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125 NET PYT (MUUT)

(MUUT) — Beaymuil HalMOHAIBHBIN
TPaHCIOPTHBIN By3, IEPEAOBOI MEKTpaHC-
MOPTHBIH W OOMmETPaHCHOPTHHII Hay4YHO-
oOpa3oBarenbHbI 1IeHTp, B 2021 Tomay mpa3zgayer
100meit — 125 ner ¢ MomeHTa ocHOBaHUsL. 3a Ooee
YEeM BEKOBYIO HCTOPHIO OH MTPOIIET OOIBIION ITyTh
ot Umnieparopckoro MockoBckoro MHxeHepHOTro
YUWININA 10 KPYTTHEHIIIETro 0TpacIeBoro yHUBEp-
CUTETa CTPaHBl M 0a30BOTO IEHTPa KaJpOBOTO
o0ecrieueHnst 1 Hay9HOTO COMPOBOXK/ICHNUS Pa3BH-
THS TPAHCIOPTHOW oTpaciu — Poccuiickoro yHu-
Bepcuteta Tpancnopra (MUUT).
[TpuopuTeT pa3BUTHA By3a COCTOUT B oOecte-
YeHUH KaIAPOBBIX MOTPEOHOCTEH TPaHCIOPTHOM
OTpaciu.

P occuiickuii ynuepcutet Tpancmnopra PYT

B Hacrosimee Bpems B PoccuiickoM yHHUBED-
cuteTre TpaHcmopta obydaercs 6omee 30 ThICSY
y4aIIuXcsl, €)KETOIHO BBIITyCKaeTcs Ooiee maTu
TBHICSTY CHEIMAINCTOB. 3a BCIO HICTOPHIO By3a U3
ero cteH BeIIo 6omee 350 Teics 4 mpodeccuo-
HaJIOB.

By3 paspabareiBaeT HOBBIE 00pa30oBaTEIEHBIC
MporpamMmsl, (GOPMHUPYET HOBBIC HAIPABICHUS
Hay4yHBIX MCCJIEOBAHUM, pa3BUBAET AETCKUU
TPAHCIIOPTHBIN TEXHOMAPK, a TAKXKe padoTaeT Hal
peanu3anyeil KII0YeBOTO NMPOEKTa — CO3JaHHEM
MHOTO(YHKIIMOHAIBHOTO TEXHOIOTHYECKOTO KITac-
Tepa «O0pasoBoy.

Lenplii psa MaTepuagoB 3TOrO HOMEpa B pas-
nenax «OOpa3oBanue u Kanape», «Komeco ncto-
PHI» TTOCBSIIEH F0OMITEIO. °

125™ ANNIVERSARY OF RUSSIAN
UNIVERSITY OF TRANSPORT (MIIT)

national transport university, an advanced

scientific and educational centre in the field of
transportation celebrates in 2021 its 125" anniversary.
For more than a century of history, it has come a long
way from the Imperial Moscow Engineering School
to the largest industry university in the country and
the basic centre for staffing and scientific support for
the development of the transport industry.

The priority of the university’s development is
to ensure the needs of the transport industry in
skilled and highly qualified employees.

Currently, more than 30 thousand students
study at the Russian University of Transport,

The Russian University of Transport, the leading

more than five thousand specialists are graduated
annually. Throughout the history of the
university, more than 350 thousand professionals
have left the walls of the educational
organisation.

Now, the University develops new educational
programs, discovers new fields of scientific
research, a children’s transport technopark, as well
as works on the implementation of a key project
which is the creation of a multifunctional
technological cluster «Obraztsovo».

The publications of this issue in the «<HRM,
Education & Training», «History Wheel» sections
are dedicated to the anniversary. °

@Domo ue nepsoii obnocke: PYT (MUUT).

Front cover photos: Russian University of Transport.
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Oner BOPOH
AHHOTALMA

B ycrogusix ermobanusayuu 3KOHOMUYECKUX C8s13el, UHMeHCU-
¢huKkayuL mpaHcnopMHO-MEXHOMOUYECKUX peLLeHull memodooaust
uccnedosaHus U pa3sumusi mpaHCNoOpmMHoL UHGpacmpykmypb!
mpebyem cosepuweHcmMBosaHus U adanmauyuu K AUHaMUYHO MEHsIko-
L4UMCS YCIIO8USIM MPaHCNOPMHO20 PbIHKA.

Llensto pabomb| siensiemcs chopmanu3ayusi U pa3sumue memo-
Qdoroeuu uccnedosaHusi MPaHCNOPMHOU UHGpacmpyKmypbl, 8KIT04ast
cneyuanu3uposaHHbIl usomepmuyeckuli nodsuxHol cocmas. ns
obpabomku UCxo0HbIX OaHHbIX 2py30060poma Lcnosb308anuUch
Memodb!I Mamemamuyeckoll cmamucmuku. [1nst obocHosaHust mex-
HUYECKUX Napamempog UHHOBAULIOHHO20 U30MEPMUHECK020 NOOBLX-
HO20 cocmasa 6binu npuMeHeHb! Memodb! aHanu3a uepapxuli
(Caamu), akcnepmHbIX OUEHOK, akmyarnu3ayuu MexHUYEeCKUX peLe-
Huil (MATP).

B cmambe npedcmagrieH aHasnu3 epy30060poma ckoponopmsi-
L4UXCS 2py308, NEPEBO3UMb IX KeTe3HOO0POXHbIM XiTadompaHcnop-
mom, no obvémam, munam nod8UXHO20 cocmasa U 0opozam om-
npaeneHus. [lokasaHb! OCHO8HbIE HanpasieHusi (hopMupPOBaHUst
U Ha3HayeHUs1 2py30n0moKo8 Nno 8udam COOBLEHUST (8HYMpPEHHEZ0,
mpaH3uma, akcnopma, umnopma). OnpedenieHo, Ymo Kio4egbiMu
¢hakmopamu pa3sumusi U30MePMUYECKO20 NOOBLXXHO2O cocmasa
0119 NEepego3oK CKOPONOPMALYUXCS 2pY308 8 MPaHCNOPMHoU cuc-
meme cmpaHbl SI8NSHMCs Nepegosku msica, pbibbl, nua, 6e3asko-
20/IbHbIX HaNUMKO8, COKO8 8 CE2MEHME 8HYMPEHHUX NEPEBO3OK.
AHanu3 nokasbieaem, Ymo CmpyKMypHbIX U KONUYECMBEHHbIX
cdsu208 no 8udam nepegosku U no podam epy3a He Habmodaemcs.

Cmpameaus passumusi mpaHcnopmHbIx cpedcme 05151 ne-
PEego3KU CKopONOpMALUXCS 2py308 U Memodosnoaus npedcmas-

Mup tpaHcnopra. 2021. T. 19. Ne 3 (94). C. 6-15

MeTtogonorus uccnenoBaHus notpebHocTen
PasBUTMSA TPAHCMIOPTHON UH(PPACTPYKTYpbI
W NOABWXHOIO COCTaBa AN NEPEBO3OK
CKOPOMOPTALLMXCS rPY30B

Pocmosckuii cocyoapcmesennbiil ynugepcumem nymei coooujenusi (PIVIIC),

neHa b1ok-cxemoll, 8 paspe3ax: «nocmaHoeka 3adayu uccnedo-
8aHUSI», «3ManbI NPUHSMUS peweHutl», «Memodb! U anaopumm|
peanusayuu peweHul». [MokazaHo, Ymo 3adaya ekmo4aem He
MOnbKO pa3gumue cmayuoHapHoUl xene3HodopoXHOU UHppa-
CMpyKmypsI U hopmMUpPOBaHUE 3Manos pasgumus U3omepmuye-
CK020 NOGBUXHO20 cOCMasa, HO U HeobX0OUMOCMb PeweHus
0p2aHU3alyLUOHHO-MEeXHUYECKUX, MEeXHOM02uYeCcKuUX, HopMamus-
HO-npagoebIx Npobriem, a Mmakxe 80NPOChI MapughHO20 peaynu-
POBaHUS.

PaccmompeHb! 80npocs! Memodonoauu co30aHus UHHO8a-
YUOHHO20 U30MepMuYecK020 NOOBLXHO20 cOCMasa ¢ y4émom
803MOXHbIX NEPCNeKMU8 e20 pasgumusi U chep NPUMEHeHUS,
KoMniekca MmexHUYECKUX U MexHOM02UYecKux peweHud. Mccne-
008aHue NUHelHbIX pa3vepos U NOME3HO20 CEYEHUS 2py308020
NOMEWeHUS Pa3NUYHBIX MUN08 U30MePMUYECKUX Ky30808 NOKa-
3bl8aem npeuMywecmeo 8a20H08 U CbEMHbIX Ky30808, N0
CPaBHEHUIO C KPYNHOMOHHAXHBIMU PepUXEPamMOPHBLIMU KOH-
melHepamu.

Cosdagamb munax UHHOBaLUOHHO20 U30MEPMUYECK020
nodguxHo20 cocmaga npednazaemcsi Ha 0CHOBe yHUBepCasb-
HO20 U30mMepMU4eCcK020 Ky308a, KOMNIIEKMYeMo20 U3 pasiuyHbIX
munos 3HepaoxonodunsHoeo 0bopydosaHusi ¢ 3adaHHbIMU
MeXHUYeCKUMU napamempamu, MakcumasbHO yd081emaopsio-
Wumu mpebosaHusM CO8PEMEHHO20 PbIHKA MPaHCNOPMHbIX
ycnye. [poaHanu3uposaHbl Chepbl 803MOXHO20 UCNONb308aHUS
Pa3nuUYHbIX MUN08 U30MEPMUYECK020 NOO8LUXHO20 cOCMmasa
¢ yuémom 0011208pEMEHHbIX NPO2HO308 Pa3gUMUS CEbCKOXO-
3siicmeeHHoU, pbibHOU U nepepabameigatoweli ompacned.

Kioyesb e criosa: mparcnopm, mpaHcnopmHas uHgpacmpykmypa, cKoponopmawutics 2pys, Memodonoaust Ucce0o8aHull, mpaHc-
nopmHasi cucmema, U3omepMuyecKuLi NoABUXHOL cOCMas, KDYNHOMOHHaXHbIL pechpuKepamopH Ui KOHmMeUHep, CbEMHbIL Ky308.
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BBEOEHUE

KittoueBast 0cOOEHHOCTh TpaHCHOPTa Kak
o0ecrieunBaroniei OTpaciii SJKOHOMHUKH TpeOyeT
COBEPIIIEHCTBOBAHHS METOJOJIOTHH HCCIIEJOBa-
HUSI ¥ Pa3BUTHUSL MPAHCHOPMHOU UHPPACMPYK-
mypsl (TH) B ycIoBUAX TIT00ATN3aIIH SKOHOMH-
YECKUX CBA3EH, MHTCHCH(HUKAIIMN TPAHCIIOPTHO-
TEXHOJIOTMIECKUX PEIICHNI 1 MHHOBAIIMOHHOTO
XapakTepa MPOTEKAONINX U3MEHEHHUH, TPaHC-
(hopManuu rpy30moTOKOB, CBI3aHHBIX C H3MEHE-
HUSIMHA 00bEMa, MO CHEIHANN3ANH TPY30BBIX
TIEPEBO30K M WX HaIpaBICHUAM. MaKpOIKOHO-
MHYECKUE N3MEHEHUSI BHEIITHEH CPEJIbI, BIUSIO-
1€ Ha TPAHCIIOPTHO-TEXHOJIOTHIECKUE pellie-
HUS B CHCTEME OPTaHM3AIMH T'PY30M0TOKOB,
MOXKHO Pa3ZICTNTh Ha CICAYIONINE TPYIIIIbL:

* KOJIMYECTBEHHBIE M3MEHEHHS 00BEMOB
TPY30IIOTOKOB TI0 OCHOBHBIM HaIlPABICHHSM;

* U3MEHEHHS B TCXHOJOTHH OpPTaHM3alHu
MIEPEBO30K, TPEOOBAaHUH K CPOKAM JOCTaBKH,
COXPaHHOCTH TPy3a, [IEHOBBIX MTAPaMETPOB;

* I3MEHEHNE HHCTUTYIMOHAIBHOTO OKPYKe-
HUSI TPAHCIIOPTHBIX YCIIYT, ONEPaTOPOB PHIHKA
TPAHCIOPTHBIX YCIIYT, TPAHCHIOPTHBIX CPEICTB
1 TEXHOJIOTHH EPEBO30YHOTO MPOIIECCa;

* COCTOSIHME U TeHAeHIMH pa3Butus TU no
BUJAaM TPaHCHOpPTa, MapkKa TPAHCHOPTHBIX
CPEICTB M MX XapaKTePHCTHUKH;

* TEOTIOIUTUIECKNE U HAIMOHAIBbHBIE (haK-
TOpBI, BIUsIOLME Ha pa3sutue TU;

* B3aMMOBIHUAHNE (KOHKYPCHIIUS) BUIIOB
TPaAHCIIOPTHOM pabOoTHI 32 peCypchl (MOITHOCTH)
HHPPACTPYKTYPHI U APYTHE.

Jloxanuzamus mpobiemsl pa3sutus TU
K KOHKPETHOH IPyTITIE TPy30B CO CTIeHNn(HIECCKH-
MH yCIOBHSMHU OPTaHM3ALNH, TPEOOBAHISIMH
K [TapKy TPAHCHOPTHBIX CPEACTB, TEPMUHAIBHBIM
KOMIIIEKCaM O00CIyXKMBaHUS I'PY30TOTOKOB
1 TPAHCTIOPTHBIX CPEJICTB B IYTH UX CICAOBAHHSA
TpaHC(HOPMHUPYET TUIIOBBIE METONOIOTUIECKUE
TIOAXO/BI K MCCIIEJOBAaHNIO TPAHCTIOPTHBIX CHC-
teM. K TakuM rpysam B mpancnopmmnoii cucmeme
(TC) cTpaHBI OTHOCSTCS TPY3HI (IIPOLYKTHI, TO-
Baphbl), TPeOyIOIINE ONPENeNEHHBIX TEMIIEPATyP-
HBIX PEXHVMOB TPAHCIIOPTUPOBKH — CKOPONOP-
mawuecs epy3svl (CIT).

B nameit ctpane He0OXOOIUMOCTh OTHAEIH-
HOT'O paCCMOTPEHMS METO0I0T MU pa3Butus TU
CIII Taxoxe cBA3aHa CO 3HAYUTEITLHBIMU HHCTH-
TYHHOHATbHBIMH COBHTAaMH B OpTaHU3aINH
mepeBo3ok CIIT, co cHMKEHHEM B MOCIEeIHNE
JECATUICTHS MHBECTUIIMOHHON aKTUBHOCTH,
HalnpasJIeHHOHN Ha Pa3BUTHE CIEIHATN3NPOBaH-
HOTO M30TEPMUUECKOTO MOABI)KHOTO COCTaBa
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(UIIC) u TpaHCHOPTHBIX CPENCTB AJIS IEPEBO3-
ku CIIT. Kpome TOro, paccCMOTpeHHE AaHHOH
npoOemsbl TpeOyeT yu€ra BIUSHUS TPAHCIIOPT-
HOW HHPACTPYKTYPHI Ha 00eCIIeYeHHE MPOJIO0-
BOJIbCTBEHHOUN OeszomacHocTu Poccuiickoi
denepanuu BBUIY pa3MepoOB TEPPUTOPUHU
CTpaHbl.

Bomnpocs! pa3paboTky KoHLENIuii, Mojesen
1 MEXaHH3MOB JIOTUCTHYECKOTO MEHE/PKMEHTa,
(hopMUpPOBaHUsT OTPACIEBBIX JOIUCTHYECKHX
TPAHCIIOPTHBIX CHCTEM HapsAy C BOIPOCAMHU
MPaKTUYECKOH peaIn3aluy pa3inuHbIX HHHOBA-
LIMOHHBIX TIPOEKTOB Ha MPUMEPE MEXTyHapO-
HBIX TPAHCIIOPTHBIX KOPUIOPOB MPEICTABICHBI
B pa3HOIUIAHOBBIX padoTax [1-5]. Tak, B pabote
[3] mpencraBneHbl AMHAMHYECKUE TEPPUTOPU-
aJbHBIE TPAHCIIOPTHO-JIOTUCTHYECKHE CUCTEMBI,
KOTOpBIE PACCMATPHUBAIOTCS C HCIIOIB30BaAHUEM
aHaJIM3a U3MEHEHUH B AJIEMEHTaX UX CETEBOIO
MPE/ICTABJICHUS U MOCIEAYIOIIETr0 YIPaBICHHs
nmu. Bo3pacratoiast orieHka 3Ha4YUMOCTH Cle-
HapHOT'0 NMPOTHO3UPOBAHHS MOTPEOHOCTH
B yCJIyrax KpyIHbIX CHCTEMHO OpIraHU30BaHHBIX
UH}PACTPyKTYp B KPYIHBIX Xa0ax 1 BO B3aHMO-
JIECTBUM C MOPCKUM TPAaHCHOPTOM IOKa3zaHa
B paborax [6; 7]. DddexruBHOCTL U Oe3omac-
HOCTb JIOTHCTHYECKOW TPAHCIIOPTHOM CHCTEMBI
paccMoTpena B pabote [8].

Llenvio paboThl siBAsieTcst popmasinzanus
1 pa3BUTHE METO/IOJIOI MU HCCIIEI0BaHMS TPAHC-
NOPTHOW MH(PACTPYKTypHl, BKIIOYasi CIeua-
JIU3UPOBAHHBIA M30TEPMUYECKUIN MOABUKHOM
cocraB. Jlyis 00pabOTKU MCXOIHBIX TaHHBIX
rpy30000pOTa HCHONB30BAIUCH MeMOObl MaTe-
MaTH4E€CKOW CTaTHCTHUKH, JJisi 000CHOBaHUS
TEXHHUYECKUX MapaMeTpOB MWHHOBALIMOHHOTO
N30TEPMHYECKOTO MOJIBUKHOTO COCTaBa ObLIN
NpUMEHEHBI MeTO/IbI aHann3a nepapxuii (Caarn),
OKCIIEPTHBIX OLIEHOK, aKTyaJIM3allMyi TeXHHYe-
ckux pemenuii (MATP).

PE3YNbTATDI
MeTtonoJiornyeckasi cxema

OO011ast METOZOJIOTMYECKasi CXeMa HCCIIe/10-
Banus TU nyst nepeBosok CIII' B TpaHCTIOpTHOM
CHCTEME CTpaHbl IMEET BHJI, NPEICTABICHHBIN
Ha puc. 1. KiitoueBbsIM 31eMeHTOM B pa3paboTke
U peanu3aliy Takod CTpaTeruueckoi 3amadu
SIBJISIETCS] TIPOTHO3UPOBaHNE U (POPMUPOBAHUE
TPaHCIIOPTHO-IKOHOMUYECKUX OaaHCoB.

ITporuo3upoBanue 00béma nepesozok CIIT
C METOANYECKUX MO3ULIUI SKOHOMUYECKOTO TIPO-
THO3MPOBAHUS JIOJDKHO 0a3MpoBaThCsl HA MapKe-
THUHTOBOM aHAJIM3€ CIIPOCca Ha MPOIYKTHI KaTero-
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Puc. 1. 06was cxeMa cmpameauu pa3gumusi mpaHcnopmHbIX cpedcme Ans nepeso3ku CII (8binonHeHa a@mopom).

pun CIII' ¢ mo3uuum uX TPaHCHOPTHUPOBKH.
CermeHTaIys pbIHKa 110 KaXKIOMY BHILY IIPOIYK-
[IUH, CJIIOKHOCTh PacCMOTPEHUs 3TOH 3amaun
W TIOJYYEHHs aJeKBATHBIX OLICHOK CBS3aHBI
C HEOOXOJIMMOCTBIO ITPOBEICHHS MAPKETHHIOBBIX
HCCIIE0BAHNH MO KKJOMY BHIY IPOIYKTa.

C no3unuii TpaHcopTa (peIeHne BOIpoCcoB
pasButus TH) nomyckaeTcst arperupoBaHue
TOBApOIIOTOKOB IO MPU3HAKY OJXHOPOIHOCTH
TEXHOJIOTHH TpaHcnopTupoBkH. K Takum mpu-
3HAKaM JJIs arperupOBaHMS IPY30II0TOKOB OTHO-
cuTcsl TpebOBaHKE K MOABHIKHOMY COCTaBy IO
BHJIaM TPAHCIOPTA.

Ha »ene3HOmopoXHOM TpaHCHopTe Ul T1e-
peBosku CIII" ncronb3yroTcs pa3indHbIe THIIBI
B ILIEJIOM OJZHOPOITHOTO U30MEPMULECKO20 NO-
osudicnozo cocmasa (UI1C). B cuity 3toro perte-
Hust 3anad (1)—(3) (cm. puc. 1) MoryT ObITh cBe-
JICHBI K 00IIEMy aHAJIN3y JUHAMHUKH TPy30I10TO-
xoB CIII". Taroke ciemyeT OTMETUTH BO3MOXKHOCTh
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OLICHKH CIPOCa Ha TPAHCIIOPTHYIO HH(paCTpyK-
Typy ¢ Jokanu3auueit o Tunonoruu UIIC.

AHaim3 CTPYKTYpHI pbIHKa repeBo3ok CIIT
110 BHJAaM IIE€PEBO30K, MO0 POAaM HOABHIKHOTO
cocraBa IPeICTaBJIeH Ha pucC. 2.

HccnenoBanne 1mMoKa3bIBaeT, YTO CTPYKTYp-
HBIX CJIBUTOB II0 BH/IaM TI€PEBO30K O HCIIOIb-
3yeMOMY HOJIBIKHOMY COCTaBy He HaOmogaeTcsl.
Teorpaduueckast mokanu3anys OTIPaBICHUH 110
xenezHonopoxHoMmy tpaHcmopty CIIT 3a
2018-2020 roxs! mpeacrasneHa B Tadn. 1 ¥ Ha
puc. 4.

AHanM3 TaKKe MOKa3bIBAeT, YTO BBICOKHUI
YIETbHBINH Bec oTnpanieHni Ha OKTAOpbCKOH,
Mocxkosckoii, CeBepo-KaBkaszckoii, 3anamgHo-
Cubupckoil KenesHbIX Joporax OOBICHIETCS
YPOBHEM NOTpeOIeHNSI TPOAYKIMN B CETMEHTE
CIII" unm oTpacisax 3KOHOMHKH.

o pomam CIII" HauGonbImii yaenbHBIN Bec

TIPUXOZIUTCS HA PHIOHYTO TIPOILYKLIHIO Y TIMBO, PHC. 5.
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Puc. 3. lodeuxHoii cocmas, ucnonb3osaHHbIl 0151 nepego3ok CIT dopoxHbIM mpaHcnopmom (no daxHbiM ACOPIIC).

Puc. 4. Cmpykmypa, HanpaeneHusi u QuHaMuka nepego3ok CI1I" xene3HodopoxHbLIM MPaHCNOPMOM N0 Meppumopuu
Poccutickoii ®edepayuu (no daHHbiM ACOPIIC).
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Taoauna 1

Otnpasiaenue rpy3oB kareropuu CIII' mo goporam oTnpasiieHusl, BHyTPEHHHE MIEPEBO3KH

(ITo nanubim ACOPIIC)
JKenesnas npopora, 2018 2019 2020
OTIIPaBJICHHE
TonH JHons, % ToHH Homns, % ToHH Homns, %
MCK 613860 18,20 652793 19,77 845540 22,36
JIBC 688090 20,40 658650 19,95 662114 17,90
3Cb 524062 15,54 496971 15,05 602950 16,30
OKT 343212 10,18 305993 9,27 350694 9,48
CKB 234989 6,97 282445 8,55 320334 8,66
KBILI 197629 5,86 187023 5,66 204291 5,52
11IPB 129133 3,83 135837 4,11 144583 391
IOBC 131692 3,90 117710 3,57 125060 3,38
CBP 104285 3,09 87714 2,66 95554 2,58
CEB 118129 3,50 84042 2,55 87654 2,37
KPC 86992 2,58 82997 2,51 86243 2,33
BCB 55305 1,64 58533 1,77 61630 1,67
rop 50833 1,51 63296 1,92 54191 1,46
KJIT 78154 2,32 70879 2,15 42640 1,15
OVvP 13232 0,39 13372 0,40 13059 0,35
3AB 3154 0,09 3542 0,11 3024 0,08
Kt 157 0,00 0,00 5 0,00
Bcero 3372908 100,00 3301 797 100,00 3699 566 100,00
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Puc. 5. PacnpedeneHue 06éMoe nepego3ok no podam CIII (o daxHbIM ACOPIIC).

Takum 00pa3oM, KIIOYEeBEIMU (haKTOpaMH
passurus UTIC s nepesozok CIII B Tpancnopt-
HOM CHCTeME CTPaHBI ABIIIOTCS IIEPEBO3KH PHIOBI,
I1Ba, OE3aJIKOTONBHBIX HAIUTKOB, COKOB, MsACa
B CETMEHTE BHYTPEHHHX IIEPEBO30K, Ha KOTOPbIE
IPUXOIUTCS 3HAYUTENIBHBII IPOLIEHT OT OOLIEro
00bEMa. OCHOBHBIM JUISl TAKUX NIEPEBO30K SBIIS-
ercst HarpaBieHue «BocTok—3ana» no Teppuro-

puu Poccuiickoii @enepanuu. CpenHee paccTosi-
HHUE MEPEeBO3KHU OLCHUBAETCSH B 4—5 THIC. KM.
enecoobpa3Hbie Bo3MOXHOCTH niepeBo3ok CIIT
B TPAHCHOPTHBIX KOPHIOPAX PacCMaTpUBAIOTCS
B paborax [5; 9]. Jlns cpaBHUTEIBHONH OLIEHKH
KpuTepueB 3G (GEeKTHBHOCTH IPH IUIAHUPOBAHUH
TPAHCIIOPTHON CETU MOXKET OBITh MCIIOIb30BaHA
METOJI0JIOTHS, IIpe/icTaBlieHHas B padore [10].
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C DKOJIOTMUECKHX, YKOHOMHUECKHUX MTO3UIUN
NIEpEeBO3KHU Ha Takue paccrosiuus Tpedytor UIIC
B BUJIE pe(DPUIKEPATOPHOTO MOJIBHIKHOTO COCTABA
(PIIC), xoTopHIii 0OecrieunBaeT onpeaeaéHHy0
ABTOHOMHOCTbB OpraHU3aluH TPAHCIIOPTHPOBKU
T10 OTHOIICHUIO K TEPMHUHAIILHOMY O0CITYKHUBaIO-
LIEMY KOMIUIEKCY.

B To0 e Bpemsl, aHaJIM3 MUPOBOM MTPAKTHKH
nepeBo3ok CIII" Ha pacctosaus 10 500—1000 kM
0Ka3aJl MIKPOKOE UCIIOIb30BaHUe peKOHTEH-
HEpPOB C aBTOHOMHBIM JHEPTOCHAaOKEHUEM.
[Ipo6nemsr TU npu TpaHCHOPTHPOBKE PHIOBI
B COBPEMEHHBIX YCJIOBHSX ObLIM PACCMOTPEHBI
aBTOpOM B padore [11].

®opmupoBaHue (PYHKIHMOHATBHBIX CHCTEM
unHoBanmnonHoro UIIC

B Hacrosmiee BpeMsi B QyHKIIMOHUPOBAHUH
Bcelt TU B cocTaBe HeITpepbIBHON XONOAUIBHOMN
LIETH UMEIOTCS cepbE3Hble Mpobiembl. OHM Ka-
CaloTCs KaK CTallMOHAPHBIX OOBEKTOB B BHUJIE
ITyHKTOB TEXHUYECKOTO OOCIY)KUBAHHUS U IKH-
MTUPOBKH, 'PY30BBIX TEPMHHAIIOB U PE3EPBHBIX
XOJIOAMJIBHUKOB C JKEJIE3HOAOPOKHBIMU TIO/Ib-
€3/IHBIMU ITyTSIMH, TaK ¥ CIIEIIUAIN3UPOBAHHOTO
UIIC.

OcraBimecst B paboyeM HapKe MSTHBAroH-
Hble pedprkepaTopHble CEKIUHU (BaroHbI-
TEPMOCHI) MPOEKTUPOBAIKUCH ISl MIAHOBOU
9KOHOMHUKH C aOCOJIOTHO MHOW JIOTMCTUKOM
nepeBo3ok. Hanuuue u QyHKIMOHUPOBaHUE
MOIIIHOW arpoMHAyCTpUHU B A3zepOaiimxane,
Apwmennu, benopyccun, I'py3un, Monaasuu,
VYkpauHe, orpoMHble 00bEMBI KOHTPAaKTOB Ha
MOCTaBKy MMIIOPTHOTO IIPO/IOBOJILCTBHS JETIalIH
BO3MOXXHBIMH JIOJITOBPEMEHHBIE MTPOTHO3BI
U o0ecIieurBaIn JOCTAaTOYHO CTaOMIBHYIO 3a-
Ipy3Ky TpynmoBoro pedprxeparopHOro mo-
JIBIDKHOTO COCTaBa (peprKepaTOpPHBIX CEKLIUH
U pedprKepaTopHBIX MM0E30B Pa3IUYHOM CO-
cTaBHOCTH). TeXHUUECKHE TapaMeTphl IKCILTya-
tupyemoro B Hacrtosimee Bpems UIIC Obuin
c(OpPMHUPOBaHBI UCXOJsI HIMEHHO M3 3THX YCJIO-
BUH (YHKLUMOHUPOBAHUS HENPEPbIGHOU X010~
ounvrou yenu (HXI]). Iuk nepesosok CIIT
npuméncst Ha 1988 ron, koraa o0BEMBI IEPEBO-
30Kk cocraBuin Oosee 30 muH 1. [Tocae storo
Hayalicsl 3aTsDKHOM craj, o0yCJIOBJIEHHBIN
MPEXJIE BCEro MOJUTHUYECKUMH NPUYUHAMM.
WzmeHuBimecs: 00bEMBI, CTPYKTYpa, PErHOHBI
(bopMupoBaHHS I'Py30NOTOKOB, COKpallleHHe
Macchl IOBarOHHOM OTIIPABKHU IPHUBEIHN K CEPb-
€3HOH TpaHc(OpMalUK MapIIPyTOB U CUCTEM-
HOMY KPHU3UCY PhIHKA TPAaHCHIOPTHBIX yciuyT [12].
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BBuny 3Toro cosganue MHHOBAIMOHHOTO
HUIIC, TexHnueckre BO3MOXKHOCTH KOTOPOTO
OTBEYAIOT TPEOOBAHUSM TPAHCIIOPTHOTO PHIHKA
o nepeBo3ke CIII, sBnsgeTcs akTyanbHOM 3a1a-
yeil. HoBele morpeburensckue kauecrsa UIIC,
pacumpenue cep ero UCIoIb30BaHUs, YiIyllIe-
HUE TEXHUYECKUX XapaKTePHCTHUK 3a CUET MPHU-
MEHEHHS B €ro KOHCTPYKIIMH HOBBIX TE€XHHYE-
CKHX peIIeHUH U TeXHOJOIMH MO3BOJIAT TPaHC-
MTOPTHBIM KOMIIAHUSM 3aHATh JOCTOHHOE MECTO
Ha peiHKe niepeBo3ok CIIIN [16].

J11s1 000CHOBaHUSI TEXHUUECKHX TAPAMETPOB
HMHHOBAIIMOHHOTO H30TEPMHUYECKOTO MTOJBIKHO-
ro cocraBa aBTopoM B pabotax [13; 14] Obun
NIPUMEHEHBl METOJI aHaJiu3a Hepapxui (Merox
Caaru), MeTOJl 3KCIEPTHBIX OLIEHOK, METOJI aK-
Tyajau3aluuu TexHudeckux peurenuit (MATP).
Bo3Mo)xHBIE BapHaHTHI CO3MAHMS PA3IUUYHBIX
tunoB UIIC, kpynnomonnadichvix pegppusicepa-
mopHuix konmetinepos (KPK) u cpenctB ux
noctaBku mpu TpaHcnoprupoBke CIII, anamus
UX TEXHUKO-3KOHOMHYECKHX XapaKTePUCTHK
npejcTaBiensl B paborax [13; 14; 16; 17]. Xa-
pakTep B3aumocBsizu 3BeHbeB HXI] ¢ moTpedu-
TENbCKUMHU U OpPraHU3allMOHHO-TEXHUYECKUMU
IapaMeTpaMu, OCHOBHBIMU HalpaBICHUSIMHU
U TEpPCIIEKTHBaMH COBEPLICHCTBOBAHUS (yHK-
nuoHanbHbIX noacucteM MIIC paccMoTpeHbl
B pabore [13].

B cootBercTBUM € onpenienenueM [15], k un-
HOBALIMOHHOW NMPOAYKIIMH OTHOCHUTCS MPOAYK-
LHs, TEXHOJIOTHYECKUE XapaKTEPUCTHKH ((PyHK-
LMOHAJIbHBIE MIPU3HAKH, KOHCTPYKTUBHOE BBI-
MIOJTHEHHE, TOTIOTHUTEIIbHBIE OIIepalliy, a TAKKe
COCTaB IPUMEHAEMBIX MaTepUaIOB U KOMIIOHEH-
TOB) JHOO MpeAnonaraeMoe MCIO0JIb30BaHHUE
KOTOPOH SBISAIOTCA MPUHIUNUATIBHO HOBBIMU
WM CYIIECTBEHHO OTIMYAIOTCA OT aHAJIOTMYHOM
paHee IPOU3BOAUMON MPOTYKIIHH.

Jlns BaroHHOM NMPOAYKLIMH 3TO MOHSTHE
pasiensercs Ha ABE KaTeropuu: U3 o0JacTH
TeXHUYECKON 3KCIUTyaTallud M HaJI&XHOCTH,
a TaKkXKe TeXHHYECKHX XapaKTEepPUCTHK BaroHa.
K nepBoii (00s13aTenbHOI) OTHOCATCS YBEJHYe-
Hue OoJyiee YeM B JIBa pa3a MEXPEMOHTHBIX
po0eroB U OTCYTCTBUE OIPaHUYEHHH B JUIUHE
rapaHTHiHbIX Tied. Ko Bropoii (nonoaHuTeNb-
HOI) — TakMe TeXHHYECKHE IapaMeTphl, KaK
Irpy30I0IbEMHOCTD, Tapa, OCeBas Harpyska
1 00BEM Ky30Ba.

ViydieHue TeXHUKO-3KOHOMUYECKUX Xapak-
tepuctuk UIIC (moBblmeHue rpy30noabEMHO-
CTH, YBEJIMUEHHE CKOPOCTEH NBIKEHHS, IKOHO-
MHUYHOCTH U IKOJIOTMYECKOW YHCTOTHI) CBHJE-
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TENbCTBYET O ToM, uTo HOBBINM UIIC nomxen
COOTBETCTBOBaTh KPUTEPUSIM MHHOBALIMOHHO-
CTH, ¥ CBA3aHO C KOHEUHOI 3aa4ueil — cTpemiie-
HUEM BEPHYTh yTpaueHHBbIC paHee MO3ULIUU
JKEJIE3HOJOPOIKHOTO XJIaJI0TPAHCIIOPTA B KOHKY-
peHTHO# 60pbOe ¢ aBTONEPEeBO3YHKAMH.

B 31011 CBS3M LIesieco00pa3Ho pacCMOTPEHUE
CIIEAYIOIINX KaTeropuil WHHOBAIIMOHHOTO I10-
JIBIDKHOTO COCTaBa:

* OJIMHOYHbBIE BAaroHbI C OCEBOM Harpy3Kou
23,5 u 25 T s ckopocreit 120 km/y;

* (PUTUHTOBBIE CKOPOCTHBIE TIAT(HOPMBI JUIs1
KPYIHOTOHHAXXHBIX pe(pHKEPATOPHBIX KOHTEH-
HEPOB ¢ 0CceBoit Harpy3Koit 20 T 11 ckopocTeit
140 xm/4;

* COUJICHEHHBIE BaroHbI;

* CbEMHBIE Ky30Ba.

OpnHako orpezesneHre 0e3yCIOBHOIO MPHO-
puTeTra B CTPYKType HEPCHEKTHB Pa3BUTHS
u BbIOOpa koHkpetHoro Tuma UIIC ceiyac sB-
JISIETCS IPOOTIEMATUYHBIM.

B paborax [13; 14] HoBBIIT pedpuxeparop-
HBIIl BaroH MPEeCTaBIIEeH B BUIE B3aMMOCBSI3aH-
HBIX (PyHKIMOHAJBHBIX MOJACHCTEM: Ky30Ba,
XOJIOBBIX YacCTeH, yIapHO-TATOBBIX NPUOOPOB,
CUCTEMBI TepMOcCTaOMIM3aluy (OXJIaxaeHue
u ororuieHue) [13], kommuiekca sHeprocHadxe-
HHSI, YCTAHOBOK CO3/IaHMs CHIELMAIbHBIX Iapa-
METPOB CpeJbl B IPy30BOM ITOMEIIEHUH, CHUC-
TEMBI yIpaBieHus ¢ PyHKUUSIMU JUCTAaHIIMOH-
HOTO MOHUTOPHHTA.

B ycnoBusix pakTHyeckoro oTCyTCTBUS Clie-
AJTM3UPOBAHHON JKEJIE3HOAOPOKHONW MHPpa-
CTPYKTYPBl TaKOH KOMIUJIEKC TEXHUYECKHX
Y TEXHOJIOTHYECKHUX PELICHUH M03BOJISIET CO3/1a-
Barh Ha 0a3e YHHBEPCAILHOTO H30TEPMHUYECKOTO
Ky30Ba BaroH HY>KHOI KOMIUIEKTAIMHU U C 3a/1aH-
HBIMU TEXHHYECKUMH I1apaMeTpaMu KaxJoro
MOJYJISI TTOACUCTEMBI, KOTOPbIE 00eCIIeUrnBatOT
NOTPEOUTENILCKUE KaueCTBa, B MAKCHMaJIbHOU
CTETIeHU COOTBETCTBYIOIME TPEOOBAHUSM PBIH-
Ka TPAaHCIOPTHBIX yciyr. s Kaxaoi u3 noa-
CHCTEM IPEAJIaraloTcsl B3aMMOYBsI3aHHbIE TEX-
HUYECKHUE PEIICHUsI, KOMIUIEKT KOTOPBIX (hOPMH-
pyeTcs MHAMBUAYAJIbHO Uil Kaxod mMonudu-
KallMi BaroHa ¢ y4€TOM JIOTHCTHYECKHUX
norpebHocTeil oneparopa [12; 13; 16—18].

Oco0eHHOCTH KOHCTPYKIMH TO/ABH)KHOTO
cocraBa JJisl MYJIBTUMOJAJIBHBIX M1EPEBO30K —
KPYIMHOTOHHa)KHBIX KOHTEHHEPOB M CHEMHBIX
Ky30BOB, paccMOTpeHbI B padborax [19-21]. Ho
OHH KacaroTcsi 00bIYHOTO, HE H30TEPMHUUECKOTO
MOZIBM)KHOT'O COCTaBa U MOT'YT paccMaTpUBaThCs
TOJIBKO B OTJaJIEHHOM MEPCIEKTUBE.

[Ipu cpaBHEHHH TEXHUKO-YKOHOMHYECKUX
napaMeTpoB MHHOBAallMOHHOTO IOJBUXHOTO
cocraBa (BaroHOB, ChEMHBIX Ky30BOB M KPYITHO-
TOHHAXHBIX KOHTEIHEPOB) ClIelyeT YUUTHIBATH
WX MeCTO B OOuIedl TpaHCIOPTHO-TEXHOJIO-
TMYECKOW CHUCTEME HKEJIE3HOAOPOKHOTO TPAHC-
nopta 1 HXII, uto panee paccMarpuBaiocCh
B pabore [12].

OCHOBHBIMU TEXHHYECKHMH XapaKTePHCTH-
xamu 1 UIIC gBnsioTcst Tpy30N0ABEMHOCTh
U TI0J1Ie3HBIN 00bEM rpy3oBoro nomenienus (I'T1).
I'py3onoabEMHOCTD ONpeAenseTcs BeInYUHON
0CEeBOI Harpy3Ku u Tapoi BaroHa. Poct mosnes-
HOTo 00bEMa BO3MOYKEH IPH YBEJIMUEHUH JJTHHBI
Ky30Ba M JIOIyCTUMOI BbICOTHI morpy3ku I'TI,
MOCKOJIbKY CaMa BBICOTa Ky30Ba OTpaHUYUBACT-
cs1 rabapuTOM MOABHKHOTO cocTasa. M eciu no
Ipy30M0ABbEMHOCTH U NOJE3HOMY 00BEMY HX
MPUOPHUTET HE BBI3BIBAET COMHEHUH, TO JJIs
CHEUAIN3UPOBAHHOTO YHEPTOXOJIOAUIBLHOTO
000pyIOBaHUS ITH MOKa3aTeld MOTYT OBITh
Pa3INuHBIMH.

ITpu paccMOTpeHUH 3THX MapaMeTpoB JUIs
usomepmuuecrkozo eazona (MB) n xoHTelHepa
¢ yuétoM (pUTHHTOBO# 11aTOPMBI BBEAEM I10-
Kazarelnb yAEIbHOTIO MOJIE3HOro 00bEMa Ipy30-
BOTO TIOMEILIEHHs Ha TOTOHHOH JiyThHe. B Hamem
cllyyae paccMaTpuBaeM H30TePMUYECKUI BarOH
CO CTaHAapTHO# JUTMHOM Ky30Ba 21 M (110 ocsiM
cueruteHust 22,15 M) 1 puTHHTOBBIE TIIAT(HOPMBI
¢ JUIMHOM, COOTBETCTBEHHO, 14,5, 19,6 1 25,5 M
1o ocsaMm cueruienus [ 13]:

Vo = VLo
e V, — yAe/bHbIi NO0Ie3HbIH 06bEM Ha OTOH-
HOW JUIMHE BaroHa;

V. —nonesHblit 00bEM rpy30BOro IIOMEIIEHHS
BAaroHa WM KOHTelHepa, M%;

L, —nmina VB uinu putuHroBoi miardop-
MBI 110 OCSIM aBTOCLIETIKH, M.

Jma UBV  =136/22,15 = 6,14 M3/ M.

Hast copoxa(byTOBoro KPK (tun 1AAA 1o
MEXIyHapOHOH KJIacCU(pHKALNU), C YIETOM
pacIioNoKeHUs AByX KOHTEHHEPOB Ha JJIMHHO-
6a3Hol (UTHHIOBOH MIaThopme JUIMHOM 25,5 M
YIAETbHBIA TOJIE3HBIA 00BEM COCTABUT Vyﬂ =
(2 * 68)/25,5=5,33 M%/1.M.

[Ipu ncronb30BaHUK APYTHX THIIOPA3MEPOB
KOHTEHHEPOB U MOJIENIeil (PUTHHIOBBIX IIIAT(HOPM
OyIyT UCIIOJIb30BaThCs pa3HbIE OTPY304HbIE CXe-
MBI, ¥ 3HAYEHHS 3TOTO MapamMeTpa OKaKYTCsI elle
MEHBILIE — COOTBETCTBEHHO 4,67 1 3,47 M%/11.M.

Paccmotpenue B cpaBHEHMH MOJIE3HBIX IUIOLIA-
JIeil TTONIepEeYHOro CeYEHHsI TPY30BOT0 IIOMEICHUS
UB u KPK (puc. 6) mokasbIBaeT, uTo JUis KOHTEelHe-
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Puc. 6. Macwma6bHoe usobpaxeHue paameujeHusi Ky3oeoe MB u KPK munoe 1AA u 1AAA
npu enucbigaHuu 8 2abapum 1-T (8bINOAHEHO a8MopPoM).

Puc. 7. [onepeyHoe ceyeHue U30MmepmMu4ecko20 CbEMHO20 Ky308a C MOMUWUHOL menaou3onsyuu
200 MM (8bINOJTHEHO a8MOPOM).
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Tadauna 2

PacuéTrHble JuHeiiHbIe pa3Mephl Ky30BOB PA3JIMYHBIX THIIOB H30TEPMUY€CKOI0
MOBUKHOI0 cOCTaBa (pa3padoTaHo aBTOPOM)

Tun NoABMXHOTO COCTaBa [upuna [Mupuna Ilonesnoe Bo3moxnas Beicora
HapyXXHasi, M ToJIe3Hast, M cedeHue, M? JUTMHA, M moJie3Hast, M

Baron 3,105 2,6 7,454 21,0 2,96

CbEMHBII Ky30B 3,19 2,55 7,04 13,71 2,62

KpynHoroHHaxHbII KOHTElHED | 2,438 2,154 5,232 12,192 2,212

1AA

KpynHotoHHaxHbIi KOHTElHED | 2,438 2,154 4,575 12,192 2,429

1 AAA

paTtuma 1 AA stamromans cocrabmsier 61,4 %, a mist
trmnopazmepa 1AAA — 70,2 % ot mone3Horo cede-
Hyst MIB. D10 CBUIETENBCTBYET O TOM, UTO YACTBHBIA
TIOTOHHBIN TTONIe3HbIH 006éM y B cocTtaBuT
6,14 m*m.m. mporus 5,33 y KPK. Ilpu cpenreit
JuHe Tpy30Boro coctaBa 1000 M pa3HOCTB Mones-
HBIX 00BEMOB 10 THIAM TMOJBI)KHOTO COCTaBa
B 9TOM CITy4ae cocTaBut okoio 810 M, uto cBuze-
TETBCTBYET 0 Ooree AP (HEKTHBHOM MCIIOIBE30BAHIN
TIPOBO3HOM CIIOCOOHOCTH JKETIE3HOW JIOPOTH TIPH
HCTIONIH30BaHUH BaroHoB [13].

Ha puc. 6 npencrasineHo MacmrabHOE H30-
OpaxeHne pasmemnieHus ky3oBoB B n KPK
TinoB | AA n 1AAA ripu BIMCHIBaHNH B Ta0apuT
1-T. Ha puc. 7 mpeacTaBiIeHo MacITabHOE I10-
TepevHoe CEYeHNE ChEMHOTO Ky30Ba C TOJIIH-
Ho# Terumon3zosimy 200 Mmm. Pacuérable muHei-
HBIE pa3Mepbl H30TEPMUUECKIX Ky30BOB TIpE-
CTaBJICHBI B Ta0OM. 2.

IIpm paccMOTpeHHH JIHHEWHBIX Pa3sMEPOB
¥ TIOJIE3HOTO CEYECHHS I'PY30BOTO MOMEIICHHS
Pa3IUYHBIX THIOB M30TEPMUYECKUX KY30BOB
BHIHO ITPEUMYIIECTBO BaTOHOB 1 ChEMHBIX KY-
30B0B. OJTHAaKO HCIIOJIb30BAHHE ITOJIE3HOM JUTHHEI
TIOABIKHOTO COCTaBa Ul HUX pa3indHo. bes-
YCIIOBHO, TTOJTHOE HCTIOIB30BaHNE 3TOTO ITOKa3a-
TEJIS OCYIIECTBISIETCSI TONBKO /It BaroHOB. [Ipn
paccMOTpeHNH ChEMHBIX Ky30BOB M KPYITHOTOH-
Ha)KHBIX KOHTEHHEPOB HEOOXOIMMO YIUTHIBATH
JUTMHY W THIT KHOCUTEIS» — (PUTHHTOBBIX IIJIaT-
(hopM pazmuaHBIX Mozeneit. Kpome sToro momy-
CKaeMble CXEMBI MOTPY3KH W HCIOIb30BAHNE
nByx tunopasmepos KPK (20 u 40-¢hyToBbIX)
B ITyHKTE (DOPMHUPOBAHIS KOHTEHHEPHOTO TIOE3/1a
TIPUBOAAT K YXY/IIICHHUIO NCTIOIb30BAHUS TTOJIE3-
HOH JJIMHBI IOE3/a.

BbIBOAbI

B npencraBneHHol cTparernu U METOAOJO-
TUH Pa3BUTHS TPAHCIOPTHBIX CPEACTB IS TIe-
pesosku CIII" mpencraBieHs! 3aa4n UCcIen0-
BaHUS, dTalbl IPUHATUSA PEIICHUI, a TakkKe

¢ MWP TPAHCIIOPTA.

METO/IbI U AITOPUTMBI peaT3aluy peleHui. 13
TIPOBEAEHHOTO aHAJIN3a CIIEYeT, 4To podnemMa
BKJIIOYAa€T HE TOJIKO Pa3BUTHE CTAI[IOHAPHOW
KEJIE3HOIOPOKHON HH(PACTPYKTYPHI U HOPMH-
posanue dtamnos pa3sutus UIIC, Ho n pemenne
OpraHN3alMOHHO-TEXHNYECKNX, TEXHOIOTHYE-
CKMX M HOPMaTHBHO-IIPaBOBBIX MPOOJIEM BO
B3aMMOCBSI3H C BOIPOCAMH TapH(pPHOTO peryu-
pOBaHHSI.

Paccmotpennsie Ha npumepe Poccun noka-
3arenn 00bEMOoB niepeBo3ok CIII™ mo Bumam co-
00IIeHNS — BO BHYTPEHHEM, TPAH3UTE, IKCIIOPTE
1 UMITOPTE MIPU COCTABICHUH TPOTHO30B Pa3BH-
THS CIIETyeT aHAIN3UPOBATH C YIETOM MapIIpy-
TOB IKCILTyaTaLlHH.

W3orepMnueckue BaroHs! OymayT mpeodia-
JIaTh BO BHYTPEHHEM COOOIIEHUHN M TPAH3UTE MO
tepputopusiM ctpad CHI ¢ ogmHakoBoO# mmpu-
HOW eTe3HON0POXKHOM Konen. KpynmHOTOHHaX-
HbIE KOHTEHHEpHI OyIyT MCHOIB30BaThCS MPH
MEXAYHApOAHOM TPAaHCKOHTHHECHTAIbHOM
TPaH3UTE U SKCTIOPTHO-UMITOPTHBIX MYJIBTUMO-
JaIbHBIX TepeBo3kax. ChEMHBIC Ky30Ba HAaXO-
JSITCSL Ha HAYalIbHOM CTaINH CBOETO BHEIPEHUS,
U B CHIIy 3TOTO, HECMOTPS Ha XOPOIIHUE PacyET-
HBIE TEXHUKO-9KOHOMHUYECKNE XapaKTEPUCTUKH,
OHH HE CMOT'YT ITOKa 3aHSTh 3HAYNMYTO ITO3UIHIO
Ha BHYTPEHHEM M BHEUIHEM PHIHKAX. [[pHIrHbI
CBSI3aHBI, MIPEKIE BCETO, C HEMOIHON FOTOBHO-
CTBIO MMeroIIeiicss MHPPacTPyKTypsl BO BHY-
TPEHHEM COOOIIIEHNH, a CYIIECTBEHHO O0ITbIIast
mupuHa Ky3oBa (3,19 m mpotus 2,438 M y KK)
HE ITO3BOJIUT MX HCIOJIB30BaTh B MYIETUMO/IAITh-
HBIX NepeBo3Kax. Takke emé He 10 KOHIA pe-
IIEHBI BONPOCH TEXHUYECKUX MMapamMeTpoB
taropm-Hocutenei. B mobom cirydae okoH-
YaTeNIbHOE PELICHNE TI0 CTPYKTYpE M THUHaXy
UIIC momxHO MPWHUMATHCS HAa OCHOBAHUHU
JIOJITOBPEMEHHOTO MPOTHO3UPOBAHMS PA3BUTHSA
CeJIbCKOX035HICTBEHHOM, pIOHOH 1 IiepepadaTsl-
BaIOIIEH oTpaciei u ¢ y4éToM TpeOoBaHMH co-
BPEMEHHBIX TEXHUYECKHX PETIAMEHTOB.

.T.19.Ne 3 (94). C. 6-
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IIpencrapnsercs, 4To NpeIokeHHas METO-
JIOJIOTHsI, IPY YCJIOBUU €€ HaIexallel ajanra-
LHUH K KOHKPETHBIM yCJIOBHSAM, BO MHOTOM
MPUMEHUMA U B IPyTUX CTpaHax.
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AHanu3 TpuboTEXHNYECKNX CBOMCTB
U CPaBHUTENbHAA OLEHKA NONIMMEPHBIX MaTep1anoB
WU pe3nHbIl, NPUMEHAEMbIX B NOABUXHOM COCTaBe

Muxaun KYNIUKOB Bnagumup BUPIOKOB

04 3 tosha.prints. 94@mail.ru.

AHHOTALNA

B yanax mpeHusi nodsuxHo2o cocmasa xenesHbix dopoe
LIUPOKOE NPUMEHEHUE Haxo0sim Mamepuarts| U3 pe3uUHbI, KOmopkie
UCnonb3yMes 8 canbHUKax, amopmusamopax, pasnuyHbix
YnaomHumensx, 20¢hpax, MaHxemax u UHbIX yanax. B npouecce
aKchyamayuu pe3uxa nodgepeaemcst pasiu4HbIM MeXaHU4ecKuM
803delicmeusiM, KOmopble nPUBOJSM K USHOCY, MPeLuHaM, uc-
mupaHuro, 8MSIMUHamM, NPoXo2am U NPOYUM NOBPEXAEHUSM, Ymo
Moxem nogrieys 3a coboli omkas 8ce2o yana u HenpedsudeHHoe
nocmynnexue nod8uUXHO20 cocmasa Ha HennaHosbIl PeMoHM.
Tloboli omka3 Ha IuHUU U npogedeHuUe 8HENNaH08020 PEMOHMa
Hecém 3a cobou 60bLIUEe IKOHOMUYECKUE NOMepU.

Ha daHHbIli MOMEHM HeAOCMamOoYHO U3y4eH 80NPOC U3Ha-
WuBaHUS Mamepuasos U3 Pe3UHb! 8 Nape MpeHusi Co CMarbio
¢ nodayell 8 30Hy MPEHUsT CMa3KU U U3HaWUBaHUsi c80600HbIM
U 3aKkpennéHHbIM abpa3usom. [podomkatomes uccnedogaHus no
803MOXHOCMU 3aMeHb| U3denuil U3 pesuHs! Ha dpyaue nonumep-
Hble Mamepuaribl, Komopkle nocrne nposedeHust mpuboIo2u4eckux
ucnsimaHuli UMerm 3Ha4UMenbHO My4wiue pesynsmambi Kak no
nokazamenam Ko3(hhuyueHmos mpeHuss, mak u no MexaHu3my

* Poccuiickuti ynusepcumem mpancnopma, Mockea, Poccusi.
23 Hnemumym mawunosedenusi um. A. A. bnazonpasosa PAH, Mocksa, Poccust.

AnToH NPUHL

Muxaun FOpvesuu Kynuxos', Braoumup Iasenosuu Bupiokos’, Aumon Huxonaesuu Ipuny’®

u3HawusaHus. onyyenHble 0aHHble 0a0ym 803MOXHOCMb 8bl-
bpamb Hauboee onmuMarnbHsle 8apuaHmMbI Mamepuanos, KOmo-
Pble MO2Ym 8bICMyNUMb 8 Ka4yecmee 3ameHbl cmaHOapmHbIM
u30enusM U3 pe3uHb| 8 y3nax mpeHusi NoOBLXXHO20 cocmasa.

B pabome npedcmasneHb! pe3ybmambl mpubonoaudeckux
ucnbimaHuti mepmoniacmuyHbIx nonuypemanos (TI1Y), caepxabr-
cokomonexysnapHo2o nonusmuneda (CBMI13) u nonunponuneHa
(M12015) & cpagHeHuu ¢ pe3uHoli Ha ocHoge bymadueH HUMPUITb-
Ho20 Kkaydyka (BHK). McnbimaHus ebinonHsinucs no 0sym cxemam
«nrockocmb (uccredyemblli 0bpasey) — emynka» U «nockocmb
(uccnedyembiii 0bpasey) — 0bpa3yroLasi NOBEPXHOCMb PE3UHO8020
Oucka ¢ nodayell 8 30Hy mpeHusi abpa3ugHo20 3epHay.

Llento paboms siensemces onpedeneHue 3agucumMocmu u3-
MeHeHUSs K03thebuyueHmos mpeHusi om Hazpysku U ckopocmu
CKOMbXXEHUST, @ MaKxke 3agucumocmu daesieHull cxeambigaHus nap
MpeHus om cKOPOCMU, NOMePU Macch! 06pa3y08 Nocse Uchsima-
HUU Ha U3HOC C80600HbIM U 3aKpennéHHbIM abpa3usom, Mopgho-
n102UU nogepxHocmeli U3Hoca U MexaHU3MOo8 U3HaWUaHus nomu-
MEPHbIX Mamepuarnos U Pe3uHb.

Kntoyesbie crosa: mpaHcnopm, xenesHas dopoea, nodsuxHol cocmas, KoaghehuyueHm mpeHus, nonuMepsl, demngupyrouuli
mamepuart, mpubomexHuyeckue ceoticmea, CKOpOCMb CKOMbXKEHUS, abpa3usHoe UsHalugaHue.
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BBEOEHUE

[IpumeHeHNE 1 yCOBEPIIEHCTBOBAHUE IEMII-
(UPYIONIMX TOTMMEPHBIX MEMEHTOB HATIPSIMYTO
CBSI3aHO C YIy4IICHHEM JUHAMHIECKHAX Xapak-
TEPUCTUK BaroHOB M JIOKOMOTHBOB BO B3aHUMO-
JIEWCTBUH C BEPXHHM CTPOCHUEM JKEIIE3HOMO-
poxHoro mytu [Harp., 1]. OgHO# U3 0CHOBHBIX
3aja4 ABIAETCS HEOOXOAUMOCTD YIyUIIHUTh [T~
HaMHYECKHE CBOICTBA YIPyTruX AeMI(upyro-
IIUX JIEMEHTOB.

J1J1s1 TIOBBITIIEHHS SKOHOMUYIECKOH 3 (heKTHB-
HOCTH PacCMaTpPUBAIOT BO3ZMOKHOCTH IIPUMEHE-
HUSI JEMII(HUPYIONIUX TOJIMMEPHBIX MaTEPUAIOB
B y3JIaX TPSHUS MTOJBIKHOTO COCTaBa. TexHUUe-
CKHE TPeOOBAHUSL, IPEIBIBIIEMBIE K COBPEMEH-
HBIM KOHCTPYKIUSIM aMOPTH3aTOPOB IS JKeTIe3-
HOJOPOXXHOT'O TpaHCHOPTa, 00yCIOBICHBI
YCIOBUSIMU MX 3KCIUTyaTalllH, KOTOPBIC MMOpa-
3yMEBAOT HAAEKHYTO pabOTy IPH CTAaTHYECKHX,
LOUKJINYECKUX W yAApPHBIX HAarpy3Kax, MpU HHU3-
KUX ¥ BBICOKHX TEMIIEpaTypax, B KOHTAKTE
C OKpY>Karollel cpefoi, 4T0 BO MHOTOM 3aBHCHUT
oT Trma aemrdupyromero Marepuana. Ciexyer
OTMETHTH, YTO, HECMOTPSI Ha OOJBIION OMBIT
HCCIIEOBaHNS (PU3UKO-MEXaHUIECKUX CBOHCTB
MIOJIMMEPOB M KOMITO3UIIMOHHBIX MOJIMMEPHBIX
MarepuanoB, HEOCTATOYHO U3yYCHHBIMH OCTa-
I0TCS BOIIPOCHI B3aMMOJAEHCTBHS TOJHMEPOB
B ITape TPEHUsSI CO CTAIBHBIMU MOBEPXHOCTIMH
B IIPUCYTCTBUH CMa3KH, a TAKXKE W3HAIIBAHHS
TIONIMMEPHBIX MaTEPUaIOB CBOOOTHBIM 1 3aKpET-
néHHBIM abpasuBoM. [loaTomy Tpebyercs Tpo-
BE/ICHHE IOTIOHUTEIBHBIX NCCICIOBAaHNH IS
HX CpaBHUTEIBHOMU OLleHKH. [IpoBeneHo uccne-
JIOBaHWE [2] MOJITUITHUKA W3 KOMITO3UTHOTO
norurerpadropatmiena (IITDD) moxenmposa-
HHEM H3HOCA CO CTAJIbHBIM BaJloM. MccnenoBano
BIHSTHAE [3] TEPMUYIECKOTO CTapeHHsI Maciia Ha
(puKIMOHHBIE ¥ M3HOCOCTOMKHE cBovicTBa BHK.
OmnpeneneHo, KakuM 00pa3oM BIHSIET IIEPOXO-
BaTOCTh IMIOBEPXHOCTH [4] Ha TPEHUE M U3HOCO-
croitkocts BHK. B pa6ote [5] BermonaeHO MO-
JETTMPOBaHNE W SKCIEPHMEHTAIBHOE MCCIIEN0-
BaHHME M3HOCA MOCTYMATEIBHOTO THAPABIHYE-
ckoro yminotHeHus. [lpu mabyxanmu BHK
cTaHmapTHBIM pactBoputerneM IRM 903 [6] u3-
HOC OBLJI OOJIBIIIE TIO CPAaBHEHHUIO C HE HA0YXIITNM
obpasmom B 1,1 paza. Onpenenena H3HOCOCTOH-
KOCTb [7] y37I0B TpeHHSI CKBaYXKHHHBIX HACOCOB,
MMEIONINX YINIOTHEHNS U3 HAIIPABICHHO apMH-
POBaHHBIX MTOJIMMEPHBIX KOMII03nuTOB. [ paduro-
BeIe monuTerpadropITHicHOBEIE (IITDD)
n nonmamuHbie (ITH1) KoMITO3UTHI HCIIBITHIBAIH
C MHCTPYMEHTAJIbHON CTAJIBIO CO CMAa3KOM U J10-

0aBJeHUEM MEJIKOJHMCIIEPCHOIO KBapLEBOI0
necka [8].

IIpoBeneHo 3xkcrepuMeHTaIbHOE HCCIIeI0Ba-
HUE IKCIIITYaTallHOHHBIX XapaKTePUCTUK BBICO-
KOCKOPOCTHOTO TOJIMMEPHOT0 YHOPHOTO IOJ-
LIMITHUKA ¢ MaCJIsTHOM cMma3koii [9]. OnpeneneHo
BJIMSIHUE JaBJICHUS U CKOPOCTH CKOJIBKEHHS Ha
K03 QULMEHT TPEHHS NOJINYPETAHOBBIX AJIACTO-
MEpOB pa3INyHONW TBEPAOCTH IPU TPEHHUHU IO
CTaJIU C UCTIOJIb30BAaHNEM KOHCUCTEHTHOM cMa3-
ku [10]. ITomy4ensr [11] Tpubosnornueckue xa-
paktepuctuku CBMIID no oTHOMmIEHM!O K CTIIa-
Bam TiAlLV, u CoCr,Mo.

L]enamu paGOTHI ABNIACTCS ONPENEICHUE 3a-
BUCHMOCTH NU3MEHEHUSI KOOI PUIIMEHTOB TPEHHS
OT Harpy3KHd ¥ CKOPOCTH CKOJIBKEHUS TepMOILIa-
ctuyHbIx nonuyperanos (TITY), cBepxBbicoko-
Mostekyisipaoro nonustiiena (CBMIID) u no-
snporniieHa ([1112015) B cpaBHeHMH ¢ pe3nHOi
Ha OCHOBe OyTaJueH HUTPUIBHOI'O KaydyKa
(BHK), a Taxoke 3aBUCHMOCTH Harpy3Ku CXBaThl-
BaHUS Map TPEHUS OT CKOPOCTH; ONpeNeIeHue
MOTEPH Macchl 00Pa3LoB IOCIIE UCIIBITAaHUH Ha
W3HOC 3aKPEIIEHHBIM U He3aKpEeIUIEHHBIM a0pa-
3MBOM; MCCIIEZ0BaHUE MOP(OIOTHH TOBEPXHO-
CTel M3HOCA U MEXaHMU3MOB M3HAIIMBaHMA IO-
JIUMEPHBIX MaTepPHUajOB U PE3UHBI.

MATEPWAIbI U METOObI UCCNEOOBAHUA

Jlnst mpoBelleHUsT MCTIBITAHUN Ha TPEeHHE
u u3HOC BBIOpaHbl o6paszusl TITY 50D2S10,
60D2S10, CBMIID, I1I12015, BHK. O6pa3ust
MPEACTaBIsIN CO00il IIaCTHHY ¢ pa3Mepamu
20x70%2 MM, KOTOpast HAKJICUBAIACh Ha (haHEepy
¢ pasmepamu 20x70%12 mm. Tpubonoruueckue
UCIIBITaHHS BBIMONHSUIN 110 CXEME «IUIOCKOCTh
(uccnenyemblii oOpasei) — BTy/IKa» (CTajabHas
OIpaBKa C HaKJIECHHOW Ha e€ Topel] HaK JadHOI
OyMaroi Ha OCHOBE KapOua KpEMHHSI C 3epPHH-
ctocThio 120 MxM nnu Bryska ctanu 40X TBEp-
nocteio HRC 49-54). Topen Brynku o0padarhi-
BaJIM Ha HaXK/IauHOI Oymare pa3in4yHON 3epHH-
croctu P180, P220, P600, P2400. CxopocTh
CKOJIBXKEHHS M IaBJICHHE Ha 00pasel U3MEHSLINCh
JckpeTHo B uHTepBaie 0,1-3,5 m/c u 2—10 MI1a
COOTBETCTBEHHO. B KauecTBe cMa304HOro Mare-
pHaa mpy UCIBITAHUAX OJIMMEPHBIX 00pa3LoB
T10 CTAJIM UCTIOIB30BAIM T'MAPABINIECKOE MACIIO
MI'E10A ¢ nonmaueii B 30Hy TPEHHS MO OJHOM
Karuie B CeKyHy. McnbITanust Ha M3HOC CBOOO/I-
HBIM a0pa3uBOM IMPOU3BOJWIM MPU TPEHUU
IUIOCKOTO 00pas3ia 1o oopasyromel MoBepXHO-
CTH PE3WHOBOTO JHcKa. B 30Hy TpeHus noxasas-
Csl KBapIEBBIN MTECOK ¢ pa3mMepamu yacTuil oT 0,2
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Taoauna 1
Texuuuyeckue xapakrepucruku TITY 23

Mapka marepuana Teépnocts, ITnoTHOCTS, Ipenen npounoctr, | OTHOCHTENBHOE

Ilop r/em® MlIla YAJIMHEHUE MTPU

paspsiBe, %

TITY 50D2S10 52D 1,18 45,0 450
TITY 60D2S10 60 D 1,18 55,0 320
CBMIID 64 D 0,93 25 50
111 02015 70 D 0,9 29 400
BHK 75 A 1,3 25 425

! Odumanshbiii caitt «PT-DIIODIIEKCy. Pasnen «Cdepa npumeHenus». ABTOMOOWIIb. [DneKTponHsIii pecypc]: http:/rtplp.

ru/sfera-primeneniya/. loctyn 13.04.2021.

2 O¢unmanpHslii caiit «IlonumepHast komnanust. [Ltacrnpomunsect». Paznen «IIponykimsi». Banen 02015. [DeKTpoHHbIR
pecypc]: http://ppinvest.ru/produkcia/blok-sopolimeri-propilena-etilena/balen-02015.html. Toctyn 13.04.2021.

3 O¢unmanbHblii caiit ToproBo-npousBojcrTBeHHoll komnanuu «KRUBICOM». Pasnen «Mudopmauns». Byraguen-
HuTpuibHbI Kaydyk (BHKC). [Qnexrponnsiit pecype]: https:/www.rubicom.su/info/articles/kauchuki/butadien-nitrilnyy-

kauchuk-bnks/. Joctymn 13.04.3021.

10 0,6 mm. MicnipiTaHus BBIOJHSIIM TIPU HOP-
MaJBHOM aTMOC(EPHOM JIaBICHUH i KOMHATHON
Temneparype. Harpyska npu UCHBITaHHIX CO-
crasnsuia 15 H, npoaomkuTenbHOCTb HCTIBITAaHUS
oHOTO 00Opasmna cocTaBistia 5 MUHYT. [locne
Ka)]TOTO MCITBITAHUS TIPOU3BOIHIIH ITPY TOMOIIIN
0a/IoHa C CYyXHM CHKAaThIM BO3IYXOM OYHCTKY
00pa3IoB oT yacTull abpas3uBa. McnbIThIBaIM 1O
Tpu 00pasia Kaxa0ro marepuaina. [lotepro mac-
ChI 00pas3IoB ONPEACISIN Ha aHATUTHYCCKHUX
Becax VIBRA HT-220CE. Bennuuna usHnoca
OIIPEJIeISITACH KaK CPeTHSS aprudMeTHIecKast 1o
TpéM 00pa3iam.

PE3YNbTATbI 3KCMEPUMEHTAIBbHbIX
WCCNENOBAHUN

Ha puc. 1 (a—P180, 6 — P220, 8 — P600, r —
P2400) mpencraBiieHBl pe3yabTaThl, KOTOPHIC
0TOOPAXKAIOT 3aBUCHMOCTD KO PUIIICHTA TPe-
HUSL OT JIaBJICHUS ¥ [IIEPOXOBATOCTH MTOBEPXHO-
CTH KOJIBIIEBOTO 00pa3ia B 3aBUCHUMOCTH OT
00paboTKM HaXAa4HOM Oymaroil um pasMepoB
abpazusHoro 3epHa. Koaddurment tpennst BHK
pe3ko ymensiancs ot 0,3-0,35 no 0,2 npu nas-
neann 2 MIla (puc. la, 6) u or 0,2-0,25 no
0,13-0,15 (puc. 18, ). s TIT12015 xoadpdrmm-
€HT TPEHHs TAK)Ke YMEHBIIAJICS C MOBBIIIEHUEM
JIaBJICHUS] ¥ YMEHBIICHHEM HIEPOXOBATOCTH
TTOBEPXHOCTH CTaJIM, MaKCUMaJIbHBIE €ro 3Haue-
aus 0,08-0,14, a muaumansasie 0,04—0,1. Ko-
a¢ppunment tpenust CBMIID 6611 Oosee BbICO-
KHMM IO CPaBHEHMIO C JPYTMMH MaTepuallaMH
npu MakcuMainbHbIX 3HaueHusx 0,09-0,15
1 MuHUManbHBEIX — 0,05-0,11. TTonuypeTanst
TITY 50D2S10 umenu Gonee HU3KHE KOIDDH-
LIUEHTBI TpeHus 1o cpaBHeHuto ¢ TITY 60D2S10,
KpOME UCTIBITAHUH ¢ 00pa3namMu cTajin, 00pabo-

TaHHBIMU Hakaa4Hoil Oymaroit P180. Munn-
MaJbHbIE 3HaYeHUsI KOd()(OUINEHTOB TPEeHUS
noauyperaHoB cocrtasunu 0,04-0,06 nus
50D2510 u 0,05-0,08 s 60D2S10.

B nenom k03h(UIMEHTH TPEHUS B 3aBHCH-
MOCTH OT JIaBJICHHS UMEJN TEHJICHITHIO K CHIDKE-
HHIO CBOETO 3HAUCHUsI. YMEHbIICHHE [IIEpOXOBa-
TOCTH TIOBEPXHOCTH CTaJIM IPHUBOAMIIO K CHIKE-
HUIO K03((DUIIMEHTOB TPEHHs IS BCEX MaTepra-
JIOB C MOBBIIIEHUEM JaBJICHUS B 11ape TPEHUSL.

Ha puc. 2 (a — P180, 6 — P2400) nokazaHsI
3aKOHOMEPHOCTH M3MEHEHUs Kod(duimeHTon
TPEHUS OT CKOPOCTH CKOJILKEHHS U IIEPOXOBa-
TOCTH CTAJILHOTO 00pasia. J{jist Bcex Marepraios
TIPY TOBBIIIEHHH CKOPOCTH CKOJNbkeHust ot 0,2
1o 0,6 M/c HaOMIOAAIOCH CHIKEHHE K03 dHIu-
enroB Tpenus. Tak s BHK xoaddunments
TPEHUsI C MAKCUMAaJIbHBIX 3HaueHui ¢ 0,37 u 0,22
camxanuch 10 0,35 u 0,2 B 3aBUCUMOCTH OT
IIEPOXOBATOCTH ITOBEPXHOCTH cTaiH (puc. 2a, 0)
COOTBETCTBEHHO. J[JI1 OCTANBHBIX MOJIMMEPOB
HavaJbHbIe 3HAYCHUS KO3()(HUINCHTOB TPEHHS
pu 00paboTKe cTau HaXxXAa9HOU Oymaroit P180
OBUTH TPAaKTUYECKH OJMHAKOBBI M COCTABIISUIN
0,14-0,15. C yBenuueHUEM CKOPOCTH CKOJIbXKE-
nus ¢ 0,6 1o 1,3 M/c ko3 puImeHTH TpeHHs Bcex
MarepuasoB BO3pacTalli U ObIIIM BBIIIE, YEM Ha
ckopoctu 0,2 m/c. Koapdunuent tpenus
TIT12015 umen makcumanbHbie 3HaueHus 0,14—
0,16 (puc. 2a) ¥ MUHUMAJIbHBIC 3HAYCHUS
0,09-0,11 (puc. 26). Kosdpduunent rpenns
CBMIID umen Gonee HU3KHE KOIDPHUINESHTHI
Tpenus 0,12—-0,125 npu CKOPOCTAX CKOJIBKEHUS
0,8—1,3 m/c (puc. 2a) u 6o1nee Beicokue K03 du-
nuentsl Tpenus 0,09-0,11 no cpaBHeHuto ¢ Apy-
TMMH [TOJIMMEPAMH TIPH TEX e CKOPOCTSIX. DTO
MOKET OBITh CBsI3aHO C 00JIe€ BEICOKON MOJIEKY-
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Puc. 1. 3agucumocmu koaghgpuyueHmos mpeHusi om 0aeneHusi no cmanu 40X ¢ o6pabomkoli HaxdayHoli 6ymazoli: a — P180, 6 — P220,
& - P600, 2 - P2400. 1 - BHK, 2 - 50D2510, 3 - 60D2S10, 4 - CBMI13, 5 - 1112015 (8bInonHeHo aemopamu).

JISIPHOM cocTaBIstoIIeH KoaddunnenTa TpeHus
npu 00pabOTKE CTaM HaXIa4yHOW Oymaroi
P2400, narommeit MUHUMAIBHYIO IIEPOXOBATOCTh
nosepxHocTu TpeHus. I[Honuyperans TIIY
50D2S10 npu Gonee rpy0oii mepoxoBaTocTH
MTOBEPXHOCTH CTAIH UMEIH KOI(PPUIUEHTHI
Tpenus Boime, yeM 60D2S10 (puc. 2a). IIpu
Ootee 1Ko MOBEPXHOCTH CTaIM UX KO3 (Du-
LUEHTHI TPEHHS UMEN MUHIMAJIbHbIE 3HAYCHHS
0,06-0,08, Torma xak ma TITY 60D2S10-0,07-

0,11. dnst Bcex MaTepualioB HAOIOAANIOCH TO-
BBIIIEHUE KOA(QQUIIMEHTOB TPEHHS C yBeJHde-
HHeM ckopocTH Beime 0,6 m/c.

Ha puc. 3 (a—P180, 6 — P2400) npexncrasie-
HbI 3aBHCUMOCTH U3MCHEHUSI HATPY3KHU 3aeIaHus
OT CKOPOCTH CKOJBKEHHSL. J{71s1 BCeX HCCIemyeMbIX
MAaTEpPHANIOB C MOBBILICHUEM CKOPOCTH CKOJIbKE-
HUS Harpy3ka 3aeJaHus CHIKanxach. Tak, mis
obpasoB BHK, nipu 6omnee rpy0oii mepoxoBaro-
CTH MOBEPXHOCTH TPCHHUS CTaJIH, IPU JaBICHUH
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Puc. 2. 3agucumocmu KoaghghuyueHmos mpeHusi om cKopocmu ckonbxeHusi no cmanu 40X ¢ o6pa6omkoli HaxdayHol 6ymazoli:
a-P180, 6 - P2400. 1 - BHK, 2 - 5002510, 3 - 60D2S10, 4— CBMI13, 5 - [1112015 (8binonHeHo asmopamu).

a

6

Puc. 3. 3asucumocmu Hazpy3ku 3aedaHusi om cKkopocmu ckonbxeHus no cmanu 40X c ob6pa6omkoii HaxdayHol 6ymazol:
a-P180, 6 - P2400. 1 - BHK, 2 - 5002510, 3 - 60D2S10, 4 - CBMI13, 5 - 112015 (ebinonHeHo asmopamu).

7 MIla, 3aenanue HacTynajo MPU CKOPOCTH
ckonpxenns 0,2 m/c, a ipu Oornee TIagKoN Imo-
BEPXHOCTH CTaJIM MPOUCXOANIO Ha CKOPOCTH
0,4 m/c. Homuyperansr TITY 50D2S10 nmenn
Harpy3Kkd 3aefiaHusi Bblmie, yem obpasms! TITY
60D2S10 Bo BceM auarmazone ckopocteir. O6pas-
1s1 CBMIID nmenn mpoMexyTodHbIe HAarpy3KH
3aemanusa Mexay TITY u [I12015. Haubonee
BBICOKHE HArpy3KH 3aellaHusl MOIydeHbI Ha 00-
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pasuax 1112015 He3aBHCHMO OT IEPOXOBATOCTH
TTOBEPXHOCTH TOPILA CTAIBHOM BTYIIKH.

Ha puc. 4a, 6 mpencraBineHsl pe3ylbTaThl
B BU/IE 3aBHCHUMOCTEH Kod(uimenTa TpeHus ot
HOPMAaJIBHOTO JABJICHUSI X CKOPOCTH CKOJTBKCHHS
TIPY MCOBITAHUH 110 3aKPEIIEHHOMY abpasuBy.

C moBBIIIEHHEM AaBIECHHUS KOI(DPHUIIUCHTHI
TPEHUS YMCHBIIAIOTCS IS BCEX THIIOB TIOJIMMEPOB
u BHK. [oyuennpie 3Ha9eHns K0d3QOUIMECHTOB
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Puc. 4. 3asucumocmb Ko3ghghuyueHmos mpeHus nouMepos om daeneHust (a) u ckopocmu ckonbxeHus (6) no 3akpennéHHoMy abpasuey:
1- 1112015, 2- CBMI3, 3 - 5002510, 4 - 60D2S10, 5 - BHK (8binonHeHo asmopamu).

Puc. 5. 3agucumocmb nomepu macchi nouMepos om dasfieHusi NPU UCNbIMaHUU No 3akpennéHHoMmy abpasuey:
1-12015, 2- CBMI3, 3 - 5002510, 4 - 60D2S10, 5 - BHK (8binonHeHo asmopamu).

TPEHUSI MO’KHO PACTIONIOKHTH IO MEPE MX yBEIH-
yeHUs B cienyromeM mopsake: 0,3-0,36 mns
1112015, 0,33-0,44 nns CBMII3, 0,38-0,55 mst
50D2S10, 0,4-0,58 mst 60D2S10 m 0,85-0,98 mst
BHK. IloBbimenne crkopoctr ckombxenws ¢ 0,12
10 0,23 M/c iprBOAMIIO K HE3HAYUTEITEHOMY POCTY
KOX(D(HUIEHTOB TPSHUS I UCCIICAYEMBIX TTOITH-
mepoB. Tak st [1112015 n CBMIID on yBemiin-
Batest ¢ 0,32 110 0,36. ITpu nanbHelem yBenmaeHnn
ckxopoctH 110 0,3 M/c Ko3hPHUIEHT TPEHHS coCTa-
r 0,5 u 0,49 ms [1112015 u CBMIID cootsert-
crBeHHO. Koapduument tpenns pesnnst BHK
0,8-0,9 Bo3pacTras IPONOPIOHATEHO BO BCEM
JIMana3oHe CKOPOCTEH CKOBKEHNS.

Ha puc. 5. moka3aHbl mOTepu Macchl 00pas-
LIOB OT M3MCHEHUSI BEIMYMHBI JaBICHUS B KOH-
TaKTe MPU HCIBITAaHUIX.

Jna pesun BHK notepst maccsl yBennunBa-
JIach TMPOITOPITMOHANEHO aBiIeHuIo0. M3HOC 00-
pasuoB TIIY npu HU3KUX AaBIEHUAX IO
0,34 MIla He3HauHTENCH, P AaTbHEHIIEM
yBenudeHun papieHus mpo 0,54 Mlla mus
50D2S510, 60D2S10 Bo3pactaer ¢ 0,01 10 0,04 1.
MuHIManbHAs TTOTEPS MacChl MONyYeHa NS
nommnponwiena [1112015. Ha puc. 6 mpuBenena
MOPQOIIOTHs TOBEPXHOCTEH TPpEeHHs 00pa3IoB.

[ToBepXHOCTH TPEHUS MOJHUIPOMHUICHA
[11102015 u CBMIIS ¢ MUHMMAabHON BEIHYH-
voii m3namuBanus 0,003 u 0,004 T cooTBeT-
CTBEHHO HE HMEITN TITYOOKUX PUCOK MITA KAHABOK
B HAIPABICHUH CKOJBXKCHUS 3aKPETUIEHHOTO
a0pa3mBHOTO 3epHA. BOJTHHUCTOCTH TOBEPXHOCTH
CBUCTEIBCTBYET O IMOCTETICHHOM HaKOIUICHUH
TTOBPEXKICHUIA W OTIEICHUHN YaCcTHIl H3HOCA 110
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Puc. 6. Mopghonozus nogepxHocmeli mpeHusi nonumepos u pesutbl BHK npu ucnbimanuu
no 3akpennéHHomy abpasusy: a - 1112015, 6 - CBMI13, e - 5005210, 2 - 60DS2010, d - BHK (8binonHeHo asmopamu).

Puc. 7. lpogpunu nyHok usHoca mamepuanos: 1- 5005210, 2- 60DS2010, 3 - CBMI3,
4- 1112015, 5 - BHK (8binonHeHo asmopamu).
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Puc. 8. ®pazmeHmbI STyHOK U3HOCa Mamepuanos npu mpeHuu no ceo6odHomy abpasuey.

ycTanocTHOMY MexaHu3My. [loBepxHocTH Tpe-
Hust oopasnoB S0DS210 u BHK Ha Bcem npors-
JKEHUH UMEJIM PHCKU B HAIIPABJICHUU CKOJIbXKe-
HUsI. MOXKHO NPEATOI0KHUTb, YTO TIPEBAIHPYIO-
MM PEKUMOM HM3HAIIMBaHUS OBLIIO MUKpOpE-
3aHue. Y o6pasznor 60DS2010 BeicoTa BOJH
OblTa MUHUMAJIbHAs, @ XapaKTep U3HAIINBaHUS
MOXXHO OTHECTH K YCTaJIOCTHOMY MEXaHU3MY
W3HOCA TPU TPEHUH 110 3aKPEIUIEHHOMY adpa-
3MBHOMY 3€pHY.

Ha puc. 7 nokazansl mpoduiy JIyHOK H3HOCA
nonuMepHbIx MarepuanoB 1 BHK mpu ucnbita-
HUM HE3aKPETUIEHHBIM a0pa3uBOM.

B oTianume oT ucnbITaHUK 3aKpETIEHHBIM
abpa3vBOM MHUHHMAJBHYIO TIOTEPIO MACCHI I10-
kazanu obpasier TITYS0DS210 u 60DS2010.
O6pasir CBMIID nepemecTinch Ha TPEThe
MecTo. Hanbomnbiryto moTepro Macchl oKas3ain
o0pasiet [1112015 u BHK cootBerctBenHo. Ha
puc. 8 mpencraBneHsl hparMeHTHI JIYHOK H3HOCA
MarepuaoB IpH TPEHUH 110 CBOOOTHOMY abpa-
3MBY.

IToBepxnocTu Tpenus 50DS210, 60DS2010
u BHK nmenu nponosibHble piCcKY B HalpaBie-
HUH CKOJIb)KEHHsI aOpa3uBHOTO 3€pHa, U MeXa-
HU3M M3HAIIMBaHUS MOYXHO OTHECTH K MUKpO-
pe3anuto. BomHHUCTOCTB TOBEPXHOCTH 00pa31oB
CBMIID u I1I12015 cBUAETENLCTBYET O MOCTE-
TICHHOM HaKOIUICHWHU TIOBPEXICHUH W OTIeNe-
HUH YaCTHI[ U3HOCA 10 YCTATOCTHOMY MEXaHH3-

My. PaznuuHble pe3ysibraThl HCHBITAHUN MPH
TPEHUH CBOOOJHBIM M 3aKPETUIEHHBIM a0pa3uB-
HBIM 3€pPHOM CBHJETEIBCTBYIOT O TOM, 4TO
HaxjaauyHas Oymara mpu ucneitanun TITY
[I12015 3a cuéT aare3un MOKphIBaIach NoJIUMep-
HBIMH YaCTUIIAMH U MHTEHCUBHOCTbH M3HAIIMBa-
HUSL 1 KOO UIMEHT TpeHHs CHIKamuch. s
nonumepoB 50DS210, 60DS2010 MmunnmanbHas
TOTEps1 MAcChl IIPU TPEHUH CBOOOIHBIM abpa3u-
BOM CBH/JICTEIBCTBOBAJIA O TOM, YTO X TBEPIIOCTH
BBIIIIE, YEM PE3MHOBOTO JINCKA, U 4acTh abpa3uB-
HBIX YaCTHIl TIPOCTO BJIABJIMBAJIach B 00pasyro-
LIyI0 IOBEPXHOCTH Aucka. HecmoTps Ha pa3nuy-
HBIE PE3YJBTaThl 002 METO/Ia UCTIBITAHUHN JIOTION-
HUWJIM JPYT ApYyTra U Jajv HOJIHYIO XapaKTepUCTH-
Ky MOJIMMEPHBIX MaTePHAIIOB, SKCILTyaTHPYEMBIX
B y3JIaX MallMH U MEXaHU3MOB, KOT/Ia BO3MOXKHO
BO3JICICTBIE Ha MOBEPXHOCTH TPEHHS 3aKPETUIEH-
HBIM U CBOOOZHBIM a0Opa3UBHBIM 3€PHOM.

OBCYXOEHUE PE3YNbTATOB

AHanu3 npoBeIEHHBIX 3apyOeKHBIMHU aBTO-
paMU UCCJIEJJOBAaHUN TOKA3bIBACT TEHJEHIUIO
K paclIMpeHHIo MPUMEHEHHS MTOJIMMEPHBIX Ma-
TEpUaJOB B TapaxX TPEHUS CO CTANIIMU B IIPUCYT-
CTBHH JKUJIKUX U TUIACTHYHBIX CMA304HBIX MaTe-
puanos. O6pasusl BHK ycrynaror o Bcem no-
kazatenam noauyperanam TITY, CBMMIID
uI1T12015. B HacTosiiee BpeMsi B 3HAUUTEIIEHOM
KOJIMYECTBE y3JI0B TPEHHsI TOJBMXKHOTO COCTaBa
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MIPUMEHSIOTCS PE3UHOBBIE YIUIOTHEHHS, aMop-
TU3aTOPBbI, MPOKIAIKH, FOPPBI, KOTOPBIE MOTYT
OBITH yCIIEITHO 3aMEHEHbI Ha OoJiee HalEKHbIC
MarepHa’bl, 001a1aoIIne HU3KUMH KO3 GHLIH-
€HTaMH TPEHUsI 1 OoJiee BBICOKUMH Harpy3Kkamu
3aenanus no cpaBHenuto ¢ BHK. [Ipumenenne
TITY, CBMIID u I1I12015 1103BOJIUT MOBLICUTH
Ha/I&XKHOCTh U pecypc paboThl y3JIOB TPEHUs
MOJBIDKHOTO cocTaBa. Marepuans! tuna TITY
50DS210, 60DS2010 u CBMII3 moryT ObITh
MPUMEHEHbI B JaJbHEHIIEeM B y3/laX TPEeHHS
B KayeCTBE 3aMEHBl PE3UHOBBIX M3JCNUN JUISA
W3TOTOBJICHUS] MaHKET, CAJIbHUKOB, MTPOKIIAI0K
u rodp. [Homunponunens! Tuna 1112015 Bo3-
MOYKHO MCIIOJIb30BaTh BMECTO PE3HHBI B TAHENAX
yHpaBJIeHHUs, TOBOPOTHBIX MEXaHHU3Max
U YCTpOMCTBaX BHYTPH MOJBIKHOTO COCTaBa.

3AKNOYEHKUE

ITonyyeHbl 3aKOHOMEPHOCTH M3MEHEHHUS
K03 PULMEHTOB TPEHUS MOJUYPETAHOB
50D2S10, 60D2S10, CBMIID u III12015 or
JIQBJICHUSI U CKOPOCTH CKOJIBKEHHSI, KOTOpPbIE
MOKa3aJM, YTO 3TU MaTepuajbl MPEBOCXOMAST
BHK He3aBuCHMO OT II€POXOBAaTOCTH MOBEPX-
HoctH cranu 40X. Harpyska 3aenanus npejia-
raeMbIX IMOJMMEPHBIX MaTepHajoB BBIIIE, YEM
y BHK, Bo Bcem nauama3oHe HCCIIeIOBaHHBIX
Harpy3o0K 1 CKOpOCTEH.

ITo pe3ysbraTaM uCHbITaHNH 3aKPETIEHHBIM
1 CBOOOIHBIM a0Pa3uBOM IOy YEHbI 3aKOHOMEP-
HOCTH M3MEHEHUs! KO3(PPUIHUEHTOB TPEHUs
U MOTEePH Macchl 00pa3IioB ot nasieHus. Koag-
¢unment tpenust nomurnponuiena [1112015 umen
s3nauenusa 0,3-036, torna xak miags BHK B 2,5
pasa 6onbie u cocranisii 0,85—1,0 npu Tpernn
0 3aKpeIUIEHHOMY a0pa3uBy. YCTOHUMBBII pe-
3yJIBTaT 110 OTHOCHTENBEHOM MOTepe MacChl 10-
kazanu obpasusl CBMIID npu ucneiTaHuu
CBOOOIHBIM U 3aKpeIuIEHHBIM a0bpa3uBoM. Hau-
MEHBIIHI H3HOC UMeau obpasusl 1112015
u 50DS210, 60DS2010 npu Tperuu mo 3aKpern-
NEHHOMY W CBOOOJHOMY aOpas3uBYy COOTBET-
CTBEHHO.
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AHHOTALUA

B cmambe npugodumcs 0630p pe3ynbmamos uccrnedosaHus
agmopamMu 803MOXHOCMU UCNO/b308aHUS HaNPSXEHHOCMU
MazgHUMHOo20 nonsi, cosdasaemoll maeogbimMu dgueamensmu no-
CMOSIHHO20 MOKa, 8 Kayecmee NOe3H020 CugHana, Hecyuieao
UHGhopMayur 0 Macce Nepego3uMO20 KapbepHbIM camoceanom
2py3a.

Llenbto uccnedosaHuli senscs nouck cnocoba onpedenums
maccy epy3a kapbepHoeo camocsana. B omnudue om umerowux-
s 60pmosbIX cucmeM 836eWUBaHUS U3ydeHa 803MOXHOCMb
c030aHUsi KOMNaKmHO20 a8MOHOMHO20 ycmpolicmea, Komopoe
He mpebyem ecmpaugarusi damyuKkos 8 KOHCMPYKUUIO U 31ekm-
PpUYECKUE Uenu epy308UKa.

Paccmampugatomcs npobieMb! N0BbILEHUS IGeheKkmUBHO-
cmu usmepumernbHbIX ycmpolicme Ha base heppo30HA08bIX
npeobpasosameneli ¢ Uenblo UCNONL30BaHUS UX 8 Kayecmee
60pmoBbIX CUCMEM OUEHKU Macchi 2py3a. Yeenuyums yyecmeu-
menbHOCMb (hepPO30HOa MOXHO 3@ CYEM YBENUYEHUS KaK aM-
nnumydHoeo, mak u Oelicmeyloweeo 3HaYeHUs HanpsKeHUS,
nodagaemoeo Ha e2o obmomky 8036yxdeHus. lpednacaemas
Opu2UHarbHas cxema 3anumku 06MomKu 8036YxO0eHuUsT heppo-
30H0a om eeHepamopa ModYUPOBaHHbIX CU2HAI08, 8bINOMTHEH-
HO20 Ha J102U4ECKUX I1EMEHMaX, NO380IAEM NOBbICUMb Hanps-
XKeHue, nodagaemoe Ha 0bmomky 8036yxdeHus heppo3oHda, be3
YBEMUYEHUST HANPSKEHUSI NUMAHUS, 38 CYEM yaenuyeHust ebIGpo-

€08 HanPsIXKEHUST Ha hpPOHMaX NPSMOY201TbHbIX MOOYTIUPOBaHHbIX
UMNYnbCO8 8bICOKOU Yacmoms|, @ makxe 3a C4ém Pe30HaHCHbIX
seneHull. Micnonb3ogaHue makoeo eeHepamopa uckmyaem
enusiHue 0bMomku 8036yx0eHusi heppo3oHOa Ha Yacmomy 2eHe-
pamopa, mak kak paboyeli yacmomol oeppo3oHda cmaHogUMCS
yacmoma MoOynupylowux cuzsHasos, Komopasi 0cmaemcsi Heus-
meHHoU. MosbiweHue dyscmeumenbHocmu 0aém 803MOXHOCMb
ycmarasnueame 0amyuk & nbom ydobHoM Mecme KabuHb! ca-
mocsarna, a He 8 HenocpedcmeeHHol 6/1u30cMuU 0m Mms2o8bIx
Ogueamened.

OueHka maccbi 2py3a ocyuiecmensiemcs 6 npoyecce guxe-
HUS camocearna no KOHMPObHOMY ydacmky nymu. [TokasaHus
CHUMalomcs ¢ aMmnepMempa (Munnuamnepmempa), wkana komo-
Po20 npedsapumerbHO ommapuposaHa 8 eduHuULax Macchl. M3-
MEpPeHUs Macch! AOMKHbI NPOU3BOAUMBCS NPU MEX Ke PexuMax
0BLXKEHUS caMocsara U ¢ meM e pacnosioxeHueM heppo3oHda,
Ymo U npu MapuposaHuU WKanbl U3MepumesHo2o npubopa.
KoHmponbHbIl ydacmok nymu, Ha Komopom npogodsmes usme-
peHusi, 0omKeH Bbimb MeM xXe Unu aHamoauyHbIM MmoMy, Ha Ko-
MOpoM Mapuposancs UsMepumenbHsIl npuéop.

Mpednazaemoe ycmpolicmeo omnudaemes npocmomoli
ucnonb308aHus, xapakmepusyemcsi MasnbiM nompebneHuem
3HEpP2UU, KOMNAKMHO, He COOEPXUM 00PO2OCMOSU4UX 3TEMEHMO8
U He mpebyem muwjamesibHoO20 06CTyXUBaHUS.

Knroyesble crosa: mpaHcnopm, 60pmoeb/e cucmeMb| 838eWUsaHUs, Macca epy3a, KapbepHbili camocsart, mseosble dgueamenu
NOCMOSIHHO20 MOKa, HanPSEHHOCMb Ma2HUMHO20 NOJs, d)eppO3OH0bI.

g uumuposarus: HukuweykuH A. 1., [yéposut /1. M., Jaebidexko B. M. ®eppo3oHdbI € 6opmosbix cucmemax 838eLU8aHus
6bonbLieepy3HbIx camocsarnos // Mup mpaHcnopma. 2021. T. 19. Ne 3 (94). C. 25-32. DOI.: https://doi.org/10.30932/1992-3252-2021-19-3-3.

TMonHbI TEKCT CTaTbi Ha aHFUIACKOM A3bIke NYGNMKYeTCs BO BTOPOW YacTU AaHHOIO BbiMycka.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

OmnpenereHre Macchl Tpy3a OOBIIET Py3HOTO
TPAHCIIOPTA, UCTIONB3YEMOTO Ha TOPHBIX MpE.-
MPUATHAX C OTKPBITBIM CIIOCOOOM JOOBIYH,
TPaJULIMOHHO SIBIISIETCS Ba)KHEUIIEH 3amadeil,
penieHne KOTOpoil MOXKET OCYIIECTBISATHCS
T10-pa3HOMY.

I'py0Gast oneHKa CTETIEHN 3aMOTHEHNS Ky30Ba
TOpHOW Maccoi, UMEIOIAasi MECTO PUMEPHO HA
95 % TmpeanpuATHIA, peLycMaTpUBacT COOIIO-
JICHNE MAIIMHACTOM HKCKaBaTopa MacIopra 3a-
rpy3ku. IlacmopT 3arpys3ku ompenensieT s
Ka)JIOTO THIIAa TPAHCIIOPTHOTO CPE/ICTBA TOPSI-
JIOK pPa3MEICHUS TPpy3a U PaBHOMEPHOCTH €r0
pachperneneHus B Ky30Be, a TakKe HEOOXOMBbIE
TTapaMeTpPhl «IIATKM) 3arpy3KH [1].

OpHako coOmroneHne TpeOoBaHM MacopTa
3arpy3ku Mano3()(OEKTUBHO IS OIEHKH MacCHI
rpy3a u3-3a cBoeil HeTOUHOCTH. IIpu KoHTpoIse
10 TACTIOPTY 3arpy3KH 30Ha «HEAOTpy3—Iiepe-
rpy3» coctasisieT £25 % u 6omnee [1, c. 132].

J11s1 Gosree TOYHOTO M3MEPEHNSI HCTIONB3YIOT-
Csl CTaIlMOHAPHBIC aBTOMOOMIIBHBIE BeChl. Takue
BECHI HAIEKHBI, IMCIOT OOJBIION 3amac mpod-
HOCTH, OTHaKO TPeOyIOT MOIHOTO 3a€3/1a TPy30-
BHKa Ha TIar(opMy, 9TO MPHUBOIUT K IOTEpE
BpeMmeHH. Kpome Toro, MecTo morpy3kn MOXET
JIOCTAaTOYHO 4YacTO MEHAThCA. CyImecTBYIOT
¥ TIEPEIBIKHBIE BECHI, HO MCIIOIB30BaTh X HE
Bceraa ynooHo [3, c. 147].

Haubonee sdpdexrruBen aBToMaTnuecKuii
KOHTPOJIb 3arpy3Kd ¢ MOMOIIBIO BCTPOECHHBIX
60pTOBBIX cHCTEM. BOPTOBBIE CHCTEMBI B3BETIIH-
BaHMs (BCB) ncmop3yIoT crienuanbHbIe JaT9u-
KW, HallpuMep, AaTYNKH JIaBICHUSA U TEH30/aT-
qukH [4].

Hanbonee 9acTo Ha KapbepHBIX CaMOCBaIaX
TIPUMEHSIOT OOPTOBBIE CHCTEMBI, OIIPEICIISIO-
M€ Maccy Ipy3a 10 YCTaHOBUBIIMMCS 3HaUe-
HUSIM JIaBJICHHS Ta3a B OWIMHAPAX MOIBECKH.
OTH CHCTEMBI I0CTATOYHO MIPOCTHI B YCTAHOBKE,
HO IPUMEHSIOTCS OHU TOJIBKO /ISt aBTOMOOHMIICH
C ITHEBMATHUUECKOM MOABECKOH Ha BCEX OCIX.

Henocrarkom Takux CHCTEM SIBIISIETCS 3aBU-
CHMOCTB PE3yJIbTaTOB N3MEPEHUI OT BSI3KOCTH
Macia B THAPOCUCTEME, KOTOPAs MEHSETCS TIPH
HM3MEHEHUH TEMIIEPATYPhI OKPY’KAOIIEro BO3IY-
Xa, 9TO, B CBOIO OUEPE/Ib, BIMSCT HA JABICHHUC
B CHCTEME. DTO BHOCHT IIOTPELTHOCTH B TIOKa3a-
HUsI OOPTOBOW CHCTEMBI B3BCIIMBAHUS Ha Jar-
ynKax gasieHus. IlorpemHocts 00bACHAETCS
TaK)K€ HAJIMYUEM 3HAYUTENBHBIX CHIJI CyXOTO
TPeHUs B MWIMHAPAX MoABecKH. HekoTopseie
TIPOM3BOIUTENH PEIAIOT MIPOOJIEMY MOTPETTHO-

CTH, BBOAS B 3NEKTPOHHYI0 nporpammy bCB
pacuéTt nomnpasok [2].

B ornuume ot cucTeM Ha OCHOBE JaTYMKOB
JIaBJICHUSI, CHCTEMBI C TEH30[aTYUKaMH odecIie-
YHMBAIOT 00JIee BBICOKYIO TOYHOCTh. TeH3omardu-
KM B OOPTOBBIX CHCTEMax yCTaHaBJIHMBAIOTCS
MEXY paMoil 1 Ky30BOM aBTOMOOWIIS U MOT'YT
HCIIONIb30BAaTHCS Ha JIOOBIX aBTOMOOMIISIX C ca-
MOCBAJIHBIM Ky30BOM C JIFOOBIM THIIOM HOJIBEC-
k1. BopToBBIE cCHCTEMBI HA OCHOBE TEH30aTUH-
KOB Ha/I&XHBI U HETPEOOBATENIBLHBI B 00CITYKH-
Banuu. OJJHAKO TaKHe CUCTEMBI TPEOYIOT 3aMEHBI
LITaTHBIX y3JI0B KPEIJICHHUs Ky30Ba Ha Y3JIbI
C TEH30laTYMKaAMHM, YTO JAOCTYIHO TOJBKO KBa-
JTU(GUIPOBAHHBIM CIIEIMAINCTaM B 3aBOJCKHX
YCIIOBUSIX.

Hauunnast ¢ 2000 roga G0pTOBBIE CHCTEMBI
B3BELIMBaHMs pa3padaThIBAIOTCS Pa3IMYHBIMU
KoMIaHusiMu, B yactTHOCTH, «BEJIA3-XOJI-
JUHI» (r. XXomuuo, Pecnyonuka Bemapycs),
komnanuer «Buct I'pynm» (Mocksa, Poccuii-
ckast Oenepanust). Cucremsl crposrtcsl Ha Oase
OOPTOBOrO KOHTPOJIEPA, OCYLIECTBISIOLIETO
c6op ¥ 00pabOTKy OOJIBIIIOTO KOJUYECTBA MTOKA-
3arenieil paborel aBrocamocBana [7]. Takue
CHCTEMBI 00€CIIeUMBAIOT HOPMaJIN3ALIUIO 3arpy3-
KH B nipefieniax =8 % OTHOCHUTENNBHO NaCIIOPTHOM
rpy30noabpEMHOCTH [5].

L]envio TpOBEIEHHOTO aBTOPAMH UCCIIEA0BA-
HUS SBISJICS IIOUCK CIIOCO0a OLEHKU MaccChl
rpy3a KapbepHOTO CaMOCBaJIa, YIPOIIAIOIIETO
HU3MepeHHus, He TpeOyIoNmero TUaTeIbHOro
BCTpaMBaHUs JIaTYUKOB B JIEMEHTHI KOHCTPYK-
M OONBLIErPY3HOTO TpaHcnopTa. Takol cro-
c00 Mor ObI MOBBICUTH AP HEKTHBHOCTH TEXHO-
JIOTHYECKOTO TMpOoIecca OLIEHKA Macchl rpysa,
CYILIECTBEHHO COKPAaTHUTh JHEPTETHYECKHUE,
BpPEMEHHbIE U (PMHAHCOBBIE 3aTPaThl 0€3 UCIIOJb-
30BaHUS CII0YKHOTO M JIOPOTOCTOSIIIETO TEXHOIIO-
THYECKOro 000pyHOBaHUS M 0€3 MpPUBIICUEHHS
KBaJIM(UIIMPOBAHHOTO MIEpCOHAIA.

PE3YNbTATbI
IIpennaraemoe pemenue

[Ipennaraemoe pelieHne 3aKI04aeTcs B clie-
JYIOIIEM: U3MepsIeTCs BEIMYMHA HANPSHKEHHO-
CTH MarHUTHOTO I10JIs, CO31aBAEMOTO TATOBBIMU
JIBUTATEJIIMU MTOCTOSIHHOTO TOKa KaphepHOTO
camocBana. Tak, camocBan benA3-75121 wuc-
nonb3yeT TAroBele asurarenu JAK-722E. Oto
KOJUIEKTOPHBIE JIBUTaTEIN MOCTOSHHOTO TOKa,
pa3mMelniaemMble B cTynuiax konéc. Kak uzsectHo,
BEJINYMHA TOKA, OTPEOISIEMOro TATOBBIM JIBU-
raresieM, OIpe/IeIIsieTCs] BEIMYMHOM HAarpy3Ky Ha

T.19. Ne 3 (94). C. 25-32

HuknwedkuH A.T1.; lyopoBuH J1. M.; laBbiaeHko B. U. ®eppo3oHAbl B 60PTOBLIX CUCTEMAaX

B3BeLUINBaHUA 60]1bu.le|'py3Hb|X CamMocCBanoB




Puc. 1. Yempoiicmeo gpeppo3onda: H - none 8036yxdeHusi hepposonda, H,— usmepsieMmoe MazHUMHOE nosie (8bIN0JHEHO agmopamu).

€ro Baiy, KOTopas, B CBOIO O4epellb, 3aBUCHT OT
Macchl EPEBO3MMOT0 TPy3a U yCIOBHUIl JBHKE-
HUSI — CKOPOCTH, 0COOEHHOCTEH TaHHOTO y4acT-
Ka IyTH (TOpKa, YKJIOH, Ka4eCTBO JTOPOKHOTO
MIOJIOTHA U JIp.).

Toxk aBUTaTENs BHI3BIBACT MOCTOSIHHOE, ME/I-
JICHHO MEHSOLIeeCcss MArHUTHOE TOJIe, Harps-
KEHHOCTH KOTOPOTO MOXET OBITh M3MEpeHa.
Hcnone3oBaHue B Ka4eCTBE AUATHOCTHYECKOTO
napameTrpa He TOKa JABUTATeNIs, a HANpsHKEHHO-
CTH MarHUTHOTO IOJIs, CO3/IaBaeMOr0 JIBUrare-
JIeM, MO3BOJISIET OCYLICCTBISATh H3MEPCHHE
OCCKOHTAKTHBIM CIIOCOO0M, 6€3 BMEIIATEIbCTBA
B anekTpudeckue menw [10].

B mpeanaraeMoM penICHHH HCIOJB3YyeTCs
CBSI3b MEX/Y HaNpsDKEHHOCTHIO MAarHUTHOTO
TOJIsA, CO3/IaBaEMOTO JIBUTATENIEM ITOCTOSHHOTO
TOKA, U Harpy3KOH Ha BaJly JBUTATEINS, Ope/ie-
JsTFonIeit Maccy camocBaa.

Jliist u3MepeHust HarpsKEHHOCTH MArHUTHO-
rO IMOJIsI MOTYT MCIOJb30BAaThCA Pa3IUYHbIC
JaTYMKHU, B YACTHOCTH (hePPO3OH/IBI, IPEIICTAB-
nsonme co6oi mpeobpa3oBareny BeITNYHHEI
HaNpsHKEHHOCTH MAarHUTHOTO OIS B BEJMYUHY
ToKa. DeppO30HIOBBII METO U3MEPECHHS HAITPS-
KEHHOCTH JOCTATOYHO ITPOCT, XOPOIIO M3yUYeH
1 MIO3BOJISET TOOUTHCS HEOOXOIMMO#T TOYHOCTH
[8;9; 15; 16].

JBuratenu OONBLICTPY3HBIX CaMOCBAJIOB
CO3MIAFOT TOCTATOYHO CHIIBHOE MArHUTHOE TI0JIE,
MO3TOMY HET HEOOXOJUMOCTH YCTAaHOBKHU (ep-
pO30H/Aa B HENOCPEACTBEHHONW OIM30CTH OT
JIBUTATENIS] WIK OT CHUJIOBBIX IIeTel MUTAHUS
JBHrarels. B kauecTBe yCTpOHCTBA HUHIUKAIIUH
HCIIONB3YEeTCsl aMIIepMeTp (MUJUTHAMITEPMETD),
[rKkajxa KOTOpOTo OTTApUpOBaHAa B €IUHHUIAX
Macchl.

[NpakTH4ecKu MeCTo yCTaHOBKH (heppo3oHa
3HAYCHHS HE UMEET — BAXKHO JIUILb, YTOOBI OHO

OBUIO OZTHUM U TEM K€ — KaK IIPH TapUpOBaHUN
IIKaJIbl MIITHAMIIEPMETpa, TaK U IIPH n3Mepe-
HUSIX.

TapupoBaHne HIKadbl OCYIIECTBISETCS
B CJIEAYIOIIEH MOCIEe0BAaTeIbHOCTH:

1. BeiOupaeTcs y4acToK Iy TH ¢ OnpeneséH-
HBIMHM TIapaMeTpaMH, KOTOPBIH 0OBABISETCS
KOHTPOJIbHBIM. Hampumep, yuacTok ¢ MOCTOSH-
HBIM YKJIOHOM ¥ OJIHTHAKOBBIM Ka4€CTBOM JIOPOXK-
HOT'0 HOKPBITHS. JKenarerbHO BEIOUPaTh y4acTOK
C TakMMHM ITapaMeTpaMH, KOTOpble Hamboiee
XapaKTepHBI JJIsI TIPEATOIaraeMoro Mapuipyra
JIBIDKEHUS TPY30BHKA.

2. OcymiecTBisieTcss IBUXKEHHE IPy30BUKA
0e3 Tpy3a 1O KOHTPOJBHOMY y4YacTKy IIyTH
B OIIPEACIEHHOM peXHMe (Harpumep, ¢ IoCTo-
SITHHOM CKOPOCTBI0). BpeMst IBMKEHHUS JI0JKHO
OBITH TOCTaTOYHO YISl CHSTHS TIOKa3aHUsI MHJI-
JaMIepMeTpa, KOTOpOe MPUHUMAETCS 3a HOJIb
Macchl Irpysa.

3. OcyulecTBasieTcsi IBUKEHUE B TOM K€
PEKHME IO TOMY K€ YJacTKy (MIJI aHAJIOTHYHO-
MY) € IPy30M, Macca KOToporo n3BectHa. [1oka-
3aHUsI MIUITHaMIIepMeTpa OyayT cOOTBETCTBO-
BaTh Macce rpysa.

4. JleiicTBUSL, BHITIOTHSEMBIE B ITYHKTE 3, 7151
0oJiee TOYHOTO TapUPOBAHMS LIKAJIBI M HCKIIIO-
YeHUS! OMNOOK MOXHO TOBTOPHUTH C JPyroit
Maccoii rpy3sa. IIpu 3ToMm mmKana oTTapupoBaH-

YCTRORCTED
DeppoacHg, BrinpAMuTENE pETMCTpaLMn

(AMnepnMeTp)
leHepatop

Puc. 2. CmpykmypHasi cxema usaMepumesnsHo20 ycmpolicmea
(8bIinosiHeHO asmopamu).
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Puc. 3. Cxema eknto4eHusi 06Momok gheppo3oHda (ebIinonHeHa asmopamu).

HOTO MHJUIMAMIIEpMETpa OKa3bIBACTCS IIPaKTH-
YECKH JTMHEHHOMH.

Jnist n3MepeHnst Macchl HE0OXOANMO:

1. O6ecnenTh KOHTPOIBHBIN Y4aCTOK Iy TH WIIH
Y4acTOK, aHaJIOTMYHBIN KOHTPOJILHOMY T10 CBOUM
TiapamMeTpam, Ha KOTOPOM IPOM3BOAMIIOCH ObI TapH-
POBaHHE M KOTOPOMY COOTBETCTBYET ILIKaJIa U3Me-
PUTEIEHOTO IPHOOpa (MILTHAMIICPMETPA).

2. ObecrieunTh ABMKEHHE B TEUCHUE HE Me-
Hee 5-10 cexyHA MO KOHTPOJIBHOMY y4acTKy
C TOM k€ MOCTOSIHHOM CKOPOCTBIO, Ha KOTOPOI
TIPOM3BOIMIIOCH TAPUPOBAHUE IIKAJIBI H3MEpPH-
TEJBHOTO TIPUoOOpA.

3. BeCKOHTAaKTHO MPOU3BECTU U3MEPEHHUS
C TIOMOIIbI0 U3MEPUTEIBHOTO YCTPOHCTBA Ha
0aze heppo30HI0BOTO IPEOOpa30BaTEIII U CHATH
TIO0Ka3aHMsI C U3MEPUTEIBHOTO IPHOOpa yCTPOH-
CTBa, [IIKaJIa KOTOPOTO MPEBAPUTEIHHO OTTapH-
pOBaHa B €IMHUIIAX MacCHI.

[Tpu u3mMepeHnn Macchl Ipy3a, epeBO3UMOM
ABTOMOOMJISIMU OJTHOIM MOJIeNH, HEeT HeoOXOIH-
MOCTH B TapUPOBAHHH IIKaJIbl H3MEPHTEIEHOTO
nprdopa I KaXKJJ0ro aBTOMOOMIIS B OT/IENIBHO-
ctu. JlocTaTtodHo 00ecIeYnTh JIMIIb OANHAKOBOE
MECTO YCTaHOBKH YYBCTBHUTEIBHOTO JJIEMEHTa
(deppozonna).

Ero ycrpoiicTBo ciemyromee (puc. 1): moBepx
JBYX CEpJICYHUKOB ¢ oOMOoTKamu L', u L"| pac-
HoJIaraeTcs U3MEPUTENbHas 0OMOTKa L,.

Jlisl KOMIEHCAIMK BIMSHUSL TIOCTOPOHHUX
HCTOYHHMKOB ITPEAYCMOTPEHA JOTOTHHUTEIbHAS
TpeThs 0OMOTKa L,, pacrosioyKeHHas MOBEPX
OCHOBHBIX 0OMOTOK (Ha puc. | He moKa3aHa).

CTpyKTypHas cxeMa H3MEPHUTEILHOTO
YCTPOMCTBA, ITIOCPECTBOM KOTOPOTO pean3yerT-
cs1 croco0, pezicTaBieHa Ha pHc. 2.

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94).

CTpyKTypHas cxema BKIIIOYaeT:

* reHepaTop UMIYIBCOB, (QOPMHUPYIOIUN
MIPSIMOYTOJILHBIE MMITYJIbCHI, 110JIaBaEMbIe Ha
00MOTKY BO30y:x/1eHus L, peppo3ona;

* beppo3oHI, BKIIOYAIOMINIT TP OOMOTKHY;

* BBINPSIMUTENb;

* YCTPOMCTBO PErHCTPAINU — MIJTTHAMIIEP-
MeTp.

Cxema BKJIIOUYCHHST 00MOTOK (heppo30HIa
TIpe/ICTaBJIeHa Ha pHC. 3.

KommeHcanus MocTOpOHHMX TI0JIEH OCyIie-
CTBJISIETCS] IPH BBIKJIFOYEHHOM JIBUTATEIIE CaMO-
CBaJIa IEPEMEHHBIM PE3UCTOPOM R, yCTAHOBKOMH
HYJIEBOTO 3Ha4Y€HHS TOKa, U3MEPSIEMOT0 MHJLITH-
amrepMerpoM. Bennuuna pesuctopos R, u R,
BBIOMpAETCs B 3aBUCUMOCTH OT HCIIOJIB3YyEMOTO
MUJUTHAMIIEPMETPa U BEITNYMHBI HATIPSDKCHUS.

DKCIIepUMEHTHI MOoKa3alu (M 3TO XOpOIIOo
comtacyercsi C JaHHBIMH JINTEPaTyPHBIX HCTOY-
HUKOB), 4TO 3(p(HheKTHBHOCTH (peppO30HI0BBIX
npeoOpazoBaresnieil B 3HAYUTEIHHON CTEICHH
OTIpE/IEIISeTCS AaMIUIUTY/IOH, 4aCTOTOH U popMOi
CUTHaJa BO30YXXJICHUS; TIPH STOM ITPSIMOYTOJIb-
Has (opMa curHana TagT JIYYIIHiA pe3yIbTar Imo
CPaBHEHUIO C CHHYCOMJIAIILHON WJIN TPEYTroilb-
Hoil [14; 15].

Jis 3anuTke 0OMOTKY BO30OYKIeHUS (eppo-
30H]1a MOXKET MCI0JIb30BaThCS IPOCTON reHepa-
TOP NMPSMOYTOJIBHBIX HMITYJIECOB, CX€Ma KOTOPO-
TO Ipe/CTaBiIeHa Ha pHc. 4.

Cxema CONIepKUT YEThIPE JIOTHYECKHX dJie-
menta HE (muxpocxema K561 JIH2), nuraro-
muxcsi oT ucroynuka 9 BonsT. COOCTBEHHO Te-
Hepatop — nepble Tpu 21emenTa HE. UeTBEpThiii
anemenT HE (DD1.4) mone3eH A1 UCKITFOYCHUS
BIIMSIHUS. OOMOTKH BO30YXICHUS (heppo30HIa HA
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Puc. 4. FeHepamop npsiMOy20/bHbIX UMNYbCO8 07151 3anumku 06MomKu 8036yxdeHusi heppo30HOa (8bINOTHEHO agmopamu).

pabory reneparopa. Pesuctop R, u émxocts C, —
4acTOTO3aal0IIUE dIEMEHTHI. Pesucrop R,
obecrieunBaeT perynupoBKy YaCTOThI TeHEPaTo-
pa. st ormcanHOTO BhIIIE (heppO30HIA UCTIONb-
3yercd yactora 2 kI 1. Cxema nmpocrasi, omvinya-
€TCsl MaJIbIM OTpeOIEHHEM MOLITHOCTH, MI03BO-
JIsieT 00ecreyuTh KOMIAKTHYI0 M SKOHOMHYIO
peanu3anuio U JAenaeT BO3MOXHBIM COKPaTHUTh
pa3Mepbl H3MEPUTEIILHOTO YCTPOWCTBA.

B cxeme ucnonbiyercst EMKOCTHAs CBSI3b
reHeparopa ¢ 0OMOTKoW BO30yxkaeHUs (heppo-
3oH7a (émrocth C, Ha puc. 4). DTO MO3BOJIAET
HCKJIIOYUTD TIOCTOSIHHYIO COCTaBIISIIOIIYIO CHI'-
HaJla reHepaTopa H, CJ1e10BaresIbHO, CHU3UTh TOK
00MOTKH BO30YKIICHHS U MTOTPEOIIEMYO MOIII-
HOCTBH U3MEPUTEHLHOTO ycTpoiicTpa [15].

Hcnonp3oBaHue B Ka4eCTBE reHeparopa cxe-
MBI, IOCTPOCHHOW Ha JIOTMYECKUX JJIEMEHTaX
HE (puc. 4), nenaet u3MepUTEIILHOE YCTPOHUCTBO
MPOCTHIM, HJIEKHBIM ¥ KOMITAKTHBIM.

[IpoBenénHble nccne0BaHMs TOKa3aIIH, YTO
YyBCTBHUTEIBHOCTB (DEPPO30H]Ia MOXKHO YBEIH-
YUTH 32 CYET YBEITHMUCHHUSI HATTPSDKEHUS (aMILTH-
TYJTHOTO U JISHCTBYIOIIEro 3Ha4eHUsl ), I01aBae-
MOTO Ha 0OMOTKY BO30Y>K/JICHHUSI OT TeHeparopa.
C 3T0i1 1171510 MOYKHO UCIIOJIb30BATh PE30HAHC-
HBIE SIBJICHUS], BOSHUKAIOIINE B 00pa30oBaBILeii-
Csl MOCJIeIOBATEIbHOM 1IeNU: KOHJEHCATOP
C, — obMoTKa BO30yx)aeHUs Peppo3oH/a.
[TonOopoM BenmuunHBI EMKOCTH COEJINHUTEIb-
HOro KoHzeHcaropa C, ¥ 4acTOThI FeHepaTopa
MOXXHO JOOUTHCSI PE3KOTO MOBBILICHHS YYB-
CTBHUTEJIEHOCTH (heppo30Haa. ITO 00BsCHIETCS
JOTIOJIHUTEIBHBIM POCTOM HANpPsDKEHHS Ha
00MOTKe BO30YX/IeHHs 32 CIET BO3HUKAOLIETO
pEe30HaHCa HANPSKEHHUSI.

HccnenoBanus Takxke MoKasajid, YTO IPH
TIOBBIIICHHOHN YacTOTe 3aIUTKU Geppo3oHa 1o-
BBIIIIAETCS HANPSDKEHNE Ha 0OMOTKE BO3OY K/ICHUS
3a CYET BHIOPOCOB HANPSIKEHHS, BOZHUKAIOIINX
Ha MOJIOKUTEIBHBIX U OTPHUIIATEIBHBIX (PPOHTAX

NIPSIMOYTOJIBHBIX UMITYJIECOB TIPH paboTe reHe-
paropa Ha WHIYKTHUBHYIO Harpy3ky. Ho s cy-
IIECTBEHHOTO MOBBILIEHHS HAaPsDKEHHS (1, KakK
CIEICTBUE, YYBCTBUTEIHLHOCTH (PeppO30HIA)
HeoOXouMa J4acToTa 3anuTky nopsiaka 100 kI
n Oosnee. OxHaKo macropTHas yactoTa eppo-
30H/1a, Ha KOTOpO# ero pabora Hanboee 3 dek-
TUBHA, HW)KE STHX 3HAUCHUH.

Taknum 00pa3oMm, Ayl TTOBBIILICHNST 1yBCTBH-
TEJILHOCTH (heppo30H/1a TpeOyeTCsl yBEININBATh
YacTOTY HaIpsDKEHHMS, II0JJaBaeMOTO Ha OOMOTKY
BO30YXJICHHS, Ha STOM MOBBIIIEHHON YacToTe
JIOOMBAThCSl PE30HAHCA HAINpPSDKEHUS, HO NPH
9TOM 00ecIIeunBaTh PadodyIo YaCTOTYy 3allUTKH
00MOTKH BO30YXIeHUS (heppO30H/Ia, 3aJaHHYIO
B TIacopre.

JIist yBeNIMYeHNs 4acTOThI HAIlpsHKEHUs 3a-
NUTKKH (DEppO30HIa U COXpaHEHHs TpeOdyeMoi
MaCTIOPTHON YacTOTHI MTPEAJIaraeTcsi HCIONb30-
BaTh JUIsl 3aNUTKH (heppo30H/Ia JiBa TeHEpaTopa.
ITepBblii reneparop GpopMupyeT MOIYITUPYIOIIHE
MIPSIMOYTOJIbHBIE IMITYJIbChI, KOTOPBIMH 3aITUTHI-
BaeTcst 0OMoTKa Bo30yxaeHus. Yacrora ciemo-
BaHMS 3TUX MMITYJILCOB ONpenessieTcs: pabouen
yacToTol ¢eppo3onna. [lepBrlii renepaTop
ynpasisieT paboToi BTOPOTo reHepaTopa, KoTo-
phIit popMHpyeT MOmyIHpyeMbIe MPSIMOYTOJIb-
HBIE IMITYJIBCHI MTOBBIIICHHON YacToThl. Ha aToi
4acToTe (TP ONpeAeIEHHON BEIMIAHE EMKOCTU
COEMHUTEIIFHOTO KOHJICHCATOpa) pPeann3yeTcs
PE30HAHC HaNpsDKEHHS M CTAHOBHUTCSI 3aMETHO
BIIMSTHUE BHIOPOCOB HANPSDKEHUS HA aMILTATY/-
HOE W JeiCcTByIOlee 3HaY€HNUE HaIpsHKEHUs
UMITyJbca, (POPMUPYEMOTO MEPBBIM I'€HEPATO-
pom. IIpu 3TOM BBICOKOYACTOTHBIE UMITYJIbCHI
BTOPOTO T€HEPaTOpa MIMEIOT MECTO TOJIHKO B MO-
MEHTBI HAJIM4Hs UMITYJIbCOB TIEPBOTO IeHEPaTO-
pa.

JlopaboTtanHas cxeMa 3alTUTKH OOMOTKH
BO30Y K/ICHUS TPUOOPETaET BUJI, IOKa3aHHBIN Ha
puc. 5.

¢ MWP TPAHCITOPTA. 2021. T. 19. N2 3 (94). C. 25-32

HuknweykuH A T1.; lyopoBuH J1. M., laBbiaeHko B. U. ®eppo3oHAabLI B 60pTOBLIX cUCTEMax

B3BELUMBaHWA 6ONbLIErpy3HbIX CaMOCBanos




R1 100k

1

Do1.2

I
|
: 33np | &1
|
I
I

T D013

CoefHHHTENHLIA

KOHLEHCATOR
7| ooz3 .., 1 rT T T
I Sl (ot B B Mo
I e

| I 01 mecp | OBmMoOTES I
| | | eozbyxmenna |
| | L — — — — 2
| &} | |

| |

I_D—T[:uvlrrep

Puc. 5. fJopabomaHHasi cxema 3anumku 06Momku 8036yxAeHus (heppo30HOa (8bINONHEHa agmopamu).

I'enepatop | u rereparop 2 OAHOTHIIHEIE,
o0a BeIMONTHEHBI Ha TPEX anmemeHTax 2M-HE
MuKpocxeMbl 564JIA7. AMnnutynsl Gpopmu-
PYEMBIX HMH HMITyJIbCOB OINPENEISIOTCS Ha-
MIpsDKEHUEM ITUTaHUs TEHEPaTOPOB. DIIEMEHTHI
R, C reHeparopoB 3a1af0T HEOOXOOUMEIC Ya-
ctoTsl. [IepemenHoe conpoTuBienne R/ reae-
patopa 1 obecrieunBaeT HACTPOHKY MOZYIIH-
pYIOIINX WMITYJIBCOB Ha pabodylo 4acToTy,
YKa3aHHYIO B JOKYMEHTAaIMH Ha (EppO30HI.
[TepemenHnoe conporusienue R2 reaeparopa 2
3a1aéT BBICOKYIO YacTOTY MOAYJIMPOBAHHBIX
HMITYJIbCOB, 00€CTIEUNBAOIIYIO PE30HAHC Ha-
TpsDKEeHUst Ha 00MOTKe BO30yxnaeHus. Bemu-
YrHa EMKOCTH COECAMHUTEIBHOTO KOH/IEHCATO-
pa C3 ipu 3TOM, KaK MpaBUIIO, HE TIPEBHIIIACT
0,1 Mmx®.

Ha puc. 6 nmpencraieHsl BpeMEHHbIE AHa-
TpaMMBbI HaITPsDKEHUH, TIOSCHSIOIIIE Ha3HAUYCHUC
¥ pabOTy OTAENBHBIX YaCTEH CXEMBI, TOKa3aHHOH
Ha puc. 5.

Ha gacrorax 100200 xI'11 MOTyIMpOBaHHBIX
HMITYJIECOB 3aMETHO CKa3bIBaCTCsI BIVSIHIE BBIOPO-
COB HAIPsDKEHHS (Ha pHC. 6 HE TOKa3aHbl), UMEI0-
X MECTO TIPU PaboTe Ha HHAYKTUBHYIO HATPY3-
Ky, Ha BEJIMYMHY KaK aMIUIATYIHOTO, TaK M JIeH-
CTBYIOIIETO 3HAYCHHUS HAIPSDKCHUSI HA OOMOTKE
BO30Y>KIeHMS (heppo30HTa.

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 25-32

JmuTensHOCTh BEIOPOCOB HEBEIHMKA H CO-
CTaBISIET EIMHUIBI MUKPOCEKYH]I, OTHAKO aM-
TUTATYAA UX MOXKET B HECKOJIBKO Pa3 MPEBBIIIATh
HalpspKEHHUE B TPSAMOYTOJILHOM UMITYNbCE. A Ha
TIOBBIIICHHON YacTOTE CJICIOBAHUS MOJYIHPO-
BaHHBIX UMITYJILCOB MX JUTUTEINEHOCTH CTAHOBHT-
€Sl COM3MEPHUMOH C JUTNTETBHOCTHIO CAMUX UM-
ITYJIECOB W BIIMSTHAE BBIOPOCOB Ha HAIpsHKEHHE
00OMOTKH BO30YKJICHNS 3HAYNTEIHHO YBEITUIH-
BaeTcs.

JlanpHeilee yBeaudeHNe 4acTOTHI CBBIIIE
200 x['m HeXXeMaTeTbHO, TaK KaK MPABOMIUT K 3a-
METHOMY ITOBBIIIEHUIO TIOTPEOIIIEMOM MOIITHO-
CTH.

B cxeMe Ha puc. 5 HampsOKEHHE € BBIXOAA
reHeparopa 2 nmomaércs Ha 00MOTKY BO30yXie-
HUs gepe3 D-tpurrep. 310 JaéT BO3MOXKHOCTD
TIOJYYHTh ABYMOJSPHYIO (OPMY HaNpsDKCHHS
C YIBOCHHBIM Pa3MaxoM HANPSHKEHMS, UTO TAKKE
YBEIMYNBAET TyBCTBHTEIFHOCTh U3MEPHUTEIb-
HOro ycTpoiicta. Kpome Toro, npu ucnonb3o-
BaHWHW TPUTTEPA YMEHBIIACTCS BIUSHIE 0OMOT-
KM BO30yXJeHus (eppo30oHaa Ha paboTy reHe-
paropa.

Takast opaboTKa CXeMbI TeHEPATOPa MO3BO-
JISI€T 3aMETHO YBEJIMYUTH TYBCTBUTEIBHOCTH
(deppo3ormoBOTO TIpeodpa3oBaTens Oe3 yBelu-
YECHUS! HANPSDKEHUS] ICTOYHHKA TTHTaHUS.

HuknwedkuH A.T1.; lyopoBuH J1. M.; laBbiaeHko B. U. ®eppo3oHAbl B 60PTOBLIX CUCTEMAaX

B3BELUNBaHUA 60]'Ibl.l.le|'py3HbIX camMmocCBasnoB



U, (1) MoaynupytoLine MMIyneCkl
1 reHeparopa 1 ¢ yacToToi,
| | | | | | t  onpejensemoi paboder
yacToTol depposoHaa

(000 OO0 (OO ¢ coaperopas mossuumsmon

HacToTel

Us(t)

Us(t) MoaynupoBaHHLIE 4BYNONAPHLIE
|' 1 |' NAn |' NMn t  wMnynicel c Beixogos D-Tpurrepa
YABORHHOI aMNANTYAbI

Ugelt} S S N

Mmnynbcel nepemeHHoro
HanpAxeHnA Ha oGmoTke
eo3byrgeHnA deppoloHaa

NpW Pe30HaHCE HanpAKEHUA

B MOCNE/0BaTEeNLHOM LEenu:
COEQWHWTENEHAA éMKoCTe C3 =
obmoTa BoabyaeHnnA
feppo3oHa

Puc. 6. BpemeHHble duazpaMMbl HanpshkeHull (8bINOSHEHO agmopamu).

JKcnepuMeHTAIbHAS MPOBEPKa C IOMOIIBIO (DEPPO30HI0BOTO U3MEPUTEIHHOTO
B skcnepuMeHTax HCMonab30Baics Geppo-  YCTPOMCTBa, CO 3HAUYCHHEM, U3MEPEHHBIM Ha
30H], UMCIOIHAN CIIeAYIoNIne OOMOTOYHBIE aBTOMOOMIBHBIX BecaX. Takke 3KCIEPHUMECH-
JAaHHEIC: TaJIbHO YCTAHOBJIEHO, YTO MOKAa3aHUSI U3MEPH-
* lnameTp mpoBozia 0OMOTKH BO30YKJECHUSI  TEJIBHOI'O yCTPOWCTBA HE 3aBUCAT OT HEPOBHO-
0,3 MM, 9HCIO BUTKOB Ka)kKJOU MOJOBHHBI 00- CTel AOpOXHOTO mojioTHA. Kpome Toro, He
MoTKH Bo30ykaeHus 200. HamoTka ogHOCIONH-  TpebyeTcs CTPOroro COOTBETCTBUS H3MEPHTEIb-
Hasl, BUTOK K BUTKY. [loIKITFOqaeTCs K TeHEpaTo-  HOTO y4YacTKa IyTH Y4acTKy, Ha KOTOPOM Ipo-
Py UMITYIBCOB. HU3BOAUIOCH TapUPOBAaHUE U3MEPUTEIBHOTO
* l3mepuTenbHas 0OMOTKa: YHCIO BUTKOB IpuOOpa. [T1aBHOE 00E€CICUYNTh aHATOTHIHBIN
2000, nnamerpom mposoza 0,1 Mmm. OOMOTKa  YKIJIOH IyTH, @ TAKXKE Ty e CKOPOCTh Oe3 pes-
MHOT'OCJIOMHAs!, BUTOK K BUTKY. I3MepuTenbHas KHX PHIBKOB M TOPMOXKEHUH.
00MOTKa TOIKITIOYAETCS Yepe3 BBHIPSMUTEh

K YCTPOICTBY peructparum, B kadectse kotopo-  TEXHUYECKWUW PE3YNIbTAT U BbIBOAbI

T'0 UCIOJIb3YETCS aMIIEPMETP IIOCTOSIHHOI'O TOKA IIpensnaraembiii OECKOHTAKTHBIH CIIOCOO
(MunIMaMIEepMeTp). HM3MEPEHUs MacChl Ipy3a UCKII0YaeT HeoOX0au-

* JlnameTp mpoBoJa IOTOJHUTENBHOW 00- MOCTH BCTpaMBaHHS NAaTYUKOB B 3JIEMEHTHI
motkH 0,1 MM, urcito BuTKoB 500. KOHCTPYKIHH H B AJIEKTPUIECCKHUE IIETIH aBTOMO-

Jnst 3amuTel (eppo30HAa OT MOCTOPOHHUX — OMJIs, HEe TPeOyeT CI0KHOTO TEXHOJIOTHIECKOTO
BHEIIHUX BO3AEHCTBUI MCIONB30BAJICS 3aIUT- 00OpYIOBaHHs, CHIDKAET BPEMsl U 3aTparhbl Ha
HBIN KOXYX, IPEACTaBILIONINI cCOO0H TpYOKy U3~ M3MepeHusi, o0ecreunBas Ipu 3TOM J0CTaTOu-
naryHu [14]. HYIO TOYHOCTb.

OKclepuMeHTalIbHasl IPOBEPKa IMPOBOIH- W3meputensHOE YCTPOHCTBO ¢ heppO30HI0M
J1ach aBTOpaMH Ha DKHOAaCTy3CKOM YrOJbHOM M C MUJUIMAMIIEPMETPOM MOXKET OBITh YCTaHOB-
Gacceiine (pa3pe3 «CeBepHBIN») C 0OIBIIETPY3- JIGHO MPAKTUYECKU B JIFOOOM MECTE MAIIHHBL,
HbIMH camocBasiaMu benA3-75121, ucnons3yto-  4yto obecniednBaeT yao0cTBO GrKcauu pesylib-
mmH TsaroBeie neurarenu [IK-722E. Dkcnepu-  TaroB U3MEpEHUsI.

MEHT T0Ka3aj IPaKTHIECKU MTOJHOE COBIAJE- [Tpeanaraemslii ciocod oTIMYaeTCs Mpoc-
HHUE€ 3HAYCHHUSA MAcChl I'Py3a, IOJYYEHHOIO TOTOM MCIONB30BaHMS. YCTPONCTBO, peaiu-
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3yrolee crnocod, XxapakKTepu3yeTcs: MalbiM
noTpeblieHHeM SHEPriH, KOMIAKTHO, HE CO-
JEPKHUT AOPOTOCTOSUINX IJIEMEHTOB U HE
TpeOyeT TIATeNBHOro 00cTyKuBanus. [loaro-
TOBKa yCTpoicTBa K paboTe 3akiavacTcs
B TAPUPOBAHHUH WIKAJIbl H3MEPUTEIbHOTO
npubopa (MuiUIMaMIIEpMeTpa) B €IUHULIAX
MAacChI.
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AHHOTALNA

Llenb cmambu — nokasamb 3HayeHue MoOepHU3ayUU U pas-
8UMUST MPaHCNOPMHO-102UCMUYECKOU CUCMEMbI 00HO20 U3 pe-
2UOHO8 CMpaHbl — SIMano-HeHeyko2o a8MOHOMHO20 OKpy2a
(0anee — AHAQ) — dna coyuanbHO-3KOHOMUYECK020 pa3gumust
cmpaHbl, peanusayuu eé 3KcnopmHo20 nomeHyuana u hopmu-
PosaHUsi eAUHO20 IKOHOMUYECKO20 NPOCMpPaHCcmea.

C yyémom ocoboLi posiu, Komopyo MpaHCOPMHb L KOMNIEKC
0aHHO20 peauoHa Uzpaem 8 0c8oeHuU Apkmuyeckol 30HbI Poc-
cutickoli @edepayuu (Oanee — A3P®), npoaHanusupogaHo meky-
wee cocmosiHue mpaHcnopmHol cucmembl AHAO, nokasaHo
Hecoomeememeue Cyuwecmsylouezo yposHs eé passumusi no-
mpebHOCMAM 3KOHOMUKU U HAaCeseHUs OKpyaa, cmpameaudeckum
uenam passumusi ASP® u cmpakbi 8 yennom. [pu npogedeHuu
uccnedosaHust UCnob308aHb| 0bWeHaydHble Memoobl, 8 Yacm-
HOCMU aHasnu3 u cCUHMes3.

Peanu3sayus psida KpynHbIX UHGPaCMpPyKMypPHbIX NPOEKMOo8
¢hedepanbHozo yposHs Ha meppumopuu AHAO mpebyem coom-
gemcmeylowe2o pa3gumusi peauoHanbHol mpaHchopmHo-
f02ucmu4eckoll UHghpacmpyKmypbI U PEWeHUs MPaHCNOPMHbIX
npobnem OaHHO20 peauoHa. ModepHusayus u passumue peauo-

30Ha Poccutickoll ®edepayuu.

Mup Tparcriopra. 2021. T. 19. Ne 3 (94). C. 34-44

Ponb permoHanbHOU TPAHCMOPTHO-NOrMCTUYECKON
UH(PaCTPYKTYpbI B GOPMUPOBAHMU €AUHOTO
9KOHOMMWYECKOro NpoCTpaHCTBa

Hamanvs Jleonudosna Huxynuna',
JTuous Muxaiinosna Asepuna®

2 Hnemumym sxonomuku YpO PAH, Examepunbype,
Poccus.
04 nikulinanl@mail.ru.

HarbHOU mMpaHCNOPMHO-1102UCMUYECKOU UHGhpacmpykmypbI 3a
c4yém peanusayuu UHbpacmpykmypHbIX NPOEKMOo8 no3eoaum:
cghopmuposame eduHoe cesi3aHHOe MPaHCNOPMHOE NPOCMPaHCMeo
C CYUeCMBEHHbIM COKpaLUEHUEM UHGDPacMPYKMYPHbIX 02paHuYe-
Hull pasgumus akoHomuku STHAO; docmudb He06X00UMb Il ypoBEeHb
MOBUIIbHOCMU HaCcesTeHust U mpaHCnopmHoU AocmynHoCMU MyHU-
yunanumemoe 01151 8Ccex kamea2opuli epaxdaH; 06bedUHUMb Ma-
MepUKoBYyto U NOPMOBYI0 UHGhpacMPyKmMypb! 8 edUHyI0 no2ucmu-
Yeckyro cucmemy 3a cHém peanusayuu hedepasibHbIx UHEDPacmpyk-
MyPHbIX NPOEKMO8 NaparernHO ¢ MEPONPUAMUSMU NO Pa38UMUI0
cywecmsyrouell peauoHanbHOLU mpaHenopmHoU UHgpacmpykmy-
PbI; UHMe2puposams mpaHcnopmHs it komnnexe IHAO 6 cocmase
mpaHcnopmHoeo Komniekca Poccutickoli @edepayuu 8 MUposyto
MPaHCNOPMHYto cUCmemy.

DopmuposaHue 3ghehekmusHoll peauoHasbHol mpaHenopm-
HO-noz2ucmuyeckoli cucmemMb! 8 pamkax coomeemcmeyrouiell
¢hedeparbHoli cucmeMbl ¢ y4€mom 2eocmpameaudeckol cneyu-
(hUKU U 2603KOHOMUYECKO20 hOMeHyuana pesuoHa no3gonum
CHSIMb UHbpacmpyKmypHble 02paHUYeHUs Ha nymu passumusi
HaYUOHambHOU 9KOHOMUKU U 3KOHOMUKU Pe2UOHa.

Kmioyesbie crioga: mpaHCnOpmHo-1I02UCMUYeckas UHGpacmpykmypa, eduHoe SKOHOMUYECKOU NpocmpaHcmeo, Apkmuyeckast

0rg/10.30932/1992-3252-2021-19-3-4.
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BBEAEHUE

Ha coBpemeHHOM 3Tarne pa3BUTHsI SKOHOMUKH
Poccutickoit denepariu, ¢ yI€TOM HEOOXOIIMO-
CTH yCKOPEHHOTO S3KOHOMHYECKOTO POCTA, CEPhE3-
HO YCHJIMBAETCS POJIb TPAHCTIOPTHOTO KOMITIIEKCA.
3amaun pa3BUTHUS TPAHCIIOPTHON CHCTEMBI Ha
JIAHHOM 3Tarle pa3BUTHsI CTPAHbI HAIIPABIICHBI HA
obecriedeHue ToCcpeICTBOM TPaHCTIOPTa SKOHOMH-
YECKOTO POCTA, MOBBIMIECHNS KaUeCTBa KU3HN Ha-
cenenns [1]. Bo3pacraeT 3HaueHue OqHON U3
oTpenensronmx (QyHKIMi TpaHcopTa — GopMu-
POBaHHE EIMHOTO SKOHOMUYECKOTO IIPOCTPAHCTBA
CTpaHbI 3a CUET POCTA TEPPUTOPUATIEHOM CBSA3aH-
HOCTH TOCYAApCTBa.

Pa3BuTHE M COBEPIICHCTBOBAHNE COCTOSHHS
TPAHCHOPTHO-TOTHCTHIECKOH HHPPACTPYKTY-
pH B Poccun 06ycioBieHO HEOOXOAMMOCTHIO
JIUKBUJIAINH CYIIECTBYIOIINX OTPAHHICHUH IS
COIMAJIbHO-?KOHOMHYECKOTO PAa3BUTHS CTPAHBL,
BBI3BAHHBIX OIPEACIEHHBIM OTCTaBAaHHEM pa3-
BUTHS HH(PPACTPYKTYPBI TPAHCHIOPTA OT MPOH3-
BOJICTBEHHOM CQeprl, HANH4IHeM HHPPACTPYK-
TYpHBIX TIpo0ieM B BOTpocax (pOPMHPOBAHHUS
€IMHOTO TPAHCHOPTHOTO HMPOCTPAHCTBA M pea-
JIM3alMY TPaH3UTHOTO oTeHuana Poccuiickoit
Deneparin, TOTHCTHIECKUMH OTPaHHICHUSIMA
JUTS 3KCTIOPTa POCCHICKHUX TOBApOB HA MUPOBBIE
peIHEKH [2].

WccnenoBannaM mpobieM TPaHCHOPTHO-
JIOTHCTHYECKOH MH(PACTPYKTYpHI HOCBSIICHBI
padotsr [Ix. bayspcokca [3], k. Jxuanm [4],
C. 10. Makcumogotii [5], JI. b. Muporuna [6],
T. A. IIpoxodresoii [ 7], XK. C. Panmbexosa [8] u ip.

Oco0yro pois TPaHCIOPTHHIH KOMILIEKC
WUIrpaeT B OCBOCHUH APKTHUECKOM 30HbI Poccuii-
cxoii Deneparnuu (mamee — A3PD), pazsutue
KOTOPOW B COBPEMEHHBIX T€0IKOHOMHYECKUX
YCIOBHUSX MPHOOpPETAET BakKHEHIIIEe 3HAUCHNE.
[Ipu3nanme Poccuiickoit ApKTHKH HE IIPOCTO
CBIPBEBBIM IIPUAATKOM CTPaHBbI, a 30HOM €€ cTpa-
TErn4eCKNX MHTEPECOB, 00yCIOBINBACT BO3pa-
CTaHHE POJH €€ COIHATbHO-?KOHOMHYECKOTO
pazButus [9].

ITo muenwuto S1. A. bosbliakoBa, 0CBOCHHUE
apKTHYECKOH 30HBI PACCMATPUBAETCS «HE TOIb-
KO KaK BO3MO)KHOCTh OCBOCHHSI HOBBIX IPUPOI-
HBIX PECypcoB, HO M KaK CPEJCTBO 3allyCKa
WHHOBALIMOHHOTO Pa3BUTHUSI POCCUHCKOMN KO-
HOMUKH B 11e510M» [10].

H. A. KomneBa oTMeuaeT, 4To «B TO BpEMsI KaKk
Crparernn pa3BHTHIX apKTHYECKHX TOCYIapCTB
OPHEHTHPOBAHbI, B OCHOBHOM, Ha Pa3BUTHE CBOMX
CEBEPHBIX APKTUYECKUX TEPPUTOPUH, ApKTHUE-
ckast Ctparerus Poccuy, kpome pasBuTHS HETO-

cpeactBeHHo A3P®, nareneHa Ha pelieHHE
CBepX3aJiauy — Ha OCHOBE pealin3alliy MOTEHIHa-
Ja APKTHKH CIIOCOOCTBOBaTh MOACPHHU3ALMH
SKOHOMHUKHU Bcell cTpaHbl. BaxkHeHnii BEI30B
COCTOUT MMEHHO B TOM, 4TOOBI UCIIOJIb30BaTh
APKTUYECKHE IPUPOJTHBIE PECYPChI U METa-IPOeK-
THI JUIS1 3aITycKa MPOLecca MHHOBALOHHOTO Pas-
BUTHS KaK B caMOM APKTHKe, TaK U B POCCUHCKOI
9KoHOMHKe» [11].

Kpome Toro, 310 00yCIIOBICHO 3HAYHUTEIb-
HBIM YBEJIMUYEHHEM T'€OCTPATErH4eCKOro U KO-
HoMmuueckoro noreniuana A3P® Ha coBpemeH-
HOM 3Tarne pa3Butus Poccuiickoit ®eneparuu
[12]. Poct 5KOHOMHYECKOTO MOTEHIMANa 00-
YCIIOBJIEH, B TIEPBYIO OY€pE/b, EPCIEKTHBAMU
YBEJIMUEHHUsI pecypcHOro noreHnuana Poccuii-
ckoii ApkTrku. PazpabarsiBaeMble MECTOPOXKIE-
HUS YIJIEBOJOPOJIOB 00ECIEUNBAIOT JTO0BIYY
oonee 80 % mpupomHoro raza u 17 % nedrn,
Jo0bIBaeMbIX B Poccuu, OTIOIHNTEBHBIN IPHU-
pocT Oyner obecriedeH 3a CUET pa3BeIaHHBIX
U TIOJrOTOBJIEHHBIX K SKCILTyaTalllK Psifia HOBBIX
MECTOPOXKJeHU [BIIaHCKOTO MOJIyOCTpOBa
u nonryoctposa SIman. Ctparernueckium pesep-
BOM Pa3BHUTHsI MUHEPAJIbHO-CHIPbEBOW 0a3bl
Poccuu B yacT yriieBoOpOTHOTO ChIPbS SIBIISI-
10TCs1 3arackl HepTH U ra3a Ha KOHTUHEHTAILHOM
menbde Poccuiickoit enepanuu B Apkruke. [To
OLIEHKAaM JKCIEPTOB 3amachkl COCTaBIAIOT
85,1 TpiH Ky0. M mpupoaHOTO rasa, 17,3 Miapa T
Hedrul.

I'eoctparernueckuii norenman A3P® oc-
HOBaH Ha BO3MOXKHOCTSX YHHMKAJIBHOTO TPaHC-
KOHTHHEHTaJIbHOTO Mapiupyra — CeBepHOro
MOPCKOTO IyTH, 3a/iaueli KOTOPOTO SBJISAETCS
obecrieuenne nHrepecos Poccuiickoii denepa-
LMK Ha MOPCKUX MapLIpyTax, UMEIOIIuX 3 pek-
TUBHOE COIPsDKEHUE Ha robepexbe CeBepHOro
JlenoBuTOTrO OKEaHa C MapUIpyTaMH JAPYTUX
BUIOB TpaHcropTa. [loquépkrBas 3HaUMMOCTh
reoctpareruueckoro noreniuana A3P® u ero
CBSI3b C UHPPACTPYKTYPHBIM Pa3BUTHEM TEPPH-
Topuu, noxurtonor J[. OpiaoB ormMedaet, 4To
«MHQPACTPYKTYpHOE pa3BUTHE NpUOOpeTaer
HEMaJIOBAKHOE re0CTPATErnUECKOE N3MEPEHHE»
[13].

3HaYMMOCTb 3a/1a4¥ CO3aHUSl U Pa3BUTHS
3¢ deKkTHBHON TPaHCTIOPTHON HHPPACTPYKTYPHI
JIAHHOTO MaKpOPETHOHa MO{YEPKUBACTCS B PsIe

! Crparerus pa3BuTust ApKTUUYECKO# 30HBI Poccuiickoit

Dezepaliiii 1 00eCIIeYeHNs HAIMOHAIBHOM Oe301aCHOCTH Ha
nepuoa 10 2035 rona. Y1B. Ykazom [Ipesunenra PO ot 26 ok-
T510ps 2020 1. Ne 645. [OnexrpoHrHEIi pecypc]: http:/ garant.
ru/products/ipo/prime/doc/74710556/. Joctyn 18.01.2021.
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CTpaTeTUUeCKUX JOKYMEHTOB COLMAIbHO-
9KOHOMHUYECKOTO U MPOCTPAHCTBEHHOTO Pa3BH-
Tist PO ¥ B MPUHATHIX MPaBUTEIbCTBCHHBIX
JokyMeHTax 1o pa3sutuio A3P®. Tak, B coot-
BeTCcTBUU ¢ «OCHOBaMH TOCYIapPCTBEHHOH ITO-
nutuku Poccuiickoit denepannu B ApKTHKE HA
nepuon 10 2035 roga»? K 4MCily OCHOBHBIX Ha-
[IMOHAJIbHBIX HHTEpecoB PO B ApKTUKE OTHO-
CUTCsI pa3BUTHE MHPPACTPYKTYPHI BCEX BHIIOB
TPaAHCIIOPTA; B KAYECTBE OCHOBHBIX MEp, HAIpaB-
JIEHHBIX Ha peanu3anuio «CTpareruu pa3BUTUS
ApkTuueckoit 3oubl Poccuiickoit denepanun
1 oOecrieueHUs] HAIlMOHAIBHOW 0€30IacHOCTH
Ha nieprof 10 2035 roma»! BbIIEIEHBI MEPOTIPHUSI-
THS MO0 Pa3BUTHUIO BCEX BUJOB TPaHCIOPTa
B A3P® u TpaHCHOPTHO-TOTUCTHYECKOH CHC-
TEMBbI MAKpPOPEruoHa. B JaHHBIX CTpaTerHuecKux
JIOKYMEHTaxX K OCHOBHBIM MepaM B cepe pas-
BUTHs MHGpacTpykTypbl A3P® oTHECEeHBI:

* passutre CMII myTH B KauecTBe KOHKYpPEH-
TOCIIOCOOHON Ha MHUPOBOM PBIHKE HAIHOHAJIb-
HOW TPaHCIOPTHON KOMMYyHHKauuu Pd;

* KOMILJIEKC Mep, HallpaBJI€HHBIX HA Pa3BUTHE
MaTEpPUKOBOW U MOPTOBOW HHPPACTPYKTYPHI
U 00bEUHCHUE UX B CIUHYIO TPAaHCIOPTHO-
JIOTUCTHUYECKYIO CUCTEMY.

Kak ormeuaer B. C. CenuH, «0JHON U3 BaXK-
HBIX 3314 SIBJISIETCSI COBEPILIEHCTBOBAHUE TPAHC-
MOPTHOM UHPPACTPYKTYpPHI B PETHOHAX OCBOE-
HUS apPKTUYECKOTO KOHTHHEHTAIBHOTO IIeb(ha
B LIEJISAX AUBEPCUDUKAIIH OCHOBHBIX MapIIpy-
TOB MOCTaBKH POCCUHCKHUX YIJIEBOAOPOAOB HA
MHUPOBBIE PBIHKWY [14].

PazButue TpaHCIOPTHO-JOTHUCTUYECKOM
uHppacTpykTyphl ASP® ¢ nosuiuu GhopMupo-
BaHUs €IMHOTO YIKOHOMUYECKOTO MPOCTPAHCTBA
CTpaHbl MOAPOOHO paccMoTpeHo B CTpareruu
MPOCTPAHCTBEHHOTO pa3BuUTUs Poccuiickoii
Denepannu Ha nepuox 10 2025 roxa®. Crpare-
THeil B KaueCTBE BaXKHEHIIEro HarpaBieHUs
MPOCTPAHCTBEHHOTO Pa3BUTHS OMpPEIETIEHO
CO3/1aHHE €TUHON OTTIOPHOM TPAHCIIOPTHOM CeTH
Poccuiickoit @eneparuu, U cTaBUTCA 3ahada
CHSITHUS MHPPACTPYKTYPHBIX OTPAHUYCHHH, B TOM

2 OCHOBBI TOCYIapCTBEHHOM nonuTuku Poccuiickoit Me-
Jepauuu B Apkruke Ha nepuox 10 2035 roga. Y1B. Ykazom
IIpesunenta Poccuiickoit eneparuu ot 5 mapra 2020 .
Ne 164. [Onexrponusiii pecypc]: http://garant.ru/products/
ipo/prime/doc/3606526/. loctyn 18.01.2021.

3 Crparerust IpoCTPaHCTBEHHOTO pa3BuTHs Poccuiickoit
®Oenepanun Ha iepuoa 10 2025 roga. YTB. pacnopsikeHuEM
IIpaBurensctBa Poccuiickoit @enepannu ot 13 despans
2019 1. Ne 207-p. [DnexrponHuslii pecypc]: http:/static.
government.ru/media/files/UVAIqUtT08060RktoOX122Jj
Ae7irNxc.pdf. Joctyn 18.01.2021.
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YHCIIe MPEISTCTBYIONINX YBETNUEHHIO MaCIITa-
00B X035ICTBEHHOTO OCBOCHUSI APKTHKH, a TaK-
K€ MTOBBIIIEHHIO 3HaueHUs1 CeBEpHOTO MOPCKOT0
MyTH KaK MEXJIYHapOJHOI'0 TPaHCIOPTHOTO
kopugopa. JlaHHble HHPPACTPYKTYpHBIE Orpa-
HUYEHHUS CBS3aHBI CO CIIOKHBIMH IMPHPOIHO-
reorpauuecKuMH 1 KIIMMAaTHYECKUMH yCIIOBUSI-
MH, ycTapeBIlel KoH(pHUrypalnel TpaHCTIOPTHOH
ceTH, 00yCJIOBICHHOW OYaroBBIM XapaKTepOM
XO35IIICTBEHHOT'O OCBOEHUSI TEPPUTOPUH, a TAKOKE
TEXHOJIOTHUECKUM U CTPYKTYPHBIM OTCTaBaHHEM
B Pa3BUTUH TPAaHCIOPTHOW MH(PACTPYKTYPHI
apKTHYECKUX TeppuTopui. Ha cHukeHue uH-
(bpacTpyKTypHBIX OrpaHu4eHuil pa3Butus Poc-
cuiickoil denepannu, B TOM YUCIIE B CEBEPHBIX
pervonax Poccum, HampaBieH KOMIUIEKC Mepo-
NpUATHH, TpencTaBieHHbIH B KoMmnekcHOM
IJIaHEe MOJEPHHU3AINU U PACIIMPEHUS] Maru-
CTpaJIbHOW MH(PPACTPYKTYpHl Ha MEPHOJ 10
2024 rona. B TpancnoprHyto yacts Kommiexc-
HOTO IUIaHa BKJIFOUEHBI, B TOM YHCJIE, MEPOIIPUS-
TS TIO Pa3BUTHIO TPAHCIIOPTHOH MH(PPACTPYK-
Typsl A3PD:

* KOMIUIEKC MEPONPUSATHH MO Pa3BUTHUIO
MOPTOBOH MHGPACTPYKTYPhl APKTHYECKOTO
OacceiiHa (B cocTaBe (eepaibHOro MPOeKTa
«Mopckue noptsl Poccuny);

* KOMILJIEKC MEPOIIPHUATHI B cocTaBe (ene-
panbHOTO npoekTa «CeBepHbIit MOPCKOH IyTh».

C y4€TOM >KOHOMHYECKOTO NMOTEHIMaja
STHAO u ero reocTpareruyeckoro moioKeHus,
BO3PACTaeT POJIb €r0 PETHOHATBHON TPAHCIOPT-
HO-JIOTHCTHYECKOH MH(PACTPyKTYpBI I pa3-
BUTHUSI SKOHOMHMKH CTpPaHbI, peaau3alnuu eé
9KCIIOPTHOTO MOTEHLHaNa U (POPMUPOBAHUS
€IMHOT0 3KOHOMMUECKOro mpocrpaHcTsa. Oc-
HOBHBIE HalpaBJICHUs] Pa3BUTHUSA TPAHCIIOPTHO-
norucruieckoit unppactpykrypsl IHAO c yué-
TOM HallMOHAJIBHBIX HHTepecoB Poccuiickoi
denepanun u cnenuduku JaHHOTO CyObeKTa
P®, 0603HaueHsbI B myHKTe 23 pasaena IV «Crpa-
TEruy pa3BUTHS ApKTHYeCcKoil 30HbI Poccuiickoit
denepannu U obecreyeHUss HaIlMOHAIBHOU
Ge3omacHocTy Ha niepuof 10 2035 romayt.

L]ens cTaThy — MOKa3aTh 3HAYEHNUE MOAEPHU-
3aLlUH U Pa3BUTHUS TPAHCIIOPTHO-JIOTUCTUYECKOM
cucteMbl SImano-HeHenkoro aBTOHOMHOTO
OKpyTa KaK OJJHOH U3 TeppUTOpUil ApKTHUECKOM
30HbI Poccuiickoit denepanyu Jyist COIMAIBHO-
SKOHOMHMYECKOTO Pa3BUTHA CTPaHbI, peaii3alui
€€ 9KCIOPTHOTO MOTeHIMAaIa 1 (OPMHUPOBAHUS
€MHOTO SKOHOMHYECKOTO MPOCTPAaHCTBA Ha
OCHOBE aHaJM3a TEKYIEero COCTOSHHUS TPaHC-
nopTHOit cuctemsl IHAO.

HukynuHa H. J1.; ABepuHa J1. M. Ponb pervMoHansHOW TpaHCMNOPTHO-NOrMCTUYECKOMN

MHPaCTPYKTYphI B hOPMUPOBAHMMN EAUHOTO SKOHOMUYECKOro NPOCTPaHCTEA




PE3YNbTATbI

O01as XapakTepUCTHKA TPAHCIIOPTHOTO
komiuiexkca AIHAO u nepcneKTMBbI

€ro pa3BUTHSA

Tpancnoprasiii kommieke THAO oGcy»krBa-
€T HaceJleHrue B KonuuecTBe 546,9 ThIC. YeIoBeK
1 XO3SIHCTBYIOIINE CyOBEKTHI, OCYIIIECTBISIOIINE
JIESITEITBHOCTE Ha TEPPUTOPHH B 769,3 THIC. KM*.

Oco0EeHHOCTRIO JaHHON TePPUTOPUH SIBISIETCS
HaJ4aue OoraTeHImx MpHpOIHBIX PECYPCOB yIe-
BOZIOPOZIOB, KAaK MPABHUIIO, PACTIONIOKEHHBIX B OT-
JTAJIEHHOM, TPYIHOAOCTYIIHOM MECTHOCTHU C 3KC-
TpEMaJIbHBIMH KJINMATHIECKUMH YCIOBHUSIMH,
a Tarke e YHHUKAIBHOE TEONOIUTHIECKOE TOJIO-
JKEeHHe, 00yCIIOBICHHOE BBIXOJIOM K MOOEPEKBI0
CeBepHOTO JIEIOBUTOTO OKEaHa C €ro TPAHCIIOPT-
Hol apTepuei — CeBepHBIM MOPCKHAM TyTEM.

Tpancmoprasii kommuieke AHAO npencraBieH
CIEIYIOINMHI BU/IaMH TPAHCITIOPTA: >KETIE3HOI0-
POYKHBIM, aBTOMOOHIIGHBIM, BHY TPEHHIM BOJHBIM,
MOPCKHM, BO3AYIIHBIM, TpyOomnpoBogasmM. [1pn
9TOM TPaHCTIOPTHAs HHPPACTPYKTypa HE MOKPHI-
BAeT BCE IIOTPEOHOCTH COHATIEHO-9KOHOMIIECKOTO
pasButHs okpyra u Poccuiickoit deneparmi: 06-
masi TUIOTHOCTh TPAHCIIOPTHBIX ceTel 00IIero
TIOJIB30BAHMSI KpaiiHe HU3Ka, OTCYTCTBYET €MHAS
OTOpHAsI CETh HA36MHOTO TPAHCIIOPTA C HATHINEM
JIBYX JIOKQJIBHBIX OMIOPHBIX TPAHCIOPTHBIX Pao-
HOB — 3amagHoro u BocTodHOTO, HE CBSI3aHHBIX
MEXIy co00ii HA3eMHBIMH BUIAMH TPAHCTIOpTa®.
BcenenctBue 3T0r0 paspeiBa CBSI3b MEXKITY 3armajl-
HBIMHA U BOCTOYHBIMH TEPPUTOPHSIMH OKpyTa
OCYILECTBIISIETCS TONBKO ITOCPEACTBOM BO3IYIITHO-
TO TPAHCIOPTA, TOCKOJIBKY:

* BOJHBIC ITyTH UMEIOT MEPHANOHAIBHOE Ha-
TIpaBIICHAE, ¥ MCTIONB30BaHIE BOJHOTO TPAHCIIOPTa
HMMEET CE30HHBINA XapakTep;

* aBTOZIOPOKHASI CETh Pa3BUTA HEOCTATOYHO,
B €€ cocTaBe OOIBIIIOE KOMMYECTBO 3MMHHKOB, UTO
TaKKe TPEIONPECISET 3HAINTENIBHBIN YPOBEHD
CE30HHOCTH B XapakTepe (yHKIMOHHPOBAHUS
aBTOTPAHCIIOPTA.

B ocHoBe 3amaHOro TpaHCIOPTHOTO paioHa
SAHAO nexuT KpyIHeHIas TpaHCIIOpTHAS OCh —
pexa O0B ¢ moaxorsIIeH K Heif B paifone T. JIaObIT-
HaHTH BeTKo# CeBepHOH JKeIe3HO! TOporH (CTaH-

* HNudopmaunonHsii nacnopt SImano-Herenkoro asro-
HOMHOT'0 OKpyra (ZaHHbIe 0 cocTosiHuio Ha 19.02.2021 )
// MHHHCTEpCTBO MHOCTpaHHBIX Aen PD. [DnexTpoHHbIH
pecypc]: https://mid.ru/maps/ru-yan/-asset_publisher
...128534/. octym 23.03.2021.

® DT0 CBS3aHO C OYAarOBBIM XapaKTEPOM XO3SHCTBEHHOTO
OCBOCHHMS TEPPUTOPUU OKpYTa B MEPHOJ Pealu3alluy Mpo-
IpaMMBbI Pa3BUTHS Ta30BOi H HE(TIHON MPOMBINIICHHOCTH
CCCP B 1970-1990 rr.

ust O6ckast). B nannom paiione copmuporacs
Canexapn-JIaObITHAHTCKUH TTPOMBILICHHO-
TPAHCIIOPTHBIH Y3€J1, B KOTOPOM OCYILECTBISETCS
riepeBajika OONbIIMX 0OBEMOB I'PY30B C BOIHOIO
TPAHCIIOPTA Ha YKEJIE3HOIOPOXKHBIN 1 00parHo. OT
cranuuu OOCKasi ©MeeTcsl JKele3Hasi lopora Ha
Sman (muaust O6ckas—boranenkoBo—Kapckas),
TIO3BOJISIIOIIIAsT JOCTABJISATH IPYy3bl, HEOOXOIUMBbIE
JUISL OCBOGHHSI MECTOPOXKIICHHUH TOJIE3HBIX UCKO-
naeMbIx. MOpcKoii TpaHCIOPT 3amaJHOro paiioHa
0asupyercst Ha MOPCKHX opTax Xapacaraii u Ca-
0eTTa, pacIoIKEHHBIX Ha MOJyoCcTpoBe Smait.

BocTouHsli TpaHCTIOPTHBIH paiioH chopMupo-
BaJICSl HA OCHOBE YKEJIE3HOJOPOKHOIO Y4acTKa
Hogerit Ypenroii—TiomeHns CBepIOBCKOM kKeme3-
HOM JIOpOT'H, PEYHBIX CYZIOXOHBIX ITyTeH 110 peKaM
Hanpim, ITyp u Ta3 ¢ nopramu Haxeim u Kopot-
4aeBO, OTHOCHUTEIILHO Pa3BUTON CETH aBTOMOOMITb-
HBIX JIOPOT C BBIXOJIOM Ha EJIMHYIO0 aBTOJJOPOIKHYIO
cucTeMy cTpassl [15].

Hanume ABYX JIOKaJIbHBIX OTIOPHBIX TPaHC-
MOPTHBIX paioHOB (3amaaHoro U Bocrounoro),
MPaKTHYECKH HE CBS3aHHBIX MEXTy COO0M Ha3eM-
HBIMH BUJIaMH TPAHCIIOPTA, SIBIISIETCS BKHEHIIISH
TPAHCIIOPTHOW NPOOJIEMOH OKpyra B TEKYILHUH
nepuoa. Jpyroii mpo0iemoi sBIsieTcs: TEPPUTO-
pHainbHasi HEPaBHOMEPHOCTh B Pa3BUTHH Ha3eM-
HBIX BUJIOB TPAHCIOPTa IPU KpaiiHe HU3KOU
Cpe/Heii 001Ie IIIOTHOCTH TPAHCIIOPTHBIX CeTel
OOLIIEro MOJIB30BaHUSL. JTO OKa3bIBaeT HEraTHBHOE
BJIMSIHUE Ha (PYHKIIMOHUPOBAHHE CHCTEMBI JKH3-
HeoOecrieueHHs HaceJIeHUsl U Ha oOecrieueHue
JIeITeIIbHOCTH XO3SHCTBYIOMINX CyOBeKTOB. Jlst
XO3SIUCTBYIOIIHMX CyOBEKTOB 000CTPEHHE JaHHOM
npoOIieMbl, HaOJIIOAaEMOE B MOCIEIHNE TOMbI,
CBsI3aHO, B TOM YHCJIE, C peajn3aluell Ha Teppu-
topun SJHAO KpymHBIX IPOEKTOB pa3BEAKH,
Jo0bIYM 1 miepepaboTKu yriieBomoponos. Heco-
BEPIICHCTBO PETMOHANIBHOW TPAHCIIOPTHON HH-
(bpacTpyKTyphI BICYET 3a COO0# BHICOKUE TPAHC-
TIOPTHBIE U3/IEPIKKH, 3aTPYHSET OCYILECTBICHHE
MOCTABOK NPOXYKLUUU MPEANPUATUN IPYTUX
cyobekToB Poccuiickoit Peneparyun, HeoOXomu-
MBIX JIsi 00YCTpOMCTBA HE(PTEra30BbIX MECTO-
POXIEHHUH, OOBIYH YIVIEBOIOPOJOB, CTPOUTEIb-
CTBa TPYOOIIPOBOIOB H TIP.

7/Kene3nonopo:xHbIii TpaHCIOPT

Baxmueiimas poib B 00€CIICUCHUH CHCTEMBI
JKM3HEJIESTEIbHOCTH HACEJIEHHUsI U CTaOUIILHOTO
sKoHOMMYecKoro pa3sutus IHAO npuHagmexur
JKEJIe3HOIOPOKHOMY TPAHCTIOPTY — €MHCTBEHHO-
MY BU/ly TPaHCIIOpTa KPyIJIOTOITYHOTO IEUCTBHS,
HCTIONB3YyEMOMY JJIsI MACCOBBIX IIEPEBO3OK KPYTI-
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HOTOHH&)XHBIX TPY30B U maccaxupos®. Passutue
JKEJIe3HOIOPOYKHOTO TPAaHCIOpTa Ha TePPUTOPHU
OKpyTa OrpaHUyueHO COCTOSIHHEM er0 HH(PPacTPyK-
Typbl. OOLIast MPOTHKEHHOCTD MKENIE3HBIX JI0POT
o repputopuun SIHAO cocrapisier 1648 km (B T.4.
Haxomsmxcs B Benenrn OAO «PXK]» —496 km”),
IUIOTHOCTh CETH OoJiee YeM B BOCEMb pa3 HIDKE
cpenHepoccuiickoro mokaszaress®. Hemocrarounas
IIPOTSHKEHHOCTD KEJIE3HONOPOKHOM CETH, OTCYT-
CTBHE YKEJIE3HOJIOPOKHOU CBsI3H (B TOM YHCIIE
KPYIJIOTOIMYHOM) MEXTY PSIOM 3HAYMMBIX Hace-
JIEHHBIX ITyHKTOB OKPYTa M C COCEIHUMH PETHOHA-
MH SIBIIICTCSI CEPhE3HOM ITPOOIEMOH 1S COLTUATb-
HO-3KOHOMHYECKOTO Pa3BUTHS, KOTOPAsi OCTIOXKHS-
eTcsl 0COOCHHOCTBIO KOH(HUTYPAIMH JKEIEe3HO0-
PpOXHOM ceTu Ha ero Tepputopui. [1o Tepputopun
OKpyTa HPOXOJIT JIBE YKEIC3HOIOPOXKHBIE BETKH,
KOTOpBIE HE CBS3aHBI MEXIy COOOW U HAaXOIATCS
B Pa3HBIX YaCTAX OKpyra— B 3anagHoM u Boctou-
HOM TPaHCTIOPTHBIX paiionax. C 3amaja B paiioH
BepxoBbeB O0U K ropoay JIaObITHAHTH TTOAXOAUT
nuHust CeBepHOH KeJle3HOW NOpoTH (CTaHIUs
OGckast)®, KoTopasi He UMeEeT KPYIIIOTOIHIHOTO
TPaHCIIOPTHOTO Tepexoia yepe3 peKy B paiioHe

5 B HacTosllee BpeMs KEIE3HOLOPOKHBIA TPAHCIOPT
ocTaéTcsl €IMHCTBEHHO JOCTYNHBIM BHJIOM TPaHCIIOPTa
TIPUMEPHO JUTSI TPETH JKUTEJIeH OKpyra.

" Ias STHAO xapaktepHa BeJOMCTBEHHasI Pa300IEHHOCT
JKEJIE3HBIX JIOPOT, OHU NPUHA/IIEKAT PA3IHYHBIM COOCTBEH-
Hukam: PX/, SDKJK, I'asnpomy.

8 Caiit ®ezepalibHOl CIIy’KObl FOCYAaPCTBEHHOM CTATHCTH-
KH. [DnexTponHsblii pecypc]: https:// Rosstat.gov.ru/free_doc/
new_site/business...sv/plot. [loctym 23.03.2021.

® Vuacrok Uym—O6ckast nmpoTsskéHHOCTBIO 97 kM (OT-
BeTBlIeHHE OT CeBepHOM KeJIe3HON JOPOrM Ha CTaHLUH

BopkyTa).
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ropoza Canexapy. Takum o6pa3zom, aiMUHHUCTpA-
TUBHBIN 1IeHTp okpyra (r. Canexapy) He UMeeT
KPYIJIOTOMYHOM KeJIE3HOTOPOKHOM CBA3M C Ce-
Bepo-3amnaiHbIMU peruoHamu Poccuiickoit depe-
pauuy ¥ MyHHLHMIAJIbHBIMU 00pa3oBaHHUIMU
SIHAO, pacnionoxeHHBIMHA B BOCTOYHON 1 FOXKHOM
YacTsAX OKpyTa.

TpaHcnIOpPTHBIM pa3pbIB MEXAY 3allaJHOU
u BoctoyHo# yactsiMu SIHAO Oyznet nukBuaupo-
BaH B UTOTe peanu3anui npoexra «CeBepHBIi
mpOTHBIHA X0 (nastee — CIIIX), B cocTaBe KoTO-
POro IperycMaTpUBaeTCs CTPOUTENIBCTBO JKeIe3-
HOIOPOXKHOM MarucTpay 1o Jutun Oockas—Ca-
nexapa—HaapiM 1 7keNIe3HONOPOKHBIX TOIXOIOB
K Heil. O0béM nepeBozok no CLIX, npeumyiie-
CTBEHHO ra30BOro KOHJIEHCaTa 1 He(pTeHaIMBHBIX
Ipy30B, cocTaBuT 23,9 MiH T, 3HaUMMOCTh pea-
MU3alUK yKa3aHHOTO IpoekTa s Smaino-
Henenxoro aBTOHOMHOTO OKpyTra 3aKII04YaeTcs
B CO3JIaHUH HKEJIE3HOIOPOKHOTO COOOILICHHUS
MEXIy BCEMH KPYITHbIMH MyHHULIUIIAIBHBIMA 00-
pazoBanusimu B SIHAO, o0beiiHeHNE 3aaHoro
u Boctounoro tpancnoptHeix paiioHoB SIHAO.
CHmxeHne MHPPACTPYKTYPHBIX OrpaHHYCHHN
pa3BuTHs pernoHa 3a cuét crpoutenberBa CIIIX
OyJeT crocoOCTBOBATh TMBEPCU(UKAIMN IKOHO-
muku SIHAO myTéM co3nanusi HOBBIX Tepepada-
TBHIBAIOIIUX HPOU3BOJICTB, TEHEPAIIMU Pab0YHX
MECT, MOBBIIICHUI0 MOOUIIBHOCTH HACeJIeHHS
U YIYYIICHHUIO TPAHCIIOPTHOTO OOCITY)KHUBaHHS
JKUTENEH OKpyra.

1 Kypaesa O. Tpu kuta SImana // Kommepcauts. — 2016. —
Ne 129. [DnexrponHsIit pecypc]: http://im. kommersant.ru.
Jocryn 18.01.2021.

HukynuHa H. J1.; ABepuHa J1. M. Ponb pervMoHansHOW TpaHCMNOPTHO-NOrMCTUYECKOMN
NHPACTPYKTYphI B (hOpMUPOBaAHMN €ANHOTO SKOHOMUYECKOTO NPOCTPaHCTBA



Jns Poccuiickoit @eneparmu poext «Cesep-
HBII IIMPOTHBIN X0 UMEET OTPOMHOE 3HAYEHHE.
B ero 3one HaxoguTes 19 MecropoxaeHuii yre-
BOZIOPOZIOB M PACTIONIOKEHBI TIPEAIPHSTHS TPON3-
BOJICTBEHHOTO KOMIIIEKCA, CO3aHHBIE B IIPOLIECCE
9KCITyaTalliy PeCYpPCHO# 0a3bl JAHHOH TEpPHUTO-
prn. ITo CIIX Oyner TpaHCIOPTHPOBATHCS YIIE-
BOZIOPOTHOE CBHIPBE C CEBEPHBIX MECTOPOXKACHHI
1 He(hTeNpOIyKThI MECTHOM 1epepaboTki. OCHOB-
Hyto nomo manyT rpy3st HOBATOK (8,3 mmH T
ra30BOTO KOHJEHcara), momudTwieH u LDy
(mmpoxkas (paxmus IErkux yresogoponos) Ho-
BOYPEHTOHCKOTO Ta30XHUMHYECKOTO KOMILIEKCa,
HedTh 1 ra3oBbIi KoHAeHcAT «Pocnanay, «leo-
TpaHcraza» u rp.'0

Peammzars npoexra CIIX obGecrnieunt:

* OpraHM3aIHIo, 3 CUET coeuueHNs CeBepHOH
1 CBepUTOBCKOI XKEJIE3HBIX AOPOT, KpaTJanIero
ITyTH JUTs1 IEPEBO30K ra30BOT0 KOHAEHCATa U Hed-
TEHAJIMBHBIX TPY30B B 3aIIaJHOM HaIlpaBJICHHH,
B TOM YHCJIE HATTPABJIAEMBIX JJIsI 3KCIIOPTA B TOPTHI
Cesepo-3anaa, a Tak)Ke TPAH3UTHBIX (B TOM YHCIIe
9KCTIOPTHO-UMIIOPTHBIX) TPY30B MPEATPHATHH
VYpana u 3anagHoi Cubnpwy;

* o0ecTIeYeHIE TPAHCIIOPTHOTO COOOIIICHIIS TS
JIOCTaBKH TPORYKIMHU TPENNPUATHHA Ypana u 3a-
magHoi CHOMPH, HEOOXOIMMBIX JJISI OCBOCHHUS
Ta30KOHICHCATHBIX ¥ HE(PTIHBIX MECTOPOXKICHUH
STHAO u XMAO;

* ONTHMH3ANHNIO 3aTPy3KN CYIIECTBYIOIINX
Y4YaCTKOB XKEJIE3HOIOPOXKHOM CETH, CIIOCOOCTBYIO-
IIyI0 TUBEPCU(PUKAIMN POCCHHCKOW TPaHCIIOPT-
HOI1 crcteMsl, pasrpyske TpanccuOa.

CeBepHBIi IMPOTHBIN X0/ — OZJMH U3 BAXKHEH-
IIMX MaruCTPATHHBIX JIEMEHTOB CTPATETMYECKOTO
JKEJIE3HOIOPOXKHOTO Kapkaca Poccunn, Heobxonu-
MOTO JUISl OCBOSHUS APKTHKH. [[Ba IpyTHX Maru-
CTPJIBHBIX AIEMEHTA — KEJIE3HONOPOKHAS JIMHUS

O6ckas—BoBaneHKoBO! 1 kese3Hast 1opora Heoo-
miero nonk3oBanus boBaneHkoBo—CaberTa. Jlan-
HBIE HH(PPACTPYKTYPHBIE TPOSKTHI IIPEICTABIIIOT
co00# euHBI KOMIUIEKCHBIN Mera-TpoeKT, pea-
JIM3YEMBIH Ha OCHOBE MEKOTPACIEBOH U MEXpe-
THOHAITBHOM KOOTIeparmm 2,

IIpoekT cTpouTensCTBa KEIE3HOM TOPOTH
BbosanenkoBo—Caberra npoTsskEHHOCTHIO 170 KM
HMeeT 0c000€ 3HaUYCHHE TSI PAa3BUTHS TPAHCIIOPT-
Horo kommuiekca SIHAO u apkTudeckoi TpaHc-
noprHoi cuctemsl Poccun®. JlaHHas jKeNe3HOI0-
pOXHasi THHHUS 00ECHEUYNUT KPYIIOTOANIHYIO
TPaHCHOPTHYIO CBS3b MOpcKoro mopra Caberra
C KOHTHHEHTAJIBHOH HH(PACTPYKTYPOH 1 C MECTO-
POXIEHUAMHU YIIEBOAOPOAOB boBaHEHKOBCKOM
n TamOeiickoi rpyTIIT; ITO3BOJIUT B JATBHEHIIIEM CO
3HAYUTEIFHO MEHBIIMMH 3aTPaTaMH IPHUCTYIINTh
K OCBOCHHIO Omm3nexamx k Caberre MecTopo-
sxnenwit: Cammvarosckoro (Y Tperrero), 3arajtro-
u Ceepo-Tambeiickoro, Tacuiickoro u ManmbsIrua-
ckoro'* u psima Ipyrux.

JoposkHoe x0351icTBO

ABTONOpOXKHASI CETh MCHONB3YETCSl B TPaHC-
nioptHO# cet STHAO 171 BHY TpHPErHOHATBHBIX
TPY30BBIX U MACCAKUPCKHX TepeBo3ok. B THAO
c1ab0 pa3BHTa CHCTEMa aBTOOPOT C TBEPABIM
TIOKPBITHEM, 00ECIIeUNBarOIIasl ceiiuac MOCTOSH-
HYIO CBSI3b C OOIIEPOCCHICKOI CHCTEMOH TOpor

1 PaBoyee ABMXKEHUE [0 HOBOW JIMHUM OBLIO OTKPBITO

12 smBaps 2010 roxa.

12 TIpHOpHTETHI 1 MEXaHH3MBI MEXKPETHOHAIBHBIX B3aHMO-
neticteuit STHAO 1 YpanbcKoro MakpopersoHa pacCMOTPEHEI
B HCCJIC/IOBAaHHUH, BBINOIHEHHOM VHCTHTYTOM 3KOHOMHKH
VpO PAH B pamkax pa3paboTKi MEXPErHOHAIBHOTO IPOEKTa
«ApPKTHUUYECKHH BEKTOp Ypaibckoro co3pesnusi» B 2018 .

¥ B pamkax mpoekra «Apkruk CIII'-2», peannsyemoro
OAO «<HOBATOK».

4 T'pynmoii ['a3npom MosyueHs JIMIEH3MH Ha UX pa3paboTKy.
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ToJbKO IO HanpasneHuto Hagsmv—Cypryt. IomHo-
IICHHBIN aBTOMOOWIIBHBIN BBIXOJT OKPYTa Ha aBTO-
JIOPO’KHYIO CETh CTpaHbI Oy[eT oOecrieyeH nocie
JOCTporiku (henepanbHON aBToOporu TroMEeHb—
Cypryt—Canexapa. PesynbratoM peanuzanuu
9TOTO MPOEKTa ¢ nepezadeii aprogoporu Cypryr—
Canexapn B (eziepalibHy 0 COOCTBEHHOCTh CTaHET
(hopMupoBaHHE TpaHCIIOPTHOTO Kopuaopa Mo-
ckBa—EkarepunOypr—Tromens—Cypryr—Canexap.

Kondwurypanus cetn aBTOMOOMIIBHBIX JIOpOT
PETHOHANBHOTO 3HAYCHHS XapaKTepu3yeTcs ape-
BOBUJIHOH CTPYKTYpOIi, 0CHOBOI KOTOPOIi ABNIsIET-
cs aroMoOmibHas nopora Cypryr—Canexapy
C MojIbe3/IaMH K paiioHHbIM IieHTpaM. Henocrar-
KOM CYIIECTBYIOLIEH KOHQHUIYpalUU SBISETCS
JIe(DHUIUT COCMHUTEIBHBIX U XOPIOBBIX I0POT, 4TO
Hapsiy C IPYTUMH (akTopamy 3arpyaHsieT ¢op-
MHUPOBaHHUE TIOJTHOLIEHHOMN aBTOIOPOYKHOM CETH.

ITo TpaHCHOPTHO-3KCILTyaTalMOHHOMY COCTOSI-
HHIO KaueCTBO aBTOJIOPOT HE COOTBETCTBYET MO-
TpeOHOCTAM YKOHOMHKH M HACEJICHHUS B aBTOMO-
OmIbHBIX NepeBo3kax. OOIee COCTOSIHIE JOPOXK-
HOT'O XO3SMCTBa OKpyTra XapakTepU3yeTcsl HU3KOH
IJIOTHOCTHIO aBTOMOOWIIBHBIX JOPOT 00IIEro
TI0JIb30BaHMsI, HAJIMYUEM OOJBILOTO KOJIMYECTBA
BEJIOMCTBEHHBIX JIOPOT' HU3KOM TEXHUUYECKOH Ka-
TErOPHUH.

HckyccTBeHHBIE COOPYKEHUS

B cocraBe aBTOMOOMIBHBIX JOPOT OOIIETO
TIOJTK30BAHMS PETHOHATBHOTO 3HAYCHHUS HAXOISATCS
225 MOCTOB 00111eH TPOTSHKEHHOCTHEO 9148,92 1. M,
YTO SBJISIETCS HEIOCTATOYHBIM [P HAJTIHUH OOJTh-
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III0T0 KOJIMYECTBA BOAHBIX mperpaj. Peunas ceTb
SImano-Henenkoro aBTOHOMHOTO OKpyra Mpe-
craBneHa 6onee ueM S50 ThIC. peK 1 pyubEB 0OIIeH
MPOTSHKEHHOCTHIO O0KOJIO 291 ThIC. KM (TycTOTa
peunoii cetu 0,38 km/km?) . TIOCTOAHHBIE MOCTBI
OTCYTCTBYIOT IPH NIEPECEUECHNH C BOAHBIMU IIpe-
rpasamu Ha aBroyioporax Casexapa—JlaObITHaHTH,
Hanpemv—Crapsriit HageiM, KopotuaeBo—YpeHroit—
TazoBckuit. [ToaToMy ABIKEHHUE HAa 3THX y4aCTKax
OCYIIECTBIISIETCS 110 TIOHTOHHBIM M MApOMHBIM
TriepernpasaM JIETOM, T10 JIEZOBBIM IIeperpaBaM —
3UMOIL.

OTCyTCTBHE KallMTaJbHBIX MOCTOB, HU3KOE
KauecTBO aBTOJOPOT MO UX TPaHCIOPTHO-
9KCIUTYaTalliOHHOMY COCTOSIHHIO, HHM3Kasl ILIOT-
HOCTB aBTOJIOPOYKHOM CETH SIBIISIIOTCS (haKTOpamu
CYILIECTBEHHOTO OTPaHMYECHHUSI TPAHCIIOPTHOTO
00CITy’)KUBaHHs AESTEINEHOCTH XO3SHCTBYIOMINX
CYOBEKTOB M CHCTEMBI XM3HE0OECIIeUeHHsI Hace-
nieHust okpyra. Takum oOpa3oM, Mpu cUCTEMO00-
pasyrolell poji aBTOMOOHIIBHBIX JIOPOT B aBTO-
HOMHOM OKpYyTe, MX CYyLIECTBYIOLIasi CETh U e
COCTOSIHME OTCTAIOT OT TPeOOBaHMI pa3BUBAIOIIICH-
Csl DKOHOMHKH U COCTOSIHUSI COLIMAJIBHON Chepbl
SIHAO. Ha pemenne nanHoi mpoOnemMbl Hanpas-
JIEH DsiJl NHBECTHIIMOHHBIX MPOEKTOB. OHUM 13
CaMBbIX KPYITHBIX TPAHCIIOPTHBIX MPOEKTOB B ce-
pe nopoxxHoro xo3siiictea THAO crano crpouTtens-
cTBO aBTOMOOMIBEHOM Toporn Hagpiv—Canexapn,

% CripaBOYHHK BOJHBIX pecypcoB. BoaHbie pecypcest SImaio-
Henenkoro aBTOHOMHOTO Kpyra. [DneKTpoHHBII pecypc]:
https://waterresources/region/yamal/avtonomnyy-okrug|.
Jocryn 18.01.2021.
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Tpacca KOTOPOH IPOXOIUT B OFHOM KOPUAOpPE
¢ CeBepHBIM IMPOTHBIM X0[0M. CTPOUTENHCTBO
ABTO/IOPOTY TIPU3BaHO 3HAYUTENHHO COKPATUTh
UHOPACTPYKTYpHbIE OIPAaHUYEHUSI B PETHOHE,
CII0cOoOCTBOBaTh KOMIUIEKCHOMY OCBOEHHIO pe-
cypcuoro norenmuana SHAO® Tpacca BBeneHa
B 9KcIUTyaTaruio B nexkabpe 2020 rona.

Bo3aymHblii TpaHcnopT

OCHOBHBIMH ITPEJIIIOCHIIKAMH PA3BUTHS aBHA-
nuoHHoro TpaHcnopra B IHAO spistorcs oTcyT-
CTBHE BO MHOTHX MYHHUIIMIAIUTETAX JKeJI€3HOI0-
POXKHOTO COOOLIEHHUSI M KPYIIOTOIMYHOIO aBTOMO-
OWIIBHOTO COOOILEHHs, CE30HHOCTh MCIOJIb30Ba-
HHSI BOJHOTO TPAaHCIOPTa, 3HAYUTEJIbHBIC
PacCTOSIHMS MEX/1y HacelEHHBIMH IYHKTaMHU
Y IIPOMBIIIUIEHHBIME 00BEeKTaMH. B aTux paiioHax
OCHOBHas1 TPQHCTIOPTHAsI HArpy3Ka IIPUXOAUTCS Ha
ABHALIHIO, 00ECIICYHBAIOIILYIO CBSI3b C OTIAIEHHbI-
MH, TPYIHOIOCTYITHBIMH HACEJIEHHBIMU ITyHKTAMHU:
9TO HEePEeBO3Ka MAaCCAXKUPOB, MOYTHI, CPOUHBIX
IPY30B, MEIULIMHCKOE 00CITy)KUBaHNE HACEIICHNS,
obecriedeHne HyX]| XO35HCTBYFOLINX CYObEKTOB.

BaxueimuM snemMeHToM MHOPACTPYKTYpHI
BO3IYLIHOTO TPAHCIIOPTA SIBJISIOTCS a3POIIOPTHI.
Ha Tteppuropuu AHAO Haxomutcs IeBATh adpo-
MIOPTOB, OCYILECTBIISIONIMX MPUEM U OTIIPABKY
MaCCaXXMPOB, TIOYTHI M I'PY30B 110 MEKMYHHIIU-
[AJIBHBIM U MEXKPErHOHAIBHBIM HATIPABIIEHUSIM 6,

Anpornoptsi ropoos Canexapa, HoBbiit Ypen-
ro#i, HanbiMm u HosiOpbCK MMEIOT B3JIETHO-
TI0CaI04HbIE ITOJIOCHI C HCKYCCTBEHHBIM ITOKPBITH-
€M U CIIOCOOHBI IPHHUMATh BO3IYLIHBIE CyJia BCEX
THIOB. A3POIOPTHI B HACEIEHHBIX ITyHKTax Tapko-
Cane, Ypenroit u Tonbka UMEIOT TPYHTOBBIE
B3JIETHO-NIOCAI0YHBIE MTOJIOCHI U 00CITY)KUBAIOTCS
TYpOOBHHTOBBIMH BO3/IYIIHBIMH Cy/IaMH U BEPTO-
néramu®’.

Ha teppuropuun SIHAO ¢dyHKUMOHMPYIOT Be-
JIOMCTBEHHBIE a3pOIOPTHL: B TMoceikax SMOypr
u boBaHeHKOBO (COOCTBEHHUK U IKCILTyaTaHT
OOO Asuamnpenmnpustue «l'asnpom aBuay») u
MEXTyHApOAHBIN aspornopt Caderra (COOCTBEH-
HuK — HOBATOK, skcmmyarant OOO «Mexny-
HaponHbIii aspornopt Caberray). BenomcTBeHHBIC
a3pONOPTHI 00ECIIEUMBAIOT BAXTOBBIE U IPY30BbIE
TIEPEBO3KH.

6 TocynapCTBEHHBII peecTp aspoAPOMOB M BEPTOAPOMOB
rpaxaaHckoi aBuauuu. TromeHckoe MTY Pocasuanuu.
https://favt.gov.ru/reestry-aerodromy-vertodromy/. Joctyn
18.01.2021.

7.0 SImane // NuBecTuumonHsii nopran SImano-Heneukoro
ABTOHOMHOTO OKpyTa. [ DneKTpoHHsIH pecypc]: https:// invest.
yanao.ru/. Joctym 18.01.2021.

OCHOBHBIE ITPOOJIEMBI B OCYLIECTBICHUH a9PO-
HOPTOBOMH JiesiTeNbHOCTH Ha Tepputopun THAOQ

* HEOOXOIMMOCTh PEKOHCTPYKLIUH B3JIETHO-
TIOCaJI0YHBIX ITOJIOC C UCKYCCTBEHHBIM HOKPBITHEM
B aspornoprax roponos Hosblit Ypenroii u Haabim
B CBSI3H C BBICOKHMM YPOBHEM HX (PH3UYECKOTO
1 MopaibHOro u3Hoca (110 100 %);

* 3HAYUTENBHBIA U3HOC KOHCTPYKLUIA TPYHTO-
BBIX a9POJIPOMOB B HaceJIEHHBIX IMyHKTax KpacHo-
cenbkyt, Tonbka (56 % usHoca), Tapko-Cane
(20 % wu3HOCA), C yTpaToil B 3HAYUTEIILHOH Mepe
MX SKCILTyaTallMOHHBIX Ka4eCTB.

BeproaérHbie miomaaku'®

MeXMyHHUIMIANBHBIE TACCAXUPCKHUE aBUare-
PEBO3KH JUIsl TPAHCTIOPTHOTO OOCITY)KMBaHHsI Hace-
JIEHUs OTAAJIEHHBIX, TPYAHOAOCTYIIHBIX HacelIEH-
HBIX ITyHKTOB BBINOJIHSIIOTCSI C UCIIONB30BaHUEM
BepTONETHON TexHUKU. Ha Tepputopuu aBTOHOM-
HOTO OKpyra AJs OCYHIECTBIEHHUS MEX-
MYHHUIMITIBHBIX TACCAKUPCKUX MEPEBO30K 000-
PyZIOBaHbI 22 BEpTONETHBIE TUIOMIAIKHU, PACTIONO-
JKEHHBIE B HACEJIEHHBIX ITyHKTaX ILECTH MYHHIIU-
naJbHbIX 00pasoBanuii (Hampvcknii, SIManbckui,
IIpuypansckuii, Ilypsimkapckuii, TazoBckuit
paiionsl, ropox JIaObiTHaHT ).

YuuTeIBas HEYIOBIETBOPUTEIIBHOE COCTOSIHUE
OOJIBIIMHCTBA BEPTONETHBIX IUIOIIA 0K, IIPU3HAHO
HEOOXOIMMBIM ITPOBEICHHE MEPONIPHATHI 110 UX
PEKOHCTPYKLIUH C JIOBEJICHHEM COCTOSIHUS JI0 CO-
OTBETCTBHSI HOPMATUBHBIM TPEOOBAHUSIM H CTPOU-
TEJICTBO CEMU HOBBIX BEPTOJETHBIX IUIOIMIAN0K
B HacenéHHbIX MyHKTax KartpaBox, benospck,
Camoypr, ITyposck, Xanscasaii, Tonbka (ITypos-
ckas), [Typre.

OCHOBHBIE MEpOIPUATHS, HallpaBlIeHHbIE Ha
peleHre mpodieM a’sporiopToBOi NESTEILHOCTH,
PEKOHCTPYKLIHIO U CTPOUTENILCTBO HOBBIX BEPTO-
JETHBIX TUIOLIAJIOK COAEPXKATCA B COCTaBE IOCY-
napctBeHHol nporpammel IHAO «Pa3Butue
TPaHCIOPTHOH MH(pacTpyKTyphl Ha 2014-2024
TOJIbDY, OTKOPPEKTUPOBAHHOM € yUETOM UTOTOB €&
ucnonHenust 3a nepron 2014-2020 rré,

Tpy0onpoBoAHbIii TPAHCIOPT
Hudpactpykrypa TpyOOIpOBOAHOTO TpaHC-

[OpTa IPEACTaBIIEHa CEThbIO TPYOOIPOBOJIOB,

CBSI3BIBAIOIINX OKPYT C IEHTPATBHBIMH U FOOKHBIMU

8 Tocynmapcraennas nporpamma STHAO «Pa3Butue TpaHc-
MOPTHO# HH(PPACTPYKTYPBI» (C n3MeHeHusIMH Ha 11 deBpas
2021 roxma). YTB. moctaHosieHueM [IpaButenscrsa SImaio-
Henenxoro aBToHOMHOT0 OKpyra ot 25 nekadps 2013 roga
Ne 1124-I1. [Onexrponuslil pecypce]: http://docs.cntd.ru/.
Joctyn 23.02.2021.
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pervonamu P® u 3apyOexxHbiMu crpanamu. E€
Pa3BUTHE CBSA3aHO C OCBOCHUEM HOBBIX MECTOPO-
JKIIEHUH M TTOIepyKaHUeM JI00bIYH Ha JISHCTBYIO-
MIUX MECTOPOXKICHUSX YIIIEBOJOPOAOB 32 CUET
MPUMEHEHHS] HOBBIX TEXHOJIOTUH TOOBIYH.

Peunoii TpancniopT

PeuHoli TpaHCHOPT SBISETCS OCHOBHBIM
BUJIOM TPAHCHOpPTA VIl MHOTMX MYHHUIIMIIAIIHU-
TeToB B SImano-HeHeukom okpyre B JeTHUI
nepuoj. PedHbsIM TpaHCIIOPTOM IMEPEBO3UTCS
3HAUUTEJbHBII 00bEM NPOAYKTOB NMUTAHHUS,
TOTUIMBA, NPOMBIIIJICHHBIX TOBAPOB U CTPOHU-
TENbHBIX MaTepHaos, 3aBo3uMbIX B IHAO u3
npyrux peruoHoB Poccuu [15]. Ucnions3oBanue
MIPUPOAHBIX BOIHBIX ITyTeH MO3BOJSET B OIpe-
JIeNEHHON CTENEeHU PEeIIUTh MpoOJieMbl TPaHC-
MOPTHOTO OOCIYXMBaHHUS HAaceJIeHHs OKpyTa
U CIOCOOCTBOBATh OCBOCHHUIO OTAAIEHHBIX
Y TPYAHOJNOCTYIHBIX JUISl APYTUX BUJIOB TPaHC-
MOpTa HOBBIX paifoHOB OOBIYM HE(PTH U ra3a.

OCHOBHBIMH BOJHBIMH apTEPUSMH Ha TEPPU-
topuu STHAO siBnsirorcsi peka OOb ¢ TpUTOKaMHU,
atakxe peku Hagpiv, ITyp, Ta3. I[TIpomsoxkéHHOCT
BHYTPEHHHUX BOJHBIX MyTEH Ha TEPPUTOPUHU
OKpyTa cocTasiseT 4,1 ThIC. KM, B TOM YHCIIEe
BOJHBIE ITYTH, HA KOTOPBIX OCYIIECTBIAETCS
BBICTABJICHUE CPEACTB HABUTALIMOHHOTO OTPaX-
nenust, — 3,55 Thic. kM. B HacTosiee Bpems 1o
pekam obecreuynBaeTcsi Ce30HHOE COOOLIeHnE
MEXIy 52 HaceJEHHBIMHU ITyHKTaMHU C YHUCIIEH-
HOCTBIO TOCTOSTHHO IPOXHUBAIOIIETO HACEIEHUS
110 120 TeIc. uenosek .

[TpoGnemoii siBisieTcs HEJOCTATOYHAS MPO-
TSOKEHHOCTD, HEY/IOBIETBOPUTEIHHOE COCTOSTHHE
BOJIHBIX ITyTei 1 UHPPACTPYKTYPHBIX OOBEKTOB,
HEOOXOMMBIX JIJIsl 00ECIICYCHUS BO3paCTarOIei
MOTPEOHOCTH B IPy30I€PEBO3Kax B CBS3H C I1ep-
CHEKTHBAaMHU OCBOEHHS HOBBIX MECTOPOXKACHUI
YIJIEBOJIOPOZIOB HA TEPPUTOPUHU OKpyra. Pere-
HHeE IPo0JIeM CBSI3aHO C peali3alieil KoMIuieKca
Meponpustui TpancnoptHo# ctpareruu PO Ha
nepuon 10 2030 roga?’. Crparerueii nmpeaycmo-
TpeHa KOMIUIEKCHAs! PEKOHCTPYKIUS BHYTPEH-
HUX BOJHBIX ITyT€i ¥ THAPOTEXHUYECKUX COOPY-
skeHuit OOb-MpThINICKOTO BOAHOTO OacceiiHa,

9 TlaccaskupCKHUE MEPEBO3KU PEYHBIM TPAHCIIOPTOM OCYIIIE-
CTBILTIOTCSI 110 MexkoOacTHeM (OMck—Tobonsck—Canexapa,
Tobombex—Xants-Mancuiick—Canexap), MeKMyHUIUITATb-
HBIM ¥ BHYTPUMYHHLHIIAIbHBIM MapIIPYTaM.

2 O TpaucnopTHoii crparerun PO Ha nepuox no 2030 rona
(c MI3MEHEHHUSIMH U JIOTIONHEHUSMH). Y TB. PacIopshKeHUEM
IIpaButenscTBa Poccuiickoit ®epepaunu ot 22.11.2008
Ne  1734-p. [Onexrponnslii pecypc]: http:// base.garant.
ru/194460/. Jocryn 18.01.2021.

BKJIFOYAs! YBEIMYEHHE MPOTSHKEHHOCTH BHYTPEH-
HUX BOIHBIX MyTEH C TApaHTUPOBAHHBIMU rada-
pHUTaMH CyIOBBIX XOJOB U OCBeLIaeMOi o0cTa-
HOBKOIA, @ TAKKe CO3IaHHE CYIOXOIHBIX YCIOBUH
JUISL IOCTaBKU T'PY30B B TPYIHOAOCTYITHBIE
paiionsl Kpaiinero CeBepa, B TOM 4HCIIE 11O
MaJIbIM M OBICTPO MEJICIOINM PEKaM.

Ha teppuropunu SImano-Henerkoro aBToHOM-
HOTO OKpYI'a PacrojIOKeHbI ISTh PEYHBIX MOP-
TOB: B ropozax Canexapn, JlabsitHanru, Tapko-
Cane, mocénkax SImOypr u Koporuaeso. Han6o-
Jiee KpyIHbIe peuHble nopThl — Canexapackui,
HanpiMckuii, YpeHTroicKuili — IMEIOT BBIXOM Ha
XKeNe3HOJopOXKHbIe MyTH. CanexapicKuil ped-
HOU TIOPT MIPaeT BXKHYIO POJIb BO BHYTpUpaii-
OHHBIX CBs3sX TIOMEHCKOH o0JlacTh M ocCylle-
CTBIISIET HanOoJiee BaKHbIE I pa3BUTHA SIMa-
no-HeHenkoro aBTOHOMHOTO OKpyra padoThl:
MaCCAXXUPCKHE MEPEBO3KH, MEPEBO3KH HedTe-
MPOIYKTOB, NEPEBO3KH I'PY30B OYKCHUPHBIM
(JI0TOM B HECAMOXOIHBIX CYIaX, MOrPY30YHO-
pasrpy30uHble paboThI, KOMILIEKCHOE 00CITYKH-
Banue (¢uiota. PerieHne yka3aHHBIX 3a/1a4 OCY-
LIECTBISIETCS. 32 CYET Pa3BUTHS TEXHUYECKOU
OCHAIIEHHOCTHU TIOPTa U BHEIPEHHS COBPEMEH-
HBIX TE€XHOJIOTHYECKHX IMPOLECCOB JOCTAaBKH
rpy30B B paiionsl Kpaitnero Cesepa. B wactHo-
CTH, co3laHa 3p¢peKTUBHAsA cXeMa JOCTaBKU
TpyO OOJIBIIOTO AUAMETPA MOPCKHM TPAHCIIOP-
TOM C IEPEBO3KOW Ha PEYHBIX Oaprkax B palloHe
Hogoro nopra. C moMoIs1o miaByueii kpaHoBOMH
MEXaHH3aLIH HOPT UMEET BO3MOXKHOCTh OCYILIe-
CTBJISITH BHITPY3KY CYZOB B JIF0OOM HacelIEHHOM
nyHkre SIMano-HeHenkoro aBTOHOMHOTO OKpyTa,
JlaXke MPpHU OTCYTCTBUHU 00OPYIOBaHHBIX IpHYa-
10B. BeIcTpoil nepeBake rpy30B criocoOCTByeT
HaJIMYHE JKEJIE3HOIOPOXKHBIX NOIbE3/IHBIX ITyTeH
B ropoze JlaGbiTHaHT 1.

[Maccaxkupckue nepeBo3KH 4epe3 peuHbIe
TIOPTHI OCYILECTBIISIOTCSI IO CIIEAYIOIM OCHOB-
HBIM HalpaBJICHHUSIM:

* B ceBepHOM HamnpasneHuu — SIp-Cane, Ho-
BbIi [TopT 1 AHTHDAOTA;

* B IOKHOM HampapieHuH — Myxu, ['opku,
Xantei-Mancuiick, Tobonsck 1 OMCK.

CeTh BHYTPEHHHUX BOJHBIX IyTCH HAa TEPPH-
TOPUH OKPYTa MMEET BBIXOJBI Ha IeNb(] B MOp-
CKHE aKBaTOPUH, YTO OOYCIIaBIHBAET MEPCIEK-
TUBHOE Pa3BUTHE BHYTPEHHUX BOJHBIX MyTEH
u peunbix noptoB SIHAO c yuérom co3nanus
MacImTa0HBIX TPAHCIOPTHO-JIOTUCTUYECKUX
MIPOEKTOB Ha BHYTPECHHUX BOIHBIX My TSAX B PaM-
Kax (OpPMHPOBaHUS MEKIYHAPOIHBIX TPaHC-
MOPTHBIX KOPUAOPOB «peKa—MOpe—Kele3Has
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jgopora». Takum o0pa3oM, pedHbIe MOPTHI
SAHAO, yuuTbIBas UX CBSI3b C apKTUYECKUMHU
MOPCKHUMH [IOPTaMH, IPHOOPETAIOT CTpaTeruye-
CKHMI1 (DyHKIMOHAJ — CTAHOBATCS OIHHUM M3
3JIEMEHTOB APKTHYECKOH TPaHCIIOPTHOW CHC-
TEMBI.

Mopckoii TpaHCIIOPT

Mopckue nepeBo3KH OCYIIECTBIISTIOTCS Yepe3
pa3BHUBalOIMECs MOPCKHE MOPTHI Xapacapdit
u Caberra. XapacaBdii — CTPOSIILIUIACS MOPCKOH
MOPT B paifOHE BaXTOBOTO MoOcEnka Xapacapadit
B SImansckoMm paiione IHAO — mpenHasHaueH
JUISl IEPEBAJIKH YIJIEBOIOPOIHOTO ChIpbsi boBa-
HEHKOBCKOT'O Ta30KOH/IEHCATHOTO MECTOPOXKIe-
HUSI 1 MECTOpOXKIeHHH 1menbda Kapckoro mopsi.
ITopt CaberTa ABIAECTCS CAMBIM MOJIOJBIM
MOpPCKHM NopToM Poccuu M OfHUM M3 caMbIX
AKTHBHO Pa3BHMBAIOLIUXCS, pacliojlaraercs Ha
3anagHoM Oepery OOckoii TyObl Ha CeBEpO-
BOCTOKe nosyoctpoa Smai. [lepBoHayaiibHO
CTPOMTENBCTBO MOPTa SIBSLIOCH YacThIO MPO-
exra «SIman CIII»?, B CBA3HM C 3TUM IOPT
paccMaTpuBalICsl B Ka4eCTBE I'PY30BOIO 110OPTa,
MpeIHa3HAuYE€HHOT0 IS IIePEeBO3KU MOPCKHM
TPAHCHOPTOM COKMKEHHOT'O IPUPOJHOIO rasa.
B Hacrosmee BpeMs HOPT pa3BUBAETCs Kak
MHOTO(YHKIIMOHAIbHBIH, C BO3MOXXHOCTBIO
HCIIOJIb30BaHUs JUIsl AKCIIOPTHBIX IEPEBO30K
MIPOYKIMH, TPOM3BOIMMOM B COCEIHUX PETHO-
Hax. [IpoexT pa3BUTHS TOPTA TPEAYCMATPUBAET
CTPOHTEIBCTBO MOPCKOTO ¥ MOJXOAHOIO KAHAJIOB,
OeperoBbIX 0OBEKTOB, CUCTEMBI YIPaBICHUS
JBIDKEHUEM Cy/lOB. /IaHHBIA TPOEKT SIBIISIETCS
COCTaBHOI1 yacTbto enepanbHoro npoekra «Ce-
BEPHBII MOPCKOH Iy ThY», PEali3yeMOro B paMKax
KoMmrutekcHoro miaHa MojiepHU3aly | paciii-
PEHUsI MarkuCTpalIbHON HH(PPACTPYKTYpHI Ha T1e-
puon mo 2024 roga®. B 2019 r. B koMIUIEKC
nopra CaberTa ObUI BKITIOUEH TEPMUHAT « Y TPEH-
HUI», pactooxKeHHbIH Ha MoxyocTpoBe [ binaH,
Ha IPOTHBOIIOJIOKHOW cTopoHe OT CaOeTThl.
TepMmuHaN npeiHA3HAYEH JUISl OTTPY3KH CHKMIKEH-
HOT'O r'a3a M KOHJIEHCaTa B paMKaxX BTOPOIO IIPO-

2 CrpouTenbCTBO 3aBOJA 110 MPOU3BOACTBY CIKHIKEHHOTO
npupoaHoro rasa lOxno-Tambelickoro MecTOpOXKICHUS.
[OnexrponHsIil pecypc]: https://gpsm.ru/deyatelnost/
yamal-spg-szhizhennyj-prirodnyj-gaz/#:~: text=AAMAJI1%20
CIIT%20-%20unTterpupoBanuslit%20npoekt, Ha%20
pecypcHoii%200a3e%20k0xH0-Tambeiickoro%20mecTo-
poxaenus. Jocryn 18.01.2021.

22 KOMIUIEKCHBIN TIJIaH MOJIEPHHU3ALMN U PACIIMPEHHS Ma-
THCTpaNbHON MH(PPACTPYKTYPHI Ha mepuoy 1o 2024 rona.
VY1B. pacnopsbkeruem [IpaButensctBa PO ot 30 ceHTsaOps
2018 roma Ne 2101-p. [OnexrponHslii pecypc]: http://garant.
ru/products/ipo/prime/doc/71975292/. Noctym 18.01.2021.

€KTa 0 CKKeHnro rasa «Apkruk CIIT 2» %,
Beixo Ha mosiHY 0 MOITHOCTH (19,8 MITH T B rox)
wianupyercst Ha kouer; 2024 ropa?. C peanuza-
nuei npoekra «Apktux CIII" 2» gacTs npoayk-
LUK MTOWIET B BOCTOYHOM HAIpaBJICHHUH, JIE/I0-
kotamu 710 OyxTthl beueBnnckas (Kamuarckuid
kpaif), rne ITAO «<HOBATOK» mnanupyer co-
3nark neperpysounsiit CIIT -repmunan?®. [lanee
MPOIYKIHSI HAIIPABIISIETCS] OOBIYHBIMH TaHKEpa-
MU (0e3 J1e/I0KOJIOB) B A3HIO.

Mopckue nepeBo3ky Ha SIMaie oCyIecTRIAOT-
¢S Takxke uepe3 TepMuHan «Bopora ApKTukm»,
MOCTpOEHHBIN B cenie Mbic KameHHbIl 1 nipeHa-
3HAYEHHBIN U1 OTrpy3kH HehTh 13 HoBomopros-
CKOT'0 MECTOPOXIEHHUS. B CBA3M € TeM, 4To MecTo-
POXKJIEHHE PACTIONIOMKEHO BIAIIH OT TPYOOIPOBOIHOM
UH(PPACTPYKTYPBI, ISl TPAHCIIOPTHPOBKH CHIPbSI
ObLI BBIOpaH BapHaHT OTIPY3KH 4epe3 MOPCKOU
TepmuHai «Bopora Apkrukm». OTrpy3ka He(TH 110
JTAHHOMY BapHaHTy ocyuiecTsisiercs ¢ 2016 roma
KPyIIOroAM4HO KoMmitanuel «I asnpoMuedTon?.

B nepcniextuBe apkrudeckue noptel AHAO
(B mepByto ouepenp Caberra), pacCMaTpPUBAKOTCS
KaK MHOTO(YHKIMOHAIbHBIE, OPHEHTHPOBAHHbIE
He TOJIbKO Ha IIepeBaJIKy TOIUTMBHO-3HEPTETHYECKIX
pECypCoB, HO M Ha 3KCIIOPTHBIE NIEPEBO3KHU IIPO-
JIYKIAH NPSANpUsITHA Ypaa u 3amna Hoi Cuoup.

Peaizariyist epedrciIeHHbIX KPYIHBIX HH)pa-
CTPYKTYPHBIX MPOEKTOB (heAepabHOTO YPOBHS
TpeOyeT COOTBETCTBYIOIETO Pa3BUTHS PErHOHAb-
HOI TPaHCIIOPTHO-JIOTUCTHYECKOH MH(PACTPyK-
TYPBI M peLIeHHsI TpaHCHOPTHBIX Tipobinem SIHAO.
AHanu3 TEKyLIero COCTOSHHS TPaHCIOPTHOM
cuctembl STHAO mokasan HECOOTBETCTBHE CYILIe-
CTBYIOLIETO YPOBHS pa3BUTHs TPAHCIIOPTHOW MH-
(bpacTpyKTypbl NOTPEOHOCTSIM SKOHOMUKH M Ha-
CEJICHUsI OKpYTa, U €€ HECOOTBETCTBUE CTpaTert-
YeCKUM 1esiM cTpanbl B A3P®. [[nsa pemeHus
3a1aun e€ pa3BUTHS, C yUETOM KOMIUIEKCHOM
OLICHKH TEKYIIIETO COCTOSHUS TPAHCIIOPTHON MH-
¢bpactpykrypsl SIHAO, paspaborana T'ocynap-
ctBeHHas nporpamma SJHAO «Pa3Butue TpaHc-
NOPTHO# MH(pacTpykTyphl Ha 2014-2024 ronsn»
(c m3menenusivu Ha 11 despas 2021 rona)'®.

3 Peanusyercsi OAO «HOBATDK». [DnekTpoHHBII
pecypc]: https://www.novatek.ru/common/upload/doc/
MDA _12m 2020 (Rus)_final.pdf. Joctyn 18.01.2021.
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BbIBOOb

Pemniennie 3amaum MOOEpHU3ANK W Pa3BUTHS
TIOJTHOLICHHOM PErHMOHANBHON TPaHCIIOPTHOW HMH-
(bpacTpyKTypbl 3a CYET peann3alii PErHOHATBHBIX
" (heneparbHBIX HHOPACTPYKTYPHBIX IPOEKTOB
obecreunT:

1) popMupoBaH¥Ie EAMHOTO CBSI3aHHOTO TPAHC-
TIOPTHOTO TIPOCTPAHCTBA HA TEPPUTOPHN OKpyTa
C CYIIECTBEHHBIM COKPAIICHIEM HH(PACTPYKTYp-
HBIX OTPaHUYICHUH Pa3BUTHSI SKOHOMUKH OKpYTa;

2) IOCTIDKEHHE HEOOXOANMOTO YPOBHS MO-
OMIBHOCTH HACEJIEHMS M TPAHCIIOPTHOH JTOCTYI-
HOCTH MYHUIIMIIAIUTETOB JUIS BCEX KATCTOPHH
TpaXxIaH;

3) oObearHEHNEe MAaTePUKOBOM M ITIOPTOBOM
MHQPACTPYKTYPHl B CAUHYIO JOTHCTHIECKYIO
CHCTEMy 3a CUET peanm3anin (enepanbHbIX HH-
(pacTpyKTypHBIX NPOEKTOB, OCYIIECTBIIEMBIX
MapajuieTbHO C MEPONPHATUSIMH TI0 MOJIEpKa-
HUIO, MOJIEPHHU3AIINH, PA3BUTHIO CYIIECTBYIOIICH
PETHOHABEHOM TPAHCTIOPTHOHM MH(PPACTPYKTYPBL;

4) WHTETpaIfio TPAHCIIOPTHOTO KOMILIEKCa
SAHAO B cocraBe TpaHCIIOPTHOTO KOMILIEKCA
Poccun B MEPOBYFO TPaHCIOPTHYIO CHCTEMY.

Taxum obOpazom, coznanne 3(hHEeKTHBHOM pe-
THOHAJIBHOM TPaHCIIOPTHO-JIOTUCTUYECKON cucC-
TEMBI, BCTPOCHHOH B COOTBETCTBYIOIIYIO (eme-
PAIBHYIO CUCTEMY C YYETOM I€OCTPaTeruuecKoi
crer(MKH ¥ TEOIKOHOMHIYECKOTO TIOTEHIMAIa
perroHa, 00eCeUnT CHATHE HHPPACTPYKTYPHBIX
OrpaHUYEHUH pa3BUTHS HALIMOHAJILHON 3KOHOMU-
K{ 1 9KOHOMHKH PETHOHA.
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dopmanusoBaHHbIN Noaxoa
K ONTMManbHOMY BHeAPEHUIO KOMMeKca
TeXHNYECKNX CpeacTB

Tatbana MOMNOBA Anekcangp NOMNOB

AHHOTALIUA

UccnedosaHue omHocumes Kk obnacmu asmomamusayuu
mexHomo2u4eckoli NoG2omosKuU NPoU3godcMea 8 MpPaHCNOPMHOM
MawuHoCMpoeHuU. PaspabomaHa KoHUenyust 8s160pa onmumartsHoL
Modenu npoeKmUpPOBaHUs KOMNITEKca MexHUYECKUX cpedcms cuc-
MeMb| ynpagIieHusi Ha a8moMamu3UposaHHoM npoussodcmee. M3-
Y4eHbI hakmope|, Xapakmepu3yrowue duHamuky npoueccos. Co-
CcmasrieHb! coomeemcmaylouue Mamemamuyeckue Modenu, ydu-
MbIBaloWUEe CMOUMOCTMHbIE XapakmepuCmUKU U 3KOHOMUYECKYHO
UenecoobpasHoCcmb 8800a KOMNITEKCHbIX MEXHUYECKUX cpedcms.

OcHosHas yenb O0aHHoU pabome! ceo0UMCs K y4émy 8cex
UMeroWUX 8ec napamempog, 8 Mom yucrie UHaMUKU MeXHUKO-
9KOHOMUYECKUX npoyeccos. [1oka3aHo, Ymo CMOUMOCMHbIE Xa-
paKmepuCMUKU HanpsMyto S8NSI0MCS NoKa3amesnsMu SKOHOMU-
yeckol aghehekmusHoOCMU 8HEOPSEMO20 KOMNIEKCa MEXHUYECKUX
cpedcme.

Memoduyecku OanHasi paboma ebInosiHeHa Ha OCHOBE 3KOHO-
MUKO-MamemamuyecKo20 aHasu3a no 8HEOPEHUI0 KOMNIIeKca mex-
Hudeckux cpedcme Ha npou3sodcmeeHHOM npednpusmuU mpaxc-
NOPMHO-MaWUHOCMPOUMENbHOU ompacnu ¢ y4émom 0bobLeHust
paHee npedroxXeHHbIX 8 UCCe0o8aHuUsX NodX0008.

[ins HauBomee mo4HO20 OnpedesneHus KOHeYHol cmoumocmu
onpedenéHHo2o 8apuaHma u3denus, Heobxo0umo y4umbBams 8ce
¢hakmopb1 NPOEKMHbIX peweHull. Ha ocHogaHUU amux 0aHHbIX Cmpo-
umest MoOexTb CMOUMOCITIHB IX XapakmepucmuK U30eTul, aHamu3upys
Komopy+ 803MOXHO NPOL3BECTIU 8160 ONMUMAITLHOU KOHCMPYKUUU
U30es1USsT, ONMUMAITbHBIX 37108 C KOHKPEMHB IMU KOMNIIEKMYHOWUMU U
KOHKDEMHbIMU NOKa3amerIaMu Kayecmea. Imo N03eonsiem nomy4ums

Tamovana Anexcanoposna ITonosa,
Anexcandp Ilemposuu ITonog®

! Poccutickutl mexnono2uueckutl ynugepcument
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ONMUMaSTbH Il MEXHO02UHECKUL 8apUaHM NPOEKMHO20 PELLIEHUS HA
npoussodcmee.

MpednoxeHa MemoOuka noucka OnMuMabHo20 Npou3eod-
CMBEHHO20 LUKIa npU 8HEOPEHUL CLUCMEMb] a8MOMamUu3UpOBaHHO-
20 npousgodcmea. lMpednazaemces yuUMbI8amb NOMepU, Ces3aHHb1e
C 8PEMEHHbIM 3aMopaxusaHueM ¢hoHO08, 8 MOM YUCITE NOKA3aHO,
4mo HeobX0AUMO BbINOIHSIMB C8EPMKY KDUMEPUES ONMUMU3AUUL.
[ins chopmanusayuu npoyecca NPUHSMUS ONMUMasTbHbIX PeWeHUL
marxe npedriazaemcsi coanacogbiBamb 8binyckaeMyo NPOOYKUUIO
u nompebHocmu peiHka. Kpome moeo, 8 Memodorozuto noucka He-
06X00UMO 8KITKOYamb NOUCK ONMUMaITBHOU epynnbi PaBoOMHUKO8,
0MeeYaroLyUX 3a 8bINOITHEHUE KOHKDEMHbIX Y3KOHANPABIIEHHbIX 3a-
0ay, Ymo NO38OUM NOBbICUMb NOKa3ameJu Kayecmea asmomamu-
3UPOBaHHO20 NPOL3BOOCMBa C BHEOPEHHBIM KOMNITEKCOM MEXHUYe-
ckux cpedcms (KTC).

C yernbro MakcuMaribHo20 COKpaLEHUs BpEMEHU, 3ampayueae-
MO020 Ha 86Cb UUKIT 8800a 8 3KCnyamayuro u30esnus, HayuHas ¢
3mana pa3pabomku U 3akaH4U8ast NoTyyeHUEM 20mo8o20 npodykma,
mpebyemcs ghopcuposamb nposedeHUE 0NbIMHO-KOHCMPYKMOPCKUX
pabom. 3mo 803MOXHO OCYU4ECMBUMb 3@ CYEM YBENUYEHUS NPOU3-
800CMBEHHBIX MOWHOCMeEU, a makxe 651a200apsi COKpaleHUro
8DEMEHU YaCMHbIX YUKIT08 CYWECMBO8aHUS KOHCMPYKUUU.

Hecmompsi Ha mo, Ymo ModesTb CMaHoBUMCS NEPEU3BIMOYHOU,
aBmopbI cHumaom HeobxoduMbim egedeHue AONOMHUMENbHbIX
areMeHmos Orst y4éma 8cex HI0aHco8, cnocobemayowUX 8bIGOPY
HaumTy4we20 PeweHus 8 Yacmu onmuMu3ayuu, Ymo no3eonum
onpedenume NOSTHYHO SKOHOMUYECKYH0 S¢hehekmUBHOCMb KoMniiekca.

Kntoyesble cnosa: mpaHcnopmHoe MawuHOCMpPOeHUe, KOMNITeKcHble mexHuyeckue cpedemsa (KTC), cmoumocmHble xapakme-

Ppucmuku, onmumu3ayus mexHonoau4yeckux npoyeccos.

[ns uumuposarus: [Nlonosa T. A., Nonos A. 1. ®opmanu3ogaHHbIli n00X0d K onmumanbHOMY 8HEOPEHUI KOMNITEKCa MEeXHUYECKUX
cpedcme // Mup mpaxcnopma. 2021. T. 19. Ne 3 (94). C. 45-52. DOI: https://doi.org/10.30932/1992-3252-2021-19-3-5.

MonHb1li mekcm cmambu Ha aH2nulICKOM si3bIke ny6uKyemcs 0 emopoll yacmu daHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.

IKOHOMUKA



BBEOQEHUE

Jns m060r0 MalIMHOCTPOUTEIBHOTO
U aBMACTPOUTEJIBHOTO TPEANIPUSITUS] OCTPO
CTOUT Tpo0JIeMa COKpallleH!s 1IMKJIa KOH-
CTPYKTOPCKO-TEXHOJOTUYECKOTO IMPOU3BO/I-
cTtBa. B Bek mH(MOpMaLIMOHHBIX TEXHOIOTHIA
pa3BUTHE aBTOMATU3ALMU ITPOM3BOICTBA SIB-
JISIETCSI OMHUM W3 CaMbIX IPUOPUTETHBIX Ha-
npasiaeHuii. OgHaAKO MHOTUE WHXKEHEPHBIC
3aa4y IMO-TIPEeXHEMY OTJIMYAIOTCS CBOEH
CJIOXXHOCTBIO, U OBICTPO aBTOMAaTU3MPOBATh
BECh TEXHOJIOTMUECKUI IMPOIIECC He TTPeaCTaB-
JISIETCSI BO3MOXHBIM, MO3TOMY aKTyaJibHa
MmoaTanHas ¢hopMaau3alms IopsaKa Mpon3-
BOJCTBEHHBIX MapIIpPyTOB.

Ilenvio iccnenoBaHus SIBSIETCS pa3padoT-
Ka METOIUKU BHIOOPA ONMTUMAJIbHBIX TEXHM-
YECKUX CPEACTB, BHEAPSIEMBIX B IIPOU3BO/I-
CTBEHHBIM KOMIUIEKC ISl TIOJIyYeHUS ONTH-
MaJbHBIX TEXHUYECKUX U IKOHOMUYECKUX
rmokazaTteJsiel ¢ y4€TOM U3MEHYMBOCTU TEXHM -
KO-3KOHOMUYECKHUX MPOLIECCOB B 3aBUCUMO-
CTU OT BIMSIOIIMX BHEITHUX Y BHYTPEHHUX
MPOU3BOACTBEHHBIX (DaKTOPOB.

Kpureprem BHeapeHUSI HOBOM TEXHOJIO-
MU WM HayYHO-TEXHOJOTMYECKOTO PEIICHUS
SABJsIeTCs yBeandeHue apdekTuBHOCTH [1]
MMPOU3BOJCTBA, NMIPUUYEM KaK C TEXHUYECKOM,
TaK U C 9KOHOMUYECKOI TOUKHU 3pECHUSI.

MHoro4ucjaeHHbIE UCCIeI0BaHNUs, B TOM
YyucJie 3a pyoexkoM, HallpaBJIeHHbIE Ha ITOMCK
ONTUMAaJIbHBIX PEeIIeHUI 00eCTICUeHUS TEXHO-
JIOTUMYHOCTH, CBOISITCSI K TOMY, UYTO BHEAPEHUE
WHHOBAIlUH, TPaIULIMOHHO paccMaTpuBae-
MBIX B JIUTEpAType, UMEET MHOXKECTBO IO~
KiaccoB. [ BHenpeHUsI HOBBIX TEXHOJIOTH -
YeCKHX IMOAXOMO0B B YX€ CYIIECTBYIOIINE
MMPOU3BOJCTBEHHBIE MPOIIECCHI JIMOO pa3pa-
OOTKM HOBBIX ITPEIIOKEHMH TSI TIPUHITUATIM -
aJIbHO HOBBIX IIPOIYKTOB TPEOYeTCs TIIATE Ib-
HOe cTpaTernyeckoe IjaHupoBaHue [2].
BHenpeHue koMILIeKca TEXHUIECKUX CPEIICTB
(KTC) mo3BossieT Mpou3BeCcTH CUCTeMaTh3a-
1IMIO B BOIIPOCAaX YIpaBJIeHUS MPOCKTaMHU,
a TakXe 00ecCleYyuTh KOHTPOJIb KauyecTBa
ocJie BBEIEHUS TeX WJIM MHBIX MTHHOBALIMOH -
HBIX IIPEIJIOXKECHUI.

Memod, npuMeHsIeMblii IJ1s1 BBISIBICHUS
OITHMAJIBHOTO MTOJIHOTO ITPOU3BOACTBEHHOTO
LIMKJIa, CBOAUTCS K aHAJIU3y TMHAMUKM pac-
XOIOB M IOXOMOB.

Psn pabot, ByacTHOCTH HAyYHO-UCCIIE-
IOBaTEeIbCKUM MPOEKT [3] BEeHrepCKUXx
pa3pabOTYMKOB, HAllpaBJIEHHBII HA UCCTIe-
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JoBaHUe 23(PHEKTUBHOTO MPUMEHEHMU S
UHGOPMALIMOHHO-KOMMYHUKALIMOHHBIX
TEXHOJIOTU, TOKAa3bIBAET, YTO MPUMEHEHUE
KOMITJIEKCHBIX TEXHUYECKUX pEIIeHUU
C MOANEPXKKOU UX MPUHSITUS MOMOTAET
MPEANPUATUIM CIIPABUTHCS C TpobieMaMu
HEONpPeneJEHHOCTU U CIO0XHOCTHU, MOBBI-
CUTH CBOIO 3((HEKTUBHOCTb.

Tunoresa, 4yTo MHTEHCUUKaALUSI PabOT
MOXET MPUBECTU K COKPAIIEHUIO MOJHOTO
MPOU3BOJCTBEHHOIO LIMKJIA U3Ieaus Oblia
MOATBEPXKIeHA MaTEMAaTUYECKOU MOJEJbIO,
paHee TIpeacTaBieHHON aBTopamu B [4]. [Tpun
3TOM OBLIO MOKA3aHO, YTO TaKOW MOAXO0 MO-
KET MPUBECTU K CHIKEHUIO 3(P(HEeKTUBHOCTU
BKJIAJI0B.

PE3YNbTATHI
O0mue nNoaxXoabl

Pa3zpaboTaHHBI MeTOI OLIEHKH CTOM-
MOCTHBIX XapaKTepUCTUK COAEPXKUT B cede
psa AOMYyLIEeHWM, IPpU 3TOM HEJIb3sl He
YYUTHIBATh, YTO BEKTOP KaueCTBa U3AEIUS
onpeaeaseTcs yepe3 MHOTOMEPHYIO TEXHU -
YECKYI0 COCTaBJSIONIYI0 TPOU3BOJACTBEH--
Horo npouecca. EcTecTBeHHO, UTO BHEApe-
HUEe MPUHIMNUAJIbHO HOBBIX pelleHUN
MO3BOJIUT pacCIIMPUThL NMpeAcTaBIeHUE
0 HaXOXJAEHUM ONMTUMAJIbLHOTO MPOU3BOJI-
CTBEHHOTO LIMKJa.

Onupasich Ha MpemjiaraeMyl0 METOINKY,
TpebyeTcsl OnpeAeanuTh Te Y3/bl WX TPYIIIbI
JieTajeil, KoTopble 1e1eco00pa3HO 3aMEHUTD,
JIn0O, HANIPOTUB, JOIMYCTUTh MPEEMCTBEH-
HOCTb CYIIECTBYIOLIMX TEXHUUECKUX pEllIe-
HUit. 151 TOUHOTO OIpeaeaeHusl CTOUMOCT-
HBIX XapaKTepUCTUK TpeOyeTcsl yYUThIBATh,
MOMMMO BbIllIe HA3BAHHOTO, TMHAMUYECKIE
napaMeTpbl.

DaxTopsI MPOSKTHEIX PEeIICHUI HE NMEIOT
YETKO 3aBUCUMOI B3aMMOCBSI31, OHAKO MTPU
yu4é€Te B3aMMOCBSI3U 2JIE€MEHTOB (DYHKLIUM
KaXa0ro Mpou3BOJACTBEHHOTO YPOBHSI OHU
MO3BOJISIT IIPUIMTU K pa3padOTKe ONTUMATbHOM
CUCTEMBI.

IIpu pazpaboTke MPUHLIMOMUAABHO HO-
BBEIX KTC He0OXOAMMO OTTAaJIKUBAThCH OT
0a30BOr0 BapuaHTa, BHEAPS Sl MHHOBAaLlMU
B cyJabble 3BEHbsI U HEe 3aTparuBas cylle-
CTBYIOIIME M OTJaXEHHbIe MPOU3BOJ-
CTBEHHBI€ MOIIHOCTU. YHUGUKALUS
B JaHHOM BOINpoOce aKkTyajbHa. Moneau-
poBaHUe ToKa3ajao, YTO BHEApEeHUE Kap-
JUHAJbHO HOBBIX U OPUTMHAJbHBIX KOH-
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CTPYKTUBHBIX PEIIeHUI MPUBOAUT K HE-
BO3MOXHOCTU CTaHIAapTU3UPOBATh HU
TexHoJiornueckuit npouecc, HuU camu KTC.
OTKa3 OT MPOBEPEHHBIX PEUICHUI 3a4a-
CTYIO MPUBOAUT K 9KOHOMUYECKOMY MPO-
WUTPHIIILY BCIEACTBUE 3aTPAT HA MPOU3BO/I -
CTBO HOBBIX Y3JIOB U 39JIEMEHTOB CUCTEMBI,
MoTepe BPEMEHU U HEOMpaBAaHHbBIM Mepe-
pacxomaM MPOU3BOACTBEHHBIX CPEACTB,
4YTO, B CBOIO OYepedb, MOXET NMPUBECTHU
K CPBIBY CPOKOB TI0 BBITTYCKY MPOAYKIIMU
W OpTAaHU3AIIMOHHBIX 3aTPYAHEHUIA, BHI-
3BaHHBIX HOBBIM MOIXOJ0M K MPOU3BOJ-
CTBEHHOMY IIMKJTY.

MHbopMaliMoHHbIE TEXHOJIOTUUA B MUPO-
BOU MpakTUKE SIBISIOTCS HEOTHEMIEMBIM
111aroM JiJT TOBBIIIIEHU S Ka4eCTBa MPOU3BO/I-
CTBa JieTaJIell MPU YMEHbIIEHU U CE0ECTOMMO-
CTU U CPOKOB OCBOEHUS [5].

TTpu peanuzanuu nepcrneKTUBHBIX TEXHO-
JIOTUYECKUX TPOILIECCOB Ha MPEeANPUATUUN
3KOHOMUYEeCKU 3ddeKT gocTUuraercsH,
Mpexe BCero, 3a CYET IKOHOMUU MTPOU3BO/I-
CTBEHHBIX PECYPCOB U YBEIWYEHUS MPOIAXK,
TaKMM 00pa30M IOCTUTAETCS CHUXXKEHUE cebe-
CTOMMOCTHU MPOAYKTA.

TpaaUIMOHHO OCHOBHBIM KPUTEPUEM,
OMNpPEeNeNSIOINM 5KOHOMUYECKYIO 11€JIeCO-
ob6pazHocth BHeapeHus: KTC, aBnsiauch 3a-
Tpatbl. [1py aHaM3€e LIEHOBBIX XapaKTEPUCTUK
WU3JEIUNA U UX y3JI0B YUYUTHIBAIUCH MPOEKT-
HbI€, TPOU3BOJCTBEHHbIE U IKCILTyaTalIUOH-
HBIE PACXO[IbI, TPUMEHSIEMbIe K KOHKPETHOMY
0JIOKY TeXHUUYECKOTo o0caykuBaHus. B pabo-
Te [4] MOKa3aHO, YTO Ha OCHOBAaHMY JaHHBIX
0 CTOMMOCTH TOJIBKO OHOTO 0OJIOKa HENb3s
JIOCTOBEPHO OLIEHUTH MOKAa3aTeld KauyecTBa
KTC.

JAvHaMyKa MpOU3BOACTBEHHBIX MPOIIEC-
COB OIpefiesiIeTcs TAKUMU (haKTopaMu, Kak
MOpaJIbHOE ycTapeBaHUE J000ro mpoayKra
U CHUCTEM YIPaBJEHUS; CKOPOCTh TPOU3BO/I-
CTBa ¥ BBOJ B 3KcIuTyaTaluio HoBeix KTC. D1t
dakTops! onpeaensor 3¢hhHeKTUBHOCTh pa3-
pabaTbiBaeMbIX MPOAYKTOB, U pEIIEHUS,
MPUHSTBIE 0€3 UX PACCMOTPEHUSI, MOTYT OBITh
JAJIEKU OT palluOHATbHBIX.

YT1o0OBI yueCcTh MOJOXKUTETbHBINA TEXHOJIO-
ruyeckuii mporpecc npu BHenapenuu KTC,
cjienyeT BBECTU MHOXECTBEHHbIE KPUTEPUH,
OTBEYalollre 32 SKOHOMUYECKUE MoKa3aTesu,
Mpy 3TOM TpeljiaraeMble CBOMCTBA 3aTpaT
MOTYT UCMOJIb30BAaThCS KAK CHHOHUM 3KOHO-
Mu4eckoil 3(hheKTUBHOCTH.

IpennaraemMbie MeTOABI H PelIEHHUs

XKenaHre MakCMMaJabHO COKPATUTh MOJI-
HBbIIA LIMKJT U3IEJIUS JIOTMYHO U SIBJISIETCS €CTe-
CTBEHHBIM CJICICTBMEM BO3HUKHOBEHUS MH-
HOBAllMii B MPOEKTHBIX U TEXHOJOTMYECKUX
peleHusix. BeaeacTBue aToro, mpucrtynas
K pa3paborke HoBoii Bepcuu KTC, HyxXHO
OMNpPEAEJUTh NJIUTEIbHOCTh COBMECTHOTO
LIMKJIA CYIIECTBOBaHMSI MTHHOBALIOHHOM CUC-
TeMbl. JIaHHBII apaMeTp MOXET OBbITh OIpe-
JIeJIEH JIMIITh HA OCHOBAaHUM BBIXOTHBIX TEXHM -
YECKUX XapaKTEPUCTUK FOTOBOIO M3MIE/IMSI.

Ha HayanbHOM 3Tare NMpOeKTUPOBAHUS
HaKOILJICHHBII OIBIT OJDKEH OrpaHUYMBaTh-
Cs1 OPMEHTUPOBOYHBIMU OLIECHKAMU, OCHOBaH -
HBIMM Ha CTAaTUCTMYECKUX JTaHHBIX.

CyliecTBYeT YHUBEPCAIbHOE IPEIIOXe-
HHUE, KOTOPOE CIIOCOOHO CTaTh KJIIOUOM KO
MHOTUM Npo6JieMaM, CBSI3aHHBIM C MOPaJib-
HBIM yCTapeBaHMEM KOHCTPYKIMU. YTOOBI
CBECTH K MUHMMYMY BpeMsl OT 3Tara paspa-
0OTKM A0 Havyaja paboThl cepUr, HEOOXOAUMO
YMEHBIIUTh BpeMsl Ha MOATOTOBUTEIbHbBIC
LIMKJIBI U COCPEIOTOYMTHCS Ha POCTE MPOU3-
BOJICTBEHHBIX MOILITHOCTEHA.

B paborte [4] ObLIO MOKa3aHO, YTO «YCKO-
peHKe HayaIbHBIX 3TAIOB LIMKJIA MOXET ObITh
JIOCTUTHYTO B OCHOBHOM 3a CYET (hopCcHpOBa-
HMSI BKJIATIOB ITYTEM IepeMEILEHUSI NEHEXKHBIX
CPEIICTB U YBEJIMUEHMS MX PA3MEPOB, a TAKXKE
3a CY€T GoJiee pallMOHAJIBHOI OpraHu3aluu
TpyIa».

PaciiupeHue nmpou3BOACTBEHHBIX MOIII-
HOCTEl MPUBOAUT K COKPAIEHUIO XXM3HECH-
HOTO LIMKJIa U31e/I1s B CBS3M C YKOPaYMBaHM -
€M ITPOU3BOJICTBEHHOTO 3Talla, XOTs B OTIC/Ib-
HBIX CJIy4asiX 3TO MOXET IPMBECTH K Hapylle-
HUIO ONTUMAaJIbLHOTO OTHOIIEHUS CIIpOC/
npeaaoxenue. Takum o06pa3oM, CTAHOBUTCS
BO3MOXHBIM BBeCTU paznuyHbie cepun KTC
Ha MPOU3BOJCTBO C YYETOM OLIEHKU 3KOHO-
Mu4ecKoro aeKkTa oT BHEAPEHUs TOJO0O0HBIX
MHHOBALIMOHHBIX MOAXOI0B U ONITUMAJILHOTO
BPEMEHH JIJIsI pa3BUTHS Y PeaIu3aliu IIPOr3-
BOJICTBA.

AHanu3upys psj rpaddukKoB JTOXOJ0B
U pacxonoB (puc. 1 [4]), MOXXHO TOBOPUTH 00
5KOHOMMUYECKOM 11eJ1IeCO00Pa3HOCTU ITPUHSI-
TUA peueHuii mo BHeapeHuo KTC.

Kpusas P(t) npeacrapisiet coboii rpaduk
OOIIMX 3aTPAT VISl BCEX M3IEPKEK, CBSI3aHHBIX
C 9KCIUTyaTallMeil KaK yXe MCIOJIb3YeMbIX
KTC, tak 1 BHeapsieMbIX [6; 7]. O0001LEHHBII
dboHn @(t) onpenenseTcs Yepe3 MHTETpal

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 45-52

[lonoBa T. A., [lonoB A: [1. ®opmann3oBaHHbIN MOAXOA K ONTHManbHOMY BHeAPEHWUIO KOMMeKca

TEXHNYECKMNX cpeancrte




3KOHOMUYECKOro 3¢hdeKTa OT Hayajia MoJTHO-
O UMKJIA T, 10 HavyaJla ONepaLuu T 1715 BHE/-
pénHoro KTC:

Q(r)sz(t)dt_

OkoHomuueckuit apdexr (ornaua) 1(t)
OIpeAeIsIeTCs] TOXOA0M, MOJIy4aeMbIM OT
sKcmayaTauum KoHkpetHoit cepun KTC.
®ongoormaya ¥ (T), B CBOIO O04Yepedb, IPe-
CTaBJISIET COOOI MHTErpajibHOE 3HAYCHUE:!

‘P(r):jﬂ(‘c)d‘r,

ITpubbUTH f{'t) paccunTHIBaeTCS KakK pas-
HOCTb 9KOHOMMYECKMX 3(PPEeKTOB 10 U TTOCTIe
BBenenust KTC:
f(tr) = I1(t) — P(1).

DKoHOMMYECKUH 3D DEKT, TO eCcTh Mmpe-
BBIIIIEHWE IOXO/IOB HaJl pacxoiaMu, MpOsIB-
JISIETCST TOJIBKO TI0CJIe HEKOTOPOTO MOMEHTa
BpPEMEHU T, KOTAa JOCTUTAETCsS PaBEHCTBO
Il(t) = P(t), 94TO HAIISIMHO MOKAa3aHO Ha
rpacduke (puc. 1). 1o 3T0ro MOMeHTa, HEB3M -
pas Ha HaJln4re 9KOHOMUYECKUX PECYPCOB,
MMEIOT MECTO OBITh 3aMOPOKEHHBIE (POH/IHI.
MoOMEHT BpeMEHMU T, ABJISIETCSA TOYKOM OTCYE-
Ta POCTa CAaMOOKYIAaeMOCTH, KOTJa 4acTh
3aMOPOXEHHBIX (hOHIOB TMEepeKphIBAETCS,
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Puc. 1. lunamura pacxodoe u doxodoe. P(t) - cymmapHbie pacxodbl, € mom yucne Ha skcniyamayuio - P (1);
Ha npou3eodcmeo - P,(t); 1 - ebinyck KTC; 2 - yucno skcniayamupyembix KTC [4].

MpeBbIias GYHKIIMIO MOJE3HOCTH M0 (QyHK-
LIMY 3aTparT.

B HEKOTOpBIif MOMEHT BPEMEHHU T, MHTErPal
Fr) =[ f(t)d(t), npoxons yepes HyJIeBYIO OTMET-
Ky, IPMHUMAET MOJOXUTEIbHOE 3HAUCHUE.
Bpemsi t_Ha3bIBalOT «<BpEMEHEM CAMOOKYTIAEMO-
cti». [locse 3Toro HaYMHAETCs TEpUOJ, KOraa
«aucTasi» npuosLIb ot BHeaApeHus1 KTC Bo3pa-
craet. Pazmep npuObUIM onpeaessieTcs: Kak:

Fr)- f[l'[(r)—P(r)]dt _

OpmHako Takoe ompeeieHue SKOHOMUYe-
cKkoi 3 (PEeKTUBHOCTU AETIO3UTOB HEMOCTA-
TOYHO BEPHO yKa3bIBaeT Ha MOJHBIN 00BbEM
9KOHOMUYECKUX IPOIIECCOB, ITOCKOJIIBKY OHO
He YIUTHIBAET 3HAYUTEIbHBIE TIOTEPU, CBSI3aH -
HbIE C BpeMEHHBIM 3aMOPaKMBAHUEM CPEJICTB.
B aT0if cBSI3M manee BHITIOTHSETCS CBEPTKA
KPUTEPUEB M BBITIOTHSIETCS MHOTOKPUTEPH -
aJbHas ontuMu3auus. bonee moapoOHO
JTaHHBIIA ITOIXOM OCBEIIEH B pabore [8].

C ygéToM BpeMEHHBIX 3alIep3KeK, 00YCIOB-
JIEHHBIX TIepeMeIlleHUEeM JIEHEXKHBIX CPE/ICTB,
co3natorcst GOHIBI, KOTOPBIE MO3BOJISIOT
MOJTyYUTh MIPUOBLIb, BhIpaxxaeMylo B K mpo-
neHTtax. Ecnu 3aTpatsl, mpou3BeaEHHBIE HA
HayaJbHOM 3Tarne (Kak MpaBWIo, B TeUeHUE
TepBOTO Trofia), ObUIM 3aMOPOKEHBI Ha BECh
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cpok ucronb3oBanus cepur KTC, To pacuér
BEIETCH MO 1 ToAaM, TaK KakK yaepxKaHue He
MPUHOCUT 3KOHOMUYECKOUN MTPUOBLIN:

AP =(1+K)" I'?P(t)dr—_i‘P(t)a’r:

(@ k) 1] [ P(epr=[ 1+ K) -1],

0
1
e @, = [P(x)dx —mpencrasnser co6oit 3aMOpo-
0

JKEHHBII BKJIAJ] B TEUEHHE [IEPBOTO IO/,

PaBHO Kak u mjis ciiydast, Koraa Ha i-M
roay IMpOUCXOIMT 3aMOPO3Ka JIMOO Cylile-
CTBEHHOE COKpallleHUEe ACHEXHBIX CPEICTB,
JNeHEeXHBIA (DOHI U3MEHSETCS B CTOPOHY
YMEHBIIECHUSI Ha BEJIMYUHY, OIPeaeIsIeMylO
Kak:

AD = [(1+ Ky~ —1] D,

CoOOTBETCTBEHHO, €CJIA BCE CPENICTBA, 110~
TpaueHHbBIC HA CO3IaHUE U BHEAPEHUE CEPUU
KTC, 6b111 3aMOpoO3KeHBI Ha 1 JIeT (CpoK
CJTy>KOBI CTPYKTYPBI ), TO OOLLIME TTOTEPU C YU~
TOM YOBITKOB, MOHECEHHBIX BCJICIACTBUE UC-
KJIIOUEHUS JAHHBIX JEHEXHBIX CPEACTB U3
000poTa, MOXHO ONPEACIUTh, Kak D:

o= (1K) -1}, =

=30, (14 k)"

i=1
"
Tak Kak ) @,=®, — obwas BeIU4UHA 3aTpaT
i=1
JIEHEXKHBIX CPEICTB C YUETOM Pa3IUYHBIX HE-
YUITEHHBIX MTApPaMETPOB, TO OKOHYATEBHAS BeE-
TUarHA OYJIeT OTPENeNAThCS KaK:

o= ;"1(1+1<)""ip(1)d1 ,

H71s1 oripenesieHUs 00IIEr0 9KOHOMUYE -
ckoro 3¢ deKTa yMECTHO MCIOJIb30BaTh He-
MPePBIBHYIO (pOpMY, a HE OTHEJIBHOE BBIpaKe-
aue g ®@. C 3Toi1 11ebI0 pa3o0bEeM KaleH-
JapHbIi TIepuoa (OOUH TOA) Ha HeOOJIbIINe
JIMCKPETHBIC BpEMEHHBIE yIacTKU AT, YIOBIIE-
TBOPAIOILME YCIOBUIO 11, * AT = T, M COCTaBUM
npeaen:

"
%"l) T T
-1 (r-)
(1+ K" P(r)Ac=[(1+ k)" P(r)dx.
0

O00011IEHHO MOXKHO 3aMKCaTh:
T
D= .[(l+ K)(T%)P(‘r)dt .
0

st perieHrsT ONTUMU3AMOHHON 3a1a4un
1o 3¢p@eKTUBHOMY YBEJTMYEHUIO 000pOTa Je-
HEXXHBIX CPE/ICTB HA OPraHU3al1IO POU3BO/I-
CTBa MOAPOOHO PACCMOTPUM CTPYKTYPY (DYHK-
mu P(t).

CornacHo TIOJTHOM cXeMe IPOU3BOACTBEH-
HOTro 1MKJa, JaHHYI0 (YHKUMIO P(T) MOXHO
MPEICTaBUTh YEPE3 Psil COCTABIISTIOLINX, KAXKI0E
13 KOTOPBIX TAKXKE OTPEAESeTCS HECKOJIbKUMU
nokazateasimMu. Hanpumep, cocrabisonias
CTOMMOCTH «ITOITOTOBUTEILHOTO 3Tara pa3pa-
OOTKM HOBOI cepumn» ONpPeAessieTCs YeThIPbMS
CTaThSIMU PacXoioB (Bcero 18 KOMIIOHEHTOB).

CrnieyeT OTMETUTB, YTO HEKOTOPBIE TToKa3a-
TEJIM YaCTUYHO MEPEeKPBIBAIOT APYT Apyra,
U byHKIMIO P(T) MOXXHO MepenucaTh Kak:

P()=2n (),

=
rae 7(t) — TEKYIIUE PACXOJibl, MPUXOISAIIMECT
Ha i~/ YaCTHBIN ITUKIL.

Pacxonbl onuchiBaloTcsl GUHUTHOM (PYHK-
e, onpeae€HHO TOJIbKO B OrpaHUYeHHOM
obmacTu T, — T Jje{l,..., n}, KoTopasi B OCTaJlb-
HbIX MHTEepBaIax MPUHUMAET HYJIeBblEe 3HAUe-
Husi. Takum obpaszoMm, cama pyHkumsa P(t)
onpenesnsiercs B nuanasoHe 0-T u crpeMutcs
K HyJIIO 3a IIpeaiesiaMy 9TOro MHTepBaJia.

Henb3st He OTMETUTH, YTO MHTErpalus
3JIEKTPOHHO-BBIYMCIUTEIbHBIX KOMIUIEKCOB
MO3BOJISIET OTKPHITh HOBbIE TOPU3OHTHI B pa3-
BUTUM JTIOOOI1 OTpacivi MPOMBIILICHHOCTH.

ITpor3BOANTEIBHOCTE MHOTUX COBPEMEH-
HBIX NMPOAYKTOB (aBTOMOOWJIEH, CTUPATbHBIX
Mall1H, POOOTOB WM CTAHKOB) U X ITPOM3BO/I-
CTBO 3aBUCHT OT CITOCOOHOCTH ITPOMBIIILIEHHO-
CTU UCIIOJIb30BaTh TOCTUXKEHUSI B 00JaCTU
TEXHOJIOTWI ¥ BHEIPSITh UX HA CTAIMU MIPOEK-
TUPOBAHUS KaK B ITPOAYKThI, TAK 1 B IIPOU3BOI-
CTBEHHBIE MTPOLIECCHI.

Takue Npou3BOACTBEHHbBIE CUCTEMBI, B KO-
Tophie yxKe nHTterpupoBaHbl KTC, a Takke
B KOTOPBIX MTPUMEHSIETCS] MEXAUCIUTLIMHAD-
HbII MOAXO0J K MHXXEHEPHOMY MPOEKTUPOBa-
HUIO, C TEXHUYECKOI U YIPaBIEHUECKON TOUeK
3pEHMS CTAHOBSITCS 3HAYUTEIbHO KOHKYPEHT-
HOCITOCOOHEE T10 OTHOLLIEHUIO K CBOMM TpeN-
LIECTBeHHUKaM [9].

OmnpeneneHue Kaxaoro KOMIIOHEHTa,
BJIMSIIOIIIETO Ha 3aTpaThl, BOBMOXHO OCYIIe-
CTBUTh Ha 0a3e CTaTUCTUYECKUX JaHHBIX.

Bo3zBpat 1eHeXXHBIX CPEeCTB, BOSMOXHBII
nocnae BHeapeHust HoBoii cuctembl KTC, Ha-
YHMHAETCS C MOMEHTA BpeMeHU T_. OUYeBUIHO,
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Puc. 2. BnusiHue uHmeHcueHocmu ¢huHaHcuposaHusi Ha AghgpekmusHocmb KTC;
uHdekcbl 1 coomeemcmeayom Ha4anbHOMY 8apuaHmy, UHOeKChbI 2 — KOHKypupylowemy [4].

4TO BO3BpATHBIE NIEHBIU HE MOTYT Cpa3y mo-
MacTh B OOpallleHWe U MOTYT OBITh YUTEHBI
JIMIIb KaK BO3MOXHasd OOIIOJHUTEIbHAS
npuOBLTh. Jloxon onpenenseTcs Wit PyHKIIMI
J(t) B TeyeHUe BPEMEHHOTO MHTEpBAA T,
B riporieHTax K mo onpenenénnoro momenra T.

[TpuOBLTE BO3MOXHO OIIPEACIUTh Yepe3

UHTETPUPOBAHME KAXI0M COCTABIISIOLLEH:
T

o(r)= [+ k)" f (v)dr.

2

3aBucumoctu (1), Kak u ¢(t), He SABJSI-
IOTCSI HOBBIMU B BOIIPOCAxX OIMCAHUsI 3aTpaT
M OTHOCSITCSL K TPaIUIIMOHHBIM (hOopMyJiaM
5KOHOMUKH TIPEATIPUSITUIA.

O06061EHHBIEe GYHKIMHU f{T), KaK U (PyHK-
mus P(t), cocTosaT U3 psna KOMIOHEHTOB,
KOTODBIC SIBJISIIOTCSI HauboJiee BaxKHBIMMU,
OJTHAaKO HaubosIee TPYIHO (popMaTM30BaHHbI-
mu. UctrHHas TpuObLIbL onipeaesieTcs (PyHK-
uueii f(t) Ha mpomMexyTke T — T'1, paBHO, Kak
1 GyHkuus P(t), Ha TaHHOM y4acTKe MOXET
OBITh IIPEICTaBICHA KaK:

T
F(t)=0-®=[(1+K)" 7 (v)-

T

- f (1+K)" P (x)dr.

=0

[To oTHOMIEHHIO K 3arparTtaM I1oJiydyacMm:
T

Ja+x)™ f(r)_f(nx)”*ﬂp(r)dr

-Q :
p0=?_ %

f(1+ k)" 7P(x)d

MMest BOBMOXKHOCTh PaCCUMUTATH A0COTIOT-
HYIO CTOUMOCTb U OTHOCUTENIbHYIO CTOMMOCTD
«UHCTOM MPUOBLTH» , MOKHO MEPETHU K OIpe-
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JeJIEHUI0 OTITUMAJIbHOM CHCTEMbI MHTEHCH -
buKanuu AeMO3UTOB MPU OpPraHU3aALMU
MMPOM3BOACTBA C UCITOJIb30BAaHUEM HOBOU
cepuu KTC. «Pemenue 06 apdbexTuBHOCTH
WHHOBAIIMOHHOTO MpOoeKTa MPUHUMAETCS
¢ YYETOM LIEHHOCTEW BCEX YUPEIUTETbHBIX
npunoxenuin» [10].

st ymodcTBa pacCMOTPEHMST HECKOJTBKUX
BapuaHToB Beinycka KTC (puc. 2) npencra-
BUM BpeMsl CYIIECTBOBAaHUSI KOHCTPYKIIMU
MPY UCXOTHOM BapuaHTe (pUHAHCUPOBAHUS
kak T m cymmapHbIi GOHI HEHEXHbBIX
cpencTs 6a3oBoro BapuanTa Kak @ .

Torna, UCTOJb3ysI MHTETPAIBHBIN TTOIXOI,
MOXHO 3aTMCaTh:

Tl
@, = [(1+K) P (v)dx,
rae P I(r) — pacxobl B IepBOHAYAILHOM Ba-
pUaHTe;

¢, — CyMMapHas BEIMYMHA 3aTparT.

T
b= [(1+ K" f(x)dx
11 MOJEPHU3UPOBAHHOIO BapUaHTa I1e-
PCIIMILIEM BbIpaKC€HUA KaK:
T?
@, = [(1+ k)P, (v)dr

u
TZ

b, = [+ K) 71, (v)ar,

rae P(t) — Npou3BOACTBEHHBIE 3aTPAThI IS

MOJEPHU3UPOBAHHOTO TTPOU3BOICTBEHHOTO

npouecca ((popcupoBaHHBIN BapUaHT).
PeanbHast mpuOBLIL B IepBOM Cilydae

onpenensercs Kak F, = ¢, — @ , nna popeu-
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Puc. 3. 3hghekmueHocmb @ (yHKUUU UHMEHCUBHOCMU (huHaHCUpos8aHusi pabom [4].

POBAaHHOTO BapHUaHTa CIIPAaBEIMBO PABEHCTBO
F,=¢,— @, JIna ananmisa 3HeKTUBHOCTH
BHECEHHBIX M3MEHEHUI MTpOaHATU3UPYEM
OTHOIIIEHHE ITOKa3aTeIei MPUOBLIN:
Tﬁ

T(1+K) AG ]'1+K

2 _Taz

! j(1+1<)

1

r)dt

I(1)= - .
I 1+K t)d‘r
0

B pab6ote [4] paHee moapoOHO MpUBENEH
aHaJIM3 CTaTUCTUYECKUX JaHHBIX, TAe IOKa-
3aHo cienyroulee: «pyHKuus J(T) umeer BUL,
N300pakE€HHBINA Ha pHUC. 3, U MOXET OBITh
AHAJIUTUYECKHU MPEICTaB/IEHA B BU/IE OTHOLIE-
HUS allIIPOKCUMUPYIOLIMX IIOJIMHOMOB. JleBast
BETBb 3TOI KpuBoOi (yyacTok 1—0) o3HavaerT,
YTO MPU CJAULIKOM OO0JIbIION MHTEHCU(DUKA-
LUK paboT, MPUBOMASIICH K COKpalleHUIO
MOJHOI'O LIMKJA, MPOMCXOAUT CHUXEHUE
3 (HEKTUBHOCTU BKJIAJOB. DTO OOBICHSETCS
CJIEAYIOLIMM: VISl KaXKIOI'0 TEXHOJIOIMYECKO-
ro mpoiecca CyIlieCTBYIOT MUHUMaJbHbIE
CPOKHU IIPOBEACHUS pabOT, KOTOPhIE IIPU 3a-
JAHHOM YPOBHE Pa3BUTHUSI TEXHUKU HE MOTYT
OBITh TPAKTUYECKN YMEHBIIIEHBI» [4].

B cooTBeTcTBUM C Tpacdhukom (puc. 3) oue-
BUIHO, YTO YeM OO0JIbllie BPEMEHHbIX 3aTpat
C MEHbILIUM (PMHAHCUPOBAHUEM, TEM OOJIbILIE
YIOPSITIOYEHHOCTH B aJIFOPUTME BBIIIOJIHSIE-
MbIX 3afa4. B ciyyae CHUKEHUS OEIO3UTOB
BHenpeHue KTC cyimecTBeHHO 3amemisieTcs
Y MPUBOIUT K IOIOJHUTEIbHBIM 3aTpaTaM,
CBSI3aHHBIM C yIepKaHUEeM JEHEKHbIX CPEACTB
¥ obeclieHMBaHMEM MPOIYKIIUHU 3a CYET MO-
PaJIbHOTO YCTapeBaHMS M3AEIUIA U TEXHOJIO-
TUYECKMX PELICHUM.

Bce dakTophl, oka3bIBaloye pssMoe Uin
KOCBEHHOE BO3IEICTBME HA CUCTEMY, YYTEHbI
B GyHkumsx P (v), P(7), f(1), f(T), nist iByx
ciiydaeB: ¢ yxke npuMeHsieMbiMu paHee KTC

U U1t HOPCUPOBaHHOrO BapuaHTta. OyHKLIU
(puc. 2) ornpeneasiioTcss MHOTOUWICHAMM C OTA-
HAKOBOW CTEIeHbIO NJIS KaXI0ol COOTBET-
CTByIOIIEH TTapsl (paKTOPOB, HO C Pa3HBIMHU
Ko3(ppuLimeHTaMHu JIJisI TTOJTHOTO BpEMEHHOTO
LIMKIIA.

Kaxk ckazano B pabore [4]: «MHTerpans
®,(T,) u ¢,(T,) UMeOT BUI, aHATOTUYHbIIA
By Gynkumit @ (T ) u ¢ (T)».

BompocaMu onTuMu3anuy Mpou3BOI-
CTBEHHBIX IIPOILIECCOB 3aHUMAJIMCh MHOTHE
yuéHbnle, Hanpumep, I. K. TopaHckuii,
H. M. Kanyctun [11; 12]. Hanbonee nmomHo
paccMaTpuBaeTCsI BHEAPEHUE II1aroB T10 ITpH-
meHeHuto KTC B tpynax C. I1. Mutpodanosa.
Crenyer OTMETUTD, YTO MMOKA3aHHBINA B €T0
padote [13] TexHOTOTMUECKMIT TPOLIECC MPE/I-
CTaBJIIeT CO0OI MOIEeIb, KOTOpasl BKIIIOYAeT
TOTOBBIC TEXHOJIOTUIECKIE PEILICHMST, HEO0XO0-
nuMBble 1151 (P (PEKTUBHOTO MPUMEHEHUS CO-
BPEMEHHBIX MH(MOPMAIITMOHHBIX TEXHOJIOTHIA
K IIpOLIeAypaM aBTOMATU3ALINY TTPOM3BOIACTBA
B IICJIOM M TIPOLIeIypaM ITOATOTOBKHU TEXHOJIO-
TMYECKOTO IMPOU3BOICTBA BUacTHOCTH. [Tomo6-
HbIE 3a1a41 TaKXKe MPeaCTaBIeHbI B [14].

Cxoxasi mpobJjieMaThKa TaKKe OCBeIla-
JIach B 3apyOexXHbBIX paborax [2; 15; 16], roe
ObLTa OTMEYEeHA TEOPETUYECKast CBSI3b MEXKIY
CTpPAaTEerMYeCKOn agantauuein, NpakTUKOu
yIpaBJIeHUsT THHOBALIMSIMU M pe3yJIbraTaMu
Ou3Heca.

Psin oredecTBeHHBIX pabOT TaKKe ITOKA3BI-
BaeT YKOHOMMUYECKYIO 11eJIeCO00pPa3HOCTh
npyUMeHeHUs MHHoBauuii u BBeaeHus KTC
B Ipou3BoaCcTBO [17; 18].

B ocHOBe MopenmpoBaHMs 3aI0KeHA He-
00XOIUMOCTh TTepBOHAYATIBHBIX 3TAIIOB IO
aBTOMATHU3AIMM W YHU(UKAIIUH ITapaMeTPOB
KTC, ogHako B peaJlbHBIX YCIOBUSIX ITOIXO/,
K KaXIoMy KOHKPETHOMY 3aIIpoCy IOJIKeH
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OBITh He (POPMAaIM30BAHHBIM, a HAIIPABJIEH-
HBIM Ha JOCTVKEHYE HAWTYJIIEero pe3y ibrara,
YTO TaKXKe oTpaxaercs B padore [19].

KPATKWE BblBO[bI

[TpousBen€H aHaIU3 3KOHOMUYECKOM
a(ppekTuBHOCTU POPCUPOBAHUS TTOJTHOTO
IIMKJIa TEXHOJIOTUYECKOTO MPOIIecca aBTOMa-
TU3UPOBAHHOTO ITPOU3BOICTBA.

ITokazaH 00OCHOBAHHBIN BHIOOpP OINTHU-
MaJIbHOT'O KOMILIEKCA TEXHUYECKUX CPEACTB.
C 1enpio pelieHusT 3TUX 3afad CTPOUTCS
JrarpaMMa MoOJIHOTO IMKJja TTPOU3BOICTBA.
B ¢BsI31 ¢ KOMIUIEKCHBIM IIOIXOIOM yYUThI-
BAIOTCS TaKWE COCTABIISIIONINE, KaK 3aTPAThI
Ha «IIOATOTOBUTEJIBHYIO CTAINI0 OCBOCHUS
HOBOIi CepUM», SKOHOMUYECKasl IIOJIE3HOCTh
KTC n k03 duiine HTe MOPaJIbHOTO U3HOCA.
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Hukonait ANEKCEEB Nasen 303UH

AHHOTALINA

OnucaHb! npeumywecmsa u Hedocmamku Cywecmsyrujux
UHCMpyMeHmos nodcyéma naccaxuponomokoe Ha npumepe Mo-
CK8bl.

Llenbto uccrnedosanus siensinach OUeHKa 803MOXHOCMU UC-
nonb3ogaHusi Wi-Fi-OanHbix 6 kayecmae uHcmpymeHsma Onsi aHa-
u3a naccaxuponomokos. Aemops| ucnonb3oeanu 0ga euda Wi-Fi-
ckaHepog Ans cbopa OaHHbIX U 3adelicmeoeasnu pa3pabomaHHili
UmU uHempymenm 0nst ux ananusa. [TpusedeHb NepeuYHbIe pesyb-
mambi uccredosaHusi, deMOHCMPUPYOULE 803MOXHOCMb peasb-
Hoeo ucnonb3osarus Wi-Fi-OaHHbIx 6 0bnacmu aHanu3a naccaxu-
PONOMOK08.

OnucarHble amnupuyeckue uccredosaHusi, 8 YyacmHocmu
0OaHHble, nomy4eHHble om nepeHocHo20 Wi-Fi-ckaHepa, nokasanu,
umo bonee 20 % MobUmbHBIX yempoticms 8 20p00CKoM 06LUECMEeH-
HOM mpaHcnopme U MempOoNOITUMEHe UCNOMb3YmCs C BKITHYEH-
Hbim Wi-Fi, 4mo HedocmamoyHo 0115 nosyyeHust Heobxo0umbix Ons
8CECMOPOHHE20 U OemaribHO20 aHanu3a NaccaxuponomoKog pe-
3ynbmamos. Bmecme ¢ mem 3a c4ém HakonneHusi 0aHHbIX coxpa-
Hsiemcs 803MOXHOCMb NPO2HO3UpPo8aHUs 0bLWe20 naccaxupono-
moka.

aHanumuka.

Mup tpaHcnopTa. 2021. T. 19. Ne 3 (94). C. 54-66

OueHka npumeHumoctn Wi-Fi-aHannTuku
B UCCnegoBaHUAX NaccaXuponoToKoB ropchxoro
oOLiecTBEHHOro TpaHcnopTa Ha npumepe Mo

CKBbI

Huxonait FOpvesuu Anexcees,
Iagsen Braoumuposuu 3r03un?

2 Hayuonaneulil ucciedo8amensbekull ynugepcument
«Bovicwas wxona sxonomuxuy (HAY BILLID), Mockea,
Poccus.

b< ! alekseev-trn@mail.ru.

MepeHocHoll Wi-Fi-ckaHep He daém 803MoxHOCMU 06WUp-
HO 3axgamums bonbwyto obracme uccredyemol meppumopuu
8 PeXUMe pearnbHO20 8peMeHU (0CmaHo8KU 20p00cK020 obuje-
CMBEHHO20 mpaHcnopma, Mecma exoda naccaxupos 8 Mempo-
nonumer u m.0.). CmayuoHapHble Wi-Fi-ckaHepbl Moenu 6bi
ysenu4qums 06bEM 0aHHbIX U, COOMEEMCMBEHHO, CYWeCmeeH-
HO CKOppekmupogams NOfy4YeHHble pe3ynbmambl. 3momy
makxe MOXem CryXumb pacwupeHue npUMeHeHus daHHO20
UHCMpYMeHma U3y4eHUsi naccaxuponomoka Ha 20podckue
XKene3HodopoxHbie uHUU, 8 cryyae Mockebi, Ha MUK u MU,
Ha CMaHyusx U 8 ea2oHax KomopbIX makxe npucymcmesyom
Wi-Fi-cemu.

[lanHble om Wi-Fi-ckaHepos mo2ym bbimb 00NonHUMesbHbIM
UHCMPYMEHMOM K Opy2uM UCMOYHUKaM OaHHb X, MaKuM Kak easu-
Oayusi, ACMIIT u daHHble comogbix onepamopos. [HanbHeliwue
uccnedosaHus 8 obnacmu Wi-Fi-aHanumuku 8 cosokynHocmu
C pasgumuem mexHonozuti 8 obnacmu yxe Cywecmsyruwux uc-
MOYHUKOB OaHHB IX N0 NOACYEMY naccaxuponomoka Mo2ym npuse-
cmu k 6onee ka4ecmeeHHbIM pe3ynbmamam 0n1s pacyéma nacca-
JKUPONOMOKOB.

Knoyesble criosa: mpaHcnopm, 20podckoli 06L4ECMeeHHbIl mpaHenopm, Mempo, Naccaxuponomoku, aHanus daHHbIX, Wi-Fi-

doi.org/10.30932/1992-3252-2021-19-3-6.

Lns uumuposarus: Anexcees H. (0., 3io3uH I1. B. Ouexka npumerumocmu Wi-Fi-aHanumuku e uccriedosaHusix naccaxuponomokoe
20p0odcko20 0bujecmeeHHo20 mpaHcnopma Ha npumepe Mockeb! // Mup mpancnopma. 2021. T. 19. Ne 3 (94). C. 54-66. DOI: https://

MonHb Il mekcm cmamb U Ha aH2nulicKoM s3bIke ny6uKyemcs 80 mopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

1 npaBUIIBHOTO TUTAHUPOBAHMSI TOPOACKOM
TPaHCIOPTHON HH(PACTPYKTYPHI X OpPTraHU3AINI
OOIIECTBEHHBIX IPOCTPAHCTB, TPAHCIIOPTHO-
TIepeCcalOYHBIX y3JI0B, MapIIpyTOB TOPOICKOTO
00IECTBEHHOTO TPAHCIOPTA, KapIIEPHHTA,
TaKCH U IPUHSTHUS COOTBETCTBYIOIINX PEIICHAH,
BHE 3aBHCHUMOCTH OT NPUMCHEHHS B JalbHEH-
IIeM Pa3JIWYHBIX METOJOB aHa/lINW3a AaHHBIX,
TpeOYIOTCS MaKCHMaIIbHO TOYHBIE M PEJICBAHT-
HBIE NCXOAHBIC TaHHBIE. DTOT BOIIPOC 0COOCHHO
Ba)KCH MMPUMEHHUTEIHHO K METAIIOINCaM C yIETOM
MacITaOHOCTH yKa3aHHBIX 3a/1a4 INTAaHMPOBAHMS
1 OpraHu3aIny.

Ha Teppuropun MockoBCcKo# armoMepanu
JEWCTBYET OTPOMHOE KOJIMYECTBO MapIIpyTOB,
HCIIONB3YIOINX Pa3HbIE BHIBI TOPOJICKOTO 00-
IIECTBEHHOTO TPAHCIOPTA, TAKUX KakK aBTOOYC,
Tpoieiidyc, TpaMBaii, 3JeKTpoOyC, 1 METPOIIO-
JINTEH, BKITIOYAIOIIIH MOCKOBCKOE [IEHTPAJIbHOE
xob110 (maree — MLIK) 1 MOCKOBCKHE IIEHTpaIb-
HBIe quaMeTphl (namee — MILJ), sBnsromuecs
HEOTBHEMIIEMOI! YaCThIO TOPOZICKOTO OOIIECTBEH-
HOTO TPAHCIIOpTAa.

I'VII «MockoBCKUI METPONOJIUTEH» 3a
2018 rox OvlIO MepeBezeHo Oonee 2,5 MIpI
maccaxupos?!, B Tom uncie, I'VIT «Mocrop-
Tpanc» — 6onee 1,28 mipn maccaxupos?. JlanHast
CTAaTHCTHKA AEMOHCTPUPYET BHICOKYIO HATPY3KY
HA TOPOACKON 00TIeCTBEHHBIH TPAHCIIOPT U TPe-
OyeT eXXeTHEBHOTO aHAJIN3a ITACCAXKUPOIIOTOKOB,
a TaK)K€ MaTPHIBI KOPPECTIOHACHIINH.

B gmcne mHCTPYMEHTOB MEPBUYHOTO cOOpa
JAHHBIX TPaJUINOHHO BBIICISIOTCS BaHIALHS,
BHJCOIATUYNKHU TTaccaxkxuponotokoB (ACMIIII),
BHICOHAOIONCHNE U APYyTHE.

C pa3BuTHEeM OH(QPOBHU3ANUHA TOSBUIUCH
HOBBIE MHCTPYMEHTBHI, TAKNE KaK aHAIN3 OO0JIb-
mrX AaHHBIX. OTHUM U3 CaMbIX ITEPCIEKTHBHBIX
HaIpaBlIeHUH ABIsIeTCS IprMeHenne Wi-Fi-tex-
Hojyoruil. B HacTosiee BpemMs TeMa NpUMEHEHUS
Wi-Fi-TexHONmOTHiA U151 aHAN3a ITacCakupOIo-
TOKOB TIOJTy4YHJIa OTIPEACIEHHOE Pa3BUTHE.

Cratbu, OoTHOCsIHECS K TemaTuke Wi-Fi-
AHAJHUTHUKY, B OONBIIMHCTBE CIy4acB, TaK WIN
WHave, CBA3AHBI HE C IMACCaXUPOMOTOKAMH,
a C TIeMIeX0AHBIMHU TIOTOKaMH (Harpumep, B TITY
WM TTACCAXKUPCKHUX TEPMUHAIIAX a3POTIOPTOB, UX
TPaH3UTHBIX 30HaX). J{11s Toro, 9TOOBI H3MEPHUTH

! Naunsie I'VIT « MOCKOBCKHIT METPOTIOIUTEH. [ DIEKTPOH-
HBII pecypce]: http://www.metro-msk.ru/stat/2018/. Joctyn
23.03.2021.

2 JTauusie I'YII «Mocroprpancy. [DnekTpoHHSIl pecype]:
https://mosgortrans.ru/. Jloctyn 23.03.2021.

U IPOAHAIN3UPOBATh IOTOK NEIIEX0A0B U Iy TH
UX TepeMelIeHu (KOPPECIIOHICHIINN), CYIIe-
CTBYET BO3MOXKHOCTb UCIIONIb30BaTh CEHCOPHbBIE
TEXHOJIOTHH, Takue Kak Wi-Fi-ckaHepsl, KOTopble
MPEJOCTABIAIOT BO3MOXHOCTh [TOHUMAHUS HE
TOJIEKO 00BEMOB IEpEMEILIEHUIT, HO MECT Hayasia
Y OKOHYaHUsl KOPPECHOHJEHIUN (TMOCIeTHUN
aCIIeKT MPEACTAaBIIsIET COO0I 0COOEHHO CIIOXKHYIO
3a/1a4y).

B u3y4YeHHBIX MCTOYHUKAX ABTOPaMU ObLIH
POTECTUPOBaHbI pasinuunbie Wi-Fi-ckaHepsl
C IIeJIBI0 OIpEeNIeHHs] MAaKCUMAJIBHO BO3MOXK-
HOTO KOJIMYECTBA MIEKTPOHHBIX YCTPOICTB, T.€.
o0e3nnueHHbIX nemexonos [1]. [Tokazana npu-
MEHHMOCTh TEXHUYECKHUX PEIIeHUH sl uccie-
JIOBaHMS MOTOKa IIEIIEX00B B 4acTH cOopa
JaHHbIX. Taxoke pa3padoTaHbl HEKOTOPBIE aJIro-
PUTMBI 11 QUIBTPAIMU U aHAIW3a JaHHBIX,
COOpaHHBIX C 3JIEKTPOHHBIX ycTpoiicTs [2]. Ta-
KHM 00pa3oM, B M3YUYECHHBIX HCCIIEI0BaHHIX
yIeIATI0Ch BHUMaHUE TEXHUYECKON CTOpoHe
peaau3aluyd MOHUTOPHUHTA, B YaCTHOCTH, HC-
TIOJIB30BAHHIO (PHIIBTPOB JUIs yCTPAHEHU S ITyMOB
OT Pa3IMYHBIX JIEKTPOHHBIX YCTPOUCTB, U Olie-
HUBAJIOCh CpeHEE BpeMs NepeMelleHHs Merlie-
X0/I0B B moj3eMHOM niepexone [3; 4]. Ognako
3TOT (UIBTP HE MO3BOJSIET TOYHO PAacCUUTATh
KOJIMYECTBO JIBHXKYIIMXCSA Temexonos. [pyrue
MccIe0BaTeNy pa3paboTaiy CUcTeMy ISl aHa-
Jn3a MOTOKa MEIIeX0J0B C MCHOJb30BaHUEM
nakeTHbIX aaTynkoB Wi-Fi [5] n nokazanu, kak
MOXKHO peasin30BaTh CUCTEMY OOHapy>KEHUs
Wi-Fi 1 kakoBbl HEKOTOpHIC M3 TPYIHOCTEH
MIPOEKTUPOBAHUS U YIIPABIEHUS TaKOM cCUCTEMOIT
KakK B HEOOJIbIIINX, TAK U B OOJIBIINX MacIITadax
[6]. UccnenoBarenu [7] npeAcTaBUIIA UCTIONb-
30BaHue nAaHHbIX MAC-anpecoB B KauecTBe
3¢ (EeKTHBHOTO HHCTPYMEHTA 1L OTCIICKUBAHUS
U aHaJIn3a MPOCTPAHCTBEHHO-BPEMEHHOM! J1HA-
MUKH TEIIEX0/1a C TOYKU 3PCHUS TIOBEACHUS IIPH
UCIIONIb30BaHUU 00IIero npoctpaHcTea. Paspa-
0oTaHa U OLEHEHA IPOU3BOIUTEIBHOCTD CUC-
tembl Bluetooth-Wi-Fi nipu pemrenun 3ama4 00-
HapyXeHus aHOHMMHBIX MAC-anpecoB
YCTPOMCTB Ha KOPOTKUX PACCTOSIHUAX B (DUKCH-
poBaHHBIX MecTax [8]. Bo3sMoxHOCTH BBIBEZIE-
HUSI ITEIIEXOTHBIX TOTOKOB OBLIH TAK)KE H3yUCHBI
NyTEM aHaIM3a CXeM OOHAapY)KEHHsI OKpYIKaro-
mux ycrpoiicts Bluetooth [9].

Taxoke aBTOpBI HECKONBKHUX HCCIIEAOBaHHUH
yKa3bIBaJIM Ha POOJIEMBbI, CBSI3aHHBIE C METO/1a-
mu punsrparun Wi-Fi-nanssix [10; 11]. Pe3ynb-
TaThl YaCTH MCCIIEI0OBaHUI He ObLIN YOS UTEIb-
HBI U3-32 OTCYTCTBHUS KOJIMUECTBEHHBIX U3MEpe-
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HUil. B HECKONBKHX MCCIIEOBAHUIX OBLIO MPO-
BEJICHO CpaBHEHHE METOAOB HAONIOACHHS 3a
M1acCaXUPOIIOTOKOM, BKIIOYasi TAKUE €ro napa-
METPBI, KaK KOJINYECTBO MaCCAKUPOB HA OOPTY,
MOCaJKy U BBICAJIKy Ha Ka)JIOH OCTaHOBKE, OC-
HOBaHHBIX Ha pe3ynbrare punprpanuu [12—14].
OueBUIHBIE PACXOXKICHUS MEXKIY JJAHHBIMH OT
HaOIoeHus 1 pesyibraramu GuisTpanuu Wi-
Fi-naHHBIX yKa3bIBalOT HA 3HAYUTENIbHbIE OIINO-
KU, BBI3BaHHBIEC )KECTKMMH MOPOTOBBIMU METO-
namu QuieTparuu. CieaoBareabH0, TOYHBIN
1 3G GEKTUBHBIA CITOCOO pa3/IeiCHUs TaHHBIX
MAC-agpecoB, npuHaANEKAIUX MACCAKUPAM
U HE Maccaxupam, BeCbMa HEOOXOIUM.

B coasropctse ¢ npodeccopom [0HKOHTCKO-
rO MOJUTEXHUUYECKOTO YHUBEPCUTETA YWIIbsI-
Mom X. K. JlamoM oHUM M3 aBTOpPOB JaHHOM
pa6otsr H. 0. AnekceeBbiM Obliia HamucaHa
ctatbs [15], B KOTOpOi! OnuUCHIBaeTCA UCCIEN0-
BaHME I10 MO/ICYETY MEIIeX00B Ha TEPPUTOPHU
TOHKOHI'CKOTO TIOJIMTEXHUUECKOTO YHUBEPCHUTE-
ta. [1o pe3ynbraram uccienoBaHus, TPUMEPHO
ot 32 no 40 % axtuBHBIX Wi-Fi-ycTpoiicTB or
peabHOTO KOJIMYECTBAa MPOCIIEA0BABIINX Melle-
XOIIOB OBLIO OOHapykeHO mpu momoru Wi-Fi-
CKaHepoB. BbIBOIOM TaHHOM CTaThH SBUIIOCH TO,
YTO JUISl HPOTHO3UPOBAHMS MEIIEXOHBIX TT0TO-
KOB HYKHO IOJY4UTh OoJblle JaHHbIX ¢ Wi-Fi-
CKaHEpOB 3a pa3Hble NepHObl BpeMeHH (J1eTo/
3uMa/0CeHb/BeCHa, paboumii ACHB/BBIXOTHON
JICHb).

Lenvio naHHOW PabOTHI SBJISICTCS AHAIIU3
ucnosnb3oBanusi Wi-Fi-naHHBIX 17151 yTOYHEHHMS
MaTpUILIbl KOPPECTIOHICHLINI MEKTy OCTaHOBOY-
HBIMHU IIYHKTaMH TOPOJCKOrO OOIIeCTBEHHOTO
TpaHcropTa. 3agadell padoThI SIBISETCS CO3/1a-
HHE ¥ TECTUPOBAHUE AITOPUTMA MOCUETA I1ac-
Ca)XUPOIIOTOKA HA OOIIECTBEHHOM TPaHCIIOPTE
C HCIIOJIb30BaHHEM HOBOTO MeToja cOopa jaaH-
HBIX, a MeHHO Wi-Fi-ckaHepa.

PE3YNbTATbI
Buab! HCTOYHNKOB JaHHBIX
0 MmaccasKuponoToke B ropoge Mockse

Ha manueiii MoMeHT B MOCKOBCKOM aryioMe-
pauuu paboraer ACKII (aBromaru3upoBaHHas
cucteMa KOHTpoJsi npoesna) «Mocroprpancy
1 cucreMa koHTpous npoesna B I'YII «Metpo-
MOJHUTEH». JJaHHbIE CUCTEMBI BKIIIOYAIOT KOHT-
POJIb 3a MPOE3TIOM C IOMOUIBIO €IUHBIX TPaHC-
MOPTHBIX KapT (HarpuMep, Takux kak « Tpoiikay),
MO3BOJIAIONINX MOJIB30BATHCS YCIyraMU BCETro
TOPOZICKOT0 OOIIECTBEHHOT'O TPAHCIIOPTA U MET-
pononuTeHoM. Takke rpa)xaaHe HCIOJIb3YIOT

CoLMabHBIE KapThl IIEHCUOHEPOB, CTYACHTOB
1 LIKOJIBHUKOB. J[11s omiatel mpoesa rpaxuaHe
TIPUKJIA/IBIBAIOT KAPTHI K BAJIMJaTOpaM, yCTaHOB-
JICHHBIM B CaJIOHaX rOPOJICKOT0 0OLIECTBEHHOTO
TPaHCIOPTa U IpU BXoie B MOCKOBCKHI METPO-
noiuteH. Kakaplidi BaMaaTop v Kapra UMeEIoT
CBOI YHUKAJIBHBIH UIEHTH(HKAIIMOHHBIH HOMED,
YTO TO3BOJISIET B JaJbHEUIIEM PacCUUTHIBATh
KOJIMYECTBO MTACCAXKUPOB, €KEAHEBHO MOJIb3YI0-
LIMXCSl TOPOJICKUM OOLIECTBEHHBIM TPAHCIIOP-
TOM, U IPOBOJIMTH AHATUTUKY UX IEPEMEILICHUSI.

YuuThiBas 11o0abHOE UCII0JIb30BAaHHUE ST~
HBIX TPAHCIIOPTHBIX M COLMAJIBHBIX KapT, MOY-
YeHHbIE JAHHbIE MOXXHO HCIOJIB30BaTh IS
pacuéra naccaxxMpornoroka. /laHHbIe O3BOJISIOT
OIPEJIETUTh KOJIMYECTBO BOIIEAIINX aCCaKH-
POB B TOPOJICKO# OOILECTBEHHBIH TPaHCIIOPT,
METPOIIOJIUTEH U, B JajbHEHIIEM, IIPOBOIUTH
aHaJIM3 U IIPOTHO3 [TACCAXKUPOIIOTOKa B MOCKOB-
cKoi1 antomepanyi. MuHycom nozacuéra nacca-
YKMPOIIOTOKA IPH TOMOILIH JJAHHBIX OT BaJKJia-
TOPOB SIBJISETCSI OTCYTCTBHE JJAHHBIX O BBIXOJIE
13 OOLIECTBEHHOTO TPAHCIIOPTa M METPOIOJIH-
TEHa, a TAKXKE 0 MeCTax MepecajoK MacCcakxupoB
(maHHas mpobeMa OTHOCUTCSI UMEHHO K METPO-
nonureny). CyIiecTByeT BO3MOXHOCTb CIIPOTHO-
3MpOBaTh TOYKY BBIXO/A ITACCAXKHpa IO HOBOH
TOYKE BXO/Ia B TOPOZCKO# 00IIIECTBEHHBIH TpaHC-
MOPT M METPOIOJIUTEH, HO €CTh BEPOSITHOCTD
MOTPEIIHOCTH, 10 IPUYUHE TOTO, YTO MPEIIIO-
JlaraeMblid MMacCaKUpP MOXKET BBIUTH U3 OJHOM
CTaHIMK METPO, a BOWTH B Apyryto. Hanpumep,
IIPY TTOMOUIM BaJHMIALUK ONPENEIUTh IepeMe-
LIEHHE KYPbEPOB, IOJIB3YIOIINXCSI METPOIIOIH-
TEHOM B TEYCHHUE CBOEH IOE3/IKH, SIBJISIETCS He-
MOCUJIBHOHN 3anaueil. bonee Toro, yuutsiBas
MacCOBO€ OTKIIIOYEHHE «IIPUHYAUTEIHLHOTO»
BXOJ1a B TOPOJICKO OOIIECTBEHHBIN TPAHCIIOPT,
MHOTHE [TaCCAKUPBI HE OTLIAYMBAIOT IPOE3, T. €.
HE UCIOJB3YIOT EIUHYI0 TPAHCIIOPTHYIO KapTy
WM COLIMAIIBHYIO KapTy, YTO MOXKET HPUBOIUTH
K euie OOJbIIeH MOrPeUIHOCTH MPH MOJCYETE
MacCaXUPOIOTOKAa. AHAJTOTUYHON CUCTEMOU
U, COOTBETCTBEHHO IpoliemMaMu, obianaer
AO «lentpanbnas [TITK».

JIpyruM HMCTOYHHKOM JAHHBIX SBIISETCS
ACMIIII (aBTOMaTHueCKasi cUCTEMa MOHUTO-
puHra naccaxupornoroka). JlanHas cucrema
OCHAIlleHa BUICOIaTYNKAMH, PACIIONIOKEHHBIMU
HaJl IBEPHBIMH NpOeMaMH OOLIECTBEHHOI'O
TpaHCcropTa. BuaeonaTunky cuuTaroT KoJnye-
CTBO BOILIEAINMX M BBILICIIIMX MACCAXKHUPOB.
MuHyCcOM JaHHOW CHCTEMBI SIBISIETCS TO, YTO
cucTeMa He UIeHTU(HULIMPYET Iaccakupa 1 He
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Taoanna 1

HpenMymeCTBa H HEAOCTATKH CYHICCTBYIOIIUX UCTOYHUKOB JaHHBIX IJIS HOZ[C‘léTa
MACCAKUPONOTOKOB (COCTABIEHO ABTOPAMM)

M CcTOYHUK JaHHBIX IIpenmymecTna

Henmocrarku

Jannsie I'YIT «MockoBckuit

METPOTIOIUTCH» (BaJ’II/II[aLII/I}I) TIacCaxvpoB B METPO

JloctoBepHast nHpOpMaLHs O BXOJE

OrcyrcrBrue HHGOPMALIMH O BBIXOE
[IACCAKUPOB ¥ HX IIEPECATKU B METPO

Jannsie ACKII «MocroptpaHc
(BasuIanus)

JloctoBepHast HH(pOpMALIHST
0 BXOJI€ TTACCAXKHPOB B TOPOJICKOMN
0O0IIECTBEHHBIN TPAHCTIOPT

OTCYTCTBYIOT JaHHBIE O BBIXOZIE
MacCakupoB

Jannsie ACMIIIT «MocroprpaHe»

JlanHbIe 0 BXOe/BBIXO/E Maccaxxupa 6e3
MPUBS3KH K MACCAKUPY

OTCyTCTBHE TCONPUBSI3KU TaHHBIX
¢ ACMIIII, Hebobiias BEIOOpKa
JTAHHBIX

Hannsie AO «Ilenrpansnas ITITK»

(Banuaarus) Ha XXeJIe3HOU Jtopore

HaHHLIe 0 BXOJZI€ U BBIXOJZI€ ITaCCAXXUPOB

HenocrartoyHoe KOJMYECTBO CTAHIHIA,
060py/I0BaHHBIX CHCTEMOIT OIIaTh
npoesza

Hannsie [TIOHACC/GPS-tpekoB
HITIT

Wupopmarus 0 MeCTONONOKEHHI
TOPOJICKOT0 00IECTBEHHOIO TPaHCIopTa
B JII000If MOMEHT BpEeMEHU

OTcyTCTBHE TEONPUBS3KU JAHHBIX
¢ ACMIIII

JlaHHBIE OIIEPaTOPOB COTOBOM CBS3U

YTouneHue nHpopmauu 06 0obEMax
NepeMeIleHuUs] TPaKIaH

TeppurtopuanbHas NpUBsI3Ka
¢ paguycoM B 500 meTpos

JaéT MMOHUMAaHKS, KTO M KOT/Ia BOIIEN B OOIIe-
CTBEHHBIH TPAHCHOPT U I€ BhIIEN. bonee Toro,
HE BCE CPE/CTBAa TOPOACKOTO OOIIECTBEHHOTO
TpaHcmopTa ocHameHnsl ACMIIII. Yeranoska
ACMIIIT mpou3BogUTCST HA TOYCUHBIE PEHCHI
W MapupyThl ISl OTNPEAETICHHUS IIPUMEPHOTO
MacCaXUPOTIOTOKA. Takxke, CymecTByeT mpoo-
nemMa cuHXpoHH3anuu naHHbeIx ACMIIII
¢ [TTTOHACC/GPS-Tpexamu Toposickoro ooie-
CTBEHHOT'O TPAaHCIOPTA.

E1me omHUM HCTOYHUKOM JaHHBIX O TIEpeMe-
[IEHUH ACCAXKUPOB SBIAIOTCS JaHHBIE OT OlIe-
paTopoB coToBOM cBs3u. CyIecTBYET MPOEKT
«T'eoconmansHas anamutukay (I'CA) Ha Oaze
JAHHBIX OIEPATOPOB COTOBOW CBA3U, LIENBIO
KOTOPOTO SIBISIETCS] cOOpP AaHHBIX O HACEIICHUH,
0 AWHAMHKE €T0 MepeEMENICHUN, 0 Harpy3Ke Ha
TPAHCIIOPTHYIO HHPPACTPYKTYPY ITyTEM aHAIH-
3a Harpy3KH Ha COTOBYIO CETh ONEPATOPOB MO-
OmbHOM cBs13H. [1py moMoIM JaHHOTO ITPOEKTa
M3y4YaloTCs MECTa KOHIICHTPAIlMH HACEICHHS
1 TIepeMeIIeHHs COTOBEIX aboHeHTOB. Pazopoc
nJaHHbeIX cocTasiseT 500 M Ha 500 M, 4TO ABIIS-
eTcs OOJIBIINM TNara30HOM IIPH PaCCMOTPEHUN
HEeOOMBIINX MTepEeMEIICHIH HACSICHHS.

B Tabn. 1 npuBeneHs MpenMyIecTBa 1 He-
JOCTAaTKH CYIIECTBYIOMINX HCTOYHUKOB JAHHBIX
10 MOACUYETY MacCaKUPOMOTOKOB.

Y4uuThIBas ONMCaHHBIC BHIIIE HCTOYHUKA
JAHHBIX O ITACCAXKNPOTIOTOKAX, aBTOPBI 00para-
0T BHUMaHHE Ha (aKkT OTCYTCTBHS MCTOYHUKA
JAHHBIX, KOTOPBIH MO3BOJMII OBl OTPEAEIHUTH
TOYKY BBIXO/Ia M3 TOPOJICKOTO OOIIECTBEHHOTO
TpaHcropTa (13 aBTo0yca, TpaMBasi, TPOJLICHOY-
ca, AIeKTpoOyca) ¥ 3 METPOIIOUTEHA, BKITFOUast
MO/, MIK. MmeHHO 1O 3TO# NPUYKHE aBTO-

pamMu ObITa pacCMOTPEHA BO3MOXKHOCTh HCTIOIb-
30BaHMS HOBOTO BHIa NICTOYHHKA JAHHBIX — IaH-
HBIX, TTONy9aeMbIx oT Wi-Fi-ckanepos.

Wi-Fi-anaauTuka KaKk MCTOYHHK JAHHbBIX.
Buasl Wi-Fi-ckanepos

B Hacrosimee BpeMs yTBepKIaeTCs, YTO
oonee 80 % sromeit HCIOIB30BaIN XOTS OBI OJIHO
MobubpHOE Wi-Fi-ycTpoiicTBO B TOBCETHEBHON
u3HH [ 16]. Takum 0O6pa3oM, OIIeHKa TTaCCaXKH-
pomoToka Ha ocHoBe Wi-Fi-maHHBIX mMeeT
OOJBIION MOTEHITHAN, YTOOBI CTaTh OoJee Ha-
IIEKHBIM METOJIOM IO CPABHEHHIO C PSIZIOM HBTHE
TIPUMEHSICMBIX.

Ha teppuropun MockoBCKoH armomMepaniu
C MENBI0 YBEIWYCHUS MPUBJICKATEIEHOCTH TO-
POACKOTO OOIIECTBEHHOTO TPAHCIIOPTA ACHCTBY-
et enuHas Wi-Fi-ceTs mox HanmeHOBaHWeM MT
FREE. [Jannas Wi-Fi-cetp BKITtOwaet B cebs
Wi-Fi-poyTepsl, ycTaHOBICHHBIE BO BCEX TPaHC-
MTOPTHBIX CPENICTBAX, HA OCTAHOBKAX TOPOICKOTO
00IIEeCTBEHHOTO TPAHCIIOPTA M B BarOHAX MET-
pomonuteHa. Jlannas Wi-Fi-ceTs sBIsieTcs
OecrmaTHOW UIS BCeX KHUTEeH u rocteir Mo-
CKOBCKOH ariioMepaIriui, HO OHa MIMEET PeKIaM-
HBI KOHTEHT. 17151 OTKIIIOYEHHUsI PEKIIAMHOTO
KOHTCHTAa TPEJI0IaracMoMy IOIb30BaTEII0
MpeasIaraeTcsi BHOCUTh €KEMECSUHBIM TIaTEXK.
EQHCTBEHHBIM YCIOBHEM IUISI TTONB30BaHUS
naHHOH Oecrmaraoi Wi-Fi-ceTtn siBisiercs peru-
crpanus B tmaHoM kabuaere MT FREE.

Nwmes B Buay Hanmnuue obmmpHON Wi-Fi-
ceTH B MOCKOBCKOH arnoMepanuy, Ha OCHOBa-
HUH UMEIOIIET0Cs MOJOOHOTO OTBITa IPUMEHU-
TENBHO K APYTHM 3a7a9aM U JIOKAIUAM, aBTOPEI
MIPEIIOTIOKHUIN BO3MOXKHOCTD HCIIOIb30BAHUS
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Puc. 1. U3o6paxerue Wi-Fi-ckaHepa Ne 1 - Meshlium Xtreme.

Wi-Fi-nanHbIX Ui onpeaeseHuss MecT BXoJa
1 BBIXOJIA ITPEATIOIaraeMbIX aCCaKUPOB.

B pamkax paboTsl aBTOpamMu ObLTH IIPOBEie-
HBI UCCJIEJIOBAHMUS MO MOACYETY MacCaKUPOIIO-
ToKa mpu nomomu nByx Wi-Fi-ckaHepoB Ha
0O0IIIECTBEHHOM TPaHCIIOPTE, B YAaCTHOCTH, Ha
0O0IIECTBEHHBIX OCTAaHOBKAaX, B aBTOOycax M Ba-
TOHaxX METpO.

Jnst uccneoBanusi ObUIN UCTIONB30BaHbI 1B
Wi-Fi-ckanepa ¢ GhyHKIMeH 00HAPY>KSHHUS TEKT-
pounsix ycrpoictB. Kaxasiii Wi-Fi-ckanep
MMeeT COOCTBEHHYIO 30Hy OOHApYKEHUS, KOTO-
past 3aBUCHUT OT MOILIIHOCTH aHTeHHbI Wi-Fi, n3-
MepeHHOH B aenubenax. JIeKTPOHHOE yCTPOii-
CTBO OIIpeJieNaeTcs Mo ero yHukaasHomy MAC-
anpecy. MAC-anpec — 9TO YHUKaJIbHBIA HJeH-

JJIsL KaXXJIOTO 3JIEKTPOHHOIO YCTpOHCTBa
U uMeronuii mectubaiitossiii Homep (LL: LL:
LL: XX: XX: XX), B KOTOpOM TIepBbIe TpH Oaii-
Ta ONPENEIISIOT NPOU3BOJUTEIIS SIEKTPOHHOTO
ycrpoiicrea (LL: LL: LL).

Wi-Fi-ckaHep uMeeT MHIMKATOpP CUJIBI ITOJTY-
yennoro curtana (RSSI). 3oHa pacmonoxeHus
AJIEKTPOHHOT'O YCTPOHCTBA MOXKET ONPENEIIATHCS
cunoil curnana. [TockonbKy, IpeanoaIoKUTENb-
HO, JJIEKTPOHHOE yCTPOMCTBO C BKIIIOUEHHBIM
Wi-Fi-ucnons3yercs maccakupom ropoicKoro
00IIeCTBEHHOTO TPAHCIOPTa, BOBMOXKHO OIpe-
JIENTUTh TPEKH MEepEeMEeNIeHUi (MaTpuIly Koppe-
CIOHJICHIIMI) TPEAIoaraeMbIX MacCaXXHpOB,
a UMEHHO MeCTa Hadaja MepeMEeIeHUs] U ero
OKOHYaHWUSL.

[epssiit Wi-Fi-ckanep Obu1 mostydeH 1yis
MIPOBEJICHUS] TECTOBBIX UCIBITAHUHA y JUCTPH-
ObtoTepa Ha Tepputopun Poccuiickoii denepa-
uuu (npousBoautens: Libelium (Mcnanwus),
Mozenb: Meshlium Xtreme). /lanHoe ycTpoii-
CTBO MMeEET OOJIbILINE TadapuThl M MPEUMYILe-
CTBEHHO TpEHA3HAYEHO ISl CTAaTUYECKOIO UC-
T10JIb30BaHUSL.

[Mpunuunom padotel Wi-Fi-ckanepa siBiser-
cs1 mouck akTuBHBIX Wi-Fi-ycTpoiicTs B panuyce
ero aeictusi. Wi-Fi-ckanep ckaHUpyeT aKTHB-
nble Wi-Fi-ycrpotictBa (cMapTQoHbI, HOYyTOYKH,
MJIaHIIEThI, TpuHTEPSl, MDY U T.11.) B paguyce
CBOETO JeicTBUA U B oTBeT monydaeT MAC-
ajipeca OTCKaHUPOBAaHHBIX YCTPOICTB B peXXUME
onyaiiH. Bmecre ¢ MAC-anpecamu Wi-Fi-cka-
HEp ToJy4aeT CIIEAYIOLIHe JaHHbIe:

1. ID_frame — HOMep CTpOKH.

2. Timestamp (0TMeTKa BpeMeHH) — BpeMs
TMIOJTY4E€HHOH OTMETKH.

TH(HHKATOP, IPEAOCTABIIEMBbIil IPOM3BOLUTEIEM 3. Date — lata.
Tadauua 2
l'[pnMep HUCXOAHBIX JAHHBIX, MOJYY€HHBIX OT Wi-Fi-CKaHepa
Meshlium Xtreme B mpomecce ucc/jie10BaHUs
ID_ | Timestamp MAC SSID RSSI | Vendor Type | AP | MeshliumID
frame
1 18.10.2019 16:53 | 44:1C:A8:20:61:63 | HP-Print-63 | -74 | Hon Hai Precision | A 17060143649518
Ind. Co., Ltd.
2 18.10.2019 16:53 | 40:16:7E:C3:B4:68 -79 | ASUSTek A 17060143649518
COMPUTER
INC.
3 18.10.2019 16:53 | 78:8A:20:71:0E:78 -78 | Ubiquiti Networks | A 17060143649518
Inc.
4 18.10.2019 16:53 | 8A:8A:20:71:0D:7D | SDP-secure | -71 Unknown A 17060143649518
5 18.10.2019 16:53 | 76:4D:28:0D:38:91 -60 | Unknown A 17060143649518
6 18.10.2019 16:53 | 76:4D:28:0D:38:8F -60 | Unknown A 17060143649518
7 18.10.2019 16:53 | 74:4D:28:0D:38:8F -61 | Routerboard.com |A 17060143649518
8 18.10.2019 16:53 | 76:4D:28:0D:38:90 | ENFORTA -60 | Unknown A 17060143649518
9 18.10.2019 16:53 | E0:E6:2E:55:17:BE | Mac Book -59 TCT Mobile, Ltd. | A 17060143649518
Pro

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94).

AnekceeB H. |0, 3103uH [1. B. OueHka npumeHumocTtu Wi-Fi-aHanmMTUKu B UCCrie[oBaHUAX
NMaccaXnponOTOKOB ropoACKOro OOLIECTBEHHOrO TpaHCNopTa Ha npumepe MocKBbI




4. MAC — MAC-anpec 0TCKaHUPOBaHHOTO
YCTPOKCTBA.

5. SSID — «HanMeHOBaHHUE» yCTPOMCTBa
(32-3HauHbIil OyKBEeHHO-LIU(PPOBOH KOI).

6. RSSI (received signal strength indicator) —
M0Ka3aTesb YPOBHs IPUHUMAEMOTO CUTHAIIA.

7. Vendor — mpousBoauTens (Tpoaaserr) 00-
Hapy>KEHHOTO yCTPOUCTBA.

8. Type — Tun ycrpoiictsa (A-C).

9. AP — ycrpoiictBo (poyTep), K KOTOpOMYy
MPUBSI3aHO OOHAPY)KEHHOE YCTPOMCTBO.

10. MeshliumID — nomep Wi-Fi-ckanepa
Meshlium Xtreme.

Bbitire npuBea&H MpUMEp HCXOTHBIX TAHHBIX
ot Wi-Fi-ckanepa Meshlium Xtreme (ta0m. 2).

Jannbiii Wi-Fi-ckanep uMeeT BCTPOCHHYIO
TIaMSITh, YTO TIO3BOJISIET 3aIIMCHIBATH ITOJyUeHHbIE
JIAHHBIC W, B JajbHEHIIEM, BBIIPY)KaTh MX Ha
JIOKAJILHBIA CEpBeEp. Puc. 2. UsobpaxeHue Wi-Fi-ckaHepa Ne 2 - TP-LINK e c6ope.

Taodauna 3
JanHble oT BU3yajabHoro ocMorpa u Wi-Fi-ckanepa 25 aBrycra 2019 roga
(MapuipyT aBTOGYca Ne 906-3kcnpecc)

Jlenp Henenmu Jlara Bpemss | OcraHoBKka o
@ Lg g % § =
P2 lg |8 |iE53E %
=8 |5 |Ee k55228
S8 |5 |ds|s8E5¢8¢
Mapupyt Ne 906 (yn. b. ByToBckasi—3axapbHHO)
Bockpecenbe 25.08.2019 |16:07 Metpo « AHHHHO» 19 10 |0 3
Bockpecenbe 25.08.2019 |16:14 V. B. ByroBckas 19 0 |0 3
Bockpecenne 25.08.2019 |16:20 IToBopoTr Ha Munuueiickuii noc. 20 1 |0 4
Bockpecenbe 25.08.2019 |16:23 Vi Mapm. Casunkoro 20 0 |0 4
Bockpecenbe 25.08.2019 |16:24 JlemoBsrit nBOpEIL 20 0 0 4
Bockpecenbe 25.08.2019 |16:25 Vi. Mapu. Casurikoro, 22 20 0 |0 4
Bockpecenbe 25.08.2019 |16:27 Ientp rocyciyr 17 0 |3 4
Bockpecenbe 25.08.2019 |16:29 Monoamosckuii mp. 11 0 |6 3
Bockpecenbe 25.08.2019 |16:31 Vi. Bpycunosa, 31 11 0 |0 0
Bockpecenbe 25.08.2019 |16:32 V. Bpycunosa, 21 6 0 |5 0
Bockpecense 25.08.2019 |16:34 V. Bpycunosa 6 0 |0 0
Bockpecenbe 25.08.2019 | 16:35 3axapbUHO (KOHEYHas) 0 0 |[6 0

Mapiupyt Ne 906 (3axapbuno—yin. b. Byrosckas)

Bockpecense 25.08.2019 | 16:50 3axapbUHO (Ha4aJIbHAs) 1 1
Bockpecenbe 25.08.2019 |16:51 V. Bpycunosa 1 0
Bockpecenne 25.08.2019 | 16:52 V. Bpycunosa, 21 1 0
Bockpecenbe 25.08.2019 |16:54 V. Bpycunosa, 31 1 0
3 2
6 3
6 0

Bockpecenne 25.08.2019 | 16:55 Mononauosckuii np.

Bockpecenne 25.08.2019 |16:56 IlenTp rocycmyr
Bockpecense 25.08.2019 |16:58 VY. Mapuu. Casuiikoro, 22

o|o|o|o|o|o|o|o|o|o
|| (R|[O|jlO|O|O|O

Bockpecenbe 25.08.2019 |17:00 JlenoBslit nBOpEIL 16 10
Bockpecense 25.08.2019 |17:02 V. Mapm. CaBunkoro 29 13
Bockpecenbe 25.08.2019 |17:03 TloBopoT Ha Mununeiickuii moc. 29 0
Bockpecenbe 25.08.2019 |17:09 Vi. B. BytoBckast 29 0 |0 6

Pesynerar: B cpennem, 6onee 20 % mnpennonaraeMbiX NacCaKMPOB MMEIOT BKIIOUEHHBIH MoAynab Wi-Fi Ha MoOuisHOM
ycTpoicTBe.

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 54-66

AnekceeB H. |0, 3103uH [1. B. OueHka npumeHumocTtu Wi-Fi-aHanMTMkKu B Uccrie[oBaHUAX
NMaccaXuponoTOKOB FOPOACKOro o6LeCTBEHHOro TpaHcnopTa Ha npuMepe MockBbI
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Puc. 3. JaHHb1e om su3syanbHo2o ocmompa u Wi-Fi-ckaHepa
25 agzycma 2019 20da (mapwpym aemobyca Ne 906-akcnpecc).
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Puc. 4. JanHb1e om su3yanbHozo ocmompa u Wi-Fi-ckaHepa
18 Hos16ps1 2019 200a (Mapwpym aemobyca Ne 802).

Ta6auna 4

Jannbie oT BH3yaasHoro ocmorpa u Wi-Fi-ckanepa 18 nosiops 2019 rona
(mapupyT aBTo0yca Ne 802)

Jlenb Hepenu Jara Bpems | OcraHoBka Komnunuectso | Bowno B | Beimno uz | Wi-Fi-nanunsie:
TaccaxupoB | aBro0yc | aBToOyca KOJINYECTBO
YHUKAJIbHBIX
MAC-anpecos
(1e menee 5
MIOBTOPEHUI)
Mapupyt Ne 802
Tlonenensuuk | 18.11.2019 | 9:30 Bonbias 101 15 0 24
ByroBckas
TTonenensuuk | 18.11.2019 | 9:31 Bapiasckoe 108 7 0 25
mocce, 1. 190
Tlonenensuuk | 18.11.2019 | 9:44 7-it B mukpo- | 106 0 2 25
paiion Cesep-
Horo bytosa
TTonenensuuk | 18.11.2019 | 9:48 Crapokayanos- | 106 0 0 25
cKkas, 1. 1
Tlonememprux | 18.11.2019 | 9:49 Metpo BymbBap | 5 0 101 0
Jmutpust
JloHckoro

ycTpoiicTBe.
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Puc. 5. laHHb1e om su3yanbHozo ocMompa u Wi-Fi-ckanepa
28 Hos16ps1 2019 200a (Mapwpym aemo6yca Ne 249).

Taxxe manabii Wi-Fi-ckanep umeer
Bluetooth-ckanep, HO B paMKkax JaHHOH pabOTHI
Bluetooth-ckanep He McIIOIB30BAICS.

Bropoit Wi-Fi-ckanep 6611 iproOpeTén y opra-
HM3aLuH, 3aHuMarorierics Wi-Fi-aHamuTukoi Ha
Tepputopun Poccuiickoit @enepaiyu, a UMEHHO,
QHAJIM30M TOBEICHNSI TOTCHIMATBHBIX MOKYIIaTe-
Jel B TOPrOBBIX IIEHTpax. B oCHOBHOM paHHas
OpraHu3anys uerons3yer Wi-Fi-ckanepsl, cramnmo-
HapHO YCTaHOBJICHHBIC B TOPTOBBIX IIEHTPaX.

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 54—66

Pesynbrar: B cpequeM, 6onee 23 % mpenmnonaraeMbeIX MacCaXHPOB MMEIOT BKIIOUCHHBIH Moxyns Wi-Fi Ha MoOMIEHOM
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Puc. 6. fJaHHb1e om eu3yasnbHoz2o ocMompa u Wi-Fi-ckanepa
29 Hos6ps 2019 20da (Mapwpym aemobyca Ne 737).

JUis pelenys NoCTaBIEHHON HCClleoBare-
JISTMU 331291 OBLIT cO3/1aH «IepeHocHoi» Wi-Fi-
ckanep. Jlannsiit «mepeHocHoi» Wi-Fi-ckanep
COCTOUT U3 CIEAYIOMNX 3JIEMCHTOB:

1. TP-LINK TL-MR3020 v3.2 — Wi-Fi-poy-
Tep, nepeHacTpoeHHbIi Ha Wi-Fi-ckanep.

2. Powerbank mi 20000 — mepeHOCHO# nc-
TouHUK TuTaHus s Wi-Fi-ckanepa 1 GSM-
Mozema.

3. Huawei E8231 — GSM-mozem.

AnekceeB H. |0, 3103uH [1. B. OueHka npumeHumocTtu Wi-Fi-aHanmMTUKu B UCCrie[oBaHUAX
NMaccaXnponOTOKOB ropoACKOro OOLIECTBEHHOrO TpaHCNopTa Ha npumepe MocKBbI



Taoéauna 5
JlanHble 0T BU3yaabHoro ocMoTpa u Wi-Fi-ckanepa 28 Hosiops 2019 rona
(mapmpyT aBTOO0YyCa Ne 249)

Jenb nenemn | Jlara Bpemst | OcranoBka KommuectBo | Bommto B | Bemmwto n3 | Wi-Fi-nannsie:
maccakupoB | aBrobyc | aBtobyca | KommuecTtBo
YHHKaJIbHBIX
MAC-anpecos
(ue meHee 5
TIOBTOPEHMUIN)
Mapiupyt Ne 249
YetBepr 28.11.2019 |[21:12 |Metpo Ynuna |21 21 0 6
Axanemuka
Surens
YetBepr 28.11.2019 |[21:13 | Kuprnuussie 21 0 0 6
Briemku
YetBepr 28.11.2019 |21:14 | Merpo AnnuHo | 28 7 0 6
YetBepr 28.11.2019 |21:15 | Merpo AxnuHo | 28 0 0 6
(YOsxHbIiA
BECTHOIONb)
YerBepr 28.11.2019 |[21:17 |Bapmas- 28 0 0 6
CKoe 1occe
(MKAJ)
YerBepr 28.11.2019 |[21:18 | Cesepuoe by- |28 0 0 6
ToBo (Bapmas-
CKOe 1occe)
Yersepr 28.11.2019 |[21:19 |Borannueckmii |28 0 0 6
caj
Yersepr 28.11.2019 |(21:22 | Bapmasckoe 28 0 0 6
mocce, 1. 190
Yersepr 28.11.2019 |21:23 | bonbluas 17 0 11 3
ByToBckas

Pesynbrar: B cpenHeM, Oonee 21 % mpeanonaraeMsIX IIacCaKMPOB UMEIOT BKIIOUEHHEIH Moxynb Wi-Fi Ha MoOHIEHOM
ycTpoiicTBe.
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Puc. 7. faHHb1e om gu3yanbHo2o ocMompa u Wi-Fi-ckaHepa Puc. 8. JaHHb1e om 8u3syanbHozo ocMompa u Wi-Fi-ckaHepa
20 mapma 2020 200a (Mapwpymbl aemobyca Ne 249). 20 mapma 2020 200a (Mapwpymsi aesmobyca Ne 858).

4. HeuckirounTeapHas JIMIICH3HUA Ha UCII0JIb- 250

p
ZOBaHI/I'e MIPOTPaMMHOTO MPOIyKTa «Shopster. ? 200
nalytics». 3150
E 100
OMWCAHUE UCCNELNOBAHKUA CIN A mmemmm——
Ioacuér naccaxupoB NPOU3BOAUICS ABYMs § o 77T oot
CHOC06aMI/IZ 9:53 9:56 9:58 10:00 10:03 10:05 10:08 10:09 10:12 10:15 10:18 10:21

03 1% . Bpemst
* HarypHs1ii (Bu3yanbHBIi MOACYET KOTHIE-

CTBa TTaCCaKMPOB B aBTOOyce B TOYKaX BXoma/
BBIXOZIa B/M3 aBTOOyca M BXO/a/BBIXO/a Macca-
Puc. 9. laHHb1e om 8usyanbHozo ocMompa u Wi-Fi-ckaHepa

JKHPOB Ha KOHKPETHBIX OCTAaHOBKAX C IIPUBA3KOU 18 Hos16ps1 2019 200a (y4yacmok Cepnyxoecko-Tumupsizeackoll
KO BpeMeHH). JIUHUU Mempo).

e Byi3yanbHbic JaHHpIC == = = WIF| n1annbic

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 54-66
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Taoauua 6
JanHble oT BU3yaJibHOro ocMoTpa u Wi-Fi-ckanepa 29 nosiops 2019 roga
(MapmipyT aBTOOYCca Ne 737)

Jenb Jara Bpemst | OcraHoBKa KomugectBo | Bomuio B Bemwro u3 | Wi-Fi-nannsie:
HEZeNH MaccaKMpoB | aBTOTOYC aBTOOYCa Konuyectso
YVHUKAJIBHBIX
MAC-anpecos
(ue meHee 5
TTOBTOPEHUH)
Mapupyt Ne 737
J8Esaciciicl 29.11.2019 {9:19 Bonbmas Byros- | 102 15 0 21
cKast
ITarauna 29.11.2019 |9:21 Bapiasckoe 107 5 0 22
mocce, A. 190
Isarauna 29.11.2019 |[9:26 7-it B mukpopaii- | 107 0 0 22
oH CeBepHOTO
Byrosa
TIsTaMIa 29.11.2019 |9:30 I'puna, 1. 20 105 0 2 22
Iaranma 29.11.2019 |9:34 I'puna 105 0 0 22
Tsaraua 29.11.2019 |[9:36 Metpo bymbBap 5 0 0 0
Jmurpus on-
CKOTO

Pesynerar: B cpenem, 6onee 20 % mpexmonaraeMbIX MaccaxMpoB MMEIOT BKITIOYEHHBIH Momynb Wi-Fi Ha MoOHIEHOM
ycTpoiicTBe.
Ta0nuna 7

JlanHble oT BH3yaabHOro ocMoTpa n Wi-Fi-ckanepa 20 mapra 2020 roga
(MapmpyTsI aBTO0yca Ne 249, 858)

JleHb Jlara Bpemsi | OctanoBka KomuuectBo | Bomwro | Beimwio u3 | Wi-Fi-nannsie:
HeJen TaccaxupoB | B aBTO- | aBTOOