».

2 TpancnoprHas crparerust PO na nepuon 1o 2030 roma
C NPOrHo30M Ha mepuox 10 2035 roga, yTBepikaeHa pac-
nopskenueM IlpaBurensctBa Poccuiickoit denepauun ot
27 Hostopst 2021 1. Ne 3363-p.

3 CokonoB M. TpancmoptHast crparerus Poccun Ha eproz 10
2030 rona / TpaucropTHas crparerus — XXI Bek. —2013. —
Ne 22.—-C. 7-9. EDN: VEEFDR.

® Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 74-85

0azax maHHBIX* >, U B exeroqHoM otdere Hayu-
HOT'O LIEHTpa 0e30MacHOCTH JOPOKHOIO JABHKE-
nust MBJT Poccuun (HLL BJI/T)¢ [1]. Habmonaetcs
CHIDKCHHE MTOKa3aTesiel aBapUitHOCTH 110 00IIeMy
KOJINYECTBY MPOUCLIECTBUI C MOTUOIINMHU U pa-
HEeHbIMH (pHc. 1). AHaIU3KPYs pacCMaTpUBaeMBbIi
OAMHHAAUAaTUIeTHUH nepuox — ¢ 2012 mo
2022 rox, MOKHO OTMETHUTB, YTO B CPEIHEM 00I1Iee
KOJIMYECTBO MPOUCHIECTBUN C MOTHOMIUMU
Y PaHEHBIMH [0 CTPaHE €XKErOHO CHIKAETCS Ha
4.5 %, KOJIU4ECTBO MOruomMx — Ha 6,5 % u Ko-
JIMYECTBO paHeHbIX — Ha 5,5 % [2; 3].
HabGnronaemasi monoxurenbHas TUHAMHKA
CHMIKEHHMS paccMaTpHBaeMBbIX IMOKa3aTelen
(puc. 1), ocobenno naunHast ¢ 2018 rona, Bo
MHOTOM CBsi3aHa C peajin3alnueldl HOBOTO IMOJ-
X0Jla K CHW)KEHHIO CMEPTHOCTH Ha JIOporax —
KOHLIETILIUH CTPEMIICHHS K HYJIEBOI CMEPTHOCTH,
UJIE0JIOTUYECKOIl OCHOBOH KOTOPOH MOXKHO
CUMTaTh IIBEJCKYIO KOHIenuuo Vision Zero
[4-8]. B cooTBeTcTBUM C JAaHHOW KOHIEMIUEH
HEo0X0IMMO 00eceYnTh 0e301aCHOCTh TPAHC-
noptHo-nopoxkHoro komiuiekca (TK) ¢ yuerom
TOro (pakra, 4YTo 4ea0BEK (BOIUTEIH) KaK OTHO
13 3BEHBEB CUCTEMBI «BOJUTEIH — ABTOMOOMIIb —
nopora — cpena» (BAJIC) MOXeT COBEPIIUTH
omuOKy. B TakoMm ciyuae cocTapisIOLIME CUC-
TEeMBI JOJDKHBI 00€CIeYyuTh 0€30MacHOCTh —
NPEOTBPATUTh WIM MUHUMHU3UPOBATH TSDKECTh
MOCJIEACTBUH AomyleHHON omunoOku. C yueToM
JIAHHOW KOHLENIMH M OTHOCHUTEIBHO HOBOTO
noaxoxaa k Bonpocy BJIJ] Ha 3akoHOmaTETEHOM
YPOBHE OBbLIIM IIPUHSTHI HOBBIE IPOEKTHI, HAITPAB-
JICHHBIE Ha MOBBINICHUE 0E30MaCHOCTH TPaHC-
noptHo-nopoxkHoro komruiekca (THK). Ero oc-
HOBY COCTaBJISIET HAal[HOHAJIBHBIN NMPoeKT «be3-
omacHble KauecTBeHHbIE moporu»’ [9; 10].
B pamkax npoexra ocyniecTBIsSeTCs] CTPOUTENb-
CTBO HOBBIX U PEKOHCTPYKIIHUS CYIECTBYIOIINX
aBTOMOOMJILHBIX JIOPOT, ITPUBEJICHNE UX B HOP-
MaTHBHOE COCTOsIHUE. B paMkax TaHHOTO HaIHo-

4 ITokazaren cOCTOSTHHS 6€30MaCHOCTU JOPOXKHOTO JABHIKE-
Hus [OnekTpoHHBIH pecypc]: http://stat.gibdd.ru/. Joctyn
05.09.2023.

5 MepepanpHas cinyx0ba roCyIapCTBEHHON CTATHCTHKU
[OnexTporHsIil pecype]: https://rosstat.gov.ru/. Joctyn
05.09.2023.

¢ JIopOKHO-TpaHCIIOPTHAst aBapHitHOCTH B Poccuiickoit Dexe-
parmu 3a 2022 roa. MapopMarimoHHO-aHATUTHIECKUi 0030p.
M.: OKY «HI BIJI MBI Poccun». —2023. — 150 c. [Dnekt-
pouHslii pecypce]: https:/media.mvd.ru/files/embed/5055549.
Joctymn 10.08.2023.

7 HaumoHanbHbIH 1poekT «be3onacHble KaueCTBCHHbIC
noporu»: B 2021 rony B Poccuu oTpeMOHTHPOBAIH
16,5 ThIC. KM fopor // Mup Tpancnopra. — 2022. — T. 20. —
Ne 1(98).—C. 66.

EBTiokoB C. A., 3enHanoB ®. H., MutpowuH [1. B., HoBukos A. H., LLleBuyoBa A. I. Pazpa6oTka
nogxopa K aHanu3y nokasartenen aBapunHOCTY permoHa
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Puc. 1. OcHogHble nokazamenu asapuliHocmu e Pocculickoli ®edepayuu 3a nepuod 2012-2022 22.
[nodzomoeneHo aemopamu Ha OCHOBaHUU aHanU3a UCMOYHUKO8 * 5 °].
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Puc. 2. CmpykmypHasi cXxeMa OCHOBHbIX COCMaeNsIOUUX HayUOHaNLHO20 Npoekma «B5e3onacHble kayecmeeHHbI1e Jopozu»
[nodzomoeneHo asmopamu Ha ocHose °].

HAJIBHOTO MIPOEKTa peanu3yloTcs GeaeparbHble
MIPOEKTHI «PernoHanpHas 1 MECTHAS JOPOXKHAS
ceTb», «be30macHOCTh TOPOKHOTO ABHKEHHS»,
«Pa3BuTHe 0OIMECTBEHHOTO TPAaHCHIOPTaY,
«Ob1ecncTeMHbIE MEPBI PA3BUTHS JOPOXKHOTO
XO3STHCTBa», «ABTOMOOWMIBHBIE TOpOTH MWUH-
o6oponsl Poccum» n «Pa3sutne denepanpHON
MarucTpagbHOU ceTh» (puc. 2).

JocTmxenue neneit (eneparbHOro MpoeKTa
«be3omacHOCTh TOPOKHOTO IBIXKCHHUSD OIIEHH-

§ CaiiT HALIMOHAJILHOTO MPOEKTa «Be30MacHbIe KaYeCTBEHHbIE
nopormy». [DnekTpoHHbIH pecype]: https://bkdrf.ru/about/
SafetyRoads.

®  Mwup TpaHcnopTa. 2024

BAETCs [T0 OCHOBHBIM ITOKA3aTEIISIM: «yIOBJIETBO-
PEHHOCTH 0€30MacHOCTBIO JOPOXKHOTO JBHKE-
HUSA» U «konudecTBO morubmux B ATII Ha
10 TBIC. TPAaHCHIOPTHBIX CPEACTBY», @ TAKXKE JIO-
TIOJTHUTEIBHOMY ITOKa3aTEeNI0 «KOIMYECTBO T10-
rubmux B JITII Ha 100 ThIC. HacemeHUI»
(puc. 3 a-6).

MOCTAHOBKA NMPOBJIEMBI, LUENb, METOAObI
N MATEPUATNDI

s HoCTIXKEeHNS YCTaHOBIICHHBIX TIOKa3are-
Jell B TEpBYIO odepenb HEOOXOOMMO OIICHHUTH
CHUTYAIIHIO 110 TPEM OCHOBHBIM HAIIPABJICHHUAM —

EBTiokoB C. A., 3enHanoB ®. H., MutpowwuH 1. B., HoBukoB A. H., LLleBuyoBa A. I. Paspa6otka

noaxopa K aHanu3y nokasarenei aBapmnHoOCTU

pervoHa
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Puc. 3. Undukamops! hedepanbHo20 npoekma «bezonacHocmb A0pPOXHO20 ABUKEHUS»
[nodzomoeneHo aemopamu Ha ocHoee °].

«KaK OBUIO», «Ha TEKYIINH MOMEHT» U B «IIEp-
CIIEKTHBE», C MCIOJIb30BAHHEM PA3IMYHBIX IIe-
pUOJOB U MapaMeTpOB A OLEHKH. TodHas
OLICHKA TI03BOJISICT BHIIIOIHUTE IIPOTHO3 H3MEHE-
HUSI CUTYaINU ¥ OTIPEICTINTH OCHOBHBIC HAIPaB-
JICHUS peasu3aliyl JUId U3MECHEHHS CHTYallHH.
C yueToM MMEIOMIETOCS MH(POPMAIMOHHOTO
nHCcTpyMeHTapus — Big Data, HeoOxoauma pas-
paboTKa Mmoaxoa K aHaIM3y IOKa3aTenel aBa-
pUHHOCTH, B TOM YHCIE, HE TPEICTaBICHHBIX
B O(pUIMATBHBIX HCTOYHUKAX, UTO U OTIPE/IEIIACT
OCHOBHYIO Y€/1b BBIITOTHEHHOTO HCCIIETOBAHMS.

[Ipn pabore ¢ mokaszarensiMu aBapuHHOCTH
JUTSL BBITIOJIHEHUS aHATUTHYECKUX TPOIENyp
CIETHAJIICTY, HEITOCPEACTBEHHO CBSI3aHHOMY
C Hay4HOH CTIelM(UKOH NeITENbHOCTH, TIPHXO0-
IUTCS paboTaTh ¢ OUIHATHLHBIMA NCTOYHHKA-
MH — CTaTHCTHYECKUMH 0a3aMu JaHHBIX, COIEP-
MKAIIUMH IAHHBIE 110 KOJIMIECTBY IPOUCIICCTBUH
C TOTMOMMHE 1 paHeHBIMHU. CllelyeT OTMETUTb,
YTO B O(pUIIMATBHBIX HCTOYHUKAX MH(OPMALIHS
CTPYKTYPUPOBaHa, YTO TO3BOJISIET C/AENATh BbI-
00pKy 10 pa3IMIHBIM ITOKa3aTesiM. B cooTBeT-
CTBHHU C 3aJI0KCHHON B OCHOBY Hay4YHBIX HCCIIC-
JOBaHUI, BRIMTOMHsIEMBIX B obmactu b1/, cuc-
temoit BAJIC [11-13] mpencraBieHHbIC JTaHHBIE
MO’KHO OTHECTH K OTIMCAHHIO OJJHOTO 3 JJIEMEH-
TOB WJIM UX cBs3eil. Pabora B 0ase maHHBIX
OCYIIECTBISIETCS MTOCPEACTBOM 3a/aHUs MpO-
CTHIX TOMCKOBBIX 3aMPOCOB, MO3BOJISIOMINX
aHAJTM3UPOBATh OMH TOKa3arenb. Hampumep,
paccmarpuBast Takoi aneMeHT cuctemsl BAJIC
KaK «BOJHTEIb», BO3MOXHO ITOAPOOHO PaccMOT-
PEeTh COCTABIIAIONINE TAKOTO MOKa3aTess, KaKk
«TII u nocTpanasmue us-3a HapymeHus [TJIJT
BOJMTEIISIMU TPAHCHIOPTHBIX CPEJICTBY, KOTOPBIH
BKITIOYAET B ce0s 16 moakaTeropuii WM KIIaccH-
¢ukanuii paccmarpusaemMoro nokaszarens. Cre-
ZIyeT OTMETHTB, YTO HEKOTOPbIE KIaCCH(DUKALIIH
BKJTIOYAIOT B c€0s1 HECKOIBKO COCTABIISIOUINX,
YTO CO3/1ACT CIOKHYIO HEPapXUIECKyI0 CTPYyK-
TYpY, IPEACTaBICHHYIO B Ka9€CTBE IPUMEpa IS
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paccMmarpuBaeMoro rmokasareis (puc. 4).

B mpencraBnennoit crpykrype (puc. 4),
CBETJIO-CEPYIO 3aJIMBKY MMEIOT IO/pa3ZIelbl,
KOTOpBIE (paKTHUECKH HE TPECTABICHBI B O(H-
UaTbHON 0a3e, B CBSI3U C TEM, YTO MO HHUM
HEIb3s 3a7aTh MOMUCKOBBIN 3ampoc, HO YIS T10-
CTPOEHHS CXEMBI OHH OBIIIM BHECEHBI B KAYECTBE
00513aTeTBHOTO NIEMEHTA, MO3BOJISIONIETO OCY-
IIECTBUTH KiIaccu(uKammio. 3aluBKy TEMHO-
CEeporo OTTEHKa UMEIOT OJIOKH, KOTOPBIE IO
01.01.2022 He ObLTH TpeACTaBICHBI B OQHIIN-
AJBHBIX HCTOYHHUKAX, HO, HAYMHAS C YHOMSHYTOH
Jatel, ObUTH BBeZEHBI. CleqyeT OTMETHTH, YTO
110 JTAaHHBIM TTOKa3aTeNsIM HeNb3sl YCTaHOBHUTH
3HAUEHUS 10 YKa3aHHOHM JaThl, B CBSA3H C TEM,
YTO paHee OHU OBUIN HE YUUTHIBAEMBIMH.

AHanus3 npeicTaBICHHON B KAY€CTBE CTPYK-
TypBI CXeMHI (pHc. 4) MMOKa3bIBaeT, UTO IPH HC-
TIOJTb30BAHUH aHATUTHYECKOTO Memooda UCCIie-
JIOBAHMS ¥ BO3MOXKHBIX BHJIOB TAKOTO METOJA —
CTaTHUCTHUKH, TIPOTHO3UPOBAHMS, THTEIUICKTYalTh-
HOTO aHaJW3a JIAHHBIX, ONTUMHU3ALUN U TIp.,
BO3MOXXHO IIPIMEHEHHUE TOJIBKO IEPBOTO METO-
Jla — CTaTUCTHKH. B TakoMm ciydae BO3MOXKHA
peanu3anus TOINBKO OTHOTO HAaNpPAaBIEHHUS — 3TO
OIICHKa M3MEHEHHsI AMHAMUKH, HO C Y4ETOM
YCTAaHOBJICHHBIX LEJCBBIX ITOKa3aTeleH mpH
paboTe ¢ TaHHBIMU 110 aBapUHHOCTH TpeOyeTcst
pa3paboTka HOBOTO IOXOJa K aHAJIHU3y H, COOT-
BETCTBEHHO, 0CO0OT0 MHCTPYMEHTApPHUs, KOTO-
PBIii HO3BOIIUT PEATN30BATh HHTEIUIEKTYaIbHBIN
aHaJIN3 JaHHBIX U BIOCIEACTBHH Ooiee Y dek-
THUBHO BBIPA0ATHIBATh PEIICHHS 110 MOBBIIICHHIO
BJI/1, B TOM 4nciIe MyTeM OCYIECTBICHHS KOH-
TPOJBHO-HAA30PHON NEATEIHHOCTH COOTBET-
CTBYIOIIIMX OpraHoB. TakumM 00pazom, Ha JTAHHOM
sTamne ObUT ONpEJETIeH METOA WCCIEIOBAaHUS —
AQHAJINTUYECKUN.

OCHOBHBIMH HCIIOJIB3yEMBIMH MaTepua-
JIaMU ABISAIOTCS CTATUCTHYECKHE 0aspl JaH-
HBIX. B pesynpraTe aHanuza mmeromierocs
HHCTPYMEHTapus aisg GOpMUPOBAHHS pac-
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Puc. 4. Cxema cocmaensitowux nokasamens «[TIT u nocmpadaswue u3-3a HapyweHusi

NAL0 eodumensmu mpaHcnopmHbIx cpedcme» [ébINOHEHO aemopamu]:
1 - ATN u nocmpadaswue u3-3a HapyweHus [ eodumenamu mpaHcnopmHbIx cpedcme — ecezo; 1.1 — eodumenamu nezkoebIxX
aemomobunel; 1.1.1 - eodumenu Haxo0unaucb 8 COCMOSIHUU ONbsiHeHUs:; 1.1.2 — nepeeo3yuKU UMeom NUYEeH3UI0 Ha Nepe8o30YHYI0
dessmenbHocmsb; 1.1.3 - mpaHcnopmHble cpedcmea Haxodsimesi 8 co6cmeeHHocmu ghusuyeckux auy; 1.1.3.1 - eodumenu Haxodunucb
8 cocmosiHuu onbsiHeHusi; 1.1.3.1.1 - nepeso3yuku UMeOm NUKEH3UI0 Ha NepPeso30yHylo dessimenbHocMb; 1.2 — 8oOuUMeENAMU 2py308bIX
asmomobunel; 1.2.1 - eodumenu Haxo0unucb 8 COCMOSIHUU onbsiHeHUsI; 1.2.2 - mpaHcnopmHble cpedcmea Haxodsmces 8 cobcmeeHHocmuU
cpusuyeckux nuy; 1.2.2.1 - eodumenu HaxoO0unucb 8 COCMOSHUU onbsiHeHus:; 1.3 — eodumensmu aemobycoe; 1.3.1 — eodumenu Haxodunuck
8 COCMOsIHUU onbsiHeHusl; 1.3.2 — Nepeso3yuKU UMelom JIULEH3UI0 Ha nepego3oyHylo desmenbHocmb; 1.3.3 — mpaHcnopmHbie cpedcmea
Haxodsimcsi @ co6cmeeHHocmu gpusuyeckux nuy; 1.3.3.1 - eodumenu Haxodunuck 8 COCMOsIHUU onbsiHeHUst; 1.3.3.2 - nepeeo3yuku umerom
JIUYEH3UI0 Ha Nepeeo30yHyr desmenbHocmb; 1.4 — eodumensmu Mmomoyuknos; 1.4.1 — eodumenu HaxoduIUCb 8 COCMOSHUU ONbSIHEHUSI;
1.4.2- mpaHcnopmHbie cpedcmea Haxodsimcs 8 co6ecmeeHHocmu ghusuyeckux uy; 1.4.2.1-eodumenu Haxodunuck 8 COCMOSHUU ONbSIHEHUSI;
1.5- eodumensmu Monedoe u NpupaeHeHHbIX K HUM MpaHcnopmHbIx cpedcme; 1.6 - eodumensmu mpameaes; 1.6.1 - eodumenu Haxodunuch
8 coCmosiHUU onbsiHeHus; 1.7 — eodumensimu mposnneli6ycoe; 1.7.1 — eodumenu Haxodunucb 8 cOCMosiHUU onbsiHeHusi; 1.8 — eodumensamu
mpakmopoe u dpyaux camoxodHbIX MexaHu3mos; 1.8.1 - eodumenu Haxodunuck 8 cOCMosHUU onbsiHeHus; 1.8.2 - mpaHcnopmHble cpedcmea
Haxodsimcsi 8 cobcmeeHHocmu ¢husuyeckux nuy; 1.9 - eospacm eodumenel; 1.9.1 - eoapacm komopbix om 0 do 10 nem; 1.9.2 - eo3pacm
komopbix om 10 do 14 nem; 1.9.3 - eo3pacm komopbix om 14 do 16 nem; 1.9.4 - eo3pacm komopbix om 16 do 18 1em; 1.9.5- 8o3pacm komopbIx
om 18 do 21 200a; 1.9.6 — eozpacm komopbix om 21 do 25 nem; 1.9.7 - eoapacm komopbix om 25 do 30 nem; 1.9.8 — éoapacm komopsix om 30
do 40 nem; 1.9.9. - eo3pacm komopbix om 40 do 50 nem; 1.9.10 - eo3pacm komopbix om 50 do 60 nem; 1.9.11 — eo3pacm komopbix om 60 do
70.n1em; 1.9.12 - eo3pacm komopsix cebiwe 70 1em; 1.10- cmax; 1.10.1- co cmaxem ynpaeneHusi do 2.1em; 1.10.1.1 - 8 cocmosiHuu onbsiHeHUs;
1.10.1.2 - omka3saewuxcsi om npoxoxdeHus MeduyuHcko20 oceudemenscmeoeanus; 1.10.1.3 - myxyunamu; 1.10.1.4 - weHwyunamu; 1.10.2 - co
cmaxem ynpaeneHus om 2 do 5 nem; 1.10.3 - co cmaxem ynpaeneHusi om 5 do 10 nem; 1.10.4 - co cmaxem ynpaeneHusi omo 10 do 15 nem;
1.10.5- co cmaxem ynpaeneHus om 15 do 20 nem; 1.10.6 — co cmaxcem ynpaeneHusi om 20 do 25 nem; 1.10.7 - co cmaxem ynpaeneHusi om 25 do
30.1em; 1.10.8 - co cmaxem ynpaeneHusi cebiwe 30 nem; 1.11- eodumensmu - 2paxdaHamu UHOCMPaHHbIX 20cydapcme; 1.11.1- eodumensmu -
2paxdaHamu cmpaH CHI; 1.12- eodumenu Haxodunuck 8 cocmosiHuu onbsiHeHust; 1.12.1- T/, npousowedwue no noHedenbHukam; 1.12.2- AT,
npousowedwue no emopHukam; 1.12.3 — AT, npousowedwue no cpedam; 1.12.4 — [T, npouzowedwue no yemeepzam; 1.12.5 - AT/,
npousowedwue no namHuyam; 1.12.6 - 4TI, npousowedwiue no cy66omam; 1.12.7 - 4TI, npousowedwue no eockpeceHbam; 1.13 - eodumenu
omka3anuck om npoxoxdeHusi MeduyUHCKo20 oceudemencmeosarusi; 1.14— mpaHcnopmHbix cpedcme gpusuyeckux nuy; 1.14.1- eodumenu
Haxodunuck 8 cocmosiHuu onbsiHeHust; 1.15 — mpaHcnopmHbix cpedcme ropuduyeckux auy; 1.15.1 — eodumenu Haxodunucb 8 COCMOSTHUU
onbsiHeHusi; 1.16 — eodumensamu-myxyuHamu; 1.16.1 — eodumenu Haxodunuch 8 cOCMOSHUU onbsiHeHust; 1.17 — 00UMeNSAMU-KeHWUHaMU;
1.17.1 - eodumenu Haxo0unuCh 8 COCMOSHUU ONbSHEHUSI.

CMaTpHUBaeMBIX 0a3 JaHHBIX 0CO00C BHUMaHUE
OBLITIO yHeJNeHO TpoIlleccy MepBUYHOI oOpa-
OOTKM JaHHBIX, OCYIIECTBIIEMON Ha MecTe
ATII. CrenyeT OTMETUTD, YTO HA CETOMHSIII-
HUI 1€Hb MPOLIECC 3aHECEHUsI OCHOBHOM HH-
hopmarmm, HEOOXOIUMOU NI TOCIEeIyIOei
paboTBL, OCYIIECTBISICTCS B aBTOMATH3HPOBAH-
HOH MH(OPMAIIOHHO-YTIPABIAIONIEH CHCTEME
TocaBromucneknun (AUYC I'MBO) [14-16].
®DopMBI CHCTEMBI YCIOBHO pa3/ielieHH Ha JIBE
TPpynubl — HEOOXOQUMEBIE W ITOCTATOYHBIE.
B pamkax umccimemoBaHus ocoboe BHUMaHHUE
OBLTO yZIeNeHO HaHHBIM, KOTOPHIC BKIIOYAIOT
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EBTiokoB C. A., 3enHanoB ®. H., MutpowwuH [l.

B ce0s1 HeoOX0oMUMYI0 HHPOPMALIHIO IS Pop-
MupoBauus kaprouku JJTII. OcHOBHBIM 1OIT0-
KUTEIbHBIM acleKTOM paboThl B JaHHOH
cHCcTEeME SIBISETCS HAIMYHE OoJiee MOIHOU
nH(pOPMALINH O TIPONUCIIECTBHH, BOSMOXKHOCTH
3a/laHUsl CIOXXKHBIX TMOMCKOBBIX 3alPOCOB,
a Takke MHPOPMAIMH O KOJUYECTBE IPOMC-
mecTBuid 0e3 moctpagasmux. CornacHo pabo-
Yeil THIToTe3¢ HCCIeI0BaHMs, KOTOpast 3aKII0-
Y4aeTcs B TOM, UTO JJIsI IPUHATHUS PEIICHUS 110
CHIDKCHHUIO KOJIMYECTBA NMPOUCIIECTBUI Ha
YpOBHE pEeTHOHA HEOOXOAMMO BMECTE C MOKa-
3aTeJsIMU aBapUHHOCTH C MOCTPAJaBIINMHU
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Taoéauna 1

CdopmyanpoBaHHbIe CJI0KHbIE TOUCKOBbIE 3aNPOCHI [[IOATOTOBJIEHO aBTOpPaMHu|

Haumenosanue 3anpoca

O61mast GpopMyIHpoBKa OMCKOBOTO 3aIIpoca

«3ampoc 1»

Konuuectso JJTTI B HIT € MOCTPaJaBLINMKU xoi-Bo JITTI B HII ¢ nocrpanaBmimmu
Kommuectso JATII B HIT 6e3 mocTpagaBIINX xon-Bo JITII B HII 6e3 mocTpagaBmmx
«3amnpoc 2»

Konuuectso JITTI BHIT € TIOCTPaJaBIINMHU xon-Bo JITII Bue HII ¢ nmoctpagaBmumu
Komunuectso ATIT BHIT 6e3 mocTpagaBIInx xoi-Bo JITII Bue HII 6e3 nocrpamaBumx

«3arpoc 3»

Komnnuectso ATII B HIT — neperon | ¢ mocrpagaBmumu

xon-Bo JITII na neperone B HII ¢ nocrpagapmmmu

Konuuectso ATII B HIT — neperon | 6e3 nocTpanaBmmx

xoi-Bo JITTI na neperone B HIT 6e3 nocrpazaBimx

«3arpoc 4»

Kommaectso JITIT 8 HIT-PIIIT C IIOCTPaJaBUINMK

xon-o JITIT na PIIIT B HII ¢ noctpazapmmMu

Komuuectso JITTI B HIT-PIIIT 0e3 mocTpaJaBIINX

xoi-Bo JITTI ua PIIIT B HII 6e3 mocTpagaBmmx

«3arpoc 5»

Konmuectso JATTI B HIT-HITIT € MOCTPaJABLINMK

xos-Bo JITIT na HIIII B HIT ¢ nocrpagasmmmu

Komnuecrso ATIIT B HIT-HIIII 0e3 mocTpagaBIINx

xon-Bo JITIT na HIIIT B HIT 6e3 moctpanaBmux

«3ampoc 6»

Konmuectso JITII B HIT-PIT € MOCTPaJaBUINMKU

koi-Bo JITII na PII B HII ¢ nocrpanaBmumu

Kommuectso JTII B HIT-PIT 0e3 mocTpagaBIINx

xon-Bo JITIT Ha PII B HII 6e3 mocTpangaBimmix

«3amnpoc 7»

Konwuectso JITTI 8 HIT-HITP] € TIOCTPaJaBIIIMH

xon-Bo JITII na HITPJL B HII ¢ mocTpagaBmmmu

Konuuectso JITTI B HIT-HITP{ 6e3 mocTpagaBIInx

xoin-o JITII wa HITP/{ B HII 6e3 noctpamaBumx

«3arpoc 8»

Komuectro JATII 8 HIT-HITH/] C MOCTPaJaBUIMMU

xon-Bo JTII na HITH/I B HII ¢ nocTpagaBumMu

Konuuectso JJTTI B HIT-HITH/] 0e3 mocTpasaBIIMX

xoi-Bo JITTI na HITP/] B HII 6e3 mocrpagaBummx

«3arpoc I

Kommuectso JITIT 8 HIT-HITcK]] C IIOCTPaJaBUINMKI

xon-o JITTI na HIIcK/] B HII ¢ nocTpanaBmmMu

Kommgectso JITIT B HIT-HITcK /] 0e3 mocTpagaBIINX

xoi-Bo JITTI na HIIcK/I B HII 6e3 mocTpamaBimnx

Toscuenus: ATII — nopoxHo-TpancnoptHoe npouctuectsue; HIT — Hacenennslii myHnkT; BHIT — BHe HaceIeHHOrO ITyHKTa;
PIIIT — perynupyemslii nemexonusiid nepexoxn; HIIIT — neperynupyemsiii nemexoansiii nepexox; PIT — perynupyemblii
nepekpectok; HITPJl — Heperynupyemslii nepekpecTok paBHO3HauHbIX popor; HITHJ] — Heperynupyemslii nepekpecTok
HepaBHO3HauHbIX Jlopor; HIIcK/] — HeperynupyeMoe nepeceyeHue ¢ KpyroBbIM JIBHXKCHUEM.

OCYIIECTBIISITh OLEHKY IOKa3aresieil aBapuii-
HOCTH 0€3 MOoCTpaJaBUINX, JaHHas HHPOpMa-
LU ABISETCA BAXKHOM M HEOOXOOAMMOM JUIA
ydeTa [IpY aHAJIM3€ [10Ka3aTeNeil aBapuiiHOCTH
U, COOTBETCTBEHHO, ONPEAEICHHBIM HHCTPY-
MEHTapHeM IS BBIPAaOOTKH Mep 110 IPHHATHIO
pewenns. Takum 00pa3oM, OCHOBHBIMHU Mate-
puanaMu npu paboTe B JaHHOM HCCIIEJOBAaHUI
CTaJTH CTaTUCTHYECKHE 0a3bl JaHHbBIX 1 AUYC
I'MBa.

PE3YNbTATbI

Jnst pa3paboTku Moaxo/ia K OlleHKe MoKa3a-
TeJlel aBapuiHOCTH B COOTBETCTBUU C pas3zeia-
mu AUYC TUBJ/J] 6t chopMyaupoBaHsbI
CJIOKHBIE TOMCKOBBIE 3anpockl (Tad. 1), mo3Bo-
JISIFOILME MOTYYUTh JaHHBIE O KOJIMYECTBE MPO-
HCIIECTBUH C MOCTPaJaBLUINMHU U O€3 TOCTPaiaB-
IIMX, HA OCHOBAHUH YEro BBINIOJIHUTH aHAJIN3
1 OCYILIECTBUTh CPABHEHHE MOTYUEHHBIX PE3YIlh-
TaToB. ClIeyeT OTMETUTh, YTO CTPYKTypa CHC-
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TeMBbI BKJIIOYaeT B ce0sl CeMb OCHOBHBIX paszie-
JIOB!

1. OGuue cBeneHus.

2. VJIC u cxema JATII.

3. JIopOo’KHBIE YCIIOBUSI.

4. leiictBus Ha mecte JTTI.

5. CBeZleHUsI O TPAHCIOPTHBIX CPEACTBAX,
yuactBoBaBwux B JITII.

6. Ceenenus 06 ygactaukax JITII.

7. JloOTHUTEIbHBIE CBEICHUS.

Kaxx1ipIil U3 mpecTaBICHHBIX Pa3/lelioB
BKJIIOYAET B ce0s JOCTAaTOUHbIN IIepedeHb napa-
METPOB, MO3BOJISIONINNI Ha YPOBHE PEruoHa 3a
paccMaTpuBaeMBblil TIEpHOJ, OCYLIECTBUTD MEp-
BUYHBIM aHAJIU3 PUYHMH U YCIOBUM BO3HUKHO-
BeHus JITII. be3ycioBHO, Ha BO3HUKHOBEHHE
IIPOUCIIECTBUS OKa3bIBAaeT BIMAHHE OOJbIIOE
KOJINYECTBO (PAaKTOPOB, UTO TPEOyET BBITOIHEHHS
DTyOOKOT0 aHAJIN3a, HO B paMKax JJaHHOTO Hcclle-
JIOBaHMs MpejiaraeTcs pa3paboraTb MEXaHU3M
NIEpBOHAYATIBHON OILIEHKH UMEIOIINXCS TI0OKa3a-

EBTiokoB C. A., 3eriHanoB ®. H., MutpowwuH [I. B., HoBukoB A. H., LLleBuoBa A. I. Pazpa6otka
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Tadauma 2

(oan ) Tosy4enHble 3HAYEHHS] BepPOsITHOCTEi
— 1 [moaroroBJieno aBTopamu|
N, Tox 2016 2017|2018 [2019 2020 [2021 2022
) PA) |1 1 1 1 1 1 1

ot P(AD) 097 0,97 095 0,97 0,97 0,96 095
P(A2) |0.03 0,03 0,05 0.03 0,03 0,04 0,05
P (A1) | 0,05 0,06 0,07 0.08 0,08 0,07 0,06
P 5 oo P (Al 2) |092 091 0.89 0.89 0,89 0,89 0,89
ofiuyei cmamuemuvecoi aoposmuoemu | P (32D (002 Tooz Jooz  foox  Jooz  Jooz  fow
InodeomoeneHo aemopamu]. P (A2.2) | 001 0,01 0,03 0,01 0,02 0,02 0,03

TEJIeH TS BBITIOJIHCHYSI TaTbHEHIIIEr0 aHan3a
BBISIBJICHHOTO JIOMHHHPYIOIIETO 3aI1poca, HalpH-
Mep, TI0 TIOKa3aTelto «00beKT YC».

Hecmotpst Ha 10BOJIBHO OOLIMPHBIH CIEKTP
TpeACcTaBIeHHON MH(OPMaIK B 00IIEI0CTYII-
HBIX HH(OPMAIMOHHBIX PECypcax, K OCHOBHBIM
W3 HEMOCTATKOB UX UCIIONE30BAHUS OTHOCSATCS
OTCYTCTBUE JICTATN3UPOBAHHBIX TAHHBIX, HATIPH-
Mep kiaccudukanuu mo «oowvekram YIC»,
W OTCYTCTBHEC JAHHBIX IO KOJIHYECTBY HPOUC-
IIECTBUH BO BCEX IOKazarensix 0e3 mocTpaias-
mux. Takxke ClieAyeT OTMETUTh OCOOCHHOCTH
ANYC TUBAM — oTcyTcTBUE BO3MOXKHOCTH
T0JIb30BaHUS JAHHOM CUCTEMOM MOJIb30BaTENSIM,
HE OTHOCSIIIUMCSI K BEJIOMCTBECHHBIM CTPYKTY-
pam, HampuMep, HCCIeoBaTeNsIM B 00JIacTH
0e30MmacHOCTH JOPOXKHOTO NMBMXKEHUSA. TeM He
MEHEee, HECMOTPS Ha UMCIOIITUICS PSIT Tpo0ieM,
Ha OCHOBaHMH O(QHIMAIBHOTO 3arnpoca ObLIH
MTOJTyYCHBI KOJIMUCCTBCHHBIC JaHHBIC IO cop-
MYJIMPOBAaHHBIM 3arrpocaM (Tadi. 1), 4ro mo3so-
JIUIIO OCYIIECTBUTHh aHAJIHU3 MOJTYYCHHBIX JaH-
HBIX.

ITepBoodepemHBIM MEPOIIPUATHEM JIJIS Pa3-
PpabOTKH MOIX0/a SIBISCTCS MEPEX0/] K OTHOCH-
TENBHBIM TIOKA3aTeNIIM — BEPOATHOCTHBIM 3Ha-
YEeHUSIM HACTYIUIeHHUS coObITHs. Cieayer oTMe-
TUTh, 4TO paboTa B BEPOSTHOCTHOH 0OJacTH
TI03BOJISIET BBITIOJIHUTD OLICHKY HauboJjee Beco-
MBIX 3HAYCHUW, 00JaafoIINX HanOOIBITUM
«BECOMY» CTaTUCTUYECKON BEPOSITHOCTH HACTYTI-
JICHUS COOBITHH, YTO JaeT BO3MOXKHOCTb ILIAHH-
POBaHHSI OCHOBHBIX MEPOIIPUATHH 10 CHIDKCHHUIO
aBapUIHOCTH JUIS KOHKPETHOTO cyObekTa Poc-
cuiickoil Deneparui.

B kauecTBe mpumepa B pamMKax JaHHOTO
HCCIIEIOBaHMsI paCCMOTPEHBI MOKA3aTeIN aBa-
puitHOCTH 110 benropockoii o0nacTu 3a mepuox
20162022 ronoB, MoJy4eHHbIE B pPe3yabTare
3a1aHus CHOPMYITHPOBAHHBIX TOUCKOBBIX 3aIpO-
coB (tabn. 1) B cucreme AUYC T'MB/1/]. Ha
TIepBOHAYAIBHOM JTarle JUIsl Iepexoa B 001acTh
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BEPOSTHOCTHBIX 3HaUCHNH paboTa OCyIIeCTBIIs-
Jlack O «3anpocy 1» u «3amnpocy 2», rae ObuIo
npuHATO 4TO P (A) —3T0 00111251 cCTaTNCTHYECKAs
BeposiTHOCTh HacTyruieHus JITI1, onpenensemas
C MCHOJIB30BaHUEM (OPMYIL:

P(A)=P(Al) + P(A2), €))
rae P(A) — ob1mast crarucTuueckas BEpOSITHOCTD
HactyrureHus coosrrust ([ TII);

P(A1) — crarucriueckast BEpOSITHOCTh Ha-
crymnenus JTII B HacelleHHOM MyHKTE;

P(A2) — crarucriueckast BEpOSITHOCTh Ha-
crymnenus JTII BHe HaceleHHOTO MyHKTA.
P(A1)=P(Al_1)+P(Al_2), 2)
rae P(Al) — craructnyeckasi BEpOSTHOCTb Ha-
crymnenus JTII B HacelleHHOM MyHKTE;

P(A1 1) — crarucrnyeckas BEpOSITHOCTb
Hactymienust [ITII ¢ mocTpanaBuiMu B Hace-
JICHHOM ITyHKTE;

P(A1 2) — crarucrnueckas BepOSITHOCTB
nHactymieHust JJTTI 6e3 mocTpagaBmmx B Hace-
JICHHOM ITyHKTE;

P(A2)=P(A2 1)+ P(A2 2), 3)
rne P(A2) — cratucTudeckas BEpOsTHOCTh Ha-
crymnenus JTII BHe HacelIeHHOTO MyHKTA;

P(A2 1) — crarucruueckas BEpOSITHOCTb
Hactymienus J{TII c mocTpagaBmuMy BHE Hace-
JICHHOTO ITyHKTA;

P(A2 2) — crarucrnueckasi BEpOSTHOCTB
nacryruieHus J{TT1 6e3 mocTpamaBImmix BHE Hace-
JICHHOTO ITyHKTA.

I'pa¢nueckn B3amMOCBSA3b MOKa3aTenen
MMeeT BUJ, PeJCTaBICHHbIN Ha puc. 5. B pe-
3yJbTaTe pacuera ObLIM MONy4YeHBI JaHHBIE MO
YCTaHOBJIEHHBIM BEPOSITHOCTSIM, KOTOpBIE Ha-
IJISITHO TIPEJICTaBIICHBI B Ta0. 2.

I[TonyueHHBIE pE3yABTATHl MO3BOJSIOT
MpeACTaBUTh JaHHBIE B YCIIOBHOM II0JIE BEPO-
SITHOCTH, B KOTOPOM HaITISIAHO OTPAXEHO, YTO
OOJBIIMHCTBO COOBITHH NMPOUCXOJUT B Hace-
JeHHOM nyHKTe. [Ipu cpaBHeHHH ¢ abcomoT-
HBIMU NOKa3aTeIsIMH CTOUT OTMETUTb, UTO,
HECMOTpS Ha CHH)KEHHE OOIINX KOJMYECTBEH-
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—o—pP@al)  —o—P(A) | Py |

—o—p(A22) |

P(ALL)

—o—P(Al 2) _—o—P(A2I)

=—0==P (Al) =—0—P (A2)

Cimpamezuueckan
oGacmy uccredosaus

2020

2019

P(Al_1) ==0~—=P(Al_2) ==0-——P (A2 1) ==0=—P (A2 2)

Puc. 6. 06wuii 8ud o6nacmu eeposimHocmu HacmynneHusi cobbimuli [nod2omoeneHo asmopamu].

HBIX TIOKa3aTeseil, CuTyanus B paccMaTpuBae-
MOM pEeTHOHEe 3a pacCMaTpPUBAaeMBIH MEPHOJ
ocTaeTcs Hen3MeHHoM (puc. 6). JampHennmit
aHaJIM3 MOKa3bIBACT, YTO HAMOOJIbIIEEe KOJIH-
YECTBO MPOUCIIECTBUII B HACEICHHBIX IMyHK-
Tax, KOTOpoe BapbupyeTcs B npeneine ot 0,89
no 0,92, mpoucxoauT 0e3 MoCTpaaaBIINX;
cratuctuueckas BeposatHocTs JTII ¢ moctpa-
JABIIUMU H3MeHseTcs B nperene ot 0,05 no
0,08. YcioBHO, Ha MPOTSHKEHUU paccMaTpHu-
BaeMoro rnepuozaa B bearopoackoit odactu ot
00I111eTo YncIa MPOUCHIECTBHHA €KET0THO IPO-
HCXOJIUT B CpeaHeM NpuoOnu3urenbHo 7 %
MIPOUCHIECTBHI, B KOTOPBIX JIFOJM THOHYT WIIH
HX 370pOBBI0 ImpHuMHiIeTca Bpen. CoriacHo
HOPMAaTHBHBIM MCTOYHHUKAM U KOHIIETLHU
«HYJEBOTO BUJCHHUS» B JOJITOCPOUYHON mep-
CHEKTUBE UMEHHO TaKUM COOBITHUSAM YJIEINSIOT
ocoboe BHHUMaHHUE, TaK KaK B pe3yibTaTe MX
BO3HUKHOBEHUS OBLJI HAHECEH BPEJl 3/10POBBIO
WJIY KU3HH YesloBeKa. TeM He MeHee C y4eTOM
MOJIYYCHHBIX PE3yJIbTaTOB TaKXke Tpedyercs
MTOCTOSTHHBIM KOHTPOJb 32 U3MEHEHUEM JaH-
HBIX, XapakTepusyromux koauuectso JITTI 6e3
MOCTpaJaBUINX.

JlanHble, IpeAcTaBICHHBIE Ha puUC. 6, TTOKa-
3BIBAIOT, YTO B II€JIOM IO PETHOHY CHUTYyaIus
C pacmpeneieHueM NPOUCIIECTBUN OcTaeTcs
HEU3MEHHOI1. B cBs3U C 1esieHanpaBiIeHHOCTHIO
nmonuTuky B obmactu BJIJ] Ha CHIYKEHME Yucia
MOruOIIMX 0c000e BHUMAHUE B JAHHOM HCCIIe-
JIOBaHUH YIEJEHO TaKHUM COCTaBJISIOIIUM 00-
JIAaCTH BeposATHOCTH, Kak P(Al 1) u P(A2 1),
YTO BBIAEJICHO YEPHBIM CETMEHTOM.

Jlig aHanmM3a yCTaHOBICHHOTO CTpaTernye-
CKH Ba)KHOTO CETMEHTa IpeIlaraeTcsi IpUHATh
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B KQUeCTBE OOIIIEro MoKa3aressi CTaTUCTUYECKOU
BEPOSITHOCTH HACTYILICHHUS COOBITHII ITOKa3aTe b
P(A1), npupaBHSB €r0 K HOBOMY IOKa3aTelto
P(B), 4T0 MO3BOIISET NIEPEHTH B HOBYIO BEPOSIT-
HOCTHYIO 00JIacTb:

P(A1) =P(b). 4)

B Takom ciydae ocoboe BHUMaHHE Oyner
yIEIECHO BCEM MPOUCIIECTBUAM, IMPOU30LIE-
ITUM B HACEJICHHBIX MMyHKTaX, C y4€TOM KOJHU-
YECTBEHHBIX TOKa3aTesiel ¢ MocTpagaBUINMU
n 6e3 nocrpagaBmux. Jus mpoaoIIKEHUs
JATbHEWIIET0 UCCIeNOBaHHUS OBLIM PaccMOT-
PEHBI TIOMCKOBBIE 3ampockl 3—9 (Tabu. 1), mo-
3BOJISIIOLINE YCTAHOBUTH HAanOoJIee aBapHiiHbIe
o0bexTel Y/IC B MacmiTabax paccMaTpuBae-
MOTO0 peruoHa. B nanHom ciy4ae oOmuii Mmate-
MaTHYEeCKUM BUJ OMpeaeIeHUs BEPOSTHOCTH
HaCTYIJICHUS COOBITHIA B HACEJIEHHBIX MyHKTaX
(1 (1420001117178
P(b) = P(b1) + P(B2) + P(B3) +
P(b4) + P(B5) + P(b6) + P(b7) + P(BS), (5)
rae P(b) — cratuctuueckast BEpoSTHOCTh HACTYTI-
nenus JATII B HaceneHHOM IyHKTE;

P(b1) — craructiueckas BEpOSATHOCTh Ha-
crymenus JATII na neperose;

P(B2) — crarucTiueckas BEpOATHOCTh Ha-
crymenus A TII va perynupyemMoM neumexoqHoM
epexoe;

P(B3) — crarucTiueckas BEpOSATHOCTh Ha-
crymienus I TII Ha HeperynupyemMoM nemexos-
HOM IIepeX0Jie;

P(b4) — crarucTHueckas BEpOSATHOCTh Ha-
crymnenus JITI1 Ha perynmupyemMoM epeKkpecTke;

P(B5) — cratuctrueckas BEpOSITHOCTh Ha-
cryminenuss JATIl Ha HeperynupyeMoM mnepe-
KpECTKE PaBHO3HAYHBIX JOPOT;
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Taoauua 3

HonyyenHbie 3HaYeHUs BeposiTHocTeil 171 P(B)

[moarorosJieno aBTopammu|

2017 2018 2019 2020 2021 2022

1,000 1,000 1,000 1,000 1,000 1,000

0,085 0,080 0,088 0,118 0,121 0,117

0,008 0,013 0,013 0,016 0,012 0,014

0,077 0,068 0,075 0,102 0,109 0,104

0,007 0,006 |0,010 |0,013 |0,015 |0,014

0,003 0,003 |0,004 |0,004 |0,003 |0,005

N

o e |

L

./m,-;‘]

L /

£ N Ton 2016

AN P(B) 1,000
O PGB o111
(mf 5 A » P(I_1) 0,007

AN S . P(B1 2) 0,104

~ dmenl

() R g P(B2) | 0,007

e O P(52_1) |0,004

b S, Y P(2.2) |0,003

0,004 0,003 |0,005 {0,009 |0,011 |0,010

L) et P(B3) 0,026

0,025 0,025 0,025 0,032 0,031 0,023

P(B3_1) |0,009

0,012 0,012 {0,013 0,014 (0,013 0,013

P(B3 2) 0,016

0,013 0,013 0,012 0,018 [0,018 0,011

P(54) 0,050

0,059 10,059 [0,066 (0,076 [0,073 0,066

PB4 1) 0,006

0,006 0,007 0,010 0,010 0,007 0,008

Puc. 7. U306paxeHue cocmasnsirouux P(b4_2) 0,044

0,053 0,052 0,055 0,066 0,066 0,059

8epossmHocmu 603HUKHOBEHUS

AT e HaceneHHbIx nyHkmax P(B) P(b5) 0,010

0,010 0,008 0,011 0,016 0,012 0,013

no onpedeneHHbIM 06Lekmam YC P(b5_1) 0,001

0,001 {0,001 {0,002 [0,003 {0,001 |0,001

[nodzomoeneHo asmopamul]. P(B5 2) 0.009

0,009 10,007 0,009 |0,013 |0,011 |0,011

P(B6) 0,070

0,076 0,073 |0,102 {0,121 |0,118 |0,103

P(B6_1) 0,008

0,010 0,012 0,019 0,017 0,018 0,015

P(B6 2) | 0,062

0,066 |0,061 0,083 0,103 0,100 {0,088

P(57) 0,008

0,014 0,015 |0,018 [0,014 |0,014 {0,009

P(B7_1) |0,001

0,001 0,000 |0,002 0,002 0,001 0,001

P(57 2) 0,007

0,013 0,015 0,016 0,012 0,013 0,008

P(b6) — craructudeckas BepOSTHOCTH
Hactymienus [ITII na HeperynupyemoM nepe-
KpEeCTKE HEpaBHO3HAYHBIX JOPOT;

P(B7) — craructuueckas BepOSTHOCTH
Hactymienus [ITII na HeperynupyemoM nepe-
CEUEHUHU C KPYTOBBIM JIBHKEHUEM;

P(b8) — crarucTtuueckas BepOSTHOCTH
Hactymtenust J{TII na nneix oovekrax YIC.

P(b1)=P(b1_1)+ P(b1_2), (6)
rne P(B1 1) — craructuyeckast BEpOATHOCTD
HactynneHuss JTII ¢ mocTpagaBmumMu Ha
neperone B HIT;

P(B1_2) — crarucruyeckas BEpOITHOCTb
Hactymienus JITII 6e3 mocTpamaBmux Ha
neperone B HII.

P(b2)=P(b2_ 1)+ P(b2 2), @)
rne P(B2 1) — crarucrtuyeckast BEpOITHOCTD
HactynneHuss [TII ¢ mocTpagaBmumu Ha
perynupyeMoM nemexoqHom nepexoae B HIT;

P(B2_2) — crarucruyeckas BEpOSITHOCTb
HactymieHus JITII 6e3 mocTpamaBmux Ha
perynupyemoM nemexonHom nepexoze B HIT.

P(B3)=P(bB3 1)+ P(B3 2), (®)
rne P(B3 1) — crarucrtuyeckast BEpOATHOCTD
HactynneHuss [ATII ¢ mocTpagaBmumMu Ha
HEpPEerylupyeMoM MEIIEeX0JHOM Mepexonae
B HII;

P(B3_2) — crarucruueckas BEepOSATHOCTb
HactymieHus JITTI 6e3 mocTpanaBmux Ha Hepe-
TyJIUpyeMOM IemexoaHoM nepexozae B HIL.

P(b4)=P(b4 1)+ P(b4 2), )
rne P(b4 1) — cratucruyeckasi BEposSTHOCTD
Hactyminenus JTII ¢ mocTpanaBiumMu Ha pery-
nupyeMoM nepekpectke B HIT;

P(b4 2) — crarucruuyeckas BEepOSATHOCTb
Hactymuienus JITTI 6e3 mocTpagaBmmx Ha pery-
nupyeMoM nepekpectke B HIL.

P(B5)=P(b5 1)+ P(b5 2), (10)
rne P(BS 1) — crarucruyeckast BepOsITHOCTh Ha-
crymwienus A TII ¢ nocTpagaBmuMy Ha HEpeTyau-
pyeMoM nepekpecTKe paBHO3HAYHBIX gopor B HIT;

P(B5 2) — crarucruueckas BEpoOITHOCTD
HactymieHus JITTI 6e3 mocTpanaBmux Ha Hepe-
TYJIUPYEMOM MEePEKPECTKE PABHOZHAYHBIX 1OPOT
B HIIL.

P(b6) =P(b6 1)+ P(b6_2), (11)
rne P(b6_1) — cratucruyeckass BEposSTHOCTD
Hactymienus JITII ¢ noctpagaBIIuMu Ha HEpe-
TyJIUpPyeMOM IEpPEeKPeCcTKe HEPaBHO3ZHAUHBIX
nopor B HIT;

P(B6_2) — crarucruueckas BEepOSATHOCTb
HactymieHus JITTI 6e3 mocTpanaBmux Ha Hepe-
TyJIUpPYyEeMOM IEpPEeKpecTKe HEPaBHO3ZHAUHBIX
nopor B HIT.
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P(b7)=P(b7_1)+P(b7_2), (12)
rne P(b7 1) — cratuctuueckas BEepOSTHOCTh
Hactymienus A TII ¢ mocTtpagaBmnMu Ha Hepe-
TYJIUPYEMOM MEPeCcedeHUH ¢ KPYTOBBIM JIBUXKE-
nuem B HIT;

P(B7_2) — craructuuyeckas BEepOSITHOCTb
nactymieHust JITTI 6e3 mocTpamaBiimx Ha Hepe-
TYJIUPYEMOM MEPeCcedeHUH ¢ KPYTOBBIM JIBUXKE-
nueMm B HIT.

P(b8)=P(b8 1)+ P(b8 2), (13)
rne P(b8 1) — cratuctuueckas BEpOATHOCTh
nHactyminenus JT1I ¢ noctpagaBmmMu Ha UHBIX
oobekra Y/IC B HIT;

P(B8 2) — crarucruueckas BEepOSITHOCTb
HacrtyruieHus JITI1 6e3 nocTpasaBInx Ha MHBIX
oobekrax YJIC B HII.

Crnenyer OTMETHTb, YTO MHTEpdeic mpo-
rpammbl AUYC TTUBJIJ] no3BomnsieT noapasse-
nuth 00bekThl YJIC Ha 29 BUAOB, Hampumep,
acTakaja, nmyrenpoBoi, A3C, BHYTpHIBOPOBas
TeppHUTOpus U Iip. B pamMkax maHHOrO Hcciaeno-
BaHUS JETAJIBHBIN aHAJIN3 BBIIIOJIHEH 110 OCHOB-
HBIM OOBEKTaM, MPEJICTaBICHHBIM B Ta0IHIIe
MMOMCKOBBIX 3ampocoB (Tabia. 1), ocTanbHbIE
B JIaHHOM CJly4ae OTHECEHbI K UHBIM O0BEKTaM.
B npanpHeitmem oOmiasi CTpykTypa OymeT pac-
LIMpeHa U aHAJIOTMYHBIM 00pa3oM AETalbHO
MIpOaHaIN3UPOBAHA.

B pesysnbrare pacuera ObUTM OINpeENEeHbI
3HAYEHUs] CTAaTUCTUYECKUX BEPOSITHOCTEH Ha-
crymnenns: ATII, npencraeiennsie B Tadm. 3.
B3anMoCBsI3b COCTABIISAIOINX BEPOSITHOCTH BO3-
uukHoBenus J{TTI B Hacenenubix mynkrax P(b)
mo omnpeneneHHbiM o0bektam YJIC mpencras-
JieHa Ha puc. 7.

B nannom ciiydae B pamkax ananusa (puc. 7,
Tabn. 3) OblIa pacCMOTpEHa HOBasi 00JIACTh Be-
positHocreit P(B), kotopas siBisiiach IoJHOLCH-
HBIM PabOYHM IOJIEM CO 3HAYEHHEM BEPOSITHO-
cTH, paBHbIM 1. OOMIMiA B OTYYEHHBIX pe-
3yJBTATOB MPEJCTaBIIEH Ha puc. 8.

AHanus3 peACTaBICHHBIX JaHHBIX I03BOJIET
YCTAHOBUTBH, YTO B PACCMaTPHBAaEMOM CyObeKTe
Ha MPOTSDKEHUH JUTUTEIbHOTO nepuozaa (2016—
2022 rr.) HauOoJiee aBApUIHHBIMU C TOYKH 3PEHHS
O0ILEro KOJMYEeCTBA MPOMCUIECTBUH SBIISIOTCS
nieperonsl (P(B1)), perynupyemsle nepexkpecTku
(P(b4)) u HeperynmupyeMbie IEPEKPECTKH PaBHO-
3HauHbIX jopor (P(b6)). Hecmorpst Ha obuiee
CHIKEHHE KOINYeCTBa MPOUCILIECTBUH C OCTpa-
JIaBIIMMH, YTO OTPaXKEHO B OQHIMATIBHON cTa-
TUCTUYECKOH 0aze JAaHHBIX, YPOBEHb aBapuii-
HOCTH Ha JJaHHBIX O0BEKTaX OCTAETCs Ha BBICO-
KOM YPOBHE B CPABHEHUH C HHBIMH OOBEKTAMH
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VJIC. Ananorn4sasi CHTyalus XxapakTepHa U s
MPOUCHIECTBHI Oe3 mocTpaaaBuiux. [1o pe3yib-
Tatam aHanu3a konudectsa JITII ¢ moruOmmmu
U paHEeHbIMH Hauboyiee aBapUIHBIMU TaKXKe
octatorcst neperonsl (P(b1)), perynupyemsie
nepekpectku (P(b4)), Heperynupyemsie nepe-
KpecTkH paBHO3Ha4YHBIX Jiopor (P(56)), Ho 30ech
BBICOKasl aBapUITHOCTh TakXKe HaOJIrofaeTcs Ha
HEperyJIMpyeMbIX MEIIeXOJHbIX Mepexonax
(P(B3)). OnHNM U3 MOJIOXKUTEIBHBIX aCIIEKTOB
repexosia B BEPOSITHOCTHYIO 00JIacTh SIBIISIETCS
OlLieHKa OOIIel ANMHAMUKN W3MEHEHHUs aBapuii-
HOCTH UCCJIEAYEMBIX OOBEKTOB, KOTOpas MOKa-
3BIBAET, YUTO JIOJIS IPOMUCIIECTBUHN, XapaKkTepHast
JUIsl HEKOTOPBIX HcclienyeMbix o0bektoB Y/IC,
W3MEHSIETCS B OTHOCUTEINILHO Y3KOM JIMara3oHe,
HaIpuMep, JUIsl PEryIUPYeMbIX IeIeXOAHbIX
nepexonoB (P(b2)), HeperynupyemsIx mnepe-
KpecTKoB paBHO3HauHbIX fopor (P(B5)) u Hepe-
T'YJIHPYEMBIX IEPECEUESHUI C KPYTOBBIM JIBHIKE-
nuem (P(B7)).

BbiBOAbI

B pesyinbrare BBIOMTHEHHOTO aHajIKu3a Oblia
Ipe/ICTaBJIeHa OCHOBA pa3pabaThbIBAEMOro Mojl-
X0JZla K OILIEHKE IMoKa3aTeled aBapuHHOCTH
C UCIIOJIb30BAaHHEM PACIIMPEHHOTO AHala30Ha
JIAaHHBIX, TI03BOJIAIONIAs IPUHSATH B YUeT [0Ka3a-
TEJHU porcIiecTBUil 0e3 mocrpagapmux. C yye-
TOM HallpaBJieHUH, aKTUBHO PEajH3yeMbIX BO
Bcex 0e3 uckitoueHus: cyobekrax Poccuiickoit
Odenepanyy, ¥ HALEIEHHOCTH Ha KOHLEMIHIO
«HYJIEBOW CMEPTHOCTH» ITO MO3BOJISIET PACCUH-
TBHIBaTh ApaMeTPBI [I0Ka3aTelIeil, CBI3aHHBIX CO
CHI)KEHHEM OOILIET0 KOJIMYECTBA IPOUCILIECTBHHA.
B cBs3u ¢ 3TUM pa3zpabaThiBaeMBblil OJXO0/
¢ IocJieAyIoIei aeTanu3aiyeil mo BceM IoKa-
3aTessiM, TPENICTaBICHHBIM B OOLIEAO0CTYITHOU
CTaTHCTHYECKON 0a3e IaHHBIX, U IAHHBIM, OTpa-
skeHHbiM B ALY C I'MB/IJ1, mocpencTBom 3aa-
HUSI CJIOXKHBIX TIOMCKOBBIX 3aITPOCOB U IIEPEBOAA
a0COJIIOTHBIX TI0Ka3arelieldl B OTHOCUTENIbHBIC
C UCHOJIB30BAHUEM BEPOSITHOCTHBIX MOJIENen
MO3BOJIUT OIPENENIUTh BEC aHHBIX B 0O0IIen
CHCTEME U YCTAaHOBHUTH IIEPEUeHb PEKOMEH/Iye-
MBIX Meponpusatui nmo cHmwkenuro ATII nms
UCCIIEyeMOr0 CyObeKTa.

B cBoto ouepens nocineayromas asToMaru3a-
LS PEICTABICHHOT'O aHaJIN3a T03BOJISIET OITH-
MU3MPOBaTh Npolecc 00pabOTKK Mokaszaresen
ABApUHHOCTH C Y4ETOM JI00aBJICHUS B aHAJIHUTH-
YECKYyI0 MOJesib (PaKkTOpOB, OKa3bIBAIOIIHNX
BIIMSIHUE Ha U3MEHEHHE PacCMaTpUBAEMBbIX [TOKa-
3aTesei, TAKUX Kak:
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O6muii Buj BepOATHOCTHOM 00acTh Bo3HUKHOBeHHs JTII Pacnipesienienye CTaTHCTHYECKUX BEPOATHOCTEH
B HII Ha uccnenyemsix oobexrax ¥YJIC BosuukHoBeHust JITII Ha nceneayemMeix 0ObeKTax
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Puc. 8. Cxema cocmaensrowux eepossmiocmHoli o6nacmu [JTI1 e HaceneHHbIX nyHKMax Ha ucciedyembix o6bekmax Y[C
[nodzomoeneHo asmopamul.

— YPOBEHb aBTOMOOHITU3AIMH B PETHOHE;

— MPOTSHKEHHOCTh aBTOMOOMIIBHBIX JAOPOT
C TBEP/bIM MTOKPHITUEM B PETHOHE;

— ocHameHHoCTh peruoHa UTC ¢ yuetom
YPOBHS 3peIIOCTH;

— COIMATbHO-3KOHOMHYECKOE TMOJIOKEHUE
pEerroHa U YpOBeHb UHQIISAIUHY;

— YHUCJICHHOCTh HACEJCHHS PErHOHA U €ro
MUTPAIMOHHAS AKTHBHOCTH;
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10). C.

— nemorpaduuecKue MoKa3aresu H 1p.

AHanm3 yka3aHHbBIX [IOKa3aresiel B COBOKYII-
HOCTH C IOKa3aTeIsiMH 0e30MacHOCTH JAO0POXK-
HOTO JIBMKCHUSI ITO3BOJIUT MPOTHO3UPOBATH J10-
CTIYKEHHUE LIEJIEBBIX OPUEHTHUPOB, 3aKPETUICHHBIX
B HallMOHAJIBbHBIX MPOEKTAaX M JOKyMEHTax
CTPaTern4ecKoro IIaHMPOBAHMUS, a TAKXKe Olle-
HUBATh CTENICHb BIMSHUS T€X WM UHBIX (haKTO-
POB IIpH BBIPAOOTKE TOCYIAPCTBEHHOM MOIUTHKH
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B COOTBETCTBYIOLIMX oOnacTax. [Ipu ocymect-
BJICHHH TIPOTHO3UPOBAHHS H3MCHEHHS CUTYAIIUH
B 1I€JIOM IO PETHOHY MOXET OBITh Peasn30BaHO
JIOJITOCPOYHOE TJIAHUPOBaHKHE peallu3alny Ha-
MPaBICHUAN M MPUMEHECHHUS] MEPOTIPULTHHN IS
3¢ GEKTHBHOTO UCHOIH30BAHUS MMEIOIIHXCS
pecypcoB 1 (OPMUPOBaHUS CIICLHATU3UPOBAH-
HBIX 3aIpOCOB Jisi (eiepalIbHOTO YPOBHS Ha
TMOJTyYeHUE HOBBIX, HAITPHMED, HCIIOMHUTENbHBIX
anemenToB UTC, nporpaMMHO-anmapaTHbIX
KOMILIEKCOB, BBITIOJTHEHHUS OIPE/ICIICHHBIX BHIIOB
pabort, crocobcTByomux mnobineHno B/,
U pean3alny HHbIX HAIPABICHHH, YTO B COBO-
KYITHOCTH CTaHET OCHOBOI JUIsl OCYIIIECTBICHHS
unpoBoOii TpaHCHOPMALIUH.
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AHHOTALINA

AkmyanbHocmb npobniem akonoauyeckoli 6esonacHocmu
8 NPOUECCE PEKOHCMPYKYUL, PEMOHMa, COOepXaHus asmomobUsTb-
Hbix dopoe 0bwezo nonb3ogaHus npedonpedeneHa Hanuyuem
601bLLI020 KOMUYECMBa MPaHCNOPMHbIX aéapull, a MakKe onacHbIX
cobbImuti ¢ KpaliHe HezamueHbIMU 3KOMO2UYECKUMU U COUUaIbHO-
3KOHOMUYecKuMU nocrnedcmeusmu Onsi 6esonacHocmu u 6naeo-
NPUSIMHbIX YCoBull XU3HEOESMEbHOCMU HACEMEHUS.

Llenb uccnedosarus — onpedenums napamempbi 3Komo2u-
yecku 6e3onacHo20 nposedeHuss pabom npu PeKOHCMPYKUUU,
PEMOHMe, aKcniyamayuu asmomMobusbHbIx 0opoe. OCHOBHbIMU
3a0ayamu pabome 6binu onpedeneHb: KomniekcHoe obcriedosa-
Hue 06bexmog npogedeHust pabom Ha a8momMobUsTbHbIX 0opo2ax
0bwe20 nonb3ogaHus; ouyeHka cobnodeHuss mpebosaHull 3Ko-
noauyeckoli 6eonacHocmu npu nposedeHuu pasnudHbIX 8udos
pabom; aHanu3 HapyweHrul mpe6osaHull 3KOM02UYECK020 3aKOHO-
Oameribcmea, NPUYUH, yC1oeull UX 603HUKHOBEHUS, NOMEHUUasTb-

HbIX y2p03 803HUKHOBEHUS Ype3sbIyaliHbIX cumyayutl mexHo2eH-
HO20 Xapakmepa 8 pe3ynbmame HapyWweHUs 3K0M02UuYecKux
mpebogaHul; npopabomka komniekca meponpusimuli no obecne-
yeHuto mpebosarull akonoeuyeckoli 6esonacHocmu, npedynpe-
KOEHUK 4pe3eblyaliHbIX cumyayull u ux onacHblx nocredcmsuli
0ns okpyxarowiell cpedbl u 6e3onacHoll XusHedesmenbHoCmu
HaceeHus.

Pe3ynsmamom nposedeHHo20 uccrnedosaHusi cman 060CHO-
8aHHbIU 6 pe3yrnbmame aHanu3a 3K002u4eckol cumyayuu nepe-
YeHb Meponpusimull no obecneyeHuro mpebosanull skonoaudeckol
6e3onacHocmu npu peMoHme, PeKOHCMPYKYuU, co0epxaHuu
asmomobusbHbIX dopoe.

Pesynsmamsi pabomei bbinu npedcmasnersbi 29.08.2023
8 2. Bonoede Ha HayyHOU cexyuu meopemuyeckoll yacmu exe-
200HbIX y4eHull Pocasmodopa no obecneyeruro mpaHcnopmHou
6esonacHocmu, npedynpexadeHuto Ype3ssbiyalibix cumyayud.

Knroyesbie crioga: akonozuyeckasi 6e3onacHocmb, MpaHCNOPMHbIe agapuu, asmomobusbHblie dopoau, peMoHm, codep)aHue,

'~Ipe38bl’~lal7HbIe cumyayuu.

[ns uumuposaHus: Mowkoe B. b., Lixospebog 3. C., Kanaesa C. 3. K., Koponesa /1. A. Axanu3s HapyweHul 3K0moau4ecKux
mpebosaHuli Ha a8moMobUsTbHbIX Aopo2ax, NPUBOOSILUUX K y2po3aM 803HUKHOBEHUS YpessbidaliHbix cumyayul / Mup mpaHcnopma.
2024. T. 22. Ne 1 (110). C. 86-92. DOI: https://doi.org/10.30932/1992-3252-2024-22-1-11.

MonHbil mekcm cmambu 8 nepegode Ha aHanulickull 3bIK ny6nukyemcsi 80 emopoll Yacmu daHHO20 8bInyckKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

ObecneyeHne SKOIOTHIECKOI 0€30TTaCHOCTH
TPAHCIIOPTHOTO KOMILIEKCAa M JOPOXHO-
TPaHCTIOPTHON MH(PPACTPYKTYPBI IMEET IIEPBO-
CTENCHHOE 3HAYEHHE JUTA 00ECHEeIEeHUs yCTOH-
YMBOTO COIHATbHO-IKOHOMHYECKOTO PAa3BUTHSA
Haleil cTpaHsl.

OO0merocynapcTBeHHas 3HAYMMOCTh ITHX
BOIIPOCOB OTpaxkeHbI B CTpaTerny HalMOHAIb-
HOH GezomacHocTH Poccuiickoit @enepanuu,
TpancnoptHoii ctpareruu Poccuiickoii ®enepa-
muu 1o 2030 roma ¢ MPOTHO30M Ha MEPHOA 0
2035 roma, Ctparerun SKoJI0TH4YecKoii 6e3omac-
HoctH Poccnu Ha mepuox no 2025 rona.

ABTOMOOWITEHBIN TPAHCHIOPT W aBTOHOPOXKHAS
MH(PPACTPYKTYpa CITy>KaT MAacCOBBIM HCTOYHHUKOM
HETaTHBHOTO BO3JCHCTBHSI HA OKPY>KAIOIITYIO CPETY.
HamnbGonee nprcTaabHOro BHUIMAHHS 3aCITy >KUBAIOT
TIPOOIIEMBI 3arpsI3HEHNSI IPUPOTHOM CPEBI IPOH3-
BOJZICTBEHHBIMH 1 KOMMYHAJIBHBIMH OTXOaMH, He-
OUMIIICHHBIMH CTOYHBIMH BOJIAMH, BBIOPOCHI B aTMO-
cepHBI BO3MYX Pa3IMIHBIX a3pO30JeH TBEPIBIX
YaCTHII, Ta3000pa3HBIX COSIMHEHMUI.

B mensix KOMIUIEKCHOTO HMCCIIEAOBAHUS CO-
CTOSIHUSA JCATETBHOCTH B 00JIaCTH MOHUTOPHHTA
Y IPOTHO3UPOBAHMS UPE3BBIUANHBIX CUTYaLUN
TEXHOTE€HHOTO XapaKTepa ¢ HeOIaronpusTHHIMA
9KOJIOTHIECKUMH MTOCIEACTBHAMH, COOMIOAECHHS
TpeOOBaHM HKOIIOTHIECKON Oe30MacHOCTH IPH
PEMOHTE ¥ 3KCIUTyaTalli aBTOMOOMIIBHBIX J0-
por obmero momp3oBaHus getom 2023 roma
MIPOBEICHBI BHIC3HBIE MEXXBEIOMCTBEHHBIC
MEpOIIPHUATHS MO 00CIETOBAHUIO COCTOSHUS
SKOJIOTUIECKOM 0€30MMacHOCTH OOBEKTOB PEKOH-
CTPYKIHMH, SKCILUTyaTalluk ¥ pEMOHTA, 6a3 JOPOK-
HOW TEXHUKM W CKIaJUPOBaHMSA MaTepHalOB,
MPEIOTBPAILEHUIO aBApPUIHBIX U YPE3BbIYaHBIX
CHTYalli SKOIOTHYECKOTO XapaKTepa, Nx Heba-
TOTIPUATHBIX MOCIEACTBUH IS )KU3HEICATEIh-
HOCTH HaCEJIEHHs, 00bEKTOB SKOHOMHKH, COCTOS-
HHUS OKPYKAIOIIEH Cpeabl.

[To pesynbpraraM HaTypHOTO HCCIICIOBAHUS
COCTOSTHHSI 9KOJIOTHYECKOIl O6e30macHOCTH Ha
ABTOMOOMIIBHBIX JOPOTax OOIIETo MOTh30BAHMS
OCTpO BCTaJ BOIPOC 00 aKTyaJbHOCTH pa3pa-
OOTKM KOMILIEKCA MEp IO MPEAYNPEKACHUIO
BO3MOXKHBIX YpPE3BBIUAMHBIX CUTyallUil TEXHO-
TEHHOTO XapaKTepa, BBI3BAHHBIX JKOJIOTHYE-
CKUMH YTPO3aMH M3-32 HapyLICHUH MPHPOAO-
OXpaHHBIX M CAaHUTAPHBIX TPeOOBaHWUIl, HOPM,
TIPaBHJI IIPX PEKOHCTPYKIHH, PEMOHTE H COCP-
XKaHUU 00BEKTOB JOPOKHO-TPAHCIIOPTHOM
MHPPACTPYKTYPHI, 4TO SBUIIOCH Y€/Ibi0 JAHHOTO
HCCIIEIOBaHNS.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 86-92

MATEPWAIbI U METOAbI UCCNNEQOBAHUA
Marepuanamu IS IPOBEICHHS HCCIICIO0BA-
HUS SIBUIIUCH OIYOJIMKOBAHHBIEC TPYABI YICHBIX,
CIIETIMAJIFICTOB, HCCIIEA0BATENeH B 00JIaCTH 9KO-
Jormdeckoi 6e30macHoCTH Ha Tpancnopre [ 1-5],
TPAHCTIIOPTHOM 0€30IaCHOCTH, TIPEIYTIPEKIACHHUS
TPaHCTIOPTHBIX aBaphid, CBSA3aHHBIX C HUMU
Ype3BbIUYaHBIX CUTYaL[i TEXHOTEHHOT'O XapaK-
Tepa, aHaJIN3a SKOJIOTHYECKIX IPABOHAPYIIICHAH
TIPH PEKOHCTPYKITNH, PEMOHTE, SKCILTyaTaluu
aBTOMOOMIBHBIX noporT [6—10], pe3ynprarsl
CcOOCTBEHHBIX NCCIIENOBAHNN B 00J1aCTH 00€eCTIE-
YEHHS YKOJIOTUIECKON 0€30IIaCHOCTH M OXPaHBI
OKpYy’Karomiel cpesl Ha TPaHCIIOPTE, pecypco-
cOepesxeHwst, 0€30macHOr0 00paIIeHNS C OTX0-
JTaMH ¥ BTOPUYHBIMHU PecypcaMy Ha TPAHCIIOPT-
HBIX M UHBIX peanpusatusx [11-15].
KoHmenmus HacTosmiero nccienoBanus Oa-
3UpyeTCs Ha IPUOPHUTETHRIX HATIPABICHUSX TOCY-
JTAPCTBEHHOM ITOMMTHKH B 00JacTH 00parieHus
C OTXOJaMH, a TAK)KE€ MOHUTOPWHTA, IIPOTHO3U-
pOBaHUS, TIPEAYNPESKICHUS U CBOCBPEMEHHOMH
JIMKBHUJIALIUH YPE3BbIUANHBIX CUTYyallui IPUPOJI-
HOTO ¥ TEXHOT€HHOTO XapakTepa, OOIIenpHHs-
TBIX B MHPOBOM COOOIIECTBE NMPHHINTAX Zero
waste («HONBb 0TX070B»), Circular Economy
(3KOHOMHKa 3aMKHYTOTO THKIA) [16-20].
Memoouka ViccilefOBaHUS BKIIOUAET B CeOsT
CHCTEMHBIA aHallW3, CTATHCTHYECKYI0 o0pa-
0OOTKY TIOTYYEHHBIX B Pe3yJbTaTe CUCTEMaTH3a-
MU 1 0000IEHN TAaHHBIX DKOJIOTHYECKOTO
COCTOSIHUS TPAHCTIOPTHBIX 0OBEKTOB.

PE3YNbTATbI

Ha nmepBoMm 3Tamne rcciaeqoBanus 0000IIEeHBI
U CHCTEeMaTH3MPOBAHBI MaTepHa bl KOMIUICKC-
HBIX 00CJIEeMOBaHUN TEPPUTOPHNA PEKOHCTPYK-
UM, PEMOHTA, SKCIUTyaTallid aBTOMOOMIIBHBIX
JIOPOT, TIOYYCHHBIE B XOZ€ OOCIIeZOBaHUS IO
CIennaIbHO pa3paboTaHHOH Gopme (Tadm. 1).

TTocite cucreMarnsanmu 1 0000IIEHNS MaTe-
pHuanoB 06cIe0BaHHS TOPOKHO-TPAHCIIOPTHON
HHPPACTPYKTYpPhI aBTOPaMH OCYIIIECTBJICH aHa-
JU3 HapyIIeHnH TpeOOBaHHUN SKOJIOTHYECKOTO
3aKOHOAATENBCTBA MIPH TPOBEICHIH padoOT Ha
aBTOMOOMIIBHBIX JOPOTaX, IIPHBOIAIINX K OTTac-
HBIM aBapWsM, TEXHOTCHHBIM YPE3BBIYAHBIM
cuTyarusiM (Ha OCHOBE cOOpa M CHCTeMaTH3aIn|
JTAaHHBIX IO PEMOHTY ¥ SKCILTyaTaIliH JOPOKHO-
TPAHCTIOPTHOW HHPPACTPYKTYPHI M COAEPKAHUIO
BCITOMOTaTeIbHBIX 0OBEKTOB).

B xome mpoBeneHnsT MEpOIIPUATHS BBISBICH
PSA IPUPOJOOXPAaHHBIX HAPYIICHHUH, B TIEPBYIO
ouepenb, XapaKTEePHBIX IS SKCIUTyaTauu 0a3
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Tadauna 1

(IlopMa 00c/1e10BaHNs 00bEKTOB HA COOTBETCTBHE TpeﬁonammM CaHUTApPHOIo
H 3KOJOTHY€CKOIo 3aKOHOAaTe/IbCTBA ((l)pal"Mel-lT)

Copnepixanue TpeOOBaHMs

1. OOpareHne ¢ OacHBIMU OTXOAAMH

3axkoHozarenbcTBa Poccuiickoit denepannu.

Hakorienue orxonos JI0ITYCKA€TCs TOJIBKO B MECTaX (Ha nnoma;[Kax) HaKOIUICHUA 0TXO40B, COOTBETCTBYIOILIUX
’I‘peGOBaHI/IﬂM 3aKOHO/IATEIbCTBA B 00JIACTH CaHUTAPHO-OMUICMHUOIOTHIECCKOTO 6narononyqna HaceJieHusd,

CrenunanbHbIe TUTOIIAIKA BPEMCHHOI'O CKJIAIMPOBAHNUSA, HAKOIUICHUA MaTCPUAIIOB, ChIPbA, nonyQ)a6pm<aTon, OTXO040B
06BaJ’IOBaHI>I, 060pyz[013aHLI HpOTHBO(i)HHLTpaHPIOHHI:IMH OKpaHaMH, 3aIUTHOMN FH,I[pOHSOHﬂHHCﬁ, HUMECIOT OIrpaXKA€HUEC
110 IEPUMETPY MIIOIIAaAKHU, Pa3MEIICHBI BHE IPEICIIOB BOHOCGOI)HLIX TIomaae TIOBEPXHOCTHBIX U MTOA3EMHBIX BOJHBIX
OGBCKTOB, 3E€MECJIbHBIX YYAaCTKOB, IIOKPBITHIX ITOYBEHHBIM PACTUTECIILHBIM CJIIOEM.

He momyckaercst XxpaHeHUE CHITYYHX U JETyYHX MAaTepHAIIOB, BEIIECTB, OTXOMOB B OTKPHITOM BH/E (HABAJIOM)
B IIOMENIEHHAX, Ha CTPOMILIONAAKaX Oe3 IPUMEHEHNUs CPE/ICTB IbUICTIONABICHHS

C UCIIOJIB30BAHHUEM CaMOTEKaA, HACOCOB.

BJIarOHCIPOHUIIAEMBIX, XUMHUYCCKH CTOWKHX MEIIKaX.

YPOBHEMEPOB.

3arpysKa U BEITPY3Ka JKHIKOTO CHIPbSI X MaTePHAIOB OCYIIECTBIIAIOTCS O 3aKPHITHIM KOMMYHUKAIHAM
XpaHeHue, epeMeIleHIe ChITYYHX MaTepHAalIoB, OTXOJ0B OCYIIECTBIIETCS B HAIEKHO 3aKPBITHIX

IIponecc HaOMHEHUSI eMKOCTEH, COOPHHKOB, MEPHBIX COCYAOB TOKCHYHBIMH JKHUIKOCTSIMH CHA0XKEH CHCTeMaMu
CHUTHAJIM3aIMU O MAKCUMAJIBHO JIOIyCTHMOM YPOBHE HX 3aIl0OJHEHHs, KOHTPOJIA X COAEPKaHMUs C HOMOIIBIO

OuncTKa, MOKa 3arpsA3HEHHBIX EMKOCTEH, KOJIeC aBTOTPAHCIIOPTa MPOM3BOANTCS Ha CIICHAIBEHO 000PYIOBaHHBIX
CUCTEMOIi cOOpa 3arps3HEHHBIX CTOYHBIX BOJ C UX MOCICAYIONEH OUYMCTKOM, IMBHEBOI KaHAIM3AIMEH Ha TUIOMIAAKaX.

3anpernarorcs: cOpOC OTXOAOB IIPONU3BOJCTBA U IOTPEOICHHUS, B TOM YHCIIE PaJHOAKTUBHBIX OTXOJ0B, B IOBEPXHOCTHBIE
M TIOJ3€MHBIE BOJIHbIE OOBEKTHI, Ha BOJOCOOPHBIE ILUIOLIA M, B HEJJpa U HA [T0YBY

Hanuuue nacnopra orxonos [-IV kinacca onacHocTH;

TPaHCIIOPTUPOBAHMS;

Opl"aHI/IBaI.II/ISI TPaHCIIOPTUPOBAHUS OTXOIOB OCYILIECTBIIACTCS IPU CICAYIOINHUX YCIIOBUAX!

HaJIM4IHe JOKyMEHTAINH JUTs TPAHCIIOPTUPOBAHMS U IIEPENadn OTXO0B, O(OPMIICHHOI B COOTBETCTBHY C IPaBUIIAMH
TIEpEeBO3KH IPY30B C yKa3aHHEM KOJIMYECTBA TPAHCIOPTUPYEMBIX OTXOOB, LM H MECTa Ha3HAYEHUS UX

coOurozieHre TpeboBaHMi 6€30IaCHOCTH K TPAHCTIOPTHPOBAHUIO OTXOJI0B TPAHCIIOPTHBIMU CPEACTBAMHY;
Haymune Ha TC, KOHTelHepax, UCTepHaX, HCIOIb3yeMbIX [IPH TPAHCIIOPTHPOBAHUH OTXOIO0B, CIICHHAIbHBIX
OTJINYUTENBHBIX 3HAKOB, 0003HAYAIOIIX ONPEICICHHBII KJIACC OMACHOCTH OTXOJ0B.

2. OxpaHa BOITHBIX PeCypcoB

B rpanuniax BOZOOXpaHHBIX 30H 3aMPELIAIOTCS:

BEIIIECTB;

OCYILECTBIEHUE MOWKU TPAHCIIOPTHBIX CPEJCTB;
— cOpOC CTOYHBIX, B TOM YHCIIE JPCHAXKHBIX, BOI.

— pasME€IICHUe 00BEKTOB pasMEIICHUA OTXOA0B MPOU3BOACTBA U HOTpe6J'ICHI/I$I, XUMHUYCCKUX, TOKCHYHBIX, ATOBUTBIX

— JIBUJKEHUE U CTOSIHKA TPAHCIOPTHBIX CPEACTB, 3a UCKIIIOYEHUEM X JABMKEHHUS 110 JOPOraM U CTOSHKU Ha 10porax
U B CIIELHANbHO 000PYIOBAaHHBIX MECTAX, UMEIONIMX TBEPIOE MOKPHITUE;

— CTPOMTENBCTBO M PEKOHCTPYKIUSI aBTO3aIPABOYHBIX CTAHIMIA, CKJIJI0B TOPHOYE-CMa30uHbIX MaTEPUAIIOB, CTAHIMI
TEXHHYECKOTO 00CITy)KHBAHHS, UCTIONBb3YEMbIX JUISl TEXHUYECKOTO OCMOTPA M PEMOHTA TPAHCTIOPTHBIX CPEJICTB,

C6poc B BOJHBIE OOBEKTHI H 3aXOPOHEHHE B HUX OTXOJOB IIPOU3BOJACTBA U OTPEOICHHS 3aPEeIaloTCs.

BEIECTB.

B rpaHuuax 30H 3aTOINICHHUS, OATOIUICHHS 3alIPEIAIOTCS:

1) cTpouTensCcTBO 0OBEKTOB KAIIUTAILHOTO CTPOUTENBCTBA, HE 00SCIICIEHHBIX COOPYKEHUSIMH U (WIJIN) METOaMU
HHKCHEPHO# 3aLUThI TEPPUTOPHUIA H OOBEKTOB OT HETATHBHOTO BO3/ACHCTBUS BOL;

3) pa3meneHre 0OBEKTOB Pa3MEIEHHs OTXOJ[0B IIPOU3BOICTBA U MOTPEOICHNUS, XHMHIECKHX, B3PbIBUATHIX, TOKCHIHBIX

3. OxpaHa 3eMeJIbHBIX PECYPCOB

l'lO)KapHOﬁ GCSOHaCHOCTI/I;

BO3/ICHCTBHE HA 3MJIH U TIOYBBI.

CoOCTBEHHUKH 3€MEJIbHBIX YYaCTKOB U JIMIIA, HE ABJIAIOLIHECA COOCTBEHHUKAMH 3€MEJIbHBIX Y4acCTKOB, 00sI3aHBI:
OCYIIECTBIIATH MEPOIIPUATHA 110 OXPAHE 3€MEIIb, JICCOB, BOIHBIX 00BEKTOB U JPYyTux NpUpPOAHBIX PECYPCOB, MEPBI

HC IOITyCKaTh 3arpsA3HECHUEC, UCTOLICHUE, ACTpaJallluio, ITIOPYY, YHUYTOKCHUE 3€MEJIb U ITOYB, THOC HETAaTUBHOC

JIOPOKHOM TEXHUKH, CKIAHPOBAHUS MaTepHa-
JIOB ¥ KOHCTPYKIHH, MUHU-TOPOJKOB IS pe-
MOHTHO-IKCILTyaTallHOHHOTO ITepcoHana. boib-
mast 9acTh MOZO0OHOTO pofia 0OBEKTOB IKCILTya-
THPYETCS MOAPSIIUYAKAMH, PEaTU3YIOMUMHU
pa3iIMYHBIC BUABI PEMOHTA M CONCPXKaHHS [[0-
POXHO-TPaHCIIOPTHOH HHAPACTPYKTYPHI.

® Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 86-92

BonbImHCTBO U3 3THX HapyIIeHUH (OTAeIb-
HO WJIM B KOMIUIEKCE) B CiIydae HeOIaromnpusT-
HBIX TIOTOAHBIX YCJIOBHUH MIJIM MHBIX HAPYLIEHUH
TIPaBWJI SKCIUTyaTalliM U PEMOHTA MOTYT IpH-
BECTHU K BOSHUKHOBEHHUIO UYPE3BbIUAIHBIX CUTYya-
LM TEXHOTCHHOTO XapakTepa B (hopMare 1moj-
MaJaHus 0] KPUTEPUH OTHECCHHS COOBITHH
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K Ype3BBIYAWHBIM CHTYyalHsIM HPUPOIHOTO
1 TEXHOTEHHOTO XapaKTepa, YTBEPXKACHHBIX
[Ipuxazom MUC Poccun ot 05.07.2021 Ne 429
«O0 ycTaHOBICHHH KPUTEpUEB MHPOpPMAIII
0 YpEe3BBIYAHHBIX CUTYyamHUsAX HPUPOTHOTO
1 TEXHOTEHHOTO XapaKTepay.

Onnumu u3 Hanbosee J9acTo BCTpEdaro-
IIMXCS] HAPYIIEHUH 9KOJIOTHYECKUX U CAaHUTap-
HBIX TpeOOBaHUI Ha 00BEKTaX PEKOHCTPYKIIHH,
PEMOHTa, COAEep)KaHUA aBTOMOOMIBHBIX AOPOT
SIBIISTFOTCSI:

— JIOKQJIBHOE 3aXJIAMJICHHE TEPPUTOPHUH
CTPOUTEIBHBIMH, MTPOU3BOJCTBEHHBIMU M KOM-
MYHJIBHBIMH OTXOZIaMH;

— 3arps3HEHHE 3eMeIb Ha TEPPUTOPHU 00b-
exTa He()TenpoayKTaMHu;

— PEMOHT TEXHHUKH Ha OTKPBITHIX IUTOMIAKAX
C TIPONTMBAMH HE(PTEMPOIYKTOB;

— XpaHEHHE EMKOCTeH ¢ OTpabOoTaHHBIMHU
MacinaMu 0€3 TOI0Ha B OTKPBITOM COCTOSHUH
Ha TPYHTOBBIX HOKPHITUSAX MM Ha MTOYBEHHOM
TIOKPOBE;

— CKJIaJUPOBAHUE HA OTKPBITON IIOMATKE
0e3 00BalOBKH M HaBeca 3arpsA3HEHHOTO
He(TEnpOayKTaMH, HHEIMH XHMHUYECKUMH
COCIMHECHHUSIMH METAJUIONOMa, MOJIMMEPHBIX
WU3JENUM, y3JI0B U AeTajel, a TaKKe CHATOTrO
3arps3HEHHOTO acPaabTOOETOHHOTO MOKPHI-
THS B BHJIE€ KYCKOBBIX OCTaTKOB, KPOIUKH,
TIBUTH.

Ilepeuncnennpie OTXOOBI OTHECEHHI K 3—4
KJIaCCy OIACHOCTH, TO €CTh PEICTABIIIOT OIac-
HOCTb ISl OKPY’KaIOIEH CPEIbl B CITydae Iomna-
JTAHWS C TOBEPXHOCTHBHIMH (JTMBHEBBIMH, TAJIBIMH)

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 86-92

CTOYHBIMH BOJAMH IO YKJIOHaM TEPPUTOPHH
1 4epe3 CHCTEMY BOZOOTBOIHBIX KaHAB, TMOO MO
BO3JICHCTBHEM BETpPa Ha BOIOCOOPHBIE MIIOLIAIN
BOAHBIX OOBEKTOB M Ha TIOYBEHHBII ITOKPOB.

He npoBezneHb! TEXHUYIECKHE MEPOIIPUATHS
110 0OBAJIOBKE TEPPUTOPHH, OpraHU3aIH cOopa,
OYHCTKE MOBEPXHOCTHBIX CTOYHBIX BOJI, HCKIIFO-
YaOLIKe 3arpsA3HEeHNEe IPHUPOAHON cpesbl (T10d-
BEHHOTO ITOKPOBA, BOMHBIX OOBEKTOB) B3BEIICH-
HBIMH BEIIECTBAMH, COTSIMU METAJITIOB, OPTaHH-
YECKUMH COEANHCHUSIMH, HE(PTETIPOLYKTaMH,
MTOBEPXHOCTHO-aKTUBHBIMHU BELIECTBAMHU.

B 3THx ciydasx BO3HHKAET MOTEHIHAIBHAS
yIpo3a HPEBBIIEHHUS MPEACTbHO-IOMYCTHMBIX
KOHIICHTpAINil 3arpsA3HAIOMUX BemlecTs 3—4
KJlacca OMAacHOCTH, MOMAJaroliX CO CTOKaMHU
B BOZIHBIC OOBEKTHI M Ha TIOUBY — Oosee geM B 50
pas.

OKOJIOTHYECKas! OMMACHOCTh TAKXKE MOXKET
MIPOSIBUTHCS B CIIy9ae YaCTUYHOTO TOATOIUICHHS
TEPPUTOPHUIl OOBEKTOB MIPU CHIBHOM JOXK/IE TN
B NIEPUOJT BECEHHETO ITOJIOBOIbSI B PE3YIIBTATE
aKTHBHOTO CHEroTasHus. B cimydae ycraHoBie-
uus npesbimenns [1/IK veOmaronpustHas cu-
TyaIys, B COOTBETCTBUH C KPUTEPHIMH OTHECE-
Huit coopITHil K YC, XapakTrepusyeTcs B KaueCTBE
aBapUHOMN ¢ BEIOPOCOM M COPOCOM 3arps3HSIO-
IIMX BELIECTB B OKPYKAIOIIYIO CPey Ha O0BEK-
Tax JOPOXKHO-TPAHCIOPTHOH HHPPACTPYKTYPBHI.

K npyrum BeISIBICHHBIM HapyIIECHHSIM, HECY-
MM MOTEHIIMAIBHYIO 3KOJIOTHYECKYIO Omac-
HOCTb, OTHECEHBI:

—3arpA3HEHHOCTH TBEP/IBIM 0CAAKOM 1 HE(-
TEMPOMyKTaMu (TICHKOI) IyHKTa MOMKH aBTO-
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MOOMIIBHOTO TPAHCIIOPTA, HEPETyJIIpHast OTKad-
Ka IPOMBIBOYHBIX BOJI;

— OTCYTCTBHE ITyHKTOB MOMKH KOJIEC CO cOOpOoM
CTOKa U €r0 BBIBO3OM I10 JIOTOBOPY MJIM OYUCTKOI
NIPH PEMOHTHBIX paboTax Ha aBTOI0POrax;

— 3arpsi3HEHHOCTh NMPUAOPOKHBIX BOJOOT-
BOJIHBIX KaHaB,;

— HapyleHHe MpaBuUi pasieibHoro coopa
Y BPEMEHHOI'0 HaKOILJICHUS! OTPabOTaHHBIX MO-
TOPHBIX Macell, aKKyMYJISITOPOB, JIOMa METAJIIOB,
CIIUJICEHHOW M BBIKOPYEBAHHOUN JpeBECHO-
KyCTapHHKOBOM pacTUTENIBHOCTH, ITHEH, CTBOJIOB
JIEpeBbEB, 3aMaCIEHHOTO T1ECKa;

— HeperyJsipHbIil BBIBO3 OTXOJIOB, CIIOCOO-
CTBYIOIIMI MEPETIONHEHUIO KOHTEHHEPOB U 3a-
TPSA3HEHUIO TEPPUTOPUN OOBEKTOB;

— HeoOeCIICUCHHBIN 0TBOJI BOJ (3aCTOM BOJIBI,
00pa3oBaHMe JIOKAJIBHBIX 30H HAKOILICHHS BO)
B XOJI€ 1 [10 OKOHYAHUH ITPOBEACHHS PEMOHTHBIX
paboT BIOJB TOJIOCKHI OTBOJA,

— OTCYTCTBHE JAaHHBIX 00 MCCIIEJIOBAHMAX
HEOUMILEHHBIX ITOBEPXHOCTHBIX CTOYHBIX BOJ,
MOCTYIAIOUIMX Ha BOJOCOOPHBIE IUIOMIAAN U Ha
MOYBY;

— CKJIAMPOBAHUE CHATOTO PACTUTEIHHOIO
MOYBEHHOTO NMOKPOBa 0€3 MPHUHATHS TEXHHYE-
CKUX Mep MO 3allUTE OT PacIbLICHHUs U BHIMbI-
BaHMSI.

B psage ciayuaeB Ha rpaHHIle CaHUTAapHO-
3alUTHOM 30HBI pa3MeIleHuUs IPOU3BOJICTBEH-
HBIX 0a3 PEMOHTA M IKCILTyaTallul aBTOJOPOXK-
HOW TEXHUKH, BPEMEHHBIX TOPOJIKOB IPOKHUBA-
HUSI PEMOHTHBIX Pa0OYUX TPABOCTOI IIPEBbIIIA-
eT 25 cm. Ilpu ycinoBuu kapKoil MOTOJBI,
HEOCTOPOXKHOTO OOPAIIEHUSI C OTHEM U C YYETOM
HaJMuusi pa30pOCaHHBIX TOPIOYHX JPEBECHBIX,
MOJIMMEPHBIX, KAPTOHHO-OyMaXKHBIX OTXOJIOB,
HEJOCTATOUYHOHN H30JISIUHN CKIAJOB TOPIOUUX
MaTepuasioB, HeCOOIIOAECHHS IIPOTUBOIIOKAPHBIX
MpaBUJI TEOPETUYECKH BO3MOXKHO JIOKAJIbHOE
BO3rOpaHie OOBEKTOB C MEpexozoM Hebliaro-
MPUATHOH MOXKapOOIaCHOM CUTYalluH B UPE3BBI-
YalHyI0 TEXHOTE€HHYIO.

JomkHbIM 00pa3oM He MPOBOIUTCS pasb-
SICHUTEJIbHAsE paboTa 110 BOIIPOCaM MPeAyIpeK-
JICHHSI YPE3BhIUANHBIX CUTYAIlUi U MX OMACHBIX
MOCIIECTBUH IS )KU3HEACATENbHOCTH U OKPY-
JKarouie cpenpl ¢ padoratomumu. [1o pesynbra-
TaM COLMOJOTMYECKHX OOCIIeNOBaHUN U aHa-
JIM3a HOPMaTUBHO-TEXHUUECKON JOKyMEHTalluu
BBISIBIICHO, YTO IJIaH MPHPOJOOXPAHHBIX MEPO-
NPUSTHI He pa3pabaTbiBaJICS U HE JOBOIUIICS 1O
COTPYJIHMKOB, HE UMEETCS JOCTAaTOYHOIO Mpes-
CTaBJICHUS HU O BEIOMCTBEHHOM 3KOJIOTHYECKOM
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KOHTPOJI€, MOHUTOPUHTE TIPHUPOAHBIX U TEXHO-
reHHbIX YC, HE O TPOU3BOICTBEHHOM KOHTPOJIE
B 00J1acTH OOpAIICHUS C OTXOJaMH, HE 3aKPETi-
JIEHBI COTPYIHHUKH, OTBEYAIOIIHE 32 IKOJIOTHYe-
CKH 0e30MacHBIN pas3e/bHbIi COOp ¥ U30IHUPO-
BaHHOE XPaHEHUE OMACHBIX OTXOIOB POU3BOI-
CTBa U MOTPEOICHUS.

OBCYXOEHWE U BbIBOObI

Takum 00pa3oM, BBISBICHBI MPEIIOCHUIKH
U IPUYUHBI 3aPOXKICHHS IKOJOTHUSCKON OTac-
HOCTH Ha 00BEKTaX PEKOHCTPYKIIUH, PEMOHTA,
coliepKaHUsl aBTOMOOMJIBHBIX OPOT OOIIEro
[T0JIb30BaHUS, HEMPUHATUE JODKHBIX MEp IO
MPEIYIPEKACHUIO, CHIKCHUIO KOTOPOH MOXKET
MPUBECTH K BO3SHUKHOBEHHUIO YPE3BBIYANHHBIX
CUTyallMi TEXHOT'CHHOTO XapakTepa.

B nensax obecrniedeHus KOJIOrHYECKOi Oe3-
OMACHOCTH 3THUX TEXHOC(EPHBIX TEPPUTOPHUI
npeaiiaraeTess KOMIJICGKC OpraHU3alMOHHO-
TEXHUYCCKHX MEPOIIPHUITHI.

1. Pa3paboTka KOMILIEKCHOTO ILIaHa MpH-
POIOOXPAHHBIX MEPONPUIATUH C pa3aeiioM
npeaynpexaenus YC mpu oOpaiieHuu ¢ 0TX0-
JIaMH, a TaK)Ke B IPOIIeCCe IKCIUTyaTauu 00b-
€KTOB, CBSI3aHHBIX C HETaTUBHBIM BO3/ICHCTBHEM
Ha OKPYXKAaIOIIYI0 CPely C yKa3aHHEM CPOKOB
HCIIOJTHEHUS U OTBETCTBEHHBIX.

2. [IpopaboTka Bompoca 00 OTBOIE 3arpsi3-
HEHHOT'O TMOBEPXHOCTHOTO CTOKA C MOCIEAYIO-
e OYMCTKOM MO0 aKKyMYITHPOBAaHHEM B OT-
CTOMHHMKAX C MOCIEIYIOIIUM BBIBO30M Ha CIie-
nHaJbHbIe MPEANPUATHSA MO mepepadboTke,
HMMEIOIIINE JINICH3UIO Ha YTUJIN3AIIUIO 3TUX BU-
JIOB OTXOJIOB.

3. Opranuzanusi CUCTEMbI MPOU3BOJICTBEH-
HOTO 9KOJIOTMYECKOTO KOHTPOJISl, MOHUTOPUHTA,
BKJTIOYAs! IPOU3BOICTBEHHBIN KOHTPOJIb K MOHH-
TOPUHT OOpaIeHHUs ¢ OMACHBIMH OTXOJaMH
MIPOU3BOJICTBA U MOTPEOICHUS.

4. Tlepuoguueckoe MPOBEACHNUE HE3aBUCH-
MBIX DKOJIOTMYECKHX 00ciaenoBaHuil 00bEKTOB
JMIOPOKHO-TPAHCTIOPTHONU HHPPACTPYKTYPHI
C YYETOM MOTEHIMAIBHBIX 3KOJIOTUYECKUX yTPO3
U TPAHCIIOPTHBIX aBapuii (JIETO — jKapKasi IOroja,
JICTO-BECHA — CHJIbHBIC JIOXKIH, CHETOTAasTHUE —
BECHA, CKOJIb3KOCTh — 3UMHHUI TIEPHOJT).

5. IloaroToBKa COOTBETCTBYIOIINX PEKOMEH-
JIAIHii 00 YCTAaHOBJICHUH B IIPOCKTAX MPOU3BO/I-
CTBa pabOT KOHKPETHBIX CAHUTAPHBIX M YKOJIOTH-
YECKUX MEPONPHUATHH, KOTOPhIC MOJICHKAT
KOHTPOJIIO Ha 3Tamax CTPOUTEIbCTBA, PEKOH-
CTPYKIIMH, PEMOHTa U MO0 UX OKOHYAHHUH, Ha
JTare BBOJA B IKCILTyaTalni0 00bEKTOB.
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MpeaynpexkaeHne aBapui
M TeXHOreHHbIx YC
C 3KONIOTMYECKUMU NOCNEACTBUAMM,
BbI3BaHHbIX HapyLweHnem npasun
nepeBO30K OMACHbIX rPy30B,
BKJ/1t0YaA onacHble oTxoabl (no
BMAAM rpy308)

*YYaCTHUKM MEPONPUATUA:
PocnpupoagHagzop, MYC Poccuu,
PocTtpaHcHagzop, BHUN TOYC
(L), TMBALA, x03aicTBYIOWME
CyObeKTbI

MpeaynpexaeHne TexHoreHHbix YC,
BbI3BAHHbIX KOMMJIEKCHbIM
BO34eMCTBUEM NPUPOAHDBIX U
TeXHOreHHbIX GaKTopoB

*YUYaCTHUKM MEPONPUATUSA:
Pocastonop, MYC Poccum,
PocnpupoaHagsop,
PocnotpebHagzop, BHUN FOYC
(dLL), xo3aicTBYIOWME CYOBEKTDI
(npegnpuaTua)

OnepaTUBHOE pearnposaHue,
CMArYEHME Y MUHUMM3ALMUA
3KOJIOTMYECKUX NOCNeACTBUIA
MOZeIMpyeMoit aBapum, CBA3aHHOMN
¢ po3nmBom, cbpocom
HedTenpoAyKTOB, ONACHbIX OTXO408

® YYaCTHUKM MePONpUATUA:
Pocastonop, PocnpupogHagsop,
PocnoTpebHagsop, MYC Poccuu,
BHWW TOYC (dU), xo3aitcTeytowme
cy6beKkThbl (Npeanpuatna n
opraHvsaumm)

Puc. 1. lpednazaembie Modenupyemble cumyayuu npu ompa6omke Mep no npedynpexdeHuto YC Ha aemomobuNbHbIX dopo2ax
[ebInonHeHo asmopamu].

6. IIpopaboTka BoOmpoca 0 KOHCONHIAIIHH,
YHU(QHKALUH CHCTEMBI 3KOJIOTHYECKUX TPeOo-
BaHWIi B paMKax JIeHCTBYFOLIETO IPHPOIOOXPaH-
HOTO 3aKOHOJATeNIbCTBa B OTACIBHBIN pa3jien
JOKYMEHTOB I10 CTAaHAAPTU3ALIMH, METOIHYCSCKHX
JOKYMEHTOB, PErNIAMEHTHPYIOIIUX MPOLECCHI
PEKOHCTPYKLUH, KAITUTAIBHOIO U TEKYILEro
peMoOHTa, comepx aHus 00BEKTOB JAOPOXKHO-
TPaHCHOPTHON HH(PACTPYKTYPBHL.

7. IlpuBreyeHne HayYHO-HCCIICIOBATEIIBCKHX
YUYpERKICHHH K PEILCHHIO PobiieM obecedeHuUs
9KOJIOTUYECKOH 0e30MacHOCTH, peayIperkK/ie-
HUIO TexHOTeHHbIX YC.

B kauecTBe mpemsioKEHHUs O Pa3BUTHIO
MEXOTPACIEBOT0, MEKBEIOMCTBEHHOIO B3au-
MOJCHCTBUS B 00JNIACTH MPEAYNPEKICHUS aBa-
puii 1 UC ¢ omacHBIMU 3KOJIOTUYECKUMHU MO-
CJIENCTBUSIMU Ha aBTOMOOWJIBHBIX JOpOTax
CUHMTaETCs Leleco00pa3sHbIM OpraHu3alus
Y IPOBEICHHE MEXBEIOMCTBEHHBIX YYCHHH 10
BOIIpOcaM 00eCIeYeHHsI IKOJIOTHIECKOi 0e3-
ONIACHOCTH, IPEAYNPEKACHNSA TeXHOreHHBIX YC
C DKOJIOTHYECKHMH TOCIEACTBUSIMH Ha aBTO-
MOOHJIBHBIX JOPOTax.

B cocTtaBe OCHOBHBIX 3aJa4 TaKUX YYCHHUI
omnperneneHbl Hanbojee XapakTepHble, KOTOphIe
MIPUBOJIST I MOT'Y T IIPHBOAUTB K BOSHUKHOBE-
Huto aBapuid, YC TEXHOIeHHOIO XapakTepa
C OIACHBIMHU COLMATEHO-9KOHOMUYECKUMH, IKO-
JIOTMYECKMMH M MHBIMH MOCISACTBUAMH (puc. 1).
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OtpabarbiBacMast IepBas 3ajada — MpeayIl-
pexneHue apapuii 1 TexHoreHHbsIXx YC ¢ aKono-
THYECKUMU MOCIIEACTBUSIMH, BBI3BAHHBIX Hapy-
IICHHEM MPAaBUII IEPEBO30K OMACHBIX IPY30B,
BKJIIOYas OMAacHBIE OTXOABl NPOU3BOACTBA
U TIOTPEONICHHS, BKIIFOUAET B ce0sI 0133141 10
BUJIaM TPAHCIIOPTHPYEMBIX IPY30B:

a) He)TeNPOAYKTHI;

0) XUMHYECKHE OITaCHBIC KHIKHE BEIICCTBA;

B) XMMHYECKH OMAcHbIe ra3000pa3Hbie CO-
CIUHCHHS;

T) )KUJKHE TOKCHYHBIC OTXOMIbI;

1) TBEPABbIC KOMMYHAIIBHBIC OTXOJIBI;

€) CTPOHTEIIBHBIC OTXOIBI;

K) CHIITy4YHe MHUHEPAJIbHBIC OTXOIbI;

3) OTXOJIBI MEKTPOHHOTO M ANIEKTPOTEXHUYE-
CKOro 000pyI0BaHHus;

1) OTXOIbI AKKYMYJIATOPOB.

Peanu3anus BTOpOil 3amaunM OXBaThIBaCT
npenynpexneHue TexHoreHHbIx YC, BBI3BAHHBIX
KOMILJIGKCHBIM BO3JCHCTBHEM IIPUPOIHBIX (OTac-
Hble THIPOJIOTHYECKHE U METECOPOJIOIHICCKHEe
SIBJICHUS] M MPOLIECCHI: MABOAKH, 3aTOIUICHUS,
MOATOIICHHSI, CHIIBHBIA BETEP W Ip.) U TEXHO-
TeHHBIX (PaKTOPOB (HAPYyLICHHE YKOJIOTHYESCKUX
Y CaHUTapHBIX TPeOOBaHUIT pEMOHTa, COllepIKa-
HUS, 9KCIUTyaTaluu: 3arps3HEHHOCTh TEPPUTO-
puii IPOM3BOJCTBEHHO-PEMOHTHBIX 0a3 XUMHU-
YECKHMH BEILECTBAMH, HEPTEPOLYKTaMH, OTXO-
JTAMH).
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BeInonHenye 3TrX 3a71a4, 110 MHEHHUIO aBTOPOB,
C OJIHOM CTOPOHEI, Oy/IET CIIOCOOCTBOBATh MOBBI-
IICHHIO YPOBHSI 3aILUILIEHHOCTH IPUPOIHON CPEIBI
1 )KU3HENEATEILHOCTH HACeJIeHUs] OT YIPO3 KO-
JIOTHYECKOM OIaCHOCTH, C IPYTOii, OyaeT croco0-
CTBOBaTh YKPCIUICHUIO MEXBEIOMCTBEHHOTO,
MEXOTPaCIEBOT0, MEXKCYObEKTHOTO B3aUMOICH-
CTBUSI T10 PEIICHHIO 3THX aKTYaJIbHBIX BOIIPOCOB.
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AHHOTALIUA

Cmams NOC8ALUEHa 8b IFBTEHUIO HAUBOITEE 8EPOSIMHB X NEPCNEK-
MU NPUMEHEHUS UHMEITIEKMYalTbHbIX CUCMEM 8 YHUBEPCUMEMCKUX
Komnsiekcax poccutickodi CUCMeMbI MPaHCNOPMHO20 06Pa308aHUS.

Memodonozudeckas 6asa uccriedosaHust 8b1CMpoeHa 8 pamkax
CUCMEMHO-(bYHKUUOHaITbHO20 U NPO2PaMMHO-Uenegozo no0xo0oe
C NPUMEHEHUEM NOCMYSTamog KOHUENUUU Yughpoeoli IKOHOMUKU 8 ee
cospemeHHbIX uHmepnpemavusx. Memoduyeckuti annapam uccre-
0ogaHusi npedcmasrneH KOMNIeKCoM obujenosudeckux Memodos
(aHarus, cuHmes, aHarnoausy), meopemuyeckux Memodoe (knaccucgu-
Kauyust U 2unomemuyeckuti Memod), MnUpuUYecKux Memodoe (Habrio-
OeHue, MOOENUpPoBaHuUe, U3MEPEHUE, ONUCaHUE) U Cneyugbu4eckux
Memodos (cospemeHHble MemoObl aHanuUMUKU, UHmepnpemayuu
u susyanusayuu daHHbIX, 8 m.4. PowerBI).

B pamkax uccrnedogaHusi cucmeMamu3upogaHsl Npuo-
pumemHbie mpexdb! U meHAeH U pa3eumusi UHmennekmy-
anbHbIX MEXHOMoUll 8 ynpagneHuu yHuU8epcumemcKkumu
Komniekcamu, a makxe nokasaHo, Ymo KoppexmHasi udeH-
mucukayus HanpasneHus pazgumus He AOIKHa 02paHuYu-
8ambCs MOJbKO aHanu3oM mezampexdos, HO u donon-
HAMbCA y4emom cneyupuku MamepuasnbHO-MexXHUYeCK020
obecneyeHus o6pasosamenbHO20 Npoyecca 8 mpaHcnopm-
HbIX 8y3aXx.

B pesynsmame npogedeHHoeo uccnedogarusi onpedeneHbl
Haubonee 3Ha4uMble NepCNeKMUBbI UHMeNIekmyanu3ayuu cuc-
mem ynpagneHus 8 06pa3osamenibHbIX op2aHU3ayUsX mpaHc-
NoOpmHO20 KoMnieKca.

Kntouesble crioga: uHmennekmyanbHble CUCMEMbI YNPageHUsi, yHUBEDCUMEMCKUE KOMNIIEKChI, MPaHCNopMHoe 06pa3osaHue,
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BBEOEHUE

AKTyalbHOCTh HCCIIEAyeMON MPOoOIeMaTHKU
00yCJIOBIICHA TEM, YTO HHTEIUICKTYaJ U3l CHC-
TEM YIIpaBJICHUs Ha TPAHCTIOpTe, POpCHpOBaHHAS
pa3BUTHEM LU(PPOBON SKOHOMUKH, TPeOyeT BhISIB-
JICHUSI TPEH/IOB U IIEPCIIEKTHB IPUMEHEHHSI HHTE-
JIEKTYaJIbHbIX CUCTEM YIPABJICHUS B YHUBEPCUTET-
CKHMX KOMIUIEKCAaX TPAHCIIOPTHOU oTpaciu. TpaHc-
IIOPT SABJSIETCSI CHCTEMHBIM HHTETPaTopoM BCei
XO3SIICTBEHHOW CHCTEMBI, OKa3bIBAIOLIMM CYIIIe-
CTBEHHOE BIIMSIHHE HAa ()OPMHUpPOBAHUE JOOABIICH-
HOU CTOMMOCTH B CTpaHe. MeraTpeH1oM pa3BUTHS
[7100aTBbHOTO PBIHKA CTANl0 MPHUMEHEHHE MCKYC-
CTBEHHOTO MHTEJUIEKTAa M MHTEJUICKTYalbHbIX
CHCTEM B YIIPaBJICHUH, YTO, B CBOIO OY€PE/lb, BICUET
3a c000H BO3HUKHOBEHHE MOTPEOHOCTH B IOJIO-
TOBKE KaJpOB C COOTBETCTBYIOUIMMHU KOMIICTCH-
usiMuU. JIOSUTBHOCTD M BOCHIPHMMYUBOCTD paboT-
HUKOB TPAHCIOPTHOTO KOMILJIEKCA K HOBEHIIHM
TEXHOJIOTUSAM cieayeT GopMUpOBaTh yXKe Ha
ypOBHE 00pa30BaTENIbHON OpraHU3aLH.

Briciiee o6pa3oBanue B cdepe TpaHCIOpTa
SIBIIsIETCS criennUueckol MOACUCTEMON pOCCHii-
cKoil cuctemMbl oOpa3oBaHus. CaMOOBITHOCTB
U YHHUKAJIBHOCTb CHCTEMBI NOJTOTOBKH KaJpoOB
TPaHCIIOPTHON OTPACIH JETEPMHHHUPOBAHA BBICO-
KHMH TpeOOBaHHSAMH K YPOBHIO IOATOTOBKH BBHI-
ITyCKHUKOB, TIOCKOJIbKY HMEHHO OT YPOBHSI pas-
BUTHS KOMIIETCHLIM 3aBUCHUT BHIITOTHEHUE (QyHa-
MEHTAaJbHBIX TPEOOBaHUI K TPAHCHOPTHOM CHC-
TeMe — K ee 0e30MacHOCTH M HaJeXHOCTH.
MojepHHU3anus HHCTUTYIIMOHATbHO-ITPABOBBIX
OCHOB (DYHKIIMOHMPOBAHHS POCCHUICKON CHCTEMBI
npohecCHOHAIBHOTO 00pa3oBaHus 00yCIIOBIEHA,
IIpeXe BCEro, MOBHIMICHUEM TPeOOBaHUHA K yPOB-
HIO IPAaKTUYECKOH MOATOTOBKH BBIITY CKHUKOB, YTO
MIPOANKTOBAHO OOBEKTHBHOI HEOOXOIUMOCTEHIO
(hopMHpOBaHHS CHEIUAIHUCTOB, CIIOCOOHBIX 00ec-
MIEYHUTh [IEPEXOJ POCCUICKOH IKOHOMHKH K HOBOMY
TEXHOJIOTHIEeCKOMY yKiaay. CrucreMy TpaHCIIOPT-
HOTO 00pa30BaHHs OTIMYAET BBICOKUIl YPOBEHb
TEXHOJIOTH3anuu 00pa3oBaTeIbHOTO MpoIecca,
4TO, B CBOIO OYepedb, MPEIONPECICT BBIHY-
JKJICHHO BBICOKUH YPOBEHb aallTUBHOCTH 00pa30-
BaTEJIbHBIX OpraHU3alUil K BHI30BaM BHELIHEH
cpenst [1; 2]. ChopmupoBaBmIMiicsS TpEeH] HHTEI-
JIEKTYaJIM3allii CUCTEM YIIPABICHHUS B XO3SIHCTBEH-
HOU cucteMe TpeOyeT TOMONHUTEIBHBIX HCCIIe0-
BaHUI C TIO3UIHIA BHIOOPA ONITUMAIILHBIX TPACKTO-
pUli pa3BUTUS YHUBEPCHTETCKHX KOMILICKCOB
B TPAHCTIOPTHOM OTpaCIH.

METOQONOrnA UCCNEQOBAHUA
HccnenoBanue IpoOBEIEHO C HCIIONB30BAHUEM
CJIEAYIOIINX OTKPBITBIX M MPOBEPSIEMBIX HCTOY-
HHKOB:
* MTaHHBIC O MPUMEHEHUHM HUHTEIUIEKTYaTbHBIX
CHCTEM B 00pa30BaHUH, arperHpOBaHHbIC B pAMKaX
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npoekTa «[mobanpHbIi TaHAmIAdT 00pa30BaHUI;
OTKpBITHIE TAHHBIE MPENCTaBICHBI Ha O(UIIAAIIb-
HOM caifte xommannu Holon 1Q u npexncrasnsror
co00ii pe3ynbTaThl MAaIMHHONW 00pa0OTKH MeTa-
JAaHHBIX 00 00pa30BaTENbHBIX TEXHOJIOTHSX, HC-
TMOJTb3YEMBIX B TNIO0AJIBHOM ITPOCTPAHCTBE, H OCHO-
BaHHBIC Ha HUX PE3YJIBTATHI PESIUMKTHBHON aHAaIIN-
THKH;

* TAHHBIE O COCTOSIHUH, TSHICHIUSX U TIePCIIeK-
THUBax Pa3BUTHA IIOOATBHOTO PhIHKA TPAHCIOPT-
HOTO 00pa3oBaHMs, NPEICTABICHHBIE B HAyYHBIX
Y HAayYHO-TPUKJIAJHBIX MyOIHKAIUAX, BKIFOYEH-
HBEIX B pedeparuBHble 6a3el Scopus 1 Web of
Science, 3a nepuon 2015-2024 rr. [3-6];

* TAHHBIE O COCTOSIHUH, TSHICHIX U TIePCIIeK-
TUBAX Pa3BUTHS POCCUICKOI CHCTEMBI TPAHCIIOPT-
HOTO 00pa3oBaHMs, IPEICTAaBICHHBIE B HAYYHBIX
U HAYYHO-IPUKJIQJHBIX MyOIHKAIUAX, BKIIOYEH-
ueix B PUHII, 3a mepuon 2015-2024 rr;

* naHHble 00 00pa30BaTENIFHBIX IpOrpaMMax
podecCHOHANLHOTO 00pa30BaHus, 00eCIIeUNBAO-
[IMX MOATOTOBKY CIIEIHANUCTOB B cepe TpaHc-
MOpTa Pa3IuYHbIX YPOBHEH KBaTU(DUKAIIUH, IPE/-
CTaBIICHHBIX Ha O(QHIMANBHBIX caiiTax oOpa3oBa-
TenbHBIX opranuzanuii EADC;

* NaHHble MUHHCTEPCTBA HAYKH U BBICIIETO
oOpazoBanust Poccuiickoii ®denepariuu, BKIItOYast
CBEJCHUS N3 MOHUTOPHHIOB;

* nanHble MuHUCTEpCTBa TpaHcnopTa Poccuii-
ckoif Denepannu;

* TaHHBIE OTKPBITHIX ITyOINKYEMBIX PEHTHHTOB
00pa3oBaTeNIbHBIX OPraHU3aLHH.

Mertonuueckuii anmapar UcCie0BaHus Ipe-
CTaBJIeH KOMIUIEKCOM OOIIENIOHYEeCKUX METOIOB
(aHaIu3, CHHTE3, aHAJIOTHS ), TEOPETHUESCKUAX METO-
1oB (knaccuduKanys U THIOTETHYECKUH METON),
SMITUPUIECKUX METOJIOB (HAOIIOICHHE, MOJICITUPO-
BaHHE, U3MEPEHHUE, OITUCAHNE) H CeHU(PHISCKUX
METOJIOB (COBpEMEHHbIC METO/IbI aHATUTUKH, HH-
TEepHpeTaluy W BU3yalW3aluu JaHHBIX, B T.4.
PowerBI).

Mertononorudeckas 06a3a MCCIICIOBAHHS BBI-
CTpOEHA B PaMKax CHCTEMHO-(QYHKIHOHAJIHEHOTO
U TPOTrPaMMHO-LIEJIEBOTO TIOIXOJ0B C IPUMEHe-
HUEM MOCTYJaTOB KOHIEHIUHU IUAPPOBOH IKOHO-
MHKH B €€ COBPEMEHHBIX HHTEPIPETALHAX.

PE3YNbTATbI

HNuTennexTyaabHble CHCTEMBbI

B YNIPaBJIeHUH — MeraTPeH/ pa3BUTHS

r1002JbHOT0 PHIHKA 00pa3oBaHus
O0paboTKa TaHHBIX, IIPEACTABICHHBIX B paM-

Kax npoekra «lobanpHbli nanamadT odpazoBa-

uwsp» Holon 1Q!, mo3Bosmia KiacTepr3oBaTh BCe

! CipaBounuk «I106anbHbIH TanauadT oOpazoBanus 2024».
Global Learning Landscape. — HolonlQ 2024. [DnekTpon-
HBII pecypce]: https://www.holoniq.com/notes/2024-global-
education-outlook. Joctym 22.01.2024.
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Puc. 1. Fno6anbHbIii pbIHOK 06pa3oeaHust,
2019-2025 (npozHo3), mapd donn.

(Mupoeoli pbiHOK OHNaliH-06pa3osaHusi 8 nepuod naHdeMuu.
[HanHbie pecypca Liberty marketing. [nekmponHbit pecypc]: https:/
express.liberty7.ru/blog/global-online-education-during-pandemic.
Hocmyn 18.02.2024).

Taéauua 1
OnsiT npumenennsi UU-cucrem
B pa3jau4HbIX Kaactepax EdTech
[cocTaBiieHo aBTOpamu mo']
Ne | Kiacrep EdTech
3HaHUS ¥ KOHTEHT

ITpumenenne M1

Ka;[pm 1 TaJIaHThI

MesxayHapojHOe 06pa3oBaHue

Hosble Momenu 06pa3oBaHuUs

AcceccMeHT

[+ +]+]+

IMonneprxka 0O6pa3oBaTENEHOTO
mporiecca

+

IpaKkTHKO-OPHEHTHPOBAHHOE
o0ydeHne

TpaanuoHHbIE MOJECITH -
obpa3oBaHus

TpymoycTpoiicTBO U BakaHcuu | +

VYrpasnenue o6pa3oBaHuEM

CyliecTByIomue o0pa3oBaTeNbHbIE TEXHOJIOTHH
B JI€CSITh OCHOBHBIX KJIAaCTepOB. B pamkax taHHOTO
uccieaoBanus 6pu10 paccMorpeHo 6omnee 300 oOpa-
30BaTENILHBIX TEXHOJOTHH C IEJBI0 ONpeeICHHs
CTENICHU UHTEIUICKTYaIH3al[|H TPOLIEAYp MallliH-
HOH 00paboTKN JaHHEIX. B pesymbrare ycTaHOB-
JICHO, YTO B JEBSTH KJIACTEPax U3 IECATH yXKe
BO3MOXHO NPUMEHEHHE UCKYCCTBEHHOI'O MHTEI-
nexra (nanee — M) (tabnuua 1).

TTocKoNMBKY CHCTEMBI HCKYCCTBEHHOTO HHTEII-
JeKTa 00MagaoT KOJIOCCaIbHBIM MOTEHIIHAIOM
B 4yacTu 3QdekTa Macmrada, MOCTONbKY MOXHO
MPEATMOIOKUTD, YTO UCTIOIF30BAHUE HHTEIUICKTY-
ANBHBIX CHCTEM YIIPABJICHUS B 00pa30BaTeIbHOM
NESITETBHOCTH OCTAeTCS JIMIIb BOIIPOCOM BpeMe-
HUA. OTMETUM, YTO OTAEIBHOTO HCCIIECOBAHHS
TpebyeT mpobiemMaTuka MOATOTOBKH MEpcoHaia
K ISy MM H3MEHEHHUSIM B 4aCTH Pa3BUTUS HEOO-
XOJUMBIX KoMmeTeHIui. OaHako abCoN0THO
OUYEBHJIHO, YTO HCIIOJIb30BaHHE (YHKIMOHAIIA
NU-cucTem cTaHOBUTCS 00513aTEILHBIM YCIIOBUEM
Ui obecriedeHus] He0OXOAUMOIO YPOBHS CEpBU-
3aIiKM 00pa30BaTEIBHBIX MPOLYKTOB, obecnede-
HUSI pealibHOW MHIMBHIYaTH3aIH 00pa30BaTelib-
HOMW TPaeKTOPHH U KOOPIMHAINY 3aIIPOCOB PHIHKA
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TpyZa ¥ CHUCTEM «TOHKOTO TIOHHHTa» CIELHaIIU-
CTOB.

B uccnenoBanuy MerarpeHa0B HEMaIOBAKHBIM
MPEACTaBIIeTCsl aHaIU3 (UHAHCOBOI €MKOCTH
r100aTbHOTO PBIHKA 00Pa30BaTENbHBIX YCIYT
1 TEMITOBBIX XapaKTEPUCTUK €TI0 pa3BUTHS (pHUC. 1).

CaMbIe BEICOKHE TEMITBI POCTa POTHO3UPYETCS
B paMKaX CerMeHTa OHJIaiiH-00pa3oBaHus: k 2025 ro-
Jly IporHO3upyercs poct B 2,6 paza — ¢ 50,7 mupx
nort. 1o 130,3 Mutpy 1oyt DTo MO3BOJISET TOBOPUTH
0 BBICOYAHIIIEH 3HAYMMOCTH COBPEMEHHOTO o0ecIie-
YEHUs] TOTOBHOCTH TPAHCIIOPTHBIX YHUBEPCUTET-
CKUX KOMIUIEKCOB K BBIXOAY Ha MEXTyHApOIHBIH
PBIHOK 00pa30BaTeNbHBIX YCIIyT: [Ipy 9TOM, HaunHas
¢ 2021 roma, akIEHT CMENIAeTCs ¢ II00AILHOTO
YPOBHS Ha PErMOHANBHBINA: OCHOBHOM MOIIOC IKO-
HOMHYECKOTO pOCTa ceifdac yBepeHHO (opmupy-
ercs B ctpanax EADC. B cBsi3u ¢ 3TUM 00beJMHEHHE
MHTEJUIEKTYaJIbHOTO KalnTana i HH(PPOBBIX TEXHO-
noruit Juis obecrieueHns: «OecIoBHOI» 00pa3zoBa-
TEIBHOH Cpe/Ibl 3aKOHOMEPHO TIpHOOpeTaeT IpHo-
PUTETHBIN paHr npu GOPMHPOBAHMU CTpATETHi
Pa3BUTHS TPAHCIIOPTHBIX YHUBEPCHUTETOB. JTO IaeT
BO3MOXXHOCTh 00€CIICYUTh MPOAKTHBHYO («orepe-
JKAIOIIYIO») aKTyaIH3aIUIo YIeOHO-T1a00paTopHOi
Y TPEHAKEPHOH 0a3bl, MPUYEM, C y4eTOM 0003Ha-
YEHHOTO MEraTpeH/ia, B HalpaBICHUH PACIINPEHUS
MPaKTUKH ucnonb3oBanus NH-cucrem u kubep-
(u3IIecKux TpeHaxepoB. «becIIoBHOCTE 00pa3o-
BaTeNIbHOM CPE/IbI CO3MIACT MPOYHBIH (DyHIAMEHT JUIst
BO3MOXKHOCTH TIOCTPOCHUSI «OECIIOBHBIX)» TPaHC-
MIOPTHBIX KOPUAOPOB B YCIOBHIX CTAHOBICHHS
HOBOTO TIOPSIIKAa MUPOYCTPOICTBA — MHOTOHOJISP-
HOTO I100AJILHOTO MHPA.

MHCTATYIHOHAIBHO-TPABOBBIE OCHOBEI
HHTEJIEKTY A TH3A1UHI YJIEMEHTOB
MaTepHATLHO-TEXHHYECKOT0 00ecnedeHust
poccHiickoii cHcTeMbl TPAHCIOPTHOTO
00pa3oBaHus

Hogefimmit 3Tam pa3BUTHS POCCHICKON CHC-
TEMBI TPAHCIIOPTHOTO 00pa30BaHuUs HaUboJIEE IPKO
XapaKTepU3yeTcs:

* BO-IIEPBBIX, TPEOOBAHUSIMU K 00513aTEIIEHOMY
HaJIMYMIO Pa3BUTOTO MATepUaIbHO-TEXHUYECKOTO
o0ecreueHNs B YacTH «y4eOHO-TpeHaXepHOH 6a3bl,
B TOM 4HCJIC TPAHCIIOPTHBIX CPEACTB M TPEHaxKe-
poB»?%;

* BO-BTOPBIX, UMILIUKAIMEH MPOaKTHBHOTO
HOJX0/1a B IPOTrPaMMHBIN JOKYMEHT, IIpeaoIpeie-
JISIOIMH TPUOPHUTETHEIE TPACKTOPUH Pa3BUTHS
OTpacIeBOii CHCTEMbI 00pa30BaHMs®, B 4aCTHOCTH,
UCIIONb30BaHNE KHOEPPU3UIECKAX TPEHaKEPOB

24. 6 ct. 85 DenepanpHOro 3akona ot 29.12.2012 N 273-03
«0O06 obpazoBanuu B Poccuiickoit denepaunmy.

3 Pacniopspxenwue [IpaButenscta PO ot 06.02.2021 Ne 255-p
«O06 ytBepxaeHNH KOHIENINY MOATOTOBKH KaJpoB JUIs
TPaHCIIOPTHOTO KoMIUTeKkca 10 2035 romay.
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U pa3paboTKy 00pa30BaTeNbHBIX MPOTPAMM IO
«rpodeccun Oynyueroy;

* B-TPETHHUX, HEOOXOJMMOCTHIO TPOBEICHHUS
YCKOpEHHO# 1nppoBoii TpaHchopMa YHUBEP-
CUTETCKUX KOMIUIEKCOB TPAHCHOPTHOW OTpaciu
B MHTEpecax o0eceueHusI pealli3aLiy IPUOPUTET-
HBIX HAlIMOHAJIBHBIX ETICH.

O003HaYeHHBIE HHCTUTYIIOHAIBHO-IIPAaBOBEIE
OCHOBBI TPEOYIOT OT YHHBEPCUTETCKUX KOMITIIEKCOB
TPaHCIOPTHON OTpaciu cOaTaHCHPOBaHHOTO COYe-
TaHUs YeJO0BEYECKOTO KamuTajga U TEXHHKO-
TEXHOJOTHIEeCKO WHPpacTpyKTyphsl. UenoBeue-
CKMIl KanuTal yYHUBEPCUTETCKOTO KOMILIEKCa
TPaJUIUOHHO JEKOMIIO3UPYETCS B PYKOBOMSIINE
KaJpsl (YIpaBIeHYECKY0 KOMaHy), nmpodeccop-
CKO-TIPETOaBaTENbCKUI COCTAB, HAyYHBIX paboT-
HUKOB M Y4eOHO-BCIIOMOTAaTeNbHBIH coCcTaB. Pe-
3yJIBTATUBHOCTh BCEX TPYIN PaOOTHHUKOB YXKe
B HACTOSIIIIEE BPEMsI OTIPEAEIAIOTCS yPOBHEM pas-
BUTHUS UX IU(QPOBBIX KOMITETEHIINH U CIOCOOHOCTH
k npumenennto NU-cucrem. Tak, cucrema mpok-
TOPHUHTa, IPUMEHsIeMasi P IPOBEICHUU aTTeCTa-
OUOHHBIX HCTBITAaHUH B JAUCTAaHIMOHHOH (opme,
SBIIETCSA HauboJiee paclpOCTPaHEHHOH U3 YucIa
MHTEIUIEKTYaIbHBIX CHCTEM, COMPOBOXKIAIOIIUX
COBpPEMEHHBII 00pa30BaTebHbIN MpoLecC.

HM-Tpanchopmanust MaTepHAIbHO-
TEXHHY€eCKOoro odecrneyeHust
o0pa3oBaTe/ILHOIO NIpoLecca
B YHHBEPCHTETCKUX KOMILIeKcax
TPaHCIOPTHOI 0Tpac/in

3agaya yHU(HUKAMK B YCIOBHSAX B3PBIBHOTO
Pa3BUTHS HHTEIUIEKTYaIbHBIX CHCTEM YIIPABICHUS
nepecTaet ObITh CBepX3a1adeil TONBKO ISl MHTE-
JekTa dyenoBeka. Micnons3oBanue M, B ToM unciie
MAIIMHHOTO OOYYeHMS] U aHATUTHKH OONBIIUX
JIAHHBIX, CIIOCOOHO CYIIECTBEHHO OOJIETYUTH pa-
00Ty 10 CHCTEMATH3AIMH, KIIACTSPH3ALIIH 1 UCCIIe-
JOBaHUIO PA3NMYUN B TPEOOBAHMAX K CIICIHAIIH-
CTaM, 3aHSThIM B TPAHCIIOPTHOM oTpaciu. [TomrmMo
9TOTO, B psA€ CTPAH yXKE €CTh YCIEIIHBIH OIBIT
UHJMBUAYaIN3AIHUHU PO ECCHOHATBHON TPAEKTO-
pHHI Ha OCHOBE MAITMHHON 00pabOTKM TaHHBIX 00
ypoBHE NMpodecCHOHATBHON MOATOTOBKYU CIIeIHa-
JIFCTA: TIOCIIe POXOXKICHHUS POy ACCECMEHTa
oOpa3oBarenbHasi TPAeKTOpHs, HeoOXonumast Jyis
obecriedeHust TpeOyeMoro KBaIH(pHUKAIIIOHHOTO
ypoBHSI, HOpMHUpYETCs aBTOMaTn4ecku [7].

VYpoBeHb pa3BUTHsI HHPPACTPYKTYPHI 00pa3o-
BaTeNILHO CpelIbl M €€ OCHAIEHHOCTH 1JabopaTop-
HBIM, TPEHAKXEPHBIM U Y4eOHO-TIPOU3BOICTBEHHBIM
o0opynoBaHHeM (MM €ro BUPTYaJbHBIMU aHaJIo-
ramMu) sBJSETCS ONPEACISAIOIUM Ul KadecTBa
MIPaKTHKO-TIPUKIIAJHOM TOATOTOBKU OOYYarOIINXCSI.
WudpacTpykrypa 00pa3oBarenbHON Cpeibl U Tpe-
HaxXepHOe 000pyOBaHHE TPeOyeT onepexaromen
TEXHUYECKOM M TEXHOJOIMUYECKON MOJIepHU3AIUU
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Ha OCHOBAaHMHU HOBEHIINX PE3YJIETAaTOB UCCIIEI0Ba-
Huil. Tak, yxe opopMUBIINMCS TpeOOBaHHEM
K COBPEMEHHBIM YHHBEPCHTETCKHM KOMIUIEKCaM
B cepe TpaHCIIOPTa CTAI0 HAIUYUE U UCIIOIB30-
BaHHe KHOephH3HMIECKUX TpeHaKepoB. Psg poc-
CHICKUX TPAHCIIOPTHBIX BY30B YK€ NMPHHSIICS 32
pa3paboTKy HOAOOHBIX TPEHAXKEPOB, MOCKOJIBKY
TEXHOJIOTHYECKUH CyBEPEHHUTET SIBISETCS 0a30BBIM
(hakTOPOM CHCTEMBI CTPATETUPOBAHMUS B COBPEMEH-
HBIX T€ONOJINTHYECKUX YCIOBUSAX [8].

B sTOM mporecce KOHIENTYalbHYIO POJb HI-
paloT HaJlaXUBAHHE M MHCTUTYLIHOHAIN3ALUS
CHCTEMBI HENPEPHIBHOTO B3aNMOEIHCTBHS YHUBEP-
CUTETCKHX KOMIUIEKCOB C HAay4YHBIMH OpraHu3a-
OUSAMH, TPOQWIEHBIMU Hay4YHO-HCCIIE0BATEIb-
CKUMH MHCTUTYTaMH U BEAyIIUMHU paboTonaresns-
MH. CyIIeCTBYIOINE CHCTEMBI B3aUMOJCHCTBUS
HOCST MPEHMYLIECTBEHHO TUCKPETHBIH XapakTep
U HE MO3BOJIIOT IPOBOJUTH CBOCBPEMEHHYIO
U ONEpPATHBHYIO aKTyaJIM3alHIO JIaDOPaTOPHOM
U TpeHaxxepHO# 0a3bl. IIpu 3TOM U1 TpaHCHOPT-
HBIX BY30B HAaJHYHE U TEXHOJIOTHYHOCTD Jabopa-
TOPHOW M TPEHAXKEPHOW 0a3bl SBJISIOTCS HEOTh-
€MJIEMBIMH yCJIOBHSIMH 00€CIICYCHHS KOHKYPEHTO-
cnmocoOHOCTH 00pa30BaTEIbHBIX MPOAYKTOB
U YCIIYT, a TAKOKe 00eceueHNs] yA0BIETBOPEHHOCTH
paboTonareneil Ka4eCTBOM MPAKTHYECKON MOITO-
TOBKU MOJIOZIBIX CIIEILIHAIHCTOB.

IIproputerHOll 3a1a4eli Ha rOCYapCTBEHHOM
YPOBHE IIOJDKHA CTaTh TPAHCISALUS HOBEHIINX
TEXHOJIOTHi, 00pa3II0B TEXHUKHU U MPOTPAMMHOTO
obecIieyeHns B YHUBEPCHTETCKUE KOMIUIECKCHI JIJIST
AKTHBHOTO BKJIIOUEHHUS UX B CUCTEMY IPaKTHKO-
MPUKIAAHON TOAroToBKU. CTpaTerniecky 3Havu-
MBIM COIIPOBOXKJAIOIIMM IIPOIIECCOM SBISETCS
HEOOXOANMOCTb PETYJIIPHOTO IPOBEICHHS CTaXKH-
POBOK MpodeccopcKo-NpernoaaBaTeIbckoro co-
CTaBa B OPTaHU3ALMSIX U Ha IPEANPUATHAX TPAHC-
MOPTHOTO KOMILJIEKCA, TaK KaK UMEHHO OT Ka4ecTBa
uX paboThI 3aBUCAT 3P PEKTUBHOCTH M MPOAYKTHB-
HOCTB HCIIOJIb30BaHNS MaTePUATEHO-TEXHIYECKOM
0a3sl oOpaszoBarenbHO¥M opranusamnuu [9; 10].
JlaHHy!0 3a/1a4y HEOOXOAUMO 3aKpENUTh Ha roCy-
JTAPCTBEHHOM YPOBHE U OJHOBPEMEHHO 00ECIIeUNTh
HWHCTPYMEHTBI K METOIbI CTUMYJTUPOBAHMS YIaCTHS
pabortonareneil B pa3BUTUH J1aOOPATOPHBIX U Tpe-
HaKEPHBIX 0a3 YHUBEPCHUTETCKUX KOMILIEKCOB.
Pa3paboTka ()yHKIHOHAIBHBIX OPraHU3ALMOHHO-
(hPMHAHCOBBIX HHCTPYMEHTOB COIIPOBOXKICHNUS HH-
HOBAalMOHHOW MOJEpHHU3AIUU J1abopaTOPHBIX
Y TPEHAKEPHBIX KOMILIEKCOB TPAHCIIOPTHBIX 00pa-
30BaTEIbHBIX OPraHU3aLUH, BKIIOYast TPOTPAMMEI
rOCYJapCTBEHHO-4aCTHOTO MAPTHEPCTBA U HAJIOTO-
BbI€ IpeepeHIIHN I padOTOIaTeleH, yIaCTBYIO-
LIMX B pa3BUTHH MPOPHIBHBIX J1a00pPaTOPHBIX 0a3,
SBIIICTCS] BXKHEHIINM 2JEMEHTOM MEXaHH3Ma
peanu3anyy CTpaTeruy Pa3BUTHS TPAHCIIOPTHOTO
00pa30BaHus 1 IKCIIOPTa 00Pa30BATEIBHBIX YCIIYT.
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YckopeHHe HayIHO-TEXHHIECKOTO IIporpecca
U Mepexofl K HOBBIM TE€XHOJOTMYECKUM YKJIagaM
CTaBUT Iiepe]] YHUBEPCUTETAMH 3aady aKTyalH-
3ali¥, MOIEPHU3AIMH 1 MHHOBALIMOHHOH TpaHC-
(hopmaIuy TEXHUIECKHUX CPeCTB 00yueHus. J{is
TPaHCIIOPTHHIX BY30B HamOOJee aKTyalbHBIM
IIPOJOJKAET OCTaBaThes obecedeHue 1abopaTo-
PHii U TPEHAKEPHBIX KOMIIEKCOB MAaKeTaMH HJIH
UX BBICOKOKa4eCTBEHHBIMH BUPTYaJILHBIMH aHa-
noramu [11].

KagecTBO mpakTuko-npukiIagHOH TOATOTOBKH
MOJIOZABIX CIICHUAIIICTOB, YPOBEHb U MAaCIITAa0bI
HCIIONIb30BAHMUS B YY€OHOM IPOLIECCe MHHOBAIH-
OHHO-OPUEHTHPOBAHHBIX TEXHUYECKHUX CPEACTB
00yueHus1, TOTOBHOCTh U CIIOCOOHOCTH MOJIOJBIX
CIEIMATNCTOB K OCBOSHHIO MHHOBAIUH ITpeIompe-
JICTSIIOT yPOBEHb HANEKHOCTH U OE30MacCHOCTH
TPaHCIOPTHBIX CUCTEM B CTPATETHIECKON ITePCIIeK-
TUBE. PUCK-OpHEHTUPOBAHHOCTL B yNpaBICHUH
0€30I1aCHOCTEI0 TPAHCIIOPTHEIX CHCTEM M KOMII-
JIEKCOB IPEIIoJaraeT pa3BUTHE CUCTEM NPOQHIIaK-
THUKW HETaTUBHOTO BO3JCHCTBUS YEIOBEYSCKOTO
(haxTopa Ha TEXHHYECKHE CPEICTBA U TEXHOJIOTH-
YeCKHe KOMIUIEKCHI, B TOM YHCJIE 32 CUET aBTOMa-
THU3ALUH H COKPALICHWUsI YPOBHS OMACHOCTH paboT.
C 3THX NMO3HILIUIA, OTPAOOTKA IIEIEBbIX TPUKJIIATHBIX
HaBBIKOB CIICI[HAINCTOB TPAHCIOPTHOH OTpacin
B paMKax y4eOHOT0 npoliecca sBisieTcs GyHIaMeH-
TaJbHBIM YCIOBHEM O0CCIICUCHUsI TTIABHBIX Mapa-
METPOB TPaHCIOPTa — HAJIGKHOCTH M Oe30IacHO-
ctu [12].

PasBuTHE 1a00paTOPHON U TPEHAKEPHOI Oa3bI
TPAHCIIOPTHBIX YHHBEPCUTETOB IOKHO BECTHCH
OJIHOBPEMEHHO 110 BCEM CIICILHANBHOCTSAM M Ha-
TIPaBJICHUSIM MIOAATOTOBKHU: B Chepe KeTe3HOTOPOK-
HOTO TPaHCHOPTa M YNPaBIEHUS ABMKEHHEM,
TPAHCHOPTHOM JIOTHCTHKH W MEXAYHAPOITHBIX
MYJIBTUMOIANBHBIX NEPEBO30K, TPAHCIOPTHOTO
CTPOUTENBCTBA, COACPIKAHUSA M IKCIUTyaTalluu
TPAHCIIOPTHOW MPOU3BOACTBEHHON M 00ECIICYH-
Balollell HHPPACTPYKTYpHl, TPAHCIIOPTHOH Oe3-
OMACHOCTH M HKOJIOTHH Ha TPAHCIIOPTE, a TaKKe
IOPHUCTIPYACHINH, (UHAHCOB, SKOHOMHUKH 1 YIIPaB-
nenus [13]. PaccunxpoHu3anus ypoBHEH pa3BUTHUS
na00paTopHOi U TpeHaKepHOU 0a3bl (hopMHUPYET
PUCK HEOCTATOYHON MPAKTUKO-IIPUKIAAHON MOA-
TOTOBKH MOJIOJIBIX CIICIHAIUCTOB U MPUBOIUT
K HeXKeJIaHUIo0 paboTo/iaresnield NpUBJIeKaTh 00yJaro-
LIUXCS K TIPOXOXKICHUIO TIPOU3BOJICTBEHHBIX ITPaK-
THK U CTQ)KUPOBOK.

TlepeyeHb KOHKPETHBIX BUIOB, TUIOB M KJiac-
COB TPEHaXEPHOTO0 00OpYIOBaHHS, B TOM YHCIC
KnOep(hU3MIECKOro, HEOOXOANMOTO TPAHCTIOPTHBIM
YHUBEPCHTETaM, CIICIyeT YTBEPIUTh HA rocyaap-
CTBEHHOM YPOBHE C y4acTHeM BeAyIIHX paboTo-
Jateneil u npouiIbHBIX HayUHbIX HHCTUTYTOB [ 14].

Ipodunmzanums TpaHCIIOPTHBIX YHUBEPCHTETOB
T10 BUJaM TPAHCIIOPTA B YCIOBHUAX HEOOXOAUMOCTH
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obecrieueHHs MOJCTH IKCIIOPTa TPAHCIOPTHBIX
YCIYT ¥ Pa3BUTHSI MYJIBTHMOJNAIBHBIX MTEPEBO30K
aKTyaJIM3HUpyeT MPpoOIeMaTHKy TPUMEHEHHUS ceTe-
BBEIX (hopM OOydUeHHMs ISl pean3alny npaKTuyie-
CKO# MOAATOTOBKU MOJIO/IBIX CIICIIUATUCTOB B IIENISX
TTOBBIIICHHSI TIOJIOKUTEIBHOTO CETEBOrO 3 deKra
OT MOJepHHU3alK yueOHO-1ab0opaTopHOi 0a3bl
1 MHHOBATH3AL[MH TPCHAXKEPHBIX KOMIUIEKCOB. JTO,
B CBOIO Ouepenb, TpeOyeT ycTpaHeHUs IpoOesoB
B HOPMATHBHO-IIPAaBOBOM DPETYITHPOBAHHHU aKale-
MHUYECKONH MOOWIIBHOCTH 00YYaIOIINXCS U HAyIHO-
nefarornyeckux paboraukos. @opmupoBanue
VHIUBHYaJbHBIX TPACKTOPHUI HA OCHOBE aHAIH3a
«uudpoBoro ciaenay MPEACTABIACTCS ONTHMAIb-
HBIM BEKTOPOM pa3pelieHus JaHHOH 3a/1a4H.

BbIBOAbI

B pesynbrare mpoOBEAEHHOTO HCCIIEIOBAHHS
omnpezeneHs! Haubonee BepOSTHBIE EPCIIEKTHBEI
MIPUMEHEHHSI UHTEJUIEKTYaIbHBIX CHCTEM B YHU-
BEPCUTETCKUX KOMIUIEKCAX B POCCUIICKOH cucreme
TPaHCIIOPTHOTO 00pa3oBaHus. B umcie Hanbonee
3HAYMMBIX [IEPCHCKTHB HHTEIUICKTYJIH3aL[HHU CUC-
TEM yHpaBlieHHs B 00pa30oBaTeIbHBIX OpraHu3a-
LUSX TPAHCIIOPTHOTO KOMILIEKCA:

* pa3paboTKa MUKPOCEPBUCOB C y4ETOM ITOTEH-
nuana JajdbHEWIIed MHTerpaluy arperupyeMbix
METaJaHHbIX B paMKax CyIepcepBUCOB (oTpacie-
BBIX, (heJIepalbHBIX, MEXTYHAPOIHBIX );

* hOpCUPOBAHHOE Pa3BUTUE TEXHOJIOTHIA 00pa-
00TKM OONBIIMX TAHHBIX JUIS UCHOITH30BaHUSL
TEXHOJIOTHH aHaJIN3a «IU(GPOBOTO CIeay B LEIIX
(GhopMUpPOBaHUS WHIVMBUAYAIbHBIX TPAaCKTOPHN
00y4YaroImxcs;

* BHeipeHne -cucteM aIMUHUACTPHPOBAHUS
PYTHHHBIX IIPOLIEAYP 00pa30BaTeIbHOIO Iporiecca
JUTS OTITUMH3ALIMH 3aTPaT Ha CONPOBOXKACHHE H IS
BBICBOOOXKICHUS PECYPCOB B MHTEPECaX Pa3BUTHS,;

* IIpUBJIEUCHHE TPEACTaBUTENeH paboTomare-
JIel ¥ MapPTHEPOB U3 TPAHCIIOPTHOIT OTpaciH K pas-
BUTHIO y4eOHO-Ia00paTOPHON U TpEeHaKEPHOU
0a3bl B opMare HayuHO-00pa30BATEIbHBIX U Ha-
YYHO-TIPOM3BOJICTBEHHBIX IIEHTPOB, B YaCTHOCTH,
JULSL BHEJPEHUS B 00pa30BaTelIbHbIH Mpolecc Ho-
BeHIIMX Kubeppu3nmueckux TpeHaxepos [15; 16];

* aKTUBHOE PacIpOCTPAaHCHHUE TEXHOJOTHH
dbopmMupoBaHuS «UHPPOBBIX ABOWHHUKOBY IS
CO3/IaHUS COBPEMEHHBIX CHUMYIIITOPOB H BO3MOX-
HOCTH MX CBOE€BpeMeHHOM akTyanu3amnuu [17];

* He0OXOIMMOCTh CKOpeiei mudpoBoi TpaHc-
(hopMary CHCTEMBI OTPACIICBOTO 00pa30BaHUS IS
ONTHMH3ALIHY AITOPUTMOB €€ JaTbHeHIIei Mosiep-
HU3aLUKM U OTIAJAKHA B KOHTEKCTE HAI[OHATbHBIX
Henei;

* IPOEKTUPOBAHUE HUHIUBHUIYaJIbHBIX 00pa30-
BaTeNIbHEIX CPel B 3aBUCHMOCTH OT I[eIeBOT0 00pa-
30BaTeIBHOIO Pe3yJIbTaTa M ypoBHs 00pa3oBaTelib-
HOH IPOrpaMMBbl.
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Llenb uccnedosaHus — U3y4eHue cesi3u Mexdy npoeHocmu-
yeckuMu cnocobHOCMAMU KypcaHmog-aguaducnemyepos U ux
nogedeHuem 8 KoHghnukme. LjaHHble NU4HOCMHbIe 0cobeHHoCMU
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2HO3UPOBAHUI0 CumMyayuu, U cmpameausmu ux nogedeHus
8 KOHhiukme. B kayecmee ocHosHbIX Memodo8 uccrnedosaHusi
bbInu ucnonb308aHb! Meopemuyeckuli aHanus numepamyps|,
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mo0b!.
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B kayecmee amnupuyeckoeo memoda uccredogaHus bbu10
8blbpaHo mecmuposaHue no memoduke Tomaca — KunmaxHa
(8 adanmayuu H. B. [puwuHoli), HanpasneHHoe Ha 8blsereHue
cmpameautl nosedeHusi pecnoHAeHMos 8 KOHIUKMHOU cumya-
yuu, a makxe mecmuposaHue no memoduke 1. A. Peeywa
«CnocobHoCMb K npo2HO3Upo8aHuto». B pesynbmame duaeHoc-
MmuKu bbinu usMepeHb! cnedyroujue ceolicmea MbILUMEHUS, XapaK-
mepusyrwue nNpo2HOCMuUYecKue cnocobHOCMU KypcaHmos:
aHasuMmuYHOCMb, 0CO3HaHHOCMb, 2UBKOCMb, NEPCNEKMUBHOCTb
u okaszameibHOCMb MbILTEHUS!.

B xode aHanusa pesynbmamog mecmupogaHus bbinu no-
cmpoeHb! duazpamma cpedHeapynnosoll 8bipaxeHHOCMU namu
OCHOBHbIX cmpameauli nogedeHusi PeCNOHOEHMOo8 8 KOHEPUKMe
u Quazpamma 8bIpaxeHHOCMU NAMU OCHOBHBIX COCMAaBNAUWUX
(noJ1. A. Peeywy) npoeHocmuyeckux cnocobHocmed KypcaHmos-
asuaducnemyepos U paccMompeHa 83auMocesa3b MEX0y HUMU.
AHanu3 nosy4eHHbIX pe3ybmamos nposedeH ¢ MOYKU 3PeHUs
mpebosanuli 6ydywiell npogeccul OnPOLIEHHBIX.

[ins onpedeneHusi cmeneHu coenacogaHHocmu psdog 3Ha-
yeHuli cmpameauli nosedeHusi 8 KOHIUKme u cgolicme npo-
2HOCMUYHOCMU MbILUSIEHUST 8 2pyNNe ONPOWEHHBIX bbi UCNOMb-
308aH MEMOO cMamuCcMu4ecKo20 aHasnu3a daHHbIX C NOMOWbIO
KoachchuyueHma koppensiyuu Mupcora (R-Mupcona).

Kntoyesbie crioga: aguayuoHHbIU MpaHenopm, aHmuyunayus, NnpoeHoCMuYeckue cnocobHocmu aguaducnemdepos, nogedeHue

0rg/10.30932/1992-3252-2024-22-1-13.
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BBEOEHUE

ABHagucIieTdep — 3TO BBHICOKOKBaTH(PHIIN-
PpOBaHHBIN CHELMATUCT IPaKJaHCKON aBUALUH,
KOTOpBIH o0OecTeunBaeT peryisipHoe, Oe3omac-
HOE, 5KOHOMHUYECKH IIEIECO00pa3HOE IBIKEHHUE
BO3AYIIHBIX CyHOB. ABHaaucreTdep B cdepe
TpaXXTaHCKOH aBHAIIMY KOOPIWHHUPYET ABMKCHHUE
caMoJeTOB OT (ha3bl OYKCHPOBKH BO3IYITHOTO
CyIHa TI0 TEPPUTOPHH a3pOAPOMA, B3JIETa, KPEH-
CEPCKOTO TIOJIETa [0 MOCAAKH U OyKCHPOBKH
K MECTY CTOSTHKH. ABHaJNCIIETUEPHI OCYIIECT-
BIISTIOT TECHOE NMPO(eCCHOHANBFHOE B3aNMOICH-
CTBHE C MIJIOTAMH, Ha36MHBIMH CIyk0amMu
asporopra, ciyx0amu aBuakommanuii. [Ipogec-
CHOHAJIBHO Ba)KHBIE KadeCTBAa aBHAANCIIETIEPa
OIIPEIETISTIOTCS COACPKAaHNEM €T0 AEATENFHOCTH,
JOJDKHOCTHBIMH OOSI3aHHOCTSIMH, CHUTYaTHBHBI-
MH TpeOOBaHUSIMH, KOTOpBIE ITpornicaHbl B Derte-
paJIBHBIX aBHAIlMOHHBIX NpaBmiax', EnuHoM
KBaIN(UKAIMOHHOM CIIPABOYHHUKE JIOJKHOCTEH
PYKOBOZIUTENIEH, CIICIHANNCTOB U CITy)KaIHX .
B cBs13u ¢ Tem, uTo podheccus aBUagucIeTIepa
OXBaThIBACT IIMPOKUH KPYT MPOheCCHOHATBHBIX
3a7ad BBICOKOH CIIOXKHOCTH, TO M TPeOOBaHUA
K JITYHOCTHBIM XapaKTEPUCTHKAM CIICIIHATHNCTa
TI0 YIIPABICHHUIO BO3LYIIIHBIM JIBIKCHHEM BKITIO-
YaroT B c€0s1 KOTHUTHBHBIE, KOMMYHHKATHBHBIE,
SMOIMOHAILHO-BOJIEBBIC M HPAaBCTBEHHBIE CO-
CTaBIISTIOIHE, HAXOSIINECS B CIIOKHBIX B3aUMO-
CBSI35IX, HO COCTABIISFOLINX €HHOE LIEJI0e JTHY-
HocTH mpodeccuoHana. V3ydueHne NaHHBIX
B3aMMOCBS3€il 1 0COOEHHOCTH BIMSIHMS M3 Ha
Mpo(heCCHOHATBHYIO IEITETbHOCTD aBHa IICIICT-
Yyepa MpeICTaBIIeTCS] HHTEPECHOH nccienoBa-
TEJIBCKOM 3a/1a4ueid, MOAX0bI K PELIEHUIO KOTO-
pO¥i OTYACTH MPECTABIICHEI B JAHHOM padore.

Ipodeccuto aBuamuceTyepa MOKHO OTHEC-
TH Cpa3y K IByM PO()eCCHOHAIBHBIM CHCTEMaM
(o xmaccuukanuu E. A. Kimmmosa): «HenmoBexk-
TexHuKa» u «UemoBek-uenoBek»>. Pabora aBua-
JWCTIETYEpa OTHOCUTCS K OIEPaTOPCKOMY BHILY
TpyAa ¢ mpeobiagaHueM B MpogeCCHOHANEHON
JeSITeIFHOCTH MHTEIUIEKTYaTbHBIX (pyHKImiL. Ee

! depepanbhbie aBUaMOHHBIC TpaBuia « TpeGoBaHms K AUC-
reT4epam yIpaBieHHs BO3LYIIHBIM JBIKCHHEM U ITapalllio-
TUCTAM-UHCTPYKTOpam» (yTB. Iprka3oM MuHtpanca PO ot
26 HostOpst 2009 T. N 216)

2 Enuublii KBanu(UKALMOHHBIA CIPABOYHHK JOJDKHOCTEH
PYKOBOIHTEICH, CIICIMATIICTOB U CITy>KaluX (yTB. IPUKA30M
MuHHCTEpCTBA 3APABOXPAHEHHUSI M COLIMATBHOTO PAa3BHTHS
P® 01 29.01.2009 . Ne 32).

3 Tlcuxonorust Tpyna: Yue6Huk / mox pepakuueii E. A. K-
moBa, O. I. HockoBoil. — 2-¢ u3a., nepepad. u gom. — M.:
WznarensctBo IOpaiit, 2023. — 308 c. ISBN 978-5-534-
16233-2.

BBITIOJIHEHHE CBSI3aHO C IMOCTOSIHHBIM aHAJIM30M
U MPOTHO3UPOBAaHUEM OBICTPO MEHsIOLIEHCS
00CTaHOBKH, IPHHATHEM OIIEPaTHBHBIX PEILICHHH,
obecreunBaromX 0e301aCHOCTB M0JIETOB B KOH-
TPOIMPYEMOM AUCIIETYEPOM BO3IYILTHOM CEKTOPE.
Kaxxnoe perienue npy 3ToM SBISETCS CIEICTBHEM
CIIOKHBIX MHTEJUIEKTYaJIbHBIX AeiicTuil. [ucmer-
4ep yrnpapiieHus BO3LyIIHbIM BrkeHreM (YB/I)
NPEeIOTBpaLaeT ONacHble COIMKEHUS U CTOJIK-
HOBEHUsI BO3/IYLIHBIX CY/IOB, Jae€T UM yKa3aHHs
00 N3MEHEHHNH peKHMa HOJIeTa.

B pamMkax cBoei AeATeNbHOCTH Kak omepa-
TOpa CIIOKHBIX aBTOMAaTH3UPOBAHHBIX CHCTEM
aBUAIMCIIETUED BBIIOIHSIET LENbIH KOMIUIEKC
MCUXOJOTHYECKUX JIEHCTBUI: CEHCOPHO-
HepLENTHBHBIX (0030p U HAeHTH(UKALUS CBe-
TSIIUXCS TOYEK DKpaHa JIoKaropa u JIp.); pede-
MOTOPHBIX (paro00MeH); NeCTBUI BHUMAHUS,
HalpaBJICHHBIX Ha KOHTPOJIb U OLIEHKY CBOEH
JIeSITENIbHOCTH; MHEMHUYECKUX JEHCTBHM, CIO-
COOCTBYIOIIUX «YAEPIKAHUIO» U YIOPSJOUEHHIO
B MaMsTH OOBEKTOB; JEHCTBUI BOOOpaXKeHMs
(co3naHue CIIOHOTO AMHAMHUYECKH M3MEHSIO-
nierocsi o0pasa BO3ILYLIHON CHTyallH U Ip.);
MBICJIUTENIbHBIX AeHCTBUN (MOAenupoBaHue
HABUTALMOHHBIX M NMPO(EeCCHOHANBHBIX Jei-
CTBHH, IPUHSATHE pelIeHuit u ap.) [1; 2].

MOCTAHOBKA NMPOBJEMbI

K BaxxHeHImmM npoQeccHoHaIbHBIM HaBbI-
KaM aBHaJUCIIeTUYepa OTHOCHTCS €ro CIIOC00-
HOCTh K MPOTHO3MPOBAHUIO cUTyaruu. [Ipo0-
JieMa MPOTHO3UPOBAHUS B HACTOSIICE BpeMs
CTaHOBHTCS BCe 00JI€€ aKTyaIbHO B pa3IMIHbIX
npodeccusix, 100 OHa CBsI3aHA C YCIEIIHOCTHIO
MPUHATHS PEIICHUHA.

Crnetyer 3aMeTHTh, YTO CIIOCOOHOCTH K IPO-
THO3UPOBAHUIO B HAYYHOH JIMTEpaType paccMar-
PHBAETCSI KaK COCTABJISIOIIAS IIPOTHOCTHYESCKIX
CIIOCOOHOCTEH JIMYHOCTH, CYIIHOCTh KOTOPBIX
COCTOMT B ITPEABOCXHUIICHUH COOBITHI U IIOCTYTI-
koB. [Iporuo3upoBanue HE CBOAUTCS K MPEIy-
raJibIBaHUI0 OYIyIIEro, a MOCPEJACTBOM BEPOST-
HOCTHOTO TMOX0/Ia, Y4eTa BO3MOXKHBIX aJbTep-
HAaTHUB Pa3BHUTHS CHUTYyal[dH, C €r0 MOMOIIBIO
OTPENEIISCTCS ONTHUMAJIBHBIN BAPHAHT PEIICHUS
npo6iemsl. [Tcuxodusuonor H. A. bepuireiin,
ompeesisi CyIHOCTh MPOTHO3UPOBAHUS, YT-
BEPIKIall, YTO «B MO3TE YEIIOBEKA B 3aKOAMPO-
BaHHOU (hopMe CYIIECTBYeT MPEIBOCXHUIICHUE
TpeOyeMOro KOHEYHOTO Pe3y/IbTara JABHIKCHUS.
Moneins HoTpeOHOro Oy/IyIIero Mo3BoJIsSeT YeI0-
BEKY YNPAaBIATh CBOUMHU JABHXKCHUAMH» [3,
C. 281].
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3Ha4YMTENbHBIHA BKJIa]] B U3yUEHUE TPOOJIEMBI
Pa3BUTHS MPOTHOCTUYECKUX CIOCOOHOCTEM
BHecIH oTedecTBeHHbIe yueHble b. @. Jlomos [4],
B. 1. Mennenesuu [5], H. I1. Huuunopenxo [6];
BepOsITHOCTHOTO nporHo3upoBanus — [1. K. Ano-
xun*, . M. @eiirentepr [7] u apyrue. Umeercs
3HAYUTENILHBIA MacCHB HMCCIIEJOBaHUIl 110 KOH-
(mukronoruu (Harmpumep: > ¢). Umeercs 3Hauu-
TEITLHOE YKCIIO COJIeprKaTeIbHBIX paboT B cdepe
COLIMOHMYECKHX XapaKTepUCTUK MHUJIOTOB [8§; 9],
OLICHKHU CTETeHN KOH(QIIMKTHOCTH nuiioTos [10],
B3aUMOJICHCTBUS SKMITaKa BO3JYIIHOTO CyIHA
¢ YBC[11], nporHocTiueckux KpuTepreB b dek-
TUBHOCTH B3aUMOZICHCTBHS B SKHITAXKE BO3YIL-
Horo cyaHa [ 12]. OnHako uccienoBaHue crocoo-
HOCTH K IPOTHO3MPOBAaHHUIO KaK Ba)KHEHIIEro
npo(heCCHOHATBEHOTO HABbIKAa KIMEHHO B OTHOILIE-
HHY aBHAIIMOHHBIX IUCIIETYEPOB PAKTHYECKH HE
NPEJCTaBICHO B HAY4YHOMH JIUTEeparype

Jns aBuagucnerdepa XOpoulo pa3BUTas
CHOCOOHOCTh K IPOTHO3UPOBAHUIO TI03BOJISIET
CIIPOEKTHPOBATh MHPOPMAIIOHHYIO MOJIEIIb HIIH
IPOCTPAHCTBEHHBIH 00pa3 peanbHON 00OcTa-
HOBKHU BO3ZYIIHOT'O JIBHIXKEHUSI, KOTOPBIE JIAIOT
BO3MOYKHOCTb ITPEAOINPENEIUTh Pa3BUTHE BO3-
JIYLUTHON CUTyauuu, (pakTOpOB, BHI3BIBAIOIINX
PUCKH W HECTaHIApTHBIE ClIy4au, CMOJEIHPO-
BaTh CHOCOOBI NpeoOpa3oBaHusl KOHGIMKTHOU
curyauu B 0eckoH(ukTHYI0. HenpaBunbHoe
WM HETOJIHOE MPEJICTABICHHE O COCTOSHUU
XOTs1 ObI OTHOTO 3JIEMEHTA JIAHHOW HH(pOpMaLu-
OHHOI1 MOZIENH YIIpaBJIeHHsI BO3AYILIHBIM JBHKE-
HUEM MOXET CO3JaTh yrpo3y 0e30MmacHOCTH
MIOJIETOB.

B pamkax moMoraroouiux OTHOIIEHHH aBHa-
JIICTIeTYep JJOJDKEH YETKO COOI0AaTh CTaHAapT-
Hy0 (hpa3eosIoruio paanooOMeHa, 00eCIeunBaTh
CBOEBPEMEHHYIO 00PaTHYIO CBsI3b, BIAJETh Ha-
BbIKAMH aKTHBHOTO CJIYIIAHbS U SMOLMOHAIb-
HOW CaMOpETyJISILIMU B CTPECCOBBIX CUTYaIHsX.
WccnenoBanus KOMMYHUKAaTHBHBIX HaBBIKOB
aBHaJKCIIeTYepa Yallle BCEro OrpaHMYMBAIOTCS
UX SI3bIKOBOW KOMIIETEHTHOCTBIO U — PEKE —
MHBIMHU aCHIEKTaMH PO eCCUOHANBLHOTO 0011e-

4 Anoxus, I1. K. Ouepku 1o ¢pusnonoruu ¢pyHKIHOHATEHBIX
cucreM: YueOHO —MeToauuecKoe nocobue. — M.: Meaununa,
2012. - 447 c. ISBN (EAN): 978-5-458-38439-1.

3 CaemioB, B. A., Cemenos B. A. Kongmuxrosnorust: yaeOHHK
Juist GakaaBpuara U MarucTparypsl. — Mocksa: M3natens-
ctBo [Opaiit, 2019. — 351 c. ISBN 978-5-534-06982-2.

¢ 3armomuna T. A., Komanosa O. C. Kouduukronorus: mpax-
THKyM: y4eOHoe mocobue. — ExarepunOypr: U3n-Bo Poc.
roc. npo¢.-nex. yH-ta, 2023. — 80 c. URL: http:/elar.rsvpu.
ru/978-5-8050-0770—6 [Texkct: anekrponHslii]. ISBN 978-
5-8050-0770-6.
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HUS: KOMMYHHKaTHBHOM arpecCHBHOCTBIO, TOBE-
nenueM B koH(umkre [13-17].

Crenyer OTMETHTh, YTO KOMMYHHKATHBHBIE
HaBBIKM aBUAJUCIIETYEPa CBSI3aHBI C €ro Mpo-
THOCTHYECKHUMHU CriocoOHOCTIMU. V3-32a Hempa-
BUJIBHOTO NIPOTHO32 aBUaJUCIIETYEPOM HOBEIe-
HUSI TUJIOTOB, KOJUIET, HEYMEHHSI IPEJBOCXUTUTh
pa3BUTHE TOH WM HHON BO3IyIITHOM MIIN Ha3eM-
HOW 00CTaHOBKH BO3pPAcTaeT PUCK UX HEyIpaB-
JISIEMOTO Pa3BUTHSI.

Wurterpanust npoheccHOHaNIbHBIX HABBIKOB
aBHaJMCIIeTYepa KaK Oreparopa CIOKHBIX TeX-
HUYECKUX CHCTEM M JIEIOBOTO KOMMYHHKATOpa
M03BOJISIET TOBOPUTH O BAXXHOCTH M3y4YEHUS
CBSI3U MEX/1y TIOMOTAIOIMMH, UHTEIUIEKTYallb-
HBIMH ¥ T€XHMYECKHMMH HaBbIKAMH JaHHOTO
CHennaucTa.

B cBs13u ¢ 9THM yeb HcciieoBaHus — U3yUe-
HUE CBSI3U MEXJY IPOrHOCTUYECKUMH CIOCO0-
HOCTSIMH KYyPCaHTOB-aBUAMCIIETYEPOB M UX
moBezicHHueM B koH(uKkTe. Oco0yr0 3HAYUMOCTh
HcclieJOBaHHE JAHHOW CBsI3W NpHOOpeTaer
B OTHOIIEHHH UMEHHO aBHaJMCIIETYEPOB. JTO
CBSI3aHO C TEM, YTO HABBIKM MPOTHO3UPOBAHUS
U TPEIBOCXUIICHHS PA3BUTHS BO3IYLIHOW CH-
Tyaly U HABBIKK KOHCTPYKTHBHOTO ITOBEJCHUS
B OMOIMOHAJILHO HANPsHKEHHOW 0OCTaHOBKE
yIpaBJIeHUs] BO3AYLIHBIM JBUKEHUEM MOXKHO
OTHECTU K Ba)KHEHIIMM IpodeccroHalbHbIM
YMEHHSIM aBUAIIMOHHBIX AUCIETYEPOB.

PE3YJIbTATbI U OBCYXXOAEHUE

Jliis u3yueHus BbIlie 0003HAYCHHOW CBS3U
B YIIbSIHOBCKOM HHCTUTYTE TPAXKJTaHCKOH aBHa-
uuu uM. I'maBHoro mapmana asuanuu b. I1. By-
raesa ObLIO MPOBEICHO KUCCIICIOBAHUE OCOOCH-
HOCTEH MOBeIcHHS B KOHMIIUKTE M CIOCOOHOCTH
K MPOTHO3UPOBAHHUIO Y KYPCAHTOB BTOPOTO
Kypca crenuanu3anuu « Opranusanus BO3ayl-
HOTO JIBIOKEeHHs». B ompoce yuactBoBano 64
oOyuyaromuxcs. B kauecTBe SMIUPHYESCKOTO
METO/1a UCCIICIOBAHMUS OBLIO MCIIOIB30BAHO TE-
ctupoBanue o metonuke Tomaca — Kuimanua
((TKI-R, B apanrraumu H. B. I'putnunoii) [18; 19]
Ha BBISIBIICHHE CTPATErWid MOBEICHHS PECIIOH-
JICHTOB B KOH(NIMKTHOW CHUTYalldd M 10 METO-
nuke «CrocoOHOCTh K MPOTHO3UPOBAHHIO»
JI. A. Peryma’.

ConeprkarenbHasi, BHyTPEHHSISI 1 KOHKYPEHT-
Hasl BAJIIMIAHOCTh OTMPOCHUKA, 10 MHEHUIO CIIie-

" Tect «CrIOCOGHOCTD K IPOrHO3UPOBAHHIOY. [ DNEKTPOHHBII
pecypc]: https://vash-psiholog.info/knowledge/metodika-
test-sposobnost-prognozirovaniyu3.html?ysclid=l1ljj8cj
hc4769501593. Noctym 25.11.2023.
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LUAJIICTOB, JOCTaTOYHA U HAyYHO 000CHOBaHA
[20]. ITpu sTOoM ncnonb3oBanue Tecta Tomaca —
KunnMaHHa IPUMEHHUTENBHO K MTPOQecCHOHAITb-
HOI BEIOOpKe «aucnieTyepsl YB/I» npencrasinex
BeCbMa OTpaHMYEHO. boree Toro, mo MHEHHUIO
psiza yU4eHbIX, IPUMEHHUTEIBHO K aBHAIIMOHHOMY
NePCOHANTY JJaHHAsl METOJMKa HE BCEra MO3BO-
JISIeT KOPPEKTHO BBISIBUTH NPEIIIOYTEHUS B BbI-
0ope NOMHMHHUPYIOIIEH CTpaTeruy MOBEACHUS
B KOH(UIMKTE, IPU PO(ECcCHOHATIBHOM IICHXO0-
JIOTHYECKOM O0TOOpE, B IPUHIIUIIE «HE CIIOCOOHA
WU3MEPHUTh MHAWBUIYaJIbHBIA CTHIIb [TOBEACHHS
B koH(uuKTe» [9; 21; 22]. [IpoBenenue uccie-
JIOBaHUs, KPOME PEIICHHs €T0 3a71a4, O3BOJINIO
TaKXe [POBEPUTHh BEPHOCTh YTBEPXKICHHS 00
OrpaHUYEHHOM TPUMEHUMOCTH METOANKH.

CyILIHOCTb JJaHHBIX METOAMK M PE3YJIbTaThl
JUArHOCTUKU 110 HUM CIIeAYIOIIHE.

Tect Tomaca — KunMaHHa moka3sIBaeT COOT-
HOIIEHHWE CTpPaTeruil MoBeIEeHUs YeJOoBeKa
B KOH(uIHKTE. B OCHOBaHMM TaHHO TUIIOJIIOTHH
JISKUT NBYXMEpPHAsi MOJIENIb KOH(IIUKTA, U3Me-
PEHUSIMH B KOTOPOM SIBIISIIOTCSl OPUEHTAIMH
HWHTEPECOB KOH(IMKTYIOIUX CTOPOH: Ha ceds
U Ha naptHepa. Mcxons us atoro, B Tecte TKI
MOYKHO BBIJIEJIUTH CJIEIYIOLIHE CIIOCOObI pery-
aupoBanus koH}ukToB [18]:

a) KOH(MPOHTALMS HJIH peasTU3aLus IPEUMY-
LIECTBEHHO COOCTBEHHBIX MHTEPECOB B yIIEpO
HHTepecaM MapTHepa;

0) npucnocobiaeHue (yCTynm4MBOCTh) WIH
yIIEeMJICHHE COOCTBEHHBIX MHTEPECOB Pajau
JPyTOTO YeJIOBeKa;

B) KOMIIPOMHUCC WJIM YaCTHYHOE YIOBIIETBO-
peHUE WHTEPEeCOB YYaCTHUKOB KOH(IIUKTA, NO-
CTUTHYTOE IIyTE€M B3aHMHBIX YCTYIIOK;

T') YKJIOHEHHE KaK OTCYTCTBHE CTPEMJICHUS
U K KOOIEpaIiH, 1 K 3alIUTe CBOMX UHTEPECOB,;

J1) COTPYIHHYECTBO KaK MaKCHMaJIbHOE
U JIOJITOCPOYHOE Y/IOBIETBOPEHHE MHTEPECOB
00enx cropos [18].

Kaxxnas u3 aTux cTpareruii uMeeT BO3MOX-
HOCTH ¥ OTPaHUYEHUS], KOTOPHIE ONPEEeNIIOTCS
LEeJISIMH KOH(IIUKTYIOIINX CTOPOH.

Brlnn momyueHsl cneayronme pe3yinbTaThl
JUArHOCTUKU 110 TaHHOMY TeCTYy.

CpenHerpymnmnonas BBIPaKEHHOCTh KaXKJ10M
13 BBIILIEOO03HAYEHHBIX CTPATeTHi Y KypPCaHTOB-
aBUA/IMCIIETYEPOB OTpakeHa Ha puc. 1.

W3 nuarpamMMbl BUTHO, 4TO HauboJiee BbIpa-
>KEHHOM 1 Yalle MPUMEHsIeMOM CTpaTreruei nope-
JICHUS PECIOHJICHTOB B 3MOLIMOHAJIBHO HAIps-
JKEHHOHN CHUTyalluH SBJISAETCS KOMIIPOMHCC HJIH
OpMEHTAIMs Ha YaCTUYHOE YAOBJIETBOPECHHE
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Puc. 1. CpedHeapynnogas ebIpaXxeHHOCMb cmpameauli nogedeHust
8 KOHGbnIuKme y KypcaHmog-aguaducnemyepos [8bINOIHEHO
asmopamul].

nmoTpeOHOCTEH 00EUME CTOPOHAMU ITyTEM B3a-
HUMHBIX YCTYIIOK.

MeHee BbIpaKeHHBIE CTPATETHH « YKIIOHEHHE»
n «CoTpyaHHYECTBO» TakkKe B CBOCH OCHOBE
NPeJIIoNaraloT UCIonb30Banue ycrynok. Coue-
TaHUE CPETHETPYIIIOBBIX CTPATErnii OKa3bIBaET,
4YTO Oyayliye aBUaJMCIIETYEPbl MEHEE BCETO
CKJIOHHBI K KOH(pPOHTALIUH U MIPUCTIOCOOICHHIO
B CUTYallMU KOH(IIUKTA, YTO SIBIISIETCS II0Ka3are-
JIEM BBIP@)KEHHOCTH UX HaBbIKa SMOLIMOHAIBEHOM
CaMOpETYJISALMN U CIIOCOOHOCTH TOJIEP)KUBATh
CBOIO IPO(heCCHOHATBHYO TTo3U1HI0. OcTabHbIe
CTpaTeruy pealin3yloTcs KypcaHTaMH IPUMEPHO
B OJIMHAKOBOM CTETICHH U MPELyCMaTPHBAIOT UC-
TIOJIb30BaHUE YCTYIIOK JUIS TIOCTHIKEHHSI BpEMEH-
HOT'O WJIM JIONITOCPOYHOTO COIJIACHSL.

[Tpu aHanm3e nepcoHaIbHBIX 3HAYEHHUH OIIPO-
LICHHBIX NPEUMYILIECTBEHHAs! BBIPAXKEHHOCTh
crpareruu «Kondponrauus» (6onee 10 Gamios
n3 12 MakcHMaJbHBIX ) CBOWCTBEHHA TOJIBKO 4,5 %
KypcaHTOB. B OCHOBHOM y IO/IaBIIsIFOLIEro O0JTb-
LIMHCTBA ONPOIISHHBIX HAOIIONAETCS PABHOMED-
Hasl BRIPOKEHHOCTh BCEX CTPATETHid, YTO MOXKET
TOBOPUTH O THOKOCTH MX ITOBEJICHHS B KOH(JIHMKTE.

BbIpakeHHOCTB CIIOCOOHOCTH K TIPOrHO3HPO-
BaHUIO Pa3BUTHUSI CUTYallMd Y KYPCaHTOB ObLia
ompezeneHa ¢ nomometo tecta JI. A. Peryma
«CriocoOHOCTB K IporHo3upoBanuio». Coueprka-
TEJILHBIMH XapaKTePUCTUKAMH Ka4eCTB MBIIILIe-
HUS, ONPEAEISIIOIINX CIOCOOHOCTD K TIPOTHO3H-
POBaHUIO, [0 MHEHHUIO aBTOPA METOJIMKH, SIBJISI-
I0TCSI aHAJIMTHYHOCTh, OCO3HAHHOCTh, THOKOCTB,
MIePCIEKTHBHOCT U JIOKa3aTelIbHOCTh. TecToBbIe
3a/IaHUsI HAIIPABJICHBI HA OLICHKY JIaHHBIX CBOMCTB
MBIIUICHUS U MHTErPAIbHOTO TI0Ka3aTelsl CIIo-
COOHOCTH PECIIOH/ICHTOB K IPOrHO3UPOBAHUIO.

[MosicHuM coneprkaHue MKall OIPOCHHKA.

Ananumuunocms Mbluinenus onpenesnsercs
CHOCOOHOCTBIO CHCTEMAaTH3UPOBATh, CTPYKTY-
pUpOBaTh, HHTEPIPETHUPOBATh UH(OPMALHIO.
BaxHo# xapaKkTepHUCTHUKOW aHAIUTHUECKOTO
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Taoauna 1

Cpezmerpylmonaﬂ BBIPAYKEHHOCTDb COCTABJIAKIIUX MPOTHOCTUYECKUX crnocodHocTel
KyYPCaHTOB-aBHAAUCIIETUYEPOB [Bbll'lOJ'lHeHO aBTOpaMI/I]
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MIPOTHOCTHHOCTb,

B NPOLEHT BIPAXEHHOCTU COCTaBAAIOLLAX NPOTHOCTUYHOCT MbILUARHYA

Puc. 2. [poyeHm ebipaxeHHOCMU COCMAasNAUWUX NPO2HOCMUYHOCMb MbIWIIEHUS KypcaHmoe-aeuaducnemqepoe [ebInonHeHo asmopamul].

MBIIIJICHAUS] SBISIETCSI CTIOCOOHOCTH BBIACIATH
CYITHOCTHBIC CBSI3U B aHATH3UPYEMOM O0BEKTE,
HaXOAWTH TITyOMHHBIC TPUIHHHO-CIICICTBCHHBIC
CBSI3U M C UX YUCTOM IPEIBUACTH PA3BUTHE CH-
Tyalluu.

Oco3HanHOCmb MbluleHUuss — 3TO CI0C00-
HOCTB TIOHATH CYIITHOCTB IIPEIMETA FITH SBICHHS,
TTOHUMATh MIPUIHHEI ¥ TIPEIBUICT MOCITCACTBHS.

Tubrxocmov mviuinenuss OTpaxaeT croco0-
HOCTH YeJIOBEKa CIIPABIATHCS C M3MCHCHISIMH,
HCIIONTb30BaTh PAa3IMYHBIC CIIOCOOBI pPEeIICHHUs
po0IieM, TeHEPUPOBATh UACH.

Jlokazamenvnocmos u ap2ymenmupo8a-
HOCMb MBIIUICHAS XapaKTepU3yeTcss YMEHUEM
TPUBOIUTH HEOOXOAMMYIO MH(POPMAIIHIO IS
000CHOBaHMS COOCTBEHHOH MTO3HIINH.

Iepcnekmuernocms mbluiieHus TPEICTaB-
JsieT coboi CIOCOOHOCTD YeNoBeKa K IEeNOCT-
HOMY BOCIIPUSTHIO CUTYallHd W TMOHUMAaHUIO
IUHAMUKA €€ pa3BUTHSA. [lepCleKTHBHOCTH
MBIIUICHUS CBSA3aHA CO CTPATETMICCKUM MBITII-
JICHUEM ¥ TOPU30HTAMH TITAHUPOBAHUS.

WHTeTrpanbHbIi MOKa3arenb CIoCOOHOCTH
K IIPOTHO3MPOBAHHIO UMEET CIICIYFOIIIE YPOBHU
BBIPaXEHHOCTH:

0-12 6anmoB — HU3KUH YPOBCHB;

13-25 GamioB — cpenHUH YPOBEHB;

26—38 6aiI0B — BEICOKHI YPOBEHbB.

PaccmotpuM masee cpeTHEerpyIoBYIO BEIpa-
JKEHHOCTh COCTABJISIONINX ITPOTHOCTHYCCKHUX

®  Mwup TpaHcnopTa. 2024

CIIocOoOHOCTEH KypCcaHTOB-aBHAAHCIIETYEPOB
(Tabmmma 1).

[pencrasum Ooee HAMISAHO MPOIIECHT BBIpa-
KEHHOCTH BBIIIIE 0003HAUYCHHBIX CBOWCTB MBIIII-
nenus (puc. 2).

W3 nnarpamMMbl BUHA JOCTATOYHO BBICOKAS
BBIPAKEHHOCTH BCEX THUIIOB MBIIUICHHS, XapaK-
TEPU3YIOIINX TPOrHOCTHYHOCTB PECTIOHICHTOB.
HawnbGomnee BbIcOKHE cpeaHETpyNIIOBBIE TOKa3a-
TEJIN KypCaHTOB OBUIN BBISIBJICHBI 11O TIEPCIICK-
THBHOCTH MBIIIJICHUSI, TO €CTh CIIOCOOHOCTH
K CTpaTerndeckoMy 1 ANHAMIYECKOMY BUACHHIO
cutyanuu. MHTErpanbpHbIi MoKa3aTeNnb IpOrHO-
CTHYECKHUX CHOCOOHOCTEH ONPOIIEHHBIX HMEET
BBICOKHH YpOBEHbB, UTO CBHUAETEIHCTBYET 00
MHTEIUICKTE U BBIPAKEHHOM IPO(eCCHOHATEHOM
pecypce KypcaHTOB.

Janee B pamMKax HcCIIeIOBaHHS OBUTH H3yUe-
HBI B3aHMOCBSI3U MEKIY COCTABIISIOIINMH MPO-
THOCTHYHOCTH MBIIUICHHUS OyIyInX aBHauc-
MEeTYEPOB M CTPATETUSIMH HX MOBEACHUSA
B KOH(MKTHOW cuTyannu. CieayeTr OTMETUTD,
YTO U3YUCHUE CBSI3U MEXKAY CBOWCTBAMH MBIIII-
JICHUS ¥ KOMMYHHKaTHBHBIMH CIIOCOOHOCTSIMH
Ye0BeKa HEAOCTAaTOYHO M3y4YeHB! B HAYYHOH
nuTeparype. B 0CHOBHOM 3TH McClIeZOBaHUS
KacaroTcs JETeH, MpeJCTaBUTENeH egaroruie-
ckux npodeccnit (Harrpumep, [23]), HO B OTHO-
IICHUH aBHAI[OHHBIX CIICIHAINCTOB H3y4YCHHE
JAHHOTO BOIIPOCA OTPAHUYEHO OTHOCHUTEIFHO

EpxoBa M. B., 30608 1. B. UccnegoBaHue cBA3M MexAay NPOrHOCTUYECKUMMU CNOCOGHOCTAMM
KypCaHTOB-aBMagUCNETYepPOB U UX NoBegeHUEM B KOH(PNIUKTE




Taodanma 2

3nauenus kodpuuuentop koppeasuun R-Ilnpcona [BeinosHeHo apropamu]

HeOonpmuM 4yuciaoM pabort [24]. B cBs3u
C 9THM, OJHOI W3 LeJel NMpeJCTaBICHHOIO
HCCIICIOBAHMS CTAJ0 M3YyYCHHE CBS3H MEXKIY
CpPEHETPYIIIOBOH BBIPAKEHHOCTHIO CTPATEruid
MTOBECHUS B KOH(IIMKTE U CPEHETPYIITOBBIMH
COCTABIISIIOIIMMHU MTPOTHOCTUYHOCTH MBIIIIJIE-
HUS B TOH e TPyIIe pECIOHIEHTOB.

J7st oripeienienyst CTEIeHN COTVIacOBAHHOCTH
PSII0B 3Ha4YEHHH CTpATEruii MoBeieHus B KOH (-
JIMKTE W CBOMCTB MPOTHOCTUYHOCTU MBIIUICHUS
BHYTPH OJTHOH BBIOOPKHM HaMU OBUTH HCIOIb30-
BaHBI METO/IbI CTATUCTHYECKOTO AaHATN3A IAHHBIX.
Jnst uccnenoBaHus B3aMMOCBSI3H JIBYX METpUYe-
CKHX IIIKaJI Ha OJJHOW U TOM K& BEIOOPKE MCIIOJIb-
3yeTcst koapunueHT koppensunn [Iupcona
(R-TIupcona). OH u3MepsieT CHITy CBSI3U ABYX
repeMeHHbIX. B kauecTBe nmepeMeHHo# X Oblia
paccMoTpeHa CpeIHErpyIoBasi BEIPaXKEHHOCTh
Ka)KIO0H M3 YeThIpeX CTpaTeruii MOBEACHHUS pe-
CIIOHJICHTOB B KOH()JIMKTE, a B Ka4eCTBE Iepe-
MEHHOH Y — Kak/1asi COCTaBIISIONIAs] IPOTHOCTUY-
HocTH MbinuieHus (o JI. A. Perymy). Yucno
pecnionzienToB ObUTO paBHO 64. Koadduuuent
KOppeJsIIMK OBbUT PacCUnTaH MO KJIACCUYECKOH
(hopmyste koabdurmenTa koppersiuu [Tupcona®,

B tabnue 2 npencTaBieHsl pacCUUTaHHbIE
3HaueHus kodddurmentos [Tupcona st 3asB-
JICHHOW BBIOOPKH KypCaHTOB.

CpaBHUBas MOJTy4YeHHBIE HaMH 3HaYCHUS
koaddunmentoB R-ITupcona 1Byx MeTpryecKnux
MEPEMEHHBIX (CTpaTeruil MoBeJeHUS B KOH(]-
JINKTE W XapaKTEePUCTUK MPOTHOCTHYHOCTH
MBIIIIeHUs ) (Tabmuna 2) ¢ COOTBETCTBYIOIINMH
KPUTHUUYECKMMH 3HAYCHUSIMU 13 TaOINIIBI KPUTHU-
YEeCKHX 3HauCHUH KO3()(PHUINEHTA KOPPEISLUH
R- INupcona ny1st 3a1aHHOM BEIOOPKH KypCaHTOB
(Tabnuua 3), Hamu ObII0 OOHAPYKEHO HATHYHE
JIMIIB TEH/ICHIINH JTOCTOBEPHOM CBSI3U IIEpCIICK-
TUBHOCTBIO MBIIUICHNS OyIyIINX aBHaJUCIIET-

8 Hacnenos, A. J1. Matemarndeckre METOJbI TICHXOJIOTH-
YECKOTO HCCIICA0BAHNS. AHAIN3 M HHTEPIIPETAINS TAHHbIX.
Vueb. mocodbue. — CII6.: Peus, 2006. — 304 c. — C. 70.
ISBN 5-9268-0275-7.

OcobenHoctr MpmuieHUss | CTparernu noBeneHHs B KOH(IUKTE

Koadurment koppemsinuu R-ITupcona

Koudponramus | Corpyzuuuectso | Komnpomuce | Viionenue | [Iprcnocobnenue
AHaJIUTHYIHOCTH R=0.018 R=0,117 R=0,0005 R=0,104 R=0,035
OCO3HaHHOCTb R=0,119 R=0,005 R=0,03 R=0,003 R=0,145
JlokazarebHOCTh R=0,06 R=0,014 R=0,0004 R=0,0004 R=0,087
T'ubxocth R=0,034 R=0,0225 R=0,02 R=0,02 R=0,008
TlepcrieKTHBHOCTH R=0,0007 R=0,0034 R=0,222 R=0,075 R=0,006
O6uias nporHoctuyHocts | R=0.012 R=0,027 R=0,055 R=0,003 R=0,058

Tabauua 3

Kpurnueckue 3HayeHns kodpdunnenta
Kkoppeasinuu Inpcona [3, C. 363]

Kpurndeckue 3HaueHus kK03 OHIMEHTA KOPPENALUI
ITupcona

O6beM 0,1 0,05 0,01 0,001
BbIOOpKH N /

HOTPEITHOCTD

64 R=0,207 | R=0,246 | R=0,32 | R=0,402

YEpPOB U MX TOTOBHOCTBIO UATH Ha KOMIIPOMUCC
B KOH(JIMKTHOW cuTyalMu (C TOTPEIIHOCTHIO
0,1). IHBIX CTAaTHCTHYECKU 3HAYMMBIX 3aBHCHU-
MOCTEH B IaHHOUM TpymIe PecroH/CHTOB HE
BBISIBJICHO.

3AKNKOYEHKUE

OOHapyXeHHasi TEHJICHLUS K 3aBUCUMOCTH
MEPCIEKTUBHOCTH MBIIUICHUS! PECIIOHIEHTOB
U UX TOTOBHOCTH K KOMIIPOMHCCY ITOKa3bIBaeT,
4YTO HaJW4Yue y OyAylIMX aBUAJUCIETYECPOB
CHOCOOHOCTH K MPOTHO3MPOBAaHHUIO CUTYallUH,
K €€ LEJIOCTHOMY BHJICHHIO, OLIEHKE BO3MOXK-
HOCTEH U OTPAaHUYEHNUI B TUHAMUKE €€ Pa3BUTHS
CHOCOOCTBYET MOMCKY PECTIOH/IEHTAMH KOMITPO-
MHCCa B OMOLIMOHAILHO HAIPSKEHHO# 00cTa-
HOBKE Tpo¢ecCHoHaIbHOTO o0meHus. JlanHas
TEHJICHIHSI, C OJJHON CTOPOHBI, CIIOCOOCTBYET
YperyJaupoBaHHui0 KOH(MIUKTHBIX CHTYyaI[Mid Ha
OTPENEICHHBIH TPOMEXYTOK BPpEMEHHU. DTO
MOXET OBITh TIOJIE3HBIM B OTHOIICHHSX C KOJIJIE-
raMu B Ha3eMHOU obctaHoBke. Ho, ¢ mpyroit
CTOPOHBI, B CUTYaIlH OOIIEHUS KITHJIOT — aBUa-
JICTIETYEP) MIPUHIUITHAIBEHO BaKHO OECKOMIIPO-
MHCCHOE COONIOfIEHNE aBHAIlMOHHBIX ITPAaBUIL,
41O 00ecIeuynBaeT OE30IMaCHOCTh MONETOB.

[TpoBeneHHoe HMccaeqOBaHKUE MTOKAa3all0 HE
TOJIBKO BKHOCTH M3Y4EHHsI B3aMMO3aBHCHUMO-
CTeH MEeX1y Pa3INuHBIMU MPOQEeCCHOHATBHO
B2)XHBIMU KaueCTBaMH, YMEHUSMH CIICIHAIIH-
CTOB I10 YIPABJICHUIO BO3/1YIIHBIM JIBUKEHHEM,
HO ¥ HEOOXOAMMOCTh OIIEHKH BIIMSIHUS JJAHHBIX
cBsi3eil Ha 3P PEeKTUBHOCTD MPOPeCCHOHATHHON
JIeSITEIbHOCTH aBUaJUCIIETYEPOB.
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AKAJEMUK
B. H. OBPA3LIOB:
K 150-NETUIO

CO [iHA POXAEHUA 108, 120
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[MpuypodeHHble K 3HameHamesbHoU
Oame Mamepuaribl ¢ PasHbIX CMOPOH
PacKpbIBaKOM KU3HEHHBIL

U meopyecKuli nymb, Hay4Hble
usbickaHus akademuka Obpa3yosa,
NuwHUG pa3 no0yepKkusast
MHO202paHHOCMb €20 ManaHma

u npodomxas npedbidyujue
nybnukayuu, 8 mom yucne o pagumuu
mpa+cnopma Ha Esponelickom Cegepe
Haweu cmpaHbl (T. 19, Ne 3, 2021).
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TOBAPHASI CTPYKTYPA
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MEPEBO30K:

PETPOCTEKTMBA,

CPABHEHMS,
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AHanus daHHbIX 3a boree Yem
nosimopa eexa no3gosisiem He MoJibKo
8bII8UMb OCHOBHbIE MEHOEHUUU,

HO U cucmemMamu3uposams
3aKOHOMEPHOCMU U Ha UX 0CHO8E
OUEeHUMb 803MOXHbIe bydyujue
8EKMOPbI Pa3sUMUS.
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EkatepuHa KYTMKOBA

AHHOTALNA

B Mockse, YensibuHcke, Mpkymcke, Pmuwiege ecmb ynuysi
Obpasyosa. MHozaue ysepeHbl, Ymo ynuubl 3mMu NOy4UIU ceoe
HaseaHue 8 Yecmb 8e/1UK020 KyKonbHuka Cepeess Obpasyosa. Ho
Ha camom defie 8 MONOHUMUKe pocculickux 20podos bbi y8exo-
86YEH He 3aMeyamerbHbIl akmep, a e20 omey — aka0eMuK
Bnadumup Hukonaesuy Obpasyos, ebidatowjulics y4eHblil 8 06-
flacmu mpaHenopma, Komopbili ¢ 20p00CMblo0 Hasbigan cebs
«PMULEBCKUM KENE3HOOOPOKHUKOMY.

Bbiswas baxmemsesckas ynuya e Mockge, 20e xuna ceMbsi
06pa3y08bIX, U HbIHE HOCUM UMSI Xene3HoA0POXHO20 akademukKa.
CospemerHyro Mocksy He803moxHo npedcmagums cebe 6e3 smoli
¢hamunuu. Ynuya O6pasyosa no-npexHemy eedem Kk 3HaHUAM,
K 8HEOPEHUIO HOBbIX MEXHOMO2UL NPU CMPOUMENbCMBE XENe3HbIX
0opoe U, 8 KOHEYHOM umoge, — K npoepeccy. He cryyaliHo no
ynuye Obpa3syosa ¢ dasHux nop nponucaH Pocculickull yHugep-
cumem mpaxcnopma (MUWT), 8 komopom mpaduyuoHHo pas-
susatomcs 06pa3yosckue mpaduyuu.

Mup TpaHcnopta. 2024. T. 22. Ne 1 (110). C. 108-119

K 150-neTuto
akagemuka Bnagumupa Hukonaesnya ObpasuoBa
(bnorpadoms u bubnuorpadums)

Examepuna Bopucosna Kynukoea

Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.
M4 juit_kulikova@inbox.ru.

Akademux Obpa3yos obnadan yousumesnsHbiM 0apoMm — OH
yMen pacckasbleams NPOCMO O CIIOKHOM — NO3IMOMY Cc4UMarcs
3ameyamenibHbIM npenodagamenem, ObUMUeM cmyOeHmos,
a e20 Hay4Hble pabombI 00 CUX NOP HE NOMEPSIIU C80K akmyasib-
HOCMb.

naeHble HayyHble mpydsl Bnadumupa Hukonaeguda noces-
WeHbI Xene3HbIv dopozam, Ux UCmopuu, Ux Hacmoswemy u 6ydy-
wemy. OB6pa3yoe NoHUMaT, YMo CO BDEMEHEM POsTb mpaHcnopma
cmaHem mofibKo pacmu, U npednagar PeWeHUusl, y4umeieas Heu3-
bexHble nepeMenbl. KusHb npocheccopa Obpasyosa — 3mo e2o
YYEHUKU, e20 3a0yMKU, €20 KOMaHOUPOBKU...

KenesHyro dopoey OH 04eHb Xopowo 3Han u mobun. Y eepur,
4mo UMEHHO cmarbHble Mpacckl noMoeym Poccuu cmame nepe-
0osoll cmpaHoll.

B cmambe npugodumcs bubsnuoepagpuyeckuti cnucok mpydos
B. H. O6pasyosa u nepedeHb Haubonee KpynHbIx U3 yucna pea-
NU308aHHbIX UM NPOEKMOB.

Knoyesble criosa: B. H. O6pa3yos, xene3HodopoxHbIl mpaHcnopm, UCMopusi mpaHcnopma.

[ns yumuposarus: Kynukosa E. b. K 150-nemuro akademuka Bnadumupa Hukonaesuya O6pasyosa (6uoepacpust u 6ubnuoepacpus)
// Mup mpaxcnopma. 2024. T. 22. Ne 1 (110). C. 108-119. DOI: https://doi.org/10.30932/1992-3252-2024-22-1-14.

MonHbili mekcm cmambu 8 nepegode Ha aHanulickull A3bIK ny6IuKyemcsi 80 emopoll Yacmu daHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.
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eroM 2024 rona ormeuaercs 150-nmeTue

akanemuka Bioagumupa O6pasnosa. Biann-

mup HuxonaeBuu ponuncs 18 uwoHs
1874 ropma, 3aKOHYMJ KJIACCHYECKYI0O THMHA3UIO
B 1892 roxy c 3o010t10i Menansio B ropone Huko-
naeB. [loctynun B Mmneparopckuii CaHkr-
IeTepOyprckuii HHCTHTYT ITyTei COOOIICHMS.

B nncTrTyTe Bragumup Huxonaesnda nry6oxo
H3y4all HHKEHEPHO-CTPOUTEIIFHOE JIETI0, BO BpeMs
y4eOHOM MPaKTHKN OH MHOTO €3HJ IO JHHHH,
HOJYs Ha CTaHIIAX U pa3be3/ax, MpoIIes C HUBe-
nupom okoso 150 km.

CTy#eHTOM TpeTheTo Kypca CaMOCTOATEIHHO
pa3padoTas IpOeKT IUIOTHHBI M BOJOCINBA UIS
BOJOCHA0XXEHHUS JKEIE3HOMOPOXKHON CTaHINU
Kazanka, pacnonoxxeHHOi Heganeko ot I. Huxo-
nmaeBa. B mpoexre OBUT IpemxycMOTpeH OONbIIoNn
mpyn B 40 Ta, a Takke MpodecCHOoHANTBHO MOI-
CUHTAHBI BO3MOXKHBIH IMPUTOK BOJXEI, IIOTEPU OT
BIWUTHIBAHHUS B 3¢MITIO M OT HCTIAPEHHIT, TIPOBEICHBI
Jpyrue pacdeTsl. [IpoeKT 3TOT oTiM9acs Opuru-
HaJIbHBIM pelIeHHeM U 0e3yKOpH3HEHHBIM HHKe-
HEpPHBIM PacdeToM M MO3TOMY OBLIT pean3oBaH,
a aBTOP-CTYJACHT OBLI HArpa)JeH MHCTUTYTOM
JeHe)kHO! peMueii B 50 pyOinei.

Crynentom e OOpa3noB Beld H3BICKAHUS
1 MOCTPOHKY TOXBE3NHBIX JKEIEe3HOMLOPOKHBIX
ITyTe# K MPOMBIIIIEHHBIM IIPSATPUSATHIM HIH, KaK
TOT/Ia TOBOPHIIH, «OKETIE3HOMOPOXKHEIX BETBEH».

ITocne oxoHuaHus uHcTUTyTa B 1897 rony
MOJIOZION MHXEHEep OTOBIBAN BOMHCKYIO IIOBHH-
HOCTh (00s13aTeNbHYIO TOCHe y4eObl) B BOCHHO-
HMHKEHEPHBIX BOHCKAX B KadeCTBE TAaK Ha3bIBac-
MOTO KOHAYKTOpa (HH3IIas TeXHHYECKas JIOJK-
HOCTb — UEPTEHKHHUK).

HemnpomomxuTensHas BOeHHAS CITy»k0a KOHIH-
J1aCh, ¥ IEPE MOJIOJBIM HH)KCHEPOM BCTaJl BOIIPOC
0 nansHelme pabote. Ero onmskue cryneHIeckne
toBapumu A. Anexcees u I'. Ilepenepuil yexanu
B MockBy. Pemnn Tyna sxe noexars u Bnanumup
O0pa3uos.

Bragnmup Hukonmaesud pabortanr Ha U3BICKa-
HUSX U CTPOHTENhcTBE MOCKOBCKO-BHHIaBCKOH
KEJIC3HOJOPOXKHOHN JTMHNH, 3aTeM HHXCHEPOM
oTJIeNa CIy>KObI Ty TH Ha HukonaeBCko skene3HoH
Jopore, T0TOM HHXXCHEPOM TEXHIHUIECKOTO OT/eNa
Ha MockoBcko-Kypckoii 1 no3xe Ha MoCKOBCKO-
SpocnaBcko-ApXaHreabCKOU 10pOrax.

PykoBonctBo MockoBcko-SpociaaBcko-
ApXaHTenbCKOW KeJe3HOH NOpOTH MOPYUHIO
nmkerepy B. H. O6pasnosy B 1901 roay pazpato-
TaTh IPOEKT NIEPEYCTPONCTBA cTaHIMK VIBaHOBO.
Tak kxak Torna He OBIIO HE TOJBKO TCOPHUHU HPO-
eKTHPOBAHUS CTAHINH, HO U HUKAKOI TeXHHYe-

CKOI1 TUTEpaTypHl 10 ITOMY BOIIPOCY, MOIOOMY
HHKCHEePY MPUIIIOCH paboTaTh Hal STHM IPOEK-
TOM TIOYTH TToNTopa roxaa. [Ipoekt ObLT pa3pado-
TaH OYEHb JIETATHHO, YTBEPKICH 0e3 BCAKHUX
U3MEHEHUH U MOIY4HJI BBICOKYIO oLeHKYy MHxe-
HEPHOTO COBeTa. JTOT MPOEKT OBUI IEPBEHIM,
BEIITOJTHEHHEIM HAa HAYYHOW OCHOBE, U ITO3TOMY
oH npuHec Brmagumupy HukomaeBuuy BmosHe
3aCIIy’KEHHYIO CJIaBYy «IIEPBONPOXO/LA JIeNa Ipo-
EKTHPOBAHUS CTAHIIUID».

ITpoext 0511 oIy OIMKOBAH B XKypHaie « mxe-
HepHoe nmeno» (Ne 2 3a 1902 rox), motomy 49TO
B HEM BIEPBEIe OBLIN pa3pabdOTaHbl U CHOPMYIH-
POBaHBI OCHOBHBIE HayYHBIC IIPUHITHIIBI IIPOCKTH-
POBAHMS JKETe3HOJOPOKHBIX CTAHIIUH, TOCITYKUB-
IIMe MCXOMHBIMU YCTAaHOBKAMH IIPU COCTABICHUN
KPYTIHBIX IPOEKTOB XKETEe3HOMOPOKHBIX CTaHIIHI
y Hac B CTpaHe.

PesynpraTom 3Toi MyONHKaUU CTANO TPU-
IVaIIeHAE Ha paboTy 110 COBMECTUTEIIECTBY aCCH-
CTEHTOM OT M3BECTHOTO yYeHOro Inpogeccopa
K. 1O. llernmuacKoro, 3aBemyromero xadenpoit
«Kenesnsie noporn» B Umneparopckom MockoB-
cxoMm UmkeneproM Yummume (MMUY).

K sToMy paHHEMY NlepuOAy HAYYHOU JEeATElNb-
HOCTH MOJIOZIOTO YYEHOTO OTHOCHUTCS €T0 KPYITHAsS
pabota «['eoMmeTpHYecKIe MEMEHTHI I pacueTa
CTPETOYHBIX IEPEBOIOB MPH NMPOESKTHPOBAHUU
CTaHIHUiT», KOTopas OblTa OMyOJNMKOBaHA B XKYp-
Hane « MmxenepHoe neno» (Ne 1 1 Ne 2 B 1904 ro-
ny). OTa paboTa SBUJIaCh OCHOBOH ISl HAyYHOTO
TIOZIXO0/1a K MPOEKTHBIM pacdyeTaM KeJIe3HOJOPOXK-
HBIX CTaHIIUI U UX BaXKHEHIINX SJIEMEHTOB.

Bcrnen 3a mepBBIMI HayYHBIMHI paOOTaMu OBLTH
TPUHATHI K TI€YaTH U APyTHE TPYABI O BOIIPOCaM
pa3BuTHs cTaHIid. OCOOCHHO OONBIITYIO M3BECT-
HOCTP noryumia pabota «K Bormpocy o mpoekTu-
POBaHMU CTaHLIUH U UX pacdeTy» («HxeHepHOE
neno» Ne 1, 1905 rox). OHa BbI3BaIa MHOTO TI0JIO-
JKUTEIBHBIX OTKJIMKOB B II€UaTH, B TOM UYHCIIE
u npopeccopa A. H. ®ponosa, u3BecTHOTO ydUe-
HOTO M aBTOPUTETA CPEeIH KEJIC3HOJOPOKHHIKOB,
KOTOPBIH Hanmcal « MBI IPHBETCTBYEM 3Ty HOBYIO
HONBITKY TPOJINTE CBET aHAJIHM3a Ha TEMHYIO JIO-
celle CTOPOHY MHXKEHEPHOTO TBOPYECTBAY.

B 1906 rogy Bonpocy NIpoeKTUPOBaHUS CTaH-
Ui OblIa MOCBSAIICHA CTAThsl, OIyOJIMKOBaHHASL
B Tpynax 14-ro Cwe3na ciryx0 myT. DTH paHHUE
Hay9YHBIE PAOOTHI MOJIOIOTO YYEHOTO ITOTYYHIIH
OoJBIIOE PACTIPOCTPAHEHHE CPEI WH)KEHEPHO-
TEXHUYECKOH 00IIEeCTBCHHOCTH, CTaIH OCHOBHEIM
PYKOBOICTBOM JUTSI HH)KEHEPOB IIPH IIPOSKTHPOBA-
HUW CTAaHINH W y3JI0B W MPHHECIH UX aBTOPY
MIMPOKYI0 M3BECTHOCTh. Ero cranm mpurmamars
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KOHCYJTBTaHTOM II0 IPOSKTUPOBAHUIO CTAHIIUH Ha
MHOTHE JKEJIE3HBIE JOPOTU CTPAHBL.

B stoT nmepuon uHTEpEC BbI3Bala CTaThs
«J10XOTHOCTB XKeJIe3HOH TOPOTH U ee Tpaduaeckoe
n300pakeHNe B 3aBUCHMOCTH OT TapU(HBIX CTa-
Box» (Haywnsie Tpynst UMWY, Bem. 1, 1907 rom).

B. H. O6pa3noB ogHUM H3 NEPBEIX YYEHBIX
1 MHXKEHEPOB OIEHMII 3HaYeHIE 000p0oTa TOBAPHOTO
(rpy3oBoro) BaroHa. B 1909 romy oH myOIiKyeT CBOO
paboty «TeopeTrdeckue HcCleJoOBaHus 10 000POTY
BaroHOB» (M3Bectnst MockoBckoro MmxeHepHOTO
yumwmina, 1909 rox), B KOTOpoi pacCMOTPEHBI BOTI-
POCEI OTIpesieIeHHsI HOTPEOHBIX pa3sMepoB pabodero
MapKa Ipy30BBIX BaroHOB JUIA 3aJaHHOTO 00beMa
nepeBo30K. MccaenoBanye IpoBOAMIOCH C YUETOM
BIUSTHAS CKOPOCTH, HEPABHOMEPHOCTH JBIDKCHHS,
CrelUaIn3aly BarOHOB, BOIIPOCOB PEryIMpPOBaHUs
TIOPOXKHUX BarOHOIIOTOKOB U JPYTHX IIOKa3aTeNei.

B nanpHeHINX cBOMX TpyAax 3TOT NOKa3aTelb
10 YCKOPEHHIO IBIKEHUS BaroHoB Brammmmup
HuxonaeBuu monoxuil B OCHOBY UCCIIEOBaHHM
M TEXHIYECKUX MEPOTIPHUATHIA 110 Pa3BUTHIO CTaH-
i u y3noB. Oty uaeu Bnagumupa Hukonaesnua
CIPaBE/UIMBHI U ceiuac, Korjna Halllk y4eHBIS
W TIpaKTHUKH-XKEIC3HONOPOKHUKH OoproTces 3a
ycKopeHHe 060poTa BaroHOB.

Hauano Ilepoil MupoBoOii BOWHBI IIOKAa3aJo,
YTO JKeJIe3HOAOpOXkHas ceTb Poccuu Ha riiaBHEN-
[IUX CTPAaTeTMIEeCKUX HAIPABICHAAX ObLIa HEHO-
CTaTOYHO PA3BUTOM, & JKETIE3HOAOPOKHbIE CTAHLIUM
M Y375l HE HMENH HEOOXOIUMOH NpOITyCKHOH
criocobHOCTH. B 3TOT Mepron Bragumup Huxo-
JlaeBHY pa3pabaThIBa HEIBIH Psi KPYMHBIX IIPoO-
€KTOB JKEJIE3HOOPOXKHBIX CTAHIMI HA IJIaBHEH-
X HATIPaBICHISX CeTH. Byydn HemocpencTeeH-
HBIM Y9aCTHHKOM, PyKOBOAUTENIEM 1 KOHCYIIBTaH-
TOM CIIOKHBIX IPOEKTHBIX pa0doT B oOmacTu
cTaHIMi u y31moB, Bnanumup HukonaeBuu pas-
paboTai HayYHbIE TPUHIUITE PA3BUTHS KEJIE3HO-
JIOPOKHBIX CTAHIHI U y37I0B ¥ BHEAPSI X B KOH-
KpeTHbIE IPOeKTHL. B uncie Hanbomee 3HAYNMBIX
HEOOXOIMMO OTMETHTH MPOEKTHI cTaHIui [TepoBo-
CoprtupoBounas n Hukuroska (1914-1915 rr),
crannuu Bszema (1915-1916 rr), crannuii Cmo-
neHck U CmoneHck-CoprupoBouHsrid (1915-
1917 rr.), BTOpO# Ouepenu craHuMu MBaHOBO,
CTaHIMN ApXaHTeIbCKOW JIMHUU B CBSI3U C IEpe-
CTpOIiKOI1 Ha IMUPOKYIO KOJIero yyacTka Bosoraa-
Ypous (1916 rox), cranmmii HanpaeieHuss MockBa-
BapanoBuuu u npyrue. HeoOXomnuMo OTMETHTB,
9YTO B pa3pabOTaHHEIX MPOEKTaX COBEPIICHHO
[10-HOBOMY PEIIAINCH BOIPOCHI IPOITyCKHOM CIIO-
COOHOCTH CTaHIUI M HaNpaBICHUH >KEJIE3HOHO-
poxHoit cetn Poccun.

®  Mwup TpaHcnopTa. 2024

3aciykeHHBIH aBTOpUTET HHKeHepa B. H. O06-
Ppa3IoBa MO3BOJIMII MY 3aHATh ITOCT TIPECeaTeNs
oTzena myTei coodnieHui B MOCKOBCKOM BOSHHO-
IIPOMBILIIEHHOM KOMUTeTe, a B 1917 rony — nomx-
HOCTH TOBapHWIIa (3aMECTHTEJIsI) HpeAcenaTens
OpraHu3anMOHHOTO KOMHTETa IO CO3BIBY 4-TO
Bcepoccuiickoro cbes3na Mo TEXHUYECKOMY U pe-
MECIICHHOMY 00pa30BaHHUIO.

INocme noe3nku B 1917 roxy Ha ppoHT NOsIBH-
JIICH €T0 HOBBIe Hay4HBIC paboTel: «K Bompocy
0 IyTsX coobmeHnit 11t GpporTra», «O6 opraHu-
3aI[UM TOJIOBHBIX TPAHCIIOPTOBY», «BoccraHoBie-
HHE pa3pyIICHHBIX MOCTOBY H APYyTHE.

OTH cTaThil OBUIM MOCBSIICHBI AKTYaJIBHBIM
BOIIpOCAaM OpraHU3alMH PabOTH TpaHCIOPTa
B BOGHHBIX YCIIOBHSX, a TaKXKe B HUX OBLIN OIH-
CaHBI HOBBIE THIIBI KOHCTPYKITHH JISKHEBBIX TOPOT
JUTSL OOJIOTHCTHIX PaiioHOB.

ITocne oxonuanus IlepBoit MUPOBOM U rpax-
JIAHCKOH BOMH KpaifHe HE0OXOMUMO OBLITO OBICTPO
BOCCTAHOBUTH Pa3pyIICHHOE XO3SHCTBO H, B TIep-
BYIO Ouepens, Kele3HOZOpoXxHoe. Bragumup
HuxomaeBnd BKITIOUHICS B 3TY HHTEPECHYIO
7 CO3UIATENBHYIO padoTy.

Bckope mocne pesomorun B. H. O6pasmosa
n36pamu B KomureT u3 paboumx M CIryXKamumx
AnexcaHnpoBcKoi (HeIHE benopycckoit) moporu.

Ha xene3noil nopore B To BpeMs OAHOH U3
CaMBIX OCTpBIX MpoOIeM OBUIO OTCYTCTBHE TOII-
ymBa. [To nanmmaruse B. H. O6pa3nosa Komurer
3aHsIICS OpraHu3aneil caMOCTOSTEITLHBIX 3aT0TO-
BOK TOTUTHBA, H JUIS 9TOTO ObLTa mocTpoeHa J[ypos-
CcKas JKeTIe3HOOPOXKHAS BETKA, IPeAHAa3HAUCHHAS
JUIA BBIBO3a OB M Topda. Takas opram3amms
Jena W npuHsAThle Mo nHunuaruse B. H. O6pas-
I[0Ba MEPHI CIIACIIH MOJIOKEHHUE, H JaXe B TO TSIKe-
J10¢ BpeMsl AJIeKCaHAPOBCKast opora HU pa3y He
IIPHOCTAHABINBAJIA ABIKCHHUE TI0E3/0B.

B nepuon 1918-1923 ronos Bnagumup Huxko-
JIaeBUY C YICHHKAMH COCTABMI IIPOEKTHI psna
KPYTHBIX JKEJIE3HOTOPOXKHBIX y3JIOB — 3aMOpPOXK-
ckoro, Hmxeroponckoro, Psa3anckoro, CmorneH-
ckoro, ChI3paHCKOIO U APYIHX.

PesynbraTsl 3TOI OTrpoMHOIT pabOTH OBLIH
omybiukoBansl B. H. O6pa3noBsim B 1925 rony
B Tpynax 21-ro CoBemarenpHOro cbe3za npeacra-
BUTENEH CITy)KO HKCIUTyaTalldy XKeJNe3HBIX JOpOT
CCCP B BHJ€E UCKIIIOUUTENBHO COIEPKATEIBHON
pabotsl «IIpoekTs M naen pa3BUTHS PYCCKHX
CTaHIUHI B MEPUOJ MHUPOBOH U IpakJaHCKOH
BOIHY.

I'myOwHa nyeif, H3I0XKEHHBIX B TaHHOH paboTe,
X Hay9Has 000CHOBAaHHOCTH M IpaKTHUECKas
3HAUYMMOCTh COXPaHWJIH CBOIO CHIIY IO HACTOS-
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mero BpeMeHH. JIo CHX TOp 3TOT TpyX SBISETCS
OCHOBHBIM IT0COOHEM ITpH IIPOESKTHPOBAHUH CTaH-
Uil 1 y3710B.

B Te roxsl BeckMa OombIIoe 3HAUCHHE VIS
SKOHOMHKH CTpPaHBI HIMET0 OOBEMHEHHUE JKeTe3-
HOJIOPOXHBIX y37I0B C I3MCHEHNEM IIPUHIIUIIOB UX
PYKOBOJCTBA M OpTaHHU3AINH, a B HEKOTOPHIX
CITy4asX W MEepelpoeKTHPOBKOH. DTy OOIBIIyIO
paboTy Bo3raBwi 1 uAelHo Harpasisu B. H. O6-
pa3LoB, KOTOPBIX ABIsUICS wieHoM CriennanbHOM
KOMHCCHH 110 00BbEANHEHHIO y37I0B IIpH [ 1aBHOM
Wecnexnuun Hapkomara myTe# cooOmeHUs
(HKIIC) n unenom Komurera 1mo peKOHCTPYKITHH
npu HKIIC. B cocrtaB KoMHCCHH BOLILIH TaKXke
Beaymue cmenuanuctsl E. A. T'ubmwman,
C. B. 3em0muHOB, M. B. CeHBKOBCKHIA U ApyTHE.

B 1922 rogy Bnagumup HuxonaeBud BHOBb
paspabotan npoekt oosenuHeHus: CMOIEHCKOTO
y371a, KOTOPBIH SBHIICS 00pa3IOM ISt IPOCKTHPOB-
IIAKOB APYTHX JKEJIE3HOTOPOXKHEIX Y3710B. B aTOM
xe rogy B. H. O0pa3mnos noarorosmi paboTy
«IIpoexT pacripesieIeHIs y3710B Ha PYCCKOM JKeTes-
HOZOPOXXHOM CETH M COPTUPOBOYHOMN paboTHI y3-
JIOB, C LIENTBI0 COKpAIICHUSI MaHEBPOBOI pabOTHI
Y TIPOCTOSI BATOHOBY, KOTOpast ObLIa OITyOJTMKOBaHA
B JXypHaJse « TexHHKka M S5KOHOMHKa IyTeil co00-
merus» (Ne 12, 1922 rog).

K cepenune 20-x ro10B MpoIIIOro BeKa HAKO-
ITHJICS TOCTATOYHBIN ONBIT HEPEIPOCKTHPOBKA
CTaHIUH ¥ Y3JI0B IIPH X BOCCTAHOBJICHHH U 00b-
ennHeHNH. Pa3paboTKy TeXHHYECKHX YCIOBHUil
IIPOEKTHPOBAHNS, METOUKY PacUETOB U IIPOCKTH-
POBaHUS CTaHIHWII M y37I0B, a TaKXKe OTIEITHHBIX
9JIEMEHTOB CIIOXKHOTO CTaHIIMOHHOTO XO3AHCTBa
Bosrnasun B. H. OOpa3nos, moxy4uBImui
B 1919 roxy 3BaHue mpodeccopa.

B 1924 roxy mpodeccop B. H. O6pa3nos Obi1
Ha3Ha4YeH 3aBeNyoIuM Kadenpoi «CraHnun
1 y3J1bI» — HOBOIl B MOCKOBCKOM MHCTHTYTE HHKE-
HEpOB TPAHCIOPTa U MEpPBOH B cTpaHe. B cBs3zn
C HeOJIar OOy YHEIM ITOJI0KCHIEM B CTaHIIHOHHOM
XO3SHCTBE OBLIN M3MEHEHBI Y4eOHBIEe TPOTPaMMBI
1 YBEJIMYCHO BpeMs Ha M3yUCHHE TUCIUIIIMHBI
«CraHImu U y3716l». Bombnas oprann3anuoHHas
paboTa 1o CO3TaHNIO COBEPIICHHO HOBOIT Kadenpsl
HE CMOIJIa OTOPBAaTh €r0 OT HAyYHOH U IPOEKTHOM
JeATeTBHOCTH.

B 1922-1929 rogax nop pyKoBOACTBOM IIPO-
(eccopa O6pa3moBa ObLTO MPOBEIECHO OOBEAHHE-
HHE ITOYTH BCEX KPYIHBIX Y3JI0B CTPAHBI, YTO I10-
3BOJIMIIO 3HAYUTENBHO YITy4IIHTh PaboTy JKemles-
HBIX gopor. K aToMy nmeproy oTHOCATCS KpyITHEIE
Hay4HbIe Tpyas! Bagumupa Hukonaesuaa, mocss-
IIeHHBIE Pa3JIMIHEIM BOIPOCAM CTAHINI H y3JI0B:

— «Cranuuu ¥ ux npuHaanexxHoctn» (Tpyns
MUHNTa, 1922 ron);

— «OHIuKIOoIe U MyTeil coodmenus» (Foc-
m3nat, 1925 ron);

— «ToHHeNBHBIE ITyTETIPOBOIBI IIPH MPOEKTH-
poBaHuH y310B U craniuiny (Tpyast MU Ta, 1926
rox);

— «TexHuka npoekrupoBanus y3108» (Tpyast
MUHNTa, 1927 ron);

— «Tunosas crannua V-III knacca ¢ nocre-
neHHbIM pazsutuem» (Tpyast MU Ta, 1927 ron);

— «K Borpocy 0 TATOBBIX pacdeTax COpTHUPO-
BOUHBIX Topox» (Tpyast MW Ta, 1928 rom);

— «OCHOBHBIE TaHHBIE U IPOSKTUPOBAHUS
JKeJe3HONOpoXKHBIX ctannuit» (locmusmar, 1929
ron). OTOT KIaCCHYECKUH TPy 1OIr0€ BpeMs sIB-
JISLICA HACTOJBHOM KHHUTOM IJISI MHKEHEPOB-
MPOEKTHPOBIINKOB U NIPAKTHKOB. Bee 3T Tpyms,
KaK ¥ MHOXXECTBO JAPYTHX, TOCIYXIIH OCHOBOH
JuIs co3maHus yaeOHnka «CTaHIMN U Y31IbD» JUIs
0Oy4YeHUS CTYICHTOB.

B. H. O6pa3noB, HCTIONB3Ys CBOH OIBIT HHXKe-
Hepa-TIPOSKTUPOBINIKA, Pa3BHII TEOPHIO H TIPAK-
THUKY TPOEKTHPOBAHUS COPTHPOBOYHBIX TOPOK.
B 1928 roxy oH omryOIHMKOBaI aKTyanbHYTO U CEro-
nHS pabory «K Bompocy o TATOBBIX pacueTax
COPTHPOBOYHEIX TOPOK». B Helt 00001meHs! 1 pa3-
BHUTHI Pa3IMYHEIE CIOCOOBI pacdeTa yCIOBUI
CKaTBIBaHMS OTIICTIOB C COPTHPOBOYHEIX TOPOK.
Bnagumup HukonaeBuy monydus v NpUBEN CTPo-
roe pemreHne nuQdQepeHnaIbHOT0 ypaBHEHNSA
JIBIDKEHHS TPYIIITBI BAaTOHOB T10 ITyTH C TIEPEeMEH-
HBIM YKJIOHOM B YCIIOBHSIX JICHCTBHUS CHIIBI BeTpa
1 OCHOBHOTO COIIPOTHBIICHHS JBIKEHHUIO. B 3TOM
U IPYTUX HAyYHBIX TPyIaX OH YeTKO 000CHOBAl
TpeOoBaHMUs K COPTHPOBOYHEIM Tropkam. Hampu-
Mep, MOJIOKEHHE O TOM, YTO BBICOTA M YKJIOH
TOPKH JOJDKHEI OBITh TAKUMH, IPH KOTOPBIX Baro-
HBEI C OOJIBITNM CONIPOTHBICHHEM B CIOXKHBIX
YCIIOBHUSIX MOTJIH OBI JOKATHTHCS JI0 OPENEIICHHON
TOYKH.

DTO TOJIOKEHHUE CTANI0 OCHOBHBIM IS BCEX
MPOEKTHPOBIINKOB COPTHPOBOYHBIX TOPOK M BO-
IIJTO BO BCE HOPMATHUBHEIE JOKYMEHTEHI IO ITPOEK-
THPOBAHUIO CTAHIIUH.

Ocob6enno MHOTO Tpyuics Biaguvup Huko-
JaeBHY HaJ MpoOIeMON pa3BHTHSA TPAaHCIOPTA
. MockBbl 1 MOCKOBCKOTO TPaHCIIOPTHOTO y3J1a.

B 1921 rony 6511 opranmnzosan CoBeT 10 TIpo-
€KTy HOBOM MOCKBBI, B OCHOBY KOTOPOTO OBLI
TIOJIOXKEH TIPOEKT IMEePEIIAHNPOBKU M OyIyIIeTo
pasButus . Mockssl akagemuka A. B. [lycesa.
OnHOBpEeMEHHO Hadallach pa3padoTKa IIPOEKTa
MockoBckoro y3na B crienansHoi Komuccnu non
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npencenarenscTBoM urxenepa JI. H. bepnancko-
r0. B 3T0 Bpemst yxe He ObUTO HUKaKHUX COMHEHUIH
B TOM, 9TO CTOJIHIIA CTAHOBHTCS M OBICTPO CTaHET
OIHUM W3 KPyITHEHIINX MHPOBBIX IIEHTPOB.

B. H. O06pa3noBy mopydwsii BO3[IABUThH pa3-
paboTKy IpOeKTa mepeycTpoiicTBa MoCKOBCKOTO
y3J1a ¥ yTHIIH3AIHIO PAAa yIaCTKOB, pa3pe3aHHbIX
JKEJIe3HBIMH JTOPOTaMH, IIyTeM COCTUHEHUS HX
nyrenpoBoaamiu. IIpoext npenycmarpusai co3za-
Hue nopra Ha MocKkBe-peke, psiia JKeIe3H00POXK-
HBIX INAMETPOB U MHOTOE JIPYTOe.

Eme B 1920 rogy Bnanumup Hukonaeuu
HayYHO 00OCHOBAJ IIPOITYCK TOBAapHBIX ITOE3II0B
B ICHTPAJIbHBIE PaiioHbI . MOCKBEI B CBOEH pado-
Te «O TTy0OKOM BBOJAE TOBApHBEIX MOE370B
B I. MockBy» (bromterens HKIIC, 1920 ron).
B 1925 rony on omybnukoBan paborty «Ilepe-
yCTpoiicTBO MOCKOBCKOTO y371a MOCKOBCKO-
Kazanckoii sxene3Hoi qoporu» (kypHai «Kenes-
HOIOpPOXHOE Nenon, 1925 rox, Ne 12), B 1926 ro-
Iy — CTaTbl0 «MOCKOBCKHUI y3€I1 1 OCHOBHBIE HUJIEU
ero nepeyctpoiictBay (Tpymst 22 Cosemaremns-
HOTO Che3/la IpeCcTaBuTeNel CIIyXKO IKCIUTyara-
1w xene3Hsix gopor CCCP, 1926 ron). Bee atn
TpPYZBI OBIIH TOCBAIIEHB! PEKOHCTPYKIIH TPAHC-
nnopra ¥ miaHupoBke I. Mocksel. C yueToM npen-
noxenuil Bnagumupa Huxonaesuua B MockoB-
CKOM y3Je OBUIM IpPOBECHEI paboTHI IO Iepe-
YCTPOMCTBY COCIMHUTEBHBIX ITyTeH, TOCTPOMKe
HOBBIX ITAPKOB Ha MHOTHX CTAaHIUSAX Y3714, TOTIOM-
HHUTEIEHON YKJIaJIKe BTOPBIX, TPETHUX M YETBEPTHIX
nyTedl Ha TOJOBHBIX ydacTKaX. OTH U Apyrue
TIPEIUIOKEHIS JaJTH BO3MOKHOCTE JINKBUIPOBATh
JIBIDKEHHE TPY30BBIX ITOE3/I0B 110 CTaphIM COSIH-
HUTENBHBIM ITyTSM W IEPEBECTH ero Ha KONBI0
MockoBcko-OKpyXHOH jKeJIe3HOI T0pOTH.

B 1927 romy B. H. O6pa3uoB 0611 KOMaHIHPO-
BaH B KnTail 11 paGoTsI 1o pa3BuTHIO XapOWH-
CKOTO TpaHCIOpPTHOTO y3ia Ha Kuralicko-
Boctounoii xene3noit qopore (KBX/). V3en
r. XapOuHa, pacloNOKEeHHBIH Ha Oepery peku
Cynrapw, OBLT y3KHM MECTOM U TpeOoBal PEeKOH-
CTPYKIHUH C YIETOM HCIIOJIb30BaHHMS IIEPEBO30K 10
peke. IIpodeccop B. H. O6pa3nos ¢ ycmexom
BBINOJHU 3Ty CIOXKHYIO 33/1a4y, 3a YTO MOJIy4uII
OraromapHOCTb U mpeMuto oT pykoBonctea KBXK/I.

B 1930 rony BbllLIa HHTEpECHAs CTaThd Bia-
mumupa Hukomaesnda «K Bompocy o mry0okux
BBOJIaX M METPOIIONUTEHE» (KypHaT « KoMMyHaITh-
HOE XO3SHCTBO»), B KOTOPOIl OH IpejyIaray KoM-
IUIEKCHOE pa3pelIeHne IPoOIeMBI METPOIIONUTEHA
1 TIIyOOKHX BBOJOB JUIS IPHTOPOIHOTO JKEJIE3HO-
JopoxkHoro nBmkeHus. B 1931 rony Bnagumup
HukonaeBrd omyOIMKOBaI PsIIl CTATeH B )KypHAJe

®  Mwup TpaHcnopTa. 2024

«KomMyHanpHOE X035ICTBO» MO 3TOMY BaXKHOMY
Borpocy: «O TIryOOKoM BBOZE B TOPOJ] IPUTOPOA-
HBIX 3JIEKTPHUECKHX XKENe3HBIX Jopory, «Iydo-
Kuii BBOI», «HEeoTI0XKHBIN BOIPOC O CBA3H MET-
POTIONINTEHA M TPaMBAEB C AIEKTPUUECKUM IIPH-
TOPOIHBIM TpaHCcTIOpTOM» U apyrue. B. H O6pasz-
I[OB PAacCMOTPET BO3MOKHOCTH BBIXOZIA ITOE370B
METPOIIOIUTEHA HA JKEIEe3HOJOPOKHBIC JINHUN.
Ot0 TpeGOBAaIO OIPEeIeNICHNUS TPOITY CKHOI U IPo-
BO3HOI CITOCOOHOCTH YKeJIe3HOOPOKHBIX THaMeT-
POB, BEIOOpa HEOOXOAUMBIX rabapHTOB EKTPO-
MTOJBIDKHOTO COCTaBa, IPEIHA3HAUYCHHOTO IS
paboTHI 1o 3eMIIeii M Ha 3eMHBIX HPHTOPOTHBIX
JUHASX. DTHM OBLTO OBl 0OecriedeHo Oecriepeca-
JIOYHOE COOOIIICHIE TPUTOPOIHBIX ITACCAXKUPOB JIO
70007 TOYKH B TIIyOHHE TOpoza.

B 1927-1930 rogax mpodeccop B. H. O6pas-
LIOB COCTOSUT WwieHoM TexHudeckoro coera [[He-
NpOCTpOsi, KpynHEHe B ToO BpeMsl CTPOUKHU
CTpaHBL. OTa 00A3aHHOCTH MO3BOJMIIA €My IIPO-
BEPUTH CBOM HAyYHBIC HACH IO TPAHCIOPTHOMY
obecniegennto JIHenporaca u ropoaa 3armopoxbe.

B otBet Ha nocranoBnenue IlpaBurenscTBa oT
30 anpenst 1931 r. o ckopelinieil KOHCTPYKIIUU
YenssOMHCKOTO JKeTe3HOXOPOXKHOTO y31a Bramu-
mup Hukonaeswmd pa3paboTan v BHEAPHIT IPOEKT
€ro OOHOBIICHUSL.

B 1932-1933 roxst Bnagumup Huxonaesud
SIBJISTICSL OPTaHU3aTOPOM JIBYX OpHTajm U3 CTyIeH-
TOB, acIUpaHToB U npenoaasareneii MUUT. Oxn-
HOH — II0]1 €T0 HayYHbIM PYKOBOJCTBOM, & BTOPOH —
TIOZT PyKOBOZICTBOM €TO IIEPBOTO YUESHHUKA podec-
copa C. B. 3em0OiunoBa. [To 3aganmro HKIIC Hamo
ObUT0 00cnenoBaTh 35 KpyNMHEHIIMX CTaHIUI
1 y3710B. bpurans! Belekanu u Ha MecTe o0cie-
JIOBAJTH, HaMEYalll MEPONPHATHSI U COCTaBIISIN
IIPOEKTHI [JIs1 IEPEYCTPONCTBA KPYTHEHIIINX CTaH-
Ui U y3710B. B pesynerare aToii 60bIoi paboTsl
OBIIM COCTaBJIEHBI IIPOEKTHI NEPEeyCTPOHCTRA Y3~
noB Mocksbl, Jlenunrpana, lonbacca, Kys6acca,
cranuuii Ilepms, SIpocnasnb u psna Ipyrux.

B 1933 rony Bnagumup HuxonaeBuu 3aBep-
LM KalUTanbHBIA TpyA «Kene3HomopoxkHbIe
y31s» (M3marenscTBo « TpaHcxkemgopusmary),
Hay9HBIE pa3pabOTKH KOTOPOTO JIEIH B OCHOBY
nenoi cepur ya1eOHUKOB « CTAaHIIUH U Y3JIbD».

YMeHHe MIPOKO MBICITUTE, BUIETh CYIITHOCTD
IIOCTABIICHHBIX BOIIPOCOB M CIIOCOOHOCTH OBICTPO
MIOHUMATh CaMyI0 CyTh 3a/iad — KadecTBa, XapaK-
TepHBIE I HaydHBIX pador B. H. O6pasunona,
MIOCBSIIIEHHBIX CAMBIM Pa3HbIM Ipo0IeMaM TpaHc-
IOpTa, ¥ €ro MPaKTHIeCKOH AeATenbHOCTH. [lo-
9TOMY €T0 KaK CIICIHAJIICTa MIHPOKOTo Mpoduis
IIPUBJIEKAIN Ha HanOoJee aKTyaJlbHbIE M OTBET-
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CTBEHHBIC paboTHI. [IpuBOIIM aeko He OTHBII
IepedeHb ero 00sM3aHHOCTEH Mo MH)XEHEPHO-
HayYHOH M OOIIECTBEHHOHN NeATeIbHOCTH:

— KOHCYIIBTAHT YIIPABJIEHHS IO COOPYKEHUIO
xene3HbIX gopor (1919-1921 rr);

—wieH Komuccnu o 00beAMHEHUTO Y3IIOB MIPU
I'maBro#t nacnexnun HKIIC (1923-1924 rr);

—uireH Komurera no pexorncrpyxnuu (HKIIC)
(1919-1933 rr);

— une” Texnuueckoro cosera J{HenmpocTpos
(1927-1930 rr);

— KoHCYnbTaHT ['mmporopa (1932-1934 rr.);

—unen HTC npu MununcTepeTBe myTeii cood-
meHust (¢ 1935 1. 1o KoHIIa )KU3HH);

— 4JIEH 3KCIEePTU3bl MOCKOBCKOIO METPONOIH-
TEHa U Jp.

Kax xoncynerant I'unporopa B. H. O6pa3nos
IIPUHUMAJ HEMOCPEICTBEHHOE Y4acTHE B pa3pa-
00TKe BOIIPOCOB (DYHKIMOHUPOBAHHS TPAHCIIOPTA
TIPH TJIAHUPOBKE M PEKOHCTPYKITUN MHOTHX TOPO-
noB: MockBel, Ctanunarpaga, Marauroropcka,
Baky, PoctoBa-na-J{ony, paiionoB IOxHoro Oepe-
ra Kpsima, MuHepanbHBIX Bz, YepHOMOPCKOIO
mobepexbs KaBkasa u np. B HOBBIX Tpymax oH
Pa3BHBAJI CBOIO HJCIO O «TIT[yOOKOM BBOZIE» U KPH-
TUKOBaJ MHEHUS HEKOTOPBIX CIELHUAIUCTOB IO
IIOBOJY BBIHOCA JKEIIE3HBIX AOPOr U3 ropoza. Bor
CITHCOK TOJIBKO HEKOTOPBIX M3 3THX padoT: «XKemes-
Hasl Iopora B ropozie», « TpaHcIIopT U INIaHUpPOBKA
ropozioB», «BHeynuuHble NepeceucHus B IIaHU-
POBKe ToponoB» U T.1. Hano oTMeTurs, 4To 3TH
TPYAbl U CETOAHS UMEIOT aKTyaJbHOE 3HAUCHUE
1 BOCTpeOOBaHBI COBPEMEHHUKAMIL.

OH OBUT OJJTHUM H3 OPTaHU3aTOPOB CO3IAHHS
HayuHo-uccen0BaTeabckoro HHCTUTYTa Mpo-
MBbIuIeHHOTO TpaHcnopra (BHUMIIT) u notom
COCTOSUT HEM Hay4YHbIM KOHCY/IBTaHTOM. Uepes ero
PYKHU TIPOIITH IMPOEKTH KPYIMHEHIINX TUTaHTOB
METaJLTy pruu — MarHUTOropcKoro, 3aropocKoro
n Ky3Henkoro kKoMOMHATOB, YpaldiaeKTpoMania
U Jp.

[IpuHNMas ydacTie B IDTAHUPOBKE Pa3BHTHSA
paifoHoB YepHOMOpCcKoro mobepexns KaBkaza
u Kpbivma, Bragumup HuxonaeBud nocraBui nepes
IIPaBUTENILCTBOM CTPaHbI BOIIPOC O CTPOUTEILCTBE
NIaCCaXXUPCKUX MOABECHBIX KAHATHBIX IOPOT y HAaC
B cTpaHe. l{erecoobpa3HOCTh IPUMEHEHHUS TAKUX
JOpOT OH JoKka3ai emie B 1910 roxy B omy0nuko-
BaHHO# pabote «lopHble moporu LlIBenapum».

Takue moporu Ha rope Dnpdpyc, Ai-Ilerpu
1 Marnryk BIIOCJIICTBHH OBLUTH OCTPOEHBI M CETO-
JIHS C YCIIEXOM dKCILTyaTtupytorcs. IIpoexr dyHu-
Kynepa mist caHatopust B Coun (TOXke HEpBOTO
B Haleil cTpaHe) ObII BBITIONHEH O] PyKOBOI-

crBoM B. H. OOpa3noBa, 1 OH THYHO IPHHUMAI
y4acTHE B €TO NPEANyCKOBEIX HCHBITaHUAX.
ViMeHHO B 3TO BpeMs UM OBUIN HAIMCAHBI TPY/IBI
TI0 IPOMBIIIIEHHOMY TpaHCTIOPTY: «CIierransHbIe
noporu», «HazeMmHble HOPOTH C HENPEPBIBHOM
TAroiy, «XenesHsle 1OpOru OJHOPENbCOBBIEY,
«Teopernueckne AEMEHTHI HOIBECHBIX KaHATHBIX
Jopory, «KypopTHBIe ZOpOTH CTICIHaIBHOTO THIIA
u 1p.

3a GornbIIve HayYHbIE U HH)XCHEPHBIE JOCTH-
JK€HUs B pa3BUTUU TpaHcmoprta B 1935 rogy
B. H. O6pa3uoBy ObLIO IPHCBOSHO 3BaHKE «3aCiy-
KeHHBIH nestens Haykd PCOCP», m on ObL1
YTIBEpKIEH B yUCHOH CTEIICHN JTOKTOpa TEXHUUE-
CKHX HayK.

B ToMm ke romy B. H. O6pa3moB cran wieHOM
Hayuno-texanueckoro cosera HKIIC n Havansb-
HHUKOM Hay4Ho-¥cciretoBaTenbckoro HHCTUTYTA
JKere3HomopokHoro Tpancnopra (HUIMKT). Ha
9TOM OTBETCTBEHHOM MocTy (¢ 1935 mo 1940 rom)
Brragnmup HukonaeBid mpoBoauIt OO0 Hayd-
HYyIO M OpraHHM3alMOHHYIO padoty. MHCTUTYT OBLI
OpraHM30BaH Ha 0a3e CyIIeCTBOBABIINX paHee
MHCTHTYTOB TATH, SKCILTyaTaI[{H, BATOHHOTO, CBSI3H,
SNEKTPUPHUKAINT U MeTaJUT0B. HOBBII Ha4YaTbHUK
HadaJl paboTy C IepecTpoiikn Beelt HaygaHOH pado-
THI Ha TpaHcnopre. [1ox ero pykoBOICTBOM HHCTH-
TYT OBICTPO CTAJ NEPEAOBEIM HAYYHBIM IIEHTPOM,
BBITIOJHSIOIIAM OOJIBIIHE NCCIIEIOBAHMS IO MHOTO-
YHCIICHHBIM BOIIPOCAM TpaHCIopTa. B aToT mepron
B MHCTUTYTE OBIIM pa3paOOTaHBI HOBBIC METOIBI
MPOU3BOJICTBA TATOBBIX PacyeToB, IPOESKTHPOBA-
JIMCh KOHCTPYKIMH ITapOBO30B U BAarOHOB, aBTO-
CIIETIKH, aBTOTOPMO30B, YCIEIIHO ObLTa pa3perieHa
poOIieMa OTOIUIEHHS ITapOB03a, OUCHb BaXKHAS B TO
Bpems. [lox pyxoBoxctBom B. H. O6pastosa 0511
TaroKe pa3paboTaH HOBBIA THII CTPENIOYHOTO Tepe-
BOJIa, 00SCTIEUHBAIOIINH IIPUMEHEHHE OoJiee KpyToit
MapkH kpecToBHHBI (1/6 BMecTo 1/9) pu coxpane-
HHUU pajuyca KpUBOH. DTO MO3BONUIO HE TOIBKO
COKpATHTh [UTHHY CTPEIOYHOH 30HBI, HO U 3HAUH-
TEIIFHO YMEHBIIHUTH PacXobl Ha COOPYXKEHUE COp-
THPOBOYHBIX TOPOK.

B 1938 romy B. H. O6pa3oB pazpadorain Hayd-
HYIO TEMaTHKy B 00JaCTH TPAaHCIIOPTa U MPEJUIo-
xun ee Axanemun Hayk CCCP, roe ona Oputa
¢ ycnexoM npuasaTa. Cxopo IIpesunuym Axanemun
IPUHAT pelleHne 00 OpraHW3allH B CHCTEME
Axanemun Hayk CeKIMHU 110 HaydHO# pa3paboTke
npo06ieM TpaHcmopTa. PykoBoauTeeM OblT Ha3Ha-
geH npodeccop B. H. O6pa3nos, KOTOpEIi 3aHNMAaIT
9TOT IOCT [0 KOHLIA CBOUX JHEH.

Brocnencteum cexnus Oblia mpeoOpazoBaHa
B VIHCTUTYT KOMIIIEKCHBIX TPAHCIIOPTHBIX IIPOO-
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neMm npu I'ocinane CCCP, 3aHumaBmmiics pas-
pabOTKOM KOMIUIEKCHBIX BOIPOCOB Pa3BUTHUSA
TpaHCHOpTA.

Brinaromuecs 3aciryru B. H. O6pasnoBa kak
KPYTHEHIIIET0 yY4eHOT0, 3aMeYaTeNbHOTO MOy~
pH3aTopa HayKH, TaJaHTINBEHIIETO JICKTOPa, HH-
JKeHepa-HOBaTOpa, OOMIECTBEHHOTO AesATeNs
U IaTpuoTa cBoed POIUHBI MOCIYXKUJIN OCHOBA-
HHeM K m30paHuio ero B sHBape 1939 roma meit-
CTBUTENHHBIM wieHoM Akagemuu Hayk CCCP.

Vnen KOMIUIEKCHOTO pa3BUTHS BCEX BHUJIOB
TpaHcnopTa Bnagumup HukonaeBud ¢ npucyimum
€My TeMIIepaMeHTOM M CTPAaCTHOCTBIO pa3padaThl-
BaJI BCIO JKH3HB.

B 1940 rony B «M3Bectusix AxkageMuu HayK
CCCP» (Ne 10) on omry6mmkoBai padoty «OCHOB-
HBIC TIPUHIUITEI TIOCTPOCHUS TPAHCIIOPTHOH CETH
CCCP», B KOTOpOH H351araj Hay4Hble OCHOBBI
TapMOHHYECKOTO Pa3BHUTHS BCEX BHIOB TpPaHC-
nopra. B 310l 3HaunTensHOI pabore Bramxumup
HukonaeBud nan BceoOBEMITIOIINIA aHAU3 TIep-
CIIEKTHB Pa3BHUTHS CETH XKee3HbIX gopor CoBet-
ckoro Coro3a ¥ Ipyrux CTpaH U clieal HeOXKUIaH-
HBIH ISl TOTO BPEMEHHU BBIBOA: «10roHATH CIIIA
HaM I10 IPOTSHKEHHOCTH CETH JKeJIe3HBIX JIOPOT HeT
HYXJIBI», TaK KaK HHTCHCHBHOCTH JIBIKCHHUS JKe-
ne3nbix gopor CIIA B 2,8 pa3a MeHblIIe, 4eM Ha
OTEYECTBEHHBIX JOPOTax.

TBopueckas MbIcib yueHoro Biagumupa Hu-
xomaesnda OOpa3moBa, KeIaBIIero BUIETh CBOIO
CTpaHy elle OoJiee MOTYIIIECTBEHHOH B TPAHCHIOPT-
HOM OTHOIIICHHN, HE J]aBaJla eMy ITOKOSI, B Pe3YiIb-
Tare 4ero MOSBILIOTCS ero crathl «IlepcrexTus-
HbI€ BOIIPOCHI TpaHcHopTa» (xypHan «IlnaHoBoe
xo3stiicTBOo», 1940 rom, Ne 5), «O06 OCHOBHBIX
MPUHIUIAX ITOCTPOCHUS TPAHCIOPTHOH CeTH
CCCP» («CtpoutenbctBo gopor», 1940 rox,
Ne .11), «Marucrpamun CCCP» («Texauka Momo-
nesxxm», 1940 roa, Ne 8-9).

B npensoennsriii rog B. H. O6pasnoB B pyko-
BOJMMOIT MM CEKI[HH pelran HaydHbIe TIPOOIeMEL,
HaIpaBJICHHBIE HA YKpeIIeHHe 000poHOCIIOco0-
HOCTH CcTpaHbl. K 9HCIIy TakoBBIX OTHOCHIOCH
CKOPOCTHOE CTPOHTENBCTBO JKEIE3HBIX M aBTO-
MoOuneHBIX gopor («BectHuk AH CCCPy,
1940 ron, Ne 7). To aToii mpobreme ObLIO IPOBe-
JICHO JIBa BCECOIO3HBIX COBEIIAHHA. «Y3KHM Me-
CTOM» B CTpaHE B TO BpeMs SBILUIACH CIadas Ie-
MEHTHasl IIPOMBIIIEHHOCTh, U Bragumup Huko-
JIaeBHY HaIKcal aKTyanbHyIo cTaThio «Ilepcmek-
THUBBI Pa3BUTHSA LEMEHTHOM MPOMBIIIICHHOCTI»
(«ITnanoBoe x03s1ticTBOY», 1940 Tom, Ne 10).

DKOHOMUS TOIIJIMBA Ha >KEJIE3HOIAOPOKHOM
TPAHCIIOPTE MeIa Ype3BBIYaitHO OOJIBIIOE HAPO-

®  Mwup TpaHcnopTa. 2024

HOXO35HCTBeHHOE 3HaueHne 11 COBETCKOTrO
Coroza («Bectank AH CCCP», 1940 rox, Ne 1),
u Bnagumup HukomaeBuy moctaBui BOIpoOC
0 IMyTAX CHIDKCHHUS Pacxofia TOIUINBA, O IepEXoe
Ha HOBBIC THUIIEI OyIyIINX JIOKOMOTHBOB (CTaThs
«JKCIUTyaTaliOHHbIE ITapaMeTphI OyIyIIEro JOKo-
MOTHBa» B JKypHaJe «ODKCILTyaTaIus KeJIe3HBIX
nopor», 1941 rox, Ne 1).

B 10 Bpems B. H. O6pasmoBsivM ObUTH HamH-
caHbI cTaThl «O PacTIpoOCTPaHEHNH TEXHHIECKUX
snanuii B CCCP» («CoBetckas Hayka» 1940 rogn,
Ne 1), «Hayka u eJre3HOOPOXKHBIN TPAHCIIOPT
(«CoBerckas Haykay, 1940 rom, Ne 10), «300pe-
TaTeJN 1 JKeIEe3HOXOPOXKHEIH TpaHcopT» («Cra-
xaHoBe1», 1940 rox, Ne 10), «K Bonpocy o TpaHc-
MOPTHOH IpobieMe ropora MocKBbD («ApXHUTEK-
typa CCCP», 1940 rom, Ne 2).

B xypHane «Mup Tpancmopra (Ne 3 3a 2021
rox) Opi1a omyOniKoBaHa cratks Muxamna u Jla-
pucel PomeBckux «IlocieBoeHHBIE MPOEKTHI
akagemuka B. H. OGpa3mnoBa o pa3BUTHH TpaHC-
nopta Ha EBporneiickom Cesepe CCCP, nocasien-
Has npoekTaM O0pas1oBa, B KOTOPEIX OH 3aJI0KHUIT
OCHOBBI IEPCHEKTHBHOTO TUIAHUPOBAHUS JKeJe3-
HOZIOPOXKHOTO, aBTOMOOMIIBHOTO, PEYHOTO U aBHa-
LUOHHOIO TpaHcropra Ha EBponeiickom Cesepe
CCCP Ha HECKOIBKO IECSATUIETHH BIepen. DTH
pabOTHI KaK BCeT/a MOPaXkaroT Jajleko MIYIIMA
MEpCIEKTUBAMU OCBOEHUS TeppuTopun EBponeii-
ckoro Cesepa u Apkruku. [Iporpammsr B. H. O6-
pasioBa 1o ocBoeHuto CeBepa, SBISSICH OOIBIION
Hay4HOM IIEHHOCTEIO, He PeaTn30BaHbI IO CHX 10D,
1 0cobeHHO akTyanbHBI B X XI Beke.

Jlaxke U3 3TOT0 OYeHB KPAaTKOTO IepedHs JOBO-
eHHbIX padoT B. H. O0pasnoBa, mpuBEICHHOTO B
CTaTbhe, BUHA MHOTOTPaHHas ACSATEIFHOCTh 3TOTO
YYEeHOTO.

BHocs cBoii BKJIa B COXpaHEHNE HAYyYHOTO Ha-
crenus akagemuka B. H. O6pasmosa, Bo Bropoit
YaCTH CTaTbH PUBOIMM OUOIHOT padHUIo €T0 TPYIOB.

BUBNUOIrPA®UA TPYIOB B. H. OGPA3LIOBA

1902
1. lepeycrpoiicto cranimu UBanoso. [[Ipoexrt, 0m106-
pennslit MmxenepHsiM coetoM 11.V. 1901 1] // Umxenep-
Hoe neno. — 1902. — Ne 3. — 59 ¢.2
1904
2. TeoMeTpHUECKHE IEMEHTHI TS pacyeTa CTPENIOYHbIX
YIHI] ¥ IEPEBOIOB ITPHU IPOSKTHPOBAHUH CTaHINH // Mmxke-
HepHoe 1en0. —1904. —Ne 1. —C. 147-179; Ne 2, C. 142—-171.

! Ha ocHoBe coOpauHO#t unbopmanuu. — [Ipum. agmopa.

? B sxypHanbHO# my6nukaiuu Gubanorpaduueckue onuca-
HHUSI IPUBOLATCS B COKPALIICHHH, B YACTHOCTH 0e3 yKa3aHus
BKJIFOYEHHBIX B U3JaHHS YEPTEKEH, CXeM, HILTIOCTpaLHii. —
Ipum. peo.
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1905

3. K Bompocy 0 IpoeKTHPOBaHUH CTAaHIUH U UX pacdeT
// Umxeneproe aeno. — 1905. — Ne 1. — C. 102-157.

4. K mepecMoTpy IpaBuiI 0 IOCTPOiiKax, CKIagax, pac-
KOIIKAaX U paccajgkax BOMW3M JHHHH XK.H. // HxeHepHoe
aeno. — 1905. — Ne 4. — C. 80-90.

5. K BOnpocy 0 IpoM3BOACTBE CTPOUTEINBHBIX H ITyTEBBIX
paboT Ha Ka3eHHBIX KEIE3HBIX Joporax // UmxeHepHOE
neno. — 1905. — Ne 5-6. — C. 25-62.

1907

6. K Bonpocy 0 npoeKTUpOBaHUY CTaHIIMI U UX pacyeT
/ B ku.: IIpoTokonb! 3acenanuii u copernanuid. Tpyasr 24
Che3/ia HH)KEHEPOB CIyKOBI Iy TH PYCCKUX K. 1. 32 1906 T. —
M.: T-Bo Ileuarus C. I1. Sxosnesa, 1907. — C. 201-237.

7. K BOnpocy 0 IpOM3BOCTBE CTPOUTEIIBHBIX H ITyTEBBIX
pabot Ha Ka3zeHHBIX X.[. / B kH.: [IpoTokonbl 3acenanuit
u coBemmanuil. Tpyapl 24 cbhesa HHKEHEPOB CIY)KOBI My TH
pycckux k.. 32 1906 . — M.: T-Bo Ileuarns C. II. SIkos-
nesa, 1907. — C. 239-262.

8. JIOXOMHOCTb KEJIE3HOH JOpOrH Hu ee rpaduuecKoe
n300pakeHNe B 3aBUCUMOCTH OT TapU(pHBIX CTaBOK // 13Be-
ctiss MOCKOBCKOTO HHXKEHEPHOTO yumnuma, 4. 2, Hayd.
Tpyasl. — 1907. — Bein. 1. — C. 103—-118.

1908

9. I'mymmmukas y3kokoJeitHast BeTBb / B kH.: [IpoTokosb
3acefaHuil U coBemaHuii. Tpyasl 25 cbe3na HHKEHEPOB
CITyOBI IyTH PYCCKUX JKENE3HBIX gopor 3a 1907 . — M.,
1908, otx. IX. — C. 79-95.

1909

10. TeopeTuyeckue UCCICTOBAHMS IO 00OPOTY BATOHOB
// Y3BecTrst MOCKOBCKOTO MH)KCHEPHOTO YYWIIHIIA, 4. 2,
Hayu. tpygst. — 1909. — Bem. 3. — C. 21-64.

1910

11. Topusie noporu llIBeitnapuu // 3Bectuss Mockos-
CKOI'0 MH)KEHEPHOT0 Y4miuila, 4. 2, Hayd. Tpyast. — 1910. —
Bem. 4. — C. 3-90.

12. ApXUTEKTYpHOE OTJEJIEHue TeXHUKyma B buie
// 3anucku MOCKOBCKOTO OTAeieHusT Pycckoro texHuue-
ckoro oomecrsa. — 1910. — Ne 1. — C. 1-15.

1911

13. Cranuus Bruxeles Nord u ee paGora // U3Bectust
MoOCKOBCKOTO HEDKEHEPHOTO YUIINIIA, 4. 2, Hayd. Tpyasr. —
1911. —Bpm. 5. - C. 1-12.

1913

14. Axconomerpusi. Kypc CTpouTeabHO-TEXHUYECKOTO
yumuia MocKOBCKOTO TOBAPHUILECTBA HHKCHEPOB U Iefia-
roroB. — M., 1913. — 65 c. [cTekiorp. u3a.].

15. MaccoBblii TpaHCHOPT XKeIEe3HOIOPOKHEII U BOTHBII
// 3annckun MOCKOBCKOTO OTHeIeHHs Pycckoro TexHnue-
ckoro obmrectBa. — 1913. — T. 36. — Ne 6. — C. 153-171;
Ne 7. - C. 181-205.

1914

16. Teopus nepcnextusbl. — M., 1914. —28 c. [Crekiorp.
u3z1. CTPOUTEIbHO-TEXHHIECKOTo yurnuiia ToBapHIecTBa
MOCKOBCKHX MHXXEHEPOB U IICIaroros].

1915

17. IlpoMsbinuieHHble yunnuia. // Bect. nmxk., 1915. —
Ne23.-C. 1-14.

18. K Bompocy 06 y3koii konee // 3Bectuss Cobpanust
HIKEHepOoB MyTed coodmenust. — 1915, — Ne 12. — C. 253—
256.

1916

19. DKOHOMHYECKHUE MTOBE3AHBIC ITyTH. — M.: THII. T-Ba
PsOymunckux, 1916. — 85 c. [CoBmecTHo ¢ }O. B. DHrens-
rapaTom].

20. INepenpaBsl u moneBble MOCTHL. Brim. 1. — M.:
Bceepoc. coro3 3emcTB 1 ropozios, 1916.

21. K Bompocy o myTsx coobuieHns a1 GpponTa. — M.:
Tum. T-Ba PsOymmHckux, 1916. — 18 ¢. (Mock. BoeH.-ipoMm.
KOM-T, Ne 6).

22. Otuet 06 opranu3aui BoeHHO-10POXKHBIX KYPCOB
npu cpenHeM CTPOUTENIBHO-TEXHUYECKOM YUIITHIIIE MOCKOB-

CKHX MH)XeHepoB U nexaroros // [Ipodeccnonansroe odpa-
3oBaHue. — 1916. — Ne 4. — C. 93-100.

23. TIpHHLHIIBI pyCCKOM JKene3HonopokHOit cetn // TTpo-
u3BOAUT. cuibl Poccnn. — 1916. — Ne 1. — C. 32-35.

24. Noxnaxn umk. B. H. O6pasnosa / B ku.: CoBenianue
0 K.-JI. CTPOUTENBCTBE Ha aTHieTHe 1917-1922 rr., co3pan-
Hoe B Mockge 15-16/X 1916 . MOCKOBCKHM 00NacTHBIM
BOCHHO-TIPOMBIIIICHHBIM KOMHTETOM. — M.: THII. T-Ba Ps16y-
MHHCKUX, 1916. — C. 21-30. [O1a. u31. MOCKOBCKOTO BOCH-
HO-TIIPOMBIIIEHHOT0 KomuTeTa, Ne 10]. 3akinrounTenbHoe
cioBo. Tam xe, C. 46-—48.

25. O6 opraHu3anuy roJoBHBIX TpaHCOpToB // M3Be-
cTUss MOCKOBCKOTO BOCHHO-IIPOMBIIITICHHOTO KOMHTETA. —
1916. — Ne 31-32. — C. 29-30.

1917

26. BoccraHoBIEHHE pa3pyLIEHHBIX MOCTOB. — M.:
Mock. Kom-T BoeH.-Tex. momoiy, 1917. — 138 c. [coBmecT-
Ho ¢ H. M. MuTpononsckum].

27. IlepenpaBbl ¥ moJeBble MOCTHI / Beim. 1, 2-e u3z. —
M., 1917. — 46 c. (Mock. 001. BOeH.-IpoM. KoM-T, oTA. I1C
Ha ¢pponre, Ne 4).

28. Viyunienue 10por s GpoHTa ¥ OpraHu3auus ro-
JIOBHBIX TpaHcropToB / B kH.: K Bonpocy 06 ymyumeHnn
nopor Ha ¢poHTe. — M.: Tum. T-Ba Pabyumuckux, 1917. —
C. 3-19. (Mock. o6n. BoeH.-mpoM. KoM-T, oTA. IIC Ha
¢dponte, Ne 12).

29. O neMoOMIM3aLMK 1 Oivxkaiinux 3agavax Boenno-
IPOMBILIICHHOTO KOMHTETa B 00acTn TpaHcnopta // U3Be-
cTiss MOCKOBCKOTO BOCHHO-IIPOMBIIIIICHHOTO KOMUTETA. —
1917. — Ne 48-49. - C. 7-9.

30. IIporpamma BoenHo-nopoxHbIX KypcoB MKBT npu
CpeHeM nouTeX. yUrInIIe MOCK. MHX. U riefaroros. (Beepoc.
KoMm-T BoeH.-uHx. oMoy, MHx.-crpout. cexuust, Ne 7).

1918

31. Yc0BHs CTPOUTEIBCTBA A1 HACTOSAIIETO MOMEHTA
// Becr. unk. — 1918. — T. 4. — Ne 13—-14. — C. 123-125.

32. Tpaucnopt u npodeccuoHatbHoe 00pasoBanue // 3Ha-
Hue u cuna. — 1918. —Ne 1. — C. 16-19.

33. IIpodeccuonanpHoe 0Opa3oBaHue / 3HAHUE U CH-
na. —1918. — Ne 2-3. — C. 95-107.

34. O neMoOMIM3aLMK U Oivkaiiux 3agadax Boenno-
HPOMBILIICHHOT0 KoMuTeTa // W3BecTnst MOCKOBCKOTO BO-
€HHO-IIPOMBIIUIEHHOTO KomuTeTa. — 1918. —Ne 50. — C. 4-5.

35. O nepexo/ie Ha YETHIPEXIIETHUI KYPC U O HOCTEIEH-
HOM IIPe0oOPa30BAHNM CYIIECTBYIOIIHX CPEIHUX TEXHHYE-
CKMX YUYMIIHIL B CBSI3U C 3aKOHOIIPOEKTOM O IPO(eCCHOHAIb-
HOM obOpa3oBanui // IlpodeccnonansHoe obpasoBaHue. —
1918. —Ne 1. - C. 1-3.

36. O pa3BUTHUHU OPraHU3ATOPCKUX CIOCOOHOCTEH
// Onoe tBopuectBO. — 1918. — Ne 2. — C. 7-8.

1919

37. KoHCHEKT JIeKLHi 10 HadepTaTeIbHON FeOMETPUH. —
M., ITonurexunueckuit MHCTUTYT, 1919. — 45 c.

38. INogwses3ansie mytH // Tpancmopt u xu3Hb. — 1919. —
Ne 1. - C. 4-6.

39. K Bompocy 0 ceBepHON KOHLECCHH M TapHdHas
pedopma // Tpancropt u xu3ub. — 1919. — Ne 12. — C. 12.

1920

40. ITepenpassl 1 nonesble MOCTHL. Boim. 1. 3 u3a. —M.:
I'n. ynp. BoeH. yue6. 3aBenenuii PCOCP, 1920. — 46 c.
[muTorp. usn.]

41. Tpancropt MOCKOBCKOTO MPOMBIIUIEHHOT'O paiioHa.
Mertoasl ero ynemenineHus u ynyuienus. — M.: HKIIC,
1920. -23 c.

42. ITporpamMMsl IIpeToiaBaHus FTEOMETPUU U YEPUEHUS
B IIIKOJIaX JUIs B3pOCIBIX. JIOKIIan ¥ 00bsACHUTEIbHAs 3aITHCKa.
/B ¢6.: ITporpamma komuccuit rpamornoctit HKII. — H. Ho-
ropox, u3a. Hwkerop. ry6. ota. Hap. o6p., 1920. — 15 c.

43. Jloknaz o TorBHBIX myTsax. Cosemanue npu OTx.
HOBBIX JIMHUH M noabe3ansix myteit Tex. ynp. HKIIC. 16
sHB. 1920 . — M.: Tex. Ynp. HKIIC, 1920 [crexiorp. u3n.].
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44. O mpodeccroHaIbHO-TEXHUUECKOM 00pa3oBaHHU
B Coserckoii Poccun. — M.: Tocusgar, 1920. — 8 c.

45. O n1yOoKoM BBOJIE TOBAPHBIX MMOE3/10B B I. MOCKBY
// Bromn. HKIIC. — 1920. — Ne 68. - C. 1.

1921

46. MexaHu3anus TPaHCIOPTA U TPY30BBIX OIEpaIuit
B YCJIOBHSIX HACTOSIIEro MoMeHTa. / B kH.: HHIMaTHBHAS
KOH(EpeHIHS 10 HayIHOIf OpraHU3aIiH TPy/a B IIPOU3BOJI-
crBe. CO. TE3MCOB K JIOKJIa/iaM MPEACTaBUTENIEH Ha KOHpe-
penuro o HOT. — M.: HKIIC, 1921. — C. 68-72.

47. YnjoTHeHUe TPaHCIOPTa KaK OJUH U3 METOJOB
Toinopu3anuu gopor. / B xu.: MnunuaTuBHas KoH(epeHIus
10 Hay4YHOH OpraHu3aliy Tpy/a B npou3ssoacTse. CO. Te3u-
COB K JIOKJIafiaM IpeJCcTaBHTeNell Ha KOH(GEPEHNIUIO IO
HOT. — M.: HKIIC, 1921. - C. 23-29.

48. O nocTpoeHHH y4eOHBIX IUIAHOB U IPOTPaMM UL
pabouux ¢axynsreToB // Bect. pab. dakroB. — 1921. —
Ne 2-6. — C. 4-68.

49. IIporpammMsl pabouux (akyasreTos, Beim. 1. IIpo-
rpamMMa IO MEXaHHKe A ctpouteneil. — M.: T'ocuszar,
1921. - C. 62-69.

1922

50. CraHuuM W uX npuHauiexkHoctu. — M.: MUUAT,
1922. — 76 c. (HKIIC. LIeHTp. KypCHI 1O MOBBILICHHIO KBa-
nr(UKaLUK BBICIIET0 KOMCOCTaBa X.-1. Tpancropra CCCP)
[cTexnorp. u3n.].

51. AkconHomerpus. Jlekuuu, yuTaHHble Ha 1 Kypce
HmxenepHo-cTpoutensHoro daxynasrera. — M.: MUUAT,
1922. — 64 c. [cTeknorp. u3a.].

52. Yepuenue. / B ku.: Y4eOHbIe IITaHBI H IPOTPAMMBbI
paboumnx (axynsTeToB, BbI. 4. [IporpamMma 1o TeXHH4ECKOH
rpamotHocTH. — M.: HKII, Ota. pabdaxos, 1922. — C. 4-16.

53. Teopus Teneit. Jlekuun, untanusle Ha 1 Kypee MHxke-
HEpHO-CTpoUTeNbHOro (akynsrera. — M.: MUUT, 1922. —
Sle.

54. Tpancnopt. — M., ITHTKII, 1922. — 40 c. (Lentp.
Hayd4.-TeX. KiIy0 mpodcoro3oB. CucTteMaTHUeCKHE MPo-
TpaMMBI JISKIUH 10 OTACTBHBIX OTPACisIX 3HAHUS U IIPOU3-
BOJICTBA, C IPHJL. yKa3aTelel peKOMEHI0BAHHOM JTUTEpaTyphl,
Ne 3).

55. IIpoekT pacnpeneneHust y3JI0B Ha PyCCKOH K.-11.
CETH U COPTHPOBOYHO PabOTHI y3II0B C IIENIbI0 COKPAICHHS
MaHEBPOBOH pabOThI M MPOCTOs BAroHOB // TexHHKa U 3Ko-
HomuKa I1C. — 1922. — Ne 12. — C. 445-466.

56. Paboune (haxysIsTeThl M MX y4eOHO-OpraHHU3aIOHHOE
pasButHe // 3HaMs paddakoma. — 1923. — Ne4-5. - C. 43-58.

57. S13pik undp. — Tam xe, C. 58-59.

58. Texuuueckue skckypceun. — Tam xe, C. 147-152.

59. lenenue nopor Ha kareropus // TeXHHKa U 9KOHO-
muka [1C. — 1922. — Ne 19-20. — C. 251-253.

60. Pa3nuuHbIe THITBI OPOT, UX HENOCTATKHU, 1OCTOMH-
CTBa U NPUHLUINBI J0pOKHOHM cetu B Poccun. — Tam ke,
C.262-272.

61. Llenn u 3agaun KoHQepeHOHH IO ydeOHO-
IPOrpaMMHBIM BorpocaM pad¢axoB // 3Hams pabdakoBLa. —
1922. - Ne 1. - C. 21-22.

62. Vcropus pa3BuTus padodero Qaxyiprera UM. T.
Kamunnna [MexeBoro]. — Tam xe, C. 39.

63. OCHOBHBIC BOIPOCH! M 337a4dl KOH(GEPECHIMU 110
y4eOHO-TIpOrpaMMHBIM BompocaM // 3Hams pabdakoBia. —
1922. — Ne 3. - C. 37-42.

64. PaboTa xoH(EpeHIHH 0 yIeOHO-IIPOrPAMMHBIM
BorpocaM. — Tam xe, C. 43-67.

65. Ilo Bompocy o BeuepHuX pabdakax // 3HaMs pad-
¢axoBua. — 1922. — Ne 6. — C. 29-31.

66. Tpexnerne pabounx (axyIsTeToB U Omrkaiimme
3agaun KamunuHckoro pabdaxa. / B kH.: «OOuIeHHbIH
sKypHan Pabdaxa nm. Kamununa». 26 cenr. 1922 . — M.:
W3n. Pa6. pak-ta um. Kanununa, 1922 [crexiorp. usn.].

1923

67. Bropoii Beepoccuiickuii cre3n paddaxos // 3Hamst

pabdaxoBma. — 1923. — Ne 3-5. — C. 18-38.

68. HenpepsiBHBII Tpancmopt // 3Hamst pabdakosra. —
1923. — Ne 6-7. - C. 84-87.

69. O nocraHoBKe Kypca OpraHu3alvy Tpyaa v Ipou3-
BozcTBa // 3Hams pabdaxosma. — 1923. — Ne 8-9. - C. 31-40.

70. HexoTopble HTOTH CTPOUTENbCTBA pabdhakoB [co-
BMecTHO ¢ B. 3.3aBagpbe]. — Tam xe. — C. 14-24.

71. Bonuble Benukansl. —Tam xe. — C. 131-134.

1924

72. Tpancropt. IIporpaMmsl MOMYJISPHBIX JICKIUH 110
Tpancnopty. — 2-¢ u3n. — M.: HKIIC, Tpaucneuars, 1924. —
85c.

73. OnbIT peopraHu3anuu y4eOHOI MOCTaHOBKH
B MockoBckoM nacTuTyTe HHXK. [1C / B KH.: MaTepuaisl mo
pedopme Beiciiero oopazosanus. Bem. 1. — M.: Tocusnar,
1924. - C. 3-25.

74. OnbIT HOBOTO METOA PENoAaBaHus B MoCKOBCKOH
ropHoit akagemuu. — Tam xe. — C. 26-31.

75. MecTHBIi TpaHCIIOPT B Pa3BUTUHU IIPOU3BOTUTEIID-
HBIX CHJI CTpaHbl. / B KH.: MecCTHBII TpaHCHIOPT B HAPOTHOM
xo3siictee CCCP. C6. crareif. Beim. 1. — M.: «Motop»,
1924. - C. 5-9.

76. O6 ycneaemocTr ObIBIINX paddakoBues B BY3e.
Hapkommipoc. — 1924, Ne 6-7. — C. 4.

77. Kaxoii THI HEXKeHepa HaM HyxkeH // Kp. Monoznexs. —
1924, centsaops. — C. 98-102.

1925

78. DHuuKIIoNeus MyTei coobuieHus. BBogHbIi Kypc. —
M.-JI., Tocusnmar, 1925. — 240 c.

79. 12 skckypcenii Ha xene3nyto gopory. [[Tocobue st
IIPOBEJCHHS KCKypcHil yyammumucs]. — MILY mo mpocse-
LIEHUIO Ha TpaHcnopte, 1925. — 110 c.

80. I'paduaeckas rpamoTHOCTE. Uepuenue. — M.: T'oc-
uznat, 1925. — 84 c. [coBmecTHo ¢ B. B. XKypaBnesbim].

81. Meroauka ydyeOHoro aena. / B kH.: Bromierenn
npasiernst MUUT. — M.: tun. Pab. raz., 1925. - 32 c.

82. IIpoekTsl U HOSH PA3BUTHI PYyCCKUX CTAHIUI
B IEPUOJ MUPOBOIl U rpakaaHckodl BoiH / B ku.: Tpyzsl
21-ro COBEIIATENLHOTO Che3/la MPEACTABUTEICH CIIYKO
skcrutyatauuu k. 1. CCCP. — M., 1925. — C. 584-600.

83. IepeycrpoiicTBO MOCKOBCKOTO y371a MOCKOBCKO-
Kazanckoii x. 1. // XK.-1. neno. — 1925. —Ne . 12. - C. 23-41.

84. HexoTopble BOIPOCHI XKEJIC3HOTOPOIKHOTO TPaHC-
nopra LI1O. / B xu.: [IpousBoautensusie cuibl LleHTpas-
HOW IpOMBINIIEHHOH obmactu. — M.: T'ocmman, 1925. —
3 ota. — C. 273-285. (Tpyas! ['ocninana, kH. 5).

85. Noknan o aestenbHOCTH [[1aHOBOI KOMUCCHU | €€
Ommkaiiiux 3anadax / B ku.: Bropas Mexcoro3Has BHyTpH-
HMHCTHUTYTCKAs! KOH(EPEHIINS IPOIETapCKOro CTYCHISCTBA
MMUUT 20-23 mas 1925 r. — M.: MUUT, 1925. — C. 35-38.

86. O6muii 0630p mpoekToB. [[IpoeKTHl, IpeMUpOBaH-
Hble Ha KoHKypce LlyTpancnpoca] // IlpocBemienue Ha
TpaHcnopre. — 1925. — Ne 5-6. — C. 65-70.

87. O0 OCHOBHBIX JTOCTHIKEHUAX B 00JIACTH METOIUKHA
IIpeToiaBaHus B By3ax. // brom. Hayd.-tex. cexuuu 'Y Ca. —
1925. —Ne 7.—-C. 7-9.

88. Paboune (hakynsTeTs! 1 HX y4eOHO-OpraHH3aIIOHHOE
pasButue. // 3nams pabdakosia. — 1925. — Ne 4-5. — C. 15.

1926

89. [TocTaHOBKa ¥ METOJMKA ITpernoaBaHus B MOCKOB-
CKOM HHCTHUTYT€ MH)KE€HEpOB TpaHcmopra. — M.: MUUT,
1926.-30 c.

90. MOCKOBCKHI y3eJ U OCHOBHBIC HJCH €r0 Hepe-
ycrpoiictBa. / B ku.: Tpyasl 22-ro CoBemaTensHoro ches3aa
mpencraBuTeneit ciryx6 skcruryaramuu x. 1. CCCP — Open:
Tun. «Ilapuwx. koMmyHay, 1926. — C. 1-65.

91. DKOHOMHUKA MECTHOTO TPAaHCIOPTa M IUOHEPHOTO
crpoutenbersa. // Tp. MUUAT. — 1926. — Boim. 1. — C. 8-31.

92. ToHHeNBHBIC ITYyTEIPOBOALI IPH MPOSKTHPOBAHUHI
y310B u cTaHuuid. / Tp. MUUT. — 1926. — Bem. 2. — C. 143—
157.

93. Ouepk pa3BUTHs PYCCKHMX CTAHLHUH 3a MEPHOL
1837-1925 rr. // Beet. IIC. — 1926. — Ne 15. — C. 10-12.
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94. K Bompocy o nepeycrpoiictse ExarepuHociaBckoro
y3na. // XK.-x. neno. — 1926. — Ne 8. — C. 7-9.

95. O0BEIMHEHHOE JKEIE3HONOPOKHOE XO3SHCTBO B TEO-
PHU U Ha IIpaKTHKe. — BecTruk mytu. — 1926. — Ne 75. — C. 2.

1927

96. Texnuka npoextuposanus y3iaos // Tp. MUUT. —
1927. - Bpm. 5. — C. 7-36.

97. Tunosas crannus V-III kmacca ¢ moCTeIeHHBIM
paszeutueM // Tam xe. — C. 63-92.

98. Ilep.: l'andmrenrens I. TpancnopTHOE ycTpoiicTBO
Ui MaccoBbIX rpy3oB. — M.: Tocusnar, 1927. — 319 c. [Co-
BMecTHO ¢ . B. lllymckum u O. H. CaBBuHOI].

1928

99. CTaHIUY U X IPUHAIKHOCTH. (15 nekumit). — M.:
MMUMUT, U3n. LieHTp. KypcoB 10 HOBBILICHHIO KBATH(PUKALIUH
BBICIIETO KOMcOcTaBa xK.-A1. Tpancniopra CCCP, 1928.— 72 c.

100. K Bompocy 0 TAroBbIX pacyeTax COPTUPOBOYHBIX
ropok // Tp. MUUT. — 1928. — Bem. 9. — C. 129-152.

101. 3uMHUHA TPaHCHOPT U €ro BO3MOXKHBIE MEPCIIEK-
TuBHI // CTpOUTEeNbHAs IPOMBIIIIEHHOCTD. — 1928. — No 4. —
C. 265-268.

102. K Bompocy o MaccoBoM TpaHcmopre u3 Jlondacca
// Xenesnonopoxuoe aeino. — 1928. — Ne 10. — C. 12-14.

1929

103. OCHOBHBIE JaHHbIE JUIS MPOEKTUPOBAHUS K.-1I.
crannuii. — M.: Tocuzaar, 1929. — 344 c.

104. [IpumepHas OpUEHTUPOBOYHAS pacliEHOYHas BEJ10-
MOCT5H Ha COOpYKEHUE OONBIINX COPTUPOBOYHBIX CTAHIIHI. —
M., 1929. — 14 c. [CoBmecTtHO ¢ M. U. llInbirunsiv. Crek-
JoTp. U3M.].

105. XKene3nsle noporu ropusie // TpaHCI. SHIUKIIONE-
qust. — 1929. - T. 7. — C. 670-683.

106. JKenesusle noporu ogHopenbcoBbie // Tam xe. —
C. 683-684.

107. Joxnan npod. O6pasuosa ot Komuccnu no yued-
HukaM npu Hayuno-texunueckoil cexnuu I'YCa // B km.:
CrynenuectBo 1 KHura. (Marepuabl COBEIIaHU CTyACHYE-
CTBa, MPO(EeCccoOpoB M M3AATENbCTB. 25 urons 1928 r). —
M.-JI.: Tocusnat, 1929. — C. 10-17.

1930

108. IIpoeKTUpOBaHUE U PAcHET COPTHPOBOUYHOH TOPKH
¥ TOJIOBBI COPTHPOBOYHBIX ITapkoB. — M.: MIUT, 1930.-36 c.

109. K Bompocy 0 IiyOOKHX BBOAAX B METPOIOIHTEHE
// KommyHanbpHOE X03giCcTBO. — 1930. — Ne 6. — C. 44-48.

110. 3ameTku 1o OnaroycTpoiictBy ropoga MocCKBbI
// KommyHanbHOE X03s1#icTBO. — 1930. —Ne 11-12. - C. 70-74.

1931

111. Po3a BeTpoB U ee BIMSHHE Ha COPTUPOBKY Baro-
HOB. — M.: MUMIT, 1931. - 38 c.

112. O nry6oxoM BBOZIE B TOPOJ] DNEKTPUIESCKUX JKeTIe3-
HbIX gopor // KommyHanbHOe X03stiicTBO. — 1931. — Ne 13—
14. - C. 42-43.

113. I'my6oxkuit BBoa. [K Bompocy o MeTpomnoiuTeHe
B Mockse] / KommynansHoe xo3siictBo. — 1931. — Ne 19—
20.—-C. 7-17.

114. Heotnoxuslil Bompoc. O CBI3M METPOIOIUTCHA
U TPaMBaeB C IEKTPHYECKUM IIPUTOPOIHBIX TPAHCIIOPTOM
// Tam xe. — C. 17-20.

1932

115. CneuuansHeie noporu. Beim. 2. Ha3zemHble kaHat-
HbIE JIOPOTH C KONEeOaTeNIbHBIM JABHKEHIEM (PEBEPCHBHBIC). —
M.: OT'U3, Toctpancusaar, 1932. — 88 c. [coBMecTHO
¢ E. A. Patnep].

116. Xenesnas mopora B ropone. — M.-JI.: OT'3, Toc-
Tpancuzaar, 1932. — 48 c. (Tp. MUUT, Beim. 30).

117. PacueTHsli rpadHK UL HOCTPOCHHUS HEHOH JIMHHI
npoBeca rubkoit HUTH. — M.: CTaHZapTH3aLus U palloHa-
nusarust, 1932, -9 c.

118. XKenesnsie noporu. Texnuka // BCO. — 1932, —
T. 24. — Cr6. 711-745.

119. OT3BIBBI 10O OCHOBHBIM BOIIpOCaM DKCIEPTHOI
KOMHCCHH 110 MeTpomonuTeHy / B xu.: MockoBckuil Me-

TpononuteH. — M.: U3n. Yop. Merpocrtpos, 1932, —
C. 166-174.

120. Oco6oe MHEHHE [0 BOIPOCY O rabapuTe st MeT-
pomonutena // Tam xe. — C. 174-175.

121. I'my©okwuii BBox B MOCKBE B CBSI3U C METPOIOJIH-
TeHoB // COPEHA. — 1932. — Ne 5. — C. 100-109.

122. K ucTopun BO3HHKHOBEHHUsSI KOMOHHHUPOBAHHBIX
TIepEeBO30K IIPHU IIOMOIIH KOHTeHHepoB / B ku.: KonTeiinepsl.
C6. crareil. — JI.-M.: CTanmapTi3aiys U palroHaIH3aIus,
1932. - C. 47-61.

123. I'myOokuil BBOI pasrpy3uT yIHYHOE ABHIKCHHE
Mockssl // B 60ii 3a TexHuky. — 1932. — Ne 3. — C. 15-17.

1933

124. XKenesznomopoxxusie y3abl. TpaH3UTHBIE y31IBI
U TeXHUKa ux npoektuposanus. — M.-JI.: HKIIC, Tpauc-
xenpopuszar, 1933. — 131 c.

125. IlporpamMma npou3BoACTBEHHOM npakTuku «IIpo-
©KTUPOBAHHE CTAaHIUI U y3I0B» AT CTYACHTOB dKCILTyaTa-
nuoHHOM crneransHocTH. — M.: HKIIC, 1933. [Crekiorp.
w3 ).

126. OcaxxuBaHH€e BaroHOB Ha MOJArOPOYHBIX MYyTIX
// Oxcmmyaranust k. 1. — 1933. — Ne 5-6. — C. 16-19.

127. Tpancnopt B mianupoBke ropoaa // [lnanuposka
M CTPOHUTENHCTBO TopoaoB. — 1933. — Ne 2. — C. 9-13.

128. TpaHcnopT H ITaHUPOBKA // 32 COLUATUCTHIECKYIO
PEKOHCTPYKIHIO ToponoB. — 1933, — Ne 6. — C. 21-23.

129. BHYTpHUroposCKO# TPaHCIOPT U IUIAHUPOBKA T'0O-
pona/ B xn.: IlepBast BcecorosHast KOH(EPEHIHUS 110 ITaHH-
POBKE M CTPOUTENLCTBY roponoB. — M.: Biracte CoBetos,
1933. - C. 12-16.

130. Bce cpenctBa Ha oxuBICHHE JeKLui // 3a mpo-
MBIIUICHHBIE Kaapsl. — 1933. — Ne 1. — C. 44-46.

131. Kakas nekuus Hy)xHa BbICILIEH COBETCKOH IIKOJIE
// ®poHT Hayku u TexHUKU. — 1933. — Ne 1. — C. 56-57.

1934

132. HazemHBIe JOPOTH C HETIPEPHIBHO Tsr0il. Crieru-
anbHble goporu. — M.-JI.: OHTH, T'occrpoiinsnar, 1934. —
97 c. [CoBmectHoO ¢ E. A. Parrep].

133. IIporpamma no kypcy «CTaHIMU U y3JIbD» AJS
SKCIUTyaTallMOHHOW crenuanbHocTu. — M.: Tpauckenmnop-
u3nar, 1934. — 18 c.

134. INporpamma o Kypcy aBTOHOPOXKHOTO, BOJHOTO
1 MECTHOTO KeJIe3HOAOPOKHOTO TPAHCHOPTa AT IKCILTya-
TAaIMOHHON crenuanbHoCcTH. — M.: TpaHcxkennopuszar,
1934. -4 c.

135. JKene3HOROPOXKHBIN TPAaHCHOPT U IIAHHPOBKA
ropona/ B kH.: IlnaHupoBKa 1 coll. peKOHCTPYKIHS TOPOJIOB.
Boim. 1. — M., 1934. — C. 118-163.

136. BHeynuuHble epeceyeHys B INIAaHUPOBKE FOPOJIOB
/I Apxutektrypa CCCP. — 1934. — Ne 11. — C. 38-41.

137. NunycrpuanbHO-TeXHUYeckue Hayku. (MocCKoB-
CKUI MHCTUTYT HHXKEHEPOB TpaHcmopTa) / OpoHT Hayku
1 TeXHUKH. — 1934. — Ne 1. — C. 95-96.

138. K Bompocy o nepeBoae Akanemun Hayk // OpoHT
HAayKH ¥ TeXHUKH. — 1934. — Ne 5-6. — C. 152.

139. Hay4HO-IIPOH3BOACTBEHHEIE dKCKypcur // DpoHT
HayKH ¥ TeXHUKH. — 1934. — Ne 10-11. — C. 51-54.

140. IMTamsatu npod. E. A. ['mbmmana // Dxcrryaranust
JKeJe3HbIX gopor. — 1934. — Ne 4. — C. 31.

141.Tlep.: landmrenrens, I. MexaHu3arus TpaHCcIOpTa
MaccoBbIx Ipy3oB. T. I. TpaHcroprepsl U KOHBEHepsl. 2-¢
u3a. — M.-JI.: OHTU HKTII, 1934. — 296 c. [CoBmecTHO
¢ /1. B. lllymckum 1 O. H. CaBBUHO#].

1935

142. Cranuuu u y3asl. Y. 1. Mainble u yyacTKOBBIE
cranuu. — M.: Tpancxengopusnar, 1935.—-316 c. [CoBmecT-
Ho ¢ B. JI. Hukutunsm u C. I1. By3aHoBbIM].

143. Metonuka kypca « CTaHIuH U yrieDy / B xa.: OmsIT
COCTABJICHHS YaCTHBIX METOAHK Ka)epaMy OMIOPHBIX BTY30B
K.-1. Tpancniopra. — JI.: JIMWKT, 1935. — C. 95-119.

144. KypopTHbIe 10pOry crieluaibHOro Tumna. — [Inanu-
POBKa U CTPOUTEIBCTBO TOpoRoB. — 1935. —Ne 7. — C. 36-40.
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145. Tlenarory Heo0XoquMa CBsI3b ¢ HPOU3BOICTBOM
// TlonroToBKa KaapoB .-1. Tpancmopta. — 1935. — Ne 10. —
C. 18-21.

146. KypoprtHo-ropHbIe foporu // B 6ol 3a TeXHHKY. —
1935. - Ne 3. - C. 10-11.

147. Jopora Ha Da60pyc // B 0ot 3a Texnuky. — 1935. —
Ne 12. - C. 22-23.

148. CamocrosTenbHast paboTa INTIOC TOBCEIHEBHBII
KOHTpOJIb // TloAroToBKa KaApoB *. 1. Tpancmopra. — 1935. —
Ne 1. -C. 9-10.

149. Tpaucnopr / B ku.: CounanucTuieckas peKoH-
crpyxnus IOxuoro 6epera Kpemma. — Cumdeponons: T'oc.
W3n. Kpemm. ACCP, 1935. — C. 329-346.

150. YeroiuuBblii pabodnii IIaH — BOT YTO BaM HY>KHO
ceifuac // IloarotoBka KagpoB x.-1. Tpancmopra. — 1935. —
Ne 4-5. - C. 53-54.

1936

151. IlpenBapuTenbHbIe BBIBOABI 10 IPOSKTHPOBAHUIO
[copTupoBouHBIX] ropok // YKene3HOTOpOXHAs TEXHHKA. —
1936. - Ne 1. - C. 17-26.

152. Po3a BeTpOB U €€ NpUMEHEHHE K TPOESKTUPOBAHUIO
ropok / B kxu.: Mar. 1-# Hay4HO-TeX. KOH(epeHIH: Kadenp
MMUMUT. — M.: MUHT, 1936. — C. 38-44.

153. IIpoexTupoBaHUe TOPOK Ha JKEIE3HOTOPOKHOM
TpaHncnopre / OPOHT HayKH U TeXHUKU. — 1936. — Ne 6. —
C. 61-63.

154. O npoeKkTHpPOBaHUHU CITyCKOB U IOABEMOB B rOpoOJIax
u kypoprax // Apxurexrypa CCCP. — 1936. — Ne 2. — C. 52—
54.

155. TpaHCIOPT B IIIAHUPOBKE JKHIIOTO KBapTana // Ap-
xurekrypa CCCP. — 1936. — Ne 11. — C. 56-59.

156. XKene3HonopoxHbIe My3eH 3a rpanuLeii / B 6oit
3a TEXHUKY. — 1936. —Ne 9. — C. 20.

157. IloBcemHEBHO HM3Yy4aTh CTAXAHOBCKYIO IIPAKTHKY
// Craxanoser. — 1936. — Ne 3-—4. - C. 11

1937

158. Bonpocsl *ejle3H0J0pOXKHOTIO TPaHCIOpTa
B TpeTheM IsiTwieTur // IlmanoBoe xozsiictBo. — 1937. —
Ne 5-6. — C. 55-63. [CoBmecTHO ¢ C. B. 3eMOIHHOBBIM].

159. PaszButue xene3nsix gopor CCCP B TpeTbeil maTu-
nerke // B Ooit 3a TexHuky. — 1937. — Ne 6. — C. 7-10. [Co-
BMecTHO ¢ C. B. 3eMOIHHOBEIM].

160. XKenezHonopoxHbIH TpaHCcopT 3a 20 JIET COBET-
ckoii Bactu // B 6oit 3a TexHuKy. — 1937. —Ne 11. - C. 8-12.

161. Hayunas pabora Ha tpancrnopre / ®poHT HayKu
¥ TexHUKH. — 1937. — Ne 12. — C. 96-102.

162. Copok J1eT Ha eIe3HOIOPOKHOM TpaHcnopre / XKe-
JIe3HOAOPOXKHAs TexHuKa. — 1937. — Ne 7. — C. 69-70.

163. BeiomuHast u cpaBHuBast // CoBeTCKoe CTyaeHue-
cTBO. — 1937. - Ne 9. - C. 16-17.

164. Ypox npoctots! 1 TouHocTH // Kpoxomui. — 1937. —
Ne 29-30. — C. 22. [Berpeua ¢ M. U. KanununsM].

1938

165. Crannuu u y3msl Y. 2. — M.: Tpancxkennopuszar,
1938.-492 c.

166. O0bscHUTeNbHAS 3aMKCKa K KH.: « CTaHIUH H Y3IIbD»,
w3z 1935r.— M., 1938. [CoBmecTHO ¢ apyrumu]. [Crekorp.
3]

167. CCCP — Benukasi sxeIe3HOJOpOKHas epxana. — M.,
1938. — 8 ¢. (MukpodoH. marepuansl BcecorozHoro pamuo-
xomureta, Ne 107).

168. 3aaun ¥ IepCHEKTHBBI HAyYHO-HCCIIE0BATEIIbCKOI
paboThl Ha XK.- A. TpaHcnopte // COUHaTHCTHYECKHIT TpaHc-
mopT. — 1938. — Ne 6. — C. 3044.

169. Mostofiple y4eHbIe KeJIe3HOI0POKHOIO TPAHCIIOpTa
// ConmanucTudaeckuii Tpancmopt. — 1938. — Ne 10. — C. 5-12.

170. Hayxa u tpancnopt // B 6oii 3a Texuuky. — 1938. —
Ne7.—-C.4-8.

171. IlepenoBas HayKa U COLMATUCTUYECKUIT TPAHCTIOPT
// CraxanoBen. — 1938. — Ne 7. — C. 52-55.

172. BHeymi4HbIe 3CTaKaIbl ¥ YIHYHBIC MOCTHI // ApXH-
textypa CCCP. — 1938. — Ne 5. — C. 29-31.

173. Baxxneiimas 3a/1aya HHTEJUIUTCHI[UHA — OBJIAICTh
6onpmesusmoM // TlapruiiHblil pabOTHHK X.-A. TpaHC-
nopra. — 1938. — Ne 11. — C. 12—15.

174. TopauTech BBICOKMM 3BaHHUEM TpaKJaHHHA
CCCP // CoBerckoe ctynendectBo. — 1938. — Ne 8. —
C. 13.

175. Pen.: O6mmii kypc xene3nsix gopor. T. 1. — M.:
Tpancxengopusznar, 1938. — 88 c. [CoBmectHo ¢ I'. K. Ko-
BaJIbKOBBIM .

176. Pen.: To xe, T. 2. — 436 c.

177. Pen.: To xe, T. 3. — 392 c.

1939

178. XKenesusie noporn CCCP. — M.: U3xa. nurepa-
TypHl Ha HHOCTPAHHBIX fA3bIKaX, 1939. — 32 c.

179. CoumanucTuyeckuii TpPaHCHIOPT U €ro NepCrekK-
TuBbl // Becthouk AH CCCP. — 1939. — Ne 11-12. —
C. 237-249.

180. XKene3HOZOPOXKHBII TPAaHCIOPT B TPEThEH MATH-
netke // B 6oii 3a TexHuky. — 1939. — C. 11-14.

181. Be3ocranoBouHOe ckpemeHue moe3nos // Co-
HuanucTU4eckui TpaHenopt. — 1939. —Ne 12. — C. 34-38.

182. CCCP — Benuxast xeJIe3HOAOPOXKHAS AepiKaBa
/B kH.: Pacckassl 0 BEIUKOM chesie. — M.: M3narenscTBo
netckoit nureparypsl, 1939. — Ne 12. — C. 32.

183. Tpaucnopt // TexHuka mononexu. — 1939. —
Ne 12. - C. 32.

184. PexoHCTpyKIHsI aBTOMOOHIBHBIX gopor // B 6oit
3a TeXHUKY. — 1939. — Ne 9. — C. 17-20.

185. 3a ocymectBumsble ¢pantasuu // Iluonep. —
1939. — Ne 11. - C. 120-121.

186. Jlopora na ITamup // Bokpyr Csera. — 1939. —
Ne 3. -C. 11-12.

187. Pen.: Texuuueckas 3KCIUIyaTalMsl KeJlE3HBIX
nopor CCCP. — M.: Tpauncxkennopuszar, 1939. — 38 c.
[CoBMecTHO ¢ B. B. UcaeBbim].

1940

188. 3amaun M mepcneKkTUBBl HAyYHO-UCCIEAO0BaA-
TeIbCKOH paboThl Ha XKEIE3HOAOPOKHOM TpaHCHOPTE /
B xu.: Tpyasl 1-ii HayuyHO-TEXHUYECKON KOH(peEpEHIIHH
MUNXKTa. — M.: Tpauncxkennopusaar, 1940. — C. 5-21.

189. OcHOBHBIE MPUHIMIIBI TIOCTPOSHHS TPAHCIIOPT-
noii cetu CCCP / Ussectuss AH CCCP, OTH. — 1940. —
Ne 10. - C. 17-29.

190. CoBemnranue Mo CKOPOCTHOMY CTPOHTEILCTBY
JKEJIe3HBIX M aBTOMOOMIBHBIX nopor // Bectuuk AH
CCCP. - 1940. — Ne 6. — C. 82-90.

191. CoBenranue o 5KOHOMUU TOIIIIMBA HA JKEJIE3HO-
nopoxxHoM Tpancnopre / Bectauk AH CCCP. — 1940. —
Ne 7. —C. 48-57.

192. IlepcnexTuBHBIC BOIPOCH TpaHcmopra // Ilma-
HOBOE X03sHCcTBO. — 1940. — Ne 5. — C. 70-73.

193. IlepcrieKTHBEI Pa3BUTHUS EMEHTHOH IMPOMBIII-
nenHocty // IlnanoBoe xo3siicTBo. 1940. — Ne 10. — C.
44-49. [CoBmectHO ¢ A. C. KynpsBueBsiM].

194. Pabota cTaHLuii B BOCHHBIX ycloBusx // Corua-
JMUCTUYECKUH TpaHcopT. — 1940. — Ne 6-9. — C. 63-77.

195. O6 amepukanckux ctaniusix / Counanucruie-
ckuif TpancmoptT. — 1940. — Ne 11. — C. 38-40.

196. O6 OCHOBHBIX NMPHHIMIIAX TOCTPOCHHS TPAHC-
noptHo# cett CCCP // CtpoutensctBo nopor. — 1940. —
Ne 11. - C. 6-8.

197. O pacupocTpaHEHHHM TEXHUYECKHX 3HaHHUH
B CCCP// CoBerckas Hayka. — 1940. —Ne 1. — C. 147-149.

198. Hayxa u xene3nomopoxHslid TpaHc mopt // Co-
BeTckas Hayka. — 1940. — Ne 10. — C. 37-47.

199. K Bompocy o TpaHcHOpTHOI mpobieme ropona
Mockssl // Apxutekrypa CCCP. — 1940. — Ne 2. — C.
62-65.

200. Maructpaaun CCCP // TexHuka MOJOZEKH. —
1940. — Ne 8-9. - C. 15-16.

201. N306peTareny 1 KeIe3HOIOPOKHBIH TPAHCIIOPT
// Craxanosemn. — 1940. — Ne 10. — C. 19-20.

® Mwup TpaHcnopTa. 2024. T. 22. Ne 1 (110). C. 108-119

KynukoBa E. B. K 150-neTuto akapemuka Bnagumupa HukonaeBuya O6pasuoBa

(6norpadmsa n 6udbnuorpadus)




1941

202. YropolieHne METOIOB CTPOHTENHCTBA U IPY30BBIX
onepauuii / XKeneznomopoxuelid TpaHcmopT. — 1941. —
Ne 7-8. - C. 30-38.

203. DKcIUTyaTalOHHbIE TapaMeTphbI OY/IyIIero JOKOMO-
THBA // DKCIUTyaTally KeIe3HbIX A0por. — 1941. — Ne 1. —
C.5-12.

204. O roponckom tpancnopre Mocksbl / KomMmyHansHOE
crpoutenbeTBo. — 1941. — Ne 2. — C. 19-21 [coBMecTHO
¢ ©. U. Ilaynsckum].

1942

205. Hexotopsle BOIIPOCHI BOCCTAHOBIICHHUS M KCILTya-
TaIMK XKeJIE3HBIX J10por // YKene3HOHopOXKHBIH TPAHCTIOPT. —
1942. —Ne 1. - C. 46-57.

206. PerynupoBaHue IBHXEHUs [XK.-II. M0€310B] NpH
3aropax // XKene3HogopoxKHbIH TpaHCHOPT. — 1942. —Ne 6. —C.
23-29.

207. Metoxs! TUKBHIANY IIOCIEACTBHI IEPEPHIBOB
1 3a]IePIKEK JIBIDKCHUS 10e3710B // TeXHHKa JKeIIe3HbIX IOPOT. —
1942. — Ne 3-4. - C. 5-7.

208. Hexoropble BOIPOCHI TEXHUYECKOTO Pa3BUTHUS JKe-
JIe3HBIX JOpOr. — JKene3HOmOopOXKHEIH TpaHCIOpT.— 1942. —
Ne 12. - C. 42-48.

1943

209. XKene3HONOPOXKHBIA TpaHCIIOPT B JHU Benukoit
OrteuectBeHHOM BoWHBL — M.: [Ipodusaar, 1943. — 64 c.

210. Yeunenue nporycKHOH U IPOBO3HON CIIOCOOHOCTH
OIHOITYTHHIX THHUH // JKeIe3HOZOPOXKHEIA TPaHCIOPT. —
1943. — Ne 3—4. - C. 62-68.

211. Hayka ¥ 5keJIe3HONOPOXKHBIA TPaHCHOPT BO BpeMs
BoiiHsl // Hayka ¥ sxu3Hb. — 1943. — Ne 11-12. — C. 27-30.

212. Tpancnopt Ypana // Becrauk AH CCCP. — 1943. —
Ne4-5.—C. 52-57.

213. HayuHo-TexHH4YeCKas Iponaraaa AKaJeMUH HayK
CCCP na VYpane // Bectuuk AH CCCP. — 1943, — Ne 6. —
C. 99-102.

214. HexoTopble BONPOCHI BOCCTAHOBJIEHUS U JAJIbHEH-
miero passutus Tpancnopra // M3Bectust AH CCCP. — 1943. —
Ne 8.—C.3-13.

215. XKenezHomOpOXHEIH TpaHCTIOPT B OTeuecTBEHHON
BoiHe // Arurtanus u nponaranaa Kpacuoit Apmun. — 1943. —
Ne23.-C. 10-14.

216. JlepeBsiHHBIC dCTaKaIbl ULl BBITPY3KH yriis // Tex-
HHKA JKeJIe3HbIX Jopor. — 1943. — C. 3-5.

HAWUWBOJIEE KPYIIHBIE TPOEKTBI
B. H. OBPA3IIOBA C 1914 ITO 1936 I'T.

1914-1915 rr. [Ipoexr copTrupoBoyHO# cTaHimu [TepoBo-
CoprupoBounast MockoBcko-KazaHCKOH x. 1.

19141915 rr. IIpoekT TUIOBO# CTAaHIMK U pa3paboTKa
COIIACHO 3TOMY THUIIy BCEX CTAaHIMI y4acTKa AJeKCaH[-
poBck—/Ixankoit KOxHOI .. B CBSA3M € YCTPOHCTBOM 2-TO
IIyTU Ha 9TOM Y4JacTKe.

1914-1915 rr. Ilpoekr cranimu Hukuroska FOxHOM *. 1.

1915-1916 rr. [IpoexT MOIHOTO X YaCTHYHOTO PA3BHTUS
craniuu Cmonenck U Cmonenck-Copruposounas (CMoseH-
CKHI1 y3em).

1915-1916 rr. To ke, craniyu Bs3pma.

1915-1916 rr. IlepenpoeKkTUPOBKA U Pa3BUTHE CTAHITHI
ymHuE MockBa — bapaHOBHUHM B CBSA3M C HY>KJaMH BOCHHBIX
JeiicTBui (HACTYIUICHHE H OTCTYIUICHHE).

1915-1916 rr. IIpoexr craHuuii ApXaHIrenbCKON JIMHUU
B CBs3U ¢ mepecTpoiikoit (1915-1916) Ha mmpokyro xonero
yuactka Bonorna — Ypous.

19151916 rr. IlpoexT cranuuu Bonorna B cBs3u ¢ Toi
e epeCTPOUKO.

1915-1916 rr. IIpoexTrpoBaHue psia MEIIKUX CTaHIUI
(10 30) Ha CeBepHOH XK. 11

1916 r. IIpoekT nepeycTpoiicTBa u JalbHEIIIEro pas-
BHUTHSA CTAHIMH Ha yyacTke MockBa — MBITHIIH.

1916 r. IIpoekt nepeycrpoiicTBa craHiuu VMBaHOBO
(2-s1 ouepens).

1916-1917 rr. IlpoekT ctaHiuu HOBOCOKOIBHUKHU
MockoBcko-BunaBo-PeIOMHCKOM K. 1I.

1916-1924 rr. IIpoekT pa3BUTUA JAUYHOH CTaHIUHU
OIVHIIOBO H Psiia IPUTOPORHBIX JAaYHBIX YIaCTKOB HaIlPaB-
nenusa Mocksa — Moskalick.

1917-1924 rr. IIpoeKT MoJHOro U YaCTUYHOTO Pa3BU-
THS CTaHIMU MocKBa-AJleKCaHPOBCKasl.

1920 r. IIpoext 3amopoxkckoro y3uaa (COBMECTHO
¢ U. 1. Koctunpim).

1920-1922 rr. IIpoext Huxeropoackoro y3na.

1922 r. IIpoekt o6benuHeHnst CeTeHCKOro y3ia.

1923 r. [IpoekT KonebGaTenbHOTo ABMKEHHUS Ha CTAHIIUT
MockBa AnekcanapoBckoi k. A. (coBmectHO ¢ C. B. 3em6-
JINHOBBIM).

1923 1. [Ipoext ob6beaunenus ChI3paHCKOrO y31a
(coBmectHoO ¢ C. B. 3eMOIHHOBBIM).

1923 r. Ilpoexr oObenuHeHus Ps3anckoro ysna (co-
BMecTHO ¢ M. @. ['yHrepom).

1923 r. IIpoekt nmepeycTpoiicTBa MOCKOBCKOTO y3ia
(MockoBcko-Ka3zaHckoii . /1.) B TOBAPHOM OTHOLIECHHH
(coBMecTHO ¢ KOHBKOBBIM).

1928-1929 rr. IlpoexT nepeycrpoiicTBa cranuuu Kove-
TOBKa.

1929 r. IIpoekT nepeycrpoiictBa CapaToBCKOTO y3ia.

1929 r. IIpoekT ceTu ropoackux nopor B I. bonbiioe
3anopoxbe (coBMeCTHO ¢ 3a0pckuM U KocTuHbIM).

1931 r. IIpoext rry6okoro BBos1a B Mockse (OpuraHas
HayyHas pabora npu HUM MW Ta).

1931-1933 rr. [Ipoext CaparoBckoro y3ina.

1936 r. KoHcynbTupOBasl NPOEKT HepeycTpoicTBa
TpaHCIopTa paiioHa 1 KypopTos KaBkazckux MuHepalbHbIX
Bon, paspaborannsiii bopnykoBbiM (ApXuUTEKTypHast Ma-
crepckast Ne 2, mpod. B. H. Cemenos).
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AHHOTALIUA

Cmambs nocssweHa robuneto akademuka Bnadumupa Huxko-
naesuyda Obpasyosa, 00H020 U3 Op2aHU3amMopPo8 OMeYeCmeeHHOl
mpaHcnopmHoU HayKu, OCHOBONOMOXHUKA Hay4HOU WKOMbI NPo-
€KMUPOBaHUs Xene3HOO0POXHbIX CMaHyul U MpaHCNOPMHbIX
y3nos, 8edywie2o cneyuanucma 8 0biacmu 3KkcnTyamayuu xenes-
Hbix 0opoe, 8udHO20 0bwecmeeHHo20 Oesimensi, npogheccopa
MUNT. lpogheccuoHanbHas u meopyeckas OesmensHOCMb ma-
NlaHMnue020 nedazoea U y4eH020 MECHO Ces3aHa ¢ ucmopuel

KpynHeliwezo mpaHCNOpMHO20 yHusepcumema cmpatbl — Mo-
CKOBCKO20 UHCMuUmyma uHxeHepos mpaHcnopma (MUNT)
(HbIHe — Poccutickuti yHugepcumem mpaHcnopma). Ha mamepua-
nax uHemumymckoli 2azems! «Cmanuxey» paccmampugaomest
3mansI npogheccUoHanbHo20 nymu yyeHo20. B MUNT B. H. Obpas-
yoe npopaboman noymu 50 nem, co3dan Hay4HyK WKomy, nod-
2omosun 0ecAmKU yyeHukos u bbu1 pykosodumenem nepgoll
8 cmpaHe kachedpbl «CmaHyuu U y3mbi».

Knroyesble crioga: B. H. 06pa3yos, Mockosckutll uHcmumym uHxeHepos mpaHcnopma, pabghak, npoekmuposaHue xene3Hodopox-
HbIX CmaHyull u mpaHcnopmHbIX Y3108, Pocculickull yHugepcumem mpaHcnopma.

[ns yumuposanus: [opbyHos A. A., ®edskuH A. B., TaHuesosa A. B. Akademuk B. H. O6pa3yos 8 ucmopuu Mockoscko20 uHcmumyma
UHXeHepos mpaHcnopma (k 150-nemuto co OHs poxderusi) // Mup mparcnopma. 2024. T. 22. Ne 1 (110). C. 120-129. DOI: https://doi.

0rg/10.30932/1992-3252-2024-22-1-15.

MonHbil mekcm cmambu 8 nepegode Ha aHanulickull 3bIK ny6nukyemcsi 80 emopoll Yacmu daHHO20 8bInyckKa.
English translation of the full text of the article is published in the second part of the issue.
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urons 2024 roxga ucronusercst 150 net co
1 8Z[HH poXxaeHus akanemMuka Biaanmupa

Hukonaesuua OO6pasuosa (1874—1949),
OIHOTO M3 OPraHU3aTOPOB OTEUECTBEHHOMN TPaHC-
MOPTHOW HAayKH, OCHOBOIOJIOKHHUKA HAyYHOU
IIKOJIBI MPOEKTUPOBAHUS KEIE3HOJOPOKHBIX
CTaHIM{ U TPAHCHOPTHBIX y3JIOB, BEIYIIETO CIie-
[UATHCTa B O0JACTH IKCILTyaTallMH JKEJIE3HBIX
JIOPOT, BUIHOTO OOIIECTBEHHOTO AesTENs, Ipodec-
copa MOCKOBCKOTO MHCTHTYTa HHKEHEPOB TPAHC-
nopra (MUNT).

IIpodeccuonansHas ¥ Hay4Has AESITENHLHOCTb
TaJIAHTIIMBOTO IeJ]arora U y4eHOTo TECHO CBsI3aHa
C UCTOpHEH KpyHHeHIero TpaHCIOPTHOTO By3a
crpanbl — MUUT (usiHe Poccuiickuii yHuBepcUTET
TpaHcnoprta). B yueOHom 3aBenenun B. H. O6pasz-
1oB mpopadoran nmoutu 50 ner. CBOO mpernojaBa-
TENbCKYIO JAEATEIbHOCTh OH Hauall elle B JI0PEBO-
JIOIMOHHBIN niepuof, B Mimnepatopckom Mockos-
ckoM uHxeHepHoM yumnuine (MMUWY) u npomon-
»xui ee B MUUT. 3neck oH co3nain HayqHYIO HIKOIY,
HOJTOTOBMJI AECSTKHU YUCHUKOB U OBLIT PyKOBOAUTE-
JieM nepBoii B crpaHe kadenpbl « CTAaHIIAH U Y3IIbD).

YHUKaTBbHBIM UCTOPUYCCKHM HCTOYHHKOM,
C IIOMOIIBI0 KOTOPOTO MOJKHO BOCCO3JaTh OT/IEIb-
HBIE JTaMbl MyTH YaeHoro B creHax MUUNT, sBs-
€TCsl MHCTUTYTCKas razeta « CTaJHHEeI, BBIXOANB-
mast ¢ 1924 rona (o 1931 rona — «KpacHslii myte-
e, «CTyIeHT TPaHCIIOPTHUKY, «JI3eprKuHe»)’.
Ha ee cTpanumax orpaxkeHa yueOHas, HaydIHAs
7 00IIeCTBEHHAS eI TeIbHOCTh HHCTUTYTA. Mare-
pHUajbl Ta3eThl BICPBBIC BBOMATCS B HAy4HBIH
000pOT M ITO3BOJISIIOT BOCCO3IaTh OTAEIbHBIE CTpa-
HUIIBI )KU3HU BBIatonierocs yuenoro B. H. O6pas-
110Ba, €0 IEAaroruuecKyto U HayuHYIO JesITellb-
HOCTb B HHCTUTYTE.

HayuyHO-megarorudeckyo IesTeIbHOCTH
B UMMV (c 1913 roga — MOCKOBCKHI UHCTUTYT
WH)XeHepoB myTeil coobuienus) B. H. O6pasunor
Hadan B 1901 romy, Korma mo mpUIaieHuto mpo-
¢deccopa K. 10. IlermuHCKOTO CTa ACCHCTEHTOM IO
COBMECTUTENLCTBY Kadeapsl «XKene3Hsle 10poru».
OTO SIBIJIOCH HayaloM OOJIBIIOrO TBOPUYECKOTO
1 Ipo(eCCHOHATIBHOTO MYTH TeAarora U y4eHoro.
O 0pEBOIIOIMOHHOM IIEPHOJE Nearoruyeckon
paboter B. H. O6pa3uoBa coxpaHuiIoch HEMHOTO
csenernil. K Mmomenty npuxona B. H. O6pa3nosa
BIMINY TaM ysxe CIIOKUIICS KBaNU(pUIMPOBaHHbIH
KOJJIEKTUB IpodeccopoB M ImpenojaBaTesei.
Cpenu HEX 3aciyxeHHbIe Tpodeccopa O. E. Mak-
cumenko, C. M. ConosbeB u JI. JI. IIpockypsikoB
¥ MHOTHE APYTrHe, KOTOPble CaMOOTBEP>KEHHBIM
TPY/IOM CIIOCOOCTBOBAIIN PA3BUTHIO YIEOHOTO 3aBe-
JeHus, o0ecreurBaiy NOATOTOBKY BEICOKOKBAIU-
(ULIPOBAHHBIX XKEJIE3HOAOPOXKHBIX CIEIMATICTOB
[1, C. 13]. Jo 1905 roma 8 UMINY cymecTBoBama

! Ceropust razera BBIXOAMT I110J Ha3BaHHWeM «UHxeHep
TPaHCIOPTa».

KypcoBasi ccTeMa, Iociie OHa OblIa 3aMeHeHa
IIPeIMETHOH U COXpaHHUIIach IPH IIPe0Opa30BaHUU
YYWITUINA B HHCTUTYT.

3HAUUTENBHBIM JOCTI)KEHHEM B 00JIaCTH TeX-
HUYECKHUX HAayK B COBETCKHII IEPUOJ CTAJIO CO3/a-
HHE HayYHO-000CHOBAHHOM TEOPUH IPOEKTUPOBA-
HUS KEJIE3HOJOPOXKHBIX CTAHIUH M y3JIOB.
B 1919 romy mpodunbHas kadenpa BIEpBHIS
B cTpaHe Obl1a co31aHa B MOCKOBCKOM HHCTHTYTE
uHxeHepoB IyTeit coobmenus (MUUIIC). 3age-
IyIOUIMM U nipodeccopom kadenpsl «CTaHimu
u y31sD» Obl1 u30pan B. H. O6pasuos [1, C. 94].
Kadenpa cpasy xe pa3BepHyna HaydHyIO paboTy
10 (GOPMUPOBAHHUIO TEOPUU U MOUCKY METOIOB
HPOCKTHPOBAHUS CTAHIHIA U y3110B. [To3ke ydeHbre
kageIpbl 3aHUMAITUCh TAKXKe MpoOIeMaMu coueTa-
HUS Pa3iIMYHBIX BUJOB TPAHCIOPTA: JKEJIC3HOMO-
POXKHOTO, BOJHOTO, aBTOMOOMIIEHOTO, BO3LYIITHOTO
[1, C.95].

CoXpaHHIHCH JaHHBIE O 3apabOTHOH ITaTe
B CaMbI€ TIepBbIe TObI COBeTCKOM Binactu. Comu-
aIbHOE 00eCIIeYeHNE MPETI0IaBATEIILCKOTO COCTaBa
OBUTIO HE Ha CaMOM BBICOKOM YPOBHE C yUETOM
CTPEMHUTETHHO POCIIMX LIeH U AeUIUTA IPOAYK-
toB. Tak, Ha 5 nexabpsa 1918 roga mOMMKHOCTHOM
oxnazn B. H. O0pa3ioBa, kak CBEpXIUTAaTHOTO TMpe-
nofasares, cocranisii 1888 pyoieii 6 koneexk [2,
C. 100].

B 1920-e roxsr B. H. O6pa3uoB MHOrO 3aHu-
MaJicsl BOIIpocaMH NPpo(eCCHOHANFHOTO TEXHIIe-
ckoro oOpasoBanus. HecoorBeTcTBue crapoi
CHCTEMBI TIOCTAaHOBKH IPEIOJaBaHUs B BBICIINX
Y4eOHBIX 3aBEIEHHIX C HOBBIMH COIIHAILHO-
9KOHOMUYECKHMH 33/1a4aMH B CTPaHEe JENaJo Ha-
CTOSATENFHO HEOOXOMMMBIMH TIOMCK HOBBIX pellle-
HUW U TepecTpoilKy BCcel CHCTEMBI MOATOTOBKU
kazpoB. TeMmBl pa3BUTHS HAPOJHOTO XO3SHCTBA
CTpaHBI HACTOATEJILHO TPEOOBAIH MAKCUMAIBHOTO
YBEJINUCHUS YHCJIA CTYACHTOB U COKPAIIICHHUS CPO-
KOB 00y4eHUsI 10 MUHUMYMa.

IIpodeccop OOpa31oB IBUIICS OPraHU3aTOPOM
pabouero ¢axynsrera (paddaka) mpu MUNIIC,
KoTOpbIit ObLT OTKPHIT B 1919 romy [3]. Ha pa6-
(axe M3ydanuch TUCHUIUIMHEI C TPAHCIIOPTHBIM
YKIIOHOM, OCYIIECTBIISIIACH HE TOJIBKO IOATOTOBKA
MOJIOIBIX JIIONEH IS TIOCTYIUIEHHS B UHCTUTYT, HO
1 UX TIpo(heCCHOHANBHAS TEXHUUECKasl IIOATOTOBKA,
JlaBaBIlasi BO3MOXXHOCTh NMOCTYIHTh padOTaTh Ha
tpaHcnopt [4, C. 11]. [lon mpencexarenbcTBoM
Bnangumupa O6pasioBa npoxoauna [lepsas Bee-
poccuiickas MeTopoNoruueckas KoHpepeHIus
pabdako. OH ABISIICA OXHUM H3 Pa3pabOTINKOB
nporpamMm pabo4yux (axyabTeTOB, KOTOPHIE yT-
Bepxkanuck Ha Il u 111 cre3nax pabdaxos [5].

B 1924 roay B. H. O6pa3ioB omny0aukoBa
MaTepuabl, B KOTOPBIX OCBETHII OIIBIT PEOPraHH-
3aI[M MMOCTAHOBKH y4eOHoi pabotsl B MUMIIC,
HOBOTO METO/1a IperoAaBanus B MOCKOBCKOH rop-
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HOM akagemuu. OHM BBIIIIM B IIEPBOM BBINTYCKE
«Martepuanos 1o peopme BBICIIIEr0 00pa30BaHuUsD»
Hay4YHO-TEXHHUYECKOH cekiuu [ocynapcTBEHHOTO
yuenoro coBera Hapkommpoca [6]. B Hux oH otpa-
3HJ1 HECOOTBETCTBHE CTAPOI CUCTEMBI TIOCTAaHOBKH
MPENOIaBaHus B BHICIINX YYSOHBIX TEXHHUECKHUX
3aBE/ICHUSAX CTPaHbI HOBBIM YCIIOBUSAM CTPOUTEIIb-
ctBa CoBerckoro rocygapcrsa. llepen Bbiciei
IIKOJION CTOsIa 3a/1adya HavyaTh IOATOTOBKY «...
HWH)XEHEepa-opraHn3aTopa ¢ OHON CTOPOHBI U UH-
JKeHepa € JIOCTaTOYHO BBICOKOW TEOPEeTHYECKOU
MOJrOTOBKOM 110 CBOEH CHEIHaIbHOCTH C JPYTOiD»
[1, C. 26]. IIpodeccop ykazemai, aro 8 MUNIIC
emie B 1922 rony «1mo MHUIIMATUBE TPYIIIBI IPETIO-
JlaBaTesiell ¥ akaJeMHUYECKOW CTyIEHUYECKOH CEeK-
nuw, [IpaBineHnem Obula co3aHa Tak Ha3pIBaeMast
IInanoBas Komuccust mo paspaborke yueOGHOTO
U1aHa U MeTos10B ocTaHoBKm» [6, C. 1]. OH BICTY-
aJj1 pOAOHAYaIbHUKOM HOBOH METOMKH NTpenozia-
BaHUs JUIsl MHXXEHEPOB TpaHcropTa. B mpornecce
o0yuenus B. H. OGpa3ioB pyKoBOJCTBOBAICS
MIPUHIIMIIOM MHHUMYMa 3aTpart [Py BEICOKOM Kaye-
cTBe 00y4eHHs1, YTOOBI KaXK/1as 3aTpara Ha o0yde-
HHUE JaBaja MPOU3BOAMTENbHBIN pesynsrar. OH
MpeyIaraj yYuThIBaTh 0COOCHHOCTH COCTaBa CTY-
JICHTOB, YPOBEHb UX OOLIEH OATOTOBKH, IPAKTH-
yeckue HHTepeckl cTyaeHToB [7, C. 253]. bonpmmn-
ctBo mpeameroB B. H. O6pa3ioB pekoMeHI0Bal
U3y4arh B XOJI€ NPAKTHYECKUX 3aHATHH C BBIION-
HEHHeM ynpaxHeHui. Takxe oH mpezarai 3ame-
HUTbH CHCTEMY 3aHSITHUU C MPEIMETHOW Ha KypcCo-
BY10. Pe3ynbrarel paboThl KOMHCCHU HAILIM OTpa-
>keHre B HOBoM yueOHoM rmane MUUIIC u nosic-
HUTEJBHOM 3aIuCcKe K HeMy, 0100peHHbIX CoBeTOM
(axynpTeTa M yTBEpXKASHHBIX [0CyaapCTBEHHBIM
y4eHbIM coBeToM Hapkommpoca B kauecTBe HOp-
MaJlbHOTO ydeOHoro mraHa [bromrerens 'VC’a
Ne 3, centsa6ps 1923 1] [6, C. 4].

Hauanom HOBOTO 3Tana B HCTOPUM HHCTHTYTA
1 KU3HM yuéHoro cran 1924 ron. OceHbro nmpoun3o-
o causiuue MUUIIC ¢ BeicuuMu TexHude-
ckumu Kypcamu HKIIC, uto npuBeno K "3MEHEHHUIO
OPTaHM3alMOHHON CTPYKTYPHI By3a M €ro mepe-
nmeHoBanuio B MUNT. B nensix 6osee yCHenHoro
MpoBeAEHHS IPeoOpa30BaHMi B By3€ B COCTaB €ro
IIpaBneHust ObIIN BKJIIOYEHBI MPEACTABUTEIH
00omX y4eOHBIX 3aBeACHHUH, IpeacenarenieM ObLI
HasHadyeH wieH Komternn HKIIC A. b. Xanaros.
Ot MUMUIIC B cocras IIpaBneHus HHCTUTYTa BO-
i ipodeccopa E. A. T'ubman, B. H. O6pasios
u cTyneHT A. A. J)KykoB, oT Belciyx TeXHUYECKHX
xypcos — B. . JIenosckoit, npodeccop B. U. Pyx-
HeB U cTyaeHT [. M. bopucos [4, C. 12].

Tocne cnusiHusE ObLTH OPraHU30BaHbI (PaKyIb-
TeThl: 1) CTPOUTENBHBIN C JBYMSI OTICICHHSIMU:
a) HOCTPOUKY KEJIE3HBIX JOPOT, 0) MHXXEHEPHBIX
coopyxeHuil; 2) BoaHelil ¢ 1ByMs OTIeNeHUAMU:
a) peuHbIM, 0) MOPCKUM; 3) DKCIUTyaTallMOHHBIN;
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4) TaroBsli; 5) Onekrporexunueckui [4, C. 11].
B MUUT navanu GyHKIHOHNPOBATH (haKyIbTETH,
3aHUMABIINECS TTOATOTOBKOM CIICIMANNCTOB LIS
Pa3IUUHbIX OTpaciieil TPaHCIOPTHOIO KOMILIEKCa
ctpanbl. CrienuanbHO CO3JaHHasi KOMHCCHUS pas-
paboTana yueOHbIe IUIaHbl U1 K0 crienuab-
HOCTH HHCTHUTYTA, & TAK)KE OTpe/IeIiIa COOTHOIIIE-
HHUE MEXy 00111e00pa30BaTe/IbHBIMH, OOIIETEXHH-
YECKUMH U CIeNUaJbHBIMU IUCUUITMHAME [1,
C. 30]. Ocoboe BHIMAaHHKE YIENSIIOCHh JUITIOMHOMY
IIPOEKTUPOBAHHIO, KOTOPOE BENIOCH UCXOJIS U3 3a1a4
HKIIC, Tocnnana u ApYrux rocyaapcTBEHHBIX
yupexaenuit. [Ipodeccopa u npenogaBarenu
MMUUT npuHuUMaIu NOCTOSIHHOE YYacTHE B IPOU3-
BoactBeHHbIX coBemanusax HKIIC u unranm nek-
LIUM Ha TPAHCIIOPTE U IIPOU3BOJICTBE.

bnaronapst HayyHOM M OpraHU3aIIOHHOW Jies-
tenbHOCTH podeccopa B. H. O6pasziosa 8 MUUT
ObLTa OTKPBITA ACHHPAHTYPa U HadaIach IIOATOTOB-
Ka BBICOKOKBaTU(UIIMPOBAHHBIX TEXHUYECKUX Ka-
IpoB. FIMEHHO OH BIEpBBIE MOCTABHI BOIPOC
0 MMOATOTOBKE aCIIMPaHTOB B TPAHCIIOPTHOM By3€ Ha
3acenanun Bpemennoil xonnerun Hayuno-
HCCIIEI0BATENbCKOTO MHCTUTYTA, KOTOpasi COCTOs-
nace B MUUT 12 nHosOps 1925 roma [7, C. 259].
B pesynbrare «Komerus nocTaHoBUIA: IPOCUTH
['maBHAyKy HPUKPENUTH K HAyIHO-UCCIEHO-
BaTeNIbCKOMY MHCTUTYTY 20 4eloBEK acHMpaHTOB,
cuntas 110 4 yenopeka Ha CeKLMIO — IPYIIITY YUEHBIX
MUUT, koTopsie ObLIM CHEUATMCTAMHU B ONpe/ie-
JICHHBIX HamnpasieHusix Haykuw» [7, C. 259].

B cooTBeTCTBHY € TIOJIOKEHHEM O MOPSIIKE MOJ-
TOTOBKHU HAay4HbIX PAOOTHHUKOB IPH By3aX U HAy4YHO-
HCCIIeIOBATENbCKUX YUpexaeHusx Hapkommpoca
CCCP ocenbto 1925 roga B MUUT 6b11 co3nan
HayuHno-uccnenoBarensckuii uucrutyr (HUN),
KOTOpBIH Bo3mIaBui npodeccop @. E. MakcumeHko.
CornacHo yTBepxIeHHOMY 5 Mapra 1926 roga Bpe-
meHHoMY Ilonoxenuro o HayuHo-uccieno-
BaTenbckoM MHCTHTYTe Tpu MUNT, 3anauamu ero
SIBISUTHCH: «a) OpPraHu3alysl HayqHO-TEXHUYECKUX
WCCIICIOBAHUIT B 00JIACTH TpaHCIIOPTa, 0) N3y4eHHe
C HAy4HOW TOYKH 3PEHHUS] UHBIX BOIPOCOB, €CIIU
B TOM BCTPETUTCS HAJIOOHOCTh, B) HAPSAY C 3TUM,
IIOJTOTOBKA HAay4YHBIX PaOOTHUKOB ISl BTY30B
Y TPAHCIIOPTA U3 YMCJIa OKOHYMBIINX MOCKOBCKHH
MHCTUTYT WH)KEHEPOB TpaHcropTa U JIeHuHrpas-
CKHI MHCTUTYT MH)XEHEPOB IyTel COOOIICHHUS,
a TakoKe U3 JIML C IPOM3BOJICTBA, BBIIBHUBIINX CIIO-
COOHOCTH K HAayYHOH AESATEILHOCTH U NPUHUMAIO-
[IMX aKTHBHOE y4acTHE B Pa3BUTHUH HayKH M TeX-
HUKH Ha TpaHcnopte» [4, C. 116]. OTkpbITHE achu-
pantyps! npu HUY MUNT npubnusuino HaydHyo
JIeATENFHOCTD K PAKTHIECKON padoTe 110 sKeTe3HO-
nopoxkHoi#t temaruke [2, C. 107].

B 1926 rony B crpykrype HUM MUUT 65110
00pa30BaHoO MATh CEKLHUI: 1) MarepuanoB U KOH-
CTPYKLUi, 2) ruApOTEXHUUECKAs], 3) Iy TH U JOPOX-

FopbyHoB A. A., ®epskuH A. B., TaHueBoBa A. B. Akagemuk B. H. O6pa3uoB B uctopum
MoCKOBCKOro MHCTUTYTa UHXeHepoB TpaHcnopTa (k 150-neTuio co AHA poXAeHUs)




HOTO CTPOMTENHCTBA, C MATHIO IMOACEKIHIMH,
4) TsiroBasi, 5) 3KCIUTyaTallMOHHO-)KOHOMHYECKAs,
¢ maTeto nonceknusivu. B HUM B. H. O6pasnos
paboTan B DKCIUTyaTallHOHHO-3KOHOMHYECKOM
CEeKIMH U 3aHUMAJICS pa3pabOTKOi HayYHOH TeMbI
«MocxkoBckwit y3em» [4, C. 124]. B nanpHeimem
Brnagumup HukxonaeBuy mpuHMMan Hemocpen-
CTBEHHOE ydJacTHe B MPOEKTHPOBOYHBIX padoTax
10 PeKOHCTPYKIMHU MocKoBckoro y3ia. B ocHOBY
IpoeKTa OblIa MoJIoKeHa ero ujest 00 00beANHEH-
HBIX COPTUPOBOYHBIX cTaHUHAX. [Ipodeccop
B. H. O6pa3uoB npemioxuin COSAUHUTH KOJBIO
OKpy>KHOH eJIe3HOM JOPOrd 10 AUAMETPY ITyTeM
ry0OKOro BBOJA COCAMHUTEIBHOW BETKH IOA
3emuieit uepes Bech ropon [8, C. 21]. Takum obpa-
30M, OBLI peIIeH BOMPOC 00 00CITyKMBaHIH KeJe3-
HOJIOPOJKHBIX y3JIOB I. MOCKBBI.

B 1920-e rozp! BBIIEN U P HAYIHBIX paboOT
OO0pasioBa, NMOCBAILIEHHBIX MpoOIeMe pa3BUTHUS
MOCKOBCKOTO TpaHCHOPTHOro y3na. Cpenu HuX:
«O 11yOOKOM BBOZIE TOBapHBIX MOE3/I0B B I. Mo-
ckBy» (bromnerens HKIIC, 1920 r); «Ilepeyctpoii-
ctBo MockoBckoro y3na MockoBcko-Kazanckoit
xKeye3HoH noporu» (JKenezHomoposkHoe zelno,
1925 ., Ne 12), B 1926 rony — «MockoBCcKuii y3ei
¥ OCHOBHBIE HJIeH ero nepeycrporicTBa» (Tpymsl
22-ro CoBenlaresbHOrO Che3a MpeacTaBUTeNeH
ciyx0 skcrutyararuu xene3nsix qopor CCCP,
1926 r) u ap. [9, C. 10].

Ilo mansbmM 3a 1929 ron, 8 MUUT B. H. O6pas-
LIOB IIPENoIaBa ClIeAyIoIUe JUCIUILITHHGL: «J{opo-
T MECTHOTO 3HAa4YeHHs» (CHEeLUANIbHBIA MPEAMET,
Crpoutenbhblii pakynsrer) [4, C. 50]; «bonbiime
CTaHILIMH U y371bD» (CTICHAIBHBIN ITpeIMeT, DKCIuTya-
TalMOHHBIN (haKynsTeT); «oporn MecTHOro 3Hade-
Hust. OOwmmiA Kypey (cnenuainbHblil MpenaMeT, JKC-
INTyaTaloHHbIH (axynsTer) [4, C. 50]. OH akTHBHO
3aHHUMAJICS C MOJIOZIBIMH HCCIIEIOBATEISIMHU, Pa3BHBAT
CTYJIEHUYECKYIO HayKy. B nHcTUTYyTCKOM razere «/I3ep-
KHUHeI» 3a 1928 romy BeTpedaercs 3ameTka B pyo-
puxke «ITo uHCTUTYTY» 0 pyKOBOACTBE Briagumupom
HuxonaeBnuem TeXHUYECKUM CTYJIEHUECKUM KPYyXK-
KOM Ha DKcIutyaraloHHOM (akynsrere. B razere
CO00IATIOCh, YTO JIeKaHAT «IIOCTAHOBUIJI OpPraHU30-
BaTh JIBa KPY)KKa: KEJIC3HOAOPOXKHBIA 1 Oe3KOJeH-
HbIi1. B nHHIIMaTHBHOE OFOPO OE3KONICHHOTO KpyKKa
OT TIperiofaBareneii Obum onperneneHsl: Oopasmnos B.
H. u Kpbiaun 1. TL» [10].

OtaenbHol cTpanuneit ucropuu MUUT siBns-
eTcsl U3/IaHNe HAyYHBIX TPYIOB MHCTHTYTa. «Tpy-
IbD», «3BeCTH U3/1aBAUCD €ILE C JOPEBOJIIOIHU-
OHHOTO BpeMeHH. Ha ux cTpaHumax myOiIHkoBa-
JIMCh PEe3yNbTaThl HCCIIeN0BaHUN HpodeccopcKo-
IIPENoaBaTeIbCKOIO cocTaBa. Brepsble cOOpHUK
Hay4YHBIX TPYIOB By3a BhIiel B ceHTs0pe 1907 ro-
na nox Ha3BaHueM «M3Bectus Mmmeparopckoro
MocKkoBCKOT0o MHKEHEepHOTo yuniniia». Hayunoe
U3JIaHUe BBIXOQWIIO 110 perenuio CoBera Yuuuia

U COCTOSUIO U3 JBYX OTAENOB: 1) oduuManbHBIHA
u 2) HeopunmanpHeid. HaunHas ¢ mepBoro BbI-
mycka, B «/3BecTHsX» MyOIMKOBAI CBOU TPYHBI
u B. H. O6pa3uoB. OgHa U3 nepBbIxX ero pabor
B «3BecTusix» ObUIa MOCBSIIEHA BOIIPOCAM JKO-
HOMMKH TpaHcnopra[11].

Hayunslii cOopHuk Beixoaua 10 1916 rona,
3aTeM HacTal JECATHICTHHU mepepbiB. Beixon
M371aHus ObUT BO300HOBIICH B MapTe 1926 rona nox
Ha3BaHueM «Tpyapl MOCKOBCKOTO HHCTHTYTA HH-
J)keHepoB TpaHcmoprta» [11]. B mpenucnosun
K IIepBOMY BBITYCKY « TpymoB» peaKoIer s omnpe-
Jieniiia nenb HaydHoro m3nanus: «[Ipu Hammauu
JIOCTAaTOYHOTO KOJIMYECTBA MOMYISAPHOH JHUTEpa-
TYPBbI, YyBCTBYETCS OTCYTCTBHE TAKOTO MIEYAaTHOTO
oprasa, B KOTOPOM MOTJIH OblI ITyOJIMKOBAaTh Pe3yJib-
TaTbl CBOMX TPYAOB IPEICTaBUTENIN Hayk, pabo-
TaloUMe HaJ TPaHCIOPTHBIMH npobiemamu. Co-
3HaBas 3ToT npoden, MUUT Hanmeercs xots Obl
YaCTHYHO €r0 BOCIIOJHUTD MYTEM BBIYCKa EPHO-
IUYEeCKUX COOPHHKOB, IOJX HazBaHUEM «Tpynbl
MUUT», Ha cTpaHuULax KOTOPHIX paboTHUKY MH-
CTHTYTa IOJy9aT BO3MOXHOCTD IMyOIMKALIMN BETY-
umxcsi umu pador» [4, C. 129]. B «Tpyaax» MUUT
PETYISPHO MyOIMKOBAIHCH paboThI Mpodeccopa
B. H. O6pasioBa: « TOHHENIBHBIE Ty TEMPOBOABI TPH
IIPOEKTUPOBAHUY y3]I0B U cTaniui» [4, C. 129],
«Texuuka npoexkrupoBanus y3mosy [12], « Tumosas
cranuus V-III kimaccoB ¢ NOCTENEHHBIM pa3BUTH-
em» [13], «XKenesnas nopora B ropone» [14] u ap.

Wunyctpuanuzanys u ObICTpoe pa3BUTHE IPO-
MBIIIIEHHOCTHU B CTpaHe B KoHIEe 1920-x — 1930-¢
IT. TOCTAaBWJIM HAa TOBECTKY THSA MpoOiiemMy Ipo-
MBIIIIEHHOTO TPAHCIIOPTA U €0 MPOSKTHPOBAHUSI
B YBSI3KE C TEXHOJIOTHUECKUM IIPOLIECCOM IIpel-
npusituidi. OcoOEeHHO ITY0OKO paccMaTpUBaINCh
BOHPOCHI BEIOOpa HanboIee palnoHaIbHOTO BAAA
TpaHCIIOPTA «IJSI YKOHOMHUH TOCYIAPCTBEHHBIX
cpenctsy [5]. B ator nepuon B. H. O6pa3uos Ben
AKTUBHYIO IPAKTHIECKYIO padOTY, KOHCYIIETHPOBAI
PSLI KPYIHBIX IPOEKTOB MPOMBIIUICHHOTO TPaHC-
nopra: MarHuToropckuii KoMOHHar, JIHenpocTpoi,
Ky3sHnenkuit komObunar, banxauickuii, J[>xe3kasran-
cKuii koMOuHate!l U 1p. MHoro caenan B. H. O6pas-
OB IS pa3BUTHSI TPAHCIIOPTA, TNIAHUPOBKHU TOPO-
Jla ¥ IPOEKTUPOBAHMS METPOIIONUTEHa B MOCKBe.
OH 3aHHMaJICS BOIPOCAaMH PEKOHCTPYKUHH FOx-
Horo Oepera Kpbima 1 iepeycTpoiicTBa TpaHCcopTa
kypoproB Kapkasckux MuHnepanbubix Box [5].
Hayunble 3HaHus 1 ipakTHueckuii onbiT B. H. O6-
pasuosa Bbicoko 1ienmn B HKIIC. Tak, JI. M. Ka-
TaHOBMY HE pa3 MpHUIJIANIajl ero Uil MPOBEICHUS
Hay4yHOU 3kcnepTusbl. [Ipu obcyxaenuun B 11K
BKII(6) paGoTh! xeae3HOIOPOKHOTO TPAHCIOPTa
B. H. O6pasiioBa mpuriiacuiid Ha COBEILIAHKE, TIe
OBLT OCTABJICH BOTPOC «O HEOOXOIUMOCTH 00b-
€/IMHATH BCE HAyYHO-HCCIIEJOBATEILCKAE HHCTH-
TYTBl TPAHCIOPTA, JJISl TOTO 4TOOBI 00ECIICYUTh
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KOMILIEKCHOCTh Pa3peleHus] HayuyHbIX MpoOieM,
[PEBPaTUB UHCTUTYTHI B IIOJJIMHHBIH [IEHTD Nepe-
JIOBOI1 HAyYHOM MBICIIH KEJIE3HOAOPOXKHHUKOBY [8§,
C. 23].

MUMUT B 1930-€ roxs! SBISIICS KPyNHEHIIUM
TPaHCIIOPTHBIM BY30M, HAyYHO-TEXHUYECKOH OTI0-
poti HKTIC u Bceli TpaHCHIOPTHO#M OTPACIIv CTPaHbI.
HHcruryTcKas razera « CranuHery nucaia o 60Ib-
IIOM Hay4yHOM HOTEHIMajie MHCTUTYTA U O €ro
BO3MOXHOCTSIX JIJIsI IOMOIYM TpaHcmopTy. Tak,
B MaTepuanax ra3ersl 3a 1934 rog orMedanocs, 9to
B MUUT pabotaer 6onee 600 npodeccopos u mpe-
MoJaBaTeliel, Cpein HUX «TaKue KPYIHBIE CHIIBI,
Kak mpod. MutiomuH (myTh), npod. 3eMOIUHOB
u ipo¢. O6pa3uoB (Fkcmtyarars), mpod. OmmneH-
reiiM, npod. ['mémman u ap. C Takumu OOIBITUMH
CHJIaMH ¥ C KOJUIEKTHBOM cTyneHTOB B 4000 uen.
MUUNT MoxeT U TOIDKEH 0Ka3aTh OOJBIITYIO MOIIb
TpaHcnopTty... Ha myTs KOHKpeTHOW moMouu
TPAHCIOPTY yKe cTajH psijt podeccopos B MUNT.
Tak, Hanpumep, kadenpa npod. Odpasiosa pabdo-
TaeT Haj MpoOieMoil peKOHCTPYKIMU TyabCKOro
y3ma» [16].

B nauasne 1930-x roioB psi KpynHEHIINX 33124
10 PEKOHCTPYKLHH TpaHcropTa peran HaydaHo-
uccienoBarensckuit cekrop (HUC) MUUNT, xoto-
pBIf CTan Hay4YHBIM LEHTPOM HHCTHTyTa. Ero
Bo3miasisut mpodeccop B. H. O6pasuor. O Beico-
KHX JOCTHKEHHSAX YUCHBIX, PAOOTAIOIINX B CEK-
TOpe, FOBOpUIIOCH B 3aMeTke «I3 panopra HHUCa»
B razere «Cranuneny 3a 1932 ron [17]. B uact-
HOCTH, 0 paboTe Kaeapsl, TakkKe PyKOBOAUMON
B. H. O6pa3uoBeiM, oTMeuanocs: «...Kadeapa
«CTaHIUK ¥ y371bI» OPU aKTUBHOM YYaCTHH BH/[I-
HeHmmXx mpodheccopoB U JOLEHTOB HAILIETO HHCTH-
tyta O0pa3uosa, [ mbmmana, HukntuHa, pazpada-
TBIBACT YPE3BBHIUAIHO aKTYAIBHYIO JJISI JKENe3HO-
JOPOXHOTO TpPaHCHOPTAa HAyYHO-HUCCIENO0-
BaTENbCKYI0 3a/lauy — pa3Mel[eHUe TOBapHBIX
cTaHIii B MOCKOBCKOM KeIIe3HOIOPOKHOM y3Iie
C TOYKHU 3PEHUS €ro peKOHCTPyKIHuu...» [17]. Ot-
JIEIbHO OCBemaiach U paboTa acUpaHTOB Ka-
(denpsl. Tak, Hanpumep, 00 yueHuke B. H. O6pa3-
1[0Ba IUcany cienyromee: «acrmpantoM C. I1. By-
3aHOBBIM 3akoHueHa u caaHa HMCowm B meuath
Hay4YHO-HUCCIIeI0BaTeNbCKas paboTa 0 UCTOPUU
craniwmi u y3noB Ha cett CCCP. Dra pabora Briep-
BbI€ B ICTOPUH PA3BUTHS JUCHMIUINHBI « CTaHIIUH
1 y3JIbI», AaeT COIMAIbHO-KIIACCOBBIN aHAJIU3 pa3-
BHUTHSA CTaHIUH. P cxem craHnnii u3 ykazaHHOU
paboThI Halen MPUMEHEHUE Ha CTPOUTENHCTBE
BelMYaiiiel cBepxmaructpann Mocksa — JloH-
bacey [17].

B 1932-1933 rr. nox Hay4YHBIM PYKOBOJCTBOM
npodeccopa B. H. O6pasiioBa u ero yueHuka mnpo-
(eccopa C. B. 3emOa1nHOBa paboTany ABe Hay4HO-
ncclieoBaTeNbCKUe OpHUranbl, CO3JIaHHbBIE U3
Yycla CTYICHTOB, aCIMPAHTOB U IpenoaaBareei
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By3a. bpurazpl 3anuManucek pa3paboTKoH HayqHBIX
MIPOEKTOB MEPEYCTPONCTBA KPYTHENIINX CTAHIIAN
u y31m0B xeje3Hbix gopor Coserckoro Corosa
(MockoBckoro u JIGHUHIPaJCKOro y370B, Y3JIO0B
Joubacca u Kysbacca, B SIpocnasne, Kupose,
Kynsiaeke u pana npyrux) [9, C. 10-11]. O 6oeBom
LITYPME «II0 TIePEyCTPOHCTRY K.-/I. Y3JIOB BaKHEH-
meil ceepxygapHoi maructpanu Mocksa — J[oH-
6accy 1 0 OpHraze Mo pyKoBOJACTBOM Ipodeccopa
C. B.3eM0muHOBa, KOTOpasi COCTABUIIA MPOCKTHI
«I10 IEPEYCTPOICTBY U PAllMOHANIN3ALNY CIIETYIO-
umx y3noB: Jlozosast, CnaBsHck, [lonachas, Poqu-
HOBO, Kymsiaek, FOxHbIX *k.-1., JIucku — FOro-
Boctounsix, Enen — Y3nosas, Kammupa, Oxepenbe,
Jlyranck no nuaMM HOBOCTpOiKM Mocksa — J[oH-
Gacc» uuTaeM Ha cTpaHuLax razeTsl «CTaauHemy
[18]. Bce mpoekTsl ObUTH MPOpadOTaHbI HA MECT-
HBIX TEXHUYECKHX COBEIIAHUSAX U COITIACOBAHBI
B IUPEKIHAX HKEJIE3HBIX JTOPOT.

B mae 1933 romga MUUT u LentpansHbiM
yrpaBieHHeM TexHu4Yeckoil npomnaranasl (Iyrex-
nporioM) HKIIC 6b11a oprannsoBana Opuraaa noj
pyxoBoncteom npod. B. H. O6pasuoBa B cocraBe
11 acnupantos HUC MUMWT, rpynmnsl cTaHIIUOH-
HBIX AUIIOMHUKOB [V Kypca M HECKONBKHX MPO-
¢eccopos n goneHTtoB. O 3a1a4ax, HOCTABICHHBIX
nepea Opuranoil, YuTaeM B MaTepHaiiax ra3eThl
«CranuHey: «1epBas — U3yueHue paboThl Baxk-
Helmux y310B FOxHoi u ExarepuHUHCKOM xenes-
HBIX JIOPOT, pabOTHl BHYTPU3aBOJICKOTO TPAHC-
ropta, KpynHenmux ruranros (XT3, MakeeBckuii
MeTaJUTypriuyYecKuii 3aBoj, JJHenporac ¢ koMmOnHa-
TOM, LIAXThI, THEMPOMETPOBCKHE METaJLTypruye-
CKHE 3aBOJIBI); BTOpas — MPOBEICHHE TEXIPOIIpa-
0OTHI B y371ax, uTeHue Jekuuid ans UTP cunamu
npodeccopoB, IpoBeIeHHE TOKIATI0B U Oecen
Cpenr MacChl JKeJIEe3HOJOPOKHUKOB CHIIAMH aCTIU-
PAHTOB U TUIUIOMHUKOB, 03HAKOMJICHHE C COCTOSI-
HHUEM TeXTPONpabOTHI B y3Jie ¥ IPOBEICHUE METO-
MYeCcKUX KoHpepeHwmi» [19].

Cpok paboTel Opuragsl cocTaBwiI 18 aHei.
O pesynpraTax yuTaeMm B 3ameTke: «B pesynbrare
YETKOTO PYKOBOJICTBA, 0COOEHHO CO CTOPOHBI PYKO-
Boautens npod. OOpa3uoBa, 1 MPaBUIEHOH pac-
CTaHOBKHM cul, Opuraza nposena 11 nekiwuii cuna-
MU mpodeccopoB, 20 NOKITATOB U Oecel] CHIIaMH
acIUpaHTOB M 9 cuwilaMu JUINIOMHMKOB. Bcero,
TaKUM 00pa3oM, IIposeieHo 40 el U 10K/Ia10B
[0 BOIPOCAM: PEKOHCTPYKIHS OONBIIMX Y3JIOB;
MEXaHHU3aIHsI COPTUPOBOYHBIX TOPOK; THITOBOM
MeXaHU3MPOBAHHBIN MaKray3; aHaJHu3 dKCIUTyara-
LOHHBIX M3MEpUTENeil; MapIIpyTH3alys U Clie-
[UaU3aIus I0e310B; IIyTeBoe 00yCTPOICTBO;
aBTOOJIOKMPOBKA; aBTOCIENKA U T./1.» [19]. Onbir
6puragsl B. H. OGpa3noBa mokasaj, HacKOJIBKO
BaKHA I OyMyIINX HHXKEHEPOB U HayIHBIX PaboT-
HHKOB OpTaHM3aIMs HONOOHBIX TOE30K, B paMKax
KOTOPBIX 3HAYUTENHHO PACIIUPACTCS TEXHIICCKUH
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KPYro30p aclipaHToOB U AUTIIOMHHUKOB. CoueTanue
10100HBIX HAyYHO-IIPOU3BOICTBEHHBIX IKCKYPCHIA
C TPOBEJICHHEM TEXIPONpadoThl Ha y3lax ObLIO
TECHO YBSI3aHO C 3aa4amMu poussozactea. Iupo-
Kyto nnoMouis kadenpa «Cranuu u y3ias» MANUT
OKa3bIBaJIa TPAHCIOPTY M B MOCIEIYIOIINE TOMIBL.
Tak, B 3ameTke «Hamra momoms peanbpHa» 3a
1934 ron B. H. O6pa3ioB ykasbiBai, 4to OepeT Ha
ce0s «pa3paboTKy TOKJIaTHOH 3aITUCKH MO BOIIPOCY
o nepenoce OxpyxHoi gopord... ITo npocsbe
OKpY>KHOH JOPOTH COCTABJICH MPOEKT HOKIATHOM
3aIHCKU 110 3TOMY Bompocy» [20].

Ipodeccop B. H. O6pa3uos ObLT MpU3HAH Ty4-
UM yOApHUKOM HHCTHTYTa, U B 1933 romy ka-
¢denpa «CTaHIMY 1 Y37IbD» MO €r0 PYKOBOACTBOM
OKa3bIBajla HayYHO-TEXHHUYECKYI0 momoulb Kyp-
CKOM JKEeJEe3HOU Jopore MyTeM SKCHEpTU3bl Mpo-
eKTa pa3BUTUS TyIbCKOrO XKeIe3HOTOPOKHOTO
y3na. O0 3TOM B MHCTUTYTCKOM razere « CTaTHEID
ObLTa IOMeEILIEHA COOTBETCTBYIOIIAs 3aMETKa. 3aBe-
nyroumii kadenpoit npogeccop B. H. O6pasiios,
U3Y4YMB NPOEKT, MPEUIOKHII Kadeape B MOTHOM
COCTaBe M CTyJCHTaM BblexaTh B Tyiy ais o3Ha-
KOMJIEHHS C MECTHOCTBIO, TOPOJIOM ¥ COCTOSTHUEM
MIPOMBIIIIEHHOCTH. B pesynerare aHamm3a UMeB-
IMXCs MaTepualoB Kadeapa mpu3Hama MpoeKT,
cocrtapieHHbIH Kypckoil sxene3Hoit joporoii, Heco-
croaTenbHBIM. OH HE YUUTHIBAJI pa3BUTHE FOPOAa
U €ro IUIaHUPOBKY, HE HpeaycMaTpHBall yI00CTB
JUISL 00CITy)KUBaHHS Pa3BUBAIOIICHCS IPOMBIIIIICH-
HOCTH, He Opayl BO BHUMaHHE Pa3BUTHE CTAHIUH
Tyma Il u T. 1. Kak ican aBrop 3ametku: «Kademnpa,
paspemtas mpodnemy TyabCKOro y3ia, yaia Bce 3TH
Henouetsl. [Ipeanoxennas kadenpoii B uie mpod.
O0pasioBa cxema pa3Butus Tyiabckoro ysia Oblia
paccmotpera HTC skcIuryaTalliOHHOTO YIIpaBIIe-
aust HKIIC u He BcTpeTniia BO3paXKeHHH, a pe-
noxeHue kadenpsl npeBpatuth cT. Tyna I Tonbko
B IMACCAXUPCKYIO CTAHIINIO, a cT. Tyna I — B ToBap-
HO-pacopsiIUTeNbHY 0, 06110 TiprHATO HTCy [21].

B 3amerke «KpacHo3HameHHas kadenpa «CraH-
1M ¥ y3JIbD»» OCBeIaoch ydactue kadpenp MUNT
B COIMAJMCTUYECKOM COPEBHOBAaHHH HA TpPaHC-
mopte. ABTOPOM 3aMETKH BBICTYIIHJIM PYKOBOJIH-
Tens Kadeapsl npodeccop O6pasios, mapTopr
Bysanos u npodopr Hukurun. Cpeau goctrxeHun
ObUTM OTMEYEHBI CllefyIouIe padoThl Kadeapsl:
«...3akmoueHne Kadenps 1o TylIbCKOMY y3ITy yxe
npuHsaTo HTC 3KCIuTyaTallnOHHOTO YIpaBICHHS
HKIIC. 4 acrimpanTa paboTajiH B IUTAHOBOM OTJIe-
ne HKIIC, no cocrasieHuio miaHa 2-ro roga 2-i
nsTuneTkiy [22]. V3 HaydHo# paboThl, TpoBeIeH-
HoU Kadenpoii, 1uuHo npu yyactuu B. H. O6pas-
110Ba YKa3bIBAJIOCH ciedyomee: «...CraHa B me-
4ath pabora B. H. O6pasmosa: «Keneznomnopox-
HBIE y3JIBl B TOPOJCKOH rutanupoBke». [Ipodeccop
O0pa3uoB NPOYHTAI TPH JEKIMH [0 SHIUKJIOTESAUH
TpaHCIIOPTa I aCUPAHTOB, Y4AaCTBOBAMI B JKC-

nepTu3e MeTpocTposi U NPUHSLT aKTHBHOE YIacTHE
B OpPTaHU3aLMH{ IOCTPOSYHOTO TpaHCHopTa MeTpo-
ctposi» [22]. V3 oOuiecTBeHHOM paboThl yKa3bIBa-
nock cnenyromee: «IIpod. OOpa3noB u AOUEHT
By3aHoB B3sutH 1IeCTBO HAJ KOMCOMOJIbCKUMH
OpHuragamMu, KOTOPEIM OKa3BIBAIOT OOIBIIYIO II0-
MOIIb B UX yueOe u pabote u mp.» [22].

B suBape 1934 roma coctosinoch mpou3BOI-
CTBEHHOE coBelanue 6-i rpymnmsl [V kypca Dkc-
IUTyaTalOHHOTO (haKyIbTeTa ¢ yIacTHEM Hadallb-
HUKA MHCTHTYTA, MOCBSIICHHOE TOJBEICHUIO
UTOTOB pabOTHl KOMCOMOJIBCKON OpUraabl MMEHH
15-netus BJIKCM 1no peanbHOMY IpPOEKTHPOBa-
Huto cranuun MockBa-ToBapras. Ha coBemannn
ObUIa 1aHa BBICOKAsI OLIEHKA IIPOJIETTaHHOM CTyAeH-
TaMu paboTe, B YaCTHOCTH, YKa3bIBallOCh, 4TO
«YIaNoCh NOOUTHCS yBEIHYCHUS MPOMYCKHOM
CHOCOOHOCTH MOE310B B CyTKH 10 350 mapy» [23].
B naHHOM COBEIIaHUH MPUHAMAJ YYacTHE U IIPO-
(deccop B. H. O6pasiioB, KOTOPBIH OTMETHII, «YTO
Opuraza KOMCOMOJIBIIEB, paboTaroIIast Haj MPOCK-
TOM, ellle ITyOke U cepbe3Hee OyaeT pa3duparsces
B TEOPETHUUYECKUX Borpocax» [23].

ITpodeccop B. H. O6pa3noB cTosi y OCHOB
pa3paboTKM BCeX KPYIHBIX HAayYHBIX TEM, KOTO-
pBIMH 3aHMManach kKadeapa «CTaHIUHM U Y37IBD».
B 1933 roay ObUT M37aH €ro KanuTabHBIA TPy
«Kene3HOMOPOXKHBIC CTAHLUM», KOTOPBIN CTal
Hay4HOW OCHOBOH JIJIs IEJI0H cepry y4eOHUKOB MO
nucuuminae « CTaHIMU U y3JIbI»: 4acTh | —
1935 rox (aBropsl — B. H. O6pasuos, B. JI. Huku-
tuH, C. I1. by3anoB), yact 2—1938 rox (aBTOpHI —
B. H. O6pasuos, B. JI. Hukutun, M. B. CenbkoB-
ckuii, H. P. FOmenko) u wacte 3—-1949 ron (aBro-
pst — B. H. O6pasnos, B. JI. Hukurus,
®. U. llaynsckwuit, C. I1. Byzanos) [24, c. 107].

OreHKa Hay4YHOH JIeATEIbHOCTH 3aBE Y OIIEero
kadenpoit «CtaHuuu U y3abl» npodeccopa
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B. H. O6pa3siosa Obu1a 1aHa B portozamerke «Ilox
PYKOBOJICTBOM MApTHUHU — B HOTY C pabouuM Kiiac-
com» [25] B MHCTUTYTCKOH TrazeTe: «...MMeeT
cBble 50 HayYHBIX TPYIOB, PYKOBOIHT IOITOTOB-
KO acmupaHTyphl M pa3pabaThiBaeT KpYIHBIE
poOIeMHBIE BOIPOCHI JKEJIE3HOAOPOKHOTO TPAHC-
nopra. Heckonbko pa3 mpeMHUpOBaH 3a HCKITIOUH-
TEJIbHYIO SHEPTHYHYIO yaapHyr paboty. OOuie-
CTBEHHBIC OpPraHMU3ally U JIUPCKIUS WHCTUTYTa
B030yquu xonaraiicTso nepexn LIK »x.-1. HKIIC
u CHK PC®CP o npucoennu B. H. O6pa3uoBy
3BaHUs 3aCITy)KEHHOTO pabOTHHKA HayKu. [loMrMo
3TOrO0, B paboTYy IO TeX. MpomnaraH/ie ObLIH BOBIIE-
YeHbI pA0OOTHUKH 1O]1 pyKOBOACTBOM pod. O6pas-
110Ba U 3eMOIMHOBA, B pe3yIbTaTe 4ero, 1o Ipe-
YMEHBIICHHBIM MOJICYeTaM, TPAHCIIOPT UMEN KO-
HOMHIO B 4,5 MitH py0mei» [25].

B npyrotii 3ametke «Hayunsie kanpst MU Ty
B razere «CTanuHe paccKa3blBaOCh O ITOATOTOB-
K€ BEICOKOKBAJIM(UIIMPOBAHHBIX KaIPOB B CUCTEME
IIOCJIEBY30BCKOTO NPOGeCcCHOHATIBHOIO 00pa3oBa-
HUS By3a, 00 ycrienHoi Hay4Hoii padore B. H. O6-
pa3moBa ¢ acnmupaHTamu. OTMedanoch, 4TO
B 1938-1939 romax mox HayqYHBIM PyKOBOJICTBOM
B. H. O0pa3uoBa 3auTHIN AUCCEPTALINH U TIONTY-
YHJIM yYEHYIO CTeNIEeHb JOKTOPa TEXHUUECKUX HayK
Bysanos, 3em0OnauHoB, Hukutun, xanauaaramMu
TexHH4Yeckux Hayk ctamu [aymsckuii 1 Ksa3ymoB
[26]. Otmeuas nocrmwxenns MUUT B nene mon-
TOTOBKH KBaJTH(UIUPOBAHHBIX KaIPOB ISl TPAHC-
MOPTHOM OTpacny cTpansl, LleHTpansHbIil 0TAET 10
noaroroke kaapo HKIIC B cBoeM pacniopsikeHHN
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ot 25 saBaps 1934 roga orMeTHn ynapHyio padboty
JyHIIel 9acTu mpodecCopcKo-TPeroaBaTeNIbCKOro
cocTaBa By3a. Cpenu MOMYYUBIINX ACHEKHYIO
npemuto B pazmepe 1000 py6ieii 6b11 1 mpodeccop
B. H. O6pa3suos [27].

B pa3H000pa3HbIX MaTepuaiaXx HHCTUTYTCKOM
razetsl «CTanuHemy akTHBHO OCBeIaach Mpemno-
JaBatenbekas nesteabHocTh B. H. O6pasiuosa. Tak,
B 1932 roxy oH BoIIEN B CIIUCOK JIYYIIUX MPEIO-
nasareneit MUNT. O0 3ToM moBeCTBYET 3aMeTKa
«Jlydiie U3 JTyqniux», Tak XapaKTepHU3yromas
ydeHoro: «3aBenyromuil kadenpoit «CraHuun
1 y31bl». KpynHblil HayqHbIH paOOTHHK JKeJIe3HO-
JOPO’KHOTO TpaHcnopTa. Mimeet okoso 50 HayuHBIX
TPYHOB B 00JIaCTH NMPOEKTUPOBAHHMS K.-1I. y3JIOB.
YnapHo BEIIOIHSET paboTy 10 3aJaHHIO 3aM. Hap-
KOMa MyTH T. biaroHpaBoBa 1Mo MPOEKTHPOBAHHUIO
craniuid Maructpanu MockBa — Jlonbacc u psaa
IPYTUX KPYHOHBIX y3J0B. SIBIseTCS aKTUBHBIM
wieHoM cekiuu Moccoseta. [Ipemupyercs bomb-
IIIOW COBETCKOM SHITMKIIOeAnei» [28].

Boapmoe pacnpoctpanenue B 1934 rony
B MUUT nonyuuno medcrBo npodeccopoB Hax
CTYJICHTaMH, B KOTOPOM CaMO€ aKTUBHOE y4acTHe
npuHs 1 npodeccop B. H. O6pasnos. B 3amerke
«KoHkpeTHOE mIe)cTBO» OCBEIIAeTCs ero padora
C ISITHIO TTO/IIE(HBIM KOMCOMOJIBI[AMH 6-1 TPYIIITBI
DKcrutyaraliioHHOTO (pakynasrera. O TOM, HACKOJb-
KO aKTUBHO IIIa 3Ta paboTa, yKa3bIBaeT aBTop 3a-
METKH, IUTHPYS U camoro npodeccopa B. H. O6-
pa3moBa, KOTOPBIH MOBTOPSJ CTYICHTaM:
«BBI TOMKHBI BBDKATh U3 MEHS BCE, UTO s 3HAIO,
TaK YTOOBI HIYETO He 0CTAJIOCh, a 5 JOJDKEH IIOMOYb
BaM B 3TomM» [29]. TIpodeccop B. H. O6pasuos
OTBETCTBEHHO IOJOIIEN K cBoeMy miedcTBy, «2
pa3a ObLI B OOIIEKUTHH, OAUH Pa3 3HAKOMUIICS
¢ OBITOM, B JPYroi pa3 MpOBOIHI TEXHHYECCKYIO
Oeceny» co cryneHTamu [29]. OH «B3su1 Ha ceds
00513aTeNHCTBO TIO3HAKOMHUTH KOMCOMOJIBLIEB C 3a-
TPaHUYHON TEXHHKOW M KyIbTYypOW TeX CTpaH,
B KOTOPBIX OH OBbLI, 1 BCEMEPHO COAEICTBOBATH
PpacIIMPEeHUI0 Kpyro3opa noamedHbIX KOMCOMOITb-
neB. Ha xaxplil BBIXOAHON J€Hb HAMEUEHBI 3KC-
KypCHH, IPOCMOTPHI MTOCTAHOBOK, KHHOKAPTHH
coBMecTHO ¢ ipo¢. O6pa3moBeM» [29].

AKTHBHO OCBelllajla HHCTUTYTCKasl razera
«CranuHeny U OOLIECTBEHHYIO AESTENbHOCTD
B. H. O6pa3uoBa. B 1934 1. on 6611 1306paH 4ieHOM
BIUK PCOCP, B 1935 rony — nerytaroM MockoB-
cKkoro coseta, B 1937 rony — nemyrarom Bepxos-
Horo CoBera CCCP 1-ro — 2-ro co3bIBOB (M30U-
paiicst oT PrummeBckoro n3ouparenbHOTO OKpyra
Caparosckoii oonactu). Tak, B 3ametke «IIpodec-
cop OOpa3noB — KaHAXUIAT B COBET IO PrHIeB-
CcKOMy H30uparenbHOMY OKpyry» [30] mucanu:
«3aBenyromuit kadhenpoit «CTaHIMH U Y3IIBI»,
opaeHoHocel, mpodeccop Braaumup Hukonaesuu
OO0pa3ioB — OIUH U3 CTApEUIINX paOOTHUKOB Ha-
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LIeTr0 MHCTUTYTA. 36 JeT paboThl B HAIIIEM HHCTH-
TyT€ — 3TO TPOMAaJHBIH IYyTh 3aMe4aTeIbHOTO
YYEHOTO, ITOCBATUBIIETO OOIBIIYIO MOJIOBHHY
JKU3HU BOCHHUTAHHUIO MOJOABIX CIIELUATHCTOBY
[30].

006 stoMm mepuosie cBoel xxu3Hu cam B. H. O0-
pasuoB BcroMuHal: «Bckope s moexan B CBOii
PrumeBckuii n3duparensHbIi okpyr CapaToBcKoi
obnactu. 51 moObIBas Ha )KENE3HOOPOXKHBIX CTaH-
LUSIX (BE/Ib IPEKE BCETO 51 — KEJIC3HOLOPOIKHHUK),
B COBX03aX M KOJIX03aX, B TOPOJax M IOCEJKax,
B IIKOJaX, Mara3uHax, OOJNBHMIAX, IOMaX Kyllb-
TYpBl, AETCKUX JO0Max. Sl 3HAKOMHJIICS C XKHU3HBIO
MOUX U30HpaTeNel, uX Hy>KIaMH U CTPEMIICHUSIMUY,
UX JKU3HEHHBIMU UHTepecamu. Bor nmepebuparo
s CBOM 3aITUCH M 3aMETKH, KacaloIuecs: Moei aerry-
TaTCKOI NesATeIbHOCTH, IPOCMATPUBAI0 CBOIO
TI0YTY, COCTABIISIIONIYIO 32 3TOT rox okojo 2000
IHICEM, U BCIIOMHHAIO 3TH NPOIIEIIINE MECSIIBL.
O 4eMm TonbKO He Mucanu MHe u3buparenu! Her,
Ka)XeTCsl, HU OJHOTO BONPOCAa B JIMYHOM, oOIe-
CTBEHHOM M TOCYIapCTBEHHOH cepe, KOTOphIi He
nHTEepecoBan Obl UX. BceMH CBOMMHU MBICISIMH
U IEPEeXUBAHUAMH, JOCTHKEHUAMH U HEyJauaMU
JENATCS OHM C JAEMyTaTOM, KOTOPOrO CUUTAIOT,
CYZsl IO OTPOMHOMY JIOBEPHIO, POJHBIM U OJIU3KUM
yenoBekoM. .. » [8, C. 27-28].

B 1935 rogy B. H. O6pas3iioB BO3IIaBHI BHOBb
co3zanHbIi HayuHo-1ccnen0BaTenbCKuii HHCTUTYT
JKEJIEe3HOIOPOXKHOIO TpaHcnopTa. Bkiiaz yueHoro
B Pa3BUTHE TPAHCIIOPTHOH OTPACIU CTPaHBI OBLI
BBICOKO OTMEYEH, B 3TOM ke roay B. H. O6pa3ios
6bu1 HarpaxaeH opaeHoM Jlennna. C 1939 rona
Bnagumup Huxonaesua O6pa3os — 1eicTBUTENb-
Hblii wien Axanemun Hayk CCCP, opranuzarop
1 OECCMEHHBIN PYKOBOJHUTEINb CEKLIMH 10 HayYHOH
paspadotke npobiiem Tpancmopta [31]. B ocHOBY
JEATETBHOCTH PyKOBOINMOI UM CEKIIMHU aKaTeMHK
OO0pa31oB MoK MPOOIEMbl HAYYHOTO KOMII-
JieKca B Pa3BHTHU CETH U paboOTHl BCEX BUIOB
TpaHcnopra. B nmocienyromnye roasl yueHsli yTod-
HSUT pa3paboTaHHbIEC UM MIPUHIUITEL B IPUMEHEHUH
K OTJEIbHBIM dKOHOMHYECKHM paiioHam CoBet-
ckoro Coroza [9, C. 11].

[TmomoTBOpHO MpomOIKATIach AesATEIHLHOCTh
B. H. O6pa3uoBa 1 Ha SKCILTyaTallMOHHOM (aKyJib-
tere MUUT, KOTOPBIN FOTOBUII HHKEHEPOB 10
OpTraHM3allMK TPy30BOH pabOThl, MEXaHU3AIUH
[IOIPY304HO-BBIIPY3HBIX OIEPALUii, 10 OpraHu3a-
LM TACCAKUPCKHX MTEPEBO30K U IO IIPOSKTHPOBa-
HUIO CTaHLUH M y310B. Bece aTu oTpacnu uMenu
OoJBIIIOE 3HAYCHHUE B pabOTE KeJe3HBIX Hopor. [t
MaKCUMAIIbHOTO 3)peKTa HCIONB30BaHMSI TEXHUKH
TPAHCIIOPTa, IS OCYIIECTBICHHS Oecrepeoii-
HOTO JIBHYKEHHSI, TSI CTPOUTENBCTBA HOBBIX XKee3-
HBIX IOPOT U PEKOHCTPYKIUHU CTapbIX TPAHCIIOPTY
OBUTH HY>XHBI KBATH(HUINPOBAHHBIE KaJphl CIie-
ruanuctoB. 3a nepuon ¢ 1917 no 1940 ron MUNUT

Beimyctun 9397 venosek. B unctutyTe paborano
36 npodeccopos, 127 nonenTos, 105 accucTeHTOB
W npernojasareneii. B uncie npodeccopoB uHCTH-
TyTa — AenyTar Bepxosaoro Cosera CCCP, akaze-
Muk-opaeHoHocern B. H. O6pasiioB, opieHOHOCIIbI-
npodeccopa b. H. Benenucos, I. M. llaxyHsHi,
B. JI. Hukonan, A. H. babuukoB, npodeccopa,
nokropa texHuueckux Hayk — I. K. Errpados,
U. P.TIpoxodres, B. 1. 3epros, H. T. Murtommx
u ap. [32].

B nauane Benukoit OTeyecTBEeHHON BOWHBI,
B okTs0pe 1941 roma, B. H. O6pa3uoB yesxaer
Ha Ypaj, B 3Bakyaunuwo. 31ech oH paboraer
B TPAHCHOPTHO# KOMHCCHUH AKaJAeMHUH HayK
CCCP, 3anumaBIieiicss n3ydeHuEeM HU3MEHEHUN
pa3MepoB Irpy30000poTa, yCTaHOBIEHUEM HEOO-
XOIMMOM MPOIYCKHOW M IIPOBO3HOI CIIOCOOHO-
CTH, YBSI3KOH KEIE3HOLOPOXKHOTO TPAaHCIOPTa
C MEX3aBOJCKUM M BHYTpu3aBoickuMm [33].
O nestenbHOcTH B. H. O6pa3iosa B 3TOT nepuo
razera «['ynok» 3a 1942 rog coobmana ciueayro-
niee: «AkaJieMUK OOJBIIYIO YaCTh BPEMEHH IPO-
BeJ Ha MPOU3BOJACTBE, 00CIIeays] TEXHOIOIHYe-
CKHU MPOLECC, AaBas KOHCYIbTALHUIO MO MPOCK-
TaM Pa3BHUTHS y3J0B, IPOBEPSs HAIPABICHUS
IPY30II0TOKOB M IpeJjiaras Mepbl K YCHIICHUIO
MpOBO3HOW crocoOHOCTH... HenaBHo rpynmna
KPYITHEHIITNX COBETCKHUX YUSHBIX BO IJIaBE C Tpe-
suneHToM Akagemuu Hayk CCCP KomapoBbIM
3aKOHYIJIAa BhIAAomuiics 1pya — «O pa3BUTUU
HapOJHOIO XO34KMCTBa Ypalla B yCIOBHAX BOM-
HBI», B KOTOPOM TEOpETHYECKHe MpoOIeMbl He-
MEJUIEHHO MOTy4all IPaKTHUECKOE pa3pelIeHue.
B pesynbrare ...0CyIIecTBICHUs] HAMEUECHHBIX
YYEeHBIMU Mep Ypaja yBeJIMYHBaeT NMUTaHHUE
(GbpoHTa, yBENMYMUBACT IPOU3BOJICTBO H IEpe-
BO3KH OpPYXKHs, 00CTIPUIIACOB, CHIPbS U TOIUIHBA
JUist OOOPOHHBIX 3aBOAOB. Tpya YYSHBIX YKpen-
JIIeT BOGHHYIO MOIIb CTpaHsbl...» [33]. 3a oty
paboTy AeBATHAIUATh AesTelleld HayKH, B TOM
yucie u akagemuk B. H. O6pasuos, B 1942 rony
norxyunnu CTaauHCKyIo pemuto | creneHu.

B roasr Benukoit OteuecTBEHHOM BOMHBI DBa-
kyupoBaH 0bu1 1 MUUT. Hayunas nesrenbHOCTh
ero kadeap npereprena u3MeHeHus. Ha HeKoTopsIx
Kadeapax ObLTH OpraHU30BaHbI TPYIIIHI IO ITPOEK-
THUPOBAHMIO BOCCTAHOBJIEHHS Pa3pyLIEHHBIX MOC-
TOB, 3[JaHUH, JKEJIE3HOAOPOXKHOTO IyTH Ha TePpPH-
TOpHH, 3aXBAaYE€HHON MpOTUBHUKOM. HayuHoi
Ppa3paboTKoii 3THX NMPOOIEM 3aHUMAITUCH AKaJIEMUK
B. H. O6pasuos u npoteccop b. H. Benenncos [2,
C. 160] 3a MHOTrONIETHHE BBIJAIOIIMECS PAOOTHI
B 00JTaCTH HAyKH ¥ TEXHUKH akanemuky B. H. O6-
pasuoBy 22 mapta 1943 roga Oblia mpucyxIeHa
Cranunckas npemus Il crenenu [3]. [TonyyenHsie
npemun B. H. O6pasnoB BHEC B GOHI 0OOPOHEI
crpanbl. B 1943 rony B. H. O6pas3iioBy Obu10 npu-
CBOCHO 3BaHHE TeHEPa-AUPEKTOPA JBUKCHHS
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I panra [9, C. 12]. B 1946 roxy oH Obu1 H30paH
nenyraroM Bepxosnoro Cosera CCCP.

B nocneBoennsrit nepuog 8 MUUT akanemuk
B. H. O6pa3uoB pa3pabarbiBail TEOPHUIO MPOITYCK-
HOW W MPOBO3HOW CIMOCOOHOCTH TPAHCIOPTA.
B pamkax TSITHIETHErO IUIaHa BOCCTAHOBIICHHUS
U Pa3BUTHS HApOAHOTO xo3siicTBa 1946-1950
roasl nepen yu€usivu MHUUT crosna 3agada no-
OuTHCS 0€3yCIOBHOTO BBHITOJHEHHUS STOTO IJIaHA
Y HEMEJUICHHOTO BHEJPEHHS 3aKOHYCHHBIX PaboOT
B ITPOU3BOAICTBO [34].

B urone 1949 rona akagemux B. H. O6pa3mos
oTMeTHs cBoii ro0miell. B razere «Cranunemny
Ob11a omyonKoBaHa orozamerka «B. H. O6pas-
1oB. K 75-neruto co nus poxaenus». B weit mox-
YepKUBaJICS OOJIBIION MPOheCCHOHABHBIN Ty Th
ydeHoro, 3a 50 jeT Hay4HOH AeATeNbHOCTU OH
Hanmcan okoio 300 HaydHBIX padot [35]. Ykazom
IIpesunuyma BepxoBHoro Cosera CCCP or
30 urons 1949 rona npodeccopa MUUT akanemuk
B. H. O6pa3uoB u 4jieH-KOppECHIOHACHT AKaJe-
muun Hayk CCCP b. H. Benenncos OblTH Harpax-
neHbl opaeHamu Jlenuna [36].

B. H. O6pa3noB ckoHuancs 28 Hos0pA
1949 rona nocine TSHKENOM U MPONOIKUTEIBHOM
6ose3nu. Bects 0 ero konunne B MUUT BcTpe-
THIH ¢ OonbIuM mpuckopoueM. B Ne 30 razerst
«Cranuneny 3a 1949 ron ObUIH OMyOIMKOBAHBI
HEKpOJIOTH OT MHHHUCTEpCTBA ITyTeH COOOMICHNS,
napTtroma u gupexuun MUUNT, a Taxke BocrioMu-
HaHHS YYCHUKOB U Kojuier yueHoro. [Ipodeccop
B. JI. HUKUTHH BCIOMHUHA O CBOEH COBMECTHOM
pabore ¢ B. H. O6pasnossim: «BriepBsie MHE IpH-
nioch ciaymars jJekuuu B. H. O6pasiosa eme
B 1922 romy, motom B 1924 u 1925 ronmax. Yxke
TOT/Ia OH MOpa)kajl NIMPOTON CBOUX B3IISIOB,
OTPOMHOU dpyIUIINEd U, TITaBHOE, HEYAEPKUMOMN
KHUIy4el dHEPrueH, CTPACTHOCTHIO B PEIICHHH
KPYIIHBIX TPAHCIIOPTHBIX Bompocos. [To3xe, Ha
MPOTSHIKCHUH JBAJIATH C JIUIIHUM JIET COBMECT-
HOU paboTel Ha Kadenpe «CTaHIUU U y3IBI»,
MEHSI He MepecTaBali BOCXHUIATh €r0 HACTOHYH-
BOCTb U CTPACTHOCTbH, IMTyOOKHH HMaTPHOTU3M
¥ OTPOMHAsI SHEPTHsl BO BCEX BHJAX €0 MHOTO-
o0pa3Hoi pestenbHOCTH. [locienHue paGoThl
Bnamumupa HukonaeBnda B 00J1aCTH KOMILIEKC-
HOW TEOPUH Pa3HBIX BUIOB TPAHCIIOPTA MOIBITO-
JKUBAIOT OONBLION MEpPUOJ ero IIOJOTBOPHOM
Hay4HOH AeATEeIbHOCTU U SBISAIOTCS CHHTE30M
MHOTHUX YaCTHBIX ITPOOIIeM, KOTOPBIE OH Pa3pelInI
Ha CBOEM XH3HEHHOM IyTH» [37].

TIpodeccop I'. T1. 'puneBuy mucain: «Brepsbie
s BCTpeTuics ¢ Braaumupom HukomaeBuuem
B 1928 roxay, 6yayuu crynearom MUUT. IlepBoe
ke 3HaKoMcTBO ¢ Brnagumupom HukonaeBuuewm,
KOTOPBIN YK€ B TO BpeMsi ObLIT OTHUM U3 KPYITHEH-
[IMX YYEHBIX TPAHCIOPTA, MOPA3UIO0 MEHS TOM
TEIJIOTOM, TOH 3a00TIMBOCTHIO, KOTOPHIC OBLIH
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CBOWCTBEHHBI €My B €T0 B3aHMOOTHOIIEHHSIX CO
cryneHTamu. Bnaaumup Hukonaesud npuctanbHO
cienuia 3a GOPMUPOBAHHEM KaKIOTO CTyIEHTa,
3amMeyaji B KaXXJOM M3 HUX HHIAMBUIYyaJIbHOE,
0COOCHHOE, YMEITO pa3BHUBasi B CTY/ICHTaX JIIOOOBb
K 3HAHHAM, HCCIIEIOBAaHUIM, 3200TIMBO HAIpaB-
JISIS1 TBOPYECKYIO MBICIb CTYJCHUYECTBA Ha pelle-
HUE BaKHEHIINX 3a/1a4, CTOSIIUX IIepe]l COLUaIH-
ctuyeckuM Tpancmoprom» [38]. JokTop TexHH-
yeckux Hayku @. U. [llaynbckuil BCnoMuHaI
0 CBOei aBaalaTUIIeTHEHW paboTe COBMECTHO
¢ B. H. O6pa3uoBeiM: «9TO ObLI BBLAAMOIIUNCS
Y Pa3HOCTOPOHHUMN yUEHBIH — TIIyOOKHH 3HATOK
Bcex BUAOB TpaHcnopTa. B. H. O6pa3noB Obu1 Ta-
JAHTIUBEHIINM HHKEHEPOM-TTPOSKTHPOBIIHKOM.
Hecmorpst Ha cBOM KoJloCcallbHbIE 3HAHUS, OH
BCerJa Y4WJICS: Ha CTaHLUAX Bell Oecelsl U co
CTPEIOYHUKAMH U COCTAaBUTEISIMHU, HA 3aBOAAX —
¢ paboYMMH U MacTepaMu, Yeprasi y HUX Iepeno-
BO¥1 ONIBIT. DTH Oecelbl ObLIIH HACTOJILKO 331y IECB-
HBIMH, 4TO 00pa3 Bmaaumupa Hukomnaesuua Ha-
BCerna coxpaHsics B mamatny» [39]. Mckioun-
TenbHas paboTOCMOCOOHOCTH, IHTY3HA3M,
YECTHOCTb, OT3bIBYMBOCTh, IPUHIUIUAIBHOCTD
Bcer/ia ObUTH OTIHMYHUTEIEHBIME YepTaMu podec-
copa B. H. O6pasuoBa. O6nanast rpomMaaHenen
SpyauIUeil B TaKOM CIOXXHOH W MHOTOTpPaHHOU
0051acTH, KaK TPAHCIIOPT CTPaHbI, SHIMUKIIONEIU-
YeCKHMH ITO3HAHUSAMU U OOraTedInuM mpakTHye-
ckuM onbiToM, B. H. OGpa3ioB ymeno nepenasai
9TH 3HAHHUS CBOUM YYCHHKAM, TOBapHIIAM MO
pabote u ctyneHTam [5].

B 1949 rony mist yBeKOBeueHHs MaMsATH 00
akanemuke B. H. OOpa3noBe ero mmeHeM ObLI
Ha3BaH JIEHUHTPAJCKUN WHCTUTYT WHKCHEPOB
KeJIe3HOAOPOXKHOTO TpaHcnopTa (HbeiHe IleTep-
OypICKUI rOCYJapCTBCHHBII YHHBEPCUTET My Tel
coobmenus Mmneparopa Anekcannpa I). B uects
TaJaHTINBOTO y4eHOro, B gekadpe 1949 ronma
pemenrnem McnonaurensHOro KomuTeTa MOCKoB-
ckoro ropozckoro CoBeTa JIenyTaToB TPYIAIIAXCS
ynuna baxmeTpeBckas Obllla IepeMMEHOBaHA
B ymuiy O6pasnosa. B wects B. H. O6pasmosa
OBLIN Ha3BaHBI YJIUIIBI B OPYTHX FOPOJax CTPaHBbI,
B TOM umcie B Yensouncke, Prumieso, MpkyTcke
u ap. K 100-netuto co nus poxxaenus B. H. O6pas-
110Ba MOCCOBET NPUHAI pellleHrue 00 yCTaHOBIIe-
HUU MEMODPHAIbHOHW JOCKH Ha JOME, TIe KU
Bnanumup Hukxonaesuu.

[IpaBUTEABCTBO BHICOKO OIEHHJIO BKJAL
B. H. O6pa3noBa B TpaHCIOPTHYIO HayKy, Ipu-
CBOMB €My IBaXXIbl 3BaHUE ynaypeara [ocynap-
CTBEHHOW IPEMUH, 32 BBIAAIOLIUECS 3aCIyTH OH
OBLIT HarpakaeH TpeMs opaeHamHu JlennHa, opre-
HoM OTedecTBEHHOW BOIHBI | cTemenu, AByMs
opnenamu Tpynosoro Kpacnoro 3uamenu, opae-
HoMm KpacHo#i 3Be3nbl u Menansamu [31]. Ilourn
50 ner cBoeii xu3uu B. H. O6pa3ios otaan
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MUUT. [TamsaTh 06 yueHOM, O IEPBOM aKaJICMHKE
TpaHcropTa OepexHO XpaHUTCS B CTEHAX YHHUBEP-
cuTeTa U B HacTosmee BpeMsa. Akagemuk Bmanu-
mup Hukormaesna OOpa3noB HaBcerja OCTaHETCS
B MaMSTH KaK IPEKPACHBIH YYUTEIb U BOCIIMTA-
TEJIb OTEYECTBEHHBIX HH)KCHEPHBIX KaJI[POB, OCHO-
BOIOJIOXKHUK HayKH O IPOEKTHPOBAHUH KEJIE3HO-
JIOPOXKHBIX CTAHIUI U y3JI0B.
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Omutpuit MAYEPET

AuToH MAYEPET

AHHOTALINA

Llenbto onucaHHo20 8 cmamee uccriedogaHusi sensemcs
doneocpoyHas (c nocnedHell yemeepmu XIX geka 0o Hacmos-
e20 8PEMEHU) OUEHKa, C Lcnomnb308aHueM Memodog cmamu-
CMUYECK020 U UCMOPUYECKO20 aHanu3a, mogapHoU cmpykmypb!
Nepeso3oK Ha Cemu OmeyYecmBeHHbIX XenesHbix 00poe, 8blsere-
Hue OCHOBHbIX MeHOeHUUL ee mpaHcghopMayuu u hopmuposaHue
Ha amoli ocHoee 8b180008 0 NepcneKmMusax pasgUMUst Xene3Ho-
OOPOXHbIX 2DY308bIX NEPEBO3OK.

IMposedeHHbIl aHanu3 NO380sUIT 8bISBUMb CNEYUGUKY Mo-
8apHoLi cmpyKmypb! xene3Ho00POXHbIX Nepego3ok 8 Pocculickoll
umnepuu, CCCP u Pocculickoll ®edepayuu U ee uaMeHeHus
8 coomeemcmeyrowue ucmopuyeckue nepuodbl. Takxe 8blise-
NIeHb! 06UjUe MeHAEHUUU USMEHEHUSI MOBapHOU cmpykmypb!
Kene3HoA0POXHbIX NEPEBO3OK 3a paccMampugaeMblil noiymopa-
8ek080li nepuod 8 yesom.

OmmeyeHo, ymo npucnocobreHue xenesHo00POXHO20
mpaxcnopma k mpaxcghopmayuu mogapHol cmpykmypbi nepe-
8030K cgudemenbcmeyem 0 8bICOKOU adanmupyemocmu Kanu-
marbHbIX 611ae ompaciiu, a 3Ha4um — 0 NEPCNEKMUBHOCMU UHBE-
cmuyull 8 pasgumue xene3Hbix 00poe.

ucmopusi mpaHcnopma.
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MpednoxeH memodonoaudeckuli nodxod Kk munonoeu3a-
Yuu mosapHoU cmpyKkmypbl PbIHKa Xene3H0O0POXHbIX nepe-
8030K, Ha OCHOBE KOMOPO20 NPOaHaNU3UPOsaHbl ee Kaye-
CMBEHHble USMEHEHUSI Ha NPOMSXEHUU paccmampueaemozo
nepuoda. YcmaHoeneHo, Yymo e koHue XIX — Hayane XX eeka
moeapHasi cmpykmypa xene3Ho00POXHbIX Nepeso3ok bbina
OusepcugpuyuposaHHoli, 3amem 4yepedosanuch cMewaHHas
U KOHUeHmpuposaHHas cmpykmypa, a 8 Ha4ane XX| eeka npe-
obnadaem KOHUeHmMpuposaHHas cmpykmypa. Takas cmpyk-
mypa denaem mpaHCNOPMHble KOMNaHUU 3a8UCUMbIMU OM
KOHBIOHKMYpbI HE6OMbWO20 Konudecmea ompacnel U ys3gu-
MbiMU 8 cnyyae ee yxyOweHus, nosmomy coenaH 8big0d
0 yenecoobpazHocmu dusepcugpukayuu mogapHol cmpyk-
mypbI Xene3HoA0POXHbIX NePEeBO30K Ha OCHOBE peasnu3ayuu
KaK MapkemuHz08bIX, MaK U MeXHUKO-MeXHOM02UYECKUX UHHO-
sayuli. Knroyegoe 3HayeHue 0111 3mo20 uMeem KIueHmoopu-
€HMUPOBAHHOE COBEPWIEHCMBOBAHUE MEXHOM0UU 2Py308bIX
Nepeso3ok U 81800 Ha PbIHOK HOBbIX MPaHCNOPMHbIX NPOOYK-
mos, npusnekamenbHbix 0N 2py308nadenbyes U ahgexkmus-
HbIX 0111 MPaHCNOPMHbIX KoMnaHud.

Kntodesnle cnosa: xene3Ho00poXHbIl mpaHcnopm, mosapHas CmpyKmypa pbiHka Xene3Ho00POXHbIX NEPEBO3OK, KOHBIOHKMYPa,
meHOeH|UU, SKOHOMUYECKast mpaHchopmayus, adanmupyemocms kanumarbHbix bniae, dueepcughukauyus, mpaHcnopmHsie npodyKml,
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BBEAEHUE

JKenesnsle JOPOTH, BBITOIHSAIOME B HALIEH
ctpane cBbitre 90 % KOMMEpPUECKOTO Irpy30000-
porta (0e3 ydeTa crienuaaIu3npoBaHHOTO TPy0o-
TIPOBOTHOTO TpaHcIopTa) [ 1], HrparoT KITF04eByIO
POIb Ha POCCUIICKOM PBIHKE TPY30BBIX MIEPEBO-
30K, & 3HAYUT — B 00ECTICYCHUH TPAHCIIOPTHBIX
MOTPeOHOCTEH OTEUEeCTBEHHBIX TOBAPOIIPON3BO-
JIuTeNeN U MoKynareyned npoaykuuu. Bemmko
3HAYEHUE JKEJIE3HBIX JOPOT AJI POCCUUCKOU
SKOHOMHYECKOW MCTOPUH TTOCIENHUX IBYX CTO-
JIeTHH, KOT/Ia SKOHOMHKA CTPAaHbI pa3BUBAIACh
B HEPa3PBIBHOM SIMHCTBE C Pa3BUTHEM JKele3-
HOZOpoXkHOTO Tpancmopta [2, C. 163]. O6ocHO-
BaHHBIM TIPE/ICTABISACTCS MHEHHE H3BECTHOTO
HCCIIEI0BATENS SKOHOMHUYECKOU nctopuu Poccun
BTOpOil monoBuHbl XIX — Hauana XX Beka
M. A. JaBb110Ba: «. .. XKene3HoqopoxxHbIe nepe-
BO3KHM — BECbMa Ba)KHBIW U SICHBIA [MOKa3aTellb
YPOBHSI pa3BUTHS HAPOIHOTO XO3SHCTBA B KaXK-
Il TaHHBIA MOMEHT BPEMEHH, IO KOTOPOMY
MOKHO CYIMTB O AHHAMHKE Pa3BUTHUS MTPOMBIIII-
JICHHOCTH Y TOPTOBIIH, ... O Pa3BUTHH PHIHKA . . ..
Kpome npodero, sxere3HOIOpOKHAS CTaTHCTHKA
TTO3BOJISICT YIIABIUBATh TAKUE N3MEHEHUS KOHB-
FOHKTYPBI IPOM3BOACTBA M PHIHKA, KOTOPHIE HE-
penKo He MPOCIIEeKUBAIOTCS IO APYTHM Macco-
BeIM HcTouHHKaM» [3, C. 753]. Dta omeHka
TTOATBEPIKIIACTCA U B PsNIEe MCCIEIOBAHHUM, BBI-
TTOJTHEHHBIX Ha MaTepHalie BTOPOH IMOJOBHHEI
XX — magana XXI Beka [4-6].

BaxxHoll xapakTepUCTUKON MaKpOIKOHOMHU-
YECKOTO Pa3BUTHA M PHIHOYHON KOHBIOHKTYPHI
SIBIISICTCSI HE TOJBKO JMHAMUKA, HO M CTPYKTYpa
JKEJIe3HOIOPOKHBIX TIepeBo30K. OHA MOXKET pac-
CMaTPHUBAThCS B PA3IMYHBIX ACTIEKTaX, HAPH-
Mep, TeorpadpuaecKoM (TI0 TPaHCIIOPTHBIM KOPH-
Jopam, HaIlpaBJICHUSIM TIEPEeBO30K) [7] mim ce-
30HHOM — I10 KBapTajxaM W Mecsnam roaa [8].
KittoueBoe 3Ha"4eHIE IMEET TOBapHAst CTPYKTypa
JKETE3HOJOPOKHBIX TIEPEBO30K — TO €CTh CTPYK-
Typa 110 poziaM IepEBO3UMBIX TOBApOB (TPY30B),
KOTOpas SBJISIETCS] OCHOBOM CErMEHTAIINH PBIHKA
TPY30BBIX JKEJIE3HOOPOKHBIX TTepeBo3ok [9, C.
77]. Criemyet HAMOMHUTD, YTO B OTEUECTBCHHOM
JKEJIE3HONOPOXKHON HayKe W MpPaKTHKE H3HA-
YalbHO IIHPOKO MCHOIB30BANUCH TMOHATHS
«IIePEBO3KH TOBAPOBY», «TOBAPHOE IBIKCHIEY,
«TOBapHBI Toe31» (a TakKe BaroH, CTaHIIHS
u np.) [10-12]. B mepumon meHTpanIn30BaHHO
IDTAHUPYEMOIT SKOHOMHKH CIIOBO «TOBap» B CO-
OTBETCTBYIOIINX TEPMHHAX YCTYIHIO MECTO
CIIOBY «TPY3» («II€PEBO3KHU TPY30BY», KTPY30BOI
Moe3», «rpy30Basi CTaHOUD» H T.1.). OqHaKo

JlaXke Torna B cepe B3auMOOTHOIICHHH JKelie3-
HOW JIOPOTH C TPY300TIPABUTENSIMH (KOTOpast
MMEHOBAJIACh KOMMepuecKoll paboTol) CoXpaHsi-
JIMCh MOHSITHSI «TOBApHAs KOHTOPa» U «TOBap-
HBII Kaccupy.

JlelicTBUTENBHO, ¢ SKOHOMHYECKOI TOYKH
3peHHs TPAHCTIOPT TIEPEBO3UT UMEHHO TOBAPBL,
00maaroIne TaAKUMH SKOHOMUIECKHMH Xapak-
TEPUCTUKAMH, KaK Ce0eCTOMMOCTh MPOU3BOI-
CTBa, PBIHOYHAS I[CHA, MOJE3HOCTH IS MOTpe-
6uterns. OT 3TUX XapaKTEePHCTHK 3aBUCAT CIIPOC
Ha TIEPEBO3KH, a TaKXKe TPeOOBaHMUS, IPEIbIB-
JsieMble TOBapPOIMPOU3BOAUTENSAMU K CPOKAM
U CTOUMOCTH TPAHCIIOPTUPOBKH CBOCH MPOTYK-
I[[MH, C KOTOPBIMHU JODKHA OBITh TApPMOHU3HPO-
BaHa TEXHOJIOT' WS IEPEBO30YHOTO TIpolLecca.

VIMEeHHO UCXOMisl M3 SKOHOMHYECKHUX, CTOU-
MOCTHBIX, XapaKTePUCTHK IPY3bI HA POCCHUCKHX
JKEJE3HBIX JOpOrax pasjielicHbl Ha TPU Tapud-
HBIX KJacca, MPUHAIIEKHOCTh K KOTOPBIM
oIpeziesIsieT ypoBeHb Tapuda Ha iepeBo3Ky [13;
14] 1, COOTBETCTBEHHO, TPOBO3HYIO IJIATY, KOTO-
PYIO 3aIUIaTHT TOBAapOBIIAIeIIel] U KOTOpast BOM-
JIET B JIOXOITBI TepeBO3UHKa. [103TOMY, HCTIOB3YsI
B HacTosIeld paboTe COBPEMEHHYIO YCTOSIB-
HIYFOCS TEPMUHOIIOTHIO («TPY3BI», «PY30BbIC
MIEPEBO3KM» U T.11.), MbI OyZIeM HMETh B BULLY, YTO
MePEBO3UMBIE YKEeJIE3HOIOPOKHBIM TPAHCIIOPTOM
TPY3bl SIBISIFOTCS TOBAPAMH, MPOH3BEICHHBIMH
JUIsl COBITA Ha PHIHKE M 00J1aJ1al0LIMMH COOTBET-
CTBYIOIIUMH SKOHOMHYECKHMH XapaKTePUCTH-
KaMH, OT MPABHJIBHOTO YYeTa KOTOPBIX JKEJe3-
HOMOPOXKHBIMH KOMITAHUSIMH 3aBUCHUT HX MO3H-
[[HOHUPOBAHHE HA PHIHKE IPY30BbIX IEPEBO30K,
3 HeKTUBHOCTD IEATENEHOCTH H JIOJITOCPOYHAS
KOHKYPEHTOCIIOCOOHOCTb.

ToBapHasi CTPYKTypa pbIHKa JKeJIE3HOI0POXK-
HBIX MIEPEBO30K BAXKHA M MHTEPECHA /IS Hayd-
HOTO aHaJIK3a TeM, YTO OHa!

— OTpakaeT CTPYKTYPY SKOHOMHKH U KOHB-
FOHKTYPY TOBaPHBIX PBHIHKOB;

— BO MHOI'OM OIIPEJEIIsIeT JOXOAHOCTh Jes-
TEBHOCTH MIEPEBO3YHKA U TEXHOJIOTHIO [IEPEBO-
30K;

— CBHJETEIBCTBYET O MPEHUMYIICCTBEHHON
CIeIMATU3AINH WK AUBEPCHOUKAIIAH JeATENb-
HOCTH JK€JIE3HOIOPOXKHOTO TPAHCIIOPTA U, B He-
KOTOPOIi CTENEHH, O €0 A0JITOCPOYHBIX NEPCIIeK-
THBaX B YCIOBHAX dKOHOMHYECKOH TpaHcdop-
MaIuH.

B psize paboT oTMEUaroTCs TaKue mpoOIeMbl
CTPYKTYPBI KEJIE3HOJOPOKHBIX TPY30BbIX Mepe-
BO30K, KaK JOMHHUPOBaHHE YIS («yIJIeleH-
TPUYHOCTBY»), CHIIKAIOIIEE YACIbHYIO JOXO-
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HOCTh IIEPEBO30K M HE KOPPEIUPYIOIIee C TII0-
OanbHBIM TpeHAoM nekapOonumzaruu [15; 16],
a TaKk)Ke CHIKeHUE Kod(duireHTa nepeBo3umMo-
CTH HEKOTOPBIX I'Py30B (1, COOTBETCTBEHHO, UX
JIOJTH B CTPYKTYPE MIEPEBO30K), CBUAETEIBCTBYIO-
mee 00 MX OTTOKE Ha KOHKYPHPYIOIIUE BHIbI
TpaHcmopTa (Tpek/ie BCEro — aBTOMOOMITBHBII)
[17].

Bce ckazaHHOE CBHIETENBCTBYET 00 akTy-
ANBHOCTH aHaJIM3a 3BOJIIOLIMY TOBAPHOH CTPYK-
TYPBI PHIHKA JKEJIE3HOOPOXKHBIX MEPEBO30OK.

Llenvio TaHHOTO HMCCIIEAOBAHUS SIBISIETCS
NPOBECHNE, C UCIOIB30BAHUEM MemoJdo8 CTa-
TUCTHYECKOTO U HICTOPHYECKOTO aHaNIN3a, J0JIro-
cpouHoro (¢ nocnenHeit yuerseptu XIX Beka J0
HACTOAIIEr0 BpEMEHH ) aHaJIM3a TOBAPHOH CTPYK-
TYPBbI [IEPEBO30K Ha CETH OTEUECTBEHHBIX JKelle3-
HBIX JIOPOT, BBISBIEHHE OCHOBHBIX M3MEHEHHI
Y TeHJCHLMH 1 (POPMUPOBaHHE Ha ITOI OCHOBE
HEKOTOPBIX BBHIBOZIOB Ha Oyayiiee.

PE3YNbTATbI
ToBapHasi CTPYKTYpa JKeJIe3HOAOPOKHbBIX
nepeso3ok B Poccuiickoii uMmnepuu

IIpennBepue 1 Ha4aIO CTPOUTENIBLCTBA JKENe3-
HBIX Jopor B Poccuiickoil uMmnepun comnpoBoX-
JIaIOCh BEChMa aKTUBHBIM JHcKypcoM [ 18], 3a-
TparuBaroIlUM pa3INyHbIe acTEeKThl ITOH 3Mo-
xanpHOU MHHOBanuu [19]. Ilpu aTom B poccuii-
ckoM uckypee 1830-x — 1860-x ronoB sxese3HbIe
JIOPOTH B aCIIEKTE UX X035 CTBEHHOI0 3HAYCHUS
paccMaTpUBaNUCh, IPEXIE BCETo, KaK CPEICTBO
TPaHCIOPTUPOBKHU CEIbCKOXO3SIMCTBEHHOM po-
JIYKLUH, B IEPBYIO O4EPEb — XJIEOHBIX IPy30B.
OpHako, HaunHasg ¢ 1870-x romos, mapagurma
Hayajaa MEHAThCA: NMPaBUTENBCTBO CTAJIO pac-
CMaTpPHUBATh KEJIE3HbIE JOPOTH KaK HHCTPYMEHT
YCKOPEHUs MHIYCTpPHAIN3allUU CTPAaHbI Yyepe3
MIPOMBIIIITIEHHBIE 3aKa3bl IJIS HYXK] XKeJIe3HOI0-
poxHoro crpoutenscTaa [20].

U neificTBUTENBHO, 3aKa3bI 1J1s1 MACIITAOHOIO
JKENIE3HOAOPOXKHOIO CTPOUTENBCTBA U JJIS HY KT
YK€ IKCIUTyaTHPOBABIIMXCS JKEIE3HBIX JOPOT,
MPOTSKEHHOCTh KOTOPBIX AMHAMHMYHO pOcCa,
okas3aynu B KoHIle XIX Beka MOIIHOE CTUMYIHU-
pymolee BO3/IEUCTBUE HA POCT JOOBIYHM YIS
n He(TH, pa3BuTHE HeTenepepaboTKH U YepHOU
METaJUTypriy, MallIMHOCTPOCHUS U METAIII000-
pabOTKH M WHBIX OTpaciieil MPOMBILIUIEHHOCTH
[21-23]. C apyroii CTOpPOHBI, 3KeJIe3HbIE JOPOTH
CHOCOOCTBOBAJIN PA3BUTHIO TIPOMBIIIEHHOCTH
Onaronapsi BHICOKOI IMPOBO3HON CIIOCOOHOCTH,
a TaKXKe PeryIIpHOCTH, TOUHOCTH, YCKOPEHHIO
Y yICIEeBICHUIO TepeBo30ok [24; 25]. C yderom
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CHUHEPTHH THX JIByX KaHaJOB CTUMYJIUPOBaHUS
MIPOMBILIJICHHOTO Pa3BUTHS CO CTOPOHBI XKeJIe3-
HBIX gopor, ¢ 1870 mo 1900 rox noObrya KameH-
Horo yrist B Poccuu Bo3pocna B 23,5 pa3sa,
HedTH — B 351 pas, xene3Hoi pyasl — B 8 pas;
BBITJIABKA YyTyHA yBEJIHUYMIACh B 8,5 pa3, mpo-
M3BOJICTBO JKeJie3a U CTalli Bo3pociio B 9,3 paza
[26]. DT0 KOpEHHBIM 00pa30M U3MEHUIIO TOBAP-
HYIO CTPYKTYPY JKEJIE3HOJOPOKHBIX IIEPEBO30K
(tabmn. 1). Eciu B 1870-¢ ro/p! B HEl JOMUHUPO-
BaJu XJeOHbIe Ipy3bl, TO K KoHIy XIX Beka Ha
IIEPBOE MECTO BBIIIEN KAMEHHBIH yroJb, Cylle-
CTBEHHO YBEJIMUUIIAChH JOJISl YEPHBIX METAJLIOB,
a 10715t He(DTSHBIX TPY30B BO3POCIIa Ha MOPSIIOK.
Crenyer OTMETHTb, YTO POCT XJICOHBIX TIEPEBO-
30K B a0COJIIOTHOM BBIPKEHUH B 3TOT MEPUOJ
OBbUI 10OCTATOYHO AMHAMUYHBIM, OHU YBEIHYH-
JIMCh IPUMEPHO BlBoe. OIHAKO YroNbHbIE Iepe-
BO3KH POCJIM BUETBEPO OBICTpEe, YeM XJieOHbIE,
a HedTsabIe TIouTH B 20 pa3 OwsicTpee [26; 27],
410 M O00YCIIOBWJIO OTMEUYEHHBIE CTPYKTYpHBIE
HU3MEHEHHUSI.

B navane XX Beka coxpaHeHUE YCKOpEH-
HOro pocTa nepeBo3ok ymis (B 3,2 pasa npu
o01IeM yBeJIUYEHUH B 2,5 pa3a) u Oosiee Me-
JICHHOTO YBEJIMYECHUS IIEPEBO30K XJIEOHBIX IPY-
30B (B 2,2 paza) [27] npuBeIH K NPOAOHKEHHIO
TEHJICHLIMI yBEIMYEeHUs! JI0JIU YIJIsl U COKpallie-
HUSI IOJIM XJIEOHBIX TPY30B. A BOT POCT IIEPEBO-
30K He(hTErpy30B CyLIECTBEHHO 3aMETHIICS: UX
00BbEMBI YBEJIMUHITUCH TOJILKO B 1,5 pasa, a 1oss
CYIIECTBEHHO COKPaTHJIACh. JTO OBLJIO CBA3aHO
€ 00LIMM CHIDKEHHEM 100bIYH HeTH B CTpaHe.
Csoero nuka B Poccuiickoit ummnepun oHa Jo-
cruria B 1901 rony, mocie vero crana cokpa-
LIAaThCS B CBSI3HM C UCTOILLEHHEM pPa3BeAaHHBIX
B TO BpEMsI MECTOPOXK/ICHHI B OCHOBHOM HedTe-
HOCHOM paiioHe cTpaHbl — bakuHCKOM — 1 Hez1o-
CTaTOYHOM KOMIIEHCALIMEeH 3a CUeT pocTa JoObI-
Yy B Jpyrux HepTeHOCHBIX paioHax [28, C.
69-70]. B uenom 3a 1900-1913 roasr mo0Obiua
He( Ty cHusmack Ha 21 % [26, C. 403]. Coxpa-
HEHHE B 9THX YCJOBUSIX BHYIIHTEIHLHOTO POCTa
JKEJIE3HOJOPOXKHBIX NEPEBO30K HEPTSIHBIX TPY-
30B (XOTS M CYIICCTBEHHO 3aMEIJIUBIICTOCS)
CBUICTEIILCTBYET 00 3(p(HEeKTUBHOM MO3UIHMOHH-
POBaHMH JKEJIE3HBIX JOPOT Ha PBIHKE TPY30BBIX
TNIepEBO30K, IJIE UX OCHOBHBIM KOHKYPEHTOM ObLI
BOJIHBIH TpaHcnopT. Jlons HedTH, HepeBO3UMOM
10 JKeJIe3HbIM Joporam, Bo3pocia ¢ 13,8 %
B 1897-1901 ronax no 47,3 % B 1913 roay [12,
C. 246]. Cnenyer OTMETHTD, YTO JIOJIS KEJIE3HBIX
JIOpOr Ha BHYTPEHHEM PbIHKE MaruCTpalbHbIX
IPY30BBIX IIEPEBO30K B 11€JIOM TaK)KE YCTOWYHNBO
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Taodauna 1

H3mMeHeHNe TOBAPHOIi CTPYKTYPBI #eJIe3HOIOPOKHBIX IePeB030K
B Poccuiickoit nmnepun, %

Haumenosanue rpy3os Tomer
1876-1878 1895-1897 1899 1913
(B cpenHem) (B cpenHeM)
Kamennsriit yrons 9,2 15,9 17,5 22,1
Hedrerpyss 0,7 7,1 6,3 3,7
UepHble METaILIbI 2.4 3,5 3,1 3,0
JlecHble CTPOUTENBHBIE MaTEPHAIIb 6,9 7,2 7,6 9,4
Jposa .. . 5,2 6,2
I'naBHbIE XE€OHBIE TPY3bI 31,9 20,4 14,5 12,9
IIpouune rpy3st 48,9 45,9 45,8 42,7
Bceero 100,0 100,0 100,0 100,0

Wcrounuku: [26; 27].

pocia: Bo Bropoii monosuHe 1870-X romoB oHa
cocrasisina 55 %, B mepsoii monmosuHe 1890-x
ronoB 65 %, aB 1913 roxy okomo 75 % [21; 29].
[Ipm »TOM Ha HOIIO MPOMBINIICHHBIX TPY30B
B 00111eM 00BEME JKEeNTe3HOAOPOKHBIX IEPEBO30OK
B 1913 rogy mpuxoamiocs 75,8 % [29, C. 189].

PocT monm xexe3HOMOPOKHBIX MEPEBO30K
¥ Ka4eCTBEHHOE N3MEHEHHE UX TOBAPHOU CTPYK-
Typsl B nocaeaneil yetseptu XIX — Hauvane
XX Beka SIBIISIOTCA 0YCHb HaIVISTHON 1 BaXKHOM
XapaKTEPUCTUKON MOJEPHHU3ALMOHHON TpaHC-
(opmanmu >koHOMUKH Poccuiickolt nMIepuH,
TIPOJIOTOM KOTOpO# cramu pedopmsl 1860-x —
1870-x TOI0OB, @ BEHI[OM — «OOJIBIIIOH 3KOHOMU-
YeCcKHid ppIBok» 1885—1914 romoB, moakperieH-
HBEIl HOBBIMH HHCTHTYIIHOHAIBEHBEIMHU pedop-
mamu [23].

ToBapHasi CTPYKTypa KeJIe3HOAOP0sKHbIX
nepeso3ok B CCCP

PaccMoTpenme CTpYKTypBI KeIe3HOI0POXK-
HbIX tepeBo3ok B CCCP nenecoobpa3Ho HavyaTh
¢ 1928 roma, HAXOMAIIErOCs «HA CTBHIKE» BOC-
cranoButenbHOTO (TMocne IlepBoit MUpoOBOI
1 TPaXXJIaHCKOH BOWH) Mepuoja M Iepruoaa
«TIEPBBIX MATHIETOK», KOTZa Hadanack QopcH-
PpOBaHHast MHLyCTPHAIN3AIMA B PAMKAX IEHTpPa-
JIN30BaHHO IJIAHUPYEeMOW »koHOMHKH [30].
XOTsl IPOM3BOACTBO U MEPEBO3KH MPORYKIHH
TeTIepb OCYIIECTBISUTUCH HE JUIS YAOBICTBOPE-
HUSl PBIHOYHOTO CIIPOCa, a JAJISl BBIIOJTHEHUS
JTUPEKTUBHBIX IDTAHOBHIX 3ananmii [29; 30], co-
XPaHSINCh MPU3HAKK TOBAPHBIX OTHOUICHUH
MEXIy TPOHU3BOIUTEISIMU HPOAYKIHH, TPY30-
TIOYYaTeNIIMI M KEJIE3HBIMHU JIOPOTaMH: OHH
OCYIIECTBIISUTH J€HEKHbIE B3aHMOPACUETHI,
(dbopMupoBamy 10XoAbl ¥ MpHOBUTE U T.1. [lo-
3TOMY, & TaKKe YTOOBI BBIJICP)KaTh €ANHBIH 1O~
XOJ] K 3asIBICHHOM TeMe Ha MPOTSHKEHHH BCETO

paccMaTpruBaeMoro IOy TOPaBEKOBOTO IEPHO/A,
MBI COXpaHSEM TEPMHH «TOBapHas CTPYKTypa
JKEITIE3HOJIOPO’KHBIX TTEPEBO30K» PUMEHHUTEIb-
HO K IIGHTPaJIM30BaHHO IUIAHUPYEMOIl 3KOHO-
MHKE, He 3a0bIBast IPH 9TOM, YTO TOBAPHBIMH 3TH
MIepeBO3KN OBIIH CKopee Mo (popMe, IeM 10 COo-
JIep KaHMIO.

Crenyer OTMETHUTD, 9TO CTPYKTYpa IEPEBO-
30K B 1928 romy HE CAMIIKOM OTIMYaIach OT
crpyktyphl 1913 roma (tabn. 2). Bonee Toro,
ITONIsT KAMEHHOTO YIUIsI CHH3WJIAach Ha 2,6 TI.IL.,
a JI0JIS IpOB BO3POCIIa HA COITOCTABIMYTO BEITH-
gAYy (2 I.11.).

B xone ueHTpanu3oBaHHO IUIAHUPYEMOU
WH]Ty CTpUAN3alnH, TIPHOPUTET B KOTOPOH OBLIT
OTAaH Pa3sBUTHIO TSHKEIOI IPOMBIIIICHHOCTH
[31, C. 782-784], cTpyKTypa KeIe3HOTOPOKHBIX
nepeBo30kK K 1950 roay nmperepnena CyImecTBeH-
HBIC M3MEHEHUS: KapAWHAIBHO BO3pOCIa JOMs
YIIIsl, CYIIECTBEHHO — PYABI, a 0N XJICOHBIX
TPy30B CHU3MIIAch Ooliee 4yeM BiBoe. Bripouewm,
9TH 3HAYNTEIbHBIE U3MEHEHHUS KaK OBl IPOIOI-
SKUIU TeHIeHINH KoHIa X1 X — Hagaira XX Beka.
[IpuHUIMTIMATEHO HOBOW TEHAEHIIUEN CTal IUHA-
MHYHBIA POCT 1071 MHHEPATIBHO-CTPOUTEIBHBIX
MarepHaioB (paHee TaKylo IPYIITY B XKeJIEe3HO-
JIOPO’KHOHM CTAaTHCTHKE BOOOIE HE BBIJEIISIIHN)
IIPU CHWKCHUU JIOJH JIECHBIX CTPOUTEIHHBIX
MarepHuaioB. DTH B3aHMOCBI3aHHBIC TPECHIBI
COXPAaHSUINCH JI0 KOHIIA COBETCKOTO TEPHOA.

B cTpykType mepeBO30K TOMJIUBHO-
SHEPreTHUECKHX rpy30B B 1950-¢ — 1960-¢ roms
Ha4aJIICh KapAWHAIbHbIEC I3MEHEHUS, CBSI3aHHbIC
¢ TpaHc(hopManueil 3HePreTHIecKoro OanaHca
CTpaHbl — CHIOKEHHEM B HEM JIOJIH YTJIS, TTOBBI-
IIIEHUEM JIOJH HE()TH ¥ T'a3a, a TAKKe Pa3BUTHEM
aTOMHOM U THApodHepreTHkH. Kerary, BecoMyro
pOJIb B 3TOH TpaHC(HOPMAIMHU CHITPa yCKOPEH-
HBIH TEPEX0] CAMHUX HKEJIE3HBIX TOPOT C IIPEUMY-
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‘fiiffi Tadauna 2
1H3: H3meHeHNne TOBAPHOIi CTPYKTYPBI #KeJIe3HOA0POoKHBbIX nepeBo3ok B CCCP, %

‘ v Haumenosanue rpy3os Tonp!

1928 1940 1950 1960 1970 1980 1990
Kamennbliit yromnb 19,5 24,5 30,6 24,8 21,2 19,6 19,2
Hedrsubie rpy3s! 5,6 5,0 52 8,0 10,5 11,3 10,1
YepHbIe METAILIBI 3,6 3,7 3,8 42 49 5,1 5,0
JlecHble CTPOHUTENHHBIC MATEPHAIIBI® 11,1 7,2 8,6 8,8 6,2 3,9 3,7
Jposa 8,2 4,0 2,3
XI1eOHbIe IPy3bI 9,9 7,8 4,7 43 3,7 3,6 3,9
Pyna Besikast 4,5 5,9 5.8 6,7 8,5 8,5 8,2
MuHepabHble CTPOUTENILHBIE MaTEPUAIIBI 12,9 18,8 18,9 22,9 23,9 25,7 29,4
(BKJIFOYAst IIEMEHT)
XuMmu4ecKkue U MUHEpAJIbHbBIC YIOOPEHUS 0,3 0,7 0,7 1,1 2,4 3,1 3,6
IIpoune rpy3st 24,4 22,3 19,5 19,2 18,8 19,2 16,9
Bcero 100,0 100,0 100,0 100,0 100,0 100,0 100,0

* C 1960 . — JlecHble rpy3sl (BKIIIOYAs APOBA).

HUcrounuxu: [29]; Tpaucnopt u cBsi3b CCCP. Craructuueckuii coopuuk. — M.: Cratucruka, 1972. — 320 c.; JKenesnsre
noporu CCCP B iudpax / CocraBurenp A. Sko6u; nox pen. 3. JI. Munmmuna. — M.: IYHXY T'ocmrana CCCP, 1935.- 189 ¢.;
CripaBouHuK 3kciutyarannontuka / [lox pen. H. A.T'ynno6una. — M.: Tpancnopt, 1971. — 704 c.; HaponHoe X03siCTBO
CCCP B 1990 r.: Craructuueckuii exxeroqauk / Tockomcrar CCCP. — M.: ®dunaHchl 1 craructuka, 1991. — 752 c.; luna-
MHKa Pa3BUTHS KeJIC3HOLOPOKHOTO TPAHCIIOPTA U MIEPCIEKTUBBI ()OPMHUPOBAHNUS HH(PACTPYKTYPBI PHIHKA: CIIPABOYHHUK /
Cocrasurenu H. I1. Tepemmna, A. B. Viikos. — M.: Tunorpadus MUNTa, 1992. — 88 c.; Tpaucnoprt u cBsi3p CCCP. Cra-

TUCTHYECKHIT cOOpHHK. — M.: [0cynapcTBeHHOE CTaTHCTHIECKOE H3/IaTenbeTBO, 1957, — 260 c.

IIECTBEHHO MAapOBOW Ha NMPEHUMYIIECTBEHHO
UEKTPUIECKYIO U TETJIOBO3HYIO TATY, Hadas-
mmiicst B 1956 romy 1, B OCHOBHOM, 3aBEpIIUB-
mmiics k Haday 1970-x ronos [32]. B Hauans-
HOM TOJIy 3TOTO Tepexona, 1956-m, xorma mapo-
Bas TATa JIOMHHHMPOBAJIA Ha KEJIC3HOJOPOKHOM
TPAHCIIOPTE, XKEJIE3HbIC JOPOTH MOTPEOIIH
oxoio 100 miH TOHH yriis, cBee 22 % Bcel
yTIeq00bIYH B CTpaHe, IPUIEM ITapoBO3HI B pe-
AIBHBIX KCIUTYaTAI[MOHHBIX YCIOBHAX MOIJIN
HCIOJIB30BaTh UMb 4-5 % SHEeprum CHxurae-
moro TorutuBa [33, C. 224]. [Tepexon Kene3HbIX
JIOPOT Ha IPOTPECCUBHBIE BU/IBI TATH BBICBOOO-
JIVJT 3TOT YTOJb VISl QJIFTEPHAaTUBHOTO, TIPHYEM
Ooree 3 PEeKTUBHOTO, HCTIOTF30BAHMS, COKPATHB
TEM CaMbIM MOTPEOHBIE MacIITaObl HApAIIUBa-
HUS yIIIeno0bau U nepeBo3ok yris. CooTBerT-
CTBEHHO, 1 IPOBO3HBIE CIIOCOOHOCTH JKENE3HBIX
JIOpOT OBIITH BBICBOOOXKIICHBI JUISI TIEPEBO3KH
WHBIX Tpy30B. bonee Toro, 3HaunTENHFHOE TTOBHI-
[ICHUE TTPOU3BOANTEIHLHOCTH T0E€3/a, JOCTHT-
HyTO€ Onaronapsi BHEIPEHHUIO HA >KEIE3HBIX
JIoporax 3J€KTPUYECKON U TEITIOBO3HOM TSTrH
¥ JpyTuX 3HAaYMMBIX MHHOBauMi [34], cymie-
CTBEHHO YBEJIWYHIIO MIPOBO3HBIE CIIOCOOHOCTH,
KOTOPBIE MOYKHO OBLITO UCIIOIB30BAaTh IS IIepe-
BO30K pa3iIM4HBIX rPy30B. BiusHue ykazanHoi
TpaHCc(OpMaLNH Ha CTPYKTYPY KEIEC3HOTOPOXK-
HBIX TIEPEBO30K MPOSBHIIOCH Yke B 1960 Toxy,
KOTJIa 10Nl KAMEHHOTO YTJISl 3HAYUTEIILHO CHU-

3WJIaCh, a A0Sl HE(PTAHBIX IPY30B, TOCTATOYHO
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crabunpHas B 1928-1950 romax, pe3ko Bo3-
pocia. DTo cTaJio Ha4YaJIoOM HOBOM TEHACHIINH,
B xoze kotopoi k 1970 romy yromab ycTymui
MIEPBEHCTBO B CTPYKTYpE MEPEBO30K MHHE-
PaIbHO-CTPOHUTEIBHBIM IPy3aM (€T0 OIS COKpa-
THIIach Hroke ypoBHS 1913 roma), a HedTsHBIE
TPY3bI BBIIIIK Ha TPEThE MECTO, OTIEPEANB JIeC-
HBIE.

CKBO3HBIMH CTPYKTYPHBIMH TEHICHIUSIMH
Ha MPOTSHKECHNH BCETO CYIIECTBOBAHMS IIEHTPa-
JIM30BAaHHO TUTAHHPYEMOH HPKOHOMHKH CTaH
MTOCTETICHHBIN POCT JTOJMN YEPHBIX METAJUIOB
1 BeChbMa JTUHAMHYHBIA POCT T0IM XUMUIECKUX
1 MHUHEPAIBHBIX ynoOpeHHH, KoTopas, Oymydn
He3HaunuTeNpHOH B mepron 1928-1950 ronos,
k 1990 romy crana conocTaBUMOH ¢ T0JeH nec-
HBIX H XJICOHBIX TPY30B.

Takum 00pa3oM, B COBETCKHUH MEpHO] TPO-
M301IJIa CYIECTBEHHAS TPaHC(HOpPMAIHS CTPYK-
TYpPBI KEITE3HOJOPOXKHBIX IEPEBO30K, HATTISIHO
OTpaXkaBIIIasi CTPYKTYPHBIE H3MCHEHHS B 9KOHO-
MHKE CTPaHBI.

ToBapHasi CTPYKTYpa KeJIe3HOA0P0sKHbIX
nepeso3ok B Poccuiickoii @enepanun
OreHKa TOBapHOH CTPYKTYPBI JKENIE3HOI0-
POXHBIX NepeBo3ok B Poccuiickoit denepannu
(Tabm. 3) BEIMONIHEHA HA OCHOBE JAaHHBIX 00
OTHpaBlIeHAH (TIOTPYy3Ke) TPy30B, KaK 1 TA0II. 2.
[Tpu 3TOM cemyeT oroBOpHUTHCS, YTO C HavdaIa
1990-x ro/10B MMOKa3aTeNn «OTIPABICHO» U «IIe-
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H3MeHeHMe TOBAPHOIi CTPYKTYPHI JKeJIe3HOTOPOKHBIX MePeBO30K
B Poccuiickoii ®@enepanuu, %

Haumenosanue rpy3os Tonst

1990 1995 2000 2005 2010 2015 2020 2022
KamenHnslii yroiab 18,1 23,9 232 21,9 223 26,7 28,4 28,7
Hedrsabie rpy3st 11,5 14,6 14,8 17,2 21,0 20,6 16,8 17,5
Pynbl MeTamnueckue 6,6 10,2 10,8 10,0 10,6 10,7 11,2 10,8
YepHble METAIIBI 5,1 5,2 6,0 5,8 6,0 5,9 53 5,4
XuMHYecKHe 1 MUHepaJbHbIe yroopenus | 3,6 3,1 3,4 3,4 3,8 42 5,0 49
MuHepaibHble CTPOUTEINIHbIE 28,8 23,5 22,0 25,4 14,6 13,1 12,6 12,8
MarepHabl (BKJIIOYas LIEMEHT)
JlecHsle rpy3bl 6,2 4,7 4,6 5,1 3,4 3,2 33 2,5
3epHO U MPOIYKTHI IEpEMOIIa 3,8 2,7 2,0 1,8 1,5 1,7 2,4 2,2
TIpouue rpy3st 16,3 12,1 13,2 9,4 16,8 13,9 15,0 15,2
Bcero 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

HUcrounuxu: [35]; Tpancnopr B Poccun: Crar. ¢6. / Tockomcrar Poccun — M., 2003. — 182 c.; Tpancnopt B Poccun. 2018:
Crar. ¢0./Poccrar. — M., 2018.— 101 c.; Tpancnopr B Poccun. 2022: Crar. ¢6./ Pocerar. — M., 2022. — 101 ¢.; O630p paboTs!
TPY30BOTO JKEJIE3HOIOPOXKHOTO TpaHcHopTa 3a 12 mecsnes 2022 r. — URL: //railsovet.ru/analytics/obzor.

PEBE3CHO» T'Py30B IMEpecTalu ObITh WACHTHY-
HBIMH, TaK KaK IEPEBO3KH UMITIOPTHBIX M TPaH-
3UTHBIX T'PY30B CTaJll YYHTHIBATHCS OCOOBIM
obpazom .

OxHako pa3HHIIA MEXIY OTHpPaBICHHUEM
1 TIEPEBO3KOH I'Py30B HE CTOJIb BEIHKA H, YTO
eme Ooiee BaXXHO, CTPYKTypa OTIPABICHUS
IPy30B XapaKTepU3yeT KaK CTPYKTypy OTede-
CTBEHHOTO IPOM3BOJCTBA, TAK M YCIIEITHOCTh
TIPUBJICUCHNS TPOTYKIIUH TE€X WIIM HHBIX OTPac-
JIe pOCCUICKON YKOHOMHKH HA KEIE3HOI0POXK-
HBII TpaHCIOPT. [103TOMY HCIIONB30BaHUE 3TOTO
TTOKa3aTeNsl OCTAETCSI METOJOIOTHYECKH KOp-
PEKTHBIM JUTS TIeTIel TaHHOTO MCCIICIOBAHMS.

B ycnoBusIxX neHTpanu30BaHHO IIAHUPYEMOU
9KOHOMHKH CTPYKTypa KEIEe3HOTOPOXKHBIX IIe-
peBo30k rpy3oB B Poccuiickoit denepanuu He-
CKOJIBKO OTJINYajach OT BCEH CETH JKEIE3HBIX
mopor CCCP, B 4acTHOCTH, OIS KAMEHHOTO
YIIISL M Py/IBI OBIIa HECKOJIBKO HIDKE, 8 HE(DTIHBIX
1 JIECHBIX TPY30B — BBINIE (CM. JaHHBIE IO
1990 romy B Tabm. 2 u 3). OgHAKO 5TH pa3nuIns
OBUTH HE BENWKH — Topsaka 1-2 m.1m., a Hau-
OornbInast 107l B CTPYKTYpE OTHPABICHUS TPH-
XOJWJIach Ha OTHH M T€ XK€ I'Py3bl: MUHEPAJIbHO-
CTPOUTEIbHBIE, KAMCHHBIN YTOJIb U HEQTIHBIC.

B pBIHOYHBIX YCIIOBUSIX TOBapHAS CTPYKTypa
KEJIE3HOJOPOKHBIX TEPEBO30K CTajla CyIIle-
CTBEHHO MEHATHCS MO]I BIMSIHUEM JIBYX ITTaBHBIX
(axropoB. [1epBbIii pakTOp — AKTUBHBIH BBIXOI
POCCHICKUX TIPOU3BOAUTENECH HA MUPOBBIE TO-
BapHBIE PBIHKH, OJlarofapsi 4eMy BO3pOC CIpoOcC

! Mlompobuee cm: [35, c. 50].

Ha SKCIIOPTHBIE TIEPEBO3KH MACCOBBIX I'DY30B
JKEJIE3HOIOPO’KHBIM TPAHCIIOPTOM H TPOHU3OIILTH
COOTBETCTBYIOIIE M3MEHEHHS CTPYKTYPHI I10-
rpy3ku. Tak, B 2022 rogy mons 3Kcropra B TO-
Tpy3Ke YepHBIX METAJUIOB cocTaBisuia 36 %,
HeTAHBIX Tpy30B npesbimana 40 %, 3epHa —
58 %, a yrs — 55 % [35]. [IpumeuarensHO, 9TO
B 2000 romy Ha SKCHOPT OBLIO OTIIPABICHO MEHEE
16 % morpysxenHoro yris [36]. Opranuzanms
TEXHOJIOTHUYECKH 3()(HEKTUBHBIX SKCIOPTHBIX
MIEPEBO30K YITIsA, CTUMYIHPYEMBIX TaKkKe U Ta-
puduoit momuTuko#t [37], cnocobcTBOBaNa
yBeM4YeHHUIO ero mo0bram [38] u, cooTBeT-
CTBEHHO, POCTY JIOJIM YIJISi B TOBApHOH CTPyK-
Type epEeBO30K, I7I€ OH BHOBB BHIIIEN HA IIEPBOE
MecTO. POCT 3KCHOPTHBIX MEpPEBO30K CIIOCO0-
CTBOBAJI TAKXXE YBEIMYEHHIO JOIH HE(TIHBIX
TPYy30B, PyAbl, YEPHBIX METAIJIOB, yIOOpeHUH
U, B TIOCJIETHEE ACCATHIIETHE — 3€PHA.

Bropoii dakTop — ycuieHue KOHKYPEHIHH
Ha TPaHCIIOPTHOM pBIHKE [39], B pe3ynbrarte
KOTOPOTO 3HAYNTENbHBIE 00BEMBI MEPEBO30K
HEKOTOPBIX IPY30B YIIUIN € JKEJIE3HBIX IOPOT Ha
JpyTue BUIBI TpaHcmopTa. Tak, COKpalleHHue
noutH BaBoe nocie 2005 roxa nonm MuHEpaib-
HO-CTPOUTENBHBIX MAaTePUaJIOB, CPEIHSSA Iallb-
HOCTh TTEPEBO3KH KOTOPHIX HEBEIHMKA, CBA3aHO
C UX YXOIOM Ha aBTOMOOWJIBHBIH TPaHCIOPT,
KOHKYPEHTOCIIOCOOHBIN B 3TOM CETMEHTE PHIHKA
[17]. B cBsi3u ¢ akTHBHBIM Pa3BUTHEM TPYOOIIPO-
BomHOTO TpaHcmopta [40; 41], sBnstomierocs
MIPAaKTHYECKH BHEKOHKYPEHTHBIM B T€X CETMEH-
TaX peIHKa EPEBO30K, HA 00CITYKMBaHUN KOTO-
peIx oH crnennanuzupyercs [9, C. 19], mons
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XneGHbie rpy3bi  =lie=MUHEpanbHbIE CTPOMTEAbHbIE MaTEPHabi

Puc. 1. U3smeHeHue donu HeKOMOPbIX 2py308 8 CMPYKMYype Kene3Ho0oPOKHbIX nepeso3ok (1876-2022 200b1*), % [cocmasneHo asmopamu].
*[lo 1913 200a - daHHbIe no cemu xene3HbIx dopoz Poccuiickoli umnepuu, 1928-1990 20db1 - CCCP, ¢ 1995 200a - Poccutickoli ®edepayuu.

He(TIHBIX IPY30B Ha JKEJIE3HOJOPOXKHOM TPaHC-
nopte, coctasisBiias B 2010 rony 21 %, 3arem
3HaYMMO CHHU3HJIACh.

Crenyer OTMETHUTD €llie OJHY Ba)KHYIO TEH-
JICHIMIO B U3MEHEHUH TOBApPHOH CTPYKTYpPHI
JKEJIE3HOAOPOXKHBIX MEPEBO30K — yBEJIUYCHHE
JIOJM TIOTPY3KH KOHTEHHEPH30BaHHBIX I'PY30B.
Ecnu B 2010 rony oHa coctasnsina b 1,6 %
[42, C. 45], To B 2022 rony npeBbicuna 3,6 %
[35]. YuuTsiBas, uTO B KOHTEHHEpaX NEPEBO3UT-
Cs1 IIMPOKasi HOMEHKJIaTypa rOTOBOM ITPOIYKILMN
(XMMHUKaThl, IPOMTOBAPhI HAPOIHOTO TOTpedIe-
HUSI, MAIIMHbI, aBTOMOOMIIN 1 KOMIUIEKTYOLIHE
u ap. [35, C. 59]), pocT monu KOHTEHHEPHBIX
MEPEBO30K BaXKEH JUISI CMSTYEHHsS CHIPHEBOU
HanpaBJIECHHOCTH CJIOXHUBIIEHCS TOBAapHOU
CTPYKTYPBI KEJIEe3HOIOPOKHBIX ITEPEBO3OK.

JoarocpoyHblie TeHAEHIINN H KaYeCTBEHHbIE
XapaKTePUCTUKH TpaHcopManun
TOBAPHOW CTPYKTYPHI KeJIe3HOTOPOKHBIX
nepeBo30K

Hapsiny c aHanu3oM TOBapHOH CTPYKTYPHI
JKEJE3HOOPOXKHBIX NEPEBO30K B OTHEIBHBIC
MepUObl HCTOPUH HAIIEH CTpPaHbl, IPE/ICTaB-
JISieT MHTEPEC BBISBICHUE OOMINX TEHACHIIUH
€e M3MEHCHHS 3a paccMaTpHBAEMBbIil MOy-
TOpaBEeKOBOW mepuoj B 1enoM. [Juas atoro
MOXXHO HMCIIOJIb30BaTh OXBaTHIBAIOIIUE BECh
9TOT MEPHOA AMHAMHUYECKHE DSIIBI, COCTOSI-
e U3 JaHHBIX COOTBETCTBYIOMIMX JIET IO
CeTH keNe3HbIX fopor Poccuiickoit umnepuy,
CCCP u Poccuiickoii ®enepanun (puc. 1).
Kak yxa3siBaercs B [43, C. 27], Takoit «IIpuH-
LU «CKJIEMBAHU CTATUCTUYECKHUX MOKa3a-
Tesneil (0COOCHHO OTHOCUTEBHBIX) B PA3HBIX
TepputopuanbHbIX rpanunnax (Poccuiickas
umnepusi, CCCP, P®), oTHOCSIIUXCS K TIEPHO-

® Mwup TpaHcnopTa. 2024. T. 22.

JaM MCTOPUHU CTPaHb» METOAOJIOTHYECKHU
OmpaBJaH.

Kaxk BugHO n3 puc. 1, pazHble rpy3bl I€MOH-
CTPUPOBAIIM Pa3IMYHBIE THITBI JOJITOCPOYHBIX
TEHJICHIINI N3MEHEHHUSI 10JIH B CTPYKTYPE HKee3-
HOZOPOXKHBIX MEPEBO3OK.

Jonst xeOHBIX IPy30B CHIKaIach MPAKTH-
YeCKH SKCIIOHEHIIMAIILHO. J{0J1s1 YepHBIX MeTal-
JIOB, IOCTaTOYHO CTaOMIIbHASI B PAMKaX OTIEJb-
HBIX TIPOMEYTKOB BPEMEHH MPOJ0JIKUTEIBHO-
cThi0 B 15-20 u Oomee JieT, B LIEJIOM 32 TOJITOpa
BEKa MMeJia TeHJCHIHIO K YMEPEHHOMY POCTY.

OtMedast oOIIyIO TEHACHIHMIO K JAWHAMHY-
HOMY POCTY JIOJH HE(QTSHBIX IPYy30B, CICIYeT
00paTUTh BHUMaHKE Ha IEPHOJIBI €€ CHIKECHUS,
pasnelnsieMble CTOJIETHEM M COMOCTaBUMBIE I10
macmradam: 1895-1913 rr. u 2010-2020 T

[IpumeuarenbHO, 4TO rpaduk U3MEHEHUS
JI0JI MUHEPAJIbHO-CTPOUTEINILHBIX TPY30B OUEHb
0JIM30K K TOW 4acTH rpaduka W3MEHEHHs OIU
KaMEHHOT'O yIJis, KOTOpasl oxBaTbIBaeT 1876—
2010 roxapl, BKJIIOYasi NEPUOBI AUHAMUYHOTO
pocTa, yMEpEeHHOTO CHU)KEHHMSI, OTUH aOCOIIOT-
HBIN U OJIMH JIOKAJIbHBIA MaKCUMYyM U, HaKOHEll,
MepUoJl CTaOMITU3aLNH TIOCIIE CHIXKEHUSI OTHO-
CHUTEJBHO JIOKAIBHOTO MakcuMyMma. J{i1st kameH-
Horo yris 510 2000-2010 roasl, a st MUHe-
paJbHO-CTPOUTENBHBIX I'py30B — 2010-2022
rofpl. Clieyer OTMETHTb, YTO €Cii aOCOJFOTHEIE
MaKCHMYyMBI JJOJM KaMEHHOTO YTJIsi U MHHE-
pPajJbHO-CTPOUTENBHBIX MaTepUalioB OJIM3KHU
(u cocramstror okoso 30 %), TO CHIKEHUE OT
MaKCHMaJIbHOTO YpPOBHS JIOJI MHHEPAJIbHO-
CTPOUTENBHBIX MaTepUaJIOB OBLIO TOpa3o 3Ha-
YHUTENbHEEe, YeM KaMEHHOTO YIJIs.

[Ipu >TOM M3MeHeHHUe ojiell KaMeHHOTO
YIS 1 MUHEPaJIbHO-CTPOUTENIBHBIX MaTepHa-
JIOB MIPOMCXOJINIIO B IPOTHBO(hA3e: pOCT JOIH
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Taoauna 4
JoarocpouHasi TpaHcdopManysi TOBAPHO# CTPYKTYPbI
NEepPEeB030K HA 0TEYECTBEHHBIX JKeJIe3HbIX 10porax

Tomer* TOP-3 rpy3os I'naswblii rpy3 Kauecrennas
HanmenoBanme Jlonsi, % | HaumenoBanne Tlons, % | XaPAKTEPHCTHKa TOBAPHOH
CTPYKTYpPBI HEPEBO30K
1876-1878 XeOHble rpy3bl 48 XiieOHble rpy3bl 31,9 CwMmenraHHas
(B cpenHeM) KamenHblit yrons

Jlecusre CTPOUTEIIbHBIC MaTCpHUaJIbl

1895-1897 XneOHbIe Tpy3bl 43,5 XJieOHbIE Ipy3bI 20,4 JlnBepcuduimpoBaHHas
(B cpenHeM) KamenHblii yrons
JlecHble cTpOUTENbHBIE MATEPUATIBI

1899 Kawmennsiit yrons 39,6 Kamennslii yrons 17,5 JlusepcuduuupoBanHas
XnebHsle rpy3sl
JlecHble CTPOHMTEIbHBIC MATEPHAIIbI

1913 KameHHsIii yroib 44,4 KameHHblii yrois 22,1 JluBepcuduurpoBaHHas
XneOHble rpy3bl

JlecHble cTpouTenbHBIE MaTEPUATIB

1928 Kawmennsiit yrons 43,5 Kamennslii yrons 19,5 JlusepcuduurpoBantas
MI/IHepaHBHBIe CTPOUTEIIbHBIC MaTCPHAJIbI
JlecHble CTPOHTENbHBIE MATEPHAIIbI

1940 KameHnHslii yrois 51,2 KameHHbIi yronb 24,5 CwMmerranHas
MuHepasbHbIe CTPOUTEIBHBIC MaTEPHAIIBI
XneGHble rpy3bl

1950 KawmenHslit yrons 58,1 Kamennslii yrons 30,6 KonuenrtpupoBanHast
MI/IHepaHBHBIE CTPOUTEIIbHBIC MaTEPHAJIBI
JlecHble CTPOHTENBHBIC MATCPHAIIbI

1960 KamenHslii yrois 56,5 KameHHblIi yromnb 24,8 CwMmerranHas
MuHepasbHbIe CTPOUTENbHBIE MaTePHAIbI
Jlecnble rpyssl

1970 MumepanbHble CTPOUTEINbHBIE MaTepuasbl | 55,5 Munepanbhbie 23,9 CmeranHas
Kawmennsiif yrone CTPOMTEIILHEIE
Hedrsausie rpysst MaTepHabl

1980 MHuHepasbHbIe CTPOUTEIIbHBIE MaTepHUalsl | 56,6 MuHepanbHble 25,7 KoHuenTpuposanHas
Kamennslit yrons CTPOUTEIIbHBIE
Hedrsnsie rpysst MaTepHaIbl

1990 MunepanbHble CTPOUTEINbHBIE MaTepuaisl | 58,7 MunepanbHbie 29,4 KonuenrpupoBanHas
Kawmennsiii yrone CTPOMTEIILHEIE
Hedrsusle rpysst MarepHabl

1995 Kawmennsiii yrone 62,0 Kamennslii yrons 239 CmernaHHast
MumepabHble CTPOUTEIIbHbIE MaTEPUAIIbI
Hedransie rpysst

2000 Kamennsrii yrons 60,0 Kamennslii yrons 23,2 CmernranHas
MuHepanbHbIC CTPOUTEIIBHBIC MaTEPHAITbI
Hedrsmbie rpysbt

2005 MuHepasbHbIe CTPOUTEINIbHBIE MaTepHUaisl | 64,5 MuHepanbHble 25,4 KoHueHnTpupoBaHHas
Kamennslit yrons CTPOUTEIbHBIE
HedTsnslie rpysst MarepHabl

2010 Kamennsrii yrons 57,9 Kamennslii yrons 22,3 CmenranHas
Hedrsansie rpy3st
MuHepabHble CTPOUTEIIbHbIE MaTEPUAIIbI

2015 Kamennslii yrons 60,4 KamenHblii yrons 26,7 KoHneHnrpupoBaHHas
Hedransie rpysst
MuHepanbHbIe CTPOUTEINBHBIE MATEPUATIBI

2020 Kamennsrii yrons 57,8 KameHHblii yromns 28,4 KonuenrpupoBanHas
HedTanslie rpysst
MumepabHble CTPOUTEIIbHBIEC MaTEPUAIbI

2022 Kamennslii yrons 59,0 KamenHblii yrons 28,7 KoHueHTprpoBaHHas
Hedransie rpysst

MHHCpaJ'ILHLIC CTPOUTECIILHBIC MAaTCPHUAJIBI

* Jlo 1913 roma — naHHBIE IO CETH KeJe3HbIX Jopor Poccuiickoi umnepnn, 1928—1990 roxst — CCCP,
¢ 1995 rona — Poccuiickoii denepanuu.
HcToyHuk: paccuMTaHo aBTOpaMHU.

OIHOTO Tpy3a CONPOBOXKIAJNCS CHUKEHHEM HapalllMBaHUS >KE€IE3HOAOPOKHBIX NEPEBO3OK
jponu apyroro. CHUXKEHUE AOIM KAMEHHOT0O MHUHEPANbHO-CTPOUTEIBHBIX MaTepHaloB.
yrias B mepuof ¢ koHna 1950-x no magana U, HaoGopoT, Bo3BpalieHNe K JTOMHHHPOBa-
1990-x romoB BBHICBOOOAMIO MPOMYCKHBIE HHIO YIS B JKEJIE3HOIOPOXKHBIX MEPEBO3KAX
CIIOCOOHOCTH W MOTPY304YHBIC pecypcehl mist  mocie 2005 roga, mo- BUANMOMY, OBLIO OJTHUM
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n3 (GaxkTopoB yxoia 3HAYUTENLHON YaCTH MX
NePEeBO30K Ha JIpyrue BUAbI TpaHCIIOpTa (aBTO-
MOOMIIBHBIN, @ TAKXKE peuHoii). Mex 1y KaMeH-
HBIM YTJIEM M MHUHEPAJIbHO-CTPOUTEIbHBIMU
rpy3aMu, NPy HAJIUYHK CYLIECTBEHHOTO KO-
HOMHYECKOTO CXOJICTBA (OTHOCHUTEJILHO HU3KasI
CTOMMOCTb CAMHUX I'Py30B U, COOTBETCTBEHHO,
HH3Kasl IOXOJHOCTh MX IEPEBO3KH), €CTh
U BaKHOE paziuuue. J[anbHOCTH MepeBO30K
KaMEHHOT'0 yIJIs CYIIECTBEHHO BBILIE CpeHEN
JaJbHOCTH, a JalIbHOCTh NEPEBO30K MHHE-
PajbHO-CTPOUTENBHBIX MaTepuajoB, HAIpPO-
THB, HeBenrka’, COOTBETCTBEHHO, KAMEHHBIH
YTOJIb TSATOTEET MMEHHO K JKEJIE3HBIM JIOpOram.
KoadduureHT ero nepeBo3MMOCTH KeJIE3HO-
JIOPO’KHBIM TPAHCIIOPTOM yke B kKoHIe XIX Be-
ka coctasysun nopazaka 70 % [12, C. 246],
a 3areM ctas Onu3ok k 100 % [44]. A mune-
PabHO-CTPOUTEIbHBIE MAaTEPHAIIbI, KAK OTME-
YaJioCh BhIIIE, B OCHOBHOM IIEPEBO3STCS B TOM
JarasoHe 1aJbHOCTH, Ille KOHKYPEHTOCIOCO-
OeH aBTOMOOMJIBHBIN TPAHCIIOPT.

B nonrocpouHoii mepcneKkTuBse eKapOoHu-
3a1usl SKOHOMHKH MOXKET TOBJIEYb CHU)KEHHE
JIOJIM YIJISL B JKEJIE3HOJOPOXKHBIX IEPEBO3Kax
[16]. MuHepaibHO-CTPOUTENBHBIE TPY3bI MOXKHO
paccMaTpHBaTh Kak «KaHIUaTa» Ha 3aMelleHHe
YTOJIBHBIX NEPEBO30K, IMOJOOHO TOMY, KaK 3TO
66110 B 1960-¢ — 1980-¢ rosp1. IT0, 6E3yCIIOBHO,
noTpedyeT COOTBETCTBYIOLIEH «HACTPOUKH»
TEXHOJIOTHH IIEPEBO30K U 0OECIICUESHUSI X BBICO-
KOH DKOHOMHYHOCTH, MO3BOJISIOLICH COYeTaTh
MPUEMJIEMBIH JUIS TPY30BIIACIIbIEB YPOBEHb
TapudoB ¢ HEOOXOAUMOI JJIsi TPAaHCIIOPTHBIX
KoMITaHuH 3()(PEKTUBHOCTHIO EPEBO3KH.

J1J151 OLIeHKH JOJITOCPOYHOMH TpaHchopMaLuu
TOBAPHOM CTPYKTYPBI )KEJIE3HOTOPOKHBIX IIepe-
BO30K IIPEJICTABIISIET MHTEPEC aHAIN3 U3MEHEHHSI
JUIUPYIOIIUX 10 00bEMY OTIPaBICHHUS IPY30B
M 3aHUMAaeMOI UMU JIOIU B 0011eM 00beEME OT-
npaeicHus (Tadi. 4).

V3MeHeHus: B cocTaBe TpeX JIMAUPYIOLINX
rpy30B, KaK BHIHO M3 TaOi. 4, MPOUCXOAMIH
MOCTETIEHHO, a POJIb [JIABHOTO T'Ppy3a 3a BCE MOJI-
TOpa CTOJIETHUS NMpHHAIJIeKala M00UYepPeHO
XJICOHBIM T'py3aM, KAMEHHOMY YINIIO M MHUHe-
PpaJIbHBIM CTPOHUTENBHBIM MaTepuaiiaM. [Ipu aTom
nocJieHue Ba rpy3a 3a nepuoj ¢ 1970 roaa no
HacTosiIee BPeMsl HECKOJILKO pa3 CMEHSUIH IpYT
Jpyra Ha NepBOM MO3ULIUH.

2 H. I1. Tepemmna, B. I'. 'anaGypua, B. A. Tokapes [u ap.].
DKOHOMHKA JKEJIE3HOJOPOXKHOIO TPaHCIOpTa / MOA Pex.
H. I1. Tepeumuoii, b. M. Jlammnayca. — M.: YMII no o6pa-
30BaHUIO Ha XK. J. TpaHcnopte, 2011. — C. 226.
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Crietyet OTMETUTh 3HAYUTEIIbHBIE KoJIeOaHH st
KaK COBOKYITHOM JIOJM TPeX OCHOBHBIX I'PY30B
(ot 39,6 % no 64,5 %), Tak ¥ IIABHOTO rpy3a
(ot 17,5 % mo 30,6 %) — B 000uX Citydasx pas-
JIM4ust OoJiee YeM 10Ty TOpaKpaTHbIe.

TpaHcnopTHbIe (Kak U TOBapHbIE) PBIHKH
OOBIYHO OLIEHMBAIOTCSI UCXOJISl U3 pacipeserie-
HUSI JI0JIeH MEX Ly PhIHOYHBIMU UTPOKaMH (IIpo-
JaBI[AMU TPAHCIIOPTHBIX yeiyr) [45, C. 57-62].
OyiHaKo AJIsl PBIHKA XKEJIE3HOJOPOXKHBIX IPYy30-
BBIX II€PEBO30K HEMEHBLINH HHTEPEC ITPEACTaB-
JISIET €ro XapaKTepUCTHKA C TOYKH 3PEHHs pac-
TIpezieieHns: J0JIel MeXay 00CIyKHBaeMbIMH
OTPACIISIMH, CITPOC KOTOPBIX PEan3yeTcsi TPaHC-
MOPTHBIMU KOMITAaHUSIMU. DTO pacrpeseneHue
MIPOSIBIISIETCSL KaK pa3 B TOBApHOM CTPYKType
PpBIHKA IepeBO30K. Eciin B Hell COBOKyIHAs 1015t
TpeX OCHOBHBIX I'py30B npesbiimaeT 50 % u npu
9TOM JI0JI TJIABHOTO Tpy3a MpeBbimaeT 25 %,
TOBapHYIO CTPYKTYPY MOXKHO OXapaKTepU30BaTh
Kak KOHLIEHTPUPOBaHHY0. B ipoTHBHOM Cityuae
(mons TOP-3 menee 50 % w 10is TIaBHOTO
rpy3a menee 25 %) — Kak JUBEpCUPHULIUPOBAH-
Hy!0. B ocTaypHBIX cilydasx TOBapHYIO CTPYK-
Typy MOXHO OXapaKTepH30BaTh KaK CMeEIIaH-
HYIO.

Kak BugHo 13 Tab:1. 4, ecau B konue XIX —
Hadajnie XX BeKa TOBapHasi CTPYKTypa KeJe3HO-
JIOPOXKHBIX MEPEBO30K ObLIa JUBEPCUBHULINPO-
BaHHOH, a 3aTeM YepeJOBAIINCh CMeIlaHHas
1 KOHLIEHTPUPOBaHHAas CTPYKTypa, To B XXI Be-
Ke KOHIIEHTPUPOBaHHAasI CTPYKTypa peodiiaiaer.
XOTst BBICOKAsi KOHLIEHTPAIMs Ha MEepeBO3Kax
OIIpeIeNICHHBIX IPY30B JaeT KEeJIE3HOAOPOIKHOMY
TPAHCIOPTY HEKOTOPHIE ITPEUMYIECTBA B IJTaHE
HaCTPOMKH TEXHOJIOTHH EPEBO30K U obecreye-
HUSI UX 9KOHOMHUYHOCTH, OHA XK€ JIeJaeT TPAHC-
MOPTHBIE KOMITAHUH 3aBUCUMBIMU OT KOHBIOHK-
Typbl HEOOJIBLIIOTO KOJIMYECTBA OTPACIIe 1 ys3-
BUMBIMH B ciiyuae ee yxyaueHus. [Toatomy
B IIEPCIIEKTHBE Lie1eco00pa3Ha AuBepcuduKarms
TOBapHOM CTPYKTYPBI XKEJIE3HOAOPOKHBIX ITepe-
BO30K.

3AKNIOYEHUE

ITonmyTopaBekoBasi Tpanchopmaiusi ToBap-
HOM CTPYKTYpPBI PBIHKA JKEJIE€3HOMOPOXKHBIX T1e-
PEBO30K OTpaXkaeT MHAYCTPUATH3ALUIO SKOHO-
MUKH U SHEPreTHYeCKUH epexosl K IpenumMyIie-
CTBEHHOMY HCIIOJIb30BAHUIO HCKOIIAEMOTO TOTI-
JMBa (CHaYaia — yris, 3aTeM, BO Bce Ooubleit
creneHu, Hedn) [46], a c cepeaunbl XX Beka —
MaciiTabHoe IepepacrpesiesieHHe MepeBo30K
MeX]ly BUIaMH TPAHCIIOPTa, CBSI3aHHOE C JIMHA-
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MHUYHBIM CTPOHUTEILCTBOM aBTOMOOMIIBHBIX J10-
por u tpybomnpoBonoB [40; 41; 44]. Ananuz
TIOKa3bIBAET, YTO [P BCEH MOCTETIEHHOCTH U3Me-
HEHUsI 3TOH CTPYKTYPBI, B AOITOCPOYHOM IIEPHO-
Jie JoNIsl TPY30B, 3aHMMABIINX B HEll Bemymue
TTO3UIUN, MOXKET CHU3UTHCA 10 HEBBICOKOTO
YpOBHA (XJIeOHBIE, JIECHBIC TPY3BI) WM JaXKe
MIPaKTHYECKH A0 HyJs (IpoBa), M HA00OpOT,
Tpy3bl, COCTaBIISIBIINE HEOOIBIIYIO JOIIO Iepe-
BO30K, MOTYT CYLIECTBEHHO IOBBICUTH CBOE
3Ha4YEHHME JUIs TPAHCTIOPTHOTO PhIHKA (HE(TSHbIE
Ipy3bl, XHMHYECKHE U MUHEpaJIbHbBIE yI00pe-
HUSL).

[IpucnocoOneHne xeae3HOAOPOKHOTO
TPaHCHOPTA K 3HAYUMbIM HU3MEHEHHSIM TOBapHOH
CTPYKTYPBI IIEPEBO30K (KOTOPBIE BIEKYT 3a CO-
001t 1 I3MEHEHHSI HAalPaBJICHUI TPy30IIOTOKOB,
1 U3MEHEHHUS TPeOOBaHUI K TEXHOJIIOTHH Iepe-
BO30K) CBUAETENBCTBYET O BEICOKOH alanTHpye-
MOCTH KaITUTAJIBHBIX OJlar OTpaciiv, a 3HAYNUT —
0 IEPCTIEKTUBHOCTH HHBECTHIINI B €€ pa3BUTHE.

OO0pamraeT Ha ce0s BHAMaHUE CTaOMIBHO
BBICOKAsI JIOJIS1 YEPHBIX METAIIOB B CTPYKTYpe
MIEPEeBO30K M YBEPEHHOE BO3BPAIIEHUE Ha POJIb
IJIABHOTO I'Py3a KAMEHHOT'O YIJIsl, BIIEPBbIE 3aHSIB-
IIeTO 3Ty MO3UIHIo ere B koHre XIX Beka. 910
CBSI3aHO HE TOJIBKO CO 3HAYUTEIBHBIM YEIbHBIM
BECOM B SKOHOMHKE CTPaHBI OTpPAaCieH, MPOu3-
BOJSIIUX COOTBETCTBYIOILYIO NMPOAYKIIHIO, HO
1 C BBICOKOW CTETEHBIO COOTBETCTBHUS TEXHO-
JIOTUYECKHX 0COOEHHOCTEH KEIEe3HOAOPOKHOTO
TPaHCIIOPTA ITOTPEOHOCTSIM OTIIPAaBUTENEH ATHX
Tpy30B.

CnoxuBiiasicst B Hayase XXI Beka KOHIEH-
TPHUpPOBaHHAas TOBapHasl CTPYKTYpa JKeJIe3HOI0-
POXXHBIX IIEPEBO30K C JOMHHUPOBAHUEM KaMEH-
HOTO YIUIS, C Y4€TOM KaK HHU3KOW JOXOJHOCTH
YTOJBHBIX MEPEBO30K AJIS KEJIE3HBIX A0por [36;
37], Tak ¥ pa3BOpaUMBAIOIIEHCS, XOTS U TTOCTE-
MIEHHO, JIeKapOOHH3aluK SKOHOMHKH [16; 46],
He sBisieTcst 3G eKTHBHON U MEepCIeKTUBHOM.
Heob6xoanma ee monrocpodnas nuBepcupuKamms
Ha OCHOBE PeaJIN3alK KaK MAPKETHHTOBBIX, TAK
M TEXHUKO-TEXHOJIOTHUECKUX WHHOBaNui [19;
47]. lpu 3TOM KITFOUEBOE 3HAYCHHUE UMEET KITH-
€HTOOPHEHTHPOBAHHOE COBEPIICHCTBOBAaHUE
TEXHOJIOTUH TPY30BBIX IEPEBO30K [48; 49]. Bax-
HYIO pOJb B JIONTOCPOYHON TuBepcHpUKaIIH
JKEJIE3HOIOPOXKHBIX IPY30BBIX TIEPEBO30K MOXKET
CBHITPaTh CO3/IaHHE Ha OCHOBE CHHTE3a MapKe-
THHTOBBIX M TEXHUKO-TEXHOJIOTHUECKUX WHHO-
BallMif, OPUEHTHPOBAHHBIX Ha Haubolee Iep-
CTIIEKTUBHBIE CETMEHTHI PBIHKA, HOBBIX TPaHC-
MIOPTHBIX HPOTYKTOB, NMPHUBIEKATEIBHBIX IS

Ipy30BJaenblieB U d(QGEeKTUBHBIX ISl TPAHC-
MIOPTHBIX KOMIIaHUH.
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3emnun A. U., Mameeesa M. A., loy E. B. AkmyanbHble
npobsieMbl MUHUMU3ayuu pPUCKO8, 803HUKalOWUX 8 C8s3U
¢ ucnonb3o0eaHuem 6ecnunomHbix asmomobunell 8 ycno-
8usiX Me2anosuca: cucmemHo-npaeosoll aHanu3s: MoHozpa-
¢us. - M.: KnoPyc, 2023. - 190 c. ISBN 978-5-406-12803-9.

Cmambs npedcmasnsem coboli peyeH3uro Ha MOHozpaghuto
«AkmyanbHble npobeMb! MUHUMU3AUUU PUCKOB, BO3HUKAIOWUX
8 C83U C UCNOMb308aHuUeM 6ecnuIomHbIX asmomobuseli 8 ycio-
8UsIX Me2anosuca: CUCmeMHo-npagoeol aHasu3y, N0020MosneH-
Hylo npedcmasumensmu Pocculickoeo yHusepcumema mpaHc-
nopma. Ommedaemcsi akmyasnbHOCMb MeMamuk, 8KITIYEHHbIX
8 codepxaHue MoHozpaghuu, WUPOMa Ux 0C8EUIEHUS, N038OSISIO-
wast pewums pssd nocmasseHHbIx 3aday. B yacmHocmu, ¢ ucnonb-
308aHUEM UHCMpPyMEHMapusi LUCMOPUKO-NPpasogoeo, koMnapa-

Mup TpaHcnopra. 2024. T. 22. Ne 1 (110). C. 142-146

becnunoTHbIe CUCTEMbI: AUHAMMKA rpaHuL
JKCnJyatalumm U nepcneKTuBbl NPaBoOBOIro
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Hean Bnaoumuposuu Xonukoe

Hncmumym 3akon00amenscmea u cpagHumenbHo20 npaso8edeHus.
npu IIpasumenscmse Poccuiickoti @edepayuu, Mocksa, Poccus.

MUBHO-NPaB0BO20 U CUCMEMHO-NPago8o20o No0x0008 npoaHanu-
3UPO8aHbI U OCMbICIIEHbI KOHUENLUU NPUMEHEHUS PUCK-OPUEHMU-
Po8aHHO20 Nodxoda 8 UHMepPecax MOHUMOPUHaa, 8U3yanu3ayuu
U 8bIpaboOMKU ynpasneHYeckux peweHul nNo MURUMU3ayuU y2po3
8 YCII0BUSAX OCYUECMBNEHUS Pa3NuU4HbIX 8UAOE OeIMENbHOCMU.
Oco60 nodyepkusaemces 3Ha4yUMOCmb NpednoxeHuti, chopmysnu-
POBaHHbIX N0 pe3ynbmamam nPos8edeHHo20 uccredosaHus,
8HedpeHuUe KOmMOopbIX N038OAUM MUHUMU3UPO8amb 3a cyem
KOMNITEKCHO20 UCNOMb308aHUS NPagosbix cpedcme pucku 3KC-
nnyamayuu becnunomHbix asmomobuneli Ha 0opozax 0bwezo
Nonb306aHUs, Ymo umeem 3HadeHue 0N obecnedeHus aghhex-
mugHocmu u 6e30nacHOCMU UX ¢hyHKLLOHUPOBAHUST, 8 KOHMeEKCMe
nompebHocmeli pa3sumus POCCULiCKOU SKOHOMUKU, OOCMUKEHUSs!
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Poccutickoli ®edepayuu 8 COBPEMEHHOM MUPE.
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pU3HCHBIE COOBITHS MOCIEIHETO IECSTHIIE-

THS, CBA3aHHBIE ¢ Aedopmanueil cucTeMbl

MHPOBOTO nopsizika [ 1-3], nepeocMbiciieHreM
ponu o0riecTBa, rocyaapcTsa u npasa [4-5], co-
CTOSTHHSI COBPEMEHHBIX MEKTyHapOAHBIX OTHOIIIE-
HUH, 9)KOHOMHUYECKHX, COLMAIbHBIX, IIPAaBOBBIX
mpo0ieM, TOSBIEHHEM HOBBIX yrpo3 Ui MUpa,
0€30MacHOCTH 1 yCTOWYHNBOTO pa3BUTHsI [6—8] po-
HCXOILIT Ha (POHE CTPEMHUTENBHOTO PAa3BUTHUS TEX-
Honoruil [9—-10], camo cymiecTBoBaHHE KOTOPBIX
Ka3aJI0Ch MOIPOCTY HEMBICIMMBIM €II€ COBCEM
HEJIaBHO.

3TO B IOJIHOM Mepe OTHOCHUTCS K OECIIMIOTHBIM
cUCTeMaM, MCIOJIb30BaHUE KOTOPBIX paHee orpa-
HUYMBAJIOCh BOCHHOU cepoii u cepoii 6e3omnac-
HOCTH, TJIaBHBIM 00Pa30M 3a CUeT HUCIIONb30BaHHSA
OCCHMIJIOTHBIX JIETaTeAbHBIX anmnapatoB [11]
1 OCCIMIIOTHBIX MOpPCKHX cucTeM [12], a Takxke
OTZIENFHBIMA MPOEKTaMHU B CEIILCKOM XO3sHCTBE,
10 DKOJIOTHIECKOMY MOHHTOPUHTY U IOCTaBKe
MEJIKHX OTIPAaBICHUH B TPYAHOLOCTYITHBIE paiio-
HBL

Cepust naHAEMUN pa3IYHbIX HH(EKIIHOHHBIX
3aboneBanuii [13—16], nHaunbonee 3HaYUMOUN U3
KOTOpbIX cTana nanaemuss COVID-19!, u amoka-
JUNTHYSCKUE CIICHAPHUH, CBSI3aHHBIC C HUMH, TO-
CIIYXKWIX JIOIIOJIHUTEIBHBIM TPUITEPOM Pa3BUTHSA
(GyTypHCTHYECKHUX TEXHOJIOTHH. becnunoTHuku
IIPEBPATUIIICEH B CIIOYKHBIE TPAHCIIOPTHBIE CUCTEMBI,
CHOCOOHBIE HOCTABIATH 3HAYUTENbHBIE 00BEMBI
II0JIE3HON Harpy3Kd Ha Cephe3HbIE PACCTOSHUS.
BecrmiotHele moe3aa, cyna U aBTOMOOWIN yxKe
[epecTaroT ObITh MpeAMETOM yauBieHus. Ha ynu-
[ax KpyIMHBIX METaIoJIICOB, B TOM 4nciie MOCKBHI,
MOSIBHITHCH POOOTHI-TIOCTABIINKHY, KOTOPBIC B IIe-
PHOA JTOKIayHa HCIOIB30BAIUCH ISl TOCTaBKU
JICKapCTB MAalMeHTaM U aHaJHM30B OT MAI[MECHTOB
B MEIHMIMHCKUE J1abopaTopuu, 3a cOOIOIEeHIEM
CaHUTAPHO-KAPaHTHHHOTO PeKHUMa B ropojax
CIICITUITH TIATPY/IbHBIC OCCIMITOTHHUKH.

Tem He MeHee, HECMOTPS Ha Bce OoJiee aKTHB-
HOE BHEApPEHHE OCCIMJIOTHBIX CHCTEM B HaIly
[IOBCEJHEBHYIO JKH3Hb, OHUM U3 HanOosee 3Ha4u-
MBIX TPOOJIEMHBIX BOIPOCOB SIBISIETCS] IPABOBOE
PperyIupoBaHIe JOITycKa K SKCTUTyaTalllHy U IToCIIe-
JyIOIIee NCTIONB30BaHMe OeCIIMIOTHEIX TPAHCTIOPT-
HBIX CPEJCTB. DTO B OOJBIIEH CTETIEHH OTHOCUTCS
K OECNUIOTHBIM aBTOMOOWJISIM KaK HMCTOYHHKY
MTOBBIIICHHON OMACHOCTH OCOOCHHO B YCIIOBHSIX
Meranojuca.

B aTo0ii cBs3U He ciy4aitHo, uto B KoHuenmuu
obecrieyeHus1 6e30MaCHOCTH AOPOKHOTO JIBHXKEHUS
C y4acTueM OeCIIIOTHBIX TPAHCIIOPTHBIX CPE/ICTB

' 3emmmun A. U., 3emimmna O. M., Kirenos M. B., Onensi-
meB O. C., XonukoB U. B. OpranuzannoHHO-IPaBOBbIE
OCHOBBI (DYHKIIMOHHPOBAHHUSI TPAHCTIOPTHOMN CHCTEMBI B yCIIO-
BUSIX CIIOKHOM SIIMAEMHOIOTHYECKOM 0OCTAaHOBKHU: Y YCOHHUK
/ otB. pen.: A. W1 3emiun, U. B. Xomukos. — M.: PYCAWHC,
2020-310 c. ISBN: 978-5-4365-6523—1.

Ha aBTOMOOMJIBHBIX IOPOTaX OOIIEro TOJIb30BaHMUS 2
0c000 OTMEUaeTCsl, YTO HOBBIC TEXHOJOTUH, BHE-
JpsieMbIe B TPAHCIIOPTHBIX CPECTBAX, MOTYT CO3-
JIaBaTh JIOTIOIHUTEIbHBIE PHCKH VIS 0€30IIaCHOCTH
JIOPOYKHOTO IBMKEHHUS, TO3TOMY 3anaueii Konmen-
LIV SIBJIICTCS MUHUMU3AIIHs KaK CyIIeCTBYIOIIIX,
TaK ¥ MOTEHIIMAIBHBIX PHCKOB B HHTEPECaX BCETO
obmrectra. [Tpu aTom orcraBanue Poccuu B BOnpo-
cax OIepaTHBHOTO M MaCCOBOTO BHEAPEHUSI BHICO-
KOABTOMaTU3UPOBAaHHBIX TPAHCHIOPTHBIX CPENICTB
B HAIIMOHAJIBHYIO TPAHCIIOPTHYIO CHCTEMY, JIeTep-
MHHHUPYETCs], HE B IOCIEAHIOI0 04epe/ib, HATMIUEM
B POCCHICKOM TIpaBe psijia KOJUTH3HHA U IPOOEIIOB,
HETaTHBHO OTPAKAIOIIIXCS Ha IPOIeccax UCIIONb-
30BaHHs MHHOBAIIMOHHBIX TPAHCIOPTHBIX TEXHO-
soruii [17]. OmHOBpEeMEHHO KpUTHYECKasi OLIEHKA
coziep KaHus IpelaraeMbIX B paMKax HOPMOTBOP-
YeCKOW MHHUIIMATUBBI PEIICHUH CBUICTEIHCTBYET
00 MX HEIOCTATOYHON HAYYHOH OCHOBATEIHHOCTH.

Pemienue 3TUX BOITPOCOB BO3MOXKHO Ha OCHOBE
OCMBICJIEHHUSI PUCKOB, BOSHUKAIOIIHUX B CBS3H
C W3MEHEHHEM NPUHIIMIIOB U MPAaBOBBIX OCHOB
cUCTeMbI o0ecrieueHrs 0e30IIacHOCTH Ha TpaHC-
MOpPTE, ¥ B MOCCAYIOINICH BhIpaOOTKE HOBBIX O/
XOI0OB K OPTaHU3aIHU JOPOKHOTO IBUKCHMS,
YYHUTHIBAIONINX IMOSIBIIEHHE HA aBTOMOOMIBHBIX
Joporax OeCHHIIOTHBIX aBTOMOOHIeil. DToMmy
u nocpsieHa MoHorpagus A. U. 3eminHa,
M. A. MargeeBoii u E. B. ['o11 « AKTyanbHbIe Ipo0-
JIeMbl MUHHMH3aIlUd PUCKOB, BO3HUKAIOLIUX
B CBSI3U C HMCIOJB30BAHUEM OECIMIOTHBIX aBTO-
MOOUJIeHl B YCIOBUSAX MEramoyiuca: CUCTEeMHO-
paBoBO# aHanu3» [ 18], u3nanuas npu puHaHCO-
BoHM monziepxke Poccuiickoro HayuyHoro ¢oHua
B paMKax HayuyHoro npoekrta Ne 22-28-20334
«IIpaBoBsIe cpencTBa obecredeHns 6e30mMacHOCTH
MCIOJb30BAHUS OCCIUIOTHBIX aBTOMOOHMIIEH
B Meraroiuce»°.

B penensupyemoii pabote, ncxozs U3 HeOOXO M-
MOCTH JOCTIDKCHHS MOCTABICHHOHN IIEJH, 3aKIIO-
YaIOIISHCs B BBIBICHUY U THIIOJIOTU3AIUH PHCKOB
obecrieueHus 6e30MacHOro HCIOIb30BaHuUs Oecu-
JIOTHBIX aBTOMOOMJIEH, a TakoKe IOATOTOBKH Ha 3TOH
OCHOBE IPEAJIONKEHUI 10 COBEPIICHCTBOBAHHIO
CHCTEMBI MIPaBOBOTO PETyIUPOBAHUS B yKa3aHHOM
cdepe B IPUHIUNUATIBHO HOBBIX YCIOBHSX, PEIIall-
sl psiI Hay4dHBIX 33]1a4. B 4acTHOCTH, C UCTIONB30-
BaHHEM HHCTPYMEHTApHs MCTOPHKO-IIPABOBOTO,
KOMITApaTHBHO-IIPABOBOTO U CHCTEMHO-IIPABOBOTO
TMOJIXONIOB IPOAHATM3UPOBAHEI U OCMBICTICHBI KOH-
HENIH TPUMEHEHHS PUCK-OPUESHTHPOBAHHOTO
IOJIXO/Ia B MIHTE€PECaX MOHUTOPHHT A, BU3YaIH3aIUH
1 BBIPAOOTKH YIIPABICHIECKHX PEIICHUIT 10 MUHH-
MH3alH{ YTPO3 B YCIOBHUSX OCYILIECTBICHHS Pa3-
JIUYHBIX BHUIOB JACATEIbHOCTH. KpUTHUYECKoe

2 VrBepikaeHa pacrnopskenueM [Ipasurenscrsa Poccuiickoit
®Deneparuu ot 25 mapra 2020 roga Ne 724-P.

3 https://rscf.ru/project/22-28-20334. Jloctym 05.12.2023.
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OCMBICJIEHHE MTapa T MaJIbHBIX OCHOB IPHMEHEHHS
PHUCK-OPHEHTHPOBAHHOTO MOAXOAa B Pa3IUIHBIX
ctepax oOMIECTBEHHOTO MPOU3BOJCTBA U COLU-
AJTBHO-2KOHOMHYECKHX OTHOIIECHHUI MO3BOJIHIO
chopMyIHUpPOBaTh U AIANTHPOBATH K MOTPEOHOCTIM
TIPOBOJIMMOTO HCCIIEIOBAHUS CHCTEMHO YIIOPSIIO-
YEHHYIO COBOKYIHOCTh TEPMHHOB U MOHATHH, HC-
MOJTB3YEMBIX B HAyYHOM 000pOTE U B HOPMOTBOpYE-
CKOH JIesITeTIbHOCTH, CBSI3aHHOM C PETyIHpOBaHUEM
OOIIECTBEHHBIX OTHONICHH, BO3HUKAIOIIUX B TIPO-
necce J0IycKka K 9KCIUTyaTalluy M ITOCIETy oMM
HCIMOJIb30BAHUEM OCCIHJIOTHBIX aBTOMOOWIICH,
YUHTHIBAIONIHX CIIENH(DUKY PHMEHEHHS PUCK-OpH-
€HTHPOBAHHOTO IOAXO0A.

IIpumeneHrne MeToAuK HOpPMaTbHO-IOTMATH-
YECKOT0 aHaJIM3a HOPM POCCHICKOTO 3aKOHOIATeb-
CTBa, CHCTEMHOE OCMBICICHHE MHCHHH YUYCHBIX,
HCCIIEIOBABIINX MPOOJIEMBI UCIIONB30BAHMS PHCK-
OPHUEHTHPOBAHHOTO IOJX0AA B UHTEPECaX MUHUMU-
3alUM yTpo3 B MIPOLIECCEe BOSHUKHOBEHUS, H3MEHE-
HUSI U TIPEKpaIleHus] O0IEeCTBEHHBIX OTHOIICHUH
B OJTHOPOJIHBIX M OJTHOBUJIOBBIX OTHOIIICHHSX OBLIO
00yCIIOBJICHO HEOOXOAUMOCTBIO BBISIBIICHHS OOTIIHX
U crenu(UUecKux XapakTepUCTHK METOJOIOTHH
PHCK-OPUEHTHPOBAHHOTO ITTOJX0a U 00ECIEeUnIIO
BO3MOKHOCTb OIIpeleNIeHHs] TPUHIUITNATIBHBIX OC-
HOB TIOCTPOCHUSI CUCTEMBI YIPABJICHHS PUCKAMU,
BO3HHUKAIOIIIMH B TIPOIIECCE IOITyCcKa K KCILTyaTa-
UM U TOCIIEAYIOIIEr0 UCIIONb30BaHs OeCIHUIIOT-
HBIX aBTOMOOMJIEH, oOecreunBaromeil BEIpaboTKy
Ha IIPaBOBOI OCHOBE YIIPAaBICHYECKUX PELICHUH 110
MHUHHMH3AIUH yTPO3 6€30MaCHOMY HUCTIONb30BAHHUIO
OeCIIIOTHBIX aBTOMOOMJICH B METaroJuce.

IIpencraBneHHas 1Mo pesynbTaraM MpOBEICH-
HOT'0 MICCTIEIOBAHFSI MOJIEIb ITOCTPOESHHS TUITOIOT -
3allU¥ PUCKOB, CBA3aHHBIX C IOSBICHHEM H BCE
Ooree IHPOKKM HCIIONB30BAHUEM Ha TOpOrax o0-
IIEr0 TOJL30BaHUS OECIMIIOTHEIX aBTOMOOHIIEH,
MOXET CIIOCOOCTBOBAaTh HE TOJBKO MOCTPOCHUIO
CHCTEMBI C JOITyCKOM M MOCIIENYIOIIIM HUCTIONB30-
BaHHEM OECHMJIOTHBIX aBTOMOOMIIEH, B TOM 4UCIIe
B YCJIOBHSIX METAIIONKCA, HO U PEIICHHIO 331291 110
BBEIPA0OTKE YNMOPSIIOYEHHON W CHCTEMHO B3aHMO-
CBSI3aHHOM COBOKYITHOCTH IPABOBBIX MEp, HAIlENICH-
HBIX Ha TIpenynpekaeHre HapyILIeHHH MopsaKa
JIOIyCKa K 9KCIUTyaTalli U UCIIOJIb30BaHUs Oecnu-
JIOTHBIX aBTOMOOWJIEH, YCTaHOBJICHHE Mep OTBET-
CTBEHHOCTH 32 HapyLIEeHHs B HCCIemyeMoi chepe
C UCIIOJIB30BAHMEM TIOTCHIMAIA PA3IUYHBIX OTPAac-
TIei TpaBa.

TpemioxxeHHbIE B MOHOTpa MU TEOPETUIECKIE
BBIBOZIBI ¥ TIPAKTHYECKUE TIPEIIIOKEHHST MOTYT TIO-
CIIyXHTh LENAM (OPMHUPOBAHUS YIOPSIOUECHHOM
CHCTEMBbI IIPABOBBIX TEPMHHOB U KATETOPHH, UCIIONb-
3yeMBIX B IIPABOBBIX aKTaX, PEryIUPYIOIIHX OTHO-
IIICHUSI, CBSI3aHHBIC C UCTIOIb30BAHHEM BBICOKOABTO-
MaTH3WPOBaHHBIX TPAHCIIOPTHBIX CPEICTB, HHTEpE-
caM onpe/ieNeHusI HalpaBleHU AaabHeN el Hayd-

®  Mwup TpaHcnopTa. 2024

HOM 1popaboTKy IpodiIeM, IMEIOIHX CYLIECTBEHHOE
3Ha4YCHHE JUIl MHHOBAIIMOHHOTO Pa3BHUTHS JKOHO-
MUK{ U TpaHcmopTa. Jleranuzamnus B poCCHIICKOM
mpaBe MPEIoKEHNH, cHOPMYITUPOBAHHBIX TIO pe-
3yJBTaTaM MPOBEACHHOTO UCCIISOBAHMS, TO3BOIUT
MHUHHMH3HPOBATh 33 CY€T KOMIUIEKCHOTO UCTIONb30-
BaHUsI MPABOBBIX CPEJICTB PUCKU DKCILTyaTal[lH
OCCMUIIOTHBIX aBTOMOOWIICH Ha JOpOrax oO0IIero
THOJIE30BaHMS, YTO IMEET 3HAUCHHUE JULS 00CCIICYCHHS
3¢ PEKTHBHOCTH U OE30MACHOCTH UX (YHKIIMOHH-
pOBaHUs, B KOHTEKCTE MOTPEOHOCTEH pa3BUTHSI
POCCHICKOM SKOHOMHKH, TOCTH)KEHHUS HAIIMOHAIIb-
HBIX IIeJIeil ¥ CTPaTernyeckoro HO3MLHOHUPOBAHMS
Poccuiickoit ®enepanuyl B COBpEMEHHOM MHUPE.

Bwmecre ¢ Tem, HeCMOTpS Ha BBICOKHI YPOBEHB
BBITIOJTHEHHOT'O MCCIIEIOBAHUS, MPEACTABISACTCS
BO3MOYKHBIM BBICKA3aTh HEKOTOPbIE KPUTHYECKHUE
3amedaHust. Bo-mepBbIX, HccneqoBaHue Obl 3HAYH-
TEJTLHO BBIUTPAJIO B CITy4Yae BKIFOUYCHHUS B HETO pe-
3yJIBTaTOB CPAaBHUTEIEHO-IIPABOBOTO aHAJIN3A 3aKO-
HOJATeIbCTBA U MPABONPUMEHUTEIBHOMN MPAKTUKH
HMHOCTPAHHBIX TOCYAAPCTB, IMUPOKO HCIIONB3YIOLINX
OeCIMIOTHBIE CHCTEMBI B CBOMX Meranonucax. W3-
Y4€HHE U TBOPYECKOE 3aHMCTBOBAHHUE IT0JIE3HOTO
3apy0eHOTO ONBITa MOXKET 000TaTHUTh OTEYECTBEH-
HYIO HayKy | IIPaKTUKY, TO3BOJIUT U30exkKAaTh MOBTO-
peHus uxX omuoOOoK. Bo-BTOPBIX, OTHENBHBIE MOJO-
JKEHUs, ChOPMYITMPOBAaHHbBIE aBTOpaMHU, HE HMEIOT
OKOHYATEITLHOT0, 3aKPBITOTO WIIH HCUEPITBIBAIOIIETO
XapakTepa, HOCAT TUIIOTETHYECKUH XapakKTep.

OpHaKo BbICKa3aHHBIE 3aMEYaHUs HOCSIT CKOpee
PpEeKOMEHIaTeNbHbIA XapaKTep U MOTYT CTaTh MOBO-
JIOM JUIsl COEPKaTEeNIbHOM HAayyHOH JUCKYCCHUH,
OOYIUTETEHBIM MOTHBOM M OCHOBOM ISl TANTbHEH-
11eii HayYHOU MPOPaOOTKH UCCIIEYeMO# MPOOIEMBI.

Kak HeOmHOKpaTHO MOAYEPKUBANIOCH, OTPED-
HOCTb B NPABOBBIX 3HAHUAX U COTPYIHHUKOB
TPaHCHOPTHOH OTPACIH, OCOOEHHO B COBPEMEHHBIX
YCIIOBHUSIX Pa3BUTHS IU(PPOBBIX TEXHOJIOT U, TOBCE-
MECTHOTO HCIIOIb30BaHUsI HCKYCCTBEHHOTO MHTEII-
JIEKTa, TPyIHO nepeoneHuTs [ 19—20]. B atoii csa3u
BBI3BIBAET MHTEPEC BO3MOXKHOCTH TOATOTOBKH Ha
OCHOBE U3JIaHHOH MOHOTpauK y4eOHBIX IPOrpaMM
B IIeJISIX 00OyYeHHs PaBOBBIM OCHOBAM JKCILTyaTa-
UM OCCIMIOTHBIX CHCTEM, IPUMEHEHUIO PUCK-
OPHEHTHPOBAHHBIX ITOIXOMOB KaK B YUPEIKICHHSIX
CpPEeIHEro ClieaIbHOro 00pa3oBaHMms, Tak U B BBIC-
X y4eOHBIX 3aBEICHUSX, B TOM YHcie B Poccuii-
CKOM YHUBEPCHUTETE TPAHCIIOPTA.

Oco00 cienyeT OTMETUTH, YTO TMOJIOKEHUS,
IpeNCTaBJIeHHbIE B MOHOTPAa(¥H, MMOTYUYHIA CBOE
OCBEILCHUE Ha CTPaHHLAX BEAYLIUX PELeH3Upye-
MBIX )KypHAJIOB, pACCMaTPUBAIOLIUX TPAHCIIOPTHO-
IIPaBOBYIO MPOOIEMATHKY U CME)KHBIE C HEll acTek-
ThI Pa3UYHBIX OTPACiedl HAY4YHOrO 3HAHUS, YTO
MIOATBEPKIAET HAYYHYIO TOOPOCOBECTHOCTD ABTO-
POB M OCHOBAaTEJILHOCTh NPECTABICHHBIX B MOHO-
rpadun BBIBOOB. Tak, LENbIA s yxKe OmyOIHKo-
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BaHHBIX aBTOpaMH MOHOTpadUH HAayYHBIX TPYHOB
HOCBSIIEHBI BOIIPOCAM TEOPETHUKO-IIPABOBOTO HCCIe-
JOBaHMs MPUHIUIUATIBHBIX TOAXOM0B K IIOCTpOe-
HHUIO CHCTEMBbI oOecriedeHrs 0e30MacHOCTH MpH
WCTIOJIb30BaHUM OECIMIOTHBIX aBroMooOuiei [21,
C. 33;22, C. 60], yTouHeHHIO Onpe/ieNIeHUs] «BBICO-
KOaBTOMAaTH3UPOBAHHOIO TPAHCIIOPTHOTO CPEZICTBAY
[23, C. 117], «<aBTOMaTN3UpOBAHHON CHCTEMBI BOXK-
nenus» [24, C. 31; 25, C. 53-54] u np., o6ocHOBa-
HHIO HEOOXOMMOCTH 3aKOHOIATEIIBHOTO 3aKperie-
HUS B Ka9€CTBE BUIIOB 00€CTIeYeHHs aBTOMAaTH3HUPO-
BaHHO CHCTEMBI BOXK/ICHHS TAKUX, KaK: IPOrpamMM-
Hoe obecriedeHne; HHPOpPMaOHHOE 00eCTIeIEeHHE;
OpraHu3alMoHHOE 00ecIIeYeHHE; IIPABOBOE 0Oece-
yenue [26, C. 147].

ABTOpBI YIENUIH CYIIECTBEHHOE BHHUMaHUE
HCCIICOBAHUIO OIBITA NMPABOBOTO 00ECIICUCHUS
BHEJPEHHS] WHHOBAIMOHHBIX TPaHCHOPTHBIX
CPEICTB Ha PA3IMYHBIX HCTOPHUYECKUX ITAIaxX pas-
BUTUS TpaHCTIOPTHOH cucTteMbl Poceuu [27, C. 8-9].

Ha ocHoBe mpuMeHEHHsI CpaBHHUTEIbHO-
[IPABOBOTO METOJIa aBTOPAMH B MPE/IIECTBYIOLINX
MOHOTpahHH HAyYHBIX MyONHKAIUAX HUCCIICIOBAH
OIIBIT IOPUINIECKOTO 3aKpeIIeHHs TTOI0XKEHUH 3a-
KOHOJATETbHbIX aKTOB Pa3BUTHIX TOCYAAPCTB, 0bec-
MIEYMBAIOIINX BHEAPEHHE 1 YKCILTYaTALHIO BHICOKO-
ABTOMATHU3HPOBAHHBIX TPAHCIIOPTHBIX CPENICTB, YTO
TI03BOJIMIIO CIIENIATh BBIBOJBI OTHOCHTENBHO CTETICHH
BO3MOKHOCTH U IIEJIECO00Pa3HOCTH MPUMEHEHHS
OIbITa YKa3aHHBIX cTpaH B Poccnn [28, C. 457; 29].

B psine pabot B mensix obecriedeHus 6ezomnac-
HOTO HWCIOJIb30BaHMsI OSCIUIOTHBIX aBTOMOOWMIIEH
aBTOpaMHU 00OCHOBaHa HEOOXOMMMOCTh 3aKperie-
HUSI OCHOB JIUIICH3UPOBAHUsI, TEXHHIECKOTO 00CITy-
JKHBAHUS, KOHTPOJISL ¥ HAJI30pa 32 JIOITYCKOM K HC-
TI0JIB30BAHMIO U DKCILTyaTalMel BEICOKOABTOMATH-
3UPOBaHHBIX TPaHCHOPTHBIX cpeacTs [30, C. 55; 31,
C. 116].

3HAYUTETHHOE YUCIIO MyOJUKAIMiA aBTOPOB
MOHOTpauu pacKpbiBaeT 0COOCHHOCTH BBICOKO-
aBTOMATH3MPOBAHHOIO aBTOMOOWIIS Kak O0OBbeKTa
aIMUHUCTPATUBHO-IIPABOBOTO PEryIHPOBaHUS
1 CpelCTBa MPUYMHEHHUS Bpesia, CONEPIKUT MPAKTH-
YeCKHe PEKOMEHJAINH 0 YCTPAHESHUIO 0aphepoB
OpTaHM3aLMOHHOTO U MPaBOBOTO Xapakrepa, Ipe-
ISITCTBYIOLIMX BHEAPEHUIO U O€3011aCHOMY HUCIIONb-
30BaHUIO TEXHOJIOTHI OECIMIIOTHOTO BOXKICHM [32,
C. 189], Borpocs! cripaBeiuBOro pactpenesicHus
HETaTHBHBIX MOCJIEACTBUI Bpena, IPHYMHEHHOTO
BCJIEZCTBUE HEIOCTATKOB BHICOKOABTOMATH3HPOBaH-
HOTO aBTOMOOUIS TAKKE BECbMa MOAPOOHO PaccMoT-
pensl aBropamu [33, C. 5].

ABTOpamu MOHOTpadHH OITyOITMKOBaHbI PAOOTBI,
HanpaBJeHHbIC HA Pa3pa0dOTKy KOHLENTYalbHBIX
OCHOB MOJIENH YNPaBICHUS] PHCKaMH, BO3HHUKAIO-
MMM B TIPOLIECCE JOMYyCKa K SKCIUTyaTaliu ¥ co0-
CTBEHHO IKCILTyaTaliy OeCIMIIOTHBIX aBTOMOOMIIEH

[33,C. 4].

B 3akmoueHHE MPEenCTaBIsETCS BO3MOXKHBIM
NOAYEPKHYTH, YTO MOHOTpadus «AKTyalbHbIE
npoOIIeMbl MUHHUMH3AIWH PUCKOB, BO3HHKAFOLINX
B CBSI3H C HICTIONTB30BaHUEM OCCITHIIOTHBIX aBTOMOOH-
Jieil B YCIIOBHSIX METaIoJNca: CHCTEMHO-IIPaBOBOH
QHAJIM3» MPEJCTABISIET COOON 3aKOHYCHHBIH CHC-
TEMHBII TPy, MOCBSILICHHBIN 3HAYUMBIM TEOPETH-
YECKUM U MPAKTHYECKUM MpobiiemMam, U 6e3yCIIOBHO
OyIeT moye3Ha JJs mperojaBaresei, HayqHbIX
U TPAKTHYECKUX PAOOTHUKOB, a TAKXKe BCEX, KTO
MHTEPEeCyeTCst BOIPOCAMH BHEAPSHUS M IKCILTyara-
U OCCIIMIOTHBIX CHCTEM.
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Ocunnes H. A. MeTogo/10rn4ecKne 0CHOBBI
YCTOWYMBOro Pa3’BHTHS JOTHCTHYECKHX Hemnei
rpy30no0ToKoB / ABTOped. AMC. .. JOKT. TEXH. HAYK. —
M.: PVYT, 2023. - 48 c.

Ilenbto quccepTallMOHHON pabOTHI SBISICTCS pa3-
paboTka METOROJIOTHYECKUX OCHOB yCTOHYHMBOTO
Pa3BHUTHS JOTHCTHYECKUX LEINeil Ipy30MOTOKOB
C HCIIOIB30BAaHUEM IPUHITUIIOB M HHCTPYMEHTOB
«3€JIEeHOI» JIOTUCTUKY [UIs 3()(EKTUBHOTO IPOJBH-
JKEHHS TPY30II0TOKOB IIPH OJTHOBPEMEHHOM CHIKCHUH
HETaTHBHOTO BO3EHCTBUS Ha OKPYKAIOIIYIO CPEy.

Pesynbrarsl AMCCEPTAMOHHOTO HCCIEAOBAHUS
HCTOJb30BaHB NPU BBHINOJHEHHN HAYYIHO-
HCCIIEI0BaTENILCKUX PaboT 1o 3akaszy [1AO «Marauro-
TOPCKUH MeTauryprudeckuii komOuuat», IIAO
«Ypamacbect» u OO0 «/leapra». 3acmymaHsl Ha
3aceaHu PernoHambHOTO CTPAaTErn4ecKoro KOMH-
TeTa, MOCBAIMIEHHOMY Pa3paboTKe CTPAaTEernu COLU-
QJIbHO-)KOHOMHYECKOTO pa3BUTHs UensOnHCKoH 00-
nactu Ha epuon 1o 2035 roxaa.

BeinonHeH aHanau3 MHPOBOTO M OTEYECTBEHHOTO
OIBbITA YIPABIEHUS TPAHCIOPTHBIMH CHCTEMaMHU
W LEMsMH IT0CTaBOK. BrIsBIEHO, YTO pocT 00BEeMOB
MIPOM3BOJICTBA U MOTPEOJICHNST HETaTUBHO OTpaka-
eTCsl Ha COCTOSTHHU OKpY)KalOIeW Cpelbl, YTO IIPH-
BEJO K YBEJIMYEHHUIO BHIOPOCOB YITIEKHCIIOTO Ta3a
¢ 23,1 mo 31,5 I'r ¢ 2000 o 2020 rr. YcraHoBICeHA
HEOOXOAMMOCTh COBEpPIICHCTBOBAHUS MOJIXO/I0B
K YIPaBIEHHUIO JOTUCTUUSCKUMH LEISIMU TPy30II0-
TOKOB JIs1 ycioBuil P®, 3aHuMaromeil uerBeproe
MecTo B Mupe 1o Beiopocam CO, u 75 mMecTo B Mupe
1o uHAeKCY 3 dexTuBHOCTH JOorucTHKK LPI.

YcTaHOBIIEHO, UTO CII0XKHOCTB YTIPABIIEHHS JIOTUC-
TUYECKUMHU LEMNSIMH TPY30IOTOKOB 3aKJII0YaeTCs:
B OTCYTCTBUH YHHUBEPCAIBHOI CHCTEMBI JIOTHCTHYE-
CKHUX IPHUHIUIIOB, 00€CIeUMBAIOIINX (POPMHPOBAHHE
OanaHca MEXIy SKOHOMHYECKOU, COITUATTBHOM U KO-
norndeckoit ycroitunBoctsio JILT'; B pa3HOOOpaznmn
TIO/IXO/IOB Ha COJIEPIKaHUE «3EJIEHBIX» PeIIeHHH, YTO
SIBJISICTCS IPUIUHON HEIOCTATOUHON CHCTEMHOCTH MX

peann3anuy B MPaKTHIECKOH JIeSITeIbHOCTH; B OTCYT-
CTBHH KOMIIIEKCHOTO ¥ CHCTEMHOTO ITOAIX0/Ia K OIICH-
K€ BCEX BHIOB JIOTHCTHYECKHX ITOTOKOB, OCHOBAaH-
HOTO Ha Y4YeTe B3aUMOCBS3M MEXIy MOKa3aTeJIsIMH
U IapaMeTpaMy MOTOKOB C IO3HIHUH KOHIETIHU
YCTOHYMBOTO Pa3BHUTHSI.

CcopmupoBaHa HOBas CHCTEMa IIPUHITUIIOB «3€-
JICHO» JIOTHCTHKU Ha OCHOBE CHHTE3a MPUHIIUIIOB
JIOTHCTUKU ¥ TPUHIUIOB YCTOHYMBOTO Pa3BUTHSL.
CoopmynupoBaHHBIE 19 IPUHINTIOB «3€JICHOI» JIOTH-
CTHKU SIBIISIIOTCSI OCHOBOH peaTi3aliiy JIeMEeHTaM:
JII uX KITFOYEBBIX, 0a3UCHBIX HITH MOIEPIKUBAIOIIIX
(YHKIUI U JOCTHXKEHUS [Ieel YCTOHYUBOTO pas-
BUTHSL.

Brimosnnena cuctemaruzarys METOI0B U HHCTPY-
MEHTOB «3€JICHOI» JIOTHCTUKY. B 0CcHOBY cucremary-
3aIUH TTOJOXKEHBI: (JaKTOPHI YCTOWYNBOTO Pa3BHTHS
JILT, a Takke Ga3UCHBIC U MOJIEPKUBAIOIITUE (DYHK-
nuu Beex anemenToB JILIT mo moctmkeHuto 1enei
ycroitunsoro pa3sutus. [Ipemnaraemas cuctema MeTo-
JIOB ¥ HHCTPYMEHTOB «3€JICHON» JIOTHCTHKU BKIIIO-
yaer 27 MeronoB u 105 mHCTpyMeHTOB, obecrnedn-
BaeT AOoCTHxeHue 13 neneil ycToMYMBOro pa3BUTHS.

Pa3paborana KOHLENIMs YCTOIYMBOTO Pa3BUTHS
JIOTHCTUYECKHX LIeNe Ipy3010ToKoB. OCHOBY KOHIIETI-
LIY COCTABIISIET Uiest (POPMUPOBAHHS OanaHca MEK Iy
SKOHOMHYECKOM, IKOJIOrMUEeCKO U COLUAIBHOM yCTOM-
yupocThio JIL[I, ocHOBaHHAs Ha HUCIOJIb30BAHUU
NPUHIXIOB, METOI0OB U MHCTPYMEHTOB «3EJIEHOI
JIOTHCTHKH, MHOTOKPUTEPHUATIEHBIX METOIOB U MOJIEIeH
NPUHATHS PELISHUI 10 yNpaBJICHUIO MapamMeTpamu
JIOTUCTUYECKHX ITOTOKOB U dneMeHToB JILIT.

ITpennoxeHa opuruHanpHas CHCTeMa MOKa3aTe-
JIe ¥ mapaMeTpoB JOTUCTUYEeCKUX MoToKoB B JILIT,
BKJIIOYAIONIAsl MATh TPYII NapaMeTPoB (3KOHOMHUE-
CKH€, SHEPro-9KOJIOTHUECKHE, KAUECTBA, CTATUCTHYE-
CKHe U ynpasisieMble) 1 15 nmoka3zarenei. OcoOeHHO-
CTBIO TIpE/UIaraeéMoil CUCTEMBI SIBIA€TCs OLIEHKa He
oTaenbHbIX 3neMeHToB JILI, a koMIuIekCHas oLeHKa
JIOTUCTUYECKHUX MOTOKOB Ha COOTBETCTBHE acleKTaM
KOHIIEMIMH yCTOIYNBOTO Pa3BUTHS 1 3)PEKTHBHOCTH
ynpasnerus JILIL.

Pa3paboTana MeTOAMKa ONpPENENICHUS BECOBBIX
K03 HULHEHTOB MapaMeTPOB U IOKa3aTeneil Joruc-
TH4eckux notokoB B JILII. OCHOBY METOMKH COCTaB-
JISIET UJEsl CPABHEHUS PE3YIbTaTOB HCIIOIb30BAHUS
Pa3IHYHBIX MHOTOKPUTEPHUAIIBHBIX METOJIOB B3BEIIN-
BaHUS JJIsI ONpeJIeNIeHNs Beca MoKa3arelel JoruCcTH-
YeCKUX IIOTOKOB C UCIIONIb30BaHUEM HeueTkoil (Fuzzy),
cepoit (Grey) u Tpaauuuonuoi (Crisp) HIKajsl
OLIEHKU. DTO TO3BOJUT BBIMOJIHATh KOMIUIEKCHYIO
JIByXypOBHEBYIO OIIEHKY MOKa3aTesel TOTUCTHIECKUX
notokoB B JILIT, onpenensaTs B3auMOCBSA3H KaK MEKIY
TPYNIaMH HapaMeTPoB, TAK U MEXKIY MOKa3aTeIIMH
JIOTUCTUYECKHUX MOTOKOB, OIIEHUBATh CUITY BIUSHUS
mapameTpoB ([IoKa3aTeseil) Ipyr Ha Apyra U B UTOTE
OTpENeNATh BEC KaXI0ro mapameTpa (Ioka3zaTess)
JorucTudeckoro noroxa B JILIT.
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Ipennoxena cucrema U pa3paboTaHa METOAUKA
KOMITJIEKCHOM OLICHKU M paH)KUPOBAHNS TTOKa3aTeseH
JIOTUCTUUYECKHUX LIETIEH TPYy30M0TOKOB C UCIIONb30Ba-
nuem Metoa DEMATEL. Mcnonb30BaHre METOIUKHA
TIO3BOJIUT MOBBICHTH KAaU4€CTBO OLEHKH COCTOSHHS
Tpy30I0TOKOB Ha cooTBeTcTBUE L[V P ¢ 1enbio noBsI-
meHus YQQEeKTHBHOCTH YIPaBICHIECKUX PEIICHUI
10 BEIOOPY U HCIIOJIL30BAHNUIO HHCTPYMEHTOB «3eJIe-
HOM) JIOTUCTUKHU.

Pa3zpabGoTana MHOTOKpHTEpHanbHAs MOJEIb
ouenku anementoB JILT npu popmupoBanuu crpare-
ruu ycroiuusoro pa3sutus JILI. Moxens ocHoBaHa
Ha HCIOJIb30BaHUH KOMOMHAINE MHOTOKPUTEPHAITh-
HbIX MeTos10B DEMATEL, BWM-SAW B couerannu
¢ IpHUOIN3UTEIHHBIMI MHTEPBAIBHBIMH YUCIAMU
n STEEP-ananuzom. PesyneraroM ncnonab3oBaHus
MOJIENN SIBJIIOTCS PAHXXMPOBAHHE YIPABICHUECKUX
pemenuii (ONTUMHU3AIMOHHBIX, KOHCTPYKTUBHBIX,
U3MEHEHNUE NPUHIINIIOB MY U3MEHEHNE CUCTEMBI) 1JIs
Becex anementoB JILT nmox Biustanem STEEP-dakTo-
PpOB (COIHMATBHBIX, TEXHOIOTUYECKUX, IKOHOMHUYE-
CKHX, 9KOJIOTHYECKUX ¥ OJIUTUUCCKHX).

Pazpaborana xomOuaupoBannass MCDM-monens
PaHKHPOBaHUSI METOJIOB M MHCTPYMEHTOB «3€JIEHOI
noructuky B JIIT ¢ yueToM UX BIMSHKSA HA TApaMETPbL
u nokaszarenu JILII u noctmxenus neneit ycrouu-
BOTO pa3BUTHs. PamkupoBaHe METOIOB U HHCTPYyMEH-
TOB «3€JIEHOM JIOTHCTUKH OCHOBAaHO Ha KOMILJIEKCHOM
HCTIONB30BAaHUH MHOTOKPUTEPHAIIBHBIX MOJIETIEH Mpu-
HSTHS YIIPaBJICHIECKIX PelleHni. Pe3ynbrare! neromis-
30BaHUs 14 MHOTOKPHTEPHATIBHBIX MOICIICH MTOKA3aIH
BBICOKYIO COIJIACOBAHHOCTb (PAHTOBBII KOA(dHUIIHEHT
Crmmpmena B cpeqaeM cocrami 0,689-0,919). Hau-
0ostee coracoBaHHBIMU SABIISTIOTCS MeTOII WASPAS,
MABAC, MARCOS, MAIRCA, SAW u COPRAS.
HammMenee cormacoBaHHBIMHU SBISIIOTCS METOJBI
CoCoSo, PROMETHEE, VIKOR u CODAS.

Pazpaborana Maremarndeckast MOZIEITb OTIpEieIie-
HHS ONITUMAJIEHON KOMOHHAIIMHM HHCTPYMEHTOB «3€JIe-
HOW» JIOTUCTHKH JJISl UX NPUMEHEHUsI dJIeMEHTaMH
JIOTI" ¢ yueToM MMEIOIIUXCS MAaTepHaIbHBIX, (pUHAH-
COBBIX, HH()OPMAIIHOHHBIX PECYPCOB U PECYpPCOB
yciryr. OKOHYaTeIbHOE pelleHHe 0 peaTn3aluy
KOHKPETHOTO MHCTPYMEHTA «3€JI€HOI» JTOTHCTHKH
M OIpe/ielieHHe ero ONTHMAJIbHBIX ITapaMeTpOB BbI-
TIOJTHSETCSI C UCTIOIB30BaHNEM pa3pabOTaHHOM MaTe-
MaTH4eCKON MOJIENIN IMHEHHOTO MPOrpaMMHUPOBAHUS
I'pest, mo3Bossitonelt 0OeCIEYnTh THOKOCTD, HAJIEK-
HOCTh M TOYHOCTh OICHKH B YCIOBHSAX HEIOCTaTKa
U HETOYHOCTU MH(POPMALUK O MOJEIUPYEMBIX 00b-
eKTax.

VYcraHoBeHa 3aBUCHMOCTD MOBBIILICHUS I deKTa
OT peajn3alii HHCTPYMEHTOB «3€JIEHOM) JTOTUCTHKN
OT U3MEHEHH IONH 3aMaca JOTHCTHIECKHX PECYPCOB.
IlepepacnpesnenenHne 0K 3aacoB JIOTHCTUYECKUX
PeCypCOB Ha peai3aIiio HHCTPYMEHTOB B IpeJiesiax
7,5-15 % mo3BOISIET OCTHTHYTh MAaKCHMAaJIbHOTO
a¢dekra oT peanuzanuu HHCTpyMeHTOB B JILIT.

Mup TpaHcnopTa. 2024
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[IpennoxeHa MEeTOAWKA yNpaBICHUS MapaMeT-
paMHu JJIOTUCTHIECKHX IIeMel rpy30M0TOKOB JIJIsl JOCTH-
SKeHUS I1eJIel yCTOHYMBOTO pa3BUTHS, OCHOBAaHHAS Ha
uaeHTuUKaMH napaMeTpoB U mokaszareineit JILIT,
MIOCTPOCHUH HEYETKOW MOJENIM B3aWMOCBSI3H Iapa-
meTpoB U nokasarenei JILI, onenke ycroiunBocTu
JIUTI m npuHsTHS peleHunil o BEIOOpY U peain3alui
HHCTPYMEHTOB «3€JICHOW» JIOTUCTHKH IS TIPHBEJie-
HHS yIPaBIEMbIX TAPaMETPOB JIOTHCTHYECKHUX ITOTO-
KOB B COOTBETCTBUH C TPeOyeMBIMH 3HAYCHHUSIMH
1 eJISIMH YCTOWYMBOTO Pa3BHUTHSL.

IIpencTraBneHsl MpUMepsl peanu3aluu HHCTPY-
MEHTOB «3€JIEHOID» JIOTUCTHKHY TPEX THIIOB yIIPaBJIeH-
YEeCKUX PEIIeHUH Ul TPAHCTIOPTHBIX U TOPHOAOOBI-
BAIOMIMX NPEANPHUATHN: ONTUMHU3ALMOHHBIX, KOH-
CTPYKTUBHBIX U M3MEHEHHE IPHUHIUIOB PabOTHI.
Peanuzanus HHCTPYMEHTOB «3€JIE€HON)» JIOTHCTHKH
M03BOJIMJIA MOBBICUTH KOMILUIEKCHBEIH IOKa3aTelb
ycroitunBocTH B cpeanem ¢ 0,39 no 0,48, sxoHOMH-
geckyto s pexTuBHOCTD Ha 8,69-10,77 %, sx0N0TH-
4eckyro 3¢ ¢dekTuBHOCTS Ha 7,67-9,42 %, conunains-
Hyto 3dexTuBHOCTD Ha 8,47-10,5 %.

OCHOBHBIE TIOJIOKEHUSI M Pe3YJIBTaThl AUCCepTa-
IHOHHOTO HUCCIIEAOBAHMS PEKOMECHYETCSI HCIIOIb30-
BaTh (heiepaIbHBIM ¥ PErHOHAIBHBIM OpraHaM BIAaCTH
IIpU pa3paboTKe CTPATErHUeCcKUX nporpamm GopMu-
POBaHUS U Pa3BUTHS JIOTHCTUYECKUX TPAHCIOPTHBIX
CHCTEM; PYKOBOAUTEISIM TPAHCTIOPTHBIX MPEANPHUATHIA
JUTS OLICHKH (P (hEKTHBHOCTH pEeLIIEHNH 10 peaTH3aiy
MEPONPHUSATHUI, HAIPaBIEHHbBIX HA CHHKEHUE HETaTUB-
HOTO BO3JIEHCTBHUSI TPAHCIIOPTA Ha OKPYXKAIOUIYIO
cpemy; HOTEHIMAaIbHBIM HHBECTOPaM IIpH BHIOOpPE
BapHaHTOB IIPOEKTOB CO3/IaHHs JIOTMCTHYECKOH HH(-
pacTpyKTypsl Ha OCHOBE NPOTHO30B ITapaMeTpPOB
IPY30MOTOKOB.

[epcriexkTrBoi nanpHeiIeH pa3pabOTKH TEMbI
JUCCepTanuu ABIsAETCS (HOPMUPOBAHUE CHCTEMBI
yTIpaBJIeHUs JTOTHCTHYECKUMHU MTOTOKAMH Ha OCHOBE
KOMOWHUPOBAaHNSI MHOTOKPHTEPHUAIBHEIX METOJIOB
C UMHTAIMOHHBIM MOJIEITUPOBAHUEM. DTO TO3BOJIUT
oneHuBaTh AP HEeKTHBHOCTh PENICHUH MO yCTONHYH-
BoMy passutuio JILI, nporuo3upoBars U3MEHEHHE
TapaMeTpoB U MOKa3aTenei IOrHCTHIeCKHX ITOTOKOB
1 IPUHUMATB PEIICHHS C yUYeTOM JaHHBIX U3MEHEHHUIL.

2.9.9. — Jloeucmuueckue mpancnopmuule cuc-
membl.

Paboma evinonnena ¢ Maznumozopckom 2ocyoap-
cmeenHom mexuudeckom ynugepcumeme um. 1. Y. Ho-
cosa, 3awuuiena ¢ Poccutickom ynugepcumeme
mpancnopma.

IletrpsieB A. B. Mexanuueckasi cTa0uJM3anus
TPYHTOB NOJAIINAJbLHOIO OCHOBAHMS T'eOCHHTE-
THYEeCKMMH MaTtepuagamu / Asroped. nuc...
IOKT. TexH. Hayk. — CII0.: IT'YIIC, 2023. - 32 c.

L{ess paboTHI — COBEpIIEHCTBOBAHNE KOHCTPYK-
IUH KEJIE3HOZOPOXKHOTO ITyTH 3a CYET MEXaHHIe-




CKOIf cTabMIn3aluu IPyHTOB MOALINAIBHOTO OCHO-
BaHUS T€OCHHTETHIECKUMH MaTepHaaMH.

B muccepranum pemeHa HaydHas mpobiema,
HMeIoIIas BaKHOE XO3SHCTBEHHOE 3HA4YCHHE, 3a-
KITFOYAIOMIAsCSI B COBEPIIEHCTBOBAHUH KOHCTPYKIIUH
HyTH A1 o0ecredeHHust HaJeKHOCTH IOIIIANb-
HOT'O OCHOBAHUS IIPH IOBBIIICHHOH BUOPOAHHAMHU-
YECKOW Harpyske OT MpoxXoldlux noesnaos. M3mno-
JKCHBI HOBBIE HAayYHO 000CHOBAaHHbBIE TEXHUYECKHE
pemeHust B 001aCTH CTaOMIIN3AUY TTOALIITATFHOTO
OCHOBaHHSI KEJIE3HOAOPOKHOTO ITyTH T'€0CUHTETH-
YeCKUMH MaTepHaaMH.

Ha ocHOBe KOMIIJIEKCHBIX MHOTOJETHHUX IOJIE-
BBIX MCCJICJOBaHMH, BBINOJHEHHBIX Ha I'Py30Ha-
TIPSDKCHHBIX M CKOPOCTHBIX yYacTKax >KeJIe3HO0-
POXXHOTO TIYTH, BBISBIEHBI 0COOCHHOCTH pacnpo-
CTpaHEHUs aMIUIUTY] BHOPOCMEIICHUS YacCTHIl
TPYHTA U HAIPSDKEHHO- () OPMUPOBAHHOTO COCTOSI-
HUS TPYHTOB TOJAMINATbHOIO OCHOBAHHS KEJIE3HO-
JOPOXKHOTO ITyTH IMPH UX MEXaHUYECKOH CTaOMIIH-
3alMU TE€OCHUHTETHYECKUMH MaTepHalaMH.

[upoxuil KOMIUIEKC HATYPHBIX UCCIIEIOBaHUHI
MO3BOJIUI BBISBUTH IPSIMO HPONOPIHOHATHHEIE
3aBHCHUMOCTH M3MEHEHHS aMIUIUTY] KojeOaHWid,
JUHAMAYECKUX HANpsDKeHHH M nedopManuii ot
0CEBOM M NMOTOHHOW Harpy3kH, a TakXe CKOpOCTHU
JIBYDKEHHS TI0€3/10B IPH CTa0MIIN3aIUH IO/ ATb-
HOTO OCHOBaHUS T€OCHHTETHUECKUMH MaTepHaia-
MH. YKIJIaJIKa TeOpeIIeToK 1noj 0auiacT IPUBOIUT
K CHHIKCHUIO TOPU30HTAIBHBIX HAPSKEHUI B IO~
penbcoBoit 30HEe W 6oJee paBHOMEPHOMY HX pac-
MpeJeNIEeHNIO TI0 OCHOBHOM MJIOIMIagKe 3€MIISTHOTO
MIOJIOTHA.

BriepBbie kauecTBEHHO U KOJHUECTBEHHO yCTa-
HOBJICHO BJIMSIHUE I'€OCHHTETUYECKOr0 Marepuaia
Ha W3MEHEHHE MIPOYHOCTHBIX U Je(OPMAIIHOHHBIX
XapaKTEePUCTUK CTAOWIM3UPOBAHHBIX MacCHBOB.
YcraHOBIEHO, YTO NepOpMalHOHHBIC CBOICTBA
Gaynacta HaIPSAMYIO 3aBUCST OT BETUUNHBI HAIIPS-
JKCHHUH, BO3HUKAIONIMX Ha YPOBHE YKJIAJKU I'eo-
CHHTETHYECKOTO0 MaTepuana M ero *XeCTKOCTH.
IIpoBeneHHBIE HCCIIENOBAHNS TOBEEHHS OanmacTa
B YCJIOBHSIX TPEXOCHOTO CXKaTHs MoKa3asu sddex-
TUBHOCTb IPUMEHEHUSI TEOPELIETKH JUIS €ro CTabu-
JTU3AIHIH.

B pesynbrare skcriepEMEHTAIBHBIX U TEOPETHIE-
CKHX HCCIICZIOBAaHUH BBISBICH MEXaHU3M CTAOWIN3a-
MM HOIITNAJIBEHOTO OCHOBAHHS IT'€0CHHTETHYECKAMH
MaTepHaIaMy, 3aKJIIOYAIONIUNCA B MONEPETHOM
OrpaHUYEHUH OBHKHOCTH 3€peH rpyHTa. JlelicTBue
MeXaHH3Ma MEXaHHIeCKOH CTaOMIIN3aI[11 3aBUCHT OT
ypOBHs edopMalii. YCTaHOBJIEHO, YTO YKJIaaKa
B 0aJyIacT reOCHHTETHYECKOro MaTepuaia CHHXKaeT
€T0 3arpsI3HEHNEe MEIKIMH JaCTUIIaMH, 00pa3yIoNH-
MHucs B poriecce Jiedopmaruy mebHs.

Pazpaboran MeToy pacuera IpOYHOCTH U HAIPS-
KEHHO-A€()OPMHUPYEMOTO COCTOSTHUS TIOAIIIATEHOTO
OCHOBaHUsI, CTAOMIM3UPOBAHHOTO TE€OCHHTETHYE-

CKIMH MaTepHaiaMH, ¢ yIeTOM CHIDKCHHUSI TPOTHOCT-
HBIX U Ie()OPMALIMOHHBIX XapaKTEPHCTHK IPYHTOB I10/1
BO3/JCHCTBHEM BHOPOAMHAMHYECKOH HArpy3KH U ee
3aTyXaHUs B IPyHTaxX MOJIINAIbHOTO OCHOBAHHS.
BrinonHeHHbIe pacyeTsl N0 pa3paboTaHHOW KOMII-
JIEKCHOM METOANKE XOPOILIO COMIACYIOTCS C JAHHBIMH
11a00PATOPHBIX U MOJICBBIX HCCIIEAOBaHUH.

B pesynbrare pacueToB 1o pa3paboTaHHON METO-
JIMIKE YCTaHOBIICHO, YTO B IEPHOJ] OTTaHBaHNUS IIPOHC-
XOANT KOHIIEHTPALMS 3HAYNTEIBHBIX CIIBUTOBBIX Jie-
(opmanuit Ha OCHOBHOM IUIOIIA/IKE 3EMIITHOTO II0-
JIOTHA B TTOJPETIHCOBOM CEUEHHH, YTO CITYXKUT MPUIH-
HOI nedopMHpOBAaHUS 3EMISHOTO IOJIOTHA,
HaOJIFOAAaeMOT0 B 9KCILTyaTallMOHHBIX yCIOBHsAX. [Ipn
MEXaHUYECKOH cTabMIN3aliu MOAIINAIBHOIO OCHO-
BaHMS KOHIIGHTPaLUs CABUTOBBIX Jedopmannii 1oka-
JIU3yeTCs B 30HE YKIJIAJKH T€OCHHTETUYECKOTO MaTe-
puana, a B MOAPEIbCOBOM CEYEHHM Ha OCHOBHOM
TUTOIIAIKE CHIDKACTCS.

AHanu3 JaHHBIX HAaTYPHBIX HCCIIEIOBAHUH 1 UHC-
JIEHHOTO MOJICJIUPOBAHUS, IPOBEICHHOTO HA OCHOBE
pa3paboTaHHON KOMITJIEKCHOH METOAWKH, TO3BOJIHII
MIPEIUIOKUTH HOBBIE HAyYHO 000CHOBAHHBIE OIXO/IBI
K pa3paboTke 3 PEeKTUBHBIX KOHCTPYKTHBHBIX pellie-
HUH CHIDKCHUS J1e(OPMATUBHOCTH IOJLINAIBLHOTO
OCHOBAHUS IIPH €ro CTaOWIN3allMU T'€0CHHTETHYE-
CKUMH MaTepHajaMy. YCTaHOBJIEHa palMOHalbHAs
DIyOMHA YKJIAIKH T€OCHHTETHYECKOTO MaTepHaa s
3¢ (HeKTUBHOTO CHIKSHUS BHOPOINHAMHIECKOTO BO3-
JIeHCTBUS OT MPOXOJAIIUX MOe310B. TexHUUeCcKast
U dKoHOMHYecKast 3(Q(HEeKTUBHOCTD pa3pabOTaHHBIX
Ha OCHOBE IPOBEJCHHBIX HCCIECIOBAHUN HMpaKTHUe-
CKHX pelleHnH MoATBep:K/eHa IPY UX BHEIPEHNH Ha
MocxkoBckoit, JanbHeBocTOUHOU, CBEpIIOBCKOM
1 OKTAOPBCKON AMpeKHsiXx HHPPACTPYKTyphl — (u-
manax OAO «PX/I», B opranusanusx, paspabarsl-
BAIOIIUX MEPOIPHATHS IO CTAOMIIM3AIMH TOAIIIIATb-
HOTO OCHOBAHHUSI KEJIE3HOJOPOMKHOTO My TH.

[IpensioxeHHOe HalmpaBIE€HUE MEXaHUYECKOH
CTaOMIM3alK TPYHTOB TIPEICTaBIIsAeT CO00i OHO U3
MIEPCTICKTUBHBIX PELICHUH B 00JIACTH CO3JaHMs KOH-
CTPYKLUI HUCKYyCCTBEHHBIX OCHOBaHMH. biaronaps
BKJTIOUEHHUIO B TPYHT T€OCUHTETUYECKUX MaTepHaoB
MO>KHO L1€JICHAIPABJICHHO U3MEHATD €0 IPOYHOCTHEIE
1 1e(OPMAIIOHHBIE XapPAKTEPUCTUKH, a TAK)KE CHU-
’KaThb HEPAaBHOMEPHOCTb OCAJIOK MYyTH, MU3MEHsA
JKECTKOCTh OCHOBaHUS. Br160op pannonambsHOTrO THIIA
CTaOMIU3AIUH C TEXHOJOTHYECKOM, YKOHOMHYECKOM
U pacueTHOM TOYEK 3PEHHS 3aBHUCHT OT YCIIOBHH JKC-
MITyaTalud KeIe3HOJOPOXKHOTO MyTH, (U3HKO-
MEXaHUYECKHUX CBOICTB Oaiacta U TPyHTOB 3eMIIS-
HOTO IOJIOTHA.

2.9.2 — JKenesznoodopooicuviii nyms, uszvickanue
U NPOEKMUPOBAHUE JiCeNe3HbIX O0PO2.

Paboma evinonnena u sawuwena ¢ Illemepoype-
CKOM 20CY0apcmeeHHOM YHUgepcumeme nymeii cooo-
wenus Umnepamopa Anexcanopa 1. ®
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Stabilisation of subgrade
in permafrost areas by injection:
new approaches.
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ABSTRACT

The location of the railway infrastructure on permafrost
increases risks of emergence of defects and deformation of the
subgrade. In Russia permafrost occupies approximately 65 % of
the country’s area. Consequently, defectiveness of subgrade in the
Eastern part of railway network of Russia exceeds the network’s
average.

The objective of the study was the increase in the efficiency
of stabilisation of track subgrade’s foundation with injection method
under the conditions of degradation of permafrost soils.

An improved algorithm for designing pressure injection of
cement-soil grout, implementing an integrated approach, is
proposed for railway subgrade operated under conditions of

injection into soil, cement-soil grout, heat release of grout.
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degradation of permafrost soils and formation of soft soils in
foundations.

A laboratory experiment was set up and carried out to
determine the amount of heat released by injected grout of various
composition due to the exothermic reaction of hardening of cement,
that allowed determining a linear dependence of the specific heat
release of injection grout on the cement content.

A new calculation scheme with an equivalent layer of grout in
the stabilisation area has been proposed to predict the amount of
thawing of permafrost foundation soils when injecting materials with
a cement binder, and an analytical solution to the problem under
consideration has been proposed for preliminary calculations.
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INTRODUCTION

The Transport Strategy of the Russian
Federation until 2030 with a forecast up to 2035’
provides for retrofitting of the infrastructure of
Baikal-Amur and Trans-Siberian mainlines
followed by increase in their transit and carrying
capacity. In this regard, dependability and safety
of the railway track, including the subgrade, are
the main indicators that require special attention.

However, today the greatest risks that the
Eastern segment of the Russian railway network
is exposed to refer to the length of defective
subgrade or subgrade being deformed. This is
due to the location of a significant part of the
railway infrastructure Eastern segment of the
Russian railway network on foundations
consisting of permafrost soils [ 1-3]. A change in
the water-thermal regime of the subgrade—
subgrade’s foundation? system being operated
under such complex natural, climatic, engineering
and geological conditions causes degradation of
permafrost soils (permafrost) with formation of
talik zones with low bearing capacity in the
subgrade’s foundations [3-5].

Similar problems are observed in several
other countries, such as China [6; 7] and Canada?,
with similar natural and climatic conditions and
presence of permafrost in the natural foundation
bed of engineering structures.

This requires development and implementation
of new effective solutions for stabilisation of track
subgrade’s foundations. One of the possible
effective ways to increase the physical and
mechanical characteristics of soft soils in talik
zones is the method of pressure injection of soil-
cement grout, which has proven itself in stabilising
weak foundations [8; 10; 11].

At the same time, it is worth noting the
disadvantages of the pressure injection method,
if it is used to stabilise thawed soils in subgrade’s
foundation. First, it refers to disruption of heat
exchange [10; 11] in the subgrade’s foundation

! The Transport Strategy of the Russian Federation until 2030
with a forecast up to 2035 as approved by the Order of the
Government of the Russian Federation dated 27.11.2021
Ne 3363-r [Electronic resource]: http://static.government.ru/
media/files/7enYF2uLSkFZIOOpQhLI0nUT91RjCbeR.pdf.

2 Subgrade’s foundation in the context of the paper and
considering differences in terminology used in research
works means natural ground or subsoil underlaying track
foundation, embankment, formation, including subgrade. —
Ed. note for English translation.

3 UCalgary researcher heads up major federal permafrost
study in Manitoba [Electronic resource]: https://schulich.
ucalgary.ca/news/ucalgary-researcher-heads-major-federal-
permafrost-study-manitoba. Last accessed 08.02.2024.

during the period of injection and hardening of
the cement-soil grout due to its own heat and to
exothermic processes within the cement binder*.
These processes lead to further thawing of
permafrost soils, and formation of a layer of soft
tabetisol directly under the consolidated massif.
Second, consolidation of the subgrade’s
foundation using the pressure injection method
has virtually no effect on the water-thermal
regime of the subgrade — subgrade’s foundation
system and the conditions for heat exchange
between the structure and the atmosphere during
the period of further operation. Under the
conditions in which the position of the permafrost
boundary has not stabilised, further degradation
of permafrost soils is possible, also leading to
formation of soft soils under the stabilised massif
and to ground subsidence.

To eliminate the negative consequences of
thawing of permafrost soils during the injection
process, an algorithm for designing iterative
injection was proposed in [10]. According to the
proposed algorithm, injection is designed using
standard technology, but in several steps
(iterations). With each subsequent iteration,
a significantly smaller amount of grout is used,
and the thawing effect is significantly reduced.
The design of stabilisation is completed at the
injection iteration with which the thawing effect
does not cause ground subsidence at the subgrade’s
foundation in excess of permissible values.
However, the design algorithm proposed by the
authors in [10] is applicable only under conditions
of stabilisation of the position of the permafrost
soil boundary within the subgrade’s foundation,
which sharply limits the scope of its application.

Therefore, the objective of the study is to
increase the efficiency of stabilisation of the
railway track’s subgrade’s foundation with the
injection method during degradation of
permafrost soils. The paper offers proposals for
improving the method of designing pressure
injection of cement-soil grout for subgrade’s
foundations with permafrost soil, exposes the
results of a laboratory experiment to determine
the amount of heat released by injection grout,
and also proposes to discuss the calculation
scheme and method for predicting the rate of
thawing of permafrost subgrade’s foundation
when using injection.

4 Guidelines for concreting foundations and lines of
communication in permafrost soils, taking into account
concrete hardening at low temperature. Stroyizdat publ.,
NIIZhB of Gosstroy of the USSR, 1982., 160 p.
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Pic. 1. Improved algorithm for designing pressure injection of cement-soil grout for foundations with permafrost soil [developed by the
authors]: ES - engineering surveys; SSS - stress-strain state; WTR — water-thermal regime; S, - permissible subsidence of the subgrade’s
foundation; S, - foundation subsidence due to changes in the total WTR at the construction site.

RESULTS
Improving the Method of Designing
Pressure Injection

To adapt the method to real, widespread
operating conditions of the railway track (the
position of the permafrost soil boundary has not
been stabilised), it is proposed to approach the
design of pressure injection of cement-soil grout
into permafrost subgrade’s foundations in
a comprehensive manner. That is, to provide and
carry out calculation rationale for a set of
measures aimed at increasing the bearing
capacity of soils in talik zones, as well as at
stabilising the position of the boundary of
permafrost within subgrade’s foundation.

An improved algorithm for designing
pressure injection of cement-soil grout for
subgrade’s foundations with permafrost soil,
implementing an integrated approach, is shown
in Pic. 1.

According to the proposed algorithm, the
decision to increase the physical and mechanical
characteristics (stabilisation) of soils in talik
zones is made based on the condition of
completing the filtration consolidation of the
foundation, and the decision to stabilise the
position of the permafrost soil boundary in the
foundation is made based on the condition of not
exceeding the limit values of track subsidence
arising from degradation.

® World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 152—

Razuvaeyv, Denis A., Pechenkin, Roman S. Stabilisation of the Track’s Subgrade Foundation
by Injection in the Case of Degradation of Permafrost Soils




Based on these conditions, the calculation
can result in obtaining one of the following four
solutions:

— Stabilisation on the site is not required.

— Stabilisation of soft soils in talik zones is
required without stabilising the position of the
permafrost soil.

— Stabilisation of the position of the
permafrost soil boundary is required without
improving the characteristics of soils in talik
zones.

— A comprehensive solution is required to
stabilise soils in talik zones and the position of
the permafrost soil boundary.

To stabilise soft soils, it is recommended to
proceed with several steps of pressure injection
of cement-soil grout [10], whilst to stabilise the
position of the permafrost soil boundary, it is
recommended to select one of the effective
measures for thermal stabilisation [6; 12—16].
After all the assigned measures have been
implemented, mechanised track straightening is
envisaged.

The pressure injection provided by the
algorithm is carried out through vertical and
inclined injectors from the subgrade’s slopes, and
in the case of two or more tracks, additionally
from the inter-track space beyond track clearance
[8; 9; 17]. This arrangement of injectors allows
work to be performed with imposing minimal
restraints on train movement, and in some cases,
without constraints [ 17]. All work must be carried
out between passage of trains in accordance with
the current rules for technical operation of the
track.

During the process of injection and further
operation of the subgrade with some thermal
stabilisation, the temperature field of the
subgrade — subgrade’s foundation system is
monitored. Monitoring is carried out using
thermometric wells made before the work is
carried out. Wells are installed in accordance with
current regulatory requirements for measuring
transverse profiles from the roadsides, at the
bottom of the subgrade, between tracks
(if necessary), and in the right-of-way (control
wells). The distance between the measuring
transverse profiles is assigned during design and
depends on the length of the injected section of
the subgrade’s foundation and its engineering
and geological features. Control of the bearing
capacity of the subgrade’s foundation is carried
out using static or dynamic probing methods
using mobile installations [9; 17].

The comprehensive solution proposed in the
design algorithm (Pic. 1) allows not only to solve
the problem of soft soils in talik zones, but also
to stabilise the position of the permafrost soil
boundary. The positive technical effect of using
this solution, in contrast to classical methods of
thermal stabilisation, is a significant acceleration
of'the stabilisation process with obtaining results
in a fairly short time; the economic effect is
a significant reduction in the number and/or
power, and, accordingly, in the cost of thermal
stabilisation devices.

Setting Up, Conducting of a Laboratory
Experiment and its Results

To further develop the computational and
theoretical apparatus of the above-mentioned
improved method for designing the stabilisation
of subgrade’s foundations with permafrost soils,
a laboratory experiment was set up and carried
out to determine the volume of heat released by
injected grout of various composition due to the
heat of hardening of cement.

The use of the known dependences* of the
heat release of Portland cement or grouts or
mortars (concrete) based on it [18] for the
problem being solved is not possible for
anumber of reasons. First, injection cement-soil
grouts have a significant difference [17] from
general construction mortars and concrete, both
in terms of the water-cement ratio and in terms
of composition, since varying ratios of clay and
sandy soils are usually used as the main structural
filler. Second, the existing dependencies, as
arule, were obtained for normal temperature and
humidity conditions corresponding to the
conditions of hardening of concrete and mortars
in building structures. The hardening conditions
of injection grout, especially when used in
subgrade’s foundation thawed soils with close
occurrence of permafrost soil, differ significantly
from normal ones, and obviously affect heat
generation due to the exothermic reaction of
hardening of cement.

The analysis of existing methods and
approaches to determining the heat release of
cement during hardening showed that such
studies mainly use calorimeters with adiabatic
or isothermal hardening modes. The adiabatic
mode when determining the heat release of |
concrete during hardening is provided for by both §
domestic (GOST [State Standard] 24316) and
international (EN 12390-15:2019, NEQ)
regulatory documents. Isothermal calorimeters
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Pic. 2. Calorimeter for determining the amount of heat release of injection grouts using «soil - grout - soil» models [developed by the authors]:
1- body of the thermostatic chamber; 2 - mold for the tested model sample; 3 — mold for the alternative model sample; 4 - cooling plates with
thermoelectric modules and temperature sensors; 5 - temperature sensors; 6 — soil part of the model sample; 7 - soil grout in the alternative
model sample; 8 - cement-soil grout in the tested model sample; 9 - external thermal insulation of molds with model samples.

are usually used to determine heat release during
hardening of cements® (GOST 310.5; BS EN
196-11:2018), or to study model concrete
mortars [18].

The adiabatic mode implies the absence of
heat exchange between the system under the
study and the surrounding environment with
anatural increase in the temperature of the tested
sample. Isothermal mode involves testing in
a thermostated chamber, in which the heat
generated by the sample dissipates quickly
enough and its temperature remains constant. In
this case, the heat release is determined by the
difference between the heat release of the samples
under the study and the samples selected for
comparison [hereinafter called alternative
models]. The main disadvantage of the adiabatic
mode is considered to be a continuous and
significant increase in the temperature of the
samples (higher than under real conditions of
construction sites), which leads to self-
acceleration of the heat release process [18].
Isothermal calorimeters maintain a given
hardening temperature that corresponds to real
conditions, however, there are restraints on the
size of the tested samples, so studies are carried

> E.g.: An experimental comparison between isothermal
calorimetry, semi-adiabatic calorimetry and solution
calorimetry for the study of cement hydration (NT TR
522) [Electronic resource]: https://www.nordtest.info/
wp/2003/03/28/an-experimental-comparison-between-
isothermal-calorimetry-semi-adiabatic-calorimetry-and-
solution-calorimetry-for-the-study-of-cement-hydration-
nt-tr-522. Last accessed 08.02.2024.
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out on finely dispersed solutions or models of
concrete mix ratios [18; 19].

As noted earlier, the hardening conditions of
injection grout when used in subgrade’s
foundation thawed soils with close occurrence
of permafrost soil differ significantly from the
conditions in building structures, therefore the
use of the above-described modes for studying
heat release processes is not possible. Under the
conditions under consideration, cement-soil
injection grout will harden in the soil mass at
fairly low temperatures. Besides, the temperature
of the injection grout during hardening under
such conditions will decrease. This is due to its
heat exchange within the subgrade’s foundation
with a large volume of cooled (0...+4 °C), water-
saturated clay soils with a fairly high heat
capacity. Such conditions are not simulated in
either an adiabatic or an isothermal calorimeter.

Therefore, a calorimeter was designed based
on the hardware and software of the GT 1.1.12
NPP Geotek device to perform the experiment
on «soil — grout — soil» models under conditions
close to those described above.

The experiment (Pic. 2) consisted of
cooling with a fixed heat flow of constant
power of thermostated «soil — grout — soil»
models (samples) and an alternative model.
The alternative model used grout (7, Pic.
2) without adding cement. The calorimeter
elements and the soil part (6) in the models
were thermostatically brought to a setpoint
temperature of +2 °C (indicative temperature
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Table 1

Compositions of the tested injection grouts

Ne of the composition sample | Material consumption for preparing 1 litre of grout, g
Cement (CEM 1 42,5N) Soil*: Sandy loam with L=5 Water
1 300 1650 180
2 350 1600 220
3 400 1550 260
4 450 1500 270
5 500 1450 360

* soil used in injection practices, providing a ratio of clay and sand particles close to optimal [17].

of thawed soils of subgrade’s foundation);
while grouts (7, 8, Pic. 2) were thermostatically
brought to a setpoint temperature of +24 °C
(temperature for preparing injection grouts at
the site during the warm season). Based on the
ratio of the cooling time of the tested models
and the alternative model to the setpoint
temperature of +2 °C, the specific heat release
of injection grouts of various composition was
subsequently calculated due to the exothermic
reaction during cement hydration process. To
cool the models, thermostated cooling (+2 °C)
plates (4, Pic. 2) with thermoelectric modules
and temperature sensors were installed at their
ends.

The time of the experiment was limited by
the time of cooling of the model samples to +2 °C
according to data from temperature sensors (5,
Pic. 2), but not less than 3 days. Temperature
from sensors was recorded at intervals of no more
than 5 minutes. With further hardening of the
grout under real conditions (more than 3—7 days),
heat generation continues, but in a much smaller
amount, which can be neglected in engineering
calculations.

The tested and alternative models were
reduced to an equal model heat capacity C, ..
This was achieved by changing the mass of the
soil grout (m +m ) in the alternative model
samples until the following condition was met:
cm tem t+cm=cmtcm 1)
where ¢ — specific heat capacity of dry soil in
grout, J/(kg-K);

¢, — specific heat capacity of water in grout,
assumed to be 4190 J/(kg'K);

¢, — specific heat capacity of cement in
cement-soil grout, assumed to be 800 J/(kg-K);

m_—mass of soil in the cement-soil grout of
the tested model, kg;

m,—mass of water in the cement-soil grout
of the tested model, kg;

m_—mass of cement in the cement-soil grout
of the tested model, kg;

m_— mass of soil in the soil grout of the
alternative model, kg;

m  — mass of water in the soil grout of the
alternative model, kg.

When changing the mass of the soil grout in
the alternative model according to (1), the

msc

mS

proportion was obligatorily maintained.

ws we

The experiment’s initial stage involved
preparation of a cement-soil grout (8, Pic. 2) for
the tested model samples and a soil grout (7,
Pic. 2) for the alternative model samples. All
materials for the grouts had been preliminarily
thermostated to setpoint temperature of +24 °C,
and the soil had been dried. The compositions of
the tested cement-soil grouts are given in Table
1; the compositions of soil grouts for alternative
models were selected according to the method
described above.

Immediately after preparing the grout, the
tested and alternative model samples were
prepared in molds (2, Pic. 2) and (3, Pic.
2) preliminarily thermostated to setpoint
temperature of +2 °C (Pic. 3). Sandy loam of
plastic consistency, water-saturated and
thermostated to setpoint temperature of +2 °C,
was used as the soil component of the model
sample (6, Pic. 2).

In the process of conducting (Pic. 4) a
laboratory experiment (cooling of thermostated
«soil — grout — soil» model samples), graphs of
temperature changes were plotted in the middle
of the experimental models. The experiment was
completed with stable thermostatic control of the
system and model samples at +2 °C, maintaining
this state for at least a day (the total time of the
experiment was at least 3 days). The cooling
times of the tested model samples ¢, and
alternative models ,, respectively, were recorded
based on the resulting graphs.

It is known that the heat flow power is
determined by the formula

N =0/, (2)

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 152-162

Razuvaeyv, Denis A., Pechenkin, Roman S. Stabilisation of the Track’s Subgrade Foundation
by Injection in the Case of Degradation of Permafrost Soils




a) b) c)

Pic. 3. Experimental model samples making [developed by the authors]:
a) the molds to be used in the calorimeter; b) alternative model sample with soil grout;
c) tested model sample with cement-soil grout.

where Q is the.amount of heat transferred to the Then, 0,0,., ( 4 1] . @
system, J; ¢ — time, sec. t
Considering that the plates with thermoelectric Considering that the final temperature value

modules (4, Pic. 2) cooled the tested model of the previously thermostated soil component
samples (with cement) and the alternative model ~ of the model sample did not change, and the
sample (without cement) with the same power, ~entire amount of heat Q= compensated for
but for different times, ¢, and ¢,, respectively,and ~ cooling of the soil grout in the model samples,
assuming that due to the presence thermal then, taking into account equation (1):

insulation, the plates cooled only the model ‘
samples without consuming power for remaining & = (¢, om +c,+m,) AT - [i - l] , ®)
elements of the system, the expression can be  where AT is the change in the temperature of the
deemed correct: soil grout in the model, K.
The specific heat release of injection grouts
oot _ Qs + Qe , 3) due to the hydration of cement during hardening,
’2 no in kJ per litre of material, is calculated as:

where O . is the amount of heat transferred 0
from the plates (4, Pic. 2), for cooling qe=0,001'7;, (6)
(thermostating to +2°C) model samples of equal  where V. is the volume of the grout in the model
heat capacity, J; samples, assumed to be 0,5495 1.

Q. is the amount of heat transferred from the For each of the studied compositions

plates (4, Pic. 2), to compensate for the heat release  (Table 1), a series of three laboratory experiments
of cement during hardening in the tested model, J.  was performed, the results of which revealed the

Q
k=i
£ 0
) o
E)
< &
5 g
=
Ew
=%
2§
—
6}
Time. h
_____ Tested model sample
Alternative model sample
a) b)

Pic. 4. Conducting a laboratory experiment [developed by the authors]:
a) general view of the installation; b) an example of a temperature graph in the middle of the tested model sample for composition No. 3 and for
alternative model sample, respectively, over time.
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Pic. 5. Dependence of the specific heat release of injection grouts on the cement content when injecting soft soils in talik zones
[developed by the authors].

dependence of the specific heat release of
injection grouts g, on the cement content m,
(in the interval from 300 to 500 g/1), shown in
Pic. 5.

RESULTS AND DISCUSSION

The identified dependence (Pic. 5) can be
approximated by a linear function:
q,=0,16m +0,5333, @)
which is further proposed to be used to predict the
rates of heat released by injection grouts of various
composition due to the exothermic reaction of
hardening of cement when designing pressure
injection of cement-soil grouts into the talik zones
of subgrade’s foundations containing permafrost
soils. This dependence considers both the
hardening conditions of injection grouts under the
conditions under consideration and the features of
their composition. For other injection conditions
that differ significantly from those considered in
the work, it is recommended to directly determine
the specific heat release of the injection grout using
the method described above.

Also, a calculation scheme with an equivalent
layer is proposed for discussion (Pic. 6) to predict
the permafrost soils thawing rate value 4, in
subgrade’s foundations when injecting cement
grouts. The outline of the railway embankment
(1, Pic. 6) on the design diagram, as well as the

boundaries between consolidated (2, Pic. 6),
unconsolidated (3, Pic. 6), and permafrost (4,
Pic. 6) soils of subgrade’s foundation, and as
aresult, the shape of the talik zone is taken based
on the results of engineering surveys at a specific
site.

The zone of injection stabilisation of
subgrade’s foundations (5, Pic. 6) is assigned
based on the results of the stress-stain state
assessment, considering the actual structure and
composition of the soils composing it. Based on
the results of calculations of the bearing capacity
and subsidence of the subgrade’s foundation, the
width and thickness /4, of the zone to be stabilised
are assigned. To ensure the required physical and
mechanical characteristics of the stabilised
subgrade’s foundation, the weighted average
coefficient of reinforcement of the zone of
stabilisation with grout k_is selected, considering
the number of engineering geological elements
in this zone and their relative volume. In practices
[17], the grout in the zone of stabilisation spreads
chaotically, in the form of arrays, pillars and
interlayers, bands, which complicates thermal
engineering calculations. Therefore, to determine
the rate of permafrost soil thawing within
subgrade’s foundation %, during injection, it is
proposed to use a calculation scheme (Pic. 6)
with an equivalent layer of solution 5 e of the

Pic. 6. Calculation scheme for predicting the rate of thawing of permafrost soil within the subgrade’s
foundation when injecting cement-soil grouts [developed by the authors]:
1 - railway embankment; 2 - consolidated clayey soils within subgrade’s foundation; 3 - unconsolidated clayey soils within subgrade’s
foundation; 4 - permafrost soils within subgrade’s foundation; 5 - zone of stabilisation of soils of subgrade’s foundation by injection of
cement-soil grouts; 5 e - equivalent layer of grout in the stabilisation zone; 6 — zone of thawing (degradation) of permafrost soil due to heat

release of the injection grout.
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Pic. 7. Feature zones during thermal interaction of cement-soil grouts and permafrost soil during injection [developed by the authors]:
a) before injection; b) after injection.

thickness £, in the lower part of the stabilisation
zone (at the top of the permafrost soil).

This approach does not either introduce
significant errors into thermal engineering
calculations, but also corresponds to the real
conditions of pressure injection, when the grout
spreads into the zones of the least consolidated
soils of subgrade’s foundation. Wherein:
hy=k, h, ®)

The thickness of the zone 4, of thawing of
permafrost soils of subgrade’s foundation (6, Pic.
6) is recommended to be determined using
specialised software packages with assignment
of an internal heat source in the form of an
equivalent layer in accordance with the proposed
calculation scheme. The amount of total heat
release should be determined depending on the
initial temperature and composition of the
injection grouts, as well as the specific heat
release g, determined from test results or
dependence (7) when injecting similar materials
and under conditions similar to those considered
in the work. Based on the results of calculating
the thickness of the thawing zone, in accordance
with the pressure injection design algorithm
(Pic. 1), it is possible to evaluate the additional
subsidence of the foundation S, during the

-T Tt 0° +T
i
/ ‘ /!
Nini V) 111
. ’Il ; ’II
\ Igl IJ
\/)

Pic. 8. Scheme of temperature changes in zone Ill after injection
and stabilisation of the temperature background [developed
by the authors]: 1, 2 - temperature field before and after thawing
of permafrost soil, respectively.

thawing of the permafrost soil, as well as to
assess the need and number of additional steps
(iterations) of injection.

Also, a simplified method for predicting the
value of 4, is proposed for engineering
calculations. Such simplified calculations are
used in the Guidelines*, however, for the problem
being solved, their use is not justified, since they
use design schemes, materials and some
thermophysical parameters that do not correspond
to the conditions under consideration.

It is proposed to solve this problem in a one-
dimensional formulation along the axis of the
embankment, and to consider at the first stage
the thermal interaction of zone I, with thickness
h,, with soft soils within subgrade’s foundation
in a thawed state and the average temperature 7,
and zone II, represented by permafrost soils of
subgrade’s foundation (Pic. 7 a). Thermal
parameters of soils in these zones are determined
based on survey results. Since, in general, the
work considers the conditions of degradation of
permafrost soil, the temperature at the boundary
of thawed and frozen soils is taken to be T, — the
temperature at which the soil ends thawing.

After injection (Pic. 7 b), soft soils of zone
I are considered as an equivalent layer of grout
(5 e, Pic. 6) with a thickness % ,. This zone (I’) is
the zone for calculation of heat released by the
injection grout with an initial temperature 7, and
thickness £, due to its own heat and the heat of
hardening of cement. The amount of heat
released in this zone will be:

(cs em, +c,em, +c, -mL)-
(T +g 10
where m,.m,,m, are respectively, the
consumption of soil, water and cement in the
design cement-soil grout (for preparing 1 m?),
kg/m?;

*hyca, ®

1
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T, — temperature of zone I’ after complete
hardening of the grout and stabilisation of the
temperature in the surrounding soil (we assume
T,=T,K)

a — coefficient, equal to 1 m%.

In zone III with thickness 4, , degradation of
permafrost soil occurs due to heat release of the
injection grout. The amount of heat absorbed by
this zone consists of the heat necessary for the
ice—water phase transition, as well as the heat
necessary to increase the temperature of first frozen
and then (after the phase transition) thawed soils:

Onsate GopMyna HE MPOCMATPUBACTCS —
MO>KHO B3SITh M3 PyCCKOTO, OHA TaM IPaBHIIbHAS?

A, .p;f '(I’V;m _Ww)+
Oy = "{w)'(fh —Tm) shy,ca,

where A is specific heat of melting of ice, J/kg;

(10)

1

Pl skeletal density of permafrost soils,
kg/m’;

W, — total humidity content of permafrost
soils, unit fractions;

W _ — humidity of permafrost soils due to
unfrozen water, unit fractions;

¢~ specific heat capacity of permafrost soils,
J/(m*-K);

¢, — specific heat capacity of thawed soil,
J/(m3-K);

T,, — maximum negative temperature of
permafrost in zone I11 before injection according
to survey data, K.

Expression (10) is valid when the temperature
in zone III changes according to the scheme
shown in Pic. 8.

In zone 1V, with thickness / 0 the permafrost
soil temperature increases due to the heat release
of the injection grout. The amount of heat
absorbed by this zone will be:

Q,V=c,,-(%)-hﬂ-a_ (11)
Since the structure and composition of soils in
zones [T and IV are heterogeneous, physical features
of soils. including their heat capacity, used in (10)
and (11), are recommended to be calculated based
on their average values within the considered zones.

h, =

[(c: m +c,om, +c, om, )-(Tm -T,)+q,10° }he, -c, -[%J-hﬂ

Assuming that the main part of the heat release
from the injection grout will be ultimately aimed
at thawing permafrost soils within subgrade’s
foundation, without significant heat dissipation
through a significant thickness of overlying soils
into the atmosphere, the expression is correct:

Q[' = Q111 + QIV’ (12)

and then 4, can be found through analytical
solution (13) at the bottom of the page that allows
us to solve the problem of predicting the amount
of thawing of permafrost soils during injection
based on data obtained from the results of
engineering surveys at the site, as well as on
solutions and proposals obtained in this work.

CONCLUSION

To increase the efficiency of stabilisation of
the railway subgrade’s foundation during
degradation of permafrost soil, the method for
designing pressure injection of cement-soil
grouts has been improved and adapted to real,
widespread operating conditions of a railway
track on a soft subgrade’s foundation during
thawing of the permafrost soil.

The setup and conduction of a laboratory
experiment as well as its results have been
described allowing to determine the amount
(Pic. 5) of heat released by injection grouts of
various compositions due to the exothermic
reaction of hardening of cement.

A calculation scheme is proposed for
predicting the amount of permafrost soil thawing
within the subgrade’s foundation when injecting
cement-soil grouts for thermal engineering
calculations in specialised software packages. In
addition, an analytical solution for engineering
calculations has been proposed (13). In the
future, it is possible to improve the obtained
analytical solution based on identification of
some empirical coefficients.

The results obtained make it possible to
predict the /i, amount of thawing of permafrost
soils in subgrade’s foundations when injecting
cement grouts and to subsequently evaluate the
additional subsidence S, of the subgrade’s
foundation, as well as the need and number of
additional iterations of injection.

hi

hepl (W, —Ww)+[¥}(n ~T,)
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Determining Mechanical Strength of Composite
Traverse for 6-10 kV Overhead Power Line
with Finite Element Method
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ABSTRACT

Overhead power lines with a voltage of 6-10 kV, intended
for power supply of signalling, centralised traffic control and
signalling block systems and of electrical equipment along the
railways use as supporting structures metallic traverses with
porcelain or glass insulators. According to available data, defects
caused by mechanical stresses account for more than half of the
total number of disruptions in the normal operation of overhead
power lines. It is worth highlighting defects that are the most
frequent: chip of the insulator, bend of the pin, fracture of the pin,
destruction of the insulator, separation of the insulator from the
pin, distortion of the traverse, destruction of the traverse, bending
of the traverse, decay or corrosion of the traverse.

To increase the reliability of overhead power lines and
reduce these damages, it is proposed to manufacture traverses
from polymer composite electrical insulating material. Such
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traverses do not have insulators and are used as an
electromechanical structure with the required mechanical and
electrical strength.

The objective of this work is to assess the mechanical
strength of traverses made of polymer composite electrical
insulating materials. To solve the set tasks, the work considers
a three-dimensional model of the traverse. Its mechanical
strength is determined using applied software implementing the
finite element method (FEM). Loads in horizontal and vertical
planes are applied to the cross-arm, the most stress-strained
state of the traverse’s arms and the pin bracket is determined.

In addition, the article compares the calculation results
using the analytical method performed in the previous work with
FEM calculation, verifies the assumed physical and geometric
parameters, material properties and assumptions in calculations.

Keywords: railway transport, power supply, traverse, crossarm, polymer composite material, mechanical strength, round crossarm

(rod), load, finite element method.
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INTRODUCTION

Electric power supply to railways is
a complex, multi-element system, which,
according to dependability criteria, is a consumer
of the first category. Besides feeding electrified
train traction, power is supplied to non-traction
consumers, such as signalling, centralised traffic
control and signalling block systems and to
electrical equipment along the railways, which
are powered via an overhead power line (OHL)
with a voltage of 6-10 kV. Metal traverses
(crossarms) with porcelain or glass insulators
have been commonly used as cable bearing
structures. According to statistics, defects caused
by mechanical stress account for 58 % of the total
number of OHL failures [1; 2].

To increase dependability and to reduce these
damages, engineers of LLC «NPP
ELEKTROMASH» and researchers at the
Department of Transport Electric Power Supply
of Ural State University of Railway Transport
have developed insulating and supporting
structural elements, namely brackets and
traverses made of polymer composite electrical
insulating material (PCEIM) [1-8].

Such structural elements have the required
mechanical and electrical strength and do not
have insulators, thereby reducing the likelihood
of failures due to mechanical damage.

One of the stages of introducing new
equipment is modelling the processes applied to
the object under study. The validity of the
research results must be verified by using various
calculation methods and full-scale experiments.
The paper [8] describes the results of calculating
the mechanical strength of a PCEIM traverse
using the analytical method. The calculations
considered load factors, identified the most
stressed structural elements when applying an
acting force, and resulted in obtaining the values
of stress and strain.

This present article describes the results of
the second stage of the research on the mechanical
strength of the PCEIM traverse using applied
software that implements the finite element
method (FEM).

RESULTS

The work examines a TK-3sh-BOREL
[triangular] traverse as a typical sample
representing PCEIM traverses (hereinafter
referred to as the traverse), manufactured by LLC
«NPP ELEKTROMASH)» (Yekaterinburg). The
main physical and geometric parameters of the

traverse and its attachment points are presented
in [8].

The three-dimensional geometric model of
the traverse (Pic. 1) is built as a set of mechanically
contacting elastic-deformable solids, considering
the plastic properties of fiberglass, and also
includes fastening elements in the design
diagram.

The traverse (Pic. 1), as a supporting
mechanical structure, is calculated using the
method of three limit states [1; 8; 9]:

1. Structural strength.

2. Deformation.

3. Stability.

Using analytical calculation methods in the
paper [8], it was determined that the most loaded
stress-strain state (SSS) occurs when a load is
applied to PSC in the horizontal plane. The
design model is shown in Pic. 2.

A number of assumptions are introduced in
the calculation [9-15]: CPM is modelled as two
bolts anchored at the free ends (B, F); a model
of contact between the 75x75x8 angle bar and
the pole was chosen in which there is no friction
between the surfaces [11]; bracket has restraints
on movement in all directions at the free edges
(not shown in Pic. 2); the pole is modelled as an
absolutely rigid body with limited movement in
all directions (G).

The traverse is loaded in two stages.

At the first stage, bolt tightening is simulated.
The tightening force is determined by the
formula:

| o,

Qoo \/[ 4 J2+3[ 0,15 Jz ’ M
n-d* 0,2-d*
where d is bolt diameter.

It should be noted that the tightening force
applied to the bolts securing the angle bar to the
pole (E, 1) is taken from the strength condition
of the 75x75x%8 angle bar.

At the second stage, a force equal to 3 kN (A)
is applied to PSC in the horizontal direction.

The general deformed state for the traverse
for the SV-110-5 pole (design option for angle
bar No. 1 as shown in Pic. 3 [8]) is shown in
Pic. 3.

The distribution of equivalent von Mises
stress values, MPa, of all elements of the traverse
is shown in Pic. 4.

The distribution of equivalent stress values
in individual elements of the traverse according
to von Mises, MPa, is summarised in Table 1.
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1A

Pic.1. Three-dimensional geometric model of the TK-3sh BOREL traverse [performed by the authors]:
1- pole SV-110-5; 2 - vertical traverse beam (VTB); 2.1 - restrictive groove;
3 - horizontal traverse beam (HTB); 4 - pin’s spool-shaped cap (PSC); 5 - crossarm-to-pole mounting (CPM); 6 — bracket (B).
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Bl Pretemsson & 11000 H

Bolt Mrebrrisan s 42000H
Halt Prebergson 470000

Pic. 2. Design model when load is applied to PSC in the horizontal plane [developed by the authors]: A - (force) load applied in the horizontal
direction to the PSC in the area where the wire is fastened; B, F - (anchorage) free edges of CPM bolts; C, D, E, H, I, J - (axial tightening force)
bolted connections; G - (limitation of movements in all directions) reverse side of the pole.
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Pic. 3. General deformed state [developed by the authors].
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ﬁ | Table 1
e Results of FEM calculation for composite traverse
Name of the Distribution of equivalent von Mises stress values Maximum | Safety
individual equivalent | marginm
element of the stress, MPa
traverse
HTB [ S —— — 155,2* 4.4
(longitudinal T " B i L
Section) ;,:; Ir;:..« e hbied T
[T

Bolts used to 350,42 1,4
secure HTB to
metal 75x75x8
angle bar (section
of the bolt closer | /¥ Semakmtiven ) shess
to the applied
load)

4399 M

4m

o

i

=

198

1ot

ma

100

12584 Min
75%75%8 angle 301,76 2,1
bar (section of the
hole closer to the
applied load)
HTB 276,16 4,5
(longitudinal
section)**
B** Tygt: Equavabint fosa-Lind i 206,3 2,1

Linst: P

IS Max

1ar

1678

151

1508

T

L

&

HEE

R T 1 i
*The maximum stresses in HTB, equal to 1197,9 MPa, are due to the edge effect that occurs after tightening the bolts.
** For design model No 4 [8].

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 163-169

Kochunov, Yury A., Egorov, Dmitry V. Determining Mechanical Strength of Composite Traverse

for 6-10 kV Overhead Power Line with Finite Element Method




Table 2

Comparative data obtained by analytical calculation method and FEM

Design model No 1
Method Estimated values
Deformation of HTB, | Stress of HTB, MPa | Stress of angle bar, | Stress of bolts,
mm MPa MPa
Analytical 34,4 130,2 2214 105,3
FEM 39,6 147,1 209,8 99,2
Error, % 13,1 11,5 5,5 6,1
Design scheme No 2
Method Estimated values
Deformation of HTB, | Stress of HTB, MPa | Stress of angle bar, | Stress of bolts,
mm MPa MPa
Analytical 35,1 133,3 2583 266,7
FEM 39,9 150,8 2479 254,5
Error, % 12 11,6 42 4,7
Design model No 3
Method Estimated values
Deformation of HTB, | Stress of HTB, MPa | Stress of angle bar, | Stress of bolts,
mm MPa MPa
Analytical 38,2 135,6 308,2 363,6
FEM 43,8 155,2 301,76 350,42
Relative error, % 12,7 12,6 2,1 3,8
Design model No 4
Method Estimated values
Deformation of VTB, mm Stress of VTB, MPa Stresses of B, MPa
Analytical 35,6 285,7 2214
FEM 39,5 276,16 206,3
Error, % 9,9 3,5 7,3

Ty Erpuisabent fron: Mee) Shirs
Urit WPy

EEEEEEZ
F

%3'3‘2%3
§

Pic. 4. Distribution of equivalent von Mises stress values, MPa, of all traverse elements [developed by the authors].

Determining the compliance of the main
structural elements with strength conditions is
made using the permissible stress method
[or allowable stress design]:

[6,.]> [yqu] 6)
where L maximum equivalent stress
values arising in individual structural elements
of the traverse.

The safety margin complies with GOST
[Russian state standard] requirements. For all
other structural elements, the safety factor is
n=5.

The next step is to determine the stability of
the structure. The design model regarding the
influence of a vertical axial compressive force
of 3 kN (E) is shown in Pic. 5.
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Pic. 5. Design model regarding the influence of compressive force on VTB in the vertical plane [developed by the authors]: A, B - (anchorage)
free edges of CPM bolts; D, F - (anchorage) free edges of B; C - (limitation of movements in all directions) reverse side of the pole; E - (force)
load applied in the vertical direction to VTB in the area of the wire fastening.

Pic. 6. Form of traverse buckling [developed by the authors].

Stability marginn_,, is determined according
to the formula:
1—lstab = LM ¢ k’ (3)

where LM — stability margin according to
software calculation;

k —coefficient considering the imperfection
of geometric shapes for compressed rods of
variable cross-section k = 0,8.

The first form of buckling is shown in Pic. 6.

Minimum stability margin according to
software calculation is LM = 8,2. I] = 82 ¢
0,8 = 6,56. The structure’s stability margin
ensures mechanical strength and meets the
requirements [8; 9].

After the calculations have been carried out,
the results obtained are compared with the results
of calculations using the analytical method [8].
Comparative data are shown in Table 2.

Despite minor deviations from the
classical method of calculating the strength
of a composite traverse, a comparative
analysis has shown that the estimated values
and the convergence of the calculations
obtained do not contradict the methods
specified in' 3.

' GOST [State standard] 27380-87 Fiberglass profile electrical
insulating materials. General technical conditions. Moscow,
USSR State Committee for Standards, 1987, 31 p. [Electronic
resource]: https://docs.cntd.ru/document/1200011761. Last
accessed 28.11.2023.

2 GOST [State standard] 33742-2016 Polymer composites.
Classification. Moscow, Standartinform publ., 2019,
10 p. [Electronic resource]: https://docs.cntd.ru/
document/1200135539. Last accessed 28.11.2023.

3 Bondaletova, L. 1., Bondaletov, V. G. Polymer composite

materials (Part 1): Study guide. Tomsk, Tomsk Polytechnic
University Publishing House, 2013, 118 p.

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 163-169

Kochunov, Yury A., Egorov, Dmitry V. Determining Mechanical Strength of Composite Traverse

for 6-10 kV Overhead Power Line with Finite Element Method




CONCLUSION

The work determined the mechanical strength
of the TK-3-sh BOREL composite traverse,
performed using the finite element method.
According to the calculation results, the traverse
meets the mechanical strength requirements.

A comparison of the analytical calculation
method [8] and FEM calculation showed that the
calculation error is no more than 15 %, which
confirms the acceptability of the assumed
features of the materials and assumptions in the
calculations.

These techniques can be used in the design
of traverses made of polymer composite
materials. The materials of this work can be used
in engineering calculations, as well as in the
educational process when teaching students in
specialties and areas of training: Electric power
and electrical engineering (by industries);
Electric power and electrical engineering; Train
traffic supporting systems.
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ABSTRACT

The analysis of international experience in development of
autonomous locomotives with a hybrid power plant allowed to prove
the possibility of increasing the operating efficiency of diesel
locomotives using electric energy storage devices.

A proposed circuit diagram of the power system of a diesel
locomotive implies as source of energy both a diesel engine
and a traction battery with a DC pulse chopper. An algorithm
has been developed to control the traction drive of a diesel
locomotive with a hybrid power plant, which ensures an increase
in the tractive force of the locomotive on sections with difficult
track profile. Modernisation of the power system of a diesel
locomotive using a hybrid power plant is considered for the
diesel locomotive of 2TE116 series. A mathematical model of
operation of a diesel locomotive traction drive powered by

diesel locomotive.
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a hybrid energy source through a controlled voltage breaker has
been developed using the energy balance equations of a traction
electric motor. Respective traction properties of 2TE116 diesel
locomotive with a standard power plant and a hybrid power plant
were calculated using numerical modelling methods in MatLab
and LabView software environments. It is shown that, over the
entire range of operation speed, a diesel locomotive with
a hybrid power plant allows obtaining a tractive effort 15 % higher
than a diesel locomotive with a standard power plant.
Calculations have proved that increasing the traction properties
of the modernised 2TE116 diesel locomotive makes it possible
to increase the designated weight of the train by 15 %, and,
accordingly, the efficiency of using the locomotive as a traction
unit on the railway network.
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INTRODUCTION

With the continuous growth in volume of
transportation by rail, there is a need for
amaximum use of the carrying capacity of rolling
stock. It fully refers to development of railway
transport in Russia and to Russian Railways JSC'
[1;2].

Within technical developments, design
departments and engineering centres constantly
raise questions about the production of modern,
more powerful locomotives with higher tractive
force and capable of transporting more cargo.

One of the ways to increase the traction
efficiency of locomotives is to improve their
design through modernisation, which consists in
the use of more modern technical devices.

Currently, traction rolling stock with hybrid
energy sources is becoming widespread. In
Germany, a Prima H3 hybrid shunting locomotive
manufactured by Alstom is in operation. It is
equipped with lithium traction batteries, weights
67 tons, its traction force when starting is 225 kN,
power is 700 kW [3]. In Russia, the machine-
building holding JSC Transmashholding designed
and presented at the International Railway Salon
of 1520 space PRO Dvizhenie.Expo a hybrid
autonomous shunting locomotive with a traction
energy storage capacity of 240 kW2, In Switzerland,
work is currently underway on production of
a dual-mode locomotive of the new 93 series using
lithium titanate oxide batteries, powered by a 25
kV 50 Hz AC contact network, with a power of
the locomotive itself of 1300 kW [4].

! Transport strategy of the Russian Federation until 2030
with the forecast for the period until 2035. [Elextronic
resource]: https://mintrans.gov.ru/file/473193. Last accessed
17.09.2023.

2 TEMS5Kh Shunting hybrid diesel locomotive. [Electronic
resource]: https://sitmag.ru/article/25569 manevroviy
gibridniy teplovoz tem5h gibridniy-avtonomniy-lokomotiv-
obrel-plot. Last accessed 02.10.2023.

Pic. 1. Functional electromechanical and circuit diagram of the conventional 2TE116 diesel locomotive [performed by the authors].

The objective of the study was the use of
electric energy storage devices on autonomous
rolling stock by changing the standard design of
conventional 2TE116 AC-DC diesel locomotive.

RESULTS

The studied diesel locomotive 2TE116 is
a locomotive that uses a diesel internal
combustion engine (E) as the primary source of
energy. Its functional electromechanical and
circuit diagram is shown in Pic. 1. The diesel
engine is used in locomotives due to its high
reliability and higher effective power [5]. The
engine converts the chemical energy of the fuel
into the mechanical energy of rotation of the
crankshaft. Mechanical energy is converted into
electrical energy by rotating the rotor (R) of
a synchronous generator (TSG), which converts
the rotational mechanical energy into alternating
current electrical energy. By using a rectifier
unit (RU), alternating current is converted into
direct current [6] and supplied to locomotive
traction electric motors (TEM). Locomotive
traction electric motors constitute an electrical
machine that converts electrical energy into
mechanical rotational energy. To apply a high
starting torque, a traction gear reducer (GR) is
used, which increases the torque but reduces the
rotation speed. Subsequently, rotation with
a large torque is transmitted to the wheelset of
the locomotive and sets it in motion.

The functional electromechanical and circuit
diagram of the 2TE116 hybrid diesel locomotive
is shown in Pic. 2.

Changing the design of a locomotive to turn
it into a hybrid one consists of installing an
additional electric energy storage device, a special
case of which is a traction battery (TB). In the
design of the locomotive, the TB is used to
implement electrodynamic regenerative braking,
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Pic. 2. Functional electromechanical and circuit diagram of the hybrid 2TE116 diesel locomotive [performed by the authors].

as well as to allocate additional power to the
locomotive on difficult sections of the track to pass
track grades. Also, the traction battery can replace
the standard traction battery and provide starting
of a diesel internal combustion engine, powering
the on-board circuit and the auxiliary needs of the
locomotive. To regulate the charge-discharge
currents of a traction battery, it is necessary to
install a charge-discharge control device (CDCD),
which is a two-way pulse constant voltage
chopper. Thus, this device will control the
maximum charge-discharge currents allowed for
the traction battery.

The functional application of a traction
electric battery is to implement it on difficult
sections of the track by connecting it in parallel
with traction synchronous generators to traction
electric motors.

The traction force of a locomotive with an
electric transmission depends on the mechanical
torque on the traction electric motor, the radius
of the wheels of the locomotive wheelset and the
gear ratio of the traction gear reducer, N:
n,-M_-i
et (M
where n__is the number of motorised axles of the
locomotive, pcs;

M, —torque (moment) created by the traction
motor, Nm;

i — gear ratio of traction gear reducer;

R —radius of the locomotive wheelset, m.

The number of axles, the radius of the
locomotive’s wheelsets and the gear ratio of the
traction gear reducer are design parameters of

F =

the locomotive that cannot change during its
operation. Thus, the value of the locomotive’s
traction force can be increased by increasing the
torque on the traction electric motors.

It is known?, that the torque of a series
excitation DC electric motor is determined by
the dependence, Nm:

M, =c o1 *F =c I I =c 17 (2
where ¢, — motor design constant;

1, — current flowing through the armature
winding, A;

1, — current flowing through the excitation
winding, A;

F_—magnetic flux of the excitation winding,
Wb.

Thus, we can conclude that the torque of the
traction electric motor is directly proportional to
the square of the value of the current of the
armature winding of the traction motor.

Modern traction batteries, such as the
LT-LFP770P battery manufactured by Liotech
LLC, allow a nominal discharge equal to the
value of the nominal battery capacity ¢, equal to
770 A“.

Thus, in relation to 2TE116 diesel locomotive,
it is possible to sequentially install an #z-number

3 Proskuryakov, V. S., Sobolev, S. V. Calculation of
electrical machines: Study guide. National Research Tomsk
Polytechnic University. Tomsk, Publishing house of Tomsk
Polytechnic University, 2011, 112 p. [Electronic resource]:
https://portal.tpu.ru/SHARED/v/VOV/uchebnaya_rabota/
Tab1/Tab/UP1.pdf. Last accessed 02.10.2023.

4 Operation instructions for LFP-P batteries of lithium-ion
series with a nominal capacity of 200 A-h, 240 A-h, 300 A-h,
380 Ah, 700 A-h, 770 A-h LT.38294932.3482.003-2016RE,
2016, 25 p.
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Pic. 3. Comparison of traction properties of 2TE116conventional and hybrid diesel locomotives [performed by the authors].

of traction battery cells with a nominal capacity
of 770 Ah, which will operate on six parallel-
connected traction electric motors of the diesel
locomotive. Thus, the maximum permissible
value of current from the traction battery on each
electric motor will be, A:

17, =1 ~TBo2s3, 3)
TEM

where /,, — value of the discharge current of the
traction battery, A;

n,.,—number of traction electric motors per
locomotive section, pcs.

The amperage on each traction electric motor
is calculated based on the characteristics of the
traction synchronous generator, which can be
obtained from the Rules for Traction Calculations
for Train Operation (RTC)>.

Accordingly, the amperage of the traction
synchronous generator will be determined as, A:

TEM — >

nTEM (4)
where I, — value of the current of traction
synchronous generator, A.

Thus, the final value on the locomotive
traction electric motor is determined by the
dependence, A:

76 _ I

Ty =I;5A(f1 +ITTII;M . (5)
Using equations (1-5), knowing the design
parameters of the 2TE116 diesel locomotive, of

> Grebenyuk, P. T., Dolganov, A. N., Nekrasov, O. A.,
Lisitsyn, A. L., Stromsky, P. P., Borovikov, A. P., Chukova,
T. S.Rules for Traction Calculation for Train Operation.
Moscow, Transport publ., 1985, 287 p. [Electronic resource]:
https://djvu.online/file/syjactzWQPjhN. Last accessed
02.10.2023.

the GS-501A traction synchronous generator and
of the ED-118A traction electric motor, it is
possible to calculate the traction properties of the
2TE116 diesel locomotive with a traction battery.

The comparison of traction characteristics
of 2TE116 conventional and hybrid diesel
locomotives is shown in Pic. 3. The limiting
adhesion value for a diesel locomotive cannot
be expanded by increasing the torque of the
traction electric motors, since this will lead to
slipping of wheelsets and will not bring useful
work [7]. The limiting conditions regarding
design speed is determined based on the
conditions of the permissible impact of the
locomotive on the track, the running properties
of the locomotive, the possibility of it derailing
and the strength of its components and
assemblies. For reasons of traffic safety, this
restriction cannot be changed. From the
calculations performed, it is clear that the use
of a traction battery makes it possible to increase
the traction force of a diesel locomotive by
25-35 % in continuous running mode.

From Rules for Traction Calculations? it
follows that the choice of the estimated mass of
the train is made based on the following
relationship, t:
Q:ﬂd—(%fid)'P (6)

W, + 1, ’
where F, ,— value of locomotive traction force at
design speed, N;

w ' — locomotive resistance to motion in
traction mode, N;

w ” — train (wagons’) resistance to motion in
traction mode, N;
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Pic. 4. Dependences of the armature current and excitation current of the ED-118A
traction electric motor of the 2TE116 diesel locomotive [performed by the authors].

P —locomotive adhesion weight, t;

i, — design track grade, %o.

The dependence (6) makes it clear that the
main factor positively influencing the
transported mass of the train is the estimated
traction force of the locomotive. In accordance
with RTC, the calculated traction force of the
2TE116 locomotive at a design speed v, = 24,2
km/h is 50600 kgf (496 kN). Once the
dependence of the traction force on the speed
of movement of the 2TE116 hybrid diesel
locomotive is used, it becomes clear that the
design speed is now observed for the adhesion
limitation. Thus, the calculated value of the
traction force for the adhesion limitation is
58200 kgf (571 kN). Based on this calculation,
we can conclude that the actual transported mass
of the train, when using a traction battery on
a diesel locomotive, can be increased by
approximately 15 %.

One of the advantages of using a traction
battery is the ability to recover electrical energy
into an electric energy storage device. Currently,
diesel locomotives have implemented the
possibility of electrodynamic, rheostatic braking,
which implies the conversion of the electrical
energy received during braking into heat.

Regeneration currents can be preliminarily
estimated based on the effective dependence of
the armature current of the traction electric motor
ED-118A of the 2TE116 diesel locomotive,
which is shown in Pic. 4.

The graph shows that the peak value of
armature currents is observed at speeds of 40—80
km/h and amounts to 650 A. Thus, the traction
battery must be designed to receive peak currents
from six traction motors in the amount of 3900
A.However, under the manual for operation, the
charging current is limited to 2310 A. In this case,
a technical solution can be implemented to
partially switch the three traction electric motors
of the first bogie to the regenerative braking
mode, and the remaining three electric motors of
the second bogie can be switched to the rheostatic
braking mode with connection to a braking
resistor. In any case, the effectiveness of
regenerative braking with energy transmission
to the traction energy storage device will be
determined by the current track profile and the
number of activations of the rheostatic braking
mode to stop the train or maintain a certain speed.

CONCLUSIONS

The analysis of the possibility of using
a traction battery on mainline locomotives
showed that the use of a traction battery will
make it possible:

1) to increase the tangential traction force on
the locomotive by increasing the torque on the
traction electric motors, which will increase the
possible transported weight of the train by
approximately 15 %;

2) to implement the recovery of electrical
energy on autonomous rolling stock, which will
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increase energy efficiency and ultimately
increase the volume of transported goods.

Proposed circuit diagram and mathematical
model of the electric drive of a diesel locomotive
with a hybrid power plant consisting of a diesel
engine and traction batteries allowed numerical
studies of a diesel locomotive with a hybrid
power plant that have shown that its efficiency
as a traction unit increases by 15 %.
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ABSTRACT

According to the Transport Strategy of the Russian Federation,
unprecedented volumes of transportation along BAM and Trans-Siberian
Mainline are planned thanks to an increase in train weight standards,
traffic speed along the sections, efficiency of traction capacity of diesel
locomotives. Similar tasks were already set in the 1970s. Their solution
was complicated by insufficient experience (in light of the present state
of knowledge) in development and use of frame support and combined
traction drives on cargo diesel locomotives, and the lack of an objective
idea of operating conditions in which the designed diesel locomotives
would have to work. In this regard, the design of wheel-motor units (WMU)
of diesel locomotive bogies with axial-supported suspension of traction
drives was carried out based on generalised results of empirical studies
of the dynamics of various types and series of locomotives.

The objective of the work is to develop a model of mathematical
analysis and an algorithm for calculating the categories of dynamic
forces and the speed of interaction of wheels of a cargo diesel
locomotive in contact with rails at the design stage of development of
traction drives to ensure their high technical and economic performance
indicators under operating conditions.

Long-term monitoring of dependability of diesel locomotives on
the Eastern section of BAM has allowed to identify system failures of
the equipment of the locomotive’s underframe, which confirm the bias
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of the calculated design solutions for traction drives of diesel locomotives
of modern TE25A, 2TE25KM and 3TE25K2M series, created in 21st
century. System failures of WMU equipment of moderm series (TE25KM)
are a consequence of direct «mechanistic» borrowing of unsuccessful
design solutions of universal diesel locomotive underframes (TE10 and
TE116).

The article proposes a clarification of theoretical provisions for
modelling qualitative criteria for dynamics in the contact areas of wheels
with rails of traction drives of diesel locomotives at the design stage.
The mechanism of interaction «wheel — raily is supported by the
mathematical theory of cycloid, a circle motion. The algorithm for
estimating forces in the contact areas of wheels with rails is built on the
theorems of classical theoretical mechanics of non-free movement of
a wheelset and the laws of dynamics as an unchangeable holonomic
system.

Clarifications were obtained for kinematics characteristics (angular
velocity, angular acceleration); real centres of speed and acceleration
of wheels; moments of inertia of rotating unsprung mass of wheel-motor
units with axial-supported suspension of traction drives. The new
approach makes it possible to quantify the criteria for dynamics in
wheel-rail contact areas at the design stage, which were previously not
amenable to calculation.

Keywords: railway transport, locomotives, non-free plane-parallel motion of wheels, translational speed of rolling stock, angular
velocity, angular acceleration of interaction of tread circle of wheels with rails.
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STATEMENT OF THE PROBLEM
Relevance of Research

Despite the well-known achievements in
design and development of domestic locomotives,
the negative phenomena of structural failures of
mechanical equipment of underframe have
recently become the subject of active discussion
in the circles of researchers, railway engineers
and machine builders [1]. The reasons for this
are:

1) To date, neither the customer, nor the
transport machine builders meeting the orders,
have a mathematical theory for design of more
powerful mainline diesel locomotives with
increased dependability indicators, improved
dynamics and increased traction properties [2].

2) Design of the mechanical equipment of the
underframe is carried out in accordance with
GOST R [Russian state standard] 55513-2013
for static axial load, static safety factors and
cyclic fatigue resistance, which cannot fully
reflect the real criteria of forces and reactions of
the loaded mechanical part of traction drives in
operating conditions.

3) Solving problems of underframe dynamics
in the case of non-free movement of material
points of the wheel poles in contact with the
surface of rails is carried out using approximate
methods based on the average algebraic
translational speed of the wheel centres, and «this
is due, in particular, to the lack of a method for
determining the angular speed o of wheels» [3].

4) Paradigms for modelling dynamic loads
acting on the contact areas of wheels with rails
and the sprung masses of the underframe of diesel
locomotives are based only on the characteristics
of geometric disturbances from the state of the
rail surfaces (reduced to gravitational acceleratio ),
which are used to evaluate the dynamic properties,
strength and durability of structures at the design
stage.

Based on own research experience, it can
be noticed that until the present period, the
most important laws of dynamics, the
categories of forces and speeds of interaction
of wheels and rails that underlie the processes
of operation of mechanisms, have not been
fully studied and adapted. The resulting cause-
and-effect state in this process was reinforced
by the erroneous position of researchers and
engineers declaring in fact that nature has
deprived railwaymen of the laws of mechanics.
Let’s look at whether this is true using
domestic examples.

Domestic Scientific and Theoretical Base for
Research

The practical need for in-depth scientific and
theoretical studies of assessment of dynamic
constant and variable forces and reactions of
interaction of steam locomotive wheels in contact
with rails, depending on the speed of movement,
was determined by train accidents (1883, 1888)
on the Russian railways. The wrecks became the
main motive of Professor Nickolay P.Petrov
[1836-1920] for studying the influence of several
phenomena that accompanied mediums of causes
that at the epoch did not have theoretical rationale
and algorithms for assessing, namely the
permissible limits of stress [6] in rails (in contact
with wheels) [4].

Knowing the law of unfree and forced
movement of a material point along a given fixed
surface, considering the connections imposed on
it, Professor N. P. Petrov began to identify the
forces acting on it. Using this approach,
a simulation mathematical model of analysis and
algorithms for determining the numerical values
of the vectors were developed, namely of
horizontal traction forces, which in a certain way
depend on time and on speed of the locomotive;
vertical centrifugal forces of rotating masses
perceived by rails at translational and rotational
speeds of wheels, their adhesion to rails. The
simulation mathematical models were based on
the Zimmermann and Clapeyron equations.
Model based on Clapeyron’s equations proved
to be the priority one because of the most
objective convergence with reality.

To confirm the scientific validity of the
theory, N. P. Petrov clarified and corrected the
results of previous experiments performed by
other scientists. Calculated values of dynamic
loads from wheels on rails had convergence with
experimental data in the range from plus 3,9 %
to minus 1,8 % (in kilograms of force) [4].

According to the conclusion of N. P. Petrov,
this theory «freed us from the need to make
assumptions about some semblance of existing
reality and allows us to evaluate the complete
separate influence of each factor, which was
impossible in experimentsy». Subsequently,
N. P. Petrov’s theory was developed in the
research and scientific works of Professors
S. P. Timoshenko, A. L. Vasyutinsky,

G. M. Shakhunyants and others, in the field of

interaction of rolling stock and track.
In 1897, according to the design of
N. P. Petrov, a passenger steam locomotive was
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created at Putilov plant. The diameter of the
locomotive’s driving wheels was 2000 mm. With
a train weighing 250 tons, it reached an average
speed of 78 km/h. Steam locomotives of this
series were used until 1911 for courier trains
[long distance trains with comfortable
compartments running at higher speed], and until
the 1930s, in local traffic [5].

Problems of the Current Moment

The intensive transition to advanced types of
traction (diesel locomotives, electric locomotives)
has determined several new dynamic properties
of bogie underframes with individual wheelset
drives. The problems that arose had not got
previously an objective scientific and theoretical
analysis and explanation, which led to the need
to study them in the process of experimental
research.

It should be noted that during the experiments
a few main factors were not identified: the
traction force of WMU and individual units of
multiple locomotives, the maximum moments of
the inertia of the rotating masses of WMU and
a number of others [6]. Numerical criteria for
forces of interaction between wheels and rails
were calculated from the amplitudes and
accelerations of the sprung part of the bogies and
body, reduced to their gravitational acceleration
in fractions of g, as well as from the dynamic
coefficients of the sprung parts K, depending on
the translational speed of various types of
locomotives [6].

Solving the difficult problems of improving
the dynamics of traction drives of diesel
locomotives, A. 1. Belyaev [7] drew the attention
of the scientific community to the different
vibration state of the axlebox units of wheelsets,
with the axial support suspension of traction
drives. In the process of carefully prepared and
performed experiments, he established that the
measured unit of vibration acceleration of the
axlebox in fraction g (from the side of the gear
reducer) corresponded each time to an uncertain
(random) value of vertical amplitudes of
disturbances coming from the rail track, in
comparison with the opposite axlebox.

By mathematical simulation modelling of
vibrations of diesel locomotive components (for
TE10L, TE10V, TE116, TEM7 series), in
comparison with statistical and probabilistic
experimental data, A. 1. Belyaev established the
existence of dependences of vibration amplitudes
of axle box units on conservative forces

determined by the unsprung masses of various
types of drives. However, these dependencies,
due to insufficient analytical argumentation, have
made experts distrust them for a long time. At
the same time, most of the known models, with
rare exceptions, are built based on approximate
linear differential equations of forced sinusoidal
vibrations of bogie frames and bodies. The
mathematical essence of such forecasting reflects
an insufficient understanding of the practical laws
of harmonic oscillations and the dynamics of the
WMU system, in particular, of the existing
kinematic and dynamic factors in the contact
areas of wheels with rails, when the point of the
wheel T (point of contact with the rail) is forced
to move along a given fixed surface of the rail of
an unpredictable physical condition.

Based on the definition of dynamics, it has
only one characteristic point that is the speed.
However, to this day, researchers have got yet
insufficient understanding of the nature of the
relationships between the mechanism of rolling
and the mathematical essence of the convergence
of equations (in a particular case) of the
kinematics of translational-rotational motion of
a wheel: of translational, circumferential and
angular velocity; tangential, normal and angular
accelerations with uniform motion of the
locomotive and uniform rotation of the wheel
[3].

This is mainly because the authors of modern
textbooks on theoretical mechanics and of
monographs offer a few contradictory
interpretations of the laws of dynamics and
theorems of plane-parallel motion of the poles
of driving wheels, in particular, the points of their
contact with rails. For example, the rolling of
a wheel on a straight rail is considered only as
translational one at the speed of the centre of the
wheel. Thus, complex movement of points —
poles of the sections of the rolling circles of
wheels —is taken to be identical to the translational
motion of the locomotive, in which all its points
move in the same way as arbitrarily chosen
poles — the centres of wheels [8; 9].

The works [10-12] proposed for the first time
adapted methods and algorithms that make it
possible to objectively solve problems of the
dynamics of non-free, plane-parallel and
translational-rotational motion of a wheel pole,
when a point is forced to move along a given
fixed surface or curve. The technique makes it
possible to determine: a) the law of motion of
points of the circle of the section of the profile
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of railway wheels corresponds to the hodograph
of the cycloid, preserving the relationships and
ratios of the diameters of the wheels of one
wheelset with the translational speed of the diesel
locomotive; b) the resulting speed V, of point
A (belonging to the tread circle of the wheel) on
any section of the transcendental trajectory of
the cycloid (from 0 to ), taking into account the
diameter of driving wheels, the position of the
wheelset in the rail track and time; ¢) the speed
of interaction of wheels with rails V/,, depending
on the translational speed V, of the diesel
locomotive; d) angular speed o, of interaction of
wheels with rails; e) angular centripetal
acceleration ¢ . at the contact areas of wheels with
rails.

Determination of angular acceleration in
contact of a wheel with a rail

One of a set of reasons for a certain
underdevelopment of the theory of «wheel-rail»
interaction [13] is that the non-free movement of
locomotive wheels belongs to little-studied
sections of theoretical and applied mechanics"
[9]. The basis of contradictions, in particular, is
dominated by the lack of an adapted practical
methodology and algorithm that makes it
possible to determine the numerical values of the
angular (centripetal) acceleration of the point of
the centre of the mass of the driving wheel, which
is its pole and point of contact with the rail.

The objective of the work is to update and
describe mathematical equations of angular
acceleration and develop a mathematical
algorithm for solving problems, with high
validity of estimates of acceleration criteria in
the «wheel-rail» contact point, based on cycloid
theory, instantaneous angular velocity of the
point of the tread circle of each individual wheel
of the wheelset in contact with the rail, considering
the design and technical parameters of WMU.

METHODOLOGY, RESULTS, DISCUSSION

Methodological approaches to solving
problems of estimating angular accelerations, in
a particular case, require clarification and
justification of features of the theoretical
provisions of the kinematics and dynamics of the
constrained, complex, translational-rotational
movement of locomotive wheels. For example,
the rotation of wheels (wheelset) pressed onto an
axle. The law of rotational motion of the wheel
is expressed by the equation:

¢ =f1). (M

The angle ¢ is always measured in radians.
The main kinematic characteristics of rotational
motion of the wheel are its angular speed » and
angular acceleration €. The angular speed at
a given time ¢ is expressed by the equation:

o = do/dt. 2)

If the angular speed of the wheel remains
constant (@ = const), then the rotation of the
wheel is called uniform:
o= Q/t. 3)

In technology, the speed of uniform rotation
is often determined by the number of revolutions
per minute, denoting this value by n, rpm.
Relationship between n, rpm and @ — 1/sec. With
one revolution the wheel rotates through an angle
of 2m, and with n revolutions for an angle 2nn,
this rotation is made in time t = 1 min = 60 sec.
Based on this it follows that:

o =7n/30~0,1 n. 4

It should be especially emphasised that the
dimension of # is not the angle, but the angular
speed. Then the angular acceleration at a given
time will be numerically equal to the first
derivative of the angular speed with respect to
time:
€= dw/dt. 5)

The unit of measurement is usually 1/sec?.

Having established the characteristics of the
angular speed of the wheel’s tread circle as
a whole, it is necessary to move on to explaining
movement of its individual points [10; 14]. To
forestall contradictions and discussions, it is
necessary to recall that the law of motion of the
conditional point of the circle of cross-section of
the driving wheel has a mathematical description
of an ordinary cycloid. With a wheel (tread circle
with radius ) motion, the conditional point 4 will
describe a cycloid, the plane of which is
perpendicular to the axis of rotation, but the
centre of rotation will be at point 7, at the pole
on the fixed surface of the centroid (surface of
the rail head).

It should be noted that the angular speed of
rolling of the cross-sectional circle of the rim
differs from the linear or circumferential speed
of point 4 [10; 14].

The mathematical law of uniform, plane-
parallel movement of wheel cross-section points
without slipping at the poles, is represented by
a mathematical transcendental function —
a cycloid, which preserves the relationships and
ratios of acceleration vectors at the wheel pole.
This law is determined by the equations of
kinematics of translational, resultant and angular
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Pic. 1. Trajectory of movement of point A of the wheel cross-section (cycloid lines), vectors of angular acceleration £, moment M,, in contact

of the wheel with the rail, vectors: F,

traction

- traction forces, R - rail reactions, R, - force reflecting adhesion in a state of equilibrium

(identical to Rx), K, - impulse of resultant forces [performed by the authors].

speeds for uniform motion of the wheelset and
by angular acceleration at the conditional cusps
of an ordinary cycloid, and the theorems of
N. E. Zhukovsky, D’ Alembert [15].
With this approach, the law of motion of
a material point along the surface of the rail is
equal to:
-4 ©)
where ¥ is translational speed of the wheel.
Provided that the wheel rotates uniformly, we
can determine the linear speed of point 4, which

is located on the tread circle of the wheel rim:

das d
VA=VO=E=(r(p)=r7(tp=rco, ©)

According to the properties of the cycloid
[10-12; 14], we obtain the equation for the linear
resulting speed vector:

V,=2V,*coso. ®)

From the condition that the contact pole of
the wheel 7 with the rail does not slide along the
rail, then the vector of the linear resulting speed
of the wheel point V,, which is directed at an
angle cos45° to the translational speed of the

. 2
wheel center V, which corresponds to %, we

find:
S 2
V=20, =V2. ©

Consequently, identity (9) excludes the
doubts of Professor M. F. Verigo [3] and allows
determining the instantaneous angular speed of
interaction of the tread circle of each wheel of

the wheelset with the rail:

o, =2 (10)

P

Formula (10) shows that V, represents the
instantaneous speed of interaction of the wheel
cross-section with the rail at the 7 pole. This
speed is mathematically justified by a parametric
relationship with the diameter of the tread circle.
Along with this, the vector of the resulting speed
V,, tangent to the cycloid, always passes through
the upper point of the diameter of the tread circle.
And the normal to the tangent always passes
through the pole 7 [10-12; 14]. In accordance
with the transcendence of the cycloid, each
hodograph has its own constant 4:

k=g. (11)

According to condition (10), when we know
the module of the average algebraic translational
speed V,, the numerical value of the gear ratio p of
the traction gear reducer of the wheel-motor unit,
the diameter of the tread circles of the wheels, we
determine the angular speed of interaction of the
wheel with the rail for any section of the profile of
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one wheelset. In this case, the linear speed ¥, must
be expressed in radians per second, then:

nn
=T, (12
(‘)T:VT:VO‘/Ea (13)
wT:%r 2, (14)

If the angular speed is a constant value o =
const, then the vector of normal angular
acceleration of the pole T will be directed as
normal to the transcendental hodographs of the
moving centroid’s point'. Consequently,
acceleration of the material point of the wheel
corresponds in absolute value to the centripetal
acceleration ¢, the vector of which is always
directed from point 7 to the centre of the axis of
the circle O of the section of the complex profile
of the wheel (Pic. 1):

e =Ts V2 . (15)
RESULTS

Thus, development of a methodology for
determining the category of speed of complex
translational and rotational motion of
a locomotive wheel makes it possible to solve
the Newton’s first and second law problems and
determine the reactions of superimposed
relationships. The basic law of dynamics for
non-free movement of a wheel point will take
the form:
> myec=Y F'+N (16)
where F* are active constant and variable forces
acting on the T pole;

N — reaction of a flat surface of a stationary
centroid (rail) to the influence of a wheel pole,
considering the convergence of active forces and
speed.
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ABSTRACT

Positioning equipment refers to devices for moving
objects, namely lifting devices, and are used in various
branches of mechanical engineering, including railway
engineering. Devices of this type are relevant for use in
measuring technology for positioning rotating parts. The
positioning device is usually used as part of equipment
for measuring and monitoring the dimensions of
wheelsets.
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The purpose of the study was to consider various methods
and devices for positioning wheelsets, to identify their
advantages, constraints and disadvantages.

The objective of the research was to develop a new positioning
device intended to improve dependability of operations, expand the
range of application and functionality. The article provides
recommendations for creating a more universal positioning device
suitable for use with various types of wheelsets.
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INTRODUCTION

Positioning devices are used in railway
engineering in production of wheelsets, as well
as at railways’ maintenance and repair facilities
in the process of repairing and assembling
wheelsets. The positioning device is designed to
move the wheelset from the rail track to the
measuring system to the point (position) of
measuring linear parameters after repair or
assembling of the wheelset to check the
dimensional accuracy, including after reprofiling
its tread surface. The positioning device is
usually used as part of technological equipment
for repair of wheelsets [1; 2], and, in particular,
as part of systems for measuring the linear
parameters of the elements of wheelsets [3-6],
by which their service life is assessed [7-9].

Using a comparative analysis, the study
described in the article examines the advantages
and limitations of known positioning methods
and devices. The disadvantages of existing
devices are associated with the low positioning
accuracy of the wheelset, due to errors in its
placement relative to the measuring system, as
well as to measurement errors arising from
vibration of the wheelset when it rotates in the
measurement position.

The objective of the research was to develop
a new positioning device intended to overcome
the shortcomings of known devices and increase
the dependability of their operation. The article
provides recommendations for further
development of a more universal positioning
device for various types of wheelsets.

RESULTS
Historical Background of Known Devices
for Positioning of Wheelsets

Wheel positioning devices have been used
in measurement technology for over 40 years.
One of the earliest devices of this kind was the
device proposed by H. Wittkopp and
H. Gruteser in 1981 from Wilhelm Hegenscheidt
GmbH [10]. In this device, the units that
provide locating of the wheelset are structurally
separated, namely, it provided for locating
device and the test bed table, which is used as
a lift for the wheelset. However, this division
led to the need for an additional operation to
move the wheelset from the test bed table to
the locating device, which complicated the
measurement process, and thus, if considered
from modern times, was a certain disadvantage
of the device.

In 1988, in application No. 262425 PRL [then
Polish People’s Republic], another device for
positioning was proposed [11]. This device [11],
described in detail in [12], has a locating device
and a test table with supports designed to
accommodate a wheelset. The locating device
[11] was thus combined with the test bed table,
in contrast to the previous device [10]. This
combination led to a simplified design but
reduced the accuracy of measurements since the
wheelset is subject to shocks and impacts during
its placement on the table and is also subject to
vibration during subsequent rotation. This leads
to runouts (due to deviations from the nominal
dimensions of the wheelset and test bed table),
which reduces the accuracy of measurements.

Another disadvantage of the device [11] is
the low positioning accuracy associated with
large tolerances [possible tolerances are described
in'] for deviation from the concentricity of the
tread circle and for deviation of the height of the
wheel ridges (up to 1 mm). Another disadvantage
is insufficient stability of the wheelset, which
occurs because the wheelset is placed on supports
through contact with the wheel flanges.

Device with Increased Positioning Accuracy

In 2007, with participation of the author of
the article, a device for positioning a wheelset
with increased accuracy was developed [13]. The
purpose of creating the device was to improve
the positioning accuracy and stability of
wheelsets of type RU1-950 and RUISH-950 of
cargo wagons on 1520 mm gauge mainline
railways.

These wheelsets? were produced until 2006
with a nominal diameter of 950 mm. The
structural diagram of the positioning device [13]
is shown in Pic. 1.

On the horizontal base 1 of the device [13],
vertical guides 2 are fixed, which are made in the
form of pipes. Inside the guides 2 there are
movable racks 6, on which supports 3 are
installed to accommodate the wheelset 4 when
removed from the rails 5. The racks 6 are located

! Instruction TsV-944 for inspection, certification, repair and
assembling of wagon wheelsets. Approved by the Ministry of
Railways of Russia dated June 20, 2003, No. TsV-944. Valid
since 2006-01-01. [Electronic resource]: https://docs.cntd.
ru/document/1200102226.

2 GOST [Russian state standard] 4835-2013. Wheelsets of
railway cars. Technical conditions. Introd. 2014-01-07 by
order of the Federal Agency for Technical Regulation and
Metrology dated November 8, 2013, No. 1421-st. Moscow,
Standartinform, 2014, 66 p.
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Pic. 1. Device for positioning a wheelset [13]: 1 - base, 2 - guides, 3 - supports, 4 - wheelset, 5 - rails, 6 - racks, 7 - fillet transitions,
8- crosshar, 9 - slots in the guides, 10 - movement mechanism, 11 - neck of the axle, 12 - pre-hub part of the axle, 13 - area of contact
between the support and the fillet transition.

at a distance between them equal to the distance
between the fillet transitions 7 and are connected
by a crossbar 8. The guides 2 have slots 9, in
which crossbar 8 moves. Crossbar 8 rests on the
vertical movement mechanism 10 installed on
the base 1. The supports 3 are made in the form
of V-shaped cradle for interaction with the
surface of the fillet transitions 7, located between
the cylindrical part of the neck 11 and the pre-hub
part 12.

The contact surfaces of the supports 3 are
made as mating and responding the generatrix of
the fillet transitions 7, that is, the cross-section
of the contact surfaces of the supports 3 around
contact 13 of the support and the fillet transition
coincides with the cross-section of the surface of
the fillet transitions 7.

The set task to increase the positioning
accuracy and the stability of the wheelset was
solved in the device [13] through making the
supports in the form of V-shaped cradles. The
main feature of the device [13] is that the contact
surface of the supports is made as mating the
generatrix of the fillet transition surface (the
reduction of the diameter of the axle neck in the
fillet area' reaches 0,45 mm), and the distance
between the racks is chosen equal to the distance
between the fillet transitions. This design of the
device [13] made it possible (by moving the
supports under the indicated fillet transitions) to
reduce the positioning error introduced by the
mechanical components of the device [11] when
the supports interact with the wheel flanges. This
reduction is ensured by the fact that the tolerances
on the dimensions of the fillet transitions (0,2
mm [8]) are five times smaller than the tolerances
on the dimensions of the diameter of the wheels

of the wheelset, measured along their ridges
(about 1 mm). Thus, the positioning accuracy of
the wheelset axis in [13] was increased to +0,2
mm.

The stability of the wheelset in the device
[13] is increased due to a significant reduction in
the height of the wheelset in relation to the
supports, since the diameter of the fillet transitions
(about 130 mm) with which the wheelset rests
on the supports is much smaller than the diameter
of the wheels (950 mm).

An additional factor increasing the stability
of the wheelset in the device [13] is due to an
increase in the distance between the supports to
attain the distance between the fillet transitions
(1874 mm), which exceeds the distance between
the wheel flanges by 402 mm (1472 mm).

The location of the racks 6 at a distance between
them equal to the distance between the fillet
transitions and directly under the supports in the
device [13] eliminates the possibility of bending
deformation of the support mounts that occurs when
the wheelset is supported by the wheel flanges on
the protruding supports of the test bed table (which
is observed in the device [11]) and allows further
improving positioning accuracy.

The special design of the contact surface of
the supports in the form of a reciprocal generatrix
of the fillet transition surface makes it possible
to reduce the specific pressure on the supports
from the side of the wheelset, which helps
prevent local wear of the contact surface of the
supports, resulting in increased positioning
accuracy during long-term operation of the
device [13].

Making the supports in the form of V-shaped
cradles makes it possible to install the wheelset
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Pic. 2. Schematic image of the device for moving wheelsets: 1- base, 2— mechanism for vertical movement of the wheelset, 3 - wheelset,
4 - moving part of the vertical movement mechanism, 5 - supports with flat pads, 6 — axle neck, 7 - rail track, 0-O is the geometric axis of the
wheelset, H is the height of the location of the geometric axis of the wheelset located at the measurement position [14].

symmetrically with respect to the axial vertical
plane, as well as with respect to the transverse
vertical plane of the positioning device, which
simplifies the process of installing the wheelset
in the measurement position. The choice of the
method of placing the wheelset by contacting the
fillet transitions with supports made in the form
of V-shaped cradles, the contact surface of which
corresponds to the generatrix of the fillet
transitions surface, makes it possible to fix the
wheelset in both the transverse and longitudinal
directions. This ensures reliable fixation of the
measured object relative to the selected coordinate
system.

However, this device [13] also has constraints
and disadvantages, namely, there is no possibility
of using the device for wheelsets of different
types — for wheelsets with different distances
between the fillet transitions of the axle journals
and with journals of different diameters.

Device for Positioning Wheelsets with Axle
Journals of Different Diameters

The next stage in author’s development of
positioning devices was associated with a new
device for moving (positioning) wheelsets, in
2022 [14]. The development of this device is
aimed at ensuring the preservation of the surface
of the axle journals, increasing the dependability
of the device and expanding the scope of
application for wheelsets of various types,
namely, for wheelsets with different distances
between fillet transitions and with axle journals
of different diameters.

Pic. 2 shows a schematic image of the device
[14], Pic. 3 shows a section along the transverse
(radial) vertical plane of the mechanism for
vertical movement of the wheelset, and Pic. 4
shows a fragment of a device for moving

(positioning) [14] as part of an automated system
for non-contact measurement of the geometric
parameters of wheelsets®, developed based on
the principles of creating a device for measuring
the linear dimensions of wheelsets [15].

On the base 1 of the device [14] (see Pic. 2),
a vertical movement mechanism 2 is fixed, on
the moving parts 4 of which supports 5 are
attached to accommodate the journals 6 of the
axle of the wheelset 3. The mechanism 2 includes
hydraulic cylinders (not shown in Pic. 2).

The supports 5 are V-shaped and have flat
replaceable pads installed on them. The thickness
of the pads is selected for each type of wheelset
separately depending on the diameter of the axle
journals 6 to ensure the level of the position of
the geometric axis of the wheelsets 3 with
journals of different diameters at the same height
H in the measurement position. Height H is
measured from the level of the rail heads to the
level of the geometric axis of the wheelset at the
measurement position.

A distinctive feature of carrying out
measurements in the device [14] is that the
wheelset 3 is raised to the measurement position
to a given height /A using mechanical contact of
the flat pads of the supports 5 with the cylindrical
axle journals 6 of the wheelset 3. Next, the
wheelset is fixed in the measurement position in
the system?® for measuring the linear parameters
of wheelsets [15], then rotation of the wheelset 3
is switched on and its linear parameters are
measured. After the measurements are taken, all
operations are performed in the reverse order and
the wheelset is lowered onto the rail track 7. Pic. 3

3 «Geopar» Automated systems for non-contact measurement
of geometric parameters of wheelsets. Technical specifications.
TS 3138-076-52473498-2008 (NZhSA.401.722.000 TS).
Introd. 2008-08-08, 22 p.
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Pic. 3. Location of the journals of the wheelset axles in the measurement position on the support pads of the device for moving the wheelsets
(section along the transverse vertical plane of the vertical movement mechanism in Pic. 2): 1- moving part of the movement mechanism,
2 - support, 3 and 4 - pads of different thickness, 5 and 6 — journals of different diameters, O — geometric axis of the wheelset [14].

shows the location of the axle journal on the
support pads of the vertical movement mechanism
of the device for moving wheelsets [14].

The moving part 1 of the vertical movement
mechanism (see Pic. 3) contains supports 2 with
pads 3, 4 of different thicknesses, which ensure
the location of journals 5, 6 of different diameters
in the wheelset measurement position. The angle
between two parts of the supports is 90 degrees.

Pic. 4 shows a fragment of a device for
moving wheelsets [14], which is part of the
system® for measuring geometric parameters.

A device for moving wheelsets [ 14], including
a vertical movement mechanism 1 (hydraulic

cylinder) and a support 2 with pads, is part of the

system for measuring geometric parameters,

including a stand 3, a block 5 for measuring the

diameters of the axle neck and a block 6 for

measuring the diameters of the wheelset axle 4.
When determining geometric parameters,

each measurement was repeated five times

(n=15). The arithmetic mean value was taken as

the measured value D, :

D +D,+..+D,
Rt
The absolute error for each measurement

result was determined as the difference between
the arithmetic mean value of the parameter

D

meas

Pic. 4. Fragment of a device for moving wheelsets as part of the system3 for measuring geometric parameters: 1- mechanism for vertical
movement of a wheelset to the measurement position (hydraulic cylinder), 2 - support with pads, 3 - installation stand for measuring
geometric parameters, 4 — wheelset in measurement positions, 5 - block for measuring the diameters of the axle journal, 6 - block for

measuring the diameters of the wheelset axle [14].
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measurement result and the actual size D of the
calibration device:
A= Dmeas ~ Haer

In particular, to measure the diameters of the
axle journals of the RU1-957 and RU1SH-957
wheelsets in the range of 129...131 mm, a KS130
calibration rod, 130 mm long, measured by the
metrology service with an error of + 0,0013 mm,
was used. The calibration rod was installed on
atechnological bracket in the block for measuring
the diameters of the axle neck. Then the length
of the rod was measured, which corresponded to
the diameter of the wheelset axle journal. The
absolute error in measuring the diameter of the
axle neck did not exceed + 0,0040 mm.

Benefits of the New Positioning Device

The use of flat pads (see Pic. 3) in a new
device for measuring wheelsets with axle
journals of different diameters [14] allows the
wheelset to be installed symmetrically relative
to the axial vertical plane, which facilitates the
subsequent positioning of the wheelset in the
system®. Making the pads flat allows them to be
quite wide (up to 120 mm) in the direction of the
wheelset axis. This made it possible to measure
wheelsets with different distances between fillet
transitions and, thus, further expanded the scope
of the device [14].

The use of replaceable flat pads, the thickness
of which is selected depending on the diameter
of the axle journals, made it possible to position
wheelsets with journals of different diameters.

Making the pads from brass, which has
alower hardness than the hardness of the journals
of steel wheelsets, made it possible to eliminate
damage to the surface of the axle journals.

The contact of flat pads with the cylindrical
surfaces of the journals ensures the greatest
positioning accuracy of the wheelset, since the
tolerance with regard to the diameter of the axle
journal (0,004 mm) is significantly less than the
tolerances (1,0 mm) regarding the dimensions of
other parts of the wheelset (wheel flanges, wheel
treads), the surfaces of which are used as contact
surfaces in devices [10; 11].

However, the positioning accuracy of the
wheelset with a value of the order of = 0,004 mm,
in this case still turns out to be unattainable, since
the positioning error is determined by the
manufacturing tolerances of the elements of the
vertical movement mechanism, which in actual
execution are of the order of 0,1 mm, so this is
precisely the value and determines the actual

positioning accuracy (0,1 mm) of the wheelset
in the device [14]. This positioning accuracy
(£0,1 mm) is twice as high as the positioning
accuracy in the device [13], in which it is £0,2
mm.

Experience in operating a moving device [ 14]
for positioning wheelsets as part of an automated
system® for non-contact measurement of
geometric parameters located in the final control
area of the railway wagon-wheel workshops of
Gorkovskaya railway has shown that the device
[14] has significant advantages in comparison
with known devices for positioning [10; 11]. The
high technical features of the device were
confirmed [14] in terms of increasing the
accuracy of positioning the wheelset at the
measurement position (up to +0,1 mm) and in
terms of ensuring the positioning of wheelsets
with axle journals of different diameters. The
diameters of the journals of the wheelset axles
are, for example, for wagons, TEP-70 diesel
locomotives and wagons with increased axle
loads of 130!, 160? and 180 mm*, respectively.

The objective of further developments should
be to create a more universal device for
positioning any type of wheelsets, including
those for high-speed trains [16]. It is also
necessary to develop a special mechanism for
lifting wheelsets with journals of different
diameters to the measurement position, which
would ensure their positioning at the similar level
of the geometric axis of the wheelset without the
use of replaceable pads.

CONCLUSIONS

The development of a new positioning device
[14] for positioning wheelsets technically
resulted in expanded scope of application of the
device and its functionality, increase in
operational dependability and ensured safety of
the cylindrical surfaces of the journals of the
wheelsets axle. The device provides high
positioning accuracy of wheelsets (up to 0,1
mm) with different distances between fillet
transitions and with axle journals of different
diameters. To further expand the scope of
application, it is necessary to develop a more
universal positioning device suitable for use for
all types of rolling stock wheelsets.

4GOST [Russian state standard] 22780-93. Axles for wagons
on 1520 (1524) mm gauge railways. Types, parameters and
sizes. Introd. 1995-01-01. Resolution of the Committee of
the Russian Federation on standardisation, metrology and
certification dated 02.06.1994, No. 160, 20 p.
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ABSTRACT

The article presents the results of using machine learning
methods to study data from a special questionnaire that considers
the general characteristics of flights, the characteristics of
passengers and their opinions on various aspects of the flight. The
objective of the study is to identify in experimental data factors that
negatively affect passengers’ attitudes towards airline services.

When conducting the study, well-known algorithms were used
that are part of free WEKA (Waikato Environment for Knowledge
Analysis) software for data analysis and machine learning by
University of Waikato (New Zealand), distributed under the GNU
GPL license: naive Bayes classifier; multilayer perceptron using
backpropagation algorithm; k-nearest neighbour method (KNN)
with adaptive selection of parameters; decision trees — J48 is an
open-source Java implementation of the C4.5 algorithm; random
forest; logistic regression; adaptive boosting algorithm (AdaBoost);
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support vector machine — the SMO (Sequential Minimal
Optimization) algorithm which is one of the possible implementations
of the support vector machine algorithm.

Itis shown that the best accurate models reflecting passenger
satisfaction with airline services are obtained using random forest
algorithms (error on the test sample is of 3,9 %) and a neural network
approach (error on the test sample is of 3,7 %). At the same time,
these algorithms do not allow us to explicitly identify factors
characteristic of air passengers who are dissatisfied with the quality
of service. This gap is filled by an algorithm based on the method
of structural resonance in multidimensional data (SRMD), which
made it possible to identify precise logical rules in the data with
high completeness. The resulting logical rules are highly
interpretable patterns of passengers who either negatively or
neutrally evaluate the airline’s services in general.
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INTRODUCTION

Air passenger service quality assessment
plays an important role in the airline industry for
several reasons:

1. Understanding what aspects of service are
important to passengers allows airlines to identify
weaknesses and focus on them to improve
service.

2. Measuring service quality helps companies
provide better service than their competitors.

3. Good service contributes to passenger
satisfaction and, as a result, increases the
likelihood that they will be returning clients.

4. Positive reviews about the quality-of-
service help attracting new customers. Passenger
recommendations often have a big influence on
other people’s decisions to choose a given airline.

5. Improving service quality helps reduce
costs because increased efficiency and improved
processes lead to fewer problems and
corresponding compensation associated with
poor service.

There are several known methods for
assessing the quality of service for air passengers:

— Questionnaires and surveys: airlines often
use questionnaires and surveys to obtain
feedback from passengers. This can be either
a paper post-flight questionnaire or an online
survey sent by email or accessible through the
company web portal.

— Monitoring of social networks: reviews and
comments from passengers on various social
networks can give an idea of how passengers
perceive the airline’s service.

— Focus groups: organising focus groups,
during which a group of passengers discuss their
experience of the service, can provide a deeper
understanding of their needs and expectations.

— Mystery passenger: some airlines use
«mystery passengers» who travel under the guise
of regular passengers, but evaluate the quality of
service by testing the service without prior
warning.

— Study of data and statistics: analysis of data
on flight delays, level of passenger satisfaction,
level of complaints and claims can be a useful
tool for assessing the quality of service.

— Comparison with competitors: comparing
their performance with that of competitors helps
airlines understand where they stand in the
market in terms of service quality.

The combination of these methods allows
airlines to gain a better understanding of how
their services are perceived by passengers and

where they can improve. There are a few
international and domestic studies of quality of
passenger service using various methods [1-10].
In our study, we will focus on the survey method
using a special questionnaire that considers both
the general characteristics of flights and the
characteristics of passengers and their opinions
on various aspects of the flight.

INITIAL DATA

The data set used contains the results of
a questionnaire, which reflects passengers’
attitudes towards various aspects of the flight.
The data were published by Timothy J. Klein on
the popular portal Kaggle!. The target variable
is «satisfaction», which takes two values:
«neutral or dissatisfied» (neutral or negative
assessment) and «satisfied» (positive assessment).
The original names of other variables
(questionnaire items) and interpretation of the
values are given in Table 1.

The entire data sample is divided into two
parts — a training set (train) and a test data set
(test). The training set included the results of
a survey of 103904 passengers, and the test set
included 25976 passengers. Judging by the
description of the data, the airline that provided
it wished to remain anonymous. At the same time,
these data have attracted the attention of quite
many researchers. Reports related to construction
of a model explaining passenger satisfaction and
dissatisfaction are given on the corresponding
Kaggle pages. The most complete and detailed
analysis was carried out in Airline Passenger
Satisfaction (Part 1) 2. We will discuss the results
of this analysis below and supplement the results
obtained with data from our own research.

METHODS USED
AND ANALYSIS RESULTS

In Airline Passenger Satisfaction (Part 1)° the
Scikit-learn package, one of the most widely used
Python packages for Data Science and Machine
Learning, was used for analysis. Also, a set of
standard procedures for statistical univariate and
correlation analysis, and several machine
learning algorithms were used: k-nearest
neighbour method (kNN), support vector

! Airline Passenger Satisfaction. [Electronic resource]: https:/
www.kaggle.com/datasets/teejmahal20/airline-passenger-
satisfaction. Last accessed 07.01.2024.

2 Airline Passenger Satisfaction (Part 1) [Electronic resource]:
https://www.kaggle.com/code/frixinglife/airline-passenger-
satisfaction-part-1/notebook. Last accessed 07.01.2024.
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Table 1

Questionnaire items on passenger
satisfaction with various aspects of the flight
[compiled by the authors based on Airline

Passenger Satisfaction']

Ne | Original item | Decoding of values*
name
1. | Gender Gender: male or female
2. | Customer Type | Customer type: regular or non-
regular airline customer
3. |Age Age: actual age of a passenger
4. | Type of Travel | Type of travel: personal or
business trip
5. | Class Class: business, economy,
economy plus
Flight Distance | Flight distance
Inflight Wi-Fi | Assessment of Wi-Fi connection
service on board
(0: not ranked; 1-5)
8. | Departure/ Departure/arrival time assessment
Arrival time (0: not ranked; 1-5)
convenient
9. | Ease of Online | Online booking assessment
booking (0: not ranked; 1-5)
10. | Gate location | Assessment of gate location
for boarding (0: not ranked; 1-5)
11. |Food and drink | Assessment of food and drink
on board
(0: not ranked; 1-5)
12. | Online Assessment of the service of
boarding online boarding pass
(0: not ranked; 1-5)
13. | Seat comfort Assessment of seat comfort in the
passenger cabin
(0: not ranked; 1-5)
14. | Inflight Assessment of entertainment on
entertainment | board
(0: not ranked; 1-5)
15. | On-board Assessment of servicing on board
service (0: not ranked; 1-5)
16. | Leg room Additional comfort for legs
service (0: not ranked; 1-5)
17. | Baggage Assessment of baggage handling
handling (0: not ranked; 1-5)
18. | Checking Assessment of checking service
service (0: not ranked; 1-5)
19. | Inflight service | Assessment of servicing on board
during flight
(0: not ranked; 1-5)
20. | Cleanliness Assessment of cleanliness on
board
(0: not ranked; 1-5)
21. | Departure Departure delay in minutes
Delay in
Minutes
22. | Arrival Delay | Arrival delay in minutes
in Minutes
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* The values were also decoded in Russian as shown for the
use in the survey held by the authors.

machine (SVM), AdaBoost algorithm, decision
trees (DT) and random forest. The following
conclusions have been drawn:

— For kNN method (with k = 10), the error
on the training set was 5,2 %, and on the test
set — 6,5 %.

— For the «support vector machiney the error
on both the training and test sets was 5 %.

— For the «random forest» classifiers, no error
was observed on the training set, but on the test
set it was 3,9 %.

— For AdaBoost algorithm, the error on the
training set was 7 %, and on the test set — 7,2 %.

— For «decision trees with gradient boosting»
the error on the training and test samples was
5,5 % and 5,6 %, respectively.

Thus, the best result was shown by the
«random forest» classifier (error on the test
sample — 3,9 %).

In addition to the analysis performed, in the
second part of the study?, a neural network was
trained, which demonstrated an error on the test
data set of 3,7 % (training the neural network
took almost seven hours).

Regarding the above analysis, let us make
several clarifications and comments.

Firstly, in the cited source Airline passenger
satisfaction (Part 2)*, the researcher made a test
sample from the training sample (train.csv file),
using 90 % for training and 10 % for testing.
This, in our opinion, is not of fundamental
importance, since the volume of the entire data
is large enough to obtain stable models.

Secondly, there were gaps in the original data,
coded as «0», and here the researcher filled the
gaps with the median values of the features. In
our opinion, filling in gaps in data should be
treated very carefully. This can be useful only in
the case of small samples, and even then, only
under the condition of fairly simple data
structures that have single-mode distribution
densities of values.

Thirdly, and this is the most important thing,
in the above study (as well as in a few others
published on the Kaggle portal), in our opinion,
the wrong emphasis was placed in statement of
the problem itself. Here, attempts are made to
build the most accurate model possible,
connecting the characteristics of flights,
passengers and their assessments of particular
service characteristics, but the main goal is

3 Airline Passenger Satisfaction. (Part 2). [Electronic
resource]: https://www.kaggle.com/code/frixinglife/airline-
passenger-satisfaction-part-2. Last accessed 07.01.2024.
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Table 2

Summary table of model building results using various machine learning methods
[performed by the authors]

Method Error in the model in % Time to create a model, sec | Time to apply a model, sec
Naive Bayes 15,48 0,48 0,43

Logistic regression 12,85 2,68 0,19

SMO 12,64 1937,76 0,27

KNN (10-NN) 7,42 0,07 249,75

Multilayer perceptron 4,35 218,33 0,24

Decision trees J48 4,24 11,44 0,19

AdaBoost (J48) 4,12 128,02 0,32

Random forest 3,78 47,85 2,06

missing — to find out as accurately as possible
the reasons why passengers are dissatisfied with
the airline’s services.

We tried to fill this gap by repeating, on the
one hand, data analysis using another library of
machine learning programs. On the other hand,
we complement the results of our research with
high-precision patterns characteristic of a group
of dissatisfied and neutral air passengers, which
are identified using our innovative SRMD
(Structural Resonance in Multidimensional Data)
technology [11], developed by Deep Patterns*.

In our study, we used popular algorithms
included in WEKA (Waikato Environment for
Knowledge Analysis) free software for data
analysis and machine learning, developed by
University of Waikato (New Zealand) and
distributed under the GNU GPL license [12]:

— naive Bayes classifier;

— multilayer perceptron using an error
backpropagation algorithm;

— k-nearest neighbour method (KNN);

* https://deeppatterns.com.

— decision trees;

—random forest;

— logistic regression;

— adaptive boosting algorithm (AdaBoost);

— support vector machine (SVM).

When using these methods, the default
parameters set in the WEKA package were
mainly applied. However, some clarifications
should be made. As one of the possible
implementations of the support vector machine
algorithm, the SMO (Sequential Minimal
Optimization) algorithm described in [13] was
used. In this case, a linear kernel was used. In
amultilayer perceptron, the number of layers was
determined by the formula (number of variables
+ number of classes) / 2, so the number of layers
was 12. We also note that when constructing
decision trees, the J48 algorithm was used, which
is a Java analogue of the well-known C4.5
algorithm [14]. The AdaBoost algorithm uses
decision trees built by J48 as classifiers. We
previously considered examples of the use of
these algorithms in the transport industry in
articles [15; 16].
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Table 3
Highly accurate logic rules found in data of air passenger questionnaire
[performed by the authors]
Ne Rule

1. If (not business class) AND (Assessment of Wi-Fi connection on board) <=3 AND
(Assessment of ease of online booking) <= 4 AND (Assessment of online boarding pass
service) <= 3 Then (Overall assessment is neutral or negative)

2. If (not business class) AND (Assessment of Wi-Fi connection on board) <=3 AND
(Assessment of ease of online booking) <=3 AND (Assessment of servicing during
flight) > 2 Then (Overall assessment is neutral or negative)

3. If (personal trip) AND (Assessment of Wi-Fi connection on board) <= 3 Then (Overall
assessment is neutral or negative)

4. If (personal trip) AND (assessment of ease of online booking) <=3 Then (Overall
assessment is neutral or negative)

5. If (personal trip) AND (Assessment of Wi-Fi connection on board) <= 4 AND
(Assessment of ease of online booking) <= 4 AND (Assessment of online boarding
pass service) <= 3 AND (Assessment of additional comfort for legs) > 0 Then (Overall
assessment is neutral or negative)

Recall
0,538

Accuracy
0,986

0,467 0,99

0,431 1

0,402 0,992

0,357 | 0,989

6. If (Assessment of Wi-Fi connection on board) <=2 AND (Assessment of gate location
for boarding) > 2 Then (Overall assessment is neutral or negative)

7. If (age) <= 35 AND (not business class) AND (Assessment of Wi-Fi connection on
board) <= 3 Then (Overall assessment is neutral or negative)

0,357 {0,987

0,315 0,994

8. If (Assessment of Wi-Fi connection on board) <= 3 AND (assessment of departure/arrival
delay) > 3 AND (Assessment of ease of online booking) <=3 AND (Assessment of
servicing on board during flight) > 2 Then (Overall assessment is neutral or negative)

0,267 0,991

9. If (Assessment of Wi-Fi connection on board) <=2 AND (Assessment of ease of online 0,263 0,996

assessment is neutral or negative)

booking) <= 2 AND (Assessment of gate location for boarding)> 2 Then (Overall

Table 2 shows the results of applying the
mentioned methods to build a model for
predicting the values of the target variable
«Satisfaction». In addition to model errors
calculated on the test sample (test.csv), the
Table 2 shows the time spent on creating and
applying the model.

Overall, the results obtained are very similar
to those obtained in Airline Passenger
Satisfaction. (Part 1)3. At the same time, we note
the large (almost fourfold) difference between
the accuracy of the «naive Bayes classifier» and
the maximum accuracy achieved using the
«random forest» method. This phenomenon is
typical for heterogeneous data structures that
cannot be adequately described by a general
model in a simple (for example, linear)
interpretable form. However, more complex
models provide high accuracy, but are poorly
interpretable, if at all. For example, the
«decision tree» built using the J48 algorithm,
in our case, has 1378 leaves, which creates
problems for formation of a holistic perception
and understanding of the relationships identified
in the data.

The method of structural resonance in
multidimensional data (SRMD), which we
applied at the next stage of analysis, is
characterised by the fact that it is aimed at

®  World of Transport

searching in the data for logical «if—then» rules
that, for a given accuracy, have the maximum
recall of objects of their own class. This
property of SRMD ensures good interpretability
of data analysis results. Additionally, it is worth
noting that SRMD does not require any artificial
filling of gaps in the data table — the gaps are
simply not processed.

Table 3 shows some high-precision logical
rules found in experimental data from
a questionnaire on passenger satisfaction with
airline services.

The rules given in Table 3 with high
accuracy (the error in the aggregate is 1,9 %)
cover 82 % of air passengers who gave
anegative or neutral assessment to the airline’s
services. Moreover, most of them (57 %) are
a group of people making personal (non-
business) travel. And, in turn, almost all these
82 % express dissatisfaction due to poor quality
of Wi-Fi connection on board the aircraft.
Apparently, the airline that conducted the survey
could improve passenger satisfaction quite
significantly by increasing the quality of this
in-flight service. In addition, an obvious (based
on the data in Table 3) resource for improving
the quality of service lies in improving the ease
of procedures for online booking and passenger
online check-in.
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CONCLUSION

1. Machine learning methods make it possible
to obtain models that link the general
characteristics of flights, the characteristics of
passengers and their assessments of variety of
particular services with overall satisfaction of
passengers with a flight.

2. The models with the best accuracy were
built using the random forest algorithms (error
on the test sample was of 3,9 %) and the neural
network approach (error on the test sample was
of 3,7 %). At the same time, these algorithms
do not allow us to explicitly identify factors
characteristic of passengers who ecither
negatively or neutrally evaluate the entire
airline’s services.

3. Precise logical rules with sufficiently high
recall completeness, which are patterns of
passengers who either negatively or neutrally
evaluate the entire airline’s services, were
identified in the data using an algorithm based
on the «structural resonance» method in
multidimensional SRMD data.

4. From the identified patterns for the case
considered, it follows that the airline can
significantly increase passenger satisfaction by
increasing the quality of Wi-Fi service in the
aircraft cabin. In addition, a significant resource
for improving the quality of service for air
passengers lies in improving online booking and
check-in procedures.
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ABSTRACT

The functioning of transport and all the relevant infrastructure
gives rise to the phenomenon of a transport ecosystem. The nature
of transport and other legal relations arising within the transport
ecosystem is largely determined by the process of technological
development of society.

The objective of the study was, based on the achievements
of legal hermeneutics and the application of systemic legal
analysis, to analyse the legal regime of transport ecosystems
based on the principles of functioning of artificial intelligence.
Application of comparative legal and formal dogmatic analysis
methods allowed to achieve scientific results in the field of

transport legal science, particularly, to substantiate a scientific
hypothesis that the implementation of a high-tech element in
the form of artificial intelligence entails fundamental changes
in the methodological basis of functioning of transport
ecosystems, transforms the concept of management influence
on the processes occurring in them and entails a change in
the nature and content of legal regulation of transport and
related public relationships. The findings focus on shaping
new scientific ideas on the legal regime of transport
ecosystems based on the principles of functioning of artificial
intelligence.
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INTRODUCTION

Currently, the transport system is of essential
importance for ensuring functioning of society and
the national security of the country, and
administration and management in the field of
transport is the most important function of the state
[1], requiring the use of a set of methods of legal
regulation, characteristic of branches of both public
and private law [2, P. 117; 3]. Various modes of
transport form a single transport system of the
country, which, as rightly noted by specialists in
the field of transport law, needs orderly, systemic
legal regulation [3, p. 8; 4]. At the same time, it is
obvious that considering transport in isolation from
the infrastructure that supports it seems
methodologically incorrect, since transport is
a «tool» for carrying out transportation and
providing transport services using the corresponding
transport and associated ways of communication
available to the transport right holder [5, P. 118].

The functioning of transport and of all the
infrastructure necessary for it gives rise to the
phenomenon of a transport ecosystem, which is
a type of economic ecosystem of an infrastructural
nature. The nature of transport and other legal
relations that arise within the transport ecosystem
is largely determined by the process of technological
development of society, which is confirmed by the
results of several studies, which substantiate that
the emergence and development of new technologies
is a challenge to the law [5, P. 5; 7, P. 128].
Innovative development of transport requires the
adoption of system measures that are scientifically
based, aimed at resolving the contradictions that
arise between previously existing paradigmatic
approaches to ensuring the functioning of the
transport system and the risks associated with
introduction of new technologies [8, P. 116].

Within the framework of this article, an attempt
is made to analyse the legal regime of transport
ecosystems based on the principles of functioning
of artificial intelligence.

RESULTS AND DISCUSSION

When studying the few existing sources on the
problems of economic ecosystems, one may get the
impression that this is something new, characteristic
only of our time. However, the phenomenon of
economic ecosystems is not an invention of modern
society. Economic systems similar in nature have
been known to mankind since ancient times (the
most famous of them are the «Great Silk Road» in
ancient Asia, water supply systems of ancient
Roman cities, the British East India Company, etc.).

The consumer cooperative system formed in the
USSR and its successors in the post-Soviet space
are also a striking example of an economic
ecosystem. The fundamental feature of each of the
named options for economic ecosystems was and
still is a set of roads and other objects that form the
infrastructure.

In other words, historically the economic
ecosystem has turned out to be formed under the
impact of factors of the objective nature and to
become the symbiosis of objects of rights of
a different nature and subjects using such objects
based on a certain generally accepted methodology
for production of goods relevant for the modern
economic ecosystem of society and the state. At the
same time, the economic ecosystem has been
formed and functions on the basis of the same set
of principles as those guiding biological ecosystems,
since the very fact of their existence is based on the
fundamental idea that forms the design of the
ecosystem — creation and functioning of a set of
routes that ensure rapid and systematic life support
for all residents of the ecosystem without exclusion
and for objects and subjects passing through it.

In other words, an economic ecosystem is
always a set of routes bearing a public character
(not conditioned by the form of ownership of the
means of production and constituting a «single
platform» of the economic ecosystem), combined
with other elements of communication, and of the
infrastructure serving it, ensuring the life of
a certain small or large community of people.

The foregoing allows us to draw a conclusion
that predetermines the essence of this study: the
very fact of formation of a regional or single
national transport system means formation of an
economic ecosystem (to be precise, such its variety
as a transport ecosystem). The fact that the transport
system is always integrated into the national system
of accumulation, maintenance, distribution and
redistribution of goods (that is, into the public
utilities sector, which is an absolute property and
an obligatory element of the structure of any state),
allows us to state another fact: the transport system
and the infrastructure necessary for its functioning
(as an economic ecosystem) is key and absolutely
necessary for formation of the national public
utilities sector as a «large economic (macroeconomic)
ecosystemy.

The famous economist James F. Moore argued,
refracting the idea of biological ecosystems onto the
«human economy» system, that «like its biological
counterpart, the business ecosystem gradually moves
from a random collection of elements to a more

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 196-202

Bondarenko, Natalia L., Konanevich, Yury G., Zemlin, Alexander |. Legal Regime of Transport
Ecosystems Based on the Principles of Artificial Intelligence




structured community» . This idea actually helped to
identify the nature of such an objectively existing
social institution as economic ecosystems, thereby
translating to human society the recognized idea of
the British botanist Arthur Tansley about the
interconnectedness, interdependence and interaction
of living organisms within a certain objectively
established environment of their habitat, who coined
the term «ecosystem»?.

However, the current state of the doctrine of
economic ecosystems contains certain shortcomings:
economic literature, directly or indirectly touching on
the problems of economic ecosystems, allows us to
conclude that the most common option for
understanding economic ecosystems in economic
science is conditioned by the will of entrepreneurs
(we especially emphasize that it is entrepreneurs, not
subjects of economic activity in general, which
significantly narrows the range of subjects of such
relations) and is cluster or network development of
economic relations, and if such development is
conditioned by the infrastructure aspect, then this
aspect is considered only as an accompanying element
of functioning of the economic ecosystem [9, P. 1499].

In other words, if we are guided by the tenets of
economic science, then an economic ecosystem is the
result of formation of a certain organisational and legal
structure of a network or cluster type, solely
conditioned by the will of business entities, the very
fact of whose existence is not associated with
formation of a «comfortable» infrastructure for
business with a wide variety of purposes, but follows
from the idea of increasing sales and, accordingly,
profits [10]. If the above is brought closer to the
understanding of the economic system inherent in the
legal or political sciences, then we can state an
extremely narrowed understanding of the nature of
economic ecosystems in economic science, since it
comes down to only one single option for emergence
of such an ecosystem — a proactive one, involving
creation and functioning of such an economic
community within the economic group of persons.
And although the economic literature describes a wide
variety of methodologies for functioning of economic
ecosystems (which indicates that various types, types
and forms of economic ecosystems have been studied),
the generalised version still conveys the idea of an
economic group of individuals.

! What are business ecosystems and why are they needed?
[Electronic resource]: https:/trends.rbe.ru/trends/innovation/
6087e5899a7947ed35fdbbf3. Last accessed 21.12.2023.

2 Ecosystem. [Electronic resource]: http://www.lomonosov-
fund.ru/enc/ru/encyclopedia:0134539: article. Last accessed
21.12.2023.

Since until recently only economic science paid
attention to economic ecosystems, the problem of
«formulations» gave rise to the effect of erroneous
perception of the institution of economic ecosystems
in the scientific and practical communities. At the same
time, the absence of a legislator’s position on this issue
is due to objective reasons: for the state, until recently
(until the advent of the so-called «digital era»), all
options for the external embodiment of economic
ecosystems had and have two external forms of
expression — the infrastructure of the state or an
economic group of individuals.

The perception of economic ecosystems in society
and the state has changed dramatically only with the
emergence of such a phenomenon as digital platforms
for managing economic ecosystems. This is what
contributed to the emergence of such a new type of
economic ecosystems as «digital ecosystems». And
although we consider such a qualification of an
economic ecosystem to be only conditionally correct
(reflecting the specifics of the type of economic
activity rather than the nature and legal structure of
the economic ecosystem), for the purposes of this
study we still use this term in the text of the article to
designate a fundamentally important feature of the
economic ecosystem, the main infrastructure of which
is the infrastructure of public communication — that
is, a combination of information and financial
infrastructure that allows the use of two factors of
production — information and capital — at
a fundamentally new level of efficiency. The
qualimetric assessment of understanding of this
complex legal institution faces «difficulties of
translationy. In this regard, in the framework of this
study (considering the format of the scientific article),
we identify economic ecosystems, first of all, as a legal
structure, while the organisational structure remains
in brackets [11, P. 12].

From our point of view, outlined by us in anumber
of related studies, we propose to understand
«an economic ecosystem» as an element of
infrastructure of a state expressed in physical and/or
digital form, managed by a state-authorised entity or
rights holder(s) on the basis of a uniform methodology
for conducting public or private economic activity
ensuring implementation of public interest, used for
various legal purposes by an unlimited number of
individuals and organisations.

Such a definition allows not only to form a holistic
doctrinal understanding of the nature and legal
structure of the economic ecosystem, but also to
identify among them the right holders of the previously
mentioned «digital ecosystems» (for example,
Microsoft, Apple, Samsung, Google, Telegram,
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Yandex, ByteDance (copyright holder of the social
network «TikTok»), Sberbank, etc.). At the same time,
there is no need to question the thesis that the economic
activity of such economic ecosystems has not only
acquired a clearly public character and has become
capable of influencing the state of the national
economy, social and political spheres of the state, but
is also increasingly becoming an economic activity
with elements of administering the system of public
relations. From a practical point of view, such
identification allows the state to form, for the purposes
of national security, a transparent picture of the legal
structure of economic activities of a wide variety of
economic ecosystems, drawing a clear line between
the economic and political components of such
economic activities.

In addition, determining the legal structure of an
economic ecosystem based on the methodology we
propose, additionally allows us to identify the entity
managing such an ecosystem or its legal holder as
a subject of a prudential monopoly (which is one of
the types of public monopoly) [12, P. 78], which allows
the state to apply in relation to such entities legal
barriers, a special, preferential or repressive legal
regime for carrying out economic activities, ensuring
the protection of national interests within the
framework of the institution of national economic
security and national security in general.

And from our point of view, the entire set of known
economic ecosystems can be classified as follows:

1. According to the criterion of the scale of
economic activity carried out within the economic
ecosystem.

—National, state-wide (macroeconomic) economic
ecosystems, which have always been and will be the
state transport ecosystem and public utilities, as well
as various elements of public communication
infrastructure, represented by two segments which are
information and financial infrastructure (such as ERIP
in the Republic of Belarus, Sberbank in the Russian
Federation; economic ecosystems formed by mobile
operators, etc.).

— Sectoral economic ecosystems operating within
the conventional organisational structure of a certain
branch of the national economy, its economic complex
or sector (examples include the High Technology Park
or the Skolkovo Innovation Centre).

—Microeconomic ecosystems formed on the basis
of private initiative, but due to technological features,
transformed into an element of national and (or)
international infrastructure (these include economic
ecosystems based on the use of digital technologies).

2. Based on the nature of the managed
infrastructure:

— Economic ecosystems formed on the basis of
physical infrastructure.

— Economic ecosystems formed on the basis of
digital infrastructure; moreover, the peculiarity of such
ecosystems is that they always form an economic
group of persons, the nature and legal structure of
which is extremely non-standard and complex, and
therefore requires a separate scientific study.

3. Based on the criterion of market conditions:

— Universal economic ecosystems (transport
ecosystem, public utilities; financial system of the
state).

— Opportunistically determined economic
ecosystems —ecosystems that are relevant for the state
and society during the period of demand for the
technological basic values they provide.

4. Based on the criterion of community of
economic interests of residents:

— Economic ecosystems that are not an economic
group of individuals (a classic example is the transport
ecosystem of the state and the public utilities of the
state).

— Economic ecosystems, which are an economic
group of persons.

Among the named variations of economic
ecosystems, there is only one ecosystem of an
«absolutely universal» nature, capable, among other
things, of «absorbingy adjacent economic ecosystems.
This is the transport ecosystem of the state. And its
ability to become comprehensive can become a reality
under one fundamental condition — the transition to
a methodological basis formed on the principles of
functioning of artificial intelligence. In this case, the
transport ecosystem of the state will be able to acquire
another unique and inimitable feature — it will be able
to simultaneously become an economic ecosystem
that is not an economic group of persons, and an
economic ecosystem —an economic group of persons
(and this feature is both a paradox and a pattern). It is
this particular feature of the transport ecosystem that
predetermines, firstly, the specifics of transport and
transport-connectivity relations, and secondly, the
specifics of transport law (which, in the context of
widespread implementation of artificial intelligence
in the system of public relations, will soon radically
change its essential characteristics, transforming from
the infrastructure branch of law into, in fact, a kind of
«industrial law» (for reasons described below)).

The functioning of transport and of all the
infrastructure necessary for it gives rise to the
phenomenon of an economic ecosystem in which:

1. The transport system and transport infrastructure
of the state together form an economic ecosystem that
unites in its legal and organisational framework
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economic entities, the vast majority of which do not
have any legal connection among them other than
belonging to a sector of the economy or an economic
complex.

2. In the absence of a «single digital platform» in
the legal and organisational framework, the transport
system and transport infrastructure of the state are
inextricably linked, but still function independently
of each other.

3. The implementation of artificial intelligence
into the transport system and transport infrastructure,
which has the attribute of a «single digital platformy
and is endowed with the function of managing the
transportation process, automatically entails the
elimination of the boundaries between the conditional
«transportation» and the conditional «infrastructure
for transportationy, turning everything that belongs to
«transport and logistics» into a single economic
organism.

4. The implementation of artificial intelligence
into the transport system and transport infrastructure,
which has the attribute of a «single digital platformy
and is endowed with the function of managing the
transportation process, automatically entails not only
the blurring of the boundaries between infrastructure
of a «transport nature», but also actually turns the
entire infrastructure of the state into a «single transport
infrastructure».

5. The transformation of the entire infrastructure
of the state into a «single transport infrastructure» due
to the implementation of a high-tech element in the
form of artificial intelligence into the process of its
functioning entails fundamental changes in the
methodological basis for the production of goods and
their sale in commodity markets, since any production
facilities will automatically be forced to not just
integrate into a «single transport infrastructure», but
to turn into just an element of such an «enormous
infrastructure».

Even at the stage of «designing» a transport
ecosystem based on the principles of artificial
intelligence, in which the main means of producing
goods will be an unmanned vehicle or a vehicle
operating as autonomously as possible from a person
capable of driving it, the qualimetric characteristics
of rights should be assessed considering the following
factors:

1. Since the transport ecosystem (as an economic
ecosystem at the macro- or meso-level) is turning into
a system operating on the principles of organisational
unity (which is due to the need for centralised and
uniform management from a single centre, dictated
by considerations of national security), it is necessary
to reconsider approaches to determining the nature of

economic entities’ activities that are not capable by
their nature of being organisations. After all, the future
transport ecosystem of the discussed format will not
be formalised into a legal entity or an organisation
without the status of a legal entity. This will be an
economic group of persons that is not an organisation,
but operates on the basis of the principle of
organisational unity, managed from a single centre on
the basis of a single algorithm, but at the same time
by many economic entities that make up such an
economic group of persons.

This state of affairs turns the described economic
group of persons into a legal monopoly on the
commodity market, the nature of which is currently
not determined (since it will gravitate more towards
a state monopoly (and we believe that it is this
approach that should be given priority, but clearly does
not fall under the criteria of natural monopoly).
Moreover, it is a legal monopoly, within which
competition takes place. Moreover, this is competition
of a special kind: the commodity market within the
framework of such a legal monopoly will be the
«market for rights to manage the commodity
transportation market». And this presupposes a radical
transformation in the nature of legal barriers, antitrust,
conditioning, infrastructure and even industrial
regulation.

2. The transport ecosystem, based on the principles
of artificial intelligence, gives rise to another
phenomenon: public utilities as a whole, industrial
facilities and service sector facilities seem to «lose
their independence». That is, if previously such objects
functioned on their own, and transport and its
infrastructure — on their own, then from the moment
of formation of a full-fledged transport ecosystem
based on the principles of artificial intelligence,
utilities, industrial facilities and service sector objects
turn into an element of transport ecosystem, the
functioning of which (of the facility) must meet the
requirements of the transport infrastructure, and not
vice versa (as is the case now).

Accordingly, virtually all legislation regulating
not only economic activity, but also the procedure for
carrying out administrative procedures, and even
marriage and family legislation will be subject to
amendments, because from the moment of formation
of a full-fledged transport ecosystem based on the
principles of functioning of artificial intelligence,
transport and its infrastructure will be no longer on
the street, but actually in an apartment, and the
apartment will turn into just an element of the transport
ecosystem.

3. The transport ecosystem, based on the principles
of artificial intelligence, gives rise to another, much
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more fundamental, difficult to comprehend and
dangerous phenomenon: along with «human rightsy,
there is a need to develop and adopt «machine /
technological law» — that is, a set of rules for the
behaviour of a «large carrier» of artificial intelligence
and of a separate machine — the carrier of artificial
intelligence as part of the every-minute process of
managing the transport ecosystem. After all, «simplex»
technical algorithms «imposed» on machines by
humans will not work in this case, since the road is
a constant movement in space and among
circumstances.

Accordingly, in case of risks and threats of various
nature, artificial intelligence will have to assess them
and find a legitimate way out of the current situation.
There are a huge number of examples when this would
be necessary. So, if on the path of an unmanned vehicle
that is in motion simultaneously with many other
unmanned vehicles of a very different nature (starting
from an unmanned drone performing the function of
a pizza courier, and ending with an unmanned train
levitating in the air (which is also quite possible to
become a reality in the relatively near future)) an
obstacle arises in the form of a person whom, as
a general rule, the machine cannot harm, then the
machine will certainly be forced to stop. But what if
such a stop could lead to catastrophic anthropogenic
consequences that cannot be prevented if this
particular unmanned vehicle stops without alternative?!
What if a necessary and inevitable condition for
eliminating such a public danger is movement of an
unmanned vehicle forward and causing harm to
aperson?! This means that in the «simple algorithm»
for functioning of artificial intelligence it is necessary
to add the legal construction of extreme necessity,
justified risk and even «error in the presence of
circumstances that exclude the «criminality» of the
act of the bearer of artificial intelligence».

Or the second example: a person who finds himself
in the path of an unmanned vehicle is a terrorist or
a hired killer who threatens the life and health of the
passengers of such a vehicle. Following the «simple
algorithmy of functioning of the artificial intelligence
carrier, the unmanned vehicle will have to stop and
wait peacefully until the villain finalises his guilty
intent and leaves the trajectory of our vehicle. Or
maybe a vehicle not only can but should provide
protection to its passengers in such a situation, while
causing harm to life and health of a terrorist or assassin
encountered on its way?! If the answer is affirmative,
then it is necessary to add to the «simple algorithmy
for functioning of artificial intelligence a completely
legal structure of necessary defence or even actions
to prevent socially dangerous consequences.

Third example: an unmanned vehicle should only
be an indifferent witness to offenses of any kind, or it
should actively participate in maintaining public order
and ensuring national security (for example, in counter-
terrorism activities). If it is given an active position,
then this means a radical disruption of the entire system
of law enforcement activities and the activities of state
security agencies, suggesting the inclusion in the
relevant legislation of another block / level of legal
norms — «machine / technological law (robot law)».

At the same time, by «machine/technological law
(robot law)» we mean not a digital algorithm
incomprehensible to the common man, embedded in
the processor of an artificial intelligence carrier, but
a set of rules for the mutual «lawful» behaviour of
a person and the machines around him, as well as
similar mutual «lawful» behaviour of machines among
themselves. The emergence of such a set of legal
norms of a new format will entail not only the need
to revise the design of the legal system and the rule-
making process, but also to make a decision on
determining the legal regime, and possibly even the
legal status of the carrier of artificial intelligence.

From our point of view, humanity will be forced
to recognize the most advanced carriers of artificial
intelligence as subjectivised objects of rights. In
addition, such subjectivised objects of rights will
require «personification.» We believe that the
institution of public identification objects (which is
anew type of intellectual property object), proposed
by the scientific school of economic law of Belarusian
State University [12, P. 79; 13, P. 232].

The institutionalisation of our proposed concept
of personification of artificial intelligence carriers in
the future will allow us to solve several conceptual
problems at once:

—To establish technological liability as a specific
type of legal liability for artificial intelligence carriers
(we have no doubt that there will be a need to
institutionalise such liability).

—To develop a «formulax for distribution of legal
and economic responsibility between the owner of the
means of production within the transport ecosystem,
based on the principles of functioning of artificial
intelligence, the owner of other rights to such means
(which, as is thoroughly noted, will become widespread
in the future [14, P. 55]), investors, other interested
parties, as well as artificial intelligence carriers
managing the «core» of a single digital platform for
managing the transport ecosystem of the future.

4. Another, no less «global» phenomenon
generated by the transport ecosystem based on the
principles of artificial intelligence is a radical
breakdown of property relations.
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From our point of view, in such conditions,
investors will lose interest in obtaining ownership
rights to transport and related infrastructure, as well
as to unmanned vehicles operated using it. Most likely,
individuals will either lose interest in owning such
vehicles, or the state will establish a ban on such
ownership. This will mean, conditioned by objective
factors (most of which are forced), the need for actual
nationalisation of the means of production within the
transport ecosystem, based on the principles of
functioning of artificial intelligence, and the
«invention» of such an innovative property right to
the means of production within the transport
ecosystem of the future, which will combine all the
positive aspects of all types of property rights (real,
exclusive and obligatory).

5. The final phenomenon, which will certainly be
generated not only by formation of a transport
ecosystem based on the principles of functioning of
artificial intelligence, but also by implementation of
such technologies in public life, is the emergence of
a previously unknown subject of public interest —
acollection (a kind of society) of artificial intelligence
carriers recognised as subjectivised objects rights and
endowed with an object of public identification.

No matter how fantastic and implausible it sounds
now, it is quite possible that very soon «trade unions
of artificial-intellectual labour workers» may arise.
This means that now we need to talk about a completely
new format of quality in law and the quality of law
itself [13].
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ABSTRACT

The article is devoted to consideration of issues of analysis
of units and parts used in newly built rolling stock, their
systematisation and formation of an accounting algorithm, as
well as to the issues of their replacement with determination of
problematic aspects and ways to level them. The service life of
main elements and units used in passenger rolling stock has
been studied, allowing to determine the terms of their periodic
replacement, maintenance and repair, and to propose an
algorithm for their control.

The study refers to the issues of replacement or maintenance
of individual units, parts and elements of passenger cars with
reference to the period of scheduled preventive maintenance, as
well as to the need to consolidate individual requirements at the
stage of designing the rolling stock and its elements in the regulatory
and legal field to improve the efficiency of using rolling stock at the
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operational stage of its life cycle and minimise the transfer of rolling
stock to the non-working fleet withdrawing it from transportation
activity.

The studies of the regulatory documentation supplied during
manufacture of a car are followed by the analysis and systematisation
of the service life of the car itself, as well as of its main units and
assemblies.

This study is intended to improve the efficiency of rolling stock
operation, systematise and, in some cases, establish requirements
for the service life of individual units, mechanisms and elements in
manufacture and design of passenger cars, simplify and optimise
assessment of the life cycle cost of a car, synchronise the stages
of the life cycle of individual elements of the rolling stock with the
life cycle (cyclic replacement) of units and parts used in the rolling
stock.
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INTRODUCTION

One of the main directions in increasing the
efficiency of rolling stock use is minimising its
withdrawal from operational activities due to
transfer to non-working fleet, which leads to
a decrease in the efficiency of use and increases
the costs of maintenance at the operational stage
of the life cycle [1].

The issue of using the resources of service
life of traction and rolling stock is systematically
considered when forming both technical
specifications for the manufacture of new
products and in operation, including in terms of
dependability and durability parameters [2]. At
the same time, there are situations when
manufacturers of individual units and assemblies
supplied to passenger cars specify service life
less than the service life of the car itself, or
assume the possibility of their multiple
replacement with reference to scheduled
preventive maintenance or to its appointed term,
which leads to an increase in the costs of car
maintenance during the operational period of
the life cycle [3].

Thus, from the analysis of domestic
practices of operation of the main units and
parts installed on passenger cars of models
61-4465, 61-4523, 61-4472, it follows that
a significant number of car elements require
periodic replacement of units and parts without
reference to the next scheduled preventive
repairs or they work out their standard service
life before the end of the standard service life
of the passenger car itself.

Thus, periodic replacement of such
elements as a high-voltage converter, a system
of environmentally friendly toilet complexes,
etc. significantly reduces the rate of unscheduled
withdrawal of the car from operation for
replacement of elements following their
assigned service life'.

The work carried out in recent years on
interstate standardisation of the main
requirements in the railway industry and, in
particular, those imposed on passenger rolling
stock, does not affect the issue of unification
of service life of units and parts installed on
manufactured or repaired rolling stock, since
the regulatory framework, as a rule, regulates
only the general principles, criteria and

! Double-deck passenger cars. «Guidelines for depot and
major (KR-1) repairs» 060 PKB TsL, 2014 RD, Moscow,
JSC «Russian Railwaysy, 205 p.

requirements for units in terms of ensuring
their dependability, strength, electrical and
fire safety, as well as a number of other
parameters?.

The objective of the study is to analyse the
regulations and technical documentation used
in manufacture, maintenance and repair of
passenger cars, their units and parts. The study
uses methods of normative and legal analysis,
engineering modelling and comparative
research.

RESULTS

In accordance with the requirements of the
Technical Regulations of the Customs Union
«On Safety of Railway Rolling Stock» (TR CU
001/2011)3, it is stipulated that safety of
railway rolling stock and its components must
be ensured, among other things, by establishing
designated service life and (or) product useful
life (resource), as well as by conducting
technical maintenance and repairs with the
required frequency. At the same time, there are
no requirements for mandatory linking of
repair or maintenance of all units, parts and
components of a car to technical maintenance
of the car or scheduled preventive maintenance
of the car itself.

Thus, to provide access for passengers with
limited mobility, hydraulic lifts KPV-14 or
KPV-25 are used, for which the frequency of
maintenance in the volumes of TMR-1
[technical maintenance and repair], TMR-2
and TMR-3 is regulated before the next trip of
the car (train), once a month and once every
six months, respectively. However, according
to regulatory requirements for the frequency
of technical maintenance of rolling stock in
the volumes of TMR-2 and TMR-3, it is carried
out in preparation for summer and winter

2 GOST [Russian State standard] 15.016-2016 «System for
developing and putting products into production. Technical
specifications. Requirements for content and design».
Moscow, Standartinform publ., 2020, 31 p. [Electronic
resource]: http://gost.gtsever.ru/Data/642/64271.pdf. Last
accessed 26.10.2023.

* Technical Regulations of the Customs Union «On Safety
of Railway Rolling Stock» (TR CU 001/2011).
[Electronic resource]: http://www.eurasiancommission.
org/ru/act/texnreg/deptexreg/tr/Documents/TR%20
Podvignoisostev%20PID.pdf.

Last accessed 26.10.2023.

4 Set of car lifts KPV-1. «Passport OP.K92 PSy. St.Petersburg.
VNITI publ.2001, 43 p.

* Set of car lifts (Model KPV-2). «Passport OL.K112PS».
St.Petersburg. VNITI publ. 2003, 50 p.
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transportation, and in the volume of TMR-3
annually.

For autonomous operation during long-
term parking, several passenger car series have
an autonomous power supply system using
diesel generator units®, for which the frequency
of maintenance is calculated in engine hours,
however, the frequency of maintenance of the
car itself is calculated in calendar or running
periods. Thus, the risk of violation or failure
to comply with scheduled periods of
maintenance or repair of individual units, parts
or assemblies of the car, including those
providing for placement of rolling stock in
some cases for a long period in repair positions
in repair and maintenance workshops,
increases. This factor also reduces the
efficiency of using rolling stock, which in turn
affects the need for maximum use of rolling
stock.

At the same time, based on the results of
the analysis of such components used in
passenger rolling stock as hydraulic vibration
dampers, universal shock absorbers, brake
equipment parts (anti-skid valve, pulse sensor),
interior equipment components (regulating
flaps, fire-resistant doors of passenger cars,
video surveillance and registration system,
mobile information, communication and
configuration system), it was revealed that no
standard service life has been established for
them. The standard service life of 16 years has
been established for components of electrical
and high-voltage equipment (lighting fixtures,
high-voltage cables and sockets, alarms). The
service life of several types of equipment
(environmentally friendly toilet complexes,
cold and hot water supply units, window
frames, on-board measuring complex for
monitoring axle box heating, etc.) varies from
20 to 28 years. A service life of 40 years,
similar to the designated service life of the
double-decker passenger car itself, is regulated
only for the body, bogies and inter-car gap-free
coupling device (Table 1).

The results of the analysis of the
nomenclature of manufacturers of units and
parts used in double-decker passenger cars
show that when developing repair and
maintenance manuals, there was no
coordination between the service life and

¢ Undercar diesel generator set. Operation manual
076.01.00.00.00.000 RE, Voronezh, branch of JSC
Vagonremmash, Voronezh Carriage Repair Plant, 2016, 34 p.

frequency of repair or maintenance of elements,
units or parts of cars with the frequency of
service life, repair and service of the car itself,
which is necessary [4].

Along with the issues arising due to
desynchronisation of the frequency of repair
and maintenance of rolling stock, there is also
the issue of the efficiency of using newly
installed units on rolling stock. For example,
after replacing the environmentally friendly
toilet complex during operation, the car where
it is installed could be written off with these
units that have worked out only a third of the
standard service life of the newly installed
complex. And the use of this equipment when
writing off the car itself can be predicted
according to the following scenarios: writing
off this complex together with the car or its
dismantling, storage, relocation (if necessary)
and placement on another car, which will
require additional financial costs and additional
distraction of personnel to carry out work on
dismantling/installing the equipment, to use
premises for its temporary storage.

DISCUSSION

Thus, the issue of linking the frequency of
repair and maintenance of parts, units and
assemblies installed during construction of
passenger rolling stock, as well as regulating
the requirements for synchronising the
frequency of maintenance, repair or the
frequency of their replacement during the
operational period of the car is very relevant
[5]-

It is possible to mitigate these risks in the
following way.

1. At the stage of forming the technical
assignment, the customer, when concluding
a contract for purchase of rolling stock (in case
that the owner of rolling stock will carry out
maintenance and repairs on his own), shall
regulate the requirements for synchronous
frequency of repairs and maintenance of both
the car as a whole and all its elements. When
implementing it, risks may arise in finding
alternative suppliers of individual elements of
the car, which will ultimately lead to a change
in the cost of the car, and additional time will
be required to implement procedures related
to approval of changes in design of the
passenger car being developed.

2. When concluding a life cycle contract
for manufacture and maintenance of rolling

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 203-208

Shinkaruk, Andrey S. Unification of Terms of Maintenance and Repair of Passenger Railway Cars
and Their Elements as the Main Part of Implementation of the Operational Stage of the Life Cycle Contract




’Ff Table 1
- Main service life and frequency of repair of elements of a double-decker passenger car
Ne | Product name | Service life | Repair frequency
Chassis and undercarriage equipment
1 ZF Sachs vibration dampers not regulated not regulated
2 Shock absorber, universal not regulated depot repair — once every three years; major repairs — once
every six years
3 Absorbing device with polymer recommended service | repair of the device is carried out in accordance with the
elastic elements for automatic life 28 years operations manual of the coupling device, in which it is
coupling devices of passenger rolling integrated
stock
4 Inter-carriage gapless coupling device | 40 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
5 Set of closed rotary footrests not less than 28 years | frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
6 Bogie 40 years for the frame, | 600000 km or three years
bolster beam
7 Torsion stabilizer 1 million load cycles | 600000 km or three years
Brake and auto brake equipment
8 Tank 20 years not regulated
9 Tank 20 years not regulated
10 Anti-skid valve not regulated not regulated
11 Pulse sensor not regulated according to operations manual, repair and technical
documents
12 Brake control device 20 years according to operations manual, repair and technical
documents
13 Tong mechanisms not regulated selective major repairs after three years of operation, according
to the maintenance plan
14 Air distributor 242-1 20 years according to operations manual, repair and technical
documents for brake equipment
15 Electric air distributor 305 20 years, general according to operations manual, repair and technical
documents for brake equipment
16 Electric air distributor 305 15 years, coil according to operations manual, repair and technical
documents for brake equipment
17 Axial brake disc by condition turning according to condition
18 Collets 600000 km no
19 Pressure alarm 10 years not established
20 Pressure relay 15 years not established
21 FLEXBALL Remote Control Cable 16 years with KR-2 with KR-1 (4-5 years)
Electrical equipment
22 Electrical equipment kit not established not established
23 Maintenance-free battery average service life not repairable
12 years
24 Door diagnostic unit not less than 28 years | produced only by employees of the manufacturing plant
25 Automatic door control unit not less than 28 years | produced only by employees of the manufacturing plant
26 ‘Water heater 28 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
27 Lamp 16 years once every two weeks
28 Heater ENZhV 20 years
29 Axial fan not regulated every six months
30 Information panel not regulated frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
31 Route panel not regulated frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
32 Information panel controller not regulated frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
33 Air disinfection plant 20 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
34 Low pressure amalgam bactericidal 8000 hours or 4 years, | according to operations manual and repair and technical
lamp or 5000 turning on documents for equipment
35 Electronic starting control device before KR-1, but not | according to operations manual and repair and technical
more than 8 years documents for equipment
36 Socket MVS-1M-R185/ 16 years frequency of repair and technical maintenance coincides with
2x95-4000/800 operations manual, repair and technical documents
37 Receiver idle 16 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
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Ne Product name Service life Repair frequency
38 Plug with cable 16 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
39 Plug with cable 16 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
40 Socket MVS-2-R185/2x95-4000/800 | 16 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
41 Set of converters for passenger cars 28 years according to operations manual and repair and technical
with power supply from high-voltage documents for equipment
mains
42 Voltage converter 28 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
43 Control unit for car power supply not regulated frequency of repair and technical maintenance coincides with
with converter BUEV-P operations manual, repair and technical documents
44 High voltage box not regulated frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
45 Water disinfection plant 20 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
Internal and peripheral equipment
46 Sealed inter-carriage passage at least 16 years 1. monthly service 2. semi-annual service
47 Fire damper not regulated not regulated
48 Regulating valve not regulated preventive and periodic inspections of the valve at least once
a year
49 Footrest rotating closed right at least 28 years not regulated
50 Footrest swivel closed left at least 28 years not regulated
51 Shower kit resource 30000 hours, | not regulated
service life 16 years
52 Mobile information, communication | not regulated not regulated
and configuration system
53 Fireproof door for passenger cars not regulated not regulated
54 Automatic air vent not regulated not regulated
55 Single-leaf side door with 28 years frequency of repair and technical maintenance coincides with
electromechanical drive operations manual, repair and technical documents
56 Double-leaf end door with 28 years frequency of repair and technical maintenance coincides with
electromechanical drive operations manual, repair and technical documents
57 Air duct kit 28 years once every three years
58 Aluminium-plastic frames 28 years after 600000 km, once every 4-5 years
59 Installation of fire alarm and fire not regulated not regulated
extinguishing systems
60 On-board measuring complex for 20 years frequency of repair and technical maintenance coincides with
temperature control of axle boxes of operations manual, repair and technical documents
passenger cars
61 Control and diagnostic system for car | not regulated not regulated
electrical equipment
62 Controller for control of electric not regulated not regulated
equipment of the car
63 Mixer 16 years not regulated
64 Video surveillance and registration not regulated not regulated
system
Elements of environmentally friendly toilet complexes and supply of cold and hot water
65 Vacuum installation UVSh 28 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
66 Vacuum toilet 28 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
67 Toilet complex TK-05 28 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
68 Storage tank 28 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
69 Liquid level alarm 16 years frequency of repair and technical maintenance coincides with
operations manual, repair and technical documents
70 Installation of cold and hot water 28 years frequency of repair and technical maintenance coincides with
supply operations manual, repair and technical documents
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stock throughout the operational stage of the
rolling stock life cycle, these risks will be on
the side of the contractor, who himself, at the
stage of rolling stock development, will be
interested in synchronising this process and
minimising the withdrawal of rolling stock
from operation.

In the current conditions, when the rolling
stock has already been purchased, and the
issues of maintenance and repair are the
responsibility of the owner, the most
appropriate mechanism for carrying out
maintenance and repair is to proceed according
to a hybrid system with the linkage of
replacement of car units and parts both to the
term of maintenance in the amount of TMR-3
or scheduled preventive maintenance, and/or
with formation of separate programs for their
replacement according to a separate schedule.
To accomplish this task, it is necessary to
develop software capable of tracking and
automatically predicting replacement of
individual elements of the rolling stock
decommissioned according to the calendar or
running period.

CONCLUSIONS

The following effects are achieved by
switching to the proposed system of repair and
maintenance of passenger rolling stock.

1. Increased traffic safety. 1t will be
possible to identify and eliminate rolling stock
malfunctions during scheduled repairs or
maintenance of rolling stock, i.e. before they
cause an incident or equipment failure.

2. Cost reduction. Due to this approach,
timely replacement or repair will reduce the
risk of a car being idle for a long time in a non-
operating yard when a critical malfunction of
a rolling stock unit or assembly occurs or
develops.

3. Increased dependability due to timely
and complete scheduled maintenance and
repair work on rolling stock, as well as timely
replacement of car units and parts that have
reached the limits of their standard service life.

4. Improving the quality of service and
introducing advanced diagnostic tools, automatic
control, digitalisation of rolling stock repair and
maintenance processes, allowing to identify
systemic faults of individual elements of cars,
eliminate the risks of receiving individual faulty
elements or a batch of products both during
construction of rolling stock and during maintenance
or repair, which will have a positive effect on the
quality of services provided and will improve the
comfort of passenger travel.

In general, the use of a hybrid repair and
maintenance system has many positive effects for
ensuring high-quality operation of rolling stock and
achieving a high level of dependability, ensuring
safety and efficiency of passenger rolling stock.
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ABSTRACT

The relevance of the research topic is determined by the process
of the competitive and comprehensive development of regional resort
agglomerations (RRA) in the Russian Federation, of the corresponding
service areas and infrastructure.

The objective of the article is to substantiate the process of
competitive and comprehensive development of the RRA service
infrastructure by increasing the coordinated interaction of the «resort-
tourist» and «road passenger transport» service areas, considering
specificity of seasonality and cyclicity of volumes of customer activity
of multi-segment personal and mass focused customer groups and the
declared quality of service support.

The growth of the coordinated interaction of these service areas
is conceptually ensured by the process of development and functioning
of the integrative business system of road passenger transport services
(RPTS), managed by the initiator, that motivationally involves business
entities of the road transport business, owing their own resource
capacity, and within which the rational marketing interactions there-of
are carried out in the strategic business areas of RRA, considering the
mentioned seasonal-cyclical specificity and factors of the quality of
service follow-up.

In accordance with the author’s proposals, development and
functioning of the integrative business system of RPTS can be initiated
by a regional economic entity with the status of a core system integrator,
using various forms of marketing integration and strategies for running
the road transport business in the context of coordinated interaction of
the specified service spheres in the RRA to organise its business activity.

Kuban State Technological University (KubSTU), Krasnodar, Russia.

The effectiveness of the study are determined by its structural
components: identification of seasonal and cyclical features of
functioning of road passenger transport in the RRA as well as of
a system-forming factor (initiator) influencing the increase in the
competitiveness of the RRA service infrastructure due to
development and effective functioning of the integrative business
system of RPTS; construction of a structural diagram of business
process management of the integrative road transport business of
the initiator in the RRA marketing and communication environment;
development of a categorically controlled service capacity; modelling
of the coordinated interaction system of the «resort and tourist» and
«road passenger transporty service areas within the RRA;
a proposed economic and mathematical indicator of «integral
economic effect» is composed by the sum of operational effects
from the functioning of the RPTS integrated business system in the
RRA.

The analysis carried out in the article gives ground for a conclusion
that one of the effective ways to solve the problem of providing growing
competitive and comprehensive development to the service
infrastructure of regional resort agglomerations is introduction of the
concept proposed by the author, which has an important socio-economic
significance, since it makes a significant contribution to development of
the behavioural economy of the region, ensures an increase in the
efficiency of the passenger transportation management system and
road transport services’ quality management under the seasonal-cyclical
conditions of the RRA.
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INTRODUCTION

Competitive development of the resort and
tourism sector in the Russian Federation is ensured
by programs and strategies for socio-economic
development and is a source of growth in investment
attractiveness, income, taxable base for regional
economies, as well as represents an integrative
factor in development of marketing interactions
between segmented economic entities in the
passenger transport business [1]. One of the key
segments of the regional business in the resort and
tourism sector is the road transport segment, namely
road passenger transport services (RPTS) with
associated infrastructure and service support [2].

The system development of the RPTS is
a strategic instrument that has a significant impact
on the perfect functioning of recreation and tourism
industry, is a guarantor of transport accessibility of
the territorial space of the entire resort region,
especially if road transport is the only mode of
transporting passengers to the place of rest,
treatment, entertainment and tourism, determines
the growth of mobility of the local population,
vacationers and tourists in relation to customer
attraction objects due to the seasonal conjugation of
markets and service infrastructure of the transport
and resort and tourism business areas, and also
ensures the dynamics, diversification and efficiency
of socio-economic development of a region and an
increase in the quality of life of its residents [3].

Seasonality and cyclicity (winter-summer) of
regional resort agglomerations (RRA) are
characterised by regular (systematic) changes in
volumes (decrease in winter and increase in summer)
of customers’ personal and mass focused demand,
which, in turn, ensures changes and determines
adaptation of the marketing behaviour of the entities
which are transportation operators in the context of
the rational use of their resources and technical
capacity in conformity with declared quality of
RPTS in strategic business zones in RRA [4].

The impulse-seasonal nature of seasonal-
targeted personal-mass customer demand, together
with the agglomeration type of development of
regional resort-tourist territories, caused by the
growing popularity of the recreation and tourism
sector, determines the system-forming approach
to design and management of the road transport
business by transportation business entities in the
conditions of coordinated interaction of the
«resort-tourist» and «road passenger transport»
areas in the RRA to achieve a competitive
trajectory of development of the service
infrastructure of the RRA and to ensure the

declared quality of services, thus underlining the
relevance of the problem [5-10].

REVIEW OF LITERATURE SOURCES

There are various scientific and practical points
of view on the solution of the problem of increasing
the competitiveness of the service infrastructure of
the RRA, which lie, in most cases, in the plane of
improving the management of passenger
transportation, but without due consideration of the
specifics of the agglomeration factor of the
development of regional resort areas, the seasonal-
cyclic (impulse) influence of customer activity of
the population on the structure of road passenger
transport services as well as on related services. The
influence of tourism on the process of coordinated
improvement of organisation of passenger
transportation by various modes of transport under
the seasonal-cyclic conditions of multi-segment
customer activity in the RRA is considered to an
insignificant extent. The issue of managing
marketing communications between transportation
business entities isn’t either completely described,
namely regarding the conditions of interaction of
the «resort-tourist» and «passenger motor transport»
service areas in the RRA.

The above is confirmed by the categorical
reflection in the research works:

— The works [1-26] are dedicated to
organisation, functioning and development of road
passenger transport, as well as of the markets for
passenger transport services with the accompanying
service infrastructure, in particular, in the context
of forecasting customer demand at the regional and
city level.

— The works [27-33] refer to providing quality
and improving the efficiency of RPTS at the
regional and city level.

— The works [34-42] focus mainly on the
influence of integration processes (in the tourism
sector and in the field of passenger transportation)
onimproving the efficiency of strategic management,
business communications, and operations.

In this regard, the application of the author’s
concept seems relevant and requires scientific and
theoretical rationale.

RESULTS AND DISCUSSION

According to the results of the study of
regional resort agglomerations (Sochi, Anapa,
Gelendzhik, Novorossiysk, Tuapse resort
agglomerations) of Krasnodar region, it was
revealed that they change the functional status
of road passenger transport to strategic one due
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to the change in seasonal-cyclic conditions
(winter-summer), which have an impulse effect
on the growth of volumes of multi-segment
customers’ personal and mass focused demand
(the summer period exceeding up to 3 or more
times the winter period) for transportation in the
RRA[11-13].

If we assess the significance of passenger
transportation from the position of the functional
status only, then its roles refer to connectivity
and accessibility [14-21]. The connecting role is
ensured by the transport accessibility of the RRA
territory for the local population, and the role for
accessibility affects the dynamics and structure
of transport mobility, also for the local population.
Moreover, the roles it plays for connectivity and
accessibility are significant for the passenger
transportation system only outside the tourist
holiday period, since in most cases transportation
is focused on job, rest, entertainment and similar
destinations for residents.

It is important to emphasise that in winter
sustainability of the passenger transportation
system is not practically influenced by the flow
of vacationers and tourists, since those who arrive
at the resort most often use their personal vehicles
for travel, and the remaining flow does not exceed
15-25 % of the total volume of passenger
transportation in the settlements of the RRA
(except for Sochi agglomeration, in which the
resort season is year-round, and the growth in
passenger transportation volumes can reach from
70 % to 100 %).

If we assess the significance of road passenger
transportation from the position of strategic status,
we should talk about the tourist holiday period,
which can last up to 6 months (from May to
October), and when not only the residents are
transported, but also those who have arrived at the
resort with various purposes [22-26]. This state
of the issue affects not only the passenger
transportation system, but also recreation,
treatment, entertainment and tourism industries,
and, as a result, the sustainable functioning of the
entire socio-economic system of the RRA. In this
connection, the connectivity and accessibility roles
of road passenger transport are complemented by
marketing and communication, financial-
economic and investment-image roles, forming
a categorical functionality of that role, while some
substantive components are added to the roles
referring to connectivity and accessibility [27]:

— The connecting role influences not only the
transport accessibility of the RRA territory, but

also accessibility of distinct types of transport
services for all segments of the permanent
residents, vacationers and tourists through the
territorial-spatial coupling of strategic
transportation zones with their infrastructure
facilities and service provision.

— The accessibility role influences transport
mobility of all personal and mass focused
customers’ categories and considers also
flexibility of interaction of various transportation
technologies (i.e., has an impact on the choice
of places of rest, treatment, entertainment and
tourism for both local and visiting populations).

— The marketing and communications role
influences the dynamics and structure of the
behavioural economy (marketing communications
regarding road transport; passenger transportation
volumes by transportation entities of different
status operating in the strategic business zones
of the RRA).

— The financial and economic role influences
affordability and attractiveness of road passenger
transport services and related transportation
services, as well as the revenues of core sectors
of the economy of the region and satellite cities;
acts as a backup resource of transportation
capacity and a reliable resource and service
(technological) element of the entire regional
passenger transport system, ensuring its
sustainable functioning under the conditions of
summer intraregional, interregional and global
customer loads; determines the directions and
rate of economic and competitive development
of the resort region due to the financial security
of development of the entire service and
infrastructure potential of the resort and tourism
sphere; allows for a systematic increase in the
integral economic effect for the recreation and
tourism industry due to ensuring the declared
service quality.

— The investment and image role influences
the dynamics and diversification of the socio-
economic development of the resort region and
satellite towns; contributes to increase in
investment attractiveness of the RRA including
of its resource and service potential and
infrastructure through participation in building
of flexible, technologically coordinated chains
with a high-quality integrated services (including
those meeting integrated personal and mass
focused demand).

The above allows us to conceptually state that
road passenger transport, operating in the RRA,
acquires strategic features, which require
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Pic. 1. Structural diagram of business process management of CSl in the marketing and communications environment of the RRA
[developed by the author].

development of additional organisational and
managerial actions and strategies for conducting
transport business to increase the competitiveness
of the service infrastructure under the seasonal
and cyclical conditions of customer activity in
the RRA [28-34].

In this regard, it is proposed to create a «core»
system integrator (CSI), i.e., a regional economic
business entity that allows for effective
management of development and functioning of
the communication and strategic business system
of the RPTS, as well as of the rational
implementation of operational business processes
based on various marketing strategies for
conducting the road transport business in the
RRA. The structural diagram of management of
the CSI business processes in the marketing and
communication environment of the RRA is
shown in Pic. 1. The input includes a set of
service resources of integrative economic entities
within the strategic partnership, segmented
customer demand; identifies strategic business
zones (SBZ). The output creates and implements
a competitive format of services of the road
passenger transport services’ business system
assesses the effectiveness and quality of the
services provided.

CSI is a managing agent coordinating the
entire business system of the RPTS considering
implementation of effective marketing strategies
for conducting road transport and related
businesses, guided by a resource and service base
rationally formed to meet the volumes of
customer demand through activation of
integration processes, and by the required quality
of road passenger transport services in the RRA
[35-38].

In this case, the target of the CSI is the
constant (systematic) improvement of business
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processes in terms of efficiency, quality, and
performance. In essence, the CSI business
processes are proposed to be classified into basic
ones and process referring to infrastructure
facilities (entities), development, and
management.

Basic business processes provide the CSI
with the bulk of its profits through the sale of
passenger and related road transport services
(on a regular and chartered basis with personal,
selective, and (or) collective servicing). Business
processes referring to infrastructure facilities
support the infrastructure and business
communications of the CSI. Development
business processes provide for strengthening of
competitive positions of the CSI in the market
of resort and tourist services in the medium and
long term. Business processes of management
regard implementation of all functions of
management (planning, forecasting, organisation,
diagnostics, regulation, coordination, control,
evaluation, analysis and accounting) of the CSI
and are its cost centres.

The classification of business processes
proposed by the author allows to optimise
production and economic activities of the CSI
with regard to the series of factors: structure and
interrelation of business processes, costs of
business processes, centres of responsibility for
efficiency of business processes, structure of
profit from business processes, etc.

In addition to defining target settings for
participants of strategic partnership, by means of
activation and regulation of integration processes
the CSI provides [39; 40]: a) resource and
technological balance in the related markets of
resort and tourist and road transport services in
the RRA; b) increasing efficiency of use of
resource potentials of system business entities in
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strategic business zones in the RRA;
c¢) comprehensive improvement of quality of
service in the RRA; d) obtaining and rationally
distributing the integral economic effect between
system business entities; d) modelling marketing
strategies for managing business processes under
changing conditions of personal and mass
focused customer activity in the RRA.

The timely achievement of the target setting
of the CSI. i.e. increasing the competitive and
comprehensive development of the service
infrastructure of the RRA, considering the
seasonal and cyclical specifics of the volumes of
customer activity of multi-segment personal and
mass focused customers’ groups and the declared
quality of service support, is proposed to be
ensured through the effective use of the service
capacity of the coordinated interaction of the
«resort-tourism» and «road passenger transport
service areas with manageable main and
additional competitive factors (Pic. 2) [41; 42].

If the main competitive factors form only the
natural potential of attractiveness of the RRA,
with narrow entrepreneurial activity towards
development, then additional competitive
factors, together with the main ones, on the
example of the considered sphere of road
passenger transport services form a complex
competitive advantage due to diversification and
efficiency of system-forming business processes
of the service capacity of the coordinated
interaction of the «resort-tourist» and «passenger
motor transport» service areas in the RRA (Table
1). Such a state of the issue contributes not only
to an increase in the rate of socio-economic
development and investment attractiveness of
the entire resort region, but also entails an

World of Transport and Transportation, 2024, Vol.

increase in the flow of vacationers and tourists
already thanks to its tourist resort image with
a regular increase in the corresponding integral
economic effect.

In general, it is proposed to assess the
effectiveness of the developed and functioning
communication and strategic business system of
the RPTS in the RRA using the economic and
mathematical indicator, i.e., the «integral
economic effect», which is presented by the
following author’s formula:

IE ;=D IE 8y + D 1E,+8, + ZIETkoSTk,
i=1 =1 k=1

where IE_, IE,, IE, are respectively, operative
effects from transportation by road passenger
transport of the i-th, j-th, k-th personal and (or)
mass destination (on a regular (R) or chartered
(Z) basis, as well as by passenger taxis (T)) for
different segments of the customers’ groups in
the RRA;

Sei SZj, S,, are accordingly, the number of
seasonal times series (cycles) of passenger
transportation on regular or chartered basis and
by passenger taxis in the RRA.

The integral economic effect (IE_ ) combines
all operative effects obtained from implementation
of the integrative resource and service potential
of the interacting participants of the strategic
partnership in the RRA for certain seasonal-
temporal cycles of road passenger transportation,
which allows us to draw conclusions (based on
the calculation results) about the seasonal target-
related surge (or decline) in personal and mass
focused customers’ demand and to take
appropriate organisational actions that affect the
systematic increase in the integrated economic
effect.
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Table 1

Service capacity of coordinated interaction of the «resort-tourist»
and «road passenger transport» service areas in the RRA with manageable competitive
factors [developed by the author]

Regional resort agglomeration Competitive factors and results from coordinated interaction of the «resort-tourism» and
(RRA) «road passenger transport» service areas
in the RRA
Functionality of | Main competitive factors (M) Additional competitive factors (A)
Category / the destination
Capacity of
destination
Management of integrated spatial and territorial development of resort and recreational service
Resort and Development of | infrastructure
recreational asingle territorial M,: existing geographic location, climate, A,: spatial and territorial development of the
destination space for the seasonal cycles, landscape, territorial potential | passenger transport system infrastructure with
development for the development of resort and recreational related services in combination with related
Resort and of resort and service infrastructure, image and investment areas of resort and tourism businesses in the
recreational recreational attractiveness of the RRA territory RRA
potential service - - . - - -
infrastructure Result: integrated spatial and territorial development of the entire resort and recreational service
infrastructure of the RRA
Strategic Development Management of integrated personal-mass focused technological development
business zone | of a single of the SBZ
territorial- M,: favourable economic conditions for A,: coordinated personal and mass focused
Market and communicative | ¢ombined development of various service areas | technological accessibility in the SBZ of the
techno!ogzcal space for related | 514 markets in the territorial-communication RRA in conformity with the declared efficiency
potential service areas and | gpace of the RRA and quality of passenger transport services and
markets related services
Result: comprehensive improvement of the efficiency and quality of personal and mass focused
technological accessibility in the SBZ of RRA
Management of integrated resource and service provision of related service areas and markets
M,: favourable administrative and legal climate | A,: unification and standardisation of
X Development and computer information and communication | production and technological (and labour)
Production | ofa single capacities (systems) for managing the integration | resources of economic systems of related
and economic | marketing and of economic systems of related service sectors | service sectors for development of
cluster communication | ygeether with their resource capacity for the a comprehensive resource and service capacity
) business purpose of diversifying and increasing the of the RPTS system in conformity with the
Integrative environment efficiency of services (production) declared efficiency and quality of road transport
resource for economic services in the SBZ of RRA
potential systems of - . - - — — - -
related service Result: comprehensive distribution of integrative resource provision of participants in the strategic
areas and partnership in the SBZ of RRA, which is rational and standardised in conformity with the declared
markets efficiency and quality of transport services
System of ‘Management of the system of personal and mass focused customer demand for products of related
Personal and | Development of | service areas and markets
mass focus?d asingle database |y ,: seasonal cycles, national and cultural A,: identification of segment composition
Customers on the volume characteristics and potential personal and and potential volumes of personal and mass
demand of potential mass focused volumes of customers in related focused customer demand for transport and
customers of business areas in the resort and tourism sector of | technological products of the RPTS system for
Demand- services m the regional economy related markets of passenger transport services
focused related service in the RRA
customer areas and P . . -
potential markets Result: comprehensive and system satisfaction of the requirements of personal and mass focused
customer demand for high-quality service provision in the SBZ of RRA
CONCLUSION possible through construction of a client-

In modern market conditions, the tourism
factor defines a new area of priorities and
scientific approaches to solving the problem of
increasing the competitiveness and
comprehensive development of regional resort
agglomerations together with their corresponding
service infrastructure and service areas,
considering the seasonal and cyclical specifics
of formation of volume customer activity within
multi-segment personal and mass focused
customers’ groups and the declared quality of
services provided. Achieving such a goal is

World of Transport and Ti portation,

focused and resource-balanced business system
of RPTS in the resort region. The issue is
focused on the theory of compromises in the
integrative economic activity of various
economic entities operating in the associated
resort-tourist and road passenger transport
service areas of the resort region. The
implementation of the system integration
process makes it possible to effectively interact
in the market space, as well as to use resource
and service capacity in the strategic business
zones of the RRA with a possibility to obtain
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a higher economic result (integral economic
effect).
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ABSTRACT

The article examines the state of road traffic safety (RTS) in
the Russian Federation for the 2012-2022 long-term period. The
study has identified the main directions in the considered area,
described the results of the on-going Safe High-Quality Roads
national project, as well as analysed current federal projects,
namely, the target indicators of the Road Traffic Safety federal
project and the promising ways to achieve them.

To analyse regional road traffic accident rates, a necessity
has been revealed to develop an approach based on a Big Data
tool for processing large amounts of primary data. It has been
also revealed that the available data presented in publicly
available statistical databases do not allow us to fully assess
the causes that result in road traffic accidents (RTA). Despite
this, considering the available resources, namely the data
presented in analytical information systems on the balance sheet
of departmental organisations, it is possible to assess the RTA
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rate for an entire region, considering rates of RTAs without
casualties, which are determined by a significantly larger volume
of data. In this case, it is possible to carry out detailed
specification of the causes and conditions of accidents, which
allows for implementation of an integrated approach in the
considered area.

In this regard, the main objective of the study is to develop an
approach to analysing RTA rates in a region. The main methods for
achieving this objective are mathematical and statistical analysis.
Public databases, as well as the resources of a specialised
automated information management system (AIMS), were used as
research materials. The research has resulted in proposing an
intelligent method of data analysis, which will subsequently make
it possible to more effectively make decisions to increase road traffic
safety, including through implementation of control and supervisory
activity of the relevant authorities.
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INTRODUCTION

Ensuring road traffic safety (RTS) is one of
the conditions for achieving national development
goals. To achieve the relevant target indicators,
several strategic planning documents have been
developed and are being implemented. Thus, the
Strategy of Road Traffic Safety in the Russian
Federation for 2018-2024", approved by the
Order of the Government of the Russian
Federation of January 8, 2018, No. 1-r, is the
basis for development and implementation of
state policy in the field of road traffic safety at
the federal, regional, municipal and intersectoral
levels. This Strategy includes the results of an
analysis of the state of road traffic safety in the
Russian Federation, as well as a set of system
measures developed on their basis and aimed at
increasing road traffic safety and reducing road
traffic mortality.

One of the main directions for implementation
of the Transport Strategy of the Russian
Federation until 2030 with a forecast for the
period until 2035, approved by the Order of the
Government of the Russian Federation of
November 27, 2021, No. 3363-r>3 is to create
conditions for improving the quality of life and
health of citizens, as well as to implement
potential of transport through rapid development
of transport infrastructure and enhancement of
access to safe and high-quality transport services.
In this context, one of the fundamental areas of
implementation of this orientation will be
ensuring road traffic safety.

Over the previous period, road traffic safety
in the entire country has improved, which is
confirmed by annually recorded RTA rates,
presented, among other things, on electronic
resources, i.e., statistical databases* > and in the
annual report of the Scientific Centre for Road
Traffic Safety of the Ministry of Interior of the

! Order of the Government of the Russian Federation dated
January 8, 2018, N 1-r «On approval of the Strategy of Road
Traffic Safety in the Russian Federation for 2018-2024».

2 Transport strategy of the Russian Federation for the period
until 2030 with a forecast for the period until 2035, approved.
by the Order of the Government of the Russian Federation
of November 27, 2021, No. 3363-r.

3 Sokolov, M. Transport strategy of Russia for the period
until 2030. Transportanya strategia — XXI vek, 2013, Iss.
22, pp. 7-9 EDN: VEEFDR.

4 Road traffic safety indicators [Electronic resource]: http:/
stat.gibdd.ru/. Last accessed 05.09.2023.

3 Federal State Statistics Service [Electronic resource]: https://
rosstat.gov.ru/. Last accessed 05.09.2023.

Russian Federation (SC RTS)¢[1]. There is
a decrease in RTA rates in terms of the total
number of incidents with deaths and injuries
(Pic. 1). Analysing the eleven-year period under
consideration — from 2012 to 2022, it can be
noted that on average the total number of
incidents with deaths and injuries in the country
has decreased annually by 4,5 %, the number of
deaths — by 6,5 % and the number of injuries — by
5,5 % [2; 3].

The observed positive dynamics of reduction
in the indicators’ values under consideration
(Pic. 1), especially since 2018, is largely due to
implementation of a new approach to reducing
road mortality — the concept of striving for zero
fatality, the ideological basis of which can be
deemed to be the Swedish concept of Vision Zero
[4-8]. In accordance with this concept, it is
necessary to ensure the safety of the road
transport system, because a person (driver) as
one of the links in the «driver — car — road —
environment» (DCRE) system can commit an
error. In this case, the components of the system
must ensure safety, i.e., to prevent or minimise
the severity of the consequences of an error.
Considering this concept and a relatively new
approach to the issue of road traffic safety, new
projects aimed at improving safety of the road
transport system have been at the legislative
level. The approach is based on the Safe High-
Quality Roads national project’ [9; 10]. The
project includes the construction of new and
reconstruction of existing roads, bringing them
to conditions conform to standards. Within the
framework of this national project, federal
projects «Regional and local road network»,
«Road traffic safety», «Development of public
transporty», «System-wide measures for
development of road infrastructure», «Highways
of the Ministry of Defence of Russia» and
«Development of the federal highway network»
are being implemented (Pic. 2).

Achievement of the goals of the Road Traffic
Safety federal project is assessed by the main
indicators «satisfaction with road traffic safety»

¢ Road traffic accident rate in the Russian Federation 2022.
Information and analytical review report. Moscow, Federal
budget enterprise «NC Road Traffic Safety Centre of the
Ministry of Interior of Russia», 2023, 150 p. [Electronic
resource]: https://media.mvd.ru/files/embed/5055549. Last
accessed 10.08.2023.

7 16,5 thou km of Roads were Repaired in 2021 in Russia
within the Framework of National Safe High-Quality Roads
Project. World of Transport and Transportation, 2022, Vol.
20, Iss. 1 (98), P. 66.
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Pic. 1. Main indicators of RTA rate in the Russian Federation for the period 2012-2022 [prepared by the authors based on an analysis of sources 4, 5, 6].
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Pic. 2. Structural diagram of the main components of the Safe Quality Roads national project [prepared
by the authors based on the analysis of source] ®.

and «number of deaths in road traffic accidents
per 10 thousand vehicles», as well as by an
additional indicator «number of deaths in road
traffic accidents per 100 thousand population»
(Pic. 3 a-c)e.

§ Website of Safe Quality Roads national project [Electronic
resource]: https://bkdrf.ru/about/SafetyRoads.

PROBLEM STATEMENT, OBJECTIVE, METHODS
AND MATERIALS

To achieve the target values of indicators, it
is first necessary to assess the situation in three
main directions — «as it was», «at the momenty
and in the «futurey, using different periods and
parameters for assessment. An accurate

® World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 218-229

Evtyukov, Sergey A., Zeinalov, Fazil N., Mitroshin, Dmitry V., Novikov, Alexander N., Shevtsova,

Anastasia G. Development of an Approach to Analysing Regional Road Traffic Accident Rates




2,12

58%
47% 49% |:|
2023 2024 2030 2024

a) satisfaction with road traffic

safety

b) number of deaths in road traffic
accidents per 10 thousand vehicles

8.9 84
1,01 I I 4

2030 2023 2024 2030

¢) number of deaths in road traffic
accidents per 100 thousand
population

Pic. 3. Indicators of the Road Traffic Safety federal project
[prepared by the authors based on analysis of source ®].

assessment allows forecasting changes in the
situation and determining the main
implementation directions to change the situation.
Considering the available information analysis
tool which is Big Data, it was necessary to
develop an approach to the analysis of road traffic
accident indicators, including those not presented
in official sources, which determined the main
objective of the conducted study.

When working with accident rates, to perform
analytical procedures, a specialist directly
involved in the scientific specifics of the activity
has to work with official sources — statistical
databases containing data on the number of road
traffic accidents with fatalities and injuries. It
should be noted that in official sources the
information is structured, which allows sampling
according to various indicators. In conformity
with the DCRE system [11-13] which is laid into
foundation of scientific research in the field of
road traffic safety, the presented data can be
attributed to the description of one of the
elements or their connections. Working in the
database is carried out by specifying simple
search queries that allow us to analyse one
indicator. For example, considering such an
element of the DCRE system as «driver», it is
possible to consider in detail the components of
such an indicator as «Road traffic accidents and
victims due to violation of traffic rules by vehicle
drivers», which includes 16 subcategories or
classifications of the indicator under
consideration. It should be noted that some
classifications include several components,
which creates a complex hierarchical structure,
presented as an example for the indicator in
question (Pic. 4).

In the presented structure (Pic. 4), subsections
that are not actually represented in the official
database have a light gray fill, since it is
impossible to set a search query for them, but for
constructing the diagram they were included as

a mandatory element that allows carry out
classification. Blocks that were not presented in
official sources before 01.01.2022 are filled in
a dark gray shade but have been introduced since
the mentioned date. It should be noted that for
these indicators it is impossible to establish
values before the specified date, due to the fact
that they were previously not taken into account.

Analysis of the chart presented as a structure
(Pic. 4) shows that when using the analytical
research method and possible types of such
a method — statistics, forecasting, data mining,
optimisation, etc., it is possible to use only the
first method — statistics. In this case, it is possible
to implement only one direction, this is
assessment of changes in dynamics, but
considering the determined target indicators
when working with road traffic accident data, it
is necessary to develop a new approach to
analysis and, accordingly, special tools that will
allow implementation of intelligent data analysis
and subsequently more effective decision-making
to improve road traffic safety, including through
implementation of control and supervisory
activity of the relevant authorities. Thus, at this
stage, the analytical research method was
identified as suitable.

The main materials used are statistical
databases. Following the analysis of available
tools for development of the databases under
consideration, special attention was paid to the
process of primary processing of data carried
out at the scene of RTA. It should be noted that
today the process of entering basic information
necessary for subsequent work is carried out in
the automated information management system
of the State Road Traffic Safety Inspectorate
(AIMS SRTSI) [14-16]. The forms of the
system are conventionally divided into two
groups — necessary and sufficient ones. As part
of the study, special attention was paid to data
that includes the necessary information for
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Pic. 4. Chart of the components of the indicator «Road traffic accidents and victims due to violation of traffic rules by
vehicle drivers» [performed by the authors]:

1 — road traffic accidents and victims due to violation of traffic rules by vehicle drivers — total; 1.1 — by drivers of passenger
cars; 1.1.1 — drivers were intoxicated; 1.1.2 — carriers have a license for transportation activities; 1.1.3 — vehicles are
owned by individuals; 1.1.3.1 — drivers were intoxicated; 1.1.3.1.1 — carriers have a license for transportation activities;

1.2 — by truck drivers; 1.2.1 — drivers were intoxicated; 1.2.2 — vehicles are owned by individuals; 1.2.2.1 — drivers were
intoxicated; 1.3 — by bus drivers; 1.3.1 — drivers were intoxicated; 1.3.2 — carriers have a license for transportation
activities; 1.3.3 — vehicles are owned by individuals; 1.3.3.1 — drivers were intoxicated; 1.3.3.2 — carriers have a license
for transportation activities; 1.4 — by motorcycle drivers; 1.4.1 — drivers were intoxicated; 1.4.2 — vehicles are owned by
individuals; 1.4.2.1 — drivers were intoxicated; 1.5 — by drivers of mopeds and equivalent vehicles; 1.6 — by tram drivers;
1.6.1 — drivers were intoxicated; 1.7 — trolleybus drivers; 1.7.1 — drivers were intoxicated; 1.8 — by drivers of tractors and other
self-propelled machinery; 1.8.1 — drivers were intoxicated; 1.8.2 — vehicles are owned by individuals; 1.9 — age of drivers;
1.9.1 — drivers whose age is from 0 to 10 years; 1.9.2 — drivers whose age is from 10 to 14 years; 1.9.3 — drivers whose age
is from 14 to 16 years; 1.9.4 — drivers whose age is from 16 to 18 years; 1.9.5— drivers whose age is from 18 to 21 years;
1.9.6 — drivers whose age is from 21 to 25 years; 1.9.7 — drivers whose age is from 25 to 30 years; 1.9.8 — drivers whose
age is from 30 to 40 years; 1.9.9. — drivers whose age is from 40 to 50 years; 1.9.10 — drivers whose age is from 50 to 60
years; 1.9.11 — drivers whose age is from 60 to 70 years; 1.9.12 — drivers whose age is over 70 years; 1.10 — experience;
1.10.1 — with driving experience of up to 2 years; 1.10.1.1 — in a state of intoxication; 1.10.1.2 — those who refused to
undergo a medical examination; 1.10.1.3 — by male drivers; 1.10.1.4 — by female drivers; 1.10.2 — with driving experience
from 2 to 5 years; 1.10.3 — with driving experience from 5 to 10 years; 1.10.4 — with driving experience from 10 to 15 years;
1.10.5 — with driving experience from 15 to 20 years; 1.10.6 — with driving experience from 20 to 25 years; 1.10.7 — with
driving experience from 25 to 30 years; 1.10.8 — with driving experience of over 30 years; 1.11 — by drivers who are citizens
of foreign countries; 1.11.1 — by drivers who are citizens of CIS countries; 1.12 — drivers were intoxicated; 1.12.1 — road traffic
accidents that occurred on Mondays; 1.12.2 — road traffic accidents that occurred on Tuesdays; 1.12.3 — road traffic accidents
that occurred on Wednesdays; 1.12.4 — road traffic accidents that occurred on Thursdays; 1.12.5 — road traffic accidents that
occurred on Fridays; 1.12.6 — road traffic accidents that occurred on Saturdays; 1.12.7 — road traffic accidents that occurred
on Sundays; 1.13 — drivers refused to undergo a medical examination; 1.14 — vehicles of individuals; 1.14.1 — drivers were
intoxicated, 1.15 — vehicles of legal entities; 1.15.1 — drivers were intoxicated; 1.16 — by male drivers; 1.16.1 — drivers were
intoxicated; 1.17 — by female drivers; 1.17.1 — the drivers were intoxicated.

generating RTA report forms. One of the main
positive aspects of working in this system is
availability of more complete information about
the RTA, the ability to set complex search
queries, as well as availability of information
on the number of accidents without injuries.
According to the working hypothesis of the
study, which assumes that to make a decision
on reducing the number of accidents in a region,
it is necessary, together with RTA rates with
casualties, to assess RTA rates without casualties,
this information is important and necessary for
the analysis of RTA rates and, accordingly, as
well as it a specific tool for developing decision-

®  World of Transport

making actions. Thus, the main materials used
in this study were statistical databases and
AIMS SRTSI.

RESULTS

To develop an approach to assessing RTA
rates in accordance with the sections of AIMS
SRTSI, complex search queries were formulated
(Table 1) that allow to obtain data on the number
of RTAs with and without injuries and based on
which to further perform an analysis and compare
the results obtained. It should be noted that the
structure of the system includes seven main
sections:
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Table 1

Formulated complex search queries [prepared by the authors]

Query name General formulation of a search query

«Query 1»

Number of RTA in IL with victims number of RTA in IL with victims

Number of RTA in IL without victims number of RTA in IL without victims

«Query 2»

Number of RTA OL with victims number of RTA OL with victims

Number of RTA OL without victims number of RTA OL without victims

«Query 3»

Number of RTA in IL — section of with victims ngrr}ber of RTA on the section of road in IL with
the road victims

Number of RTA in IL — section of | without victims number of RTA on the section of road in IL without
the road victims

«Query 4»

Number of RTA in IL-CPC

with victims

number of RTA at CPC in IL with victims

Number of RTA in IL-CPC

without victims

number of RTA at CPC in IL without victims

«Query 5»

Number of RTA in IL-UPC

with victims

number of RTA at UPC in IL with victims

Number of RTA in IL-UPC

without victims

number of RTA at UPC in IL without victims

«Query 6»
Number of RTA in IL-CI
Number of RTA in IL-CI

with victims number of RTA at CI in IL with victims

without victims number of RTA at CI in IL without victims

«Query 7»
Number of RTA in IL-UCI
Number of RTA in IL-UCI

number of RTA at UCI in IL with victims
number of RTA at UCI in IL without victims

with victims

without victims

«Query 8»
Number of RTA in IL-UCPR
Number of RTA in IL-UCPR

number of RTA at UCPR in IL with victims
number of RTA at UCPR in IL without victims

with victims

without victims

«Query 9
Number of RTA in IL-UIR
Number of RTA in IL-UIR

number of RTA at UIR in IL with victims
number of RTA at UIR in IL without victims

with victims

without victims

Notes: RTA — road traffic accident; IL — inhabited localities; OL — outside inhabited localities; section of the road — the
section where traffic intensity and number of vehicles do not change more than by 15 % each; CPC — controlled pedestrian
crossing (pedestrian light controlled crossing); UPC — uncontrolled pedestrian crossing; CI — controlled intersection (traffic
light controlled intersection); UCI — uncontrolled intersection (intersection of equivalent roads, i.e. of roads where no road
is a priority road); UCPR — uncontrolled intersection of roads where there is a priority road; UIR — uncontrolled intersection
with a roundabout.

1. General information. analysis of the causes and conditions for occurrence
2. Street-and-road network and RTA sketch. of RTA in a region. Of course, the occurrence of
3. Road conditions. RTA is influenced by many factors, which requires
4. Actions at the scene of RTA. an in-depth analysis, but within the framework of
5. Information about the vehicles involved in  this study it is proposed to develop a mechanism

RTA. for initial assessment of existing indicators to carry
6. Information about participants in RTA. out further analysis of the identified dominant
7. Additional information. search request, for example, according to the
Each of the presented sections includes «street-and-road network object» indicator.

a sufficient list of parameters that allows, for the Despite the fairly wide range of information

period under review, to carry out a primary presented in publicly available information
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- W Table 2
=4 Obtained probability values
o~ ~ [developed by the authors]
(N / Year 2016 (2017 |2018 2019 (2020 2021 |2022
i P (A) 1 1 1 1 1 1 1
e P (Al) 0,97 0,97 0,95 0,97 0,97 0,96 0,95
P (A2) 0,03 0,03 0,05 0,03 0,03 0,04 0,05
P(Al_1) [005 0,06 0,07 |0,08 0,08 0,07 0,06
Pic. 5. lllustration of the components P(Al_2) 0,92 0,91 0,89 0,89 0,89 0,89 0,89
of overall statistical probability P (A2 1) 0,02 0,02 0,02 0,02 0,02 0,02 0,02
[prepared by the authors]. P(A22) |00l |00l |003 001 |002 |002 003

resources, the main disadvantages of their use
include the lack of detailed data, for example,
classification by «street-and-road network
objects» and the lack of data on the number of
road traffic accidents without casualties
regarding all the indicators. It is also worth
noting a feature of AIMS SRTSI, i.e., the
inaccessibility of the system for users not
belonging to departmental structures, for
example, researchers in the field of road traffic
safety. However, despite the existing number of
problems, based on the official request,
quantitative data were obtained on the
formulated requests (Table 1), which made it
possible to analyse the data received.

The first priority for developing the approach
is the transition to relative indicators —
probabilistic values of occurrence of an event. It
should be noted that work in the probabilistic
field makes it possible to assess the most
significant values that have the greatest «weight»
regarding the statistical probability of occurrence
of events, which makes it possible to plan basic
measures to reduce RTA rates for a specific
constituent entity of the Russian Federation.

As an example, this study examines RTA rates
for Belgorod region for the period 2016-2022,
obtained based on setting formulated search
queries (Table 1) in AIMS SRTSI system. At the
initial stage, to move into the area of probabilistic
values, the work was carried out according to
«query 1» and «query 2», where it was accepted
that P (A) is the overall statistical probability of
an RTA, determined using the formula:
P(A)=P(Al) + P(A2), ))
where P(A) is overall statistical probability of
occurrence of an event (RTA);

P(A1) — statistical probability of occurrence
of a RTA in an inhabited locality;

P(A2) —statistical probability of RTA outside
inhabited locality.

P(A1)=P(Al 1)+P(Al 2), )

where P(A1) — statistical probability of a RTA in
an inhabited locality;

P(A1_1)-statistical probability of RTA with
victims in an inhabited locality;

P(A1 _2) — statistical probability of RTA
without victims in an inhabited locality.

P(A2) =P(A2 1)+ P(A2 2), 3)
where P(A2) — statistical probability of RTA
outside inhabited locality;

P(A2 1) - statistical probability of RTA with
victims outside inhabited locality;

P(A2 2) — statistical probability of RTA
without victims outside inhabited locality.

Graphically, the relationship between the
indicators has the form shown in Pic. 5. As
aresult of the calculation, data on the established
probabilities were obtained, which are clearly
presented in Table 2.

The results obtained make it possible to
present the data in a conditional probability
field, which clearly reflects that most events
occur in inhabited localities. When compared
with absolute indicators’ values, it is worth
noting that, despite the decrease in overall
quantitative values of indicators, the situation
in the region under consideration for the period
under review remains unchanged (Pic. 6).
Further analysis shows that the largest number
of RTA in inhabited localities, which varies
from 0,89 to 0,92, occurs without victims,
while the statistical probability of RTA with
victims varies from 0,05 to 0,08. Conventionally,
during the period under review in Belgorod
region, of the total number of accidents
occurring annually, an average of approximately
7 % of RTA causes fatalities or injuries.
According to regulations and the concept of
«zero visiony, in the long term, especially such
events are given special attention, since
because of them harm was caused to human
health or life. However, considering the results
obtained, constant monitoring of changes in
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Pic. 6. General view of the area of probability of occurrence of events [developed by the authors].

data characterising the number of RTA without
victims is also required.

The data provided in Pic. 6 shows that in
the entire region, the situation with statistical
distribution of accidents remains unchanged.
Due to the focus of the road safety policy on
reducing the number of fatalities, special
attention in this study is paid to such
components of the probability area as P(A1 1)
and P(A2 1), which are highlighted in the
black segment.

To analyse an established strategically
important segment, it is proposed to take the
P(A1) indicator as a general indicator of the
statistical probability of occurrence of events,
equating it to the new P(B) indicator, which
allows us to move into a new probabilistic area:
P(A1) =P(B). @)

In this case, special attention will be paid to
all the accidents that occurred in inhabited
localities, considering quantitative values of RTA
indicators with and without victims. To continue
further research, search queries 3—9 (Table
1) were considered, making it possible to identify
the street-and-road network objects most
susceptible to RTA across the region under
consideration. In this case, the general
mathematical form for determining the
probability of occurrence of events in inhabited
localities has the form:

P(B) =P(B1) + P(B2) + P(B3) + P(B4) +

+ P(B5) + P(B6) + P(B7) + P(BS), 5)

where P(B) — statistical probability of occurrence
of RTA in an inhabited locality;

P(B1) — statistical probability of occurrence
of RTA on the section of the road;

P(B2) — statistical probability of occurrence
of RTA at a controlled pedestrian crossing;

P(B3) — statistical probability of occurrence
of RTA at an uncontrolled pedestrian crossing;

P(B4) — statistical probability of occurrence
of RTA at a controlled intersection;

P(B5) — statistical probability of occurrence
of RTA at an uncontrolled intersection of roads
without priority road;

P(B6) — statistical probability of occurrence
of RTA at an uncontrolled intersection of roads
with a priority road,;

P(B7) — statistical probability of occurrence
of RTA at an uncontrolled intersection with
a roundabout;

P(B8) — statistical probability of occurrence
of RTA at other street-and-road network objects.
P(B1)=P(B1_1)+P(B1_2), (6)
where P(B1 1) — statistical probability of
occurrence RTA with victims on the section of
the road in an inhabited locality;

P(B1 2) — statistical probability of RTA
without victims on the section of the road in an
inhabited locality.

P(B2)=P(B2 1)+ P(B2 2), (7

where P(B2 1) — statistical probability of
occurrence of RTA with victims at a controlled
pedestrian crossing in an inhabited locality;
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Table 3
Obtained probability values for P(B)
[developed by the authors]

Year 2016 2017 |2018 [2019 |2020 [2021 |2022

P(B) 1,000 {1,000 |1,000 [1,000 |1,000 |[1,000 |1,000

{-"j-: ] P(B1) 0,111 [0,085 |0,080 0,088 |0,118 |0,121 |0,117
P(B1 1) 0,007 [0,008 |0013 [0,013 |0016 |[0,012 |0,014

P(B1 2) 0,104 [0,077 |0,068 [0,075 |0,102 |0,109 |0,104

P(B2) 0,007 0,007 |0,006 |0,010 [0,013 [0,015 |0,014

P(B2_1) 0,004 [0,003 |0,003 |[0,004 |0,004 |0,003 |0,005

P(B2_2) 0,003 [0,004 {0,003 [0,005 |0,009 |[0,011 |0,010

P(B3) 0,026 [0,025 |0,025 |[0,025 |0032 |0,031 |0,023

P(B3 1) 0,009 (0,012 [0,012 |0,013 [0,014 |0,013 [0,013

P(B3 2) 0,016 [0,013 [0,013 |0,012 [0,018 |0,018 [0,011

’th;;;l’,’;};%?;‘#:;%';‘;?;’ﬁ ofthe 1 p(B4) 0,050 [0,059 (0,059 |0,066 [0076 |0,073 0,066
P(B) for certain street-road network P(B4_1) 0,006 [0,006 |0,007 |0,010 |0,010 |0,007 {0,008

objects. [developed by the authors].

P(B4 2) 0,044 0,053 [0,052 |0,055 [0,066 |0,066 |0,059

P(B5) 0,010 |0,010 [0,008 |0,011 [0,016 |0,012 |0,013

P(B5 1) 0,001 |0,001 [0,001 |0,002 [0,003 |0,001 [0,001

P(B5 2) 0,009 |0,009 [0,007 |0,009 [0013 |0,011 [0,011

P(B6) 0,070 |0,076 [0,073 |0,102 [0,121 |0,118 |0,103

P(B6_1) 0,008 [0,010 [0012 |0,019 [0,017 |0,018 |0,015

P(B6_2) 0,062 |0,066 [0061 |0,083 [0,103 |0,100 |[0,088

P(B7) 0,008 |0,014 |0,015 |0,018 |0,014 |[0,014 [0,009

P(B7_1) 0,001 |0,001 [0,000 |0,002 [0,002 |0,001 0,001

P(57_2) 0,007 [0,013 [0015 |0,016 [0012 |0,013 |[0,008

P(B2_2)-statistical probability of occurrence
pf RTA without victims at a controlled pedestrian
crossing in an inhabited locality.
P(B3)=P(B3_1)+P(B3 2), ®)
where P(B3 1) — statistical probability of
occurrence of RTA with victims at an
uncontrolled pedestrian crossing in an
inhabited locality;

P(B3_2)-—statistical probability of occurrence
of RTA without victims at an uncontrolled
pedestrian crossing in an inhabited locality.
P(B4)=P(B4 1)+ P(B4_2), ©)
where P(B4 1) — statistical probability of
occurrence of RTA with victims at a controlled
intersection in an inhabited locality;

P(B4 2)-—statistical probability of occurrence
of RTA without victims at a controlled intersection
in an inhabited locality.
P(B5)=P(B5_1)+P(B5_2), (10)
where P(B5 1) — statistical probability of
occurrence of RTA with victims at an
uncontrolled intersection of equivalent roads

(of roads where no road is a priority road) in an
inhabited locality;

P(B5_2)—statistical probability of occurrence
of RTA without victims at an uncontrolled
intersection of equivalent roads in an inhabited
locality.

P(B6) =P(B6_1) +P(B6_2), (11)
where P(B6 1) — statistical probability of
occurrence of RTA with victims at uncontrolled
intersection of roads when there is a priority road
in an inhabited locality;

P(B6_2) — statistical probability of RTA
without victims at uncontrolled intersection of
roads when there is a priority road in an inhabited
locality.

P(B7)=P(B7_1)+P(B7_2), (12)
where P(B7_1) — statistical probability of
occurrence of RTA with victims at uncontrolled
intersection with a roundabout in an inhabited
locality;

P(B7_2)-—statistical probability of occurrence
of RTA without victims at an uncontrolled
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General view of the probabilistic area of occurrence of RTA
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Pic. 8. Diagrams of the components of the probabilistic area of road traffic accidents in inhabited localities at the studied street-and-road
network objects [developed by the authors].
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intersection with a roundabout in an inhabited
locality.

P(B8)=P(B8 1)+ P(B8 2), (13)
where P(B8 1) — statistical probability of
occurrence of RTA with victims at other street-
and-road network objects in an inhabited locality;

P(B8_2)-—statistical probability of occurrence
of RTA without victims at other street-and-road
network objects in an inhabited locality.

It should be noted that the interface of AIMS
SRTSI software makes it possible to subdivide
street-and-road network objects into 29 types,
for example, overpass, gas station, courtyard
area, etc. As part of this study, a detailed analysis
was performed regarding the main objects
presented in the table of search queries (Table
1), the rest in this case are classified as other
objects. In the future, the general structure will
be expanded and similarly analysed in detail.

As a result of the calculation, the values of
the statistical probabilities of occurrence of RTA
were determined, provided in Table. 3. The
relationship between the components of the
probability of occurrence of RTA in inhabited
localities P(B) for certain street-and-road
network objects is shown in Pic. 7.

In this case, as part of the analysis (Pic. 7,
Table 3), a new probability area P(B) was
considered, which was a full-fledged working
field with a probability value equal to 1. The
general view of the results obtained is shown in
Pic. 8.

The analysis of the presented data allows us
to determine that in the region under consideration
over a long period (2016-2022), the most
accident-prone areas in terms of the total number
of incidents are sections of roads (P(B1)),
controlled intersections (P(B4)) and uncontrolled
intersections of equivalent roads (R(B6)).
Despite the general decrease in the number of
RTA with victims, which is reflected in the
official statistical database, the RTA rate at these
facilities remains at a high level in comparison
with other street-and-road network objects.
According to the results of the analysis of the
number of RTA with fatalities and injuries, the
most accident-prone areas also remain sections
of roads (P(B1)), controlled intersections
(P(B4)), uncontrolled intersections of equivalent
roads (P(B6)), but here a high RTA rate is also
observed at uncontrolled pedestrian crossings
(P(B3)). One of the positive aspects of the
transition to the probabilistic area is assessment
of the general dynamics of changes in the RTA

rate of the objects under study, which shows that
the proportion of RTA characteristic of some of
the studied street-and-road network objects
varies in a relatively narrow range, for example,
for controlled pedestrian crossings (P(B2)),
uncontrolled intersections of equivalent roads
(P(BS)) and uncontrolled intersections with
roundabouts (P (B7)).

CONCLUSION

The analysis resulted in presenting the basis
of the developed approach to assessing accident
rates using an expanded range of data, allowing
one to take into account the indicators of
accidents without victims. Considering the
course actively implemented in all constituent
entities of the Russian Federation without
exception and the focus on the concept of «zero
mortality», this allows considering parameters
of indicators referring to reduction in the total
number of RTA. In this regard, the developed
approach with subsequent detailing of all
indicators presented in a publicly accessible
statistical database and data reflected in AIMS
SRTSI, by specifying complex search queries
and converting absolute indicators into relative
ones using probabilistic models, will allow us to
determine the weight of data in the overall system
and establish a list of recommended measures to
reduce RTA for a region under study.

In turn, subsequent automation of the
presented analysis allows us to optimise the
procedures of processing values of RTA
indicators, considering the addition to the
analytical model of factors that influence changes
in the indicators under consideration, such as:

— level of motorisation in a region;

— length of paved roads in a region;

— provision of a region with intelligent
transport systems, considering the level of
technological maturity;

— socio-economic situation of a region and
inflation rate;

— population size of a region and its migration
activity and mobility;

— demographic indicators, etc.

Analysis of these indicators in conjunction
with road traffic safety indicators will make it
possible to predict achievement of targets set out
in national projects and strategic planning
documents, as well as to assess the degree of
influence of certain factors during development
of public policy in relevant areas. When
forecasting changes in the situation in an entire
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region, long-term planning can be used for
implementation of main development directions
and application of measures aimed at the effective
use of existing resources and formation of
specialised requests addressed to the federal level
to receive new elements, for example, executive
elements of ITS, software and hardware systems,
at the performance of certain types of activity
contributing to the improvement of road traffic
safety and at the implementation of other
activities which together will become the basis
for digital transformation.
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ABSTRACT

The relevance of environmental safety problems in the process
of reconstruction, repair, and maintenance of public roads is
predetermined by the presence of many transport accidents, as well
as dangerous events with extremely negative environmental and
socio-economic consequences for safety and well-being of the
population.

The objective of the study is to determine the parameters of
environmentally safe operations during reconstruction, repair, and
operation of roads. The main purposes of the work focused on
a comprehensive survey of work sites on public roads; assessment
of compliance with environmental safety requirements when carrying
out various types of operations; analysis of violations of environmental
laws, of causes, conditions for their occurrence, potential threats of

occurrence of man-made emergency situations following violation of
environmental compliance; development of a set of measures to
ensure respect of environmental safety requirements, prevent
emergency situations and their dangerous consequences for the
environment and life safety of the population.

The study has resulted in a list of measures substantiated as
a result of an analysis of the environmental situation and intended to
ensure environmental safety requirements during repair,
reconstruction, and maintenance of roads.

The results of the work were reported on August 29, 2023, in
Vologda at the scientific section of the theoretical part of the annual
Federal road agency's exercises to ensure transport safety and
prevent emergency situations.
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INTRODUCTION

Ensuring the environmental safety of the
transport system and of road transport
infrastructure is of paramount importance for
ensuring sustainable socio-economic
development of the country.

The national importance of these issues is
reflected in the National Security Strategy of the
Russian Federation, the Transport Strategy of
the Russian Federation until 2030 with a forecast
for the period until 2035, and the Environmental
Safety Strategy of Russia for the period until
2025.

Road transport and road infrastructure serve
as a massive source of negative impact on the
environment. The problems of pollution of the
natural environment with industrial and
municipal waste, untreated wastewater,
emissions of various aerosols of solid particles,
and gaseous compounds into the atmospheric
air deserve the closest attention.

To comprehensively study the state of activities
in the field of monitoring and forecasting man-
made emergency situations with adverse
environmental consequences, compliance with
environmental safety requirements during repair
and operation of public roads, in the summer of
2023, on-site interdepartmental activities were
carried out to examine the state of environmental
safety of road reconstruction, operation and repair
facilities, stocks of road equipment and storage of
materials, to prevent accidents and emergencies
of an environmental nature, their adverse
consequences for the life of the population,
economic entities, environment.

Based on the results of a field study of the
state of environmental safety on public roads,
the question arose about the relevance of
developing a set of measures to prevent possible
man-made emergencies caused by environmental
threats due to violations of environmental and
sanitary requirements, norms, and rules during
reconstruction, repair and maintenance of
facilities of road transport infrastructure, and
that is the objective of the study.

MATERIALS AND METHODS OF RESEARCH

The materials for the research included
published works of scientists, specialists, and
researchers in the field of environmental safety
in transport industry [1-5], transport safety,

prevention of transport accidents and of related
man-made emergencies, analysis of
environmental violations during reconstruction,
repair, and operation of highways [6-10], the
results of our own research in the field of
ensuring environmental safety and environmental
protection in transport sector, resource saving,
safe handling of waste and secondary resources
in transport and other enterprises [11-15].

The concept of this study is based on the
priority directions of state policy in the field of
waste management, as well as of monitoring,
forecasting, prevention and timely response to
emergencies of a natural and man-made nature,
principles generally accepted in the world
community, i.e., Zero waste and Circular
Economy [16-20].

The research methodology includes system
analysis, statistical processing of data on the
environmental situation of transport facilities
obtained as a result of systematisation and
generalisation.

RESULTS

At the first stage of the study, materials from
comprehensive surveys of reconstruction,
repair, and operation sites of highways, obtained
during the survey using a specially developed
form, were summarised and systematised
(Table 1).

After systematising and summarising the
materials from the survey of road transport
infrastructure, the authors carried out an analysis
of violations of the requirements of
environmental laws during operations on
highways leading to dangerous accidents, man-
made emergencies (based on collection and
systematisation of data on repair and operation
ofroad transport infrastructure and maintenance
of auxiliary objects).

During the event, a number of environmental
violations were identified, primarily those,
characteristic of operation of road equipment
parking sites, storage of materials and structures,
and mini-towns for repair and maintenance
personnel. Most of these types of facilities are
operated by contractors who carry out various
types of repairs and maintenance of road
transport infrastructure.

Most of these violations (separately or in
combination), in case of unfavourable weather
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Table 1
Form for survey of facilities regarding compliance with requirements of sanitary
and environmental laws (fragment)

Contents of the requirement

1. Hazardous waste management

Accumulation of waste is allowed only in places (sites) of waste accumulation that meet the requirements
of legislation in the field of sanitary and epidemiological welfare of the population and the laws of the
Russian Federation.

Special sites for temporary storage, accumulation of materials, raw materials, semi-finished products,
waste are embanked, equipped with anti-filtration screens, protective waterproofing, have a fence around
the perimeter of the site, are located outside the drainage areas of surface and underground water bodies,
land plots covered with a soil vegetation layer.

Storage of bulk and volatile materials, substances, waste is not allowed in open form (in bulk) in premises,
on construction sites without the use of dust suppression agents.

Loading and unloading of liquid raw materials and materials is carried out through closed paths using
gravity flow and pumps.

Storage, movement of bulk materials, waste is carried out in securely closed, moisture-proof, chemical-
resistant bags.

The process of filling containers, collectors, measuring vessels with toxic liquids is equipped with alarm
systems about the maximum permissible level of their filling, monitoring their content using level meters.

Cleaning and washing of contaminated containers and vehicle wheels are carried out at sites specially
equipped with a system for collecting contaminated wastewater with its subsequent treatment and with
storm drainage.

It is prohibited: dumping of production and consumption waste, including radioactive waste, into surface
and underground water bodies, into drainage areas, into the subsoil and onto the soil.

Organisation of waste transportation is carried out under the following conditions:

availability of a waste passport of I-IV hazard class;

availability of documentation for transportation and transfer of waste, drawn up in accordance with the
rules for transportation of goods, indicating the amount of transported waste, the purpose and destination
of their transportation;

compliance with safety requirements for transporting waste by vehicles;

the presence on vehicles, containers, tanks used for transporting waste, of special distinctive signs
indicating a certain hazard class of waste.

2. Water conservation

Within the boundaries of water protection zones the following is prohibited:

— placement of production and consumption waste disposal facilities, chemical, toxic, poisonous
substances;

— movement and parking of vehicles, with the exception of their movement on roads and parking on roads
and in specially equipped places with hard surfaces;

— construction and reconstruction of gas stations, warehouses for fuel and lubricants, service stations used
for technical inspection and repair of vehicles, washing vehicles;

— discharge of wastewater, including drainage water.

Discharge of production and consumption waste into water bodies and burial therein is prohibited.

Within the boundaries of flood zones, flooding are prohibited:

1) construction of capital construction projects that are not provided with structures and (or) methods of
engineering protection of territories and objects from the negative effects of water;

3) placement of production and consumption waste disposal facilities, chemical, explosive, toxic
substances.

3. Protection of land resources

Owners of land plots and persons who are not owners of land plots are mandatorily obliged to:

carry out measures to protect lands, forests, water bodies and other natural resources, fire safety measures;
prevent pollution, depletion, degradation, damage, destruction of lands and soils, and other negative
impacts on lands and soils.
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conditions or other violations of the rules of
operation and repair, can lead to the occurrence
of man-made emergencies in the format falling
under the criteria for classifying events as
natural and man-made emergencies, approved
by the Order of Ministry of the Russian
Federation for Civil Defence, Emergencies and
Elimination of Consequences of Natural
Disasters (EMERCOM), dated 05.07.2021 No.
429 «On establishing criteria for information
about emergency situations of a natural and
man-made naturey.

Some of the most common violations of
environmental and sanitary requirements at
reconstruction, repair, and maintenance sites of
highways are:

— local littering of the territory with
construction, industrial and municipal waste;

— contamination of land on the territory of
the facility with oil products;

— repair of equipment in open areas with
spills of oil products;

— storage of containers with used oils
without a pallet in an open state on unpaved
surfaces or on the soil cover;

— storage in an open area without
embankment or shed of scrap metal, polymer
products, components and parts contaminated
with oil products, other chemical compounds,
as well as removed contaminated asphalt
concrete pavement in the form of lump residues,
crumbs, dust.

The listed wastes are classified as hazard
class 3-4, i.e., pose a danger to the
environment if it enters with surface (storm,
melt) wastewater along the slopes of the
territory and through the system of drainage
ditches, or under the influence of wind on
the drainage areas of water bodies and on the
soil cover.

No technical measures have been taken
to embank the territory, organise collection
and purification of surface wastewater to
prevent contamination of the natural
environment (soil cover, water bodies) with
suspended substances, metal salts, organic
compounds, oil products, and surfactants.

In these cases, there is a potential threat
of exceeding the maximum permissible
concentrations of hazard class 3—4 pollutants
entering water bodies and soil with runoff
by more than 50 times.

Environmental hazards may also occur in
case of partial flooding of property areas
during heavy rain or during spring floods as
a result of active snow melting. If the MPC
is exceeded, the unfavourable situation, in
accordance with the criteria for classifying
events as an emergency, is characterised as

an emergency with release and discharge of |

pollutants into the environment at road and
transport infrastructure facilities.

Other identified violations that pose
a potential environmental hazard include:
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— contamination of the vehicle washing
station with solid sediment and oil products
(film), irregular pumping of wash water;

— lack of wheel washing stations with waste
collection and removal under contract or
cleaning during repair work on roads;

— contamination of roadside drainage
ditches;

— violation of the rules for separate collection
and temporary accumulation of used motor oils,
batteries, scrap metals, cut down and uprooted
trees and shrubs, stumps, tree trunks, oily sand;

— — irregular waste removal, which
contributes to overfilling of containers and
contamination of facility areas;

—unsecured water drainage (stagnation of
water, formation of local zones of water
accumulation) during and after completion of
repair work along the right of way,

— lack of data on studies of untreated surface
wastewater entering watersheds and soil;

— storage of removed vegetation soil cover
without taking technical measures to protect
against spraying and leaching.

In a number of cases, on the border of the
sanitary protection zone of the location of
production bases for repair and operation of road
equipment, temporary camps for repair workers,
the grass stand exceeds 25 cm. Subject to hot
weather, careless handling of fire and taking into
account the presence of scattered flammable
wood, polymer, cardboard and paper waste,
insufficient insulation of warehouses of
flammable materials, non-compliance with fire
safety rules, local fire of objects is theoretically
possible with the transition of an unfavourable
fire situation into an emergency man-made one.

Explanatory work on prevention of
emergency situations and their dangerous
consequences for life and the environment with
employees is not properly carried out. Based on
the results of sociological surveys and analysis
of regulatory and technical documentation, it
was revealed that an environmental action plan
had not been developed and was not
communicated to employees, there is no
sufficient understanding of either departmental
environmental control, monitoring of natural
and man-made emergencies, or production
control in the field of waste management. There
are no employees responsible for environmentally

safe separate collection and isolated storage of
hazardous production and consumption waste.

DISCUSSION AND CONCLUSIONS

Thus, the study revealed the prerequisites
and causes for the occurrence of environmental
hazards at sites of reconstruction, repair, and
maintenance of public roads. Failure to take
proper preventive measures to reduce them
may lead to the occurrence of man-made
emergencies.

To ensure the environmental safety of these
technospheric territories, a set of organisational
and technical measures is proposed.

1. Development of a comprehensive plan
of environmental protective measures with
a section on emergency prevention during
waste management, as well as during operation
of facilities associated with a negative impact
on the environment, indicating deadlines and
those responsible.

2. Analysis of the issue of draining
contaminated surface runoff with subsequent
treatment or accumulation in settling tanks
with subsequent removal to special processing
enterprises licensed to dispose these types of
waste.

3. Organisation of a system of industrial
environmental control and monitoring,
including industrial control and monitoring of
the management of hazardous waste from
production and consumption.

4. Conduct of periodical independent
environmental surveys of road transport
infrastructure, considering potential
environmental threats and transport accidents
(summer — hot weather, summer-spring —heavy
rains, spring — snowmelt, winter — slipperiness).

5. Development of appropriate
recommendations on undertaking of specific
sanitary and environmental measures in work
projects, which are subject to control at the
stages of construction, reconstruction, repair
and, upon completion, at the stage of
commissioning of facilities.

6. Analysis of the issue of consolidation
and unification of the system of environmental
requirements within the framework of the
current environmental laws into a separate
section of standardisation documents,
methodological documents regulating the
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Prevention of accidents and man-
made emergencies with
environmental conseguences
caused by violation of the rules for
transporting dangerous goods
intluding hazardous waste by type

of cargo)

* Event participants:
governmental
departments, business
entities

Prevention of man-made
emergencies caused by the complex
effects of natural and man-made
factors

* Event participants:
governmental
departments, business
entities (enterprises)

Prompt response, mitigation and
minimisatien of the
environmental consequences of
a simulated accident associated
with the spill, discharge of oil
products, hazardous waste

* Event participants:
governmental
departments, business
entities (enterprises and
organisations).

Pic. 1. Proposed simulated situations while developing measures to prevent emergency situations on highways [performed by the authors].

processes of reconstruction, major and current
repairs, and maintenance of road transport
infrastructure facilities.

7. Involvement of research institutions into
solving problems of ensuring environmental
safety and preventing man-made emergencies.

As a proposal for development of
intersectoral, interdepartmental cooperation in
the field of preventing accidents and
emergencies with dangerous environmental
consequences on highways, it is considered
appropriate to organise and conduct
interdepartmental exercises on issues of
ensuring environmental safety and preventing
man-made emergencies with environmental
consequences on highways.

As the main objectives of such exercises
the most typical ones are identified that lead
or can lead to accidents, man-made emergencies
with dangerous socio-economic, environmental
and other consequences (Pic. 1).

The first task being worked on is prevention
of accidents and man-made emergencies with
environmental consequences caused by
violation of the rules for transportation of
dangerous goods, including hazardous
production and consumption waste, includes
subtasks by type of transported goods:

a) oil products;

b) chemical hazardous liquid substances;

c¢) chemically hazardous gaseous
compounds;

d) liquid toxic waste;

¢) municipal solid waste;

f) construction waste;

g) bulk mineral waste;

h) waste of electronic and electrical
equipment;

1) battery waste.

The implementation of the second task
covers prevention of man-made emergencies
caused by the complex effects of natural
(hazardous hydrological and meteorological
phenomena and processes: floods, inundations,
flooding, strong winds, etc.) and man-made
factors (violation of environmental and
sanitary requirements for repair, maintenance,
operation: pollution of territories of production
and repair bases with chemicals, oil products,
waste).

The fulfilment of these tasks, according to
the authors, on the one hand, will help to
increase the level of protection of the natural
environment and the life of the population from
environmental threats, on the other hand, will
help strengthen interdepartmental, intersectoral,
interregional interaction to resolve these
pressing issues of our time.
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ABSTRACT

The article is devoted to identifying the most probable
prospects for the use of intelligent systems in universities of the
Russian system of transport education.

The methodological basis of the study is built within the
framework of the system functional and program-targeted
approaches using the postulates of the concept of the digital
economy in its modern interpretations. The methodological
apparatus of the study is represented by a set of general logical
methods (analysis, synthesis, analogy), theoretical methods
(classification and hypothetical method), empirical methods
(observation, modelling, measurement, description) and specific

methods (modern methods of analytics, interpretation and
visualisation of data, including PowerBI).

The study systematises priority trends and tendencies in
development of intelligent technologies in management of universities,
and also shows that correct identification of the direction of development
should not be limited only to the analysis of megatrends, but also
supplemented by taking into account the specifics of the material and
technical support of the educational process in transport universities.

As a result of the study, the most significant prospects for
intellectualisation of management systems in educational organisations
of the transport industry were determined.

Keywords: intelligent management systems, university, transport education, megatrends, digital transformation, cyber-physical

simulators.
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INTRODUCTION

The relevance of the problem under study is
due to the fact that intellectualisation of transport
management systems, accelerated by
development of the digital economy, requires
identifying trends and prospects for the use of
intelligent management systems in universities
of the transport industry. Transport is a system
integrator of the entire economic system, which
has a significant impact on formation of added
value in the country. The use of artificial
intelligence and intelligent systems in
management has become a megatrend of global
market development. This in turn entails the
emergence of a need for training personnel with
the appropriate competencies. Loyalty and
receptivity of transport employees to the latest
technologies should be formed at the level of an
educational organisation.

Higher education in the field of transport is
a specific subsystem of the Russian education
system. The originality and uniqueness of the
system of training personnel in the transport
industry is determined by high requirements for
the level of training of graduates, since the
fulfilment of fundamental requirements for the
transport system — for its safety and reliability —
depends on the development of competencies.
Modernisation of the institutional and legal
foundations of functioning of the Russian system
of professional education is caused, first of all,
by increasing requirements for the level of
practical training of graduates, which is dictated
by the objective need to train specialists capable
of ensuring the transition of the Russian economy
to a new technological structure. The system of
transport education is distinguished by a high
level of technologization of the educational
process, which, in turn, predetermines a forced
high level of adaptability of educational
organisations to the challenges of the external
environment [1; 2]. The established trend of
intellectualization of management systems in the
economic system requires additional research
from the standpoint of choosing optimal
trajectories for development of universities
within the transport industry.

RESEARCH METHODOLOGY

The study was conducted using the following
open and verifiable sources:

» Data on the use of intelligent systems in
education, aggregated within the framework of
the Global Education Landscape project; open

data is presented on the official website of Holon
IQ and represents the results of machine
processing of metadata on educational
technologies used in the global environment, as
well as the results of predictive analytics based
on them.

* Data on the state, trends and development
prospects of the global transport education
market, presented in scientific and applied
publications included in the Scopus and Web of
Science bibliometric databases for the period
2015-2024 [3-6].

* Data on the state, trends and development
prospects of the Russian transport education
system, presented in scientific and applied
publications included in Russian Science Citation
Index for the period 2015-2024.

* Data on educational programs of professional
education that provide training of specialists in
the field of transport of various skill levels,
presented on the official websites of educational
organisations of the EAEU.

* Data of the Ministry of Science and Higher
Education of the Russian Federation, including
monitoring data.

* Data of the Ministry of Transport of the
Russian Federation.

* Data from openly published rankings of
educational organisations.

The methodological apparatus of the study is
represented by a set of general logical methods
(analysis, synthesis, analogy), theoretical
methods (classification and hypothetical method),
empirical methods (observation, modelling,
measurement, description) and specific methods
(modern methods of analytics, interpretation and
visualization of data, including PowerBI).

The methodological base of the study is built
within the framework of the system functional
and program-targeted approaches using the
postulates of the concept of the digital economy
in its modern interpretations.

RESULTS
Intelligent Management Systems are
a Megatrend in Development of the Global
Education Market

Processing of data presented within the
framework of the Holon 1Q Global Education
Landscape project' allowed clustering all

! Global Education Landscape 2024 Handbook. Global
Learning Landscape. HolonlQ, 2024. [Electronic resource]:
https://www.holoniq.com/notes/2024-global-education-
outlook. Last accessed 22.01.2024.
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Pic. 1. Global education market, 2019-2025 (forecast), billion dollars.
(Global online education market during the pandemic. Resource data Liberty marketing.
[Electronic resource]: https://express.liberty7.ru/blog/global-online-education-during-pandemic. Last accessed 18.02.2024).

Table 1
Experience of using Al systems in various
EdTech clusters
[compiled by the authors based on']
Ne EdTech Cluster Application
of AL

1 Knowledge and content +
2 Staff and talent +
3. International education +
4. New models of education +
5 Assessment +
6 Support for the educational |+

process
7. Practice-oriented learning +
8. Traditional models of -

education
9. Employment and vacancies |+
10. Education management +

existing educational technologies into ten main
clusters. As part of this study, more than 300
educational technologies were considered to
determine the degree of intellectualization of
machine data processing procedures. As a result,
it was established that in nine out of ten clusters
it is already possible to use artificial intelligence
(hereinafter — AI) (Table 1).

Since artificial intelligence systems have
enormous potential in terms of scale effect, it can
be assumed that the use of intelligent management
systems in educational activities is only a matter
of time. It should be noted that a separate study
is required on the issue of training personnel for
the upcoming changes in terms of developing the
necessary competencies. However, it is absolutely
obvious that the use of the functionality of Al
systems is becoming a prerequisite for ensuring
the necessary level of transition from educational
products to educational services, ensuring real
individualisation of the educational trajectory
and coordinating labour market demands and
systems of «fine tuning» of specialists.

In the study of megatrends, an analysis of
the financial capacity of the global educational
services market and the pace of its development
seems to be of no small importance (Pic. 1).

The highest growth rates are predicted in the
online education segment. By 2025, a 2,6-fold
increase is predicted: from 50,7 billion dollars
to 130,3 billion dollars. This allows us to talk
about the highest importance of modern
readiness of transport universities to enter the
international educational services market. At
the same time, starting in 2021, the emphasis is
shifting from the global to the regional level:
the main pole of economic growth is now
confidently forming in the EAEU countries. In
this regard, the unification of intellectual capital
and digital technologies to ensure a «seamlessy
educational environment naturally acquires
a priority rank in formation of development
strategies for transport universities. This makes
it possible to ensure proactive («advanced»)
updating of the educational, laboratory and
simulator base, and, considering the designated
megatrend, in the direction of expanding the
practice of using Al systems and cyber-physical
simulators. The «seamless» nature of the
educational environment creates a solid
foundation for the possibility of building
«seamless» transport corridors in the context of
the emergence of a new world order —
a multipolar global world.

Institutional and Legal Foundations for
Intellectualization of Elements of Material
and Technical Support of the Russian
Transport Education System

The latest stage of development of the
Russian transport education system is most
clearly characterised by the following.

* Firstly, requirements for mandatory
availability of developed material and technical
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support in terms of «training and simulator base,
including vehicles and simulatorsy?.

* Secondly, the implication of a proactive
approach in a program document that
predetermines priority trajectories for
development of the sectoral education system?,
in particular, the use of cyber-physical simulators
and development of educational programs for
«professions of the future».

* Thirdly, the need to carry out an accelerated
digital transformation of universities within the
transport industry in the interests of ensuring the
implementation of priority national goals.

The designated institutional and legal
framework requires that universities within the
transport industry have a balanced combination
of human capital and technical and technological
infrastructure. The human capital of a university
is traditionally decomposed into management
personnel (management team), faculty,
researchers, and educational and auxiliary staff.
The performance of all groups of employees is
already determined by the level of development
of their digital competencies and ability to use
Al systems. Thus, the proctoring system used in
conducting certification tests remotely is the most
common of the intelligent systems that
accompany the modern educational process.

Al-Transformation of the Material and
Technical Support of the Educational
Process in Universities within the Transport
Industry

The task of unification in the context of the
explosive development of intelligent management
systems is no longer a super task only for human
intelligence. The use of Al, including machine
learning and big data analytics, can significantly
facilitate the work of systematisation, clustering
and studying the differences in the requirements
for specialists employed in the transport industry.
In addition, several countries already have
successful experience in individualising
a professional trajectory based on machine
processing of data on the level of professional
training of a specialist: after passing the
assessment procedures, the educational trajectory
necessary to ensure the required qualification
level is formed automatically [7].

2 Part 6 Art. 85 of the Federal Law dated 29.12.2012, N 273-
FZ, «On Education in the Russian Federation».

* Order of the Government of the Russian Federation dated
06.02.2021, Ne 255-p «On approval of the Concept for
training personnel for the transport complex until 2035».

The level of development of the educational
environment infrastructure and its provision with
laboratory, training and educational and industrial
equipment (or its virtual analogues) is decisive for
the quality of practical and applied training of
students. The infrastructure of the educational
environment and training equipment require
advanced technical and technological modernisation
based on the latest research results. Thus, the
availability and use of cyber-physical simulators
has become an implied requirement for modern
universities in the field of transport. Several Russian
transport universities have already begun developing
such simulators, since technological sovereignty is
a basic factor in the strategy system in modern
geopolitical conditions [8].

In this process, the conceptual role is played by
establishment and institutionalisation of a system
of continuous interaction between universities and
scientific organizations, specialised research
institutes and leading employers. Existing
interaction systems are predominantly discrete in
nature and do not allow for timely and prompt
updating of the laboratory and simulator base. At
the same time, for transport universities, the
availability and technological effectiveness of the
laboratory and simulator base are integral conditions
for ensuring the competitiveness of educational
products and services, as well as the satisfaction of
employers with the quality of practical skills of
young specialists.

The priority task at the state level should be the
transfer of the latest technologies, hardware and
software samples to universities for their active
inclusion in the system of practical and applied
training. A strategically significant accompanying
process is the need for regular internships for faculty
in organisations and enterprises of the transport
sector, since the efficiency and productivity of the
use of the material and technical base of the
educational organisation depend on the quality of
their operation [9; 10]. This task must be consolidated
at the state level and at the same time provide tools
and methods for stimulating the participation of
employers in development of laboratory and
simulator bases of universities. The development
of functional organisational and financial
instruments to support the innovative modernisation
of laboratory and simulator complexes of transport
educational organisations, including public-private
partnership programs and tax preferences for
employers participating in development of
specialised laboratory bases, is the most important
element of the mechanism for implementing the
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strategy for development of transport education and
the export of educational services.

The acceleration of scientific and technological
advancements and the transition to new
technological paradigms pose the task of updating,
modernising and innovatively transforming
technical teaching aids for universities. For
transport universities, the most urgent task remains
to provide laboratories and training complexes
with models or their high-quality virtual analogues
[11].

The quality of practical and applied training
of young specialists, the level and scale of using
innovation-focused technical teaching aids in the
educational process, the readiness and ability of
young specialists to master innovations
predetermine the level of dependability and safety
of transport systems in the strategic perspective.
Risk-orientation in the safety management of
transport systems and complexes involves the
development of systems for preventing the
negative impact of the human factor on technical
means and technological complexes, including
through automation and reducing the level of
on-job dangers. From this position, the
development of targeted applied skills of transport
industry specialists within the educational process
is a fundamental condition for ensuring the main
parameters of transport.i.e., dependability and
safety [12].

The development of laboratory and training
facilities of transport universities should be carried
out simultaneously in all specialties and areas of
training: in the field of railway transport and traffic
management, transport logistics and international
multimodal transportation, transport construction,
maintenance and operation of transport production
and supporting infrastructure, transport safety and
ecology, as well as jurisprudence, finance,
economics and management [13].
De-synchronisation of the levels of development
of laboratory and training facilities creates the risk
of insufficient practical and applied training of
young specialists and leads to the reluctance of
employers to involve students in industrial
practices and internships.

The list of specific types, types and classes of
training equipment, including cyber-physical,
required by transport universities should be
approved at the state level with participation of
leading employers and specialised research
institutes [14].

The profiling of transport universities by
types of transport in the context of the need to

ensure a model for the export of transport
services and the development of multimodal
transportation actualises the problem of using
network forms of training to implement practical
training of young specialists to increase the
positive network effect from the modernisation
of the educational and laboratory base and the
innovatization of training complexes. This, in
turn, requires the elimination of gaps in the legal
regulation of the academic mobility of students
and scientific and pedagogical staff. The
formation of individual trajectories based on the
analysis of the «digital footprint» seems to be the
optimal vector for resolving this problem.

CONCLUSIONS

The conducted research has determined the
most probable prospects for the use of intelligent
systems in universities in the Russian transport
education system. The most significant prospects
for intellectualization of management systems in
educational organisations of the transport system
include:

* Development of microservices taking into
account the potential for further integration of
aggregated metadata within the framework of super
services (industry, federal, international).

» Accelerated development of big data
processing technologies for the use of «digital
footprint» analysis technologies for the purpose of
forming individual student trajectories.

* Implementation of Al systems for administering
routine procedures in the educational process to
optimise follow-up costs and to free up resources
for development.

* Involvement of representatives of employers
and partners from the transport industry in
development of educational, laboratory and training
facilities in the format of scientific, educational and
scientific and production centres, in particular, for
the introduction of the latest cyber-physical
simulators into the educational process [15; 16].

* Active dissemination of the technology for
formation of «digital twinsy for creation of modern
simulators and the possibility of their timely
updating [17].

» The need for the fastest possible digital
transformation of the sectoral education system to
optimise the algorithms for its further modernisation
and debugging in the context of achieving national
goals.

* Designing individual educational environments
depending on the target educational outcome and
the level of the educational program.
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ABSTRACT

The objective of the research is to study the relationship
between the predictive abilities of student air traffic controllers and
their behaviour in a conflict. These personal characteristics were
chosen due to their high professional significance in the field of air
traffic control. The article substantiates the relevance of studying
the relationship between the intellectual and communication abilities
of air traffic controllers, the need to develop these abilities when
obtaining higher professional education.

The results identify the relationship between the manifestation
of the basic properties of thinking of air traffic controllers,
characterising their ability to predict the situation, and the strategies
of their behaviour in a conflict. The main research methods included
theoretical analysis of literature, generalisation, testing, analysis,
and statistical methods.

The provided study involved 64 second-year students at
Ulyanovsk Civil Aviation Institute, studying within the speciality
profile «Air Traffic Control».

Testing using the Thomas-Kilmann instrument (adapted by
N. V. Grishina), aimed at identifying the behaviour strategies of

traffic controller.
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respondents in a conflict situation, as well as testing using the
«Forecasting Ability» testing method developed by L. A. Regush
were used as empirical research methods. The diagnostics allowed
to measure the following properties of thinking characterising the
prognostic abilities of students: analytical thinking, consciousness,
flexibility, perspective and evidence-based thinking.

Analysis of the test results allowed building a diagram of the
group average manifestation of five main strategies of behaviour
of respondents in a conflict, as well as a diagram of manifestation
of five main components (according to L. A. Regush) of the predictive
abilities of student air traffic controllers and considering the
relationship between them. The analysis of the results obtained
was carried out from the point of view of the requirements regarding
the future occupation of the respondents.

To determine the degree of consistency of the series of values
of behaviour strategies in conflict and the properties of predictive
thinking in the group of respondents, the Pearson correlation
coefficient (Pearson R) was used as a method of statistical data
analysis.
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INTRODUCTION

An air traffic controller is a highly qualified
civil aviation specialist who ensures regular,
safe, economically feasible movement of
aircraft. An air traffic controller in the field of
civil aviation coordinates movement of aircraft
from the phase of towing the aircraft across
the airfield, take-off, cruising flight to landing
and towing to the parking area. Air traffic
controllers maintain close professional
interaction with pilots, airport ground services,
and airline services. Professionally important
qualities of an air traffic controller are
determined by the content of relevant activity,
job responsibilities, situational requirements,
which are prescribed in the Federal Aviation
Regulations ', the Single Qualification
Reference Handbook of Positions of Managers,
Specialists and Employees?. Since the
occupation of an air traffic controller covers
a wide range of professional tasks of high
complexity, the requirements for the personal
features of an air traffic control specialist
include cognitive, communicative, emotional-
volitional and moral components that are in
complex relationship but make up a single
whole of the professional’s personality. The
study of these relationships and the features of
their influence on the professional activities of
an air traffic controller seems to be an
interesting research task, approaches to the
solution of which are partly presented in this
paper.

The profession of an air traffic controller
can be attributed to two professional systems
at once (according to the classification by
E. A. Klimov): «human-to-machine» and
«human-to-humany 3. The work of an air traffic
controller is an operator type of job with
a predominance of intellectual functions in
professional activity. The job is associated with
constant analysis and forecasting of a rapidly
changing situation, making operational
decisions that ensure flight safety in the air

! Federal Aviation Regulations «Requirements for air traffic
controllers and parachutist instructors» (approved by the
order of the Ministry of Transport of the Russian Federation
dated November 26, 2009, N 216).

2 Single qualification reference book of positions of managers,
specialists and employees (approved by the order of the
Ministry of Health and Social Development of the Russian
Federation dated 29.01.2009, Ne 32).

3 Occupational Psychology: Textbook. Ed. by E. A. Klimov,
O. G. Noskova. 2™ ed., rev. and enl. Moscow, Yurait publ.,
2023, 308 p. ISBN 978-5-534-16233-2.

sector controlled by the controller. Each
decision, at the same time, is a consequence
of complex intellectual actions. The air traffic
controller prevents dangerous approaches and
collisions of aircraft, gives them instructions
to change the flight mode.

As part of his activities as of an operator
of complex automated systems, an air traffic
controller performs a whole range of
psychological actions: sensory-perceptual
actions (review and identification of luminous
points on the locator screen, etc.); speech
motor actions (radio exchange); actions of
attention aimed at monitoring and evaluating
one’s activities; mnemonic actions that
contribute to «retention» and ordering of
objects in memory; actions of imagination
(creation of a complex dynamically changing
image of the air situation, etc.); mental actions
(modelling of navigation and professional
actions, decision making, etc.) [1; 2].

PROBLEM STATEMENT

The most important professional skills of
an air traffic controller include his ability to
predict the situation. The problem of forecasting
is currently becoming more and more relevant
for various occupations and jobs, because it is
related to the success of decision-making.

It should be noted that the ability to predict
in the scientific literature is considered as
a component of a person’s prognostic abilities,
the essence of which is to anticipate events and
actions. Forecasting does not come down to
predicting the future, but through a probabilistic
approach, considering possible alternatives for
development of the situation, helps to identify
the optimal solution to the problem.
Psychophysiologist N. A. Bernstein, defining
the essence of forecasting, argued that «in the
human brain, in encoded form, there is an
anticipation of the required final result of
movement. The model of the required future
allows a person to control his movements» [3,
P. 281].

A significant contribution to the study of the
problem of development of predictive abilities
was made by domestic scientists B. F. Lomov
[4], V. D. Mendelevich [5], N. P. Nichiporenko
[6]; of probabilistic forecasting — by
P. K. Anokhin®, I. M. Feigenberg [7], et al.

4 Anokhin, P. K. Essays on the physiology of functional
systems: Study guide. Moscow, Meditsina publ., 2012, 447
p. ISBN (EAN): 978-5-458-38439-1.
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There is a significant body of research on
conflictology (for example™ ¢). There are
a significant number of substantive works in the
fields of socionic characteristics of pilots [8; 9],
assessment of pilots’ proneness to conflict [10],
interaction of the aircraft crew with the air traffic
controller [11], prognostic criteria for the
effectiveness of interaction in the aircraft crew
[12]. However, the study of the predictive ability
as the most important professional skill
specifically in relation to air traffic controllers is
practically absent in the scientific literature.

For an air traffic controller, a well-developed
ability to forecast allows designing an information
model or a spatial image of the real air traffic
situation, which makes it possible to predetermine
development of the air situation, factors causing
risks and unusual cases, and to model ways to
transform a conflict situation into a conflict-free
one. An incorrect or incomplete understanding
of the state of at least one element of a given air
traffic control information model can pose
a threat to flight safety.

As part of a helping relationship, the air traffic
controller must strictly adhere to standard radio
communication phraseology, provide timely
feedback, possess active listening skills and
emotional self-regulation in stressful situations.
Research on the communication skills of air
traffic controllers is most often limited to their
linguistic competence, and less often to other
aspects of professional communication, namely,
communicative assertiveness, behaviour in
conflict [13-17].

It should be noted that an air traffic controller’s
communication skills are related to his predictive
abilities. An air traffic controller’s incorrect
forecast of behaviour of pilots and colleagues,
and the inability to anticipate development of
a particular air or ground situation increases the
risk of their uncontrolled development

The integration of the professional skills of
an air traffic controller as of an operator of
complex technical systems and as of a business
communicator allows us to talk about the
importance of studying the relationship between

5 Svetlov, V. A., Semenov, V. A. Conflictology: textbook
for bachelors and masters [Konfliktologiya: uchebnik dlya
bakalavriata i magistratury]. Moscow, Yurait publ, 2019,
351 p. ISBN 978-5-534-06982-2.

¢ Zaglodina, T. A., Kopalova, O. S. Conflictology: practicum:
study guide [Konfliktologiya: praktikum: uchebnoe posobie].
Yekaterinburg, Publishing house of the Russian state prof.-
ped. university, 80 p. [Electronic text]: URL: http://elar.rsvpu.
ru/978-5-8050-0770—6. ISBN 978-5-8050-0770-6.

the helping, intellectual and technical skills of
this specialist.

In this regard, the objective of the research is
to study the relationship between the predictive
abilities of student air traffic controllers and their
behaviour in a conflict. The study of this
relationship is of particular importance namely
regarding air traffic controllers. This is because
the skills of forecasting and anticipating the
development of an air situation and the skills of
constructive behaviour in an emotionally tense
environment of air traffic control can be
considered the most important professional skills
of air traffic controllers.

RESULTS AND DISCUSSION

To analyse the above-mentioned relationship,
a study of characteristics of behaviour in
a conflict and the predictive ability among
second-year students in the specialty of Air
Traffic Control was conducted at Ulyanovsk Civil
Aviation Institute. 64 students participated in the
survey. Testing according to the Thomas-
Kilmann instrument (adapted by N. V. Grishina)
[18; 19] to identify the behaviour strategies of
respondents in a conflict situation and according
to the «Forecasting Ability» method developed
by L. A.Regush’ was used as an empirical
research method.

The content, internal and concurrent validity
of the questionnaire, according to experts, is
sufficient and scientifically rationale [20]. At
the same time, the experience of application of
the Thomas-Kilmann conflict mode instrument
(TKI) in relation to the professional sample of
«air traffic controllers» is very limited.
Moreover, according to several scientists, when
applied to aviation personnel, the TKI does not
always allow for correct identification of
preferences in choosing a dominant strategy of
behaviour in a conflict; and during professional
psychological selection, it is «not capable of
measuring an individual style of behaviour in
a conflict» in fact [9; 21; 22]. The study, in
addition to solving its own problems, also made
it possible to verify the validity of the statement
about the limited applicability of the technique.

The essence of these methods and the
diagnostic results based on them are as follows.

The TKI shows the relationship between

7 Test «Forecasting ability». [Electronic resource]:
https://vash-psiholog.info/knowledge/metodika-test-
sposobnost-prognozirovaniyu3.html?ysclid=11jj8cj
hc4769501593. Last accessed 25.11.2023.
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Pic. 1. Average group manifestation of behaviour strategies in conflict among student air traffic controllers [performed by the authors].

aperson’s behaviour strategies in a conflict. This
typology is based on a two-dimensional model
of a conflict, the dimensions of which are the
orientation of the interests of the conflicting
parties: towards themselves and towards the
partner. Based on this, we can identify the
following methods of conflict resolution in the
TKI[18]:

— Competing, or pursuing an individual’s own
concerns at the other person’s expense.

— Accommodating, or neglecting by an
individual of his or her own concerns to satisfy
the concerns of the other person.

— Compromising, or finding of an expedient,
mutually acceptable solution that partially
satisfies both parties.

— Avoiding, or lack of pursuing an individual’s
own concerns or those of the other person or
collaborating.

— Collaborating, or full and lasting satisfying
the concerns of both persons [18].

Each of these strategies has opportunities and
constraints that are determined by the goals of
the conflicting parties.

The following diagnostic results of this test
were obtained.

The group average manifestation of each of
the above strategies among air traffic controller
cadets is shown in Pic. 1.

The diagram shows that the most pronounced
and most often used strategy of behaviour of
respondents in an emotionally tense situation is
compromising, or a focus on partial satisfaction
of needs by both parties through mutual
concessions.

The less pronounced strategies «Avoiding
and «Collaboratingy also fundamentally involve
the use of concessions. The combination of group
average strategies shows that future air traffic
controllers are least likely to compete and look
for compromise in a conflict situation, which is

an indicator of their well-manifested emotional
self-regulation skills and ability to maintain their
professional position. The remaining strategies
are implemented by students to approximately
the same extent and involve the use of concessions
to achieve temporary or long-term agreement.

When analysing the personal values of the
respondents, the predominant manifestation of
the confrontation strategy (more than 10 points
out of 12 maximum) is characteristic of 4,5 % of
students. Basically, the vast majority of
respondents expressed equable adherence to all
strategies, which may indicate the flexibility of
their behaviour in a conflict.

The maturity of the students’ ability to predict
the development of a situation was determined
using the test «Forecasting Ability» by
L. A.Regush. The substantive characteristics of
the qualities of thinking that determine the ability
to forecast, according to the author of the
methodology, are analytical thinking,
consciousness, flexibility, prospective and
evidence-based thinking. Test tasks are aimed at
assessing these properties of thinking and the
integral indicator of respondents’ predictive
ability.

Let us explain the content of the questionnaire
scales.

Analytical thinking is determined by the
ability to systematise, structure, and interpret
information. An important characteristic of
analytical thinking is the ability to identify
essential connections in the analysed object, find
deep cause-and-effect relationships and, taking
them into account, foresee development of the
situation.

Consciousness of thinking is the ability to
understand the essence of an object or
phenomenon, understand the causes and foresee
the consequences.

Flexibility of thinking reflects a person’s
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Table 1

Average manifestation of components of the predictive abilities of student air traffic
controllers [performed by the authors]
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Group average (point) 2.8 2.7 5,6 4,1 4.4 26,3
Maximum value (point) 4 4 8 6 38
% of manifestation 70 % 68 % 70 % 68 % 73 % 69 %
74 73%
73
72
71 70 % 70%
70 69%
69 68% 68%
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Prospectiveness Analyticity Flexibility General Consciousness Evidentiality

predictiveness

Pic. 2. Percentage of manifestation of predictive thinking components of student air traffic controllers [performed by the authors].

Table 2
Pearson correlation coefficient values (R) [performed by the authors]

Properties of thinking Strategies of behaviour in a conflict

Pearson correlation coefficient (R)

Competing Collaborating Compromising Avoiding | Accommodating
Analyticity R=0.018 R=0,117 R=0,0005 R=0,104 |R=0,035
Consciousness R=0,119 R=0,005 R=0,03 R=0,003 R=0,145
Evidentiality R=0,06 R=0,014 R=0,0004 R=0,0004 |R=0,087
Flexibility R=0,034 R=0,0225 R=0,02 R=0,02 R=0,008
Prospectiveness R=0,0007 R=0,0034 R=0,222 R=0,075 R=0,006
General predictiveness | R=0.012 R=0,027 R=0,055 R=0,003 R=0,058

ability to cope with change, use different ways
of solving problems, and generate ideas.

Evidential reasoning thinking is characterised
by the ability to provide the necessary information
to substantiate one’s own position.

Prospective thinking is a person’s ability to
holistically perceive a situation and understand
the dynamics of its development. Prospective
thinking is related to strategic thinking and
planning horizons.

The integral indicator of predictive ability
has the following levels of expression:

* 0—12 points — low level;

* 13-25 points — average level;

* 26-38 points — high level.

®  World of Transport a

Let us further consider the group average
manifestation of components of the predictive
abilities of student air traffic controllers (Table 1).

Let us imagine more clearly the percentage
of manifestation of the above-mentioned thinking
abilities (Pic. 2).

The diagram shows a fairly high expression
of all types of thinking that characterise the
predictiveness of respondents. The highest group
average indicators of students were identified in
terms of prospective thinking, that is, the ability
to have a strategic and dynamic vision of the
situation. The integral indicator of the predictive
abilities of the respondents has a high level,
which indicates the intelligence and pronounced
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Table 3

Critical values of the Pearson correlation coefficient [8, P. 363]

Critical values of the Pearson correlation coefficient

Sample size N / error 0,1

0,05 0,01 0,001

64 R=0,207

R=0,246 R=0,32 R=0,402

professional resources of the students.

Further, the study examined the relationships
between the components of the predictive
thinking of future air traffic controllers and the
strategies of their behaviour in a conflict
situation. It should be noted that the study of the
relationship between the properties of thinking
and individual’s communication abilities has not
been sufficiently studied in the scientific
literature. Basically, these studies concern
children and representatives of teaching
professions (e.g., [23]), but in relation to civil
aviation specialists, the study of this issue is
limited to relatively small number of research
works [24]. In this regard, one of the objectives
of the study was to analyse the relationship
between the group average manifestation of
behaviour strategies in a conflict and the group
average components of predictive thinking in the
same group of respondents.

To determine the degree of consistency of the
series of values of behaviour strategies in conflict
and the predictive thinking abilities within one
and the same sample, we used methods of
statistical data analysis. To study the relationship
between two metric scales on the same sample,
the Pearson correlation coefficient (Pearson R) is
used. It measures the strength of the relationship
between two variables. The average group
manifestation of each of four strategies of
behaviour of respondents in a conflict was
considered as variable X, and each component
of predictive thinking (according to L. A. Regush)
was considered as variable Y. The number of
respondents is 64. The correlation coefficient was
calculated using the classic Pearson correlation
coefficient formula®.

Table 2 presents the calculated values of the
Pearson correlation coefficients for the stated
sample of students.

Comparing the values of our R-Pearson
correlation coefficients for two metric variables
(strategies of behaviour in a conflict and
characteristics of predictive thinking) (Table 2),

8 Nasledov, A. D. Mathematical methods of psychological
research. Analysis and interpretation of data. Study guide. St.
Petersburg, Rech publ., 2006, 304 p., P. 70. ISBN 5-9268-
0275-7.

with the corresponding critical values from the
table of critical values of the R-Pearson
correlation coefficient for a given sample of
students (Table 3), it was discovered that there
is only a trend towards a reliable relationship
between prospective thinking of future air traffic
controllers and their willingness to compromise
in a conflict situation (with an error of 0,1). No
other statistically significant relationships were
identified in this group of respondents.

CONCLUSION

The discovered trend towards dependence of
prospectiveness of thinking on willingness to
compromising shows that the ability of future air
traffic controllers to predict the situation, to see
it holistically, to assess the opportunities and
constraints in the dynamics of its development
contributes to the respondents’ search for
a compromise in an emotionally tense
environment of professional communication.
This trend, on the one hand, contributes to the
resolution of conflict situations for a certain time
period. This can be helpful in dealing with
colleagues on the ground. But, on the other hand,
in the situation of communication between the
pilot and the air traffic controller, uncompromising
compliance with aviation rules is of absolute
importance since it ensures flight safety.

The conducted research has shown not only
the importance of studying the interdependencies
between various professionally important
qualities and skills of air traffic control specialists,
but also the need to assess the impact of these
relationships on the effectiveness of the
professional activities of air traffic controllers.
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ABSTRACT

The cites of Moscow, Chelyabinsk, Irkutsk, Rtishchev have
streets named after Obraztsov. Many are sure that these streets
got their name in honour of the great puppeteer Sergey Obraztsov.
But in fact, it was not the wonderful actor who was immortalised in
the toponymy of Russian cities, but his father, Academician Vladimir
Nikolaevich Obraztsov, an outstanding scientist in the field of
transport, who proudly called himself a «Rtishchev railwaymany.

The former Bakhmetyevskaya street in Moscow, where the
Obraztsov family lived, still bears the name of the railway academician.
It is impossible to imagine modern Moscow without this surname.
Obraztsov Street still leads to knowledge, to introduction of new
technologies in construction of railways and, ultimately, to progress.
Itis no coincidence that Russian University of Transport (MIIT), which
has traditionally developed exemplary traditions laid by Obraztsov,
has its campus located on Obraztsov Street.
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Academician Obraztsov had an amazing gift - he knew how
to talk simply about complex things — therefore he was considered
a wonderful teacher, a favourite of students, and his scientific works
have not yet lost their relevance.

The main scientific works of Viadimir Nikolaevich are devoted
to railways, their history, their present and future. Obraztsov
understood that over time the role of transport would only grow,
and proposed solutions, considering the inevitable changes. The
life of Professor Obraztsov is inextricably linked to his students, his
ideas, his business trips...

He knew the railway very well and loved it. And he believed
that it was train lines that would help Russia become an advanced
country.

The article provides a bibliographic list of V. N. Obraztsov’s
works and a list of the largest projects he implemented.
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Obraztsov will be celebrated in summer 2024.

Vladimir Nikolaevich Obraztsov was born on
June 18, 1874, graduated from classical gymnasium
in the city of Nikolaev in 1892 with a gold medal, then
entered the Imperial St. Petersburg Institute of
Transport.

Atthe institute, Vladimir Nikolaevich studied civil
engineering in depth; during practical training, he
travelled a lot along the railways, spending the night at
stations and passing loops, and walked about 150 km
with a level.

As athird-year student, he independently developed
a design for a dam and spillway for water supply to
Kazanka railway station, located near the city of
Nikolaev. The project included a large pond of 40
hectares, and professional calculations of the possible
influx of water, losses from absorption into the ground
and from evaporation etc. This project was distinguished
by an original solution and impeccable engineering
calculations and therefore was implemented, and the
student author was awarded a cash prize of 50 rubles
by the institute.

Still as a student, Obraztsov led the research and
construction of access railway tracks to industrial
enterprises, or, as they said then, «railway branchesy.

After graduating from the institute in 1897, the
young engineer served military service (mandatory after
study) in the corps of engineers as a so-called conductor
(the lowest technical position of a draughtsman).

The short military service ended, and the young
engineer faced the question of further job. His close
fellow students A. Alekseev and G. Perederiy left for
Moscow. Vladimir Obraztsov also decided to go there.

Vladimir Nikolaevich worked on the survey and
construction works of Moscow-Vindavskaya Railway
line, then as an engineer at the track service department
on Nikolaevskaya Railway, then as an engineer at the
technical department on Moscow-Kurskaya and
afterward on Moscow — Yaroslavl — Arkhangelsk
railways.

The management of Moscow — Yaroslavl —
Arkhangelsk Railway assigned engineer V. N. Obraztsov
in 1901 a mission to develop a project for rearrangement
of Ivanovo rail station. Since at that time there was not
only a theory of station design, but also no technical
literature on this issue, the young engineer had to work
on this project for almost a year and a half. The project
was developed in great detail, approved without any
changes and was highly appreciated by the Engineering
Council. This project was the first to be carried out on
a scientific basis, and therefore it brought Vladimir
Nikolaevich the well-deserved fame of «a pioneer in
the design of stationsy.

The 150" anniversary of academician Vladimir

The project was published in the journal
«Inzhenernoe delo» [Engineering, further called
Engineering jounral] (No. 2, 1902), because it was the
first project to develop and formulate the basic scientific
principles of designing railway stations, which served
as the initial guidelines for drawing up large projects
of railway stations in the country.

The publication of the project resulted in invitation
to work as a part-time assistant of the famous scientist
Professor K. Yu. Tseglinsky, head of the Department of
Railways at the Imperial Moscow Engineering School
(IMIU).

This early period of the young scientist’s scientific
activity includes his fundamental work «Geometric
elements for calculating turnouts when designing
stations,» which was published in the Engineering
journal (No. 1 and No. 2 in 1904). This work became
the basis for laying a scientific approach to design
calculations of railway stations and their most important
elements.

Following the first scientific works, other works on
stations’ development were accepted for publication.
The work «On the issue of designing stations and their
calculations» (Engineering journal, No. 1, 1905)
became especially famous. It evoked much positive
feedback in the media, including by Professor
A. N.Frolov, a famous scientist and authority among
railway employees, who wrote «We welcome this new
attempt to shed light of analysis on the hitherto dark
side of engineering creativity».

In 1906, a new article published in the Proceedings
of the 14" Congress of Railway Track Services was
devoted to the issue of station design. These early
scientific works of the young scientist became
widespread among the engineering and technical
community, became the main guide for engineers in the
design of stations and junctions, and brought their
author wide fame. He began to be invited as a consultant
on station design by many railways in the country.

During this period, interest was also aroused by the
article «The profitability of the railway and its graphical
representation depending on tariff rates» (Scientific
works of IMIU, issue 1, 1907).

V. N. Obraztsov was one of the first researchers and
engineers to assess the importance of the turnover of
a goods (cargo) wagon. In 1909, he published his work
«Theoretical Research on the Turnover of Carsy
(Izvestia of Moscow Engineering School, 1909), which
examined the issues of determining the required size of
the working fleet of cargo wagons for a given volume
of transportation. The study was carried out considering
the influence of speed, uneven traffic, specialisation of
wagons, issues of regulation of empty car flows and
other indicators.
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In his further works, Vladimir N. Obraztsov uses
the indicator of accelerating movement of wagons as
the basis for research and technical measures for
development of stations and junctions. These ideas of
Vladimir N. Obraztsov are valid even now, when our
scientists and railway employees are striving to speed
up the turnover of wagons.

The outbreak of the First World War showed that
Russia’s railway network in the main strategic
directions was underdeveloped, and railway stations
and junctions did not have the necessary capacity.
During this period, Vladimir N. Obraztsov developed
several large projects for railway stations on the main
routes of the network. As a direct participant, leader
and consultant of complex design work in the field of
stations and junctions Vladimir N. Obraztsov
developed scientific principles for development of
railway stations and junctions and implemented them
in specific projects. Among the most significant, it is
necessary to note the projects of Perovo-
Sortirovochnaya and Nikitovka stations (1914-1915),
Vyazma station (1915-1916), the Smolensk and
Smolensk-Sortirovochny stations (1915-1917), the
second stage of Ivanovo station, stations of
Arkhangelsk line in connection with rearrangement
of Vologda—Uroch section to broad gauge (1916),
stations in Moscow—Baranovichi direction and others.
It should be noted that in the developed projects, the
issues of capacity of stations and directions of the
Russian railway network were solved in a completely
new way.

The well-deserved authority of engineer
V. N. Obraztsov allowed him to take the post of
chairman of the railways department in Moscow
Military-Industrial Committee, and in 1917, the
position of comrade (deputy) chairman of the
Organising Committee for the convening of the 4"
All-Russian Congress on Technical and Craft
Education.

After his trip to the front in 1917, his new scientific
works appeared: «On the issue of transportation routes
for the front», «On organisation of lead transportsy,
«Reconstruction of destroyed bridges» and others.

These articles were devoted to current issues of
organising transportation under war conditions, and
they also described new types of plank road
construction for swampy areas.

After the end of the First World War and the Civil
War, it was extremely necessary to quickly restore the
destroyed economy and, first, the railways. Vladimir
N. Obraztsov got involved in this interesting and
creative work.

Soon after the revolution, V. N. Obraztsov was
elected to the Committee from the workers and

employees of Aleksandrovskaya (now Belarusian)
railway.

The lack of fuel was at that time one of the most
pressing problems for the railways. On the initiative
of V. N. Obraztsov, the Committee began organising
independent fuel procurement, and for this purpose
the Durovskaya railway line was built, intended for
provisions with firewood and peat. Its organisation
and the measures taken on the initiative of
V. N. Obraztsov saved the situation, and even in that
difficult time, Aleksandrovskaya railway never
suspended train traffic.

In 1918-1923, Vladimir N. Obraztsov and his
students drew up projects for several large railway
junctions in Zaporozhye, Nizhny Novgorod, Ryazan,
Smolensk, Syzran and others.

The results of this enormous work were published
by V. N. Obraztsov in 1925 in the Proceedings of the
21* Advisory Congress of Representatives of the
USSR Railway Operation Services in the form of an
exceptionally informative work «Projects and ideas
for development of Russian stations during the World
War and Civil War».

The depth of the ideas presented in this work, their
scientific validity and practical significance have
remained valid to this day. Until now, this work is
among the main tools for designing stations and
junctions.

In those years, consolidation of railway junctions
with a change in the principles of their management
and organisation, followed in some cases by their
redesign, was of great importance for the country’s
economy. This great work was led and ideologically
directed by V. N. Obraztsov, who was a member of
the Special Commission for Consolidation of
Junctions under the Main Inspectorate of the People’s
Commissariat of Railways (NKPS) and a member of
the Reconstruction Committee at the NKPS. The
commission also included leading experts
E. A. Gibshman, S. V. Zemblinov, M. V. Senkovsky
etal.

In 1922, Vladimir N. Obraztsov developed once
again a project for integrating Smolensk junction,
which became a model for designers of other railway
junctions. In the same year, V. N. Obraztsov prepared
the work «Project for distribution of junctions on the
Russian railway network and the sorting operations
of junctions, in order to reduce shunting work and
downtime of wagons», which was published in the
journal «Tekhnika i ekonomika putei soobshcheniya»
[Technology and economics of railway transportation|
(No. 12, 1922).

By the mid-20s of the last century, sufficient
experience had been accumulated in redesigning
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stations and junctions during their reconstruction and
consolidation. The development of technical design
specifications, calculation methods and design of
stations and junctions, as well as individual elements
of complex station facilities, was headed by
V. N. Obraztsov, who received the academic title of
Professor in 1919.

In 1924, Professor V. N. Obraztsov was appointed
head of the department of stations and junctions, a new
one at Moscow Institute of Transport Engineers (MIIT
Institute) and the first one in the country. Due to the
unfavourable situation of station facilities, the
curriculum was changed and the time allocated for
studying the discipline of stations and junctions
increased. A lot of organisational work to create
a completely new department could not tear him away
from scientific and project activity.

In 1922-1929, the consolidation of almost all major
junctions of the country, lead by Professor Obraztsov,
made it possible to significantly improve the work of
the railways. This period saw published major scientific
works by Vladimir N. Obraztsov, devoted to various
issues of stations and junctions:

— «Stations and their attributes» (Proceedings of
MIIT, 1922);

— «Encyclopaedia of Transportation Routes»
(Gosizdat, 1925);

— «Tunnel overpasses in design of junctions and
stations» (Proceedings of MIIT, 1926);

— «Technique for designing junctions» (Proceedings
of MIIT, 1927);

— «Standard V-III class station with gradual
development» (Proceedings of MIIT, 1927);

— «On the issue of traction calculations for
marshalling humps» (Proceedings of MIIT, 1928);

— «Basic data for design of railway stations»
(Gosizdat, 1929). This classic work has long been
areference book for design engineers and practitioners.
All these works, like many others, served as the basis
for creation of the textbook «Stations and Junctions»
for teaching students.

V. N. Obraztsov, using his experience as a design
engineer, developed the theory and practice of designing
marshalling humps. In 1928, he published a work that
is still relevant today: «On the issue of traction
calculations for marshalling humps. It summarises and
develops various methods for calculating the conditions
for rolling sets of wagons off humps. Vladimir
N. Obraztsov obtained and presented a rigorous solution
to the differential equation for motion of a set of wagons
along a track with a variable slope under the influence
of wind force and the main resistance to movement. In
this and other scientific works, he clearly substantiated
the requirements for marshalling humps. For example,

the provision that the height and the slope of the hump
should be such that wagons with higher resistance in
difficult conditions could roll to a certain point.

This provision has become basic for all marshalling
hump designers and is included in all regulatory
documents on station design.

Vladimir Nikolaevich worked especially hard on
the problem of developing transport in the city of
Moscow and within Moscow transport hub.

The Council for the Project of New Moscow
organised in 1921 based its work on the project of
redevelopment and future development of Moscow by
Academician A. V. Shchusev. Simultaneously,
development of the Moscow hub project started in
a special Commission chaired by engineer
L. N. Bernadsky. At this time there was no longer any
doubt that the capital was becoming and would quickly
become one of the world’s largest centres.

V. N. Obraztsov was assigned to lead the
development of a project for reconstruction of Moscow
hub and the integration of several land plots divided by
railways by connecting them with overpasses. The
project included creation of a port on the Moscow River,
a few railway diameter lines and much more.

Back in 1920, Vladimir Nikolaevich scientifically
substantiated the entry of cargo trains into the central
districts of Moscow in his work «On bringing cargo
trains deeper inside Moscow»' (Bulletin of NKPS,
1920). In 1925, he published the work: «Redevelopment
of Moscow junction of Moscow — Kazan Railway»
(«Zheleznodorozhnoe Delo» [Rail Business] journal,
1925, No. 12), and in 1926, the article «Moscow
junction and the main ideas of its reconstruction»
(Proceedings of the 22" Consultative Congress of
Representatives of the USSR Railway Operation
Services, 1926). All these works were devoted to
reconstruction of transportation and planning of
Moscow. Considering Obraztsov’s proposals, work was
carried out at Moscow junction to reconstruct
connecting tracks, build new sheds at many stations of
the junction, and to additionally lay second, third and
fourth tracks at the most important sections. These and
other proposals made it possible to eliminate the
movement of freight trains along the old connecting
tracks and transfer cargo traffic to the Moscow Rail
Circle Railway.

In 1927, V. N. Obraztsov was sent to China to work
on development of the Harbin transport junction on

! Obraztsov introduced into scientific use a short expression
that can be conditionally translated as «deep extension» or
«deep entrance». Further in the article these expressions
are used in the sense of expanding underground or ground
railways and bringing passenger or cargo trains deeper inside
the city and integrating them into urban transport system. —
Translator s note.
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the Chinese Eastern Railway (CER). The Harbin hub,
located on the banks of the Songhua River, was
a bottleneck and required reconstruction considering
the use of water transportation along the river.
Professor V. N. Obraztsov successfully completed this
difficult task, for which he received gratitude and
a bonus from the leadership of the CER.

In 1930, an interesting article by Obraztsov
«On the issue of deep extension and the metro»
(«Kommunalnoe khozyaistvo» [Public Utilities]
journal) was published that argued for a comprehensive
solution to the problem of the metro and suburban
railways entering deeper inside the city. In 1931,
Vladimir Nikolaevich published several articles in the
«Kommunalnoe khozyaistvo» journal on this
important issue: «On the entering of suburban electric
railways deeper into the city», «Deep extension», «The
urgent question of the connection of the metro and
trams with electric suburban transport» and others.
V. N. Obraztsov considered the possibility of metro
trains using railway tracks. This required determining
the transit and carrying capacity of diameter railways,
selecting the necessary dimensions of electric rolling
stock designed to operate underground and on ground
suburban lines. This would provide direct access for
suburban trains to any destination point within the
city.

In 1927-1930, Professor V. N. Obraztsov was
amember of the Engineering Council of Dneprostroy,
the largest construction site in the country at that time.
This responsibility allowed him to test his scientific
ideas on the transport provision of the Dnieper
Hydroelectric Power Station and the city of
Zaporozhye.

In response to the Government decree of April 30,
1931, on the prompt construction of the Chelyabinsk
railway junction, Vladimir Nikolaevich developed and
implemented a project for its renovation.

In 1932-1933, Vladimir Nikolaevich organised
two teams of students, Ph.D. students and lecturers of
MIIT Institute. One team was put under his scientific
leadership, and the second — under the leadership of
his first disciple, Professor S. V. Zemblinov. According
to the instructions of the NKPS, it was necessary to
inspect 35 largest stations and junctions. Teams went
out and inspected the site, planned activity and drew
up projects for the redesign of the largest stations and
junctions. As a result of this extensive work, projects
were drawn up for the rearrangement of junctions in
Moscow, Leningrad, Donbass, Kuzbass, as well as of
Perm, Yaroslavl stations and a few others.

In 1933, Vladimir Nikolaevich completed the
major work «Railway Junctionsy» (Transzheldorizdat
publishing house); the scientific developments

contained here-in formed the basis for a whole series
of textbooks on stations and junctions.

The ability to think broadly, to see the essence of
the questions posed and the ability to quickly understand
the very essence of the problems are qualities
characteristic of V. N. Obraztsov’s scientific works
devoted to a variety of transport problems and his
practical activity. Therefore, as a general specialist, he
was attracted to the most relevant and responsible work.
Here is a far from complete list of his responsibilities
in engineering, scientific, research and social activities:

— consultant to the railway construction department
(1919-1921),

—member of the Commission for Consolidation of
Junctions under the Main Inspectorate of NKPS
(1923-1924);

— member of the Reconstruction Committee
(NKPS) (1919-1933);

— member of the Engineering Council of
Dneprostroy (1927-1930);

— consultant to Giprogor [Research Institute for
Urban Planning] (1932-1934);

—member of Scientific Engineering Council at the
Ministry of Railways (from 1935 until the end of his
life);

—member of Moscow Metro expert team, etc.

As a consultant to Giprogor, V. N. Obraztsov was
directly involved in development of issues related to
functioning of transport during planning and
reconstruction of many cities, namely of Moscow,
Stalingrad, Magnitogorsk, Baku, Rostov-on-Don, areas
of the Southern Coast of Crimea, Mineralnye Vody, the
Black Sea coast of the Caucasus, etc. In his further
works, he developed his idea of «deep extension» and
criticised the opinions of some experts regarding
removal of railways from the city. Here is a list of just
some of these works: «Railway in the city», «Transport
and city planning», «Off-street intersections in city
planningy, etc. It should be noted that these works are
still of current importance today and are in demand by
the contemporaries.

He was one of those who organised and created the
Scientific Research Institute of Industrial Transport
(VNIIPT) and then served as a scientific consultant.
Projects of the largest metallurgy giants—Magnitogorsk,
Zaporozhye and Kuznetsk plants, Uralelectromash,
etc. — passed through his hands.

Taking part in planning the development of areas
of the Black Sea coast of the Caucasus and Crimea,
Vladimir Nikolaevich raised with the Government of
the country the issue of building passenger aerial
cableways in the country. He proved the feasibility of
using such cableways back in 1910 in his published
work «Mountain Roads in Switzerland».
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Such aerial cableways on Mount Elbrus, Ai-Petri
and Mashuk were subsequently built and are
successfully operated today. The funicular project for
a sanatorium in Sochi (also the first in the country)
was also carried out under the leadership of
V. N. Obraztsov, and he personally took part in its
pre-launch tests. It was at that time that he wrote works
on industrial transport: «Special roadsy, «Land roads
with continuous traction», «Single-rail railwaysy,
«Theoretical elements of aerial cableways», «Resort
roads of a special typey, etc.

In 1935, for great scientific and engineering merits
in development of transport, V. N. Obraztsov was
awarded the title «Honoured Scientist of the RSFSR»,
he was also attributed academic degree of D.Sc. (Eng).

In the same year, V. N. Obraztsov became
a member of the Scientific and Engineering Council
of the NKPS and the head of the Scientific Research
Institute of Railway Transport (NIIZHT). In this
responsible position (from 1935 to 1940), Vladimir
N. Obraztsov carried out a great deal of scientific and
organisational work. The institute was organised on
the basis of the previously existing institutes of
traction, operation, wagons, communications,
electrification and metals. The new head began work
by restructuring all scientific work in transport
industry. Under his leadership, the institute quickly
became a leading scientific centre, carrying out
extensive research on numerous transportation issues.
During this period, new methods for producing
traction calculations were developed at the institute,
the designs of steam locomotives and wagons,
automatic couplers, and automatic brakes were
designed, and the problem of heating a steam
locomotive, which was very important at that time,
was successfully resolved. Under the leadership of
V. N. Obraztsov, a new type of switch turnout was also
developed, which enabled the use of a steeper grade
of cross (1/6 instead of 1/9) while maintaining the
radius of the curve. This made it possible not only to
reduce the length of the switch zone, but also to
significantly reduce the cost of constructing
marshalling humps.

In 1938, V. N. Obraztsov developed a scientific
topic in the field of transport and proposed it to the
USSR Academy of Sciences, where it was successfully
accepted. Soon the Presidium of the Academy decided
to organise a Section for scientific development of
transport problems within the system of Academy of
Sciences. Professor V. N. Obraztsov was appointed
head, who held this post until the end of his days.

Subsequently, the section was transformed into
the Institute of Complex Transport Problems under
the USSR State Planning Committee, which was

engaged in development of complex issues of transport
development.

The outstanding merits of V. N. Obraztsov as
aleading scientist, a remarkable populariser of science,
a talented lecturer, an innovative engineer, a public
figure and a patriot of his Motherland served as the
basis for his election in January 1939 as a full member
of the USSR Academy of Sciences.

Vladimir Nikolaevich, with his characteristic
temperament and passion, developed ideas for
integrated development of all modes of transport
throughout his life.

In 1940, he published in Izvestia of the Academy
of Sciences of the USSR (No. 10) the work «Basic
principles for constructing the transport network of
the USSRy, in which he outlined the scientific
foundations for harmonious development of all types
of transport. In this significant work, Vladimir
Nikolaevich gave a comprehensive analysis of the
prospects for development of the railway network of
the Soviet Union and other countries and made
a conclusion unexpected for that time: «there is no
need for us to catch up with the United States in terms
of the length of the railway network», because the
traffic intensity of US railways is 2,8 times less than
on domestic railways.

The creative thought of the scientist Vladimir
Nikolaevich Obraztsov, who wanted to see his country
even more powerful in terms of transport, haunted
him, as a result of which he published the articles
«Perspective Issues of Transporty» («Planovoe
khozyaistvoy [Planned Economy] journal, 1940, No.
5), « On the Basic Principles of Building the Transport
Network of the USSR» («Stroitelstvo dorog» [Road
Construction] journal, 1940, No. 11), «Mainlines of
the USSR» («Tekhnika Molodezhi», 1940, No. 8-9).

In the pre-war year, V. N. Obraztsov, in the Section
of Academy of Sciences he led, solved scientific
problems aimed at strengthening the country’s defence
capability. These included high-speed construction of
railways and highways («Vestnik AN SSSR», 1940,
No. 7). Two all-Union meetings were held on this
problem. The «bottleneck» in the country at that time
was the weak cement industry, and Vladimir
N. Obraztsov wrote a relevant article «Prospects for
development of the cement industry» («Planovoe
khozyaistvo», 1940, No. 10).

Fuel economy in railway transport was of
extremely great national economic importance for the
Soviet Union («Vestnik AN SSSR», 1940, No. 1), and
Vladimir Nikolaevich raised the question of ways to
reduce fuel consumption and the transition to new
types of future locomotives (article «Parameters of
Operation of the Future Locomotive» in the
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«Ekspluatatsiya zheleznykh dorog» [Railways
Operations] journal, 1941, No. 1).

At this time, V. N. Obraztsov wrote articles
«On Dissemination of Engineering Knowledge in the
USSR» («Sovetskaya naukay [Soviet Science], 1940, No.
1), «Science and Railway Transport» («Sovetskaya
naukay, 1940 No. 10), «Inventors and Railway Transport»
(«Stakhanovetsy, 1940, No. 10), «On the Issue of the
Transport Problem of the City of Moscow» («Arkhitektura
SSSR» [Architecture of the USSR], 1940, No. 2).

The World of Transport and Transportation Journal
(2021, Iss. 3) published an article by Mikhail and
Larisa Roshchevsky titled «Post-war Projects of
Academician V. N. Obraztsov for Development of
Transport in the European North of the USSRy,
dedicated to Obraztsov’s projects, in which he laid the
foundations for long-term planning of railway, road,
river and air transport in the European North of the
USSR for several decades to come. These works, as
always, amaze with the far-reaching prospects for
development of the territory of the European North
and the Arctic. V. N. Obraztsov’s programs for
development of the North, being of great scientific
value, have not yet been implemented, and are
especially relevant in 21% century.

Even from the very short list of pre-war works by
V. N. Obraztsov, quoted in the article, makes visible
the multifaceted activity of the scientist.

Preserving the scientific legacy of
Academician V. N. Obraztsov, the second part of the
article is dedicated to the bibliography of his works.

BIBLIOGRAPHY OF V. N. OBRAZTSOV?
1902

1. Reconstruction of Ivanovo station [Pereustroistvo
stantsii Ivanovo]. [Project approved by the Engineering
Council on 11.V.1901]. Inzhenernoe delo, 1902, Iss. 3, 59 p°.

1904

2. Geometric elements for calculating sets of turnouts
and switches when designing stations [Geometricheskie
element dlya rascheta strelochnykh ulits i perevodov pri
proektirovanii stantsii]. Inzhenernoe delo, 1904, Iss. 1,
pp. 147-179; Iss. 2, pp. 142—-171.

1905

3. On the issue of designing stations and their calculation
[K voprosu o proektirovanii stantsii i ikh raschet].
Inzhenernoe delo, 1905, Iss. 1, pp. 102—-157.

4. On the issue of revision of the rules on buildings,
warehouses, excavations and plantings near the railway line
[K peresmotru pravil o postroikakh, skladakh, raskopkakh
i rassadkakh vblizi linii zh.d.]. Inzhenernoe delo, 1905, Iss. 4,
pp- 80-90.

5. On the issue of performance of construction and track
works on state railways [K voprosu o proizvodstve

2 Based on the information collected. — Author s note.

3 In a journal publication, bibliographic descriptions are
given in an abridged form, in particular without indicating
and listing the drawings, diagrams, and illustrations included
in the publication. — Ed. note.

stroitelnykh i putevykh rabot na kazennykh zheleznykh
dorogakh). Inzhenernoe delo, 1905, Iss. 5-6, pp. 25-62.
1907

6. On the issue of designing stations and their calculation
[K voprosu o proektirovanii stantsii i ikh raschet]. In: Minutes
of meetings and conferences. Proceedings of the 24%
Congress of Engineers of the Russian Railways Track Service
of 1906. Moscow, S. P. Yakovlev Printing Company, 1907,
pp. 201-237.

7. On the issue of performance of construction and track
works on state railways [K voprosu o proizvodstve
stroitelnykh i putevykh rabot na kazennykh zheleznykh
dorogakh). In: Minutes of meetings and conferences.
Proceedings of the 24™ Congress of Engineers of the Russian
Railways Track Service of 1906. Moscow, S. P. Yakovlev
Printing Company, 1907, pp. 239-262.

8. Profitability of the railway and its graphic
representation depending on tariff rates [Dokhodnost
zheleznoi dorogi i ee graficheskoe izobrazhenie v zavisimosti
ot tarifuykh stavok]. News of Moscow Engineering School,
Part 2, Scient. works, 1907, Iss. 1, pp. 103—118.

1908

9. Glushitskaya narrow-gauge branch [Glushitskaya
uzkokoleinaya vetv). In: Minutes of meetings and conferences.
Proceedings of the 25" Congress of Engineers of the Track
Service of Russian Railways of 1907. Moscow, 1908, dep.
IX, pp. 79-95.

1909

10. Theoretical studies on turnover of wagons
[Teoreticheskie issledovaniya po oborotu vagonov). News of
Moscow Engineering School, Part 2, Scient. works, 1909,
Iss. 3, pp. 21-64.

1910

11. Mountain roads in Switzerland [Gornie dorogi
Shveitsarii]. News of Moscow Engineering School, Part 2,
Scient. works, 1910, Iss. 4, pp. 3-90.

12. Architectural department of the technical school in Biel
[Arkhitekturnoe otdelenie tekhnikuma v Bile]. Notes of Moscow
branch of the Russian Technical Society, 1910, Iss. 1, pp. 1-15.

1911

13. Bruxeles Nord Station and its operation [Stantsiya
Bruxeles Nord i ee rabota). News of Moscow Engineering
School, Part 2, Scient. works, 1911, Iss. 5, pp. 1-12.

1913

14. Axonometry. Course of the Construction and
Technical School of the Moscow Association of Engineers
and Professors [Adksonometriya. Kurs Stroitelno-
tekhnicheskogo uchilishcha Moskovskogo tovarishchestva
inzhenerov i pedagogov]. Moscow, 1913, 65 p. [Glass-glazed
ed.].

15. Mass railway and water transport [Massoviy
transport zheleznodorozhniy i vodniy]. Notes of Moscow
branch of the Russian Technical Society, 1913, Vol. 36, Iss. 6,
pp. 153-171; Iss. 7, pp.181-205.

1914

16. Perspective theory [Teoriva perspektivy]. Moscow,
1914, 28 p. [Glass-glazed ed. of Construction and Technical
School of the Moscow Engineers and Professors Association].

1915

17. Industrial schools [Promyshlennie uchilishchal. Vest.
inzh., 1915, Iss. 23, pp. 1-14.

18. On the issue of narrow gauge [K voprosu ob uzkoi
kolee), Izvestiya Sobraniya inzhenerov putei soobshcheniya,
1915, Iss. 12, pp. 253-256.

1916

19. Economic access roads [Ekonomicheskie podezdnie
puti]. Moscow, printing house of Ryabushinsky, 1916, 85 p.
[Together with Yu. V. Engelhardt].

20. Crossings and field bridges. Issue 1 [Perepravy
i polevie mosty. Vyp. 1]. Moscow, All-Russian Union of
Zemstvos and Cities, 1916.
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21. On the issue of transportation routes for the front
[K voprosu o putyakh soobshcheniya dlya fronta]. Moscow,
printing house of Ryabushinsky, 1916, 18 p. (Moscow
Military-Industrial Committee, Ne 6).

22. Report on organization of Military Road Courses at
the Secondary Construction and Technical School of Moscow
Engineers and Professors [Otchet ob organizatsii Voenno-
dorozhnykh kursov pri srednem Stroitelno-tekhnicheskom
uchilishche moskovskikh inzhenerov i pedagogov].
Professionalnoe obrazovanie, 1916, Iss. 4, pp. 93-100.

23. Principles of the Russian railway network [Printsipy
russkoi zheleznodorozhnoi seti]. Proizvodit. sily Rossii, 1916,
Iss. 1, pp. 32-35.

24. Report of engineer V. N. Obraztsov [Doklad inzh.
V. N. Obraztsova]. In: Conference on railway construction
for the five-year period 1917-1922, convened in Moscow on
15-16/X 1916 by the Moscow Regional Military-Industrial
Committee. Moscow, printing house of the Ryabushinsky,
1916, pp. 21-30. [Separate publication of the Moscow
Military-Industrial Committee, No. 10]. Concluding remarks.
Ibid, pp. 46-48.

25. On organisation of lead transports [Ob organizatsii
golovnykh transportov]. News of Moscow Military-Industrial
Committee, 1916, Iss. 31-32, pp. 29-30.

1917

26. Reconstruction of destroyed bridges [ Vosstanovienie
razrushenykh mostov]. Moscow, Moscow Committee for
Military-Technical Assistance, 1917, 138 p. [Together with
N. M. Mitropolsky].

27. Crossings and field bridges [Perepravy i polevie
mosty]. Iss. 1, 2" ed. Moscow, 1917, 46. (Moscow Regional
Military Industrial Committee, Front Line Detachment,
No. 4).

28. Improving roads for the front and organising lead
transports [Uluchshenie dorog dlya fronta i organizatsiya
golovnykh transportov]: In: On the issue of improving roads
at the front. Moscow: printing house of Ryabushinsky, 1917,
pp- 3-19. (Moscow regional military-industrial committee,
detachment of the front line, No. 12).

29. On demobilisation and the immediate tasks of the
Military-Industrial Committee in the field of transport
[O demobilizatsii i blizhaishikh zadachakh Voenno-
promyshlennogo komiteta). News of the Moscow Military-
Industrial Committee, 1917, Iss. 4849, pp. 7-9.

30. Program of Military Road Courses MKVT at the
Secondary Polytechnical School of Moscow Engineers and
Professors [Programma Voenno-dorozhnykh kursov MKVT
pri Srednem politekh.uchilishche mosk.inzh.i pedagogov).
(All-Russian Committee of Military Engineering Assistance,
Engineering and Construction Section, No. 7).

1918

31. Construction conditions for the present moment
[Usloviya stroitelstva dlya nastoyashchego momental. Vest.
inzh., 1918, Vol. 4, Iss. 13—14, pp. 123-125.

32. Transport and vocational education [Transport
i professionalnoe obrazovanie). Znanie sila, 1918, Iss. 1,
pp. 16-19.

33. Vocational education [ Professionalnoe obrazovanie).
Znanie sila, 1918, Iss. 2-3, pp. 95-107.

34. On demobilisation and the immediate tasks of the
Military-Industrial Committee [O demobilizatsii i blizhaishikh
zadachakh Voenno-promyshlennogo komiteta). News of the
Moscow Military-Industrial Committee, 1918, Iss. 50,
pp- 4-5.

35. On the transition to a four-year course and the gradual
transformation of existing secondary technical schools in
connection with the draft law on vocational education
[O perekhode na chetyrekhletniy kurs i o postepennom
preobrazovanii sushchestvuyushchikh srednikh tekhnicheskikh
uchilishch v svyazi s zakonoproektom o professionalnom
obrazovanii). Professionalnoe obrazovanie, 1918, Iss. 1, pp. 1-3.

36. On development of organisational skills [O razvitii
organizatorskikh sposobnostei]. Yunoe tvortchestvo, 1918,
Iss. 2, pp. 7-8.

1919

37. Lecture notes on descriptive geometry [Konspekt
lektsii po nachertatelnoi geometrii]. Moscow, Polytechnic
Institute, 1919, 45 p.

38. Access roads [Podezdnie puti]. Transport i zhizn,
1919, Iss. 1, pp. 4-6.

39. On the issue of the northern concession and tariff
reform [K voprosu o severnoi kontsessii i tarifnaya reformal.
Transport i zhizn, 1919, Iss. 12, P. 12.

1920

40. Crossings and field bridges [Perepravy i polevie
mosty]. Vol. 1. 3 ed. Moscow, Main Administration of
Military Educational Institutions of the RSFSR, 1920, 46 p.

41. Transport of Moscow Industrial Region. Methods
for reduction of costs and improvement [Transport
Moskovskogo promyshlennogo raiona. Metody ego
udeshevleniya i uluchsheniya]. Moscow, NKPS publ., 1920,
23 p.

42. Programs for teaching geometry and drawing in
schools for adults. Report and explanatory note [ Programmy
prepodavaniya geometrii i chercheniya v shkolakh dlya
vzroslykh. Doklad i obyasnitelnaya zapiska) In: Program of
the literacy commissions of the National Communist Party
of the Russian Federation. Nizhny Novgorod, pub.
Nizhegorod. gubernia department of people’s educ., 1920,
15 p.

43. Report on fuel routes. Conference at the Department
of New Lines and Access Roads of the Technical Directorate
of the People’s Commissariat of Railways. January 16, 1920
[Doklad o toplivnykh putyakh. Soveshchyanie pri Otd. Novykh
linii i podezdnykh putei Tekh.upr. NKPS. 16 yanv. 1920].
Moscow, Tekh. Upr. NKPS, 1920. [Glass-glazed ed.].

44. On vocational and technical education in Soviet
Russia [O professionalno-tekhnicheskom obrazovanii v
Sovetskoi Rossii]. Moscow, Gosizdat publ., 1920, 8 p.

45. On bringing cargo trains deeper inside Moscow
[O glubokom vvode tovarnykh poezdov v Moskvu). Bull.
NKPS, 1920, Iss. 68, p. 1.

1921

46. Mechanisation of transport and cargo operations in
the current conditions [Mekhanizatsiya transporta i gruzovykh
operatsii v usloviyakh nastoyashchego momenta). In:
Initiative conference on scientific organization of labor in
production. Collection of abstracts for reports of
representatives to the conference on scientific organisation
of labour. Moscow, NKPS publ., 1921, pp. 68-72.

47. Transport compaction as one of the methods of road
Taylorisation [Uplotnenie transporta kak odin iz metodov
teilorizatsii dorog). In: Initiative conference on scientific
organization of labor in production. Collection of abstracts
for reports of representatives to the conference on scientific
organization of labour. Moscow, NKPS publ., 1921, pp. 23—
29.

48. On making curricula and programs for workers’
faculties [O postroenii uchebnykh planov i program dlya
rabochikh fakultetov). Vest. rab. fakt-ov, 1921, Iss. 26,
pp. 4-68.

49. Programs of workers’ faculties, Issue 1. Program in
mechanics for builders [Programmy rabochikh fakultetov.
Wp. 1. Programma po mekhanike dlya stroitelei]. Moscow,
Gosizdat publ., 1921, pp. 62-69.

1922

50. Stations and their attributes [Stantsii i ikh
prinadlezhnosti]. Moscow, MIIT publ., 1922, 76 p. (NKPS.
Central courses for advanced training of senior command
personnel of the USSR railway transport). [Glass-glazed ed.].

51. Axonometry. Lectures given to the 1* year
students of the Civil Engineering Faculty [4ksonometriya.
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Lektsii, chitannie na 1 kurse Inzhenerno-stroitelnogo
fakulteta]. Moscow, MIIT publ., 1922, 64 p. [Glass-
glazed ed.].

52. Drawing [Cherchenie]. In: Curricula and programs
of workers’ faculties, issue 4. Technical literacy program.
Moscow, NKP, Department of Workers’ Faculties, 1922,
pp. 4-16.

53. Shadow Theory. Lectures given to the 1% year
students of the Civil Engineering Faculty [Teoriya tenei.
Lektsii, chitannie na 1 kurse Inzhenerno-stroitelnogo
fakulteta]. Moscow, MIIT publ., 1922, 51p.

54. Transport. Moscow, TsNTKP, 1922, 40 p. (Central
Scientific and Technical Club of Trade Unions. Systematic
programs of lectures on individual branches of knowledge
and production, with appendix of indexes of recommended
literature, No. 3).

55. Project for distribution of junctions on the Russian
railway network and the sorting operations of junctions, in
order to reduce shunting work and downtime of wagons
[Proekt raspredeleniya uzlov na russkoi zh.d. seti
i sortirovochnoi raboty uzlov s tselyu sokrashcheniya
manevrovoi raboty i prostoya vagonov). Tekhnika i ekonomika
of PS [Rolling stock], 1922, Iss. 12, pp. 445-466.

56. Workers’ faculties and their educational and
organisational development [Rabochie fakultety i ikh
uchebno-organizatsionnoe razvitiel. Znamya rabfakovtsa,
1923, Iss. 4-5, pp. 43-58.

57. The language of numbers [ Yazyk tsifi-]. Ibid, pp. 58—
59.

58. Technical excursions [ Tekhnicheskie ekskursii). Ibid,
pp. 147-152.

59. Division of roads into categories [Delenie dorog na
kategorii]. Tekhnika i ekonomika PS [Rolling stock], 1922,
Iss. 19-20, pp. 251-253.

60. Different types of roads, their disadvantages,
advantages and principles of the road network in Russia
[Razlichnie tipy dorog, ikh nedostatki, dostoinstva i printsipy
dorozhnoi seti v Rossii]. 1bid, pp. 262-272.

61. Goals and objectives of the conference on educational
and program issues of workers’ faculties [75eli i zadachi
konferentsii po uchebno-programmmnym voprosam rabfakov).
Znamya rabfakovtsa, 1922, Iss. 1, pp. 21-22.

62. History of the development of the workers’ faculty
named after comrade Kalinin [Mezhevoy] [Istoriya razvitiva
rabochego fakulteta im. T. Kalinina [Mezhevogo]]. 1bid,
P. 39.

63. Main issues and tasks of the conference on
educational and program issues [Osnovnie voprosy i zadachi
konferentsii po uchebno-programmmnym voprosam). Znamya
rabfakovtsa, 1922, Iss. 3, pp. 37-42.

64. Work of the conference on educational and program
issues [Rabota konferentsii po uchebno-programmnym
voprosam). Ibid, pp. 43—67.

65. On the issue of evening workers’ faculties [Po voprosu
o vechernikh rabfakakh). Znamya rabfakovtsa, 1922, Iss. 6,
pp- 29-31.

66. Three years of workers’ faculties and the immediate
tasks of the Kalinin workers’ faculty [7rekhletie rabochikh
fakultetov i blizhaishie zadachi Kalininskogo rabfaka). In:
«Jubilee journal of the Kalinin workers’ faculty». September
26, 1922. Moscow, Publ. Works of the Kalinin Faculty, 1922.
[Glass-glazed ed.].

1923

67. The Second All-Russian Congress of Workers’
Faculties [Vtoroi Vserossiiskiy sezd rabfakov]. Znamya
rabfakovtsa, 1923, Iss. 3-5, pp. 18-38.

68. Continuous Transport [Nepreryvniy transport].
Znamya rabfakovtsa, 1923, 1ss.6-7, pp. 84-87.

69. On formulation of a course in organisation of labour
and production [O postanovke kursa organizatsii truda
i proizvodstval. Znamya rabfakovtsa, 1923, Iss. 8-9,
pp- 31-40.

70. Some results of creation of workers’ faculties
[Nekotorie itogi stroitelstva rabfakov] [Together with
V. V. Zavadie]. Ibid, pp. 14-24.

71. Water giants [Vodnie giganty]. Ibid, pp. 131-134.

1924

72. Transport. Programs of popular lectures on transport
[Transport. Programmy populyarnykh lektsii po transportu].
2" ed. Moscow, NKPS publ., Transpechat publ., 1924, 85 p.

73. Experience of reorganisation of educational [task]
setting at Moscow Institute of Engineers of Railway
Transport [Opyt reorganizatsii uchebnoi postanovki v
Moskovskom institute inzh. PS). In: Materials on the reform
of higher education. Issue 1. Moscow, Gosizdat publ., 1924,
pp- 3-25.

74. Experience of a new teaching method at Moscow
Mining Academy [Opyt novogo metoda prepodavaniya v
Moskovskoi gornoi akademii). Ibid, pp. 26-31.

75. Local transport in development of the country’s
productive forces [Mestniy transport v razvitii
proizvoditelnykh sil strany]. In: Local transport in the
national economy of the USSR. Collection of articles. Issue.
1. Moscow, Motor publ., 1924, pp. 5-9.

76. On the academic performance of former workers’
faculty students at the university [Ob uspevaemosti byvshikh
rabfakovtsev). People’s Commissariat of Education, 1924,
Iss. 6-7, p. 4.

77. What type of engineer do we need [Kakoi tip
inzhenera nam nuzhen). Kr. molodezh, 1924, September,
pp- 98—-102.

1925

78. Encyclopaedia of Transportation Routes.
Introductory Course [Entsiklopedia putei soobshcheniya.
Vvodniy kurs]. Moscow-Leningrad, Gosizdat publ., 1925,
240 p.

79. Twelve Excursions to the Railway. [A Manual for
Conducting Excursions by Students] [ 12 ekskursii na zheleznuyu
dorogu [Posobie dlya provedeniya ekskursii uchashchimisyal.
MCU for education on transport, 1925, 110 p.

80. Graphic Literacy. Drawing [Graficheskaya
gramotnost. Cherchenie]. Moscow, Gosizdat publ., 1925,
84 p. [Together with V. V. Zhuravlev].

81. Methods of Educational Work [Metodika uchebnogo
dela]. In: Bulletin of the Board of MIIT, Moscow, tip. Rab.
gaz., 1925, 32 p.

82. Projects and ideas for development of Russian
stations during the World and civil wars [Proekty i idei
razvitiya russkikh stantsii v period mirovoi i grazhdanskoi
voin] / In: Proceedings of the 21* Advisory Congress of
Representatives of the USSR Railway Operations Services.
Moscow, 1925, pp. 584—600.

83. Rearrangement of the Moscow Junction of
Moscow — Kazan Railway [Pereustroistvo Moskovskogo
uzla Moskovsko-Kazanskoi zh.-d.]. Zheleznodorozhnoe
delo, 1925, Iss. 12, pp. 23-41.

84. Some issues of railway transport of the Central
Industrial Region [Nekotorie voprosy zheleznodorozhnogo
transporta CPO]. In: Productive forces of the Central
Industrial Region. Moscow, Gosplan publ., 1925, 3 section,
pp. 273-285. (Proceedings of Gosplan, Book 5).

85. Report on the activities of the Planning Commission
and its immediate tasks [Doklad o deyatelnosti Planovoi
komissii i ee blizhaishikh zadachakh). In: Second Inter-
Union Intra-Institute Conference of Proletarian Students of
MIIT, May 20-23, 1925. Moscow, MIIT publ., 1925,
pp- 35-38.

86. General overview of projects. [Projects awarded at
the Central Transport Promotion Competition] [Obshchiy
obzor proektov. [Proekty, premirovannie na konkurse
Tsutransprosa). Prosveshchenie na transporte, 1925,
Iss. 5-6, pp. 65-70.

87. On the main achievements in the field of teaching
methods in universities [Ob osnovnykh dostizheniyakh v
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oblasti metodiki prepodavaniya v vuzakh). Bulletin of the
scientific and technical section of GUS, 1925, Iss. 7, pp. 7-9.

88. Workers’ faculties and their educational and
organisational development [Rabochie fakultety i ikh
uchebno-organizatsionnoe razvitie]. Znamya rabfakovtsa,
1925, Iss. 4-5, p. 15.

1926

89. The task setting and methodology of teaching at
the Moscow Institute of Transport Engineers [ Postanovka
i metodika prepodavaniya v Moskovskom institute
inzhenerov transporta). Moscow, MIIT publ., 1926, 30 p.

90. The Moscow junction and the main ideas for its
reconstruction [Moskovskiy uzel i osnovnie idei ego
pereustroistva). In: Proceedings of the 22™ Advisory
Congress of Representatives of the USSR Railway
Operation Services. Oryol, Paris Commune print., 1926,
pp. 1-65.

91. Economics of local transport and pioneer
construction [Ekonomika mestnogo transporta
i pionernogo stroitelstva). Tr. MIIT, 1926, Iss. 1, pp. 8-31.

92. Overpass tunnels in design of junctions and
stations [Zonnelnie puteprovody pri proektirovanii uzlov
i stantsii]. Tr. MIIT, 1926, Iss. 2, pp. 143-157.

93. An essay on development of Russian stations in
the period 18371925 [Ocherk razvitiya russkikh stantsii
za period 1837-1925]. Vest. PS [Rolling stock], 1926,
Iss. 15, pp. 10-12.

94. On the issue of reconstruction of Yekaterinoslav
junction [K voprosu o pereustroistve Ekaterinoslavskogo
uzla). Zheleznodorozhnoe delo, 1926, Iss. 8, pp. 7-9.

95. Single railway economy in theory and practice
[Ob’edinennoe zheleznodorozhnoe khozyaistvo v teorii
i na praktike]. Vestnik puti, 1926, Iss. 75, p. 2.

1927

96. Technique of junction design [Tekhnika
proektirovaniya uzlov]. Tr. MIIT, 1927, Iss. 5, pp. 7-36.

97. Standard station of class V-III with gradual
development [Tipovaya stantsiya V-III klassa s
postepennym razvitiem). Ibid, pp. 63-92.

98. Translation of the work: Ganfshtengel, G. Transport
arrangement for bulk cargo [Transportnoe ustroistvo dlya
massovykh gruzov]. Moscow, Gosizdat publ., 1927, 319
p. [Together with D. V. Shumsky and O. N. Savvina].

1928

99. Stations and their attributes. (15 lectures) [Stantsii
i ikh prinadlezhnosti (15 lektsii)]. Moscow, MIIT, Publ. of
the Central Courses for Advanced Training of Senior
Command Personnel of USSR Railway Transport, 1928, 72 p.

100. On the issue of traction calculations for
marshalling humps [K voprosu o tyagovykh raschetakh
sortirovochnykh gorok]. Tr. MIIT, 1928, Iss. 9, pp. 129—
152.

101. Winter transport and its possible prospects
[Zimniy transport i ego vozmozhnie perspektivy].
Stroitelnaya promyshlennost, 1928, Iss. 4, pp. 265-268.

102. On the issue of mass transportation from Donbass
[K voprosu o massovom transporte iz Donbassal].
Zheleznodorozhnoe delo, 1928, 1ss.10, pp. 12—-14.

1929

103. Main data for design of railway stations
[Osnovnie dannie dlya proektirovaniya zh.-d.stantsii).
Moscow, Gosizdat publ., 1929, 344 p.

104. Approximate indicative price list for construction
of large marshalling yards [ Primernaya orientirovochnaya
rastsenochnaya vedomost na sooruzhenie sortirovochnykh
stantsii]. Moscow, 1929, 14 p. [Together with
M. L. Shlygin]. [Glass-glazed ed.].

105. Mountain railways [Zheleznie dorogi gornie].
In: Transport Encyclopaedia, 1929, Vol. 7, pp. 670-683.

106. Single-rail railways [Zheleznie dorogi
odnorelsovie). Ibid, pp. 683—-684.

107. Report of Prof. Obraztsov from behalf of the
Commission on textbooks at the Scientific and Technical
Section of the State University of Agriculture [Doklad prof.
Obraztsova ot Komissii po uchebnikam pri Nauchno-
tekhnicheskoi sektsii GUSa]. In: Students and books.
(Materials of the meeting of students, professors and
publishers. July 25, 1928). Moscow-Leningrad, Gosizdat
publ., 1929, pp. 10-17.

1930

108. Design and calculation of the marshalling hump
and marshalling yard head part [Proektirovanie i raschet
sortirovochnoi golovy sortirovochnykh parkov]. Moscow,
MIIT publ., 1930, 36 p.

109. On the issue of deep extension in the metro
[K voprosu o glubokikh vvodakh v metropolitene].
Kommunalnoe khozyaistvo, 1930, Iss. 6, pp. 44-48.

110. Notes on organisation of public services and social
amenities in the city of Moscow [Zametki po blagoustroistvu
goroda Moskvy]. Kommunalnoe khozyaistvo, 1930, Iss. 11—
12, pp. 70-74.

1931

111. The wind rose and its influence on the sorting of
wagons [Roza vetrov i ee vliyanie na sortirovku vagonov).
Moscow, MIIT publ., 1931, 38 p.

112. On deep extension of electric railways into the city
[O glubokom vvode v gorod elektricheskikh zheleznykh
dorog]. Kommunalnoe khozyaistvo, 1931, Iss. 13-14,
pp. 42-43.

113. Deep extension [On the issue of the metro in
Moscow] [Glubokiy vvod. [K voprosu o metropolitene v
Moskve]. Kommunalnoe khozyaistvo, 1931, Iss. 19-20,
pp. 7-17.

114. Urgent issue. On the connection of the metro and
trams with electric suburban transport [Neotlozhniy vopros.
O svyazi metropolitena i tramvaev s elektricheskim
prigorodnym transportom). Ibid, pp. 17-20.

1932

115. Special Roads. Issue 2. Ground Cableways with
Oscillating Motion (Reversible) [Spetsialnie dorogi. Vyp.2.
Nazemnie kanatnie dorogi s kolebatelnym dvizheniem
(reversivnie)]. Moscow, OGIZ, Gostransizdat publ., 1932,
88 p. [Together with E. A. Ratner].

116. Railway in the City [Zheleznaya doroga v gorode].
Moscow—Leningrad, OGIZ, Gostransizdat publ., 1932, 48 p.
(Tr. MIIT, issue 30).

117. Calculation schedule for plotting a catenary of
suspension of cable [Raschetniy grafik dlya postroeniya
tsepnoi linii provesa gibkoi niti]. Moscow, Standardisation
and Rationalisation, 1932, 9 p.

118. Railways. Technology [Zheleznie dorogi. Tekhnika.
Great Soviet Encyclopaedia, 1932, Vol. 24, Columns 711—
745.

119. Comments on the main issues of the Expert
Commission on the Metro [Otzyvy po osnovnym voprosam
Ekspertnoi komissii po metropolitenu). In: Moscow Metro.
Moscow, Publishing House of the Metrostroy Administration,
1932, pp. 166-174.

120. Dissenting opinion on the issue of clearance for the
metro [Osoboe mnenie po voprosu o gabarite dlya
metropolitenal. Ibid, pp. 174-175.

121. Deep extension in Moscow in connection with the
metro [Glubokiy vvod v Moskve v svyazi s metropolitenom].
COPEHA, 1932, Iss. 5, pp. 100-109.

122. On the history of the emergence of combined
transportation using containers [K istorii vozniknoveniya
kombinirovannym perevozok pri pomoshchi konteinerov).
In: Containers. Collection of articles. Leningrad—
Moscow, Standardisation and rationalisation publ., 1932,
pp. 47-61.

123. Deep extension will relieve Moscow street traffic
[Glubokiy vvod razgruzit ulichnoe dvizhenie Moskvy). V boi
za tekhniku, 1932, Iss. 3, pp. 15-17.
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1933

124. Railway junctions. Transit junctions and their
design techniques [Zheleznodorozhnie uzly i tekhnika ikh
proektirovaniya]. Moscow-Lenigrad, NKPS publ.,
Transzheldorizdat publ., 1933, 131 p.

125. Industrial internship program «Design of stations
and junctions» for students of the operations’ specialty
[Programma proizvodstvennoi praktiki «Proektirovanie
stantsii i uzlovy dlya studentov ekspluatatsionnoi
spetsialnosti]. Moscow, NKPS publ., 1933. [Glass-glazed
ed.].

126. Wagon backing on hump tracks [Osazhivanie
vagonov na podgorochnykh putyakh). Ekspluatatsiya zh.d.,
1933, Iss. 5-6, pp. 16-19.

127. Transport in city planning [ Transport v planirovke
goroda). Planirovka i stroitelstvo goroda, 1933, Iss. 2,
pp. 9-13.

128. Transport and planning [Transport i planirovka].
Za sotsialisticheskuyu rekonstruktsiyu gorodov, 1933,
Iss. 6, pp. 21-23.

129. Intracity transport and city planning
[Vnutrigorodskoi transport i planirovka gorodal. In: First
All-Union Conference on Planning and Construction of
Cities. Moscow, Vlast Sovetov, 1933, pp. 12—16.

130. All means to enliven lectures [Vse sredstva za
ozhivlenie lektsii]. Za promyshlennie kadry, 1933, Iss. 1,
pp. 44-46.

131. What kind of lecture does the Soviet higher
education need [Kakaya lektsiya nuzhna vysshei sovetskoi
shkole). Front nauki i tekhniki, 1933, Iss. 1, pp. 56-57.

1934

132. Surface roads with continuous traction. Special
roads [Nazemnie dorogi s nepreryvnoi tyagoi. Spetsialnie
dorogi]. Moscow—Leningrad, ONTI, Gosstroyizdat publ.,
1934, 97 p. [Together with E. A. Ratner].

133. Program for the course «Stations and junctions»
for the operations’ specialty [Programma po kursu
«Stantsii i uzly» dlya ekspluatatsionnoi spetsialnosti].
Moscow, Transzheldorizdat publ., 1934, 18 p.

134. Program for the course of road, water and local
rail transport for the operations’ specialty [ Programma po
kursu avtodorozhnogo, vodnogo i mestnogo
zheleznodorozhnogo transporta dlya ekspluatatsionnoi
spetsialnosti]. Moscow, Transzheldorizdat publ., 1934,
4p.

135. Railway transport and city planning
[Zheleznodorozhniy transport I planirovka gorodal. In:
Planning and social reconstruction of cities. Iss. 1.
Moscow, 1934, pp. 118-163.

136. Off-street intersections in city planning
[Vneulichnie peresecheniya v planirovke gorodov].
Architecture of the USSR, 1934, Iss. 11, pp. 38-41.

137. Industrial and technical sciences [Industrialno-
tekhnicheskie nauki]. (Moscow Institute of Transport
Engineers). Front nauki i tekhniki, 1934, Iss. 1, pp. 95-96.

138. On the issue of transferring the Academy of
Sciences [K voprosu o perevode Akademii nauk). Front
nauki i tekhniki, 1934, Iss. 5-6, p. 152.

139. Scientific and industrial excursions [Nauchno-
proizvodstvennie ekskursii]. ront nauki i tekhniki, 1934,
Iss. 1011, pp. 51-54.

140. In memory of Prof. E. A. Gibshman [Pamyati
prof. E. A. Gibshmana). Ekspluatatsiya zheleznykh dorog,
1934, Iss. 4, P. 31.

141. Translation of the work: Ganfshtengel,
G. Mechanisation of bulk cargo transport. Vol.
1. Transporters and conveyors. 2™ ed. [Mekhanizatsiya
transporta massovykh gruzov. T. 1. Transportery
i konveiery. 2-e izd.]. Moscow—Leningrad, ONTI NKTP,
1934, 296 p. [Together with D. V. Shumsky and
O. N. Savvina].

1935

142. Stations and Junctions. Part 1. Small and Section
Stations [Stantsii i uzly. Ch.1. Malie i uchastkovie stantsii].
Moscow, Transzheldorizdat publ., 1935, 316 p. [Together
with V. D. Nikitin and S. P. Buzanov].

143. Methodology for the Course «Stations and
Junctions» [Metodika kursa «Stantsii i uzly»]. In:
Experience in Compiling Particular Methods by Departments
of Core Colleges of Railway Transport. Leningrad, LIIZhT
publ., 1935, pp. 95-119.

144. Special-purpose resort roads [Kurortnie dorogi
spetsialnogo tipa). Planirovka i stroitelstvo gorodov, 1935,
Iss. 7, pp. 36-40.

145. A teacher needs relationship with the industry
[Pedagogu neobkhodima svyaz s proizvodstvom). Podgotovka
kadrov zh.-d.transporta, 1935, Iss. 10, pp. 18-21.

146. Resort and mountain roads [Kurortno-gornie
dorogil. V boi za tekhniku, 1935, Iss. 3, pp. 10-11.

147. The Road to Elbrus [Doroga na Elbrus). V boi za
tekhniku, 1935, Iss. 12, pp. 22-23.

148. Independent work plus daily control
[Samostoyatelnaya rabota plyus povsednevniy kontrol].
Podgotovka kadrov zh.-d.transporta, 1935, Iss. 1, pp. 9-10.

149. Transport. In the book: Socialist reconstruction of
the Southern coast of Crimea. Simferopol, State Publishing
House of the Crimean ASSR, 1935, pp. 329-346.

150. A sustainable work plan — that’s what you need
now [Ustoichiviy rabochiy plan — vot chto vam nuzhno
seichas). Podgotovka kadrov zh.-d.transporta, 1935,
Iss. 4-5, pp. 53-54.

1936

151. Preliminary conclusions on design of [marshalling]
humps [Predvaritelnie vyvody po proektirovaniyu
[sortirovochnykh] gorok]. Zheleznodorozhnaya tekhnika,
1936, Iss. 1, pp. 17-26.

152. Wind rose and its application to hump design [Roza
vetrov i ee primenenie k proektirovaniyu gorok). In: Proc. of
the 1* scientific and technical conference of MIIT departments.
Moscow, MIIT publ., 1936, pp. 38—44.

153. Design of humps on railway transport
[Proektirovanie gorok na zheleznodorozhnom transporte).
Front nauki i tekhniki, 1936, Iss. 6, pp. 61-63.

154. On the design of descents and ascents in cities and
resorts [O proektirovanii spuskov i podemov v gorodakh
i kurortakh]. Architecture of the USSR, 1936, Iss. 2, pp. 52—
54.

155. Transport in the planning of a residential
neighbourhood [7Transport v planirovke zhilogo kvartala).
Architecture of the USSR, 1936, Iss. 11, pp. 56-59.

156. Railway museums abroad [Zheleznodorozhnie
muzei za granitsei]. V boi za tekhniku, 1936, Iss. 9, p. 20.

157. To daily study Stakhanovite practices [Povsednevno
izuchat stakhanovskuyu praktiku). Stakhanovets, 1936,
Iss. 34, p. 11.

1937

158. Issues of railway transport in the third five-year
plan [Voprosy zheleznodorozhnogo transporta v tretem
pyatiletii]. Planovoe khozyaistvo, 1937, Iss. 5-6, pp. 55-63.
[Together with S. V. Zemblinov].

159. Development of the USSR railways in the third
five-year plan [Razvitie zheleznykh dorog SSSR v tretei
pyatiletke). V boi za tekhniku, 1937, Iss. 6, pp. 7-10. [Together
with S. V. Zemblinov].

160. Railway transport during 20 years of Soviet power
[Zheleznodorozhniy transport za 20 let sovetskoi viasti]. V'
boi za tekhniku, 1937, Iss. 11, pp. 8-12.

161. Transport scientific work [Nauchnaya rabota na
transporte]. Front nauki i tekhniki, 1937, Iss. 12, pp. 96-102.

162. Forty years in railway transport [Sorok let na
zheleznodorozhnom transporte]. Zheleznodorozhnaya
tekhnika, 1937, Iss. 7, pp. 69-70.
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163. Remembering and comparing [Vspominaya
i sravnivaya). Sovetskoe studentchestvo, 1937, Iss. 9, pp. 16—
17.

164. A lesson in simplicity and accuracy [Urok prostoty
i tochnosti). Krokodil, 1937, Iss. 29-30, p. 22. [Meeting with
M. 1. Kalinin].

1938

165. Stations and Junctions. Part 2 [Stantsii i uzly. Ch.2].
Moscow, Transzheldorizdat publ., 1938, 492 p.

166. Explanatory note to the book: «Stations and
Junctionsy», ed. of 1935. [Obyasnitelnaya zapiska k kn.:
«Stantsii i uzlyy, izd. 1935]. Moscow, 1938. [Together with
other authors]. [Glass-glazed ed.].

167. USSR — a great railway power [SSSR — velikaya
zheleznodorozhnaya derzhava]. Moscow, 1938, 8 p.
(Microphone materials of the All-Union Radio Committee,
No. 107).

168. Tasks and prospects of research work on railway
transport [Zadachi i perspektivy nauchno-issledovatelskoi
raboty na zh.-d. transporte). Sotsialisticheskiy transport, 1938,
Iss.6, pp. 30—44.

169. Young scientists of railway transport [Molodie
uchenie zheleznodorozhnogo transporta). Sotsialisticheskiy
transport, 1938, Iss. 10, pp. 5-12.

170. Science and transport [Nauka i transport]. V boi za
tekhniku, 1938, Iss. 7, pp. 4-8.

171. Advanced science and socialist transport [ Peredovaya
nauka [ sotsialisticheskiy transport]. Stakhanovets, 1938,
Iss. 7, pp. 52-55.

172. Off-street overpasses and street bridges [ Vreulichnie
estakady i ulichnie mosty]. Architecture of the USSR, 1938,
Iss. 5, pp. 29-31.

173. The most important task of the intelligentsia is to
master bolshevism [Vazhneishaya zadacha intelligentsii —
oviadet bolshevizmom). Partiiniy rabotnik zh.-d.transporta,
1938, Iss. 11, pp. 12-15.

174. Be proud of the high title of citizen of the USSR
[Gordites vysokim zvaniem grazhdanina SSSR). Sovetskoe
studenchestvo, 1938, Iss. 8, p. 13.

175. Editor: General Course of Railways. Vol. 1. Moscow:
Transzheldorizdat publ., 1938, 88 p. [Together with
G. K. Kovalkov].

176. Ed.: Ditto, Vol. 2, 436 p.

177. Ed..: Ditto, Vol. 3, 392 p.

1939

178. Railways of the USSR [Zheleznie dorogi SSSRY].
Moscow, Publishing House of Literature in Foreign Languages,
1939, 32 p.

179. Socialist transport and its prospects [Sotsialisticheskiy
transport i ego perspektivy). Bulletin of the USSR Academy of
Sciences, 1939, Iss. 11-12, pp. 237-249.

180. Railway transport in the third five-year plan
[Zheleznodorozhniy transport v tretei pyatiletke). V boi za
tekhniku, 1939, pp. 11-14.

181. Non-stop crossing of trains [Bezostanovochnoe
skreshchenie poezdov). Sotsialisticheskiy transport, 1939,
Iss. 12, pp. 34-38.

182. The USSR is a Great Railway Power [SSSR —velikaya
zheleznodorozhnaya derzhava). In: Stories about the Great
Congress. Moscow, Publishing house of children’s literature,
1939, Iss. 12, p. 32.

183. Transport. Tekhnika molodezhi, 1939, Iss. 12, p. 32.

184. Reconstruction of motor roads [Rekonstruktsiya
avtomobilnykh dorog). V boi za tekhniku, 1939, Iss. 9,
pp. 17-20.

185. For realisable fantasies [Za osushchestvimie fantazii).
Pioneer, 1939, Iss. 11, pp. 120-121.

186. Road to Pamir [Doroga na Pamir]. Vokrug Sveta,
1939, Iss. 3, pp. 11-12.

187. Editor: Technical operation of the USSR railways
[Tekhnicheskaya ekspluatatsiya zheleznykh dorog SSSR].

Moscow, Transzheldorizdat publ., 1939, 38 p. [Together with
V. V. Isaev].
1940

188. Tasks and prospects of research work in railway
transport [Zadachi i perspektivy nauchno-issledovatelskoi
raboty na zheleznodorozhnom transporte]. In:
Proceedings of the 1% Scientific and Technical Conference
of MIIZhT. Moscow, Transzheldorizdat publ., 1940,
pp. 5-21.

189. Basic principles of building of the USSR transport
network [Osnovnie printsipy postroeniya transportnoi seti
SSSR). Bulletin of the USSR Academy of Sciences, OTN,
1940, Iss.10, pp. 17-29.

190. Conference on high-speed construction of railways
and highways [Soveshchanie po skorostnomu stroitelstvu
zheleznykh i avtomobilnykh dorog). Bulletin of the USSR
Academy of Sciences, 1940, Iss. 6, pp. 82-90.

191. Conference on fuel economy in railway transport
[Soveshchanie po ekonomii topliva na zheleznodorozhnom
transporte). Bulletin of the USSR Academy of Sciences, 1940,
Iss. 7, pp. 48-57.

192. Prospective issues of transport [Perspektivnie
voprosy transporta). Planovoe khozyaistvo, 1940, Iss. 5,
pp. 70-73.

193. Prospects for development of the cement industry
[Perspektivy razvitiya tsementnoi promyshlennosti].
Planovoe khozyaistvo, 1940, Iss. 10, pp. 44—49. [Together
with A. S. Kudryavtsev].

194. Work of stations under war conditions [Rabota
stantsii v voennykh usloviyakh). Sotsialisticheskiy transport,
1940, Iss. 6-9, pp. 63-77.

195. About American stations [Ob amerikanskikh
stantsiyakh). Sotsialisticheskiy transport, 1940, Iss. 11,
pp. 38-40.

196. On the main principles of construction of the USSR
transport network [Ob osnovnykh printsipakh postroeniya
transportnoi seti SSSR]. Stroitelstvo dorog, 1940, Iss. 11,
pp. 6-8.

197. On dissemination of technical knowledge in the
USSR [O rasprostranenii tekhnicheskikh znanii v SSSR].
Sovetskaya nauka, 1940, Iss. 1, pp. 147-149.

198. Science and railway transport [Nauka
i zheleznodorozhniy transport]. Sovetskaya nauka, 1940,
Iss. 10, pp. 37-47.

199. On the issue of the transport problem of the city of
Moscow [K voprosu o transportnoi problem goroda Moskvy).
Architecture of the USSR, 1940, Iss. 2, pp. 62—65.

200. USSR mainlines [Magistrali SSSR]. Tekhnika
molodezhi, 1940, Iss.8-9, pp. 15-16.

201. Inventors and railway transport [[zobretateli
i zheleznodorozhniy transport). Stakhanovets, 1940, Iss. 10,
pp. 19-20.

1941

202. Simplification of construction methods and cargo
operations [Uproshchenie metodov stroitelstva i gruzovykh
operatsii). Zheleznodorozhniy trandport, 1941, Iss. 7-8,
pp- 30-38.

203. Parameters of operation of the future locomotive
[Ekspluatatsionnie parametry budushchego lokomotiva).
Ekspluatatsiya zheleznykh dorog, 1941, Iss. 1, pp. 5-12.

204. On Moscow urban transport [O gorodskom
transporte Moskvy]. Kommunalnoe stroitelstvo, 1941, Iss. 2,
pp. 19-21. [Together with F. I. Shaulsky].

1942

205. Some issues of reconstruction and operation of
railways [Nekotorie voprosy vosstanovieniya i ekspluatatsii
zheleznykh dorog). Zheleznodorozhniy transport, 1942, Iss. 1,
pp. 46-57.

206. Regulation of traffic [of railway trains] during traffic
jams [Regulirovanie dvizheniya [zh.d. poezdov] pri zatorakh).
Zheleznodorozhniy transport, 1942, Iss. 6, pp. 23-29.
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207. Methods of eliminating the consequences of
interruptions and delays in train traffic [Metody likvidatsii
posledstvii pereryvov i zaderzhek dvizheniya poezdov].
Tekhnika zheleznykh dorog, 1942, Iss. 3—4, pp. 5-7.

208. Some issues of technical development of railways
[Nekotorie voprosy tekhnicheskogo razvitiya zheleznykh
dorog]. Zheleznodorozhniy transport, 1942, Iss. 12, pp. 42—
48.

1943

209. Railway transport during the Great Patriotic War
[Zheleznodorozhniy transport v dni Velikoi Otechestvennoi
voiny]. Moscow, Profizdat publ., 1943, 64 p.

210. Strengthening the transit and carrying capacity of
single-track lines [Usilenie propusknoi i provoznoi
sposobnosti odnoputnykh linii). Zheleznodorozhniy transport,
1943, Iss. 3-4, pp. 62—68.

211. Science and railway transport during the war [ Nauka
i zheleznodorozhniy transport vo vremya voiny]. Nauka
i zhizn, 1943, Iss. 11-12, pp. 27-30.

212. Transport of the Urals [Transport Urala]. Bulletin
of the USSR Academy of Sciences, 1943, Iss. 4-5, pp. 52-57.

213. Scientific and technical propaganda of the USSR
Academy of Sciences in the Urals [ Nauchno-tekhnicheskaya
propaganda Akademii nauk SSSR na Urale). Bulletin of the
USSR Academy of Sciences, 1943, Iss. 6, pp. 99—102.

214. Some issues of reconstruction and further
development of transport [ Nekotorie voprosy vosstanovleniya
i dalneishego razvitiya transportal. Bulletin of the USSR
Academy of Sciences, 1943, Iss. 8, pp. 3—13.

215. Railway transport during the Patriotic War
[Zheleznodorozhniy transport v Otechestvennoi voine].
Agitation and propaganda of the Red Army, 1943, Iss. 23,
pp. 10-14.

216. Wooden overpasses for unloading coal [ Derevyannie
estakady dlya vygruzki uglya). Tekhnika zheleznykh dorog,
1943, pp. 3-5.

THE LARGEST PROJECTS

OF V.N. OBRAZTSOV FROM 1914 TO 1936

1914-1915: Project of Perovo-Sortirovochnaya
marshalling yard of Moscow — Kazan railway.

1914-1915: Project of a standard station and development
of all stations on Aleksandrovsk — Dzhankoy section of the
Southern railway according to this standard in connection
with construction of the second track on this section.

1914-1915: Project of Nikitovka station of the Southern
railway.

1915-1916: Project of complete and partial development
of Smolensk and Smolensk-Sortirovochnaya stations
(Smolensk junction).

1915-1916: Ditto, Vyazma station.

1915-1916: Redesign and development of stations on
Moscow — Baranovichi line in connection with the needs of
military operations (offensive and retreat).

1915-1916: Project of Arkhangelsk line stations in
connection with rearrangement (1915-1916) of Vologda —
Uroch section to a broad gauge.

1915-1916: Project of Vologda station in connection
with the above rearrangement.

1915-1916: Design of several small stations (up to
30) on the Northern Railway.

1916: Project for reconstruction and further development
of Moscow — Mytishchi section stations.

1916: Project for reconstruction of the Ivanovo station
(second stage).

1916-1917: Project for Novosokolniki station of
Moscow — Vindavo — Rybinsk railway.

1916-1924: Project for development of Odintsovo
country houses’ station and several suburban country
houses’ areas on Moscow — Mozhaisk section.

1917-1924: Project for complete and partial
development of Moscow-Aleksandrovskaya station.

1920: Project for Zaporozhye junction (jointly with
I. 1. Kostin).

1920-1922: Project for Nizhny Novgorod junction.

1922: Project for consolidation of Selensky
junction.

1923: Project for one-way traffic on single tracks
at Moscow station of Aleksandrovskaya railway. (jointly
with S. V. Zemblinov).

1923: Project for consolidation of Syzran junction
(jointly with S. V. Zemblinov).

1923: Project for consolidation of Ryazan junction
(jointly with M. F. Gunger).

1923: Project for reconstruction of Moscow
junction (Moscow — Kazan railway) in terms of goods
transportation (jointly with Konkov).

1928-1929: Project for reconstruction of
Kochetovka station.

1929: Project for reconstruction of Saratov junction.

1929: Project for the network of urban roads in the
city of Bolshoe Zaporozhye (jointly with Zaorsky and
Kostin).

1931: Project for deep extension in Moscow (team
research work at the Research Institute of MIIT).

1931-1933: Project for Saratov junction.

1935. Transport / In the book: Socialist
reconstruction of the Southern coast of Crimea. —
Simferopol: State Publishing House Crimea. ASSR,
1935, pp. 329-346.

1936: Consultations on the project for reconstruction
of transport in the region and resorts of the Caucasian
Mineral Waters, developed by Bordukov (Architectural
Workshop No. 2, Prof. V. N. Semenov).
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ABSTRACT

The article is dedicated to the anniversary of Academician
Vladimir Nikolaevich Obraztsov, who largely contributed to
organisation of domestic transport science and founded
a scientific school of designing railway stations and transport
junctions, and who was a leading specialist in the field of
railway operation, a prominent public figure, and a Professor
at MIIT. The professional and creative activity of a talented
educator and scientist is closely connected to the history of

the country’s largest transport university — Moscow Institute
of Transport Engineers (MIIT), now Russian University of
Transport. The stages of a scientist’s professional path are
examined using materials from the institute’s newspaper
«Stalinets». V. N. Obraztsov had worked at MIIT for almost 50
years, created a scientific school, trained dozens of students
and was the head of the country’s first department of stations
and junctions.
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of the birth of Academician Vladimir

Nikolaevich Obraztsov (1874—1949), one
of those who largely contributed to organisation
of domestic transport science, a founder of
a scientific school of designing railway stations
and transport junctions, a leading specialist in
the field of railway operation, a prominent public
figure, Professor at Moscow Institute of Transport
Engineers (MIIT).

The professional and scientific activities of
the talented educator and scientist are closely
connected to the history of the country’s largest
transport university, which is MIIT University
(now Russian University of Transport).
V. N. Obraztsov had worked at the educational
institution for almost 50 years. He began his
teaching career in the pre-revolutionary period,
at Imperial Moscow Engineering School (IMIU)
and continued it at MIIT. Here he created
a scientific school, trained dozens of students and
was the head of the country’s first department of
stations and junctions.

A unique historical source with which it is
possible to recreate individual stages of
a scientist’s path within the walls of MIIT is the
institute’s newspaper «Stalinetsy, published since
1924 (until 1931 — «Krasny Puteets», «Student
transportnik», «Dzerzhinets»)'. Its pages reflect
educational, scientific and social activities of the
institute. The newspaper’s materials are being
introduced into scientific circulation for the first
time and make it possible to recreate individual
pages of the life of the outstanding scientist
V. N. Obraztsov, his pedagogical and scientific
activities at the institute.

V. N. Obraztsov began his scientific and
pedagogical activities at IMIU (since 1913 —
Moscow Institute of Railway Engineers) in 1901,
when, at the invitation of Professor
K. Yu. Tseglinsky, he became a part-time assistant
lecturer at the department of railways. This was
the beginning of a long creative and professional
journey for an educator and a scientist. Little
information has been preserved about the pre-
revolutionary period of V. N. Obraztsov’s
pedagogical work. By the time V. N. Obraztsov
joined IMIU, a qualified team of professors and
teachers had already been formed there. Among
them there were merited Professors
F. E. Maksimenko, S. M. Solovyov and

J une 18, 2024, marks the 150" anniversary

! Today the newspaper is published under the name
«Transport Engineery.

L. D. Proskuryakov and many others, who
through selfless work contributed to development
of the educational institution and provided
training of highly qualified railway specialists
[1,P. 13]. Until 1905, IMIU had a course system,
after which it was replaced by a subject system
that was preserved when the school was
transformed into an institute.

A significant achievement in the field of
engineering sciences during the Soviet period
was creation of a scientifically rationale theory
for design of railway stations and junctions. In
1919, a relevant specialised department was
created for the first time in the country at Moscow
Institute of Railway Engineers (MIIPS).
V. N. Obraztsov was elected head and Professor
of the department of stations and junctions [1,
P. 94]. The department immediately launched
scientific work to formulate a theory and search
for methods for designing stations and junctions.
Later, researchers at the department also dealt
with the problems of combining different modes
of transport: railway, water, road, air transport
[1, P. 95].

Data on wages in the first years of Soviet
power have been preserved. Social security for
teaching staff was not at a high level see rapidly
growing prices and lack of food. Thus, on
December 5, 1918, V. N. Obraztsov’s official
salary, as a supernumerary teacher, was of 1888
rubles 6 kopecks [2, P. 100].

In the 1920s, V. N. Obraztsov worked a lot
on issues of vocational technical education. The
discrepancy between the old system of teaching
in higher educational institutions and the new
socio-economic tasks in the country required new
solutions and restructuring of the entire personnel
training system. The pace of development of the
country’s national economy urgently required
a maximum increase in the number of students
and a reduction in study time to a minimum.

Professor V. N. Obraztsov organised the
workers’ faculty («rabfak») at MIIPS, which was
opened in 1919 [3]. At the workers’ faculty,
disciplines focused on transport were studied;
not only were young people trained for entering
the institute, but also they received professional
technical training, which made it possible to be
employed in transport industry [4, P. 11]. The
First All-Russian Methodological Conference of
Workers’ Faculties was held under the
chairmanship of V. N. Obraztsov. He was one of
developers of workers’ faculties programs, which

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 265-275

Gorbunoy, Alexander A., Fedyakin, Alexey V., Tantsevova, Anastasia V. Academician Obraztsov
in the History of Moscow Institute of Transport Engineers (dedicated to the 150" birth anniversary)




were approved at the 2" and 3™ congresses of
workers’ faculties [5].

In 1924, V. N. Obraztsov published materials
in which he highlighted the experience of
reorganising the educational framework at
MIIPS, the experience of a new teaching method
at Moscow Mining Academy. They were
published in the first issue of «Materials on the
Reform of Higher Education» of the scientific
and engineering section of the State Academic
Council of the People’s Commissariat for
Education [6]. In them, he reflected the
discrepancy between the old system of teaching
in higher educational engineering institutions of
the country and the new conditions of building
the Soviet state. The higher school faced the task
of starting to train «...an organisational engineer
on the one hand, and an engineer with a sufficiently
high theoretical training in his specialty on the
other» [1, P. 26]. The Professor pointed out that
at MIIPS back in 1922, «on the initiative of
a group of professors and the academic student
section, the Board created the so-called Planning
Commission for development of the curriculum
and teaching methods» [6, P. 1]. He was the
founder of a new teaching methodology for
transport engineers. In the learning process,
V. N. Obraztsov was guided by the principle of
minimum costs with high quality of training, so
that every cost of training would produce
a productive result. He proposed considering the
features of the composition of students, the level
of their general educational background, and
practical interests of students [7, P. 253].
V. N. Obraztsov recommended studying most
subjects during practical classes with exercises.
He also proposed replacing the system of classes
from subject-based to course-based. The results
of the commission’s work were reflected in the
new MIIPS curriculum and an explanatory note
to it, adopted by the Faculty Council and
approved by the State Academic Council of the
People’s Commissariat for Education as a normal
curriculum [State Academic Council Bulletin No.
3, September 1923) [6, P. 4].

The year of 1924 was the beginning of a new
stage in the history of the institute and the life of
the scientist. In the autumn, MIIPS merged with
the Higher Technical Courses of the NKPS,
which led to a change in the organisational
structure of the higher educational institution and
its renaming to MIIT. To more successfully carry
out reforms at the institute, representatives of
both educational institutions were included in its
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Board, and A. B. Khalatov, a member of the
NKPS Board, was appointed chairman. From
behalf of MIIPS, the Board of the Institute
included Professors E. A. Gibshman,
V. N. Obraztsov and student A. A. Zhukov, from
the Higher Technical Courses — V. I. Ledovskoy,
Professor V. I. Rudnev and student G. M. Borisov
[4,P. 12].

After the merger, the following faculties were
organised: 1) faculty of civil engineering
[construction] with two departments: a) of
railway construction, b) of engineering structures;
2) water faculty with two branches: a) river and
b) sea branch; 3) faculty of operations; 4) faculty
of traction; 5) faculty of electrical engineering
[4, P. 11]. MIIT began to operate faculties that
trained specialists for various sectors of the
country’s transport system. A specially created
commission developed curricula for each
specialty of the institute, and also determined the
relationship between general education, general
engineering and special disciplines [1, P. 30].
Particular attention was paid to projects that led
to obtaining diploma and which were carried out
based on the tasks of the NKPS, State Planning
Committee and other government agencies. MIIT
professors and teachers regularly took part in
production meetings of the NKPS and gave
lectures on transport and production.

Due to the scientific and organisational
activities of Professor V. N. Obraztsov, Ph.D.
studies were opened at MIIT giving start to
training of highly qualified technical personnel.
It was he who first raised the question of training
Ph. D. students at a transport university at
a meeting of the Provisional Board of the
Scientific Research Institute, which took place
at MIIT on November 12, 1925 [7, P. 259]. As
a result, «the Board decided: to ask Glavnauka
[science department] to assign 20 Ph.D. students
to the research institute, counting 4 people per
Section, i.e. per group of MIIT scientists who
were specialists in certain areas of science» [7,
P. 259].

In accordance with the regulations on the
procedure for training scientists at universities
and research institutions of the USSR People’s
Commissariat of Education, in the autumn of
1925, a Research Institute (RI) was created at
MIIT, headed by Professor F. E. Maksimenko.
According to the temporary Regulations on the
MIIT RI, approved on March 5, 1926, its tasks
were: «a) organising scientific and technical
research in the field of transport, b) studying other
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issues from a scientific point of view, if necessary,
¢) along with this, training of scientists for higher
education institutions and transport from among
those who graduated from Moscow Institute of
Transport Engineers and Leningrad Institute of
Transport Engineers, as well as from among
persons coming from the transport industry who
have demonstrated abilities for scientific activity
and are taking an active part in development of
transport science and technology» [4, P. 116].
The opening of Ph.D. studies at the MIIT RI
brought scientific activity closer to practical work
on railway topics [2, P. 107].

In 1926, 5 sections were formed within the
structure of the MIIT RI: 1) of materials and
structures, 2) of hydraulic engineering, 3) of track
and road construction, with 5 subsections, 4) of
traction, 5) of operations and economics, with 5
subsections. At the Research institute,
V. N. Obraztsov worked in the Section of
Operations and Economics and was involved in
development of the scientific topic «Moscow
junction» [4, P. 124]. Subsequently, Vladimir
N. Obraztsov took a direct part in the design work
on reconstruction of Moscow junction. The
project was based on his idea of integrated
marshalling yards. Professor V. N. Obraztsov
proposed to connect the ring of the Circular
Railway by diameter by deeply introducing
a connecting branch going underneath the entire
city [8, P. 21]. Thus, the issue of servicing
Moscow railway junction was resolved.

In the 1920s, several scientific works by
V. N. Obraztsov were published on the problem
of development of Moscow transport junction.
Among them were: «On bringing cargo trains
deeper inside Moscow» (Bulletin of the NKPS,
1920); «Rearrangement of Moscow junction of
Moscow — Kazan Railway» (Zheleznodorozhnoe
delo, 1925, No. 12), in 1926 — «Moscow junction
and the main ideas of its reconstruction»
(Proceedings of the 22" Deliberative Congress
of Representatives of the USSR Railway
Operation Services, 1926) and others [9, P. 10].

According to data for 1929, at MIIT
V. N. Obraztsov taught the following disciplines:
«Local Roads» (special subject, Faculty of Civil
Engineering) [4, P. 50]; «Large stations and
junctions» (special subject, Faculty of
Operations); «Local roads. General course»
(special subject, Faculty of Operations) [4, P. 50].
He actively worked with young researchers and
developed student science. The institute’s
newspaper «Dzerzhinets» published in 1928

a note under the heading «About the Institute»
about Obraztsov’s leadership of the technical
student circle at the Faculty of Operations. The
newspaper reported that the dean’s office
«decided to organise two circles: railway one and
trackless one. The following professors were
appointed to the initiative bureau of the Trackless
Circle: Obraztsov V. N. and Krynin D. P.» [10].
A separate page in the history of MIIT is
publication of scientific works of the institute.
«Proceedings» and «Izvestia» [News] had been
published since pre-revolutionary times. The
results of research by the teaching staff were
published on their pages. The first collection of
scientific works of the university was published
in September 1907 under the title «Izvestia of
Imperial Moscow Engineering School». The
scientific issue was published by decision of the
School Council and consisted of two sections:
1) official and 2) unofficial. Starting from the first
issue, V. N. Obraztsov also published his works
in Izvestia. One of his first works in Izvestia was
devoted to issues of transport economics [11].
The scientific collection was published until
1916, then there was a ten-year break. The
publication of the edition was resumed in March
1926 under the title «Proceedings of Moscow
Institute of Transport Engineers» [11]. In the
preface to the first issue of Proceedings, the
editorial board defined the purpose of the
scientific publication: «While there is a sufficient
amount of popular literature, there is a lack of
a publication in which representatives of science
working on transport problems could publish the
results of their work. Aware of this gap, MIIT
hopes to at least partially fill it by issuing periodic
collections called «Proceedings of MIIT,» on the
pages of which the Institute’s staff will have the
opportunity to publish their work» [4, P. 129].
The works of Professor V. N. Obraztsov were
regularly published in the «Proceedings» of
MIIT: «Overpass tunnels in design of junctions
and stations», [4, P. 129] «Technique for
designing stations» [12], «Standard station of
V-III classes with gradual development» [13],
«Railway in the city» [14], etc.
Industrialisation and rapid development of
industry in the country in the late 1920s — 1930s
put on the agenda the problem of industrial
transport and its design in connection with the
technological process of enterprises. The issues
of choosing the most rational mode of transport
«to save public funds» were considered especially
deeply [5]. During this period, V. N. Obraztsov
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carried out active practical work, advised several
large industrial transport projects: Magnitogorsk
plant, Dneprostroy, Kuznetsk plant, Balkhash,
Dzhezkazgan plants, etc. V. N. Obraztsov did
a lot for development of transport, city planning
and design of metro in Moscow. He dealt with
reconstruction of the Southern Coast of Crimea
and reconstruction of transport at the resorts of
the Caucasian Mineral Waters [5]. The scientific
knowledge and practical experience of
V. N. Obraztsov were highly valued at the NKPS.
Thus, L. M. Kaganovich more than once invited
him to conduct scientific examination. When
discussing the work of railway transport in the
Central Committee of the All-Union Communist
Party of Bolsheviks, V. N. Obraztsov was invited
to a meeting where the question was raised
«about the need to unite all transport research
institutes in order to ensure comprehensiveness
of the solution of scientific problems, turning the
institutes into a true centre of advanced scientific
thought of railwaymen» [8, P. 23].

In the 1930s, MIIT was the largest transport
higher educational institution, the scientific and
technical support of the NKPS and the entire
transport industry of the country. The institute’s
newspaper «Stalinets» wrote about the great
scientific potential of the institute and its
capabilities for helping transport. Thus, in the
newspaper materials for 1934 it was noted that
more than 600 professors and teachers work at
MIIT, among them «such large forces as Prof.
Mityushin (track), Prof. Zemblinov and Prof.
Obraztsov (operations), Prof. Oppepheim, Prof.
Gibshman and others. With such large forces and
with a team of students of 4000 people MIIT can
and should provide great power to transport.
A number of professors at MIIT have already
taken the path of concrete assistance to transport.
For example, the department of Prof. Obraztsov
is working on the problem of reconstructing Tula
junctiony [16].

In the early 1930s, several major tasks for
reconstruction of socialist transport were solved
by the Scientific Research Sector (SRS) of MIIT,
which became the scientific centre of the
institute. It was headed by Professor
V. N. Obraztsov. The high achievements of
scientists working in the sector were discussed
in the article «From the SRS report» in the
newspaper «Stalinets» for 1932 [17]. In particular,
about the work of the department, also headed
by V. N. Obraztsov, it was noted: «...The
department «Stations and hubs», with active

participation of the most prominent professors
and associate professors of our institute, namely
Obraztsov, Gibshman, Nikitin, is developing
a research task that is extremely relevant for
railway transport — placement of cargo stations
in Moscow railway junction from the point of
view of its reconstruction...» [17]. The work of
Ph.D. students of the department was also
highlighted separately. So, for example, the
following was written about V. N. Obraztsov’s
student: «Ph.D. student S. P. Buzanov completed
and submitted for publication to SRS a research
work on the history of stations and junctions on
the USSR network. This work, for the first time
in the history of development of the discipline
«Stations and junctions,» provides a social and
class analysis of development of stations. A few
station diagrams from this work were used in
construction of the greatest Moscow — Donbass
supermainline» [17].

In 1932-1933, two research teams created
from among students, Ph.D. students and
university professors, worked under the scientific
guidance of Professor V. N. Obraztsov and his
disciple Professor S. V.Zemblinov. The teams
were engaged in development of scientific
projects for reconstruction of the largest stations
and junctions of railways of the Soviet Union
(Moscow, Leningrad, junctions of Donbass and
Kuzbass, Yaroslavl, Kirov, Kupyansk and several
others) [9, pp. 10-11]. We read on the pages of
the newspaper «Stalinets» about the assault
«to reconstruct the railway junctions of the most
important and most intensively built Moscow —
Donbass railway» and about the team led by
Professor S. V. Zemblinov, which drew up
projects «for reconstruction and rationalisation
of the following junctions: Lozovaya, Slavyansk,
Popasnaya, Rodinovo, Kupyansk, Southern
Railways, Liski — South-Eastern, Elets —
Uzlovaya, Kashira, Ozherelye, Lugansk along
the line of the new Moscow — Donbass railway»
[18]. All projects were worked out at local
technical meetings and agreed upon by the
railway directorates.

InMay 1933, MIIT and the Central Directorate
of Technical Propaganda (Tsutekhprop) of the
NKPS organised a team under the leadership of
Prof. V. N. Obraztsov, consisting of 11 Ph.D.
students from MIIT SRS, a group of fourth-year
graduates of station specialty and several
professors and associate professors. We read
about the tasks assigned to the team in the
materials of the newspaper «Stalinets»: «the first
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is the study of the work of the most important
junctions of the Southern and Ekaterininskaya
railways, the work of in-plant transport, the
largest giants (KhTZ, Makeevka Metallurgical
Plant, Dneproges with the plant, mines,
Dnepropetrovsk metallurgical plants); the second
is carrying out technical work at the junctions,
giving lectures for engineers by professors,
conducting reports and conversations among the
masses of railway workers with the help of Ph.D.
students and graduate students, familiarising
themselves with the state of technical work at the
junction and holding methodological
conferences» [19].

The team worked for 18 days. We read about
the results in the note: «As a result of clear
leadership, especially from the head Prof.
Obraztsov, and the correct balance of forces, the
team conducted 11 lectures by professors, 20
reports and conversations by Ph.D. students and
9 by graduate students. In total, 40 lectures and
reports were held on the following issues:
reconstruction of large junctions; mechanisation
of humps; standard mechanised warehouse;
analysis of operational meters; routing and
specialisation of trains; track arrangement;
automatic blocking; automatic coupler, etc.»
[19]. The experience of V. N. Obraztsov’s team
showed how important it is for future engineers
and scientists to organise such trips, within the
framework of which the technical horizons of

Ph.D. students and graduate students are
significantly expanded. The combination of such
scientific and production excursions with
technical work at the junctions was closely linked
to production tasks. The Department of stations
and junctions of MIIT provided extensive
assistance to transport in subsequent years. Thus,
in the note «Our help is real» for 1934,
V. N. Obraztsov indicated that he was taking upon
himself «the development of a memorandum on
the issue of transferring the Circular Railway...
At the request of the Circular Railway, a draft
memorandum on this issue was drawn up» [20].

Professor V. N. Obraztsov was recognised as
the «Best Worker» of the Institute and in 1933,
the Department of stations and junctions», under
his leadership, provided scientific and technical
assistance to Kursk Railway by examining the
project for development of Tula railway junction.
A corresponding note was published about this
in the institute newspaper «Stalinets». The head
of the department, Professor V. N. Obraztsov,
having studied the project, invited the entire
department and students to go to Tula to get
acquainted with the area, the city and the state
of industry. As a result of analysing available
materials, the department recognised the project
drawn up by Kursk Railway as untenable. He did
not consider the development of the city and its
layout, did not provide amenities to serve the
developing industry, did not take into account
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the development of Tula II station, etc. As the
author of the note wrote, «The department,
solving the problem of Tula junction, considered
all these shortcomings. Scheme proposed by the
department represented by prof. Obraztsov for
development of Tula junction was reviewed by
the Scientific and Engineering Council of the
Operational Directorate of the NKPS and did not
meet any objections, and the department’s
proposal to turn station Tula I to the passenger
only station, and station Tula II — into the
commodity-administrative body, was adopted by
the Scientific and Engineering Council» [21].
The article «Red Banner Department «Station
and Junctions» highlighted the participation of
MIIT departments in socialist competition in
transport. The author of the note was the head of
the department, Professor V. N. Obraztsov, party
organiser Buzanov and trade union organiser
Nikitin. Among the achievements, the following
works of the department were noted: «...The
conclusion of the department on Tula junction has
already been accepted by the Scientific and
Engineering Council of the Operational Directorate
of the NKPS. From the scientific work carried out
by the department, personally with the participation
of V. N. Obraztsov the following was emphasised:
«...The work of V. N.Obraztsov was put into
print: «Railway junctions in urban planningy.
Professor Obraztsov gave 3 lectures on the
transport encyclopaedia to Ph.D. students,
participated in examination of Metrostroy and took
an active part in organising the building transport
fleet of Metrostroy» [22]. From public work the
following was indicated: «Prof. Obraztsov and
Associate Professor Buzanov took patronage over
the Komsomol brigades, who receive great
assistance in their studies and work, etc.» [22].
In January 1934, a production meeting of the
6" group of the 4" year of the Operations Faculty
was held, with participation of the head of the
institute, dedicated to summing up the work of
the Komsomol brigade named after the 15
anniversary of the Komsomol on the actual
design of Moscow-Tovarnaya station. At the
meeting, the work done by the students was
highly appreciated, in particular, it was stated
that «it was possible to increase the capacity of
trains per day to 350 pairs» [23].
Professor V. N. Obraztsov also took part in this
meeting and noted «that the team of Komsomol
members working on the project will understand
theoretical issues even more deeply and
seriously» [23].

Professor V. N. Obraztsov was at the forefront
of development of all major scientific topics dealt
with by the department of stations and junctions».
In 1933, his major work «Railway Stations» was
published, which became the scientific basis for
a whole series of textbooks on the discipline
«Stations and Junctionsy: Part [ appeared in 1935
(authors — V. N. Obraztsov, V. D. Nikitin,
S. P. Buzanov), part 2 in 1938 (authors —
V. N. Obraztsov, V. D. Nikitin, M. V. Senkovsky,
N. R. Yushchenko) and part 3 in 1949 (authors —
V. N. Obraztsov, V. D. Nikitin, F. I. Shaulsky,
S. P. Buzanov) [24, P. 107].

The assessment of the scientific activity of
the head of the department of stations and
junctions, Professor V. N. Obraztsov, was given
in the photo note «Under the leadership of the
party — in step with the working class» [25] in
the institute’s newspaper: «[Professor
Obraztsov]... has over 50 scientific works, leads
the preparation of Ph.D. studies and develops
major problematic issues of railway transport.
He has been awarded several times for his
exceptional energetic intensive work. Public
organisations and the directorate of the institute
filed a petition with the Central Committee of the
Railway NKPS and Council of People’s
Commissars of the RSFSR on awarding
V. N. Obraztsov the title of Honoured Scientist.
In addition, the employees under the leadership
of Prof. Obraztsov and Prof. Zemblinov were
involved in technical propaganda work, as
a result of which, according to understated
estimates, transport had a saving of 4,5 million
rubles» [25].

Another article «Scientific personnel of MIIT»
in the newspaper «Stalinets» reported about
training of highly qualified personnel in the system
of postgraduate professional education of the
university, about the successful scientific work of
V. N. Obraztsov with Ph.D. students. It was noted
that in 1938-1939, under the scientific guidance
of V. N. Obraztsov, Buzanov, Zemblinov, and
Nikitin defended their dissertations and received
the academic degree of D.Sc. (Eng); Shaulsky and
Kyazumov became Ph.D. (Eng) [26]. Noting the
achievements of MIIT in training qualified
personnel for the country’s transport industry, the
Central Department for Personnel Training of the
NKPS, in its order dated January 25, 1934, noted
the outstanding work of the best part of the
university’s teaching staff.
Professor V. N. Obraztsov was among those who
received a cash prize of 1000 rubles [27].
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The teaching activities of V. N. Obraztsov
were actively covered in various materials of the
institute’s newspaper «Stalinets». So, in 1932 he
was included in the list of the best professors at
MIIT. This is described in the note «The Best of
the Best,» which characterises the scientist as
follows: «Head of the department of stations and
junctions. A major researcher in railway transport.
He has about 50 scientific papers in the field of
design of railway junctions. He performs work
as directed by the deputy People’s Commissar of
Railways Comrade Blagonravov on design of
stations on Moscow—Donbass railway and
anumber of other large junctions. He is an active
member of Mossovet section. He is awarded with
the Great Soviet Encyclopaedia» [28].

In 1934, patronage of professors over students
became widespread at MIIT, Professor
V. N. Obraztsov took an active part in it. The note
«Concrete Patronage» highlights his work with
five Komsomol members of the 6™ group of the
Operations Faculty. The author of the note
indicates how actively this work was going on,
citing Professor V. N. Obraztsov himself, who
repeated to the students: «You must squeeze out
of me everything that I know, so that there is
nothing left, and I must help you in this» [29].
Professor V. N. Obraztsov took a responsible
approach to his patronage, «I was in the hostel
twice, once I got acquainted with everyday life,
and another time I had a technical conversation»
with students [29]. He «took upon himself the
obligation to acquaint Komsomol members with
foreign technology and culture of the countries
in which he was, and in every possible way to
contribute to broadening the horizons of the

relevant Komsomol members. Excursions,
viewings of productions and films together with
prof. Obraztsov are scheduled each day off» [29].

The institute’s newspaper «Stalinetsy» actively
covered the social activities of V. N. Obraztsov.
In 1934, he was elected a member of the All-
Russian Central Executive Committee of the
RSFSR, in 1935 —a deputy of Moscow Council,
in 1937 — a deputy of the Supreme Soviet of the
USSR of'the 15— 2™ convocations (elected from
the Rtishchevsky electoral district of Saratov
region). Thus, in the note «Professor Obraztsov
is a candidate for the council in the Rtishchevsky
electoral district» [30] it was written: «The head
of the department of stations and junctions, order
bearer, Professor Vladimir Nikolaevich
Obraztsov is one of the oldest employees of our
institute. 36 years of work at our institute is
a huge journey of a remarkable scientist who
devoted more than half of his life to education
of young specialists» [30].

V. N. Obraztsov himself recalled this period
of his life: «Soon I went to my Rtishchevsky
electoral district in Saratov region. I visited
railway stations (after all, first, | am a railwayman),
state and collective farms, cities and towns,
schools, shops, hospitals, cultural centres,
orphanages. I got to know the lives of my
constituents, their needs and aspirations, their
vital interests. So, I’'m going through my notes
relating to my parliamentary activities, looking
through my correspondence, which amounted to
about 2000 letters this year, and remembering
these past months. What voters wrote to me
about! There seems to be not a single issue in the
personal, public and state spheres that would not
interest them. They share all their thoughts and
experiences, achievements and failures with the
deputy, whom they consider, judging by their
enormous trust, to be family and friends...» [8,
pp. 27-28].

In 1935, V. N. Obraztsov headed the newly
created Research Institute of Railway Transport.
The scientist’s contribution to development of
the country’s transport industry was highly
assessed, and in the same year V. N. Obraztsov
was awarded the Order of Lenin. Since 1939,
Vladimir Nikolaevich Obraztsov has been a full
member of the USSR Academy of Sciences, who
organised and permanently headed the section
on scientific development of transport problems
[31]. Academician V. N. Obraztsov based the
activities of the section he led on the problems
of the scientific system in development of the

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 265-275

Gorbunoy, Alexander A., Fedyakin, Alexey V., Tantsevova, Anastasia V. Academician Obraztsov
in the History of Moscow Institute of Transport Engineers (dedicated to the 150" birth anniversary)




network and operation of all types of transport.
In subsequent years, the scientist clarified the
principles he developed as applied to individual
economic regions of the Soviet Union [9, P. 11].
The activities of V. N. Obraztsov also
continued fruitfully at the Operations Faculty of
MIIT, which trained engineers in organising
cargo work, mechanising loading and unloading
operations, managing passenger transportation
and designing stations and junctions. All these
divisions were of great importance in the work
of the railways. To maximise the effect of using
transport technology, to ensure uninterrupted
traffic, to build new railways and reconstruct old
ones, transport needed qualified personnel.
During the period from 1917 to 1940, 9377
people graduated from MIIT. The institute
employed 36 professors, 127 associate professors,
105 assistant lecturers and lecturers. The
professors of the institute included the deputy of
the Supreme Soviet of the USSR, Academician-
order bearer V. N. Obraztsov, order-bearers
professors B. N. Vedenisov, G. M. Shakhunyants,
V. L. Nikolai, A. N. Babichkov, professors, D.Sc.
(Eng) G. K. Evgrafov, I. R. Prokofiev,
V. D. Zernov, N. T. Mityushin and others [32].
At the beginning of the Great Patriotic War,
in October 1941, V. N. Obraztsov left for the
Urals for evacuation. Here he works in the
transport commission of the USSR Academy of
Sciences, which studied changes in the size of
cargo turnover, established the necessary transit
and carrying capacity, and linked railway
transport with inter-factory and intra-factory
transport [33]. The newspaper «Gudok» for 1942
reported the following about the activities of
V. N. Obraztsov during this period: «The
Academician spent most of his time at production
sites, examining the technological process,
giving advice on projects for development of
junctions, checking the directions of cargo flows
and proposing measures to increase carrying
capacity ... Recently, a group of leading Soviet
scientists, led by the President of the USSR
Academy of Sciences, Komarov, completed an
outstanding work — «On development of the
national economy of the Urals in conditions of
wary, in which theoretical problems immediately
received practical resolution. As a result...of
implementation of the measures planned by
scientists, the Urals increases the supply of the
front, raises production and transportation of
weapons, ammunition, raw materials and fuel for

®  World of Transport and Transportation, 2024, Vol

defence factories. The work of scientists
strengthens the country’s military power...» [33].
For this work, in 1942, nineteen scientists,
including Academician V. N. Obraztsov, received
the Stalin Prize of 1* degree.

During the Great Patriotic War, MIIT was
also evacuated. The scientific activities of its
departments underwent changes. At some
departments, groups were organised to design
the reconstruction of destroyed bridges, buildings,
and railway tracks in territory captured by the
enemy. The scientific development of these
problems was carried out by
Academician V. N. Obraztsov and Professor
B. N. Vedenisov [2, P. 160]. For many years of
outstanding work in the field of science and
technology, Academician V. N. Obraztsov was
awarded the Stalin Prize of 2" degree on March
22, 1943 [3]. V. N. Obraztsov contributed the
received prizes to the country’s defence fund. In
1943, V. N. Obraztsov was awarded the title of
General Director of traffic of the first rank [9,
P. 12]. In 1946, he was elected deputy of the
Supreme Soviet of the USSR.

In the post-war period at MIIT,
Academician V. N. Obraztsov developed the
theory of transport transit and carrying capacity.
As part of the five-year plan for reconstruction
and development of the national economy in
1946-1950, MIIT scientists were tasked with
achieving the unconditional implementation of
this plan and the immediate transfer of completed
work into production [34].

In June 1949, Academician V. N. Obraztsov
celebrated his anniversary. The newspaper
«Stalinets» published a photo note
«V. N. Obraztsov. To the 75" anniversary of
birth». It emphasised the scientist’s long
professional path, during which, over 50 years
of scientific activity, he wrote about 300 scientific
papers [35]. By a decree of the Presidium of the
Supreme Soviet of the USSR dated July 30, 1949,
MIIT professors, Academician V. N. Obraztsov,
and corresponding member of the USSR
Academy of Sciences, B. N. Vedenisov, were
awarded the Order of Lenin [36].

V. N. Obraztsov died on November 28, 1949,
after a serious and long illness. The news of his
death at MIIT was met with great sadness. In

issue No. 30 of the newspaper «Stalinets» for

1949, obituaries from the Ministry of Railways,
the party committee and the MIIT directorate, as
well as memoirs of the scientist’s students and
colleagues were published. Professor V. D. Nikitin
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recalled his joint work with V. N. Obraztsov: «For
the first time I managed to listen to
V. N. Obraztsov’s lectures back in 1922, then in
1924 and 1925. Even then, he amazed with the
breadth of his views, enormous erudition and,
most importantly, uncontrollable ebullient energy
and passion in solving major transport issues.
Later, during more than twenty years of joint
work at the department of stations and junctions,
I never ceased to be amazed by his persistence
and passion, deep patriotism and enormous
energy in all types of his diverse activities.
Vladimir Nikolaevich’s latest works in the field
of complex theory of various modes of transport
summarise a long period of his fruitful scientific
activity and are a synthesis of many particular
problems that he solved on his life pathy [37].

Professor G. P. Grinevich wrote: «I first met
Vladimir Nikolaevich in 1928, while a student at
MIIT. The very first acquaintance with Vladimir
Nikolaevich, who was already one of the leading
transport scientists at that time, struck me with the
warmth and caring that were characteristic of him
in his relationships with students. Vladimir
Nikolaevich closely monitored the formation of
each student, noticed the individual, special
features in each of them, skilfully developing in
students a love of knowledge and research,
carefully directing the creative thought of students
to solve the most important problems facing
socialist transport» [38]. D.Sc. (Eng) F. I. Shaulsky
recalled his twenty years of work together with
V. N. Obraztsov: «He was an outstanding and
versatile scientist — a deep expert in all modes of
transport. V. N. Obraztsov was a talented design
engineer. Despite his colossal knowledge, he
always studied: at stations he had conversations
with switchmen and train assemblers, at factories —
with workers and foremen, drawing from them
advanced experience. These conversations were
so intimate that the image of Vladimir Nikolaevich
was forever preserved in memory» [39].
Exceptional efficiency, enthusiasm, honesty,
responsiveness, and integrity have always been
the hallmarks of Professor V. N. Obraztsov.
Possessing enormous erudition in such a complex
and multifaceted area as the country’s transport,
encyclopaedic knowledge and rich practical
experience, V. N. Obraztsov skilfully passed on
this knowledge to his students, workmates and
students [5].

In 1949, to perpetuate the memory of
Academician V. N. Obraztsov, the Leningrad
Institute of Railway Engineers (now Emperor

Alexander I St. Petersburg State Transport
University) was named after him. In honour of
the talented scientist, in December 1949, by
the decision of the Executive Committee of
Moscow City Council of Workers’ Deputies,
Bakhmetyevskaya Street was renamed
Obraztsova Street. Streets in other cities of the
country were named in honour of
V. N. Obraztsov, including in Chelyabinsk,
Rtishchevo, Irkutsk, etc. In memory of the
100™ anniversary of the birth of V. N. Obraztsov,
Moscow Council decided to install a memorial
plaque on the house, where Vladimir
Nikolaevich lived.

The government highly appreciated
V. N. Obraztsov’s contribution to transport
science, awarding him the title of State Prize
laureate twice; for outstanding services he was
awarded three Orders of Lenin, the Order of
the Patriotic War, I degree, two Orders of the
Red Banner of Labour, the Order of the Red
Star and medals [31]. V. N. Obraztsov gave
almost 50 years of his life to MIIT. The
memory of the scientist, the first Academician
in transport science, is carefully preserved
within the walls of the university to this day.
Academician V. N. Obraztsov will forever
remain in memory as an excellent teacher and
educator of domestic engineering personnel,
the founder of the science of designing railway
stations and junctions.
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INTRODUCTION

Railways, which bear over 90 % of
commercial cargo turnover in the country
(excluding specialised pipeline transport) [1],
play a key role in the Russian cargo transportation
market, and therefore in meeting transport needs
of domestic commodity producers and product
buyers. The importance of railways for the
Russian economic history is great regarding last
two centuries, when the country’s economy
developed in inextricable unity with the
development of railway transport [2, P. 163]. The
opinion of M. A. Davydov, a well-known
researcher of the economic history of Russia in
the second half of 19" early 20" centuries seems
justified: «... Railway transportation is a very
important and clear indicator of the level of
development of the national economy at any
given moment in time, by which one can judge
the dynamics of development of industry and
trade, ...development of the market... Among
other things, railway statistics make it possible
to capture changes in production and market
conditions that are often not traced from other
mass sources» [3, P. 753]. This assessment is
confirmed by several studies carried out on
material dated the second half of 19" early 21¢
centuries [4—6].

An important characteristic of macroeconomic
development and market conditions is not only
the dynamics, but also the structure of railway
transportation. It can be considered in various
aspects, for example, geographical (by transport
corridors, transportation directions) [7] or
seasonal — by quarters and months of the year
[8]. The commodity structure of railway
transportation is of key importance, i.e., structure
by type of goods (cargo) transported, which is
the basis for segmentation of the railway cargo
transportation market [9, P. 77]. It should be
recalled that domestic railway science and
practices initially widely used the concepts of
«transportation of goods», «goods movementy,
«goods train» (as well as wagon, station, etc.)
[10-12]. During the period of a centrally planned
economy, the word «goods» in relevant terms
gave way to the words «cargo» or «freight»!
(«cargo transportation,» «freight transportationy,
«cargo train», «freight trainy, «cargo stationy,
«freight stationy, etc.). However, even then, in
the sphere of relations between the railway,

! In original Russian text a single term is used for «cargo»
and «freight». — Translator s note.

shippers and consignors (which was called
commercial work), the concepts of «goods office»
and «goods cashier» were preserved.

Indeed, from an economic point of view,
transport hauls precisely goods that have such
economic characteristics as production cost,
market price, and utility for the consumer. The
demand for transportation depends on these
characteristics, as well as the requirements
imposed by commodity producers on the timing
and cost of transporting their products, with
which the technology of the transportation
process must be harmonised.

Itis based on economic and cost characteristics
that cargo on Russian railways is divided into
three tariff classes, belonging to which determines
the level of transportation tariff [13; 14], and,
accordingly, the freight charge (rate) that the
goods owner will pay, and which will be included
in the carrier’s income. Therefore, using modern
long-held terminology in this work («cargo»,
«freight», «cargo transportation», «freight
transportation» etc.), we will mean that goods
transported by rail are goods produced for sale
on the market and having the corresponding
economic characteristics, the correct accounting
of which by railway companies determines their
positioning in the cargo transportation market,
operational efficiency and long-term
competitiveness.

The commodity? structure of the railway
transportation market is important and interesting
for scientific analysis because it:

—reflects the structure of the economy and
the situation in goods and commodity markets;

— largely determines the profitability of the
carrier’s activities and transportation technology;

— indicates the predominant specialisation or
diversification of the activities of railway
transport and, to some extent, its long-term
prospects under the conditions of economic
transformation.

A number of works note such problems in the
structure of railway cargo transportation as the
dominance of coal («coal-centricity»), which
reduces the specific profitability of transportation
and does not correlate with the global
decarbonisation trend [15; 16], as well as

2 While a terminological difference may exist between
«commodity» meaning mainly raw materials or primary
agricultural products and «goods» narrowly meaning
atangible physical product, then for the purposes of the article
a term «commodity structure» refers in a broader sense as is
the case of trade and exports to both goods and commaodities
if not mentioned otherwise. — Translator s note.
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a decrease in the share of some goods transported
(and, accordingly, their share in the structure of
transportation), indicating their outflow to
competing modes of transport (primarily road)
[17].

All the above indicates the relevance of
analysing the evolution of the commodity
structure of the railway transportation market.

The objective of this study is to conduct, using
methods of statistical and historical analysis,
a long-term (from the last quarter of 19" century
to the present) analysis of the commodity
structure of transportation on the domestic
railway network, identify the main changes and
trends and, based on that, draw some conclusions
for the future.

RESULTS
Commodity Structure of Railway
Transportation in the Russian Empire

The threshold and beginning of construction
of railways in the Russian Empire was
accompanied by a very active discourse [18],
touching on various aspects of this epoch-making
innovation [19]. At the same time, in the Russian
discourse of the 1830s — 1860s, railways in terms
of their economic importance were considered,
first, as a means of transporting agricultural
products, primarily grain cargo. However,
starting in the 1870s, the paradigm began to
change: the government began to view railways
as a tool to accelerate the industrialisation of the
country through industrial orders for the needs
of railway construction [20].

Indeed, orders for large-scale railway
construction and for the needs of already
operating railways, the length of which was
growing dynamically, had a powerful stimulating
effect at the end of 19" century on the growth of
coal and oil production, the development of oil
refining and ferrous metallurgy, mechanical
engineering and metalworking and other
industries [21-23]. On the other hand, railways
contributed to development of industry thanks to
high carrying capacity, as well as to regularity,
accuracy, acceleration and reduction in cost of
transportation [24; 25]. Considering the synergy
of these two channels for stimulating industrial
development on the part of railways, from 1870
to 1900, coal production in Russia increased by
23,5 times, oil production by 351 times, iron ore
mining by 8 times; iron smelting increased by
8,5 times, iron and steel production increased by
9,3 times [26]. This radically changed the

commodity structure of railway transportation
(Table 1). If in the 1870s it was dominated by
grain cargo, then by the end of 19" century coal
came into first place, the share of ferrous metals
increased significantly, and the share of oil cargo
increased by an order of magnitude. It should be
noted that the growth of grain transportation in
absolute terms during this period was quite
dynamic; it approximately doubled. However,
coal transportation grew four times faster than
grain transportation, and oil transportation almost
20 times faster [26; 27], which caused the noted
structural changes.

At the beginning of 20" century, the
persistence of accelerated growth in coal
transportation (by 3,2 times with a total increase
by 2,5 times) and a slower increase in grain
transportation (by 2,2 times) [27] led to
a continuation of trends in increasing the share
of coal and reducing shares of grain cargoes. But
the growth of oil cargo transportation slowed
down significantly: the volumes there-of
increased only by 1,5 times, and their share
decreased significantly. This was due to a general
decline in oil production in the country. It reached
its peak in the Russian Empire in 1901, after
which it began to decline due to depletion of
fields explored at that time in the main oil-bearing
region of the country — Baku — and insufficient
compensation due to increased production in
other oil-bearing regions [28, pp. 69—70]. In
general, during 1900-1913, oil production
decreased by 21 % [26, P. 403]. The persistence
of impressive growth in rail transportation of oil
cargo under these conditions (although it has
slowed down significantly) indicates the effective
positioning of railways in the cargo transportation
market, where their main competitor was water
transport. The share of oil transported by rail
increased from 13,8 % in 1897-1901 to 47,3 %
in 1913 [12, P. 246]. It should be noted that the
share of railways in the domestic market for
entire mainline cargo transportation also grew
steadily: in the second half of the 1870s it was
of 55 %, in the first half of the 1890s of 65 %,
and in 1913 of about 75 % [21; 29]. At the same
time, the share of industrial cargo in the total
volume of railway transportation in 1913
accounted for 75,8 % [29, P. 189].

The growth in the share of railway
transportation and the qualitative change in their
commodity structure in the last quarter of 19—
early 20" centuries are a very clear and important
characteristic of the modernisation transformation
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Table 1

Changes in the commodity structure of railway transportation in the Russian Empire, %

Cargo name Years
1876-1878 1895-1897 1899 1913
(on average) (on average)
Coal 9,2 15,9 17,5 22,1
Oil cargo 0,7 7,1 6,3 3,7
Ferrous metals 2,4 3,5 3,1 3,0
Forest building materials 6,9 7,2 7,6 9,4
Firewood .. . 52 6,2
Main grain cargoes 31,9 20,4 14,5 12,9
Other cargo 48,9 45,9 45,8 42,7
Total 100,0 100,0 100,0 100,0

Sources: [26; 27].

of the economy of the Russian Empire, the
prologue of which was associated with the
reforms of the 1860s — 1870s, and the crown of
which was the «great economic breakthrough»
of 1885-1914, supported by new institutional
reforms [23].

Commodity Structure of Railway
Transportation in the USSR

It is advisable to begin consideration of the
structure of railway transportation in the USSR
from 1928, located «at the junction» of the
reconstruction period (after the First World War
and the Civil War) and the period of the «first
five-year plans», when forced industrialisation
began within the framework of a centrally
planned economy [30]. Although production and
transportation of products were now carried out
not to satisfy market demand, but to fulfil
directive plan targets [29; 30], signs of commodity
relations between product manufacturers,
consignees and railways remained: they carried
out monetary settlements, generated income and
profit, etc. Therefore, and also to maintain
a single approach to the stated topic throughout
the entire sesquicentennial period under review,
we retain the term «commodity structure of
railway transportation» in relation to a centrally
planned economy, without forgetting that these
transportations referred to commodity rather in
form than in content.

It should be noted that the structure of
transportation in 1928 was not too different from
the structure in 1913 (Table 2). Moreover, the
share of coal decreased by 2,6 percentage points,
and the share of firewood increased by
a comparable amount (by 2 percentage points).

During the centrally planned industrialisation,
in which priority was given to development of

heavy industry [31, pp. 782—784], the structure
of railway transportation had undergone
significant changes by 1950: the share of coal
increased dramatically, of ore — significantly, and
the share of grain cargo decreased by more than
twofold. However, these significant changes
seemed to continue the trends of the late 19" —
early 20" centuries. A fundamentally new trend
has been associated with the dynamic growth of
the share of mineral construction materials
(previously, such a group was not identified at
all in railway statistics) with a decrease in the
share of forest construction materials. These
interrelated trends continued until the end of the
Soviet period.

In the structure of transportation of fuel and
energy cargo in the 1950s — 1960s, dramatic
changes began, associated with transformation
of the country’s energy balance — a decrease in
the share of coal in it, an increase in the share of
oil and gas, as well as development of nuclear
and hydropower. Apropos, a significant role in
this transformation was played by the accelerated
transition of the railways themselves from
predominantly steam to predominantly electric
and diesel traction, which began in 1956 and had
been largely completed by the early 1970s [32].
In the initial year of this transition, 1956, when
steam traction dominated railway transport,
railways consumed about 100 million tons of
coal, over 22 % of all coal production in the
country, and steam locomotives in real operating
conditions could use only 4-5 % of the energy
of burned fuel [33, P. 224]. The transition of
railways to progressive types of traction freed up
this coal for alternative, and more efficient, use,
thereby reducing the required scale of increasing
coal mining and coal transportation. Accordingly,
the railways’ carrying capacity was freed up for
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Table 2

Change in the commodity structure of railway transportation in the USSR, %

Cargo name Years
1928 1940 1950 1960 1970 1980 1990

Coal 19,5 24,5 30,6 24,8 21,2 19,6 19,2
Oil cargo 5,6 5,0 52 8,0 10,5 11,3 10,1
Ferrous metals 3,6 3,7 3,8 4,2 4,9 5,1 5,0
Forest building 11,1 7,2 8,6 8,8 6,2 3,9 3,7
materials *
Firewood 8,2 4,0 2,3 e
Grain cargo 9,9 7,8 4,7 4,3 3,7 3,6 3,9
All kinds of ore 4,5 5,9 5,8 6,7 8,5 8,5 8,2
Mineral building materials | 12,9 18,8 18,9 229 239 25,7 294
(including cement)
Chemical and mineral 0,3 0,7 0,7 1,1 2,4 3,1 3,6
fertilizers
Other cargo 24,4 22,3 19,5 19,2 18,8 19,2 16,9
Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0

* Since 1960 — Timber cargo (including firewood)

Sources: [29]; Transport and communications of the USSR. Statistical collection. Moscow, Statistika publ., 1972, 320 p.;
Railways of the USSR in numbers. Compiled by A. Jacobi; edited by Z. L. Mindlin. Moscow, TSUNKHU Gosplana USSR,
1935, 189 p.; Operator’s Handbook. Ed. by N. A. Gundobin. Moscow, Transport publ., 1971, 704 p.; National Economy of
the USSR in 1990: Statistical Yearbook. State Statistics Committee of the USSR. Moscow, Finansy i statistika publ., 1991,
752 p.; Dynamics of development of railway transport and prospects for formation of market infrastructure: reference book.
Compiled by N. P. Tereshina, A. V. Ushkov. Moscow, MIIT Printing House, 1992, 88 p.; Transport and communications of
the USSR. Statistical collection. Moscow, State Statistical Publishing House, 1957, 260 p.

transportation of other goods. Moreover,
a significant increase in train performance,
achieved due to the introduction of electric and
diesel traction and other significant innovations
on railways [34], significantly increased the
carrying capacity that could be used to transport
various goods. The influence of this transformation
on the structure of railway transportation became
evident already in 1960, when the share of coal
decreased significantly, and the share of oil cargo,
quite stable in 1928-1950, increased sharply.
This was the beginning of a new trend, during
which by 1970 coal had conceded primacy in the
structure of transportation to mineral and
construction cargo (its share fell below the level
of 1913), and oil cargo took third place, ahead
of timber.

Cross-cutting structural trends throughout the
existence of a centrally planned economy were
a gradual increase in the share of ferrous metals
and a very dynamic increase in the share of
chemical and mineral fertilisers, which, being
insignificant in the period 1928-1950, by 1990
had become comparable to the share of timber
and grain cargoes.

Thus, during the Soviet period, there was
a significant transformation in the structure of
railway transportation, which clearly reflected
structural changes in the country’s economy.

®  World of Transport

Commodity Structure of Railway
Transportation in the Russian Federation

The assessment of the commodity structure
of railway transportation in the Russian
Federation (Table 3) was made based on data on
the departure (loading) of goods, as in Table 2.
It should be noted that since the beginning of the
1990s, the indicators of «shipped» and
«transported» goods ceased to be identical,
because transportation of imported and transit
cargo began to be considered in a special way?.

However, the difference between the
departure and transportation of goods is not so
great and, more importantly, the structure of the
departure of goods characterises both the
structure of domestic production and the success
of attracting products from certain sectors of the
Russian economy to railway transport. Therefore,
the use of this indicator remains methodologically
correct for the purposes of the study.

Under the conditions of a centrally planned
economy, the structure of railway cargo
transportation in the Russian Federation was
somewhat different from the entire railway
network of the USSR, in particular, the share of
coal and ore was slightly lower, and that of oil
and timber cargo was higher (see data for 1990

3 See in detail: [35, P. 50].
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Table 3

Changes in the commodity structure of railway transportation
in the Russian Federation, %

Cargo name Years

1990 1995 2000 2005 2010 2015 2020 2022
Coal 18,1 23,9 23,2 21,9 22,3 26,7 28,4 28,7
Oil cargo 11,5 14,6 14,8 17,2 21,0 20,6 16,8 17,5
Metal ores 6,6 10,2 10,8 10,0 10,6 10,7 11,2 10,8
Ferrous metals 5,1 52 6,0 58 6,0 5,9 5,3 5,4
Chemical and 3,6 3,1 34 34 38 42 5,0 4,9
mineral fertilizers
Mineral building 28,8 23,5 22,0 254 14,6 13,1 12,6 12,8
materials (including
cement)
Timber cargo 6,2 4,7 4.6 5,1 3,4 3,2 3,3 2,5
Grain and grinding 3,8 2,7 2,0 1,8 1,5 1,7 2,4 2,2
products
Other cargo 16,3 12,1 13,2 9,4 16,8 13,9 15,0 15,2
Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

Sources: [35]; Transport in Russia: Stat. collection. Goskomstat of Russia. Moscow, 2003, 182 p.; Transport in Russia. 2018:
Stat. collection. Rosstat. Moscow, 2018, 101 p.; Transport in Russia. 2022: Stat. collection. Rosstat. Moscow, 2022, 101 p.;
Review of the work of cargo railway transport for 12 months of 2022. URL: //railsovet.ru/analytics/obzor.

in Tables 2 and 3). However, these differences
were not large — about 1-2 percentage points,
and the largest share in the structure of shipments
was accounted for by the same cargo: mineral
construction, coal and oil.

In market conditions, the commodity structure
of railway transportation began to change
significantly under the influence of two main
factors. The first factor is the active entry of
Russian manufacturers into global commodity
markets, due to which the demand for export
transportation of bulk cargo by rail has increased
and corresponding changes in the loading
structure have occurred. Thus, in 2022, the share
of exports in the loading of ferrous metals was
of 36 %, of oil cargo exceeded 40 %, of grain
was of 58 %, and of coal was of 55 % [35]. It is
noteworthy that in 2000, less than 16 % of loaded
coal was exported [36]. The organisation of
technologically efficient export transportation of
coal, also stimulated by tariff policy [37],
contributed to an increase in its production [38§]
and, accordingly, an increase in the share of coal
in the commodity structure of transportation,
where it again came out on top. The growth of
export traffic also contributed to an increase in
the share of oil cargo, ore, ferrous metals,
fertilisers and, in the last decade, grain.

The second factor is increased competition
in the transport market [39], because of which
significant volumes of transportation of some
goods have left the railways for other modes of
transport. Thus, the almost halving after 2005 of

the share of mineral construction materials, the
average transportation distance of which is small,
is associated with their shift to road transport,
which is competitive in this market segment [17].
In connection with the active development of
pipeline transport [40; 41], which is practically
non-competitive in those segments of the
transportation market in which it specialises in
servicing [9, p. 19], the share of oil cargo by rail,
which amounted to 21 % in 2010, then decreased
significantly.

It is worth noting another important trend in
the change in the commodity structure of railway
transportation — an increase in the share of
containerised cargo loading. If in 2010 it was of
only 1,6 % [42, P. 45], then in 2022 it exceeded
3,6 % [35]. Considering that a wide range of
finished products are transported in containers
(chemicals, consumer goods, machinery,
automobiles and components, etc. [35, P. 59]),
an increase in the share of container transportation
is important for mitigating the raw material
orientation of the existing commodity structure
of railway transportation.

Long-term Trends and Qualitative
Characteristics of Transformation
of the Commodity Structure of Railway
Transportation

Along with the analysis of the commodity
structure of railway transportation in certain
periods of the history of our country, it is of
interest to identify general trends in its change

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 276—286

Macheret, Dmitry A., Macheret, Anton D. Commodity Structure of the Railway Transportation
Market: the History of a Century and a Half Transformation




—— —— Coap

= Pt

O g = Lirad by e

Pic. 1. Change in the share of some cargo in the structure of railway transportation (1876-2022*), % [compiled by the authors].
* Until 1913 - data on the railway network of the Russian Empire, 1928-1990 — USSR, since 1995 - the Russian Federation.

over the entire sesquicentennial period under
consideration. To do this, it is possible to use time
series covering this entire period, consisting of
data from the corresponding years on the railway
network of the Russian Empire, the USSR and
the Russian Federation (Pic. 1). As indicated in
[43, P. 27], this «principle of «gluing together»
statistical indicators (especially relative ones)
within different territorial boundaries (Russian
Empire, USSR, Russian Federation) relating to
periods of the country’s history» is
methodologically justified.

As can be seen from Pic. 1, different cargoes
showed different types of long-term trends in
their share in the structure of railway
transportation.

The share of grain cargo decreased almost
exponentially. The share of ferrous metals, which
is quite stable within certain periods of time
lasting 1520 years or more, has generally tended
to moderate growth over a century and a half.

Noting the general trend towards a dynamic
increase in the share of oil cargo, one should pay
attention to the periods of its decline, separated
by a century and comparable in scale: 1895-1913
and 2010-2020

It is noteworthy that the graph of changes in
the share of mineral and construction cargoes is
very close to the part of the graph illustrating
changes in the share of coal, which covers
1876-2010, including periods of dynamic
growth, moderate decline, one absolute and one
local maximum and, finally, a period of
stabilisation after the decline relative to the local
maximum. For hard coal this is 20002010, and
for mineral building materials — 2010-2022. It
should be noted that if the absolute maximum
shares of hard coal and mineral building materials

are close (and amount to about 30 %), then the
decrease from the maximum level of the share
of mineral building materials was much more
significant than that of hard coal.

At the same time, the change in the shares of
coal and mineral construction materials occurred
in antiphase: an increase in the share of one cargo
was accompanied by a decrease in the share of
the other. The decline in the share of coal from
the late 1950s to the early 1990s freed up capacity
and loading resources to increase railway
transportation of mineral building materials.
Conversely, the return to the dominance of coal
in railway transportation after 2005 appears to
have been a factor in the shift of a significant
portion of its traffic to other modes of transport
(road as well as river transport). Between coal
and mineral building cargo, although there are
significant economic similarities (relatively low
cost of the cargo itself and, accordingly, low
profitability of their transportation), there is also
an important difference. The transportation
distance for coal is significantly higher than the
average distance, and the transportation range of
mineral and building materials, on the contrary,
is small*.

Accordingly, coal gravitates towards
railways. The coefficient of its transportation by
rail was already about 70 % at the end of 19™
century [12, P. 246], and then became close to
100 % [44]. And mineral building materials, as
noted above, are mainly transported within the
range where road transport is competitive.

In the long term, decarbonisation of the

4 N. P. Tereshina, V. G. Galaburda, V. A. Tokarev [et al].
Economics of railway transport. Ed. by N. P. Tereshina,
B. M. Lapidus. Moscow, TMC for education on railway
transport, 2011, P. 226.
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Table 4
Long-term transformation of the commodity structure
of transportation on domestic railways

Years* TOP-3 of cargo Main cargo Qualitative characteristics
of the commodity structure
Name Share, % | Name Share, % | of transportation
18761878 Grain cargo 48 Grain cargo 31,9 Mixed

(on average) | Coal

Forest building materials
1895-1897 Grain cargo 43,5 Grain cargo 20,4 Diversified
(on average) | Coal

Forest building materials
1899 Coal 39,6 Coal 17,5 Diversified
Grain cargo

Forest building materials
1913 Coal 44,4 Coal 22,1 Diversified
Grain cargo

Forest building materials
1928 Coal 435 Coal 19,5 Diversified
Mineral building materials
Forest building materials
1940 Coal 51,2 Coal 24,5 Mixed
Mineral building materials
Grain cargo

1950 Coal 58,1 Coal 30,6 Concentrated
Mineral building materials
Forest building materials
1960 Coal 56,5 Coal 24,8 Mixed
Mineral building materials
Forest cargo

1970 Mineral building materials 55,5 Mineral 23,9 Mixed
Coal building
Oil cargo materials

1980 Mineral building materials 56,6 Mineral 25,7 Concentrated
Coal building
Oil cargo materials

1990 Mineral building materials 58,7 Mineral 29,4 Concentrated
Coal building
Oil cargo materials

1995 Coal 62,0 Coal 23,9 Mixed
Mineral building materials
Oil cargo

2000 Coal 60,0 Coal 23,2 Mixed
Mineral building materials
Oil cargo

2005 Mineral building materials 64,5 Mineral 25,4 Concentrated
Coal building
Oil cargo materials

2010 Coal 57,9 Coal 22,3 Mixed
Oil cargo
Mineral building materials

2015 Coal 60,4 Coal 26,7 Concentrated
Oil cargo
Mineral building materials

2020 Coal 57,8 Coal 284 Concentrated
Oil cargo
Mineral building materials

2022 Coal 59,0 Coal 28,7 Concentrated
Oil cargo

Mineral building materials

“Before 1913 — data on the railway network of the Russian Empire, 1928—1990 — USSR, since 1995 — the Russian Federation
Source: Developed by the authors.
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economy may lead to a decrease in the share of
coal in railway transportation [16]. Mineral
building cargo can be considered as a «candidatey
to replace coal transportation, similar to how it
was in the 1960s — 1980s. This, of course, will
require an appropriate «tuning» of transportation
technology and ensuring its high efficiency,
allowing one to combine a level of tariffs
acceptable for cargo owners with transportation
efficiency necessary for transport companies.

To assess the long-term transformation of the
commodity structure of railway transportation,
it is of interest to analyse the changes in the
leading cargo shipments in terms of shipment
volume and their share in the total shipment
volume (Table 4).

Changes in the composition of three leading
cargoes, as can be seen from Table 4, occurred
gradually, and the role of the main cargo for the
entire century and a half belonged alternately to
grain cargo, coal and mineral building materials.
Moreover, the last two cargoes have replaced
each other in the first position several times over
the period from 1970 to the present.

It should be noted that there are significant
fluctuations in both the total share of the three
main cargoes (from 39,6 % to 64,5 %) and the
main cargo (from 17,5 % to 30,6 %) — in both
cases the differences are more than by one and
a half times.

Transport (as well as commodity) markets
are usually assessed based on distribution of
shares between market players (sellers of
transport services) [45, pp. 57-62]. However, for
the railway cargo transportation market, its
characteristics in terms of distribution of shares
between the serviced industries, the demand of
which is met by transport companies, are of no
less interest. This distribution is manifested
precisely in the commodity structure of the
transportation market. If the total share of three
main cargoes exceeds 50 % and, at the same time,
the share of the main cargo exceeds 25 %, the
product structure can be characterised as
concentrated. Otherwise (the share of TOP-3 is
less than 50 % and the share of the main cargo
is less than 25 %) —as diversified. In other cases,
the product structure can be characterised as
mixed.

As can be seen from Table 4, if at the end of
19th — beginning of 20th century the commodity
structure of railway transportation was diversified,
and then mixed and concentrated structures
alternated, then in 21st century the concentrated

structure prevails. Although a high concentration
in transportation of certain goods gives railway
transport some advantages in terms of customising
transportation technology and ensuring its
efficiency, it also makes transport companies
dependent on the conditions of a small number
of industries and vulnerable if they deteriorate.
Therefore, in the future, it is advisable to
diversify the commodity structure of railway
transportation.

CONCLUSION

The sesquicentennial transformation of the
commodity structure of the railway transportation
market reflects the industrialisation of the
economy and the energy transition to the
predominant use of fossil fuels (first coal, then,
increasingly, oil) [46], and since the mid-20"
century, a large-scale redistribution of traffic
between modes of transport associated with the
dynamic construction of roads and pipelines [40;
41; 44]. The analysis shows that, despite the
gradual change in this structure, in the long term
the share of cargo that occupied leading positions
in it may decrease to a low level (grain, timber
cargo) or even practically to zero (firewood), and
vice versa, cargo that accounted for a small share
of transportation, can significantly increase their
importance for the transport market (oil cargo,
chemical and mineral fertilisers).

The adaptation of railway transport to
significant changes in the commodity structure
of transportation (which entail both changes in
the directions of cargo flows and changes in
requirements for transportation technology)
indicates the high adaptability of the capital
goods of the industry, and therefore the prospects
of investment in its development.

Noteworthy is the consistently high share of
ferrous metals in the transportation structure and
the confident return to the role of the main cargo
of coal, which first occupied this position at the
end of 19" century. This is due not only to the
significant share in the country’s economy of
industries producing relevant products, but also
to the high degree of compliance of the
technological features of railway transport with
the needs of the shippers of these goods.

The concentrated commodity structure of
railway transportation that emerged at the
beginning of 21% century with the dominance of
coal, considering the low profitability of coal
transportation for railways [36; 37], and the
unfolding, albeit gradual, decarbonisation of the
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economy [16; 46], is not effective and promising.
Its long-term diversification is necessary based
on implementation of both marketing and
technical and technological innovations [19; 47].
Atthe same time, customer-oriented improvement
of cargo transportation technology is of key
importance [48; 49]. An important role in the
long-term diversification of railway cargo
transportation can be played by the creation,
based on a synthesis of marketing and technical
and technological innovations, focused on the
most promising market segments, of new
transport products that are attractive to cargo
owners and effective for transport companies.

REFERENCES

1. Valeev, N. A. Positioning of railway transport in the
market of transport services [Pozitsionirovanie
zheleznodorozhnogo transporta na rynke transportnykh
uslug). Ekonomika zheleznykh dorog, 2023, Iss. 5, pp. 25-34.
EDN: DAUYLM.

2. Golts, G. A. Culture, economics, transport: ways to
use relationships in forecasting [Kultura, ekonomika,
transport: puti ispolzovaniya vzaimosvyazei v
prognozirovanii). Problemy prognozirovaniya, 2000, Iss. 1,
pp. 152-167. EDN: HRTDXZ.

3. Davydov, M. A. Stolypin’s theorem [Teorema
Stolypina]. St. Petersburg, Aletheia publ., 2022, 838 p.
ISBN 978-5-00165-433-9.

4. Macheret, D. A. Dynamics of railway cargo
transportation as a macroeconomic indicator [Dinamika
zheleznodorozhnykh perevozok gruzov kak
makroekonomicheskiy indikator]. Ekonomicheskaya politika,
2015, Vol. 10, Iss. 2, pp. 133-150. EDN: TQCFWP.

5. Ryshkov, A. V. Cargo base of mainline railway
transport: essence and methods of analysis [ Gruzovaya baza
magistralnogo zheleznodorozhnogo transporta: sushchnost
i metodika analiza). Nauka i tekhnika transporta, 2008, Iss. 3,
pp. 71-82. EDN: JUKUAZ.

6. Podsorin, V. A., Ovsyannikova, E. N. Justification of
the economic mechanism for managing a transport company
based on a comprehensive assessment of the economic
situation [Obosnovanie ekonomicheskogo mekhanizma
upravleniya transportnoi kompaniei na osnove kompleksnoi
otsenki ekonomicheskoi konyunktury]. Bulletin of the
Academic Council of JSC «IERT», 2023, Iss. 8-2, pp. 7-15.
EDN: SWKKQS.

7. Pekhterev, F. S., Zamkovoy, A. A. On formation of
scientific tasks for creation of an integral Euro-Asian system
in the context of development of international transport
corridors [O formirovanii nauchnykh zadach po sozdaniyu
integralnoi evroaziatskoi sistemy v kontekste razviiya
mezhdunarodnykh transportnykh koridorov). Bulletin of the
Joint Scientific Council of JSC Russian Railways, 2018, Iss. 1,
pp. 28-36. EDN: VZBDHF.

8. Ledney, A.Yu. Development of methodological
approaches to assessing the economic efficiency of transport
infrastructure development, taking into account the volume
and unevenness of transportation. Ph.D. (Economics) thesis
[Razrabotka metodicheskikh podkhodov k otsenke
ekonomicheskoi effektivnosti razvitiya transportnoi
infrastruktury s uchetom obemov i neravnomernosti
perevozok. Diss... kand.ekon.nauk]. Moscow, RUT (MIIT)
publ., 2020, 176 p.

9. Management of marketing activities in transport:
monograph [Upravlenie marketingovoi deyatelnostyu na

transporte: monografiyal. Ed. by V. G. Galaburda and
Yu. L. Sokolov. Moscow, RUT (MIIT) publ., 2018, 300 p.
ISBN: 978-5-7876-0282—1.

10. Chuprov, A. I. Railway facilities. Its economic
characteristics and its relationship to the interests of the
country [Zheznodorozhnoe khozyaistvo. Ego ekonomicheskie
osobennosti i ego otnosheniya k interesam strany]. Moscow,
Printing house of A. I. Mamontov and Co., 1875, 362 p.

11. Myasoedov-Ivanov, V. A. Operation of railways:
General information. Traffic service: summary of lectures by
prof. Myasoedov-Ivanov [Ekspluatatsiya zheleznykh dorog:
Obshchie svedeniya. Sluzhba dvizheniya: krat. Izlozh. lektsii
prof- Myasoedova-Ivanova). Institute of Railway Engineers
of Alexander 1. St. Petersburg: Printing house Yu. N. Erlikh,
1910, 158 p.

12. Centenary of railways [Stoletie zheleznykh dorog).
Moscow, Transpechat publ., 1925, 261 p.

13. Kreinin, A. V. Development of the system of railway
freight tariffs and their regulation in Russia (1837-2007)
[Razvitie sistemy zheleznodorozhnykh gruzovykh tarifov i ikh
regulirovanie v Rossii (1837-2007)]. Moscow, Publishing
House of the International University in Moscow, 2010, 268
p. ISBN: 978-5-9248-0078—4.

14. Khusainov, F. L. Railway tariffs in the USSR and
Russia in the second half of XX — early XXI centuries
[Zheleznodorozhnie tarify v SSSR i Rossii vo vtoroi polovine
XX —nachale XXI .. Transport Information Bulletin, 2016,
Iss. 3, pp. 8—19. EDN: VOMRYL.

15. Lapidus, B. M. Advanced development of railway
transport — the choice made by the time [Operezhayushchee
razvitie zheleznodorozhnogo transporta — vybor vremeni).
Bulletin of the Joint Scientific Council of JSC Russian
Railways, 2018, Iss. 5-6, pp. 1-16. EDN: VUQJFM.

16. Lapidus, B. M., Macheret, D. A. The influence of the
environmental paradigm on the long-term development of
railway transport [Vliyanie ekologicheskoi paradigm na
dolgosrochnoe razvitie zheleznodorozhnogo transporta).
Ekonomika zheleznykh dorog, 2016, Iss. 9, pp. 12-24. EDN:
WIDHSL.

17. Lukyanova, O. V., Khusainov, F. L. Prospects for
competition in railway and road transport [Perspektivy
konkurentsii zheleznodorozhnogo i avtomobilnogo
transporta). Transport Information Bulletin, 2013, Iss. 11,
pp. 3-14. EDN: REAFLH.

18. Razuvaev, A. D. Sovremennik Magazine about the
Railways (socio-economic analysis). World of Transport and
Transportation, 2020, Vol. 18, Iss. 2 (87), pp. 260-269. EDN:
HQEGDV. DOLI: 10.30932/1992-3252-2020-18-260-269.

19. Izmaikova, A. V. Classification of innovations in
railway transport and the investment factor of their
implementation [Klassifikatsiya innovatsii na
zheleznodorozhnom transporte i investitsionniy factor ikh
realizatsii). Bulletin of the Scientific Research Institute of
Railway Transport, 2015, Iss. 3, pp. 35-41. EDN: TUVQPD.

20. Schenk, F. B. Russlands Fahrt in die Moderne.
Mobilitét und sozialer Raum im Eisenbahnzeitalter. Stuttgart,
Franz Steiner, 2014, 456 p. [Electronic resource]: https:/www.
academia.edu/9342941/Russlands_Fahrt in_die Moderne
Mobilitdt und_sozialer Raum_im_ Eisenbahnzeitalter
Stuttgart 2014. Last accessed 17.08.2023.

21. Solovyova, A. M. Railway transport of Russia in the
second half of 19" century [Zheleznodorozhniy transport
Rossii vo vtoroi polovine XIX v.]. Moscow, Nauka publ., 1975,
318 p.

22. Davydov, M. A. Twenty years before the Great War:
Russian modernisation by Witte-Stolypin [Dvadtsat let do
Velikoi voiny: rossiiskaya modernizatsiya Vitte-Stolypina].
St. Petersburg, Aletheia publ., 2016, 1081 p. ISBN 978-5-
906705-04-4.

23. Macheret, D. A. Railway Network Development and
the «Big Economic Breakthrough» in Russia. World of

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 276—286

Macheret, Dmitry A., Macheret, Anton D. Commodity Structure of the Railway Transportation
Market: the History of a Century and a Half Transformation




Transport and Transportation, 2022, Vol. 20, Iss. 5 (102),
pp. 104-112. EDN: TNJMEP. DOI: 10.30932/1992-3252-
2022-20-5-12.

24. Zagorsky, K. Ya. Transport Economics [Ekonomika
transporta). Moscow-Leningrad, Gosizdat publ., 1930,
368 p.

25. Macheret, D. A. Creation of Railway Network and
Acceleration of Development Of Russia. World of Transport
and Transportation, 2012, Vol. 10, Iss. 4 (42), pp. 184—192.
EDN: PFFKVX.

26. Lyashchenko, P. I. History of the national economy
of the USSR [Istoriya narodnogo khozyaistva SSSR].
Volume II. Capitalism. Moscow, Gospolitizdat publ., 1952,
736 p.

27. Gibshman, A. E., Danilov, S. K., Dmitriev, V. 1.
[et al]. Transport Economics [Ekonomika transporta]. Ed.
by S. K. Danilov. Moscow, Transzheldorizdat publ., 1958,
711 p.

28. Théry, E. La transformation économique de la Russie.
Transl. from French. Moscow, ROSSPEN publ., 2008, 183 p.
ISBN 978-5-8243-0985-0.

29. Wolfson, L. Ya., Ledovskoy, V. 1., Shilnikov, N. S.
Transport Economics [Ekonomika transporta]. Moscow,
Transzheldorizdat publ., 1941, 688 p.

30. Macheret, D. A. The economy of the first five-year
plans in the «mirror» of railway transport [Ekonomika
pervykh pyatiletok v «zerkale» zheleznodorozhnogo
transporta). Ekonomicheskaya politika, 2015, Vol. 10, Iss.
4, pp. 87-112. EDN: UDFIRV. DOI: 10.18288/1994-5124-
2015-4-05.

31. Dedkov, N. I., Bordyugov, G. A., Shcherbakova, E. 1.
[et al]. History for economists [Istoriva dlya ekonomistov].
Ed. by A. D. Nekipelov and S. N. Katyrin. Volume two.
Moscow, AIRO-XXI publ., 2018, 1056 p. ISBN 978-5-
91022-406-7.

32. History of railway transport in Russia, 19" — 21%
centuries [Istoriya zheleznodorozhnogo transporta Rossii,
XIX-XXIvv.]. Ed. by E. I. Pivovar. Moscow, Meshcheryakov
Publishing House, 2012, 736 p. ISBN 978-5-91045-509-6.

33. Belov, I. V., Gibshman, A. E., Dmitriev, V. L. [et al].
Economics of railway transport [Ekonomika
zheleznodorozhnogo transporta). Ed. by E. D.Khanukov.
Moscow, Transport publ., 1969, 424 p.

34. Macheret, D. A., Kudryavtseva, A. V. Retrospective
Analysis of Efficiency of Railway Freight Operations. World
of Transport and Transportation, 2018, Vol. 16, Iss. 4 (77),
pp. 102-115. EDN: YATMCL.

35. Khusainov, F. I. Railway transportation market in
2022 [Rynok zheleznodorozhnykh perevozok v 2022].
Ekonomika zheleznykh dorog, 2023, Iss. 3, pp. 46—72. EDN:
OTIXIZ.

36. Khusainov, F. I., Ozhereleva, M. V. On transportation
of fuel and energy cargo by rail in 2018 [O perevozkakh
gruzov toplivno-energeticheskogo kompleksa
zheleznodorozhnym transportom v 2018 godu). Ekonomika
zheleznykh dorog, 2019, Iss. 8, pp. 70-84. EDN: KFSGEQ.

37. Khusainov, F. 1., Ozherelieva, M. V. Influence of
Tariff Policy of Railways on Competitiveness of Coal
Industry. World of Transport and Transportation, 2016,
Vol. 12, Iss. 5, pp. 84-95. EDN: YSQFQZ.

38. Macheret, D. A. Theoretical Comprehension of the
Role of Transport in Ensuring Long-Term Economic

Development. World of Transport and Transportation, 2020,
Vol. 18, Iss. 4 (89), pp. 6—33. EDN: VFKSND.
DOI: 10.30932/1992-3252-2020-18-06-33.

39. Lapidus, B. M. Transport science for innovative
development of railway transport [ Transportnaya nauka dlya
innovatsionnogo razvitiya zheleznodorozhnogo transporta).
Bulletin of the Joint Scientific Council of JSC Russian
Railways, 2017, Iss. 4, pp. 5-9. EDN: ZXFELV.

40. Podsorin, V. A., Ovsyannikova, E. N., Dunaev, M. V.
Typology of modes of transport in the system for assessing
market conditions [7ipologiya vidov transporta v sisteme
otsenki konyunktury rynka). Transportnoe delo Rossii, 2020,
Iss. 4, pp. 163—-168. EDN: BHEYAK.

41. Sokolov, Yu. L., Kotsoeva, V. S. Economic problems
of'the current distribution of cargo flows by mode of transport
[Ekonomicheskie problem slozhivshegosya raspredeleniya
gruzopotokov po vidam transporta). Transportnoe delo
Rossii, 2023, Iss. 3, pp. 161-163. EDN: MBRCRG. DOI: 1
0.52375/20728689_2023 3 _161.

42. Dubrovina, V. I. Economic justification of directions
for increasing the competitiveness of railway transportation
of containerised cargo. Ph.D. (Economics) thesis
[Ekonomicheskoe obosnovanie napravlenii povysheniya
konkurentosposobnosti zheleznodorozhnykh perevozok
konteineroprigodnykh gruzov. Dis... kand. ekon. nauk].
Moscow, MGUPS (MIIT) publ., 2014, 171 p.
zheleznodorozhnykh-?ysclid=1v{9zsr90a674505881. Last
accessed 24.11.2023.

43. Golts, G. A. Long-term historical trends as a factor
in economic forecasting: transport, economics, demography
[Dolgovremennie istoricheskie trendy kak factor
ekonomicheskogo prognozirovaniya: transport, ekonomika,
demografiya). Problemy prognozirovaniya, 2004, Iss. 2,
pp- 25-36. EDN: HRTRLD.

44. Khachaturov, T. S. Economics of transport
[Ekonomika transporta). Moscow, Publishing House of the
USSR Academy of Sciences, 1959, 588 p.

45. Khusainov, F. 1. Assessment of the level of
competition in the market of services of railway rolling stock
operators in 2019 [Otsenka urovnya konkurentsii na rynke
uslug operatorov zheleznodorozhnogo podvizhnogo sostava
v 2019 godu). Ekonomika zheleznykh dorog, 2019, Iss. 9, pp.
56-67. EDN: UYTPNP.

46. Smil, V. Energy and Civilization: A History.
Cambridge, MA, The MIT Press, 2017, 564 p. DOI: 10.7551/
mitpress/10752.001.0001. ISBN 9780262338301.

47. Tulupov, A. V., Beloshitsky, A. V., Shitov, E. A.,
Shitova, Yu. A. Innovative, Scientific and Technological
Priorities of Railway Freight Transport. World of Transport
and Transportation, 2021, Vol. 19, Iss. 5 (96), pp. 58-68.
EDN: GCRSXY. DOI: 10.30932/1992-3252-2021-19-5-7.

48. Vinogradov, S. A., Mekhedov, M. L., Vakulenko, S. P.,
Yakuben, A. Yu. Prospects for development of accelerated
cargo transportation [Perspektivy razvitiya uskorennykh
gruzovykh perevozok). Zheleznodorozhniy transport, 2021,
Iss. 4, pp. 10-15. EDN: BXHFJJ.

49. Vinogradov, S. A., Mekhedov, M. L., Khomov, A. V.,
Shvedin, K. I. Development of cargo transportation in
intermodal transport cargo units [Razvitie perevozok gruzov
v intermodalnykh transportnykh gruzovykh edinitsakh].
Zheleznodorozhniy transport, 2022, Iss. 2, pp. 7-11. EDN:
JIPIRK. ®

Information about the authors:

Macheret, Dmitry A., D.Sc. (Economics), Professor, First Deputy Chairman of the Joint Scientific Council of JSC Russian Railways,
Professor of Russian University of Transport, Moscow, Russia, macheretda@rambler.ru.
Macheret, Anton D., Student at Financial University under the Government of the Russian Federation, Moscow, Russia,

antonmacheret@yandex.ru.

Article received 04.09.2023, approved 27.10.2023, accepted 14.11.2023.

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 276—286

Macheret, Dmitry A., Macheret, Anton D. Commodity Structure of the Railway Transportation
Market: the History of a Century and a Half Transformation




LB WS LR

AKTYANBHLIE NFOBNEMbI
MHHAMW3ALWMK PHCKOB,
EETr LEgpn § [0 CRCEE Tt b

TR TFRR ALY | VENGENE) 081 ARG

REVIEW 288
|
Returning to a topic: legal aspects

of operation of autonomous transport
systems.

BIBLIO-DIRECTIONS

SELECTED ABSTRACTS
OF D.SC. THESES 293

o Sustainable development of cargo
logistics chains.

o Mechanical stabilisation of subgrade
foundation soils with geosynthetic
materials laid under the sleepers.

NEW BOOKS 296
|
New books on transport and
transportation intended for transport
employees, recently printed or posted
online by Russian publishing houses
and universities.




BIBLIO-DIRECTIONS

ORIGINAL ARTICLE | REVIEW
DOI: https://doi.org/10.30932/1992-3252-2024-22-1-17

Ivan V. Kholikov

b4 iv_kholik@mail.ru.

Ivan V. KHOLIKOV

ABSTRACT

Zemlin, A. I, Matveeva, M. A., Gots, E. V. Current problems
of minimising risks arising from the use of unmanned vehicles
in a metropolis: system and legal analysis: Monograph
[Aktualnie problemy minimizatsii riskov, voznikayushchikh v
svyazi s ispolzovaniem bespilotnykh avtomobilei v usloviyakh
megapolisa: sistemno-pravovoi analiz: Monografiya]. Moscow,
KnoRus publ., 2023, 190 p. ISBN 978-5-406-12803-9.

The article is a review of the monograph “Current problems
of minimising risks arising from the use of unmanned vehicles
in a metropolis: system and legal analysis”, prepared by
academic staff of Russian University of Transport. The relevance
of the topics included in the content of the monograph, the
breadth of their coverage allows solving several tasks. In

World of Transport and Transportation, 2024,
Vol. 22, Iss. 1 (110), pp. 288-292

Unmanned Systems: Dynamics
of Operational Boundaries and Prospects
for Legal Regulation to Minimise Risks

Institute of Legislation and Comparative Law under the Government of the Russian
Federation, Moscow, Russia.

particular, the tools of historical-legal, comparative-legal and
system-legal approaches facilitate the analysis and
comprehension of the concepts of risk-based approach in the
interests of monitoring, visualisation and development of
management decisions to minimise threats in the context of
various types of activities. The review especially emphasises
the significance of the proposals formulated based on the results
of the study, the implementation of which will minimise, through
the integrated use of legal instruments, the risks of operating
unmanned vehicles on public roads, which is important for
ensuring the efficiency and safety of their operation, in the
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risis events of the last decade associated with

deformation of the world order system [1-3],

rethinking the role of society, state and law
[4-5], the state of modern international relations,
economic, social, legal problems, the emergence
of new threats to peace, security and sustainable
development [6-8] are taking place against the
background of rapid development of technologies
[9-10], the very existence of which seemed simply
unthinkable just recently.

This fully applies to unmanned systems, the
use of which was previously limited to the military
and security spheres, mainly due to the use of
unmanned aerial vehicles [11] and unmanned
maritime systems [12], as well as individual
projects in agriculture, environmental monitoring
and delivery of small items to hard-to-reach areas.

A series of pandemics of various infectious
diseases [13—16], the most significant of which
was the COVID-19 pandemic', and the apocalyptic
scenarios associated with them, served as an
additional trigger for development of futuristic
technologies. Drones have evolved into
sophisticated transport systems capable of
delivering significant payloads over significant
distances. Driverless trains, ships and cars are no
longer surprising. Delivery robots appeared on the
streets of large cities, including Moscow. During
the lockdown, they were used to deliver medicines
to patients and tests from patients to medical
laboratories; compliance with sanitary and
lockdown measures in cities was monitored by
patrol unmanned vehicles.

However, despite the increasingly active
introduction of unmanned systems into our daily
lives, one of the most significant problematic
issues is the legal regulation of admission to
operation and the subsequent use of unmanned
vehicles. This applies to a greater extent to
unmanned vehicles, as a source of increased
danger, especially in a metropolitan area.

In this regard, it is no coincidence that the
Concept for ensuring road traffic safety with
participation of unmanned vehicles on public roads?
specifically notes that new technologies introduced
in vehicles can create additional risks for road traffic
safety, therefore the task of the Concept is to

! Zemlin, A. 1., Zemlina, O. M., Klyonov, M. V.,
Openyshev, O. S., Kholikov, I. V. Organisational and
legal foundations of functioning of the transport system
in a difficult epidemiological situation: Textbook. Ed. by
A. I Zemlin, I. V. Kholikov. Moscow, Ru-science publ., 2020,
310 p. ISBN: 978-5-4365-6523—1.

2 Approved by the Order of the Government of the Russian
Federation dated March 25, 2020, No. 724-R.

minimise both existing and potential risks in the
interests of the entire society. At the same time,
Russia’s lag in matters of prompt and mass
introduction of highly automated vehicles into the
national transport system is determined, not least, by
the presence in the Russian law of a few conflicts
and gaps that negatively affect the processes of using
innovative transport technologies [17]. At the same
time, critical assessment of the content of the
decisions proposed within the framework of the
rule-making initiative indicates their lack of scientific
thoroughness.

These issues can be resolved by understanding
the risks that arise in connection with changes in
the principles and legal framework of the transport
safety system, and in subsequent development of
new approaches to traffic management that
consider the appearance of unmanned vehicles on
roads. This is the subject of the monograph by
A. 1. Zemlin, M. A. Matveeva and E. V. Gots
«Current problems of minimising risks arising
from the use of unmanned vehicles in a metropolis:
system and legal analysis» [18], published with
the financial support of Russian Science
Foundation within the framework of scientific
project No. 22-28-20334 «Legal means of
ensuring safety of the use of unmanned vehicles
in a metropolis»>.

In the work under review, based on the need
to achieve the goal of identifying and composing
a typology of the risks of ensuring the safe use of
unmanned vehicles, as well as preparing on this
basis proposals for improving the system of legal
regulation in this area in fundamentally new
conditions, a number of scientific problems were
solved. In particular, using the tools of historical-
legal, comparative-legal and system-legal
approaches, the concepts of using a risk-based
approach in the interests of monitoring,
visualisation and development of management
decisions to minimise threats in the context of
various types of activities have been analysed and
comprehended. A critical understanding of the
paradigmatic foundations of application of the
risk-based approach in various spheres of social
production and socio-economic relations made it
possible to formulate and adapt to the needs of the
research a systematically ordered set of terms and
concepts used in scientific circulation and in rule-
making activities related to the regulation of social
relations, arising during the process of admission

3 https://rscf.ru/project/22-28-20334. Last accessed
05.12.2023.
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to operation and subsequent use of unmanned
vehicles, taking into account the specifics of the
application of a risk-based approach.

The use of methods of formal dogmatic
analysis of the norms of Russian legislation,
a system understanding of the opinions of
scientists who studied the problems of using
a risk-oriented approach in the interests of
minimising threats in the process of emergence,
change and termination of social relations in
homogeneous and single-type relations was due
to the need to identify general and specific
characteristics of the risk-oriented approach
methodology and provided the opportunity to
determine the fundamental principles of building
a risk management system that arises in the
process of admission to operation and subsequent
use of unmanned vehicles, ensuring development
on a legal basis of management decisions to
minimise threats to the safe use of unmanned
vehicles in the metropolis.

The model for constructing a typology of risks
associated with the emergence and increasingly
widespread use of unmanned vehicles on public
roads, presented based on the results of the study,
can contribute not only to subsequent construction
of a system with admission and subsequent use of
unmanned vehicles, including in a metropolis, but
also to the solution of tasks to develop an orderly
and systemically interconnected set of legal
measures aimed at preventing violations of the
procedure for admission to operation and use of
unmanned vehicles, establishing measures of
liability for violations in the area under study using
the potential of various branches of law.

The theoretical conclusions and practical
proposals put forward in the monograph can serve
the purposes of forming an orderly system of legal
terms and categories used in legal acts regulating
relations related to the use of highly automated
vehicles, the interests of determining directions
for further scientific study of problems that are
essential for innovative development of the
economy and transport. Legalisation in Russian
law of the proposals formulated based on the
results of the study will make it possible to
minimise, through the integrated use of legal
means, the risks of operating unmanned vehicles
on public roads, which is important for ensuring
the efficiency and safety of their operation, in the
context of development needs of the Russian
economy and achieving national goals and
strategic positioning of the Russian Federation in
the modern world.

However, despite the high level of the research
performed, it seems possible to make some critical
remarks. Firstly, the study would greatly benefit
from including the results of a comparative legal
analysis of the legislation and law enforcement
practices of foreign countries that widely use
unmanned systems in their megacities. Studying
and creatively borrowing useful foreign experience
can enrich domestic science and practice and help
avoid repeating possible mistakes. Secondly, some
provisions formulated by the authors do not have
a final, closed or exhaustive nature and are
hypothetical in nature.

However, the comments made are rather
advisory in nature and can become a reason for
a meaningful scientific discussion, an incentive
and a basis for further scientific study of the
problem under study.

As has been repeatedly emphasised, the need
for legal knowledge for employees of the transport
industry, especially in modern conditions of
development of digital technologies and the
widespread use of artificial intelligence, can hardly
be overestimated [19-20]. In this regard, there is
an interest in a possibility of preparing, on the
basis of the published monograph, of training
programs for the purpose of teaching the legal
foundations of operation of unmanned systems,
the use of risk-based approaches, both in secondary
vocational education institutions and in higher
educational institutions, including Russian
University of Transport.

It should be especially noted that the provisions
presented in the monograph have received
coverage on the pages of leading peer-reviewed
journals examining transport legal issues and
related aspects of various branches of scientific
knowledge, which confirms the scientific integrity
of the authors and the thoroughness of the
conclusions given in the monograph. Thus,
anumber of scientific works already published by
the authors of the monograph are devoted to the
issues of theoretical and legal research of
fundamental approaches to building a safety
system when using unmanned vehicles [21, P. 33;
22, P. 60], clarification of the definition of «highly
automated vehicle» [23, P. 117], «automated
driving systemy» [24, P. 31; 25, pp. 53-54], etc.,
substantiating the need for legislative recognition
of such types of support for an automated driving
systems as: software; information support;
organisational support; legal support [26, P. 147].

The authors paid significant attention to the
study of the experience of legal support for
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introduction of innovative vehicles at various
historical stages of development of the Russian
transport system [27, pp. 8-9].

Based on the application of the comparative legal
method, the authors, in scientific publications
preceding the monograph, examined the experience
of legal consolidation of the provisions of legislative
acts of developed countries that ensure introduction
and operation of highly automated vehicles, which
made it possible to draw conclusions regarding the
degree of possibility and feasibility of applying the
experience of these countries in Russia [28, P. 457;
29].

In several works, to ensure the safe use of
unmanned vehicles, the authors substantiate the
need to consolidate the fundamentals of licensing,
maintenance, control and supervision of admission
to the use and operation of highly automated
vehicles [30, P. 55; 31, P. 116].

A significant number of publications by the
authors of the monograph reveal the features of
ahighly automated car as an object of administrative
and legal regulation and a means of causing harm
and contain practical recommendations for
eliminating organisational and legal barriers that
impede the implementation and safe use of
unmanned driving technologies [32, P. 189]. Issues
of fair distribution of the negative consequences
of harm caused due to the shortcomings of a highly
automated car are also considered in great detail
by the authors [33, P. 5].

The authors of the monograph have published
works aimed at developing a conceptual framework
for a risk management model that arises in the
process of admission to operation and the actual
operation of unmanned vehicles [33, P. 4].

In conclusion, it seems possible to emphasise
that the monograph «Current problems of
minimising risks arising in connection with the use
of unmanned vehicles in a metropolis: system and
legal analysis» is a complete system work devoted
to significant theoretical and practical problems and
will certainly be useful for professors, scientists,
researchers and practitioners, as well as for
everyone interested in the implementation and
operation of unmanned systems.

REFERENCES

1. Gavrilov, S. O., Glebov, I. N., Chukin, S. G. [ef al].
Law at the bifurcation point: discussion of the conceptual
study of military problems of International Law (Discussion
in the format of the «Round Table» based on the materials
of Chapter 6 «Military problems of International Law»
Volume III of the monograph «Military Law»). Gosudarstvo
i pravo, 2022, Iss.12, pp. 59-67. DOI: 10.31857/
$102694520023301-2.

2. Milovanovich, A., Kholikov, 1. V., Naumov, P.Yu.
Dynamics of Functioning of International Law in the
Conditions of Transformation of Modern World Order: Post
Non-Classic Approach. Journal of Russian Law, 2022,
Vol. 26, Iss. 11, pp. 132—148. DOI: 10.12737/j11.2022.122.

3. Kapustin, A. Ya., Avkhadeev, V. R., Aznagulova, G. M.,
Balkhaeva, S. B. [ef al]. Modern concept of interaction
between international and domestic law: Monograph
[Sovremennaya kontseptsiya vzaimodeistviya
mezhdunarodnogo i vnutrigosudarstvenongo prava:
Monografiya]. Ed. by Kapustin, A. Ya. Moscow, Norma publ.,
2023, 336 p. DOI: 10.12737/1926386.

4. Khabrieva, T.Ya. The legal system of the Russian
Federation amid international integration. Herald of the
Russian Academy of Sciences, 2015, Vol. 85, Iss. 3, p. 195.
DOI: 10.7868/S0869587315030068.

5. Bolshakova, V. M., Kholikov, I. V., Naumov, P. Yu.,
Zelepukin, R. V. Values and meanings of the main judicial
act of XX century: axiological concepts of A. N. Savenkov’s
book «Nuremberg: Verdict in the Name of Peace» (Discussion
materials). Gosudarstvo i pravo, 2022, Iss. 10, pp. 51-62.
DOI: 10.31857/S1026945200217887.

6. Kholikov, I. V. International legal aspects of countering
modern military threats [Mezhdunarodno-pravovie aspekty
protivodeistviya sovremennym voennym ugrozam].
Sovremennoe pravo, 2003, Iss. 6, pp. 27-31. EDN: ZBKHET.

7. Shumilov, V. M. International economic system and
international law. Social and political sciences, 2021, Vol. 11,
Iss. 3, pp. 26-31. DOLI: 10.33693/2223-0092-2021-11-3-26-31.

8. Kholikov, 1. V. Theoretical and legal aspects of
international cooperation in the field of countering threats to
economic security [Teoretiko-pravovie aspekty
mezhdunarodnogo sotrudnichestva v sfere protivodeistviya
ugrozam ekonomicheskoi bezopasnosti]. Obrazovanie.
Nauka. Nauchnie kadry, 2012, Iss. 4, pp. 29-31. EDN:
PBRNOJ.

9. Khabrieva, T. Ya. Technological revolutions and their
projection in law [Tekhnologicheskie revolyutsii i ikh
proektsiya v prave]. Voprosy istorii, 2022, Iss. 2-2, pp.
256-270. DOI: 10.31166/Voprosylstorii202202Statyi33.

10. Khabrieva, T. Ya. Technological imperatives of the
modern world and law [Tekhnologicheskie imperativy
sovremennogo mira i pravo). Journal of Foreign Legislation
and Comparative Law, 2023, Vol. 19, Iss. 1, pp. 5-12.
DOI: 10.12737/jzsp.2023.001.

11. Sazonova, K. L., Kholikov, I. V. International legal
responsibility in the context of legal regulation of the military
use of unmanned aerial vehicles [Mezhdunarodno-pravovaya
otvetstvennost v kontekste pravovoi reglamentatsii voennogo
ispolzovaniya bespilotnykh letatelnykh apparatov]. Voennoe
pravo, 2017, Iss. 4 (44), pp. 217-226. [Electronic resource]:
https://russiandrone.ru/publications/mezhdunarodno-
pravovaya-otvetstvennost-v-kontekste-pravovoy-
reglamentatsii-voennogo-ispolzovaniya-be/
?ysclid=lujrkirypw476340102. Last accessed 25.11.2023.

12. Kholikov, I. V. Some problematic issues of
international legal regulation of the use of unmanned
maritime systems for military purposes [Nekotorie
problemnie voprosy mezhdunarodno-pravovoi reglamentatsii
ispolzovaniya bespilotnykh morskikh sistem v voennykh
tselyakh). Voennoe pravo, 2019, Iss. 6, pp. 276-283.
[Electronic resource]: http://www.voennoepravo.ru/
files/06—19.pdf. [full text of the issue]. Last accessed
25.11.2023.

13. Zhdanov, K. V., Kholikov, 1. V. Disease caused by
the Ebola virus: from theory to practice [Bolezn, vyzyvaemaya
virusom Ebola: ot teorii k praktike). Journal of Infectology,
2015, Vol. 7, Iss. 1, pp. 5-17. DOI: https://doi.
org/10.22625/2072-6732-2015-7-1-5-17.

14. Sazonova, K. L., Kholikov, I. V. The Ebola Response
Team Deployment in the Guinea Republic: Organizational,

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 288—292

Kholikov, lvan V. Unmanned Systems: Dynamics of Operational Boundaries and Prospects

for Legal Regulation to Minimise Risks




Ethical, Legal Issues and a Problem of Responsibility. Ethical
Challenges for Military Health Care Personnel. Edited by
Daniel Messelken and David Winkler. New York, Routledge,
2018, pp. 38-51. EDN: YAPOMH.

15. Zhdanov, K. V., Kholikov, I. V. Assisting the Republic
of Guinea in combating the Ebola hemorrhagic fever
epidemic [Okazanie pomoshchi Gvineiskoi Respublike v
borbe s epidemiei gemorragicheskoi likhoradki Ebola].
Voenno-meditsinskiy zhurnal, 2015, Vol. 336, Iss. 2, pp. 93—
95. EDN: WCBFTZ.

16. Kholikov, I. V. The spread of epidemics, pandemics,
and mass diseases as a contemporary global challenge. Puti
k miru i bezopasnosti, 2020, Iss. 2 (59), pp. 27-40.
DOI: 10.20542/2307-1494-2020-2-27-40.

17. Zemlin, A., Kholikov, I., Mamedova, I. Current
Issues of Metro Safety Technical Regulations. /n: Proceedings
of the X1II International Scientific Conference on Architecture
and Construction 2020. Lecture Notes in Civil Engineering,
2021, Vol. 130. pp. 236-247. DOI: https://doi.
org/10.1007/978-981-33-6208-6_24.

18. Zemlin, A. 1., Matveeva, M. A., Gots, E. V. Current
problems of minimizing risks arising from the use of unmanned
vehicles in a metropolis: system and legal analysis: Monograph
[Aktualnie problemy minimizatsii riskov, voznikayushchikh v
svyazi s ispolzovaniem bespilotnykh avtomobilei v usloviyakh
megapolisa: sistemno-pravovoi analiz: Monografiya]. Moscow,
KnoRus publ., 2023, 192 p. ISBN 978-5-406-12803-9.

19. Kholikov, I. V. Legal Knowledge for Future Transport
Employees. World of Transport and Transportation, 2020,
Vol. 18, Iss. 1 (86), pp. 260-264. DOI: 10.30932/1992-3252-
2020-18-260-264.

20. Kholikov, I. V. Law and Transport: Continuing the
Topic. World of Transport and Transportation, 2020, Vol. 18,
Iss. 4 (89), pp. 246-253. DOI: 10.30932/1992-3252-2020-
18-246-253.

21. Zemlin, A. 1. Current issues of legal regulation of
functioning of highly automated cars in a metropolis. In:
Legal support of transport policy and transport safety:
experience, problems and prospects: Collection of scientific
works based on the results of scientific events organised by
the Department of Transport Law as part of the preparation
and holding of science week at Law Institute of RUT,
Moscow, May 25 — June 3, 2022. Moscow, LLC Ru-Science
publ., 2022, pp. 32-40. EDN: QSLQBQ.

22. Zemlin, A. 1. Problematic issues of legal regulation
of relations related to the use of highly automated vehicles
[Problemnie voprosy pravovogo regulirovaniya otnoshenii,
syazannykh s ispolzovaniem vysokoavtomatiziroannykh
transportnykh sredstv]. Journal of Russian Law, 2022, Vol.
26, Iss. 12, pp. 58-69. EDN: BSMKWA.

23. Zemlin, A. 1., Matveeva, M. A., Gots, E. V.,
Torshin, A. A. Problem Issues of Legal Regulation of the
Operation of Cars with an Automated Driving System. World
of Transport and Transportation, 2022, Vol. 20, Iss. 4 (101),
pp. 117-122. EDN: QLAYCZ. DOI: https://doi.
0rg/10.30932/1992-3252-2022-20-4-11.

24. Zemlin, A. 1. Problematic Issues of Legalisation of
Concepts Used for the Purpose of Legal Regulation of
Transport Relationships Involving Self-Driving Cars. World
of Transport and Transportation, 2022, Vol. 20, Iss. 5 (102),
pp. 29-34. EDN: RVBRST. DOI: https://doi.
0rg/10.30932/1992-3252-2022-20-5-4.

25. Zemlin, A. 1., Torshin, A. A. «Driver assistance
system», or «automated control system»: issues of
determining boundaries for public law and private law
regulation [«Sistema pomoshchi voditelyuy, ili
«avtomatizirovannaya Sistema upravleniya»: voprosy
opredeleniya granits dlya publichno-pravovogo i chastno-
pravovogo regulirovaniya). Sovremennoe pravo, 2022, Iss. 8,
pp. 52-57. EDN: CLTLSU.

26. Zemlin, A. 1., Matveeva, M. A., Gots, E. V.,
Torshin, A. A. Legal status of the driver of a highly automated
car in the context of administrative and civil regulation
[Pravovoi status voditelya vysokoavtomirovannogo
avtomobilya v kontekste administrativno-pravovogo
i grazhdansko-pravovogo regulirovaniya). Pravo
i gosudarstvo: teoriya i praktika, 2022, Iss. 10 (214), pp.
146-150. EDN: DCRKJH.

27. Gots, E. V.Issues of public legal regulation of public
relations related to introduction of innovative vehicles in
Russia: historical and legal analysis [Voprosy publichno-
pravovogo regulirovaniya obshchestvennykh otnoshenii,
svvazannykh s vnedreniem innovatsionnykh transportnykh
sredstv v Rossii: istoriko-pravovoi analiz]. Transportnoe pravo,
2023, Iss.4, pp. 7-10. DOI: 10.18572/1812-3937-2023-4-7-10.

28. Zemlin, A. 1., Gots, E. V., Matveeva, M. A.,
Torshin, A. A. Countering the spread of the COVID-19
pandemic in megacities using unmanned vehicles: experience,
legal and organizational aspects [Protivodeistvie
rasprostraneniyu pandemii koronovirusnoi infektsii
COVID-19 v megapolisakh s ispolzovaniem bespilotnykh
avtomobilei: opyt, pravovie i organizatsionnie aspekty].
Siberian Journal of Life Sciences and Agriculture, 2022, Vol.
14, Iss. 6, pp. 455-483. EDN: VOMTKE.

29. Zemlin, A. 1., Matveeva, M. A., Gots, E. V.,
Torshin, A. A. Current problems of legal regulation of
relations arising in connection with the use of highly
automated cars [Aktualnie problemy pravovogo regulirovaniya
otnoshenii, voznikayushchikh v svyazi s ispolzovaniem
vysokoavtomatizirovannykh avtomobilei]. Moscow,
LLC KnoRus publ., 2022, 172 p. ISBN 978-5-406-11096-6.

30. Zemlin, A. I. Problems of Ensuring Safe Operation
of Highly Automated Vehicles Using the Potential of Public
and Private Law. World of Transport and Transportation,
2023, Vol. 21, Iss. 2 (105), pp. 54-60. EDN: LUMNTS.
DOL: https://doi.org/10.30932/1992-3252-2023-21-2-6.

31. Zemlin, A.I.,, Matveeva, M.A., Gots, E. V. Risk
Management for the Safe Use of Highly Automated Vehicles
in a Metropolis: Systems and Legal Analysis. World of
Transport and Transportation, 2023, Vol. 21, Iss. 3 (106),
pp. 115-122. EDN: QTZKMIJ. DOI: https://doi.
0rg/10.30932/1992-3252-2023-21-3-11.

32. Zemlin, A. 1., Matveeva, M. A., Gots, E. V. Current
problems of legal support for operation of highly automated
vehicles [Aktualnie problemy pravovogo obespecheniya
ekspluatatsii vysokoavtomatizirovannykh transportnykh
sredstv]. Pravo i gosudarstvo. teoriya i praktika, 2023, Iss. 9
(225), pp. 187-190. EDN: AKNQBF.

33.Zemlin, A. 1. Conceptual basis for minimising the risks
of safe use of unmanned vehicles in a metropolis: legal aspect
[Kontseptualnie osnovy minimizatsii riskov bezopasnogo
ispolzovaniya bespilotnykh avtomobilei v usloviyakh
megopolisa: pravovoi aspekt). Transportnoe pravo, 2023, Iss.
4, pp. 2-7. DOLI: 10.18572/1812-3937-2023-4-2-7. [ )

Information about the author:

Kholikov, Ivan V., D.Sc. (Law), Professor of the Institute of Legislation and Comparative Law under the Government of the Russian

Federation, Moscow, Russia, iv_kholik@mail.ru.

Article received 19.12.2023, approved 25.01.2024, accepted 27.01.2024.

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 1 (110), pp. 288—292

Kholikov, lvan V. Unmanned Systems: Dynamics of Operational Boundaries and Prospects

for Legal Regulation to Minimise Risks




SELECTED ABSTRACTS OF D.SC.
THESES SUBMITTED AT RUSSIAN
TRANSPORT UNIVERSITIES

The text in Russian is published
in the first part of the issue.

Texcm Ha pyccKoM si3bike ny6ukyemcs
8 nepeoli Yacmu GaHHO20 6bINycka.

DOI: https://doi.org/10.30932/1992-3252-2024-22-1-18.

Osintsev, N. A. Methodological foundations
for sustainable development of logistics chains
of cargo flows. Abstract of D.Sc. (Eng) thesis
[Metodologicheskie osnovy ustoichivogo
razvitiya logisticheskikh tsepei gruzopotokov.
Avtoref.dis... dokt.tekh.nauk]. Moscow, RUT
publ., 2023, 48 p.

The objective of the thesis work is to develop
a methodological basis for sustainable
development of logistics chains of cargo flows
using the principles and tools of green logistics
for effective promotion of cargo flows while
simultaneously reducing the negative impact on
the environment.

The results of the thesis research were used
in carrying out research work commissioned by
PJSC Magnitogorsk Iron and Steel Works, PJSC
Uralasbest and Delta LLC. The results were
reported at a meeting of the Regional Strategic
Committee dedicated to the development of
a strategy for socio-economic development of
the Chelyabinsk region for the period until 2035.

The analysis of global and domestic
experience in managing transport systems and
supply chains revealed that the increase in
production and consumption volumes has
anegative impact on the environment, which led
to an increase in carbon dioxide emissions from
23,1to0 31,5 Gt from 2000 to 2020. The need has
been revealed to improve approaches to managing
logistics chains of cargo flows for the conditions
of the Russian Federation, which ranks 4™ in the
world in terms of CO, emissions and 75" in the
world according to the LPI logistics efficiency
index.

It has been established that the complexity
of managing logistics chains of cargo flows
lies in the absence of a universal system of
logistics principles that ensure formation of
a balance between the economic, social and
environmental sustainability of cargo logistics
chains (CLC); in the variety of approaches to
the content of green solutions, which is the
reason for the lack of consistency in their
implementation in practice; in the absence of

®  World of Transport and Transportation, 2024, Vol.

an integrated and system approach to assessing
all types of logistics flows, based on
consideration of the relationship between
indicators and parameters of flows from the
perspective of the concept of sustainable
development.

A new system of principles of green logistics
has been formed based on a synthesis of the
principles of logistics and the principles of
sustainable development. The formulated 19
principles of green logistics are the basis for
implementation by CLC elements of their key,
basic or supporting functions to achieve
sustainable development goals.

The methods and tools of green logistics
were systematised. The systematisation is based
on factors of sustainable development of CLC,
as well as on the basic and supporting functions
of all elements of the CLC to achieve sustainable
development goals. The proposed system of
methods and tools of green logistics includes
27 methods and 105 tools, ensuring the
achievement of 13 sustainable development
goals.

A concept for sustainable development of
logistics chains of cargo flows has been
developed. The basis of the concept is the idea
of forming a balance between the economic,
environmental and social sustainability of CLC,
based on the use of principles, methods and
tools of green logistics, multi-criteria methods
and decision-making models for managing the
parameters of logistics flows and elements of
CLC.

An original system of indicators and
parameters of logistics flows in CLC is
proposed, including five groups of parameters
(economic, energy-ecological, quality, statistical
and controllable) and 15 indicators. A feature
of the proposed system is assessment not of
individual elements of CLC, but a comprehensive
assessment of logistics flows for compliance
with aspects of the concept of sustainable
development and the effectiveness of
management of CLC.

A methodology has been developed for
determining the weighting coefficients of
parameters and indicators of logistics flows in
the CLC. The basis of the methodology is the
idea of comparing the results of using various
multi-criteria weighing methods to determine
the weight of logistics flow indicators using
fuzzy, Grey and traditional (CRiSP) rating
scales. This will make it possible to perform
a comprehensive two-level assessment of the
indicators of logistics flows in the CLC,
determine the relationships both between groups
of parameters and between indicators of
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logistics flows, assess the strength of the
influence of parameters (indicators) on each
other, and ultimately determine the weight of
each parameter (indicator) of the logistics flow
in CLC.

A system has been proposed and
a methodology has been developed for
a comprehensive assessment and ranking of
indicators of logistics chains of cargo flows
using the DEMATEL method. The use of the
methodology will allow to improve the quality
of assessing the state of cargo flows for
compliance with the SDGs to increase the
efficiency of management decisions on the
selection and use of green logistics tools.

A multi-criteria model for assessing CLC
elements in formation of a sustainable
development strategy for CLC has been
developed. The model is based on the use of
a combination of multi-criteria methods
DEMATEL, BWM-SAW in combination with
approximate interval numbers and STEEP
analysis. The result of using the model is the
ranking of management decisions (optimisation,
constructive, changing the principles or
changing the system) for all elements of the
CLC under the influence of STEEP factors
(social, technological, economic,
environmental and political ones).

A combined MCDM model has been
developed for ranking methods and tools of
green logistics in CLC considering their impact
on the parameters and indicators of CLC and
achievement of sustainable development goals.
The ranking of green logistics methods and
tools is based on the integrated use of multi-
criteria models of management decision-
making. The results of using 14 multicriteria
models showed high consistency (Spearman’s
rank coefficient averaged 0,689—0,919). The
most consistent methods are WASPAS,
MABAC, MARCOS, MAIRCA, SAW and
COPRAS. The least consistent methods are
CoCoSo, PROMETHEE, VIKOR and CODAS.

A mathematical model has been developed
for determining the optimal combination of
green logistics tools for their use by CLC
elements, considering the available material,
financial, information and service resources.
The final decision on the implementation of
a specific green logistics tool and the
determination of its optimal parameters is
made using the developed Grey linear
programming mathematical model, which
allows for flexibility, reliability and accuracy
of assessment in conditions of lack and
inaccuracy of information about the simulated
objects.

The dependence of the increase in the effect
of implementing green logistics tools on
changes in the share of supply of logistics
resources has been established. Redistribution
of the share of logistics resources for
implementation of tools within the range of
7,5-15 % allows us to achieve the maximum
effect from implementation of tools in the CLC.

A methodology is proposed for managing
the parameters of logistics chains of cargo
flows to achieve sustainable development
goals, based on identifying the parameters and
indicators of CLC, building a fuzzy model of
the relationship between parameters and
indicators of CLC, assessing the sustainability
of CLC and making decisions on selection and
implementation of green logistics tools to bring
manageable parameters of logistics flows in
accordance with the required values and
sustainable development goals.

Examples of implementation of green
logistics tools of three types of management
solutions for transport and mining enterprises
are presented: optimisation, constructive and
changing operating principles. The
implementation of green logistics tools made
it possible to increase the comprehensive
sustainability indicator from an average of 0,39
to 0,48, economic efficiency by 8,69-10,77 %,
environmental efficiency by 7,67-9,42 %,
social efficiency by 8,47-10,5 %.

The main provisions and results of the
thesis are recommended to be used by federal
and regional authorities when developing
strategic programs for formation and
development of logistics transport systems; by
managers of transport enterprises to assess the
effectiveness of decisions on implementation
of measures aimed at reducing the negative
impact of transport on the environment; by
potential investors when choosing options for
projects to create logistics infrastructure based
on forecasts of cargo flow parameters.

The prospect for further development of
the thesis topic is formation of a logistics flow
management system based on a combination
of multi-criteria methods with simulation
modelling. This will make it possible to
evaluate the effectiveness of decisions on
sustainable development of logistics centres,
predict changes in the parameters and indicators
of logistics flows and make decisions
considering these changes.

2.9.9. — Logistics transport systems.

The work was performed at Nosov
Magnitogorsk State Technical University,
defended at Russian University of Transport.
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Petryaev, A. V. Mechanical stabilisation of
sleeper foundation soils with geosynthetic
materials. Abstract of D.Sc. (Eng) thesis
[Mekhanicheskaya stabilizatsiya gruntov
podshpalnogo osnovaniya geosinteticheskimi
materialami. Avtoref.dis... dokt.tekh.nauk).
St.Petersburg, PGUPS publ., 2023, 32 p.

The objective of the work is to improve the
design of the railway track through mechanical
stabilisation of the sleeper foundation soils with
geosynthetic materials.

The thesis solves a scientific problem of great
economic importance, which is to improve the
track design to ensure dependability of the sleeper
base under increased vibration-dynamic load from
passing trains. New scientifically based
engineering solutions are outlined in the field of
stabilisation of railway track under sleepers
foundation with geosynthetic materials.

Based on complex long-term field studies
carried out on heavy-duty and high-speed sections
of the railway track, the features of distribution of
amplitudes of vibration displacement of soil
particles and the stress-strain state of the soil under
the sleeper base of the railway track during their
mechanical stabilisation with geosynthetic
materials were identified.

A wide range of field surveys made it possible
to identify directly proportional dependences of
changes in vibration amplitudes, dynamic stresses
and deformations on axial and linear loads, as well
as train speed when stabilising the sleeper base
with geosynthetic materials. Laying geogrids
under ballast leads to a reduction in horizontal
stresses in the under-rail zone and their more
uniform distribution over the main area of the
subgrade.

For the first time, the influence of geosynthetic
material on changes in the strength and deformation
characteristics of stabilised massifs has been
established qualitatively and quantitatively. It has
been established that deformation properties of
ballast directly depend on the magnitude of the
stresses that arise at the level of geosynthetic
material layers and on its rigidity. Conducted
studies of the behaviour of ballast under conditions
of triaxial compression have shown the
effectiveness of using a geogrid for its stabilisation.

As a result of experimental and theoretical
studies, a mechanism for stabilising the sleeper
base with geosynthetic materials has been
identified, which consists in transversely limiting
the mobility of soil grains. The effect of the
mechanical stabilisation mechanism depends on
the level of deformation. It has been established
that laying geosynthetic material in ballast reduces
its contamination with small particles formed
during deformation of crushed stone.

A method has been developed for calculating
the strength and stress-strain state of a sleeper
base stabilised with geosynthetic materials,
considering the decrease in the strength and
deformation characteristics of soils under the
influence of a vibro-dynamic load and its
attenuation in the soils of the sleeper base. The
calculations performed using the developed
complex methodology are in good agreement
with the data of laboratory and field studies.

The results of calculations using the developed
methodology established that during the thawing
period, significant shear deformations are
concentrated on the main area of the subgrade in
the under-rail section, which causes deformation
of'the subgrade observed in operating conditions.
With mechanical stabilisation of the under-
sleeper base, the concentration of shear
deformations is localised in the area of
geosynthetic material layer, while in the under-
rail section on the main site it is reduced.

Analysis of data from field studies and
numerical modelling, carried out based on the
developed complex methodology, made it
possible to propose new scientifically rationale
approaches to development of effective design
solutions for reducing deformability of the
sleeper base when it is stabilised with geosynthetic
materials. A rational depth for laying geosynthetic
material has been established to effectively
reduce the vibration-dynamic impact from
passing trains. The technical and economic
efficiency of practical solutions developed based
on the research results has been confirmed during
their implementation at Moscow, Far Eastern,
Sverdlovsk and Oktyabrskaya Infrastructure
Directorates — branches of JSC Russian Railways,
in organisations developing measures to stabilise
the under-sleeper base of the railway track.

The proposed direction for mechanical
stabilisation of soils is one of the promising
solutions in the field of creating engineering
foundation structures. Due to inclusion of
geosynthetic materials in the soil, it is possible
to purposefully change its strength and
deformation characteristics, as well as to reduce
the unevenness of track settlement by changing
the rigidity of the base. The choice of a rational
type of stabilisation from a technological,
economic and design point of view depends on
the operating conditions of the railway track, the
physical and mechanical properties of ballast and
subgrade soils.

2.9.2 — Railway track, survey and design of i
railways. ‘
The work was completed and defended at
Emperor Alexander I St. Petersburg State
Transport University. °
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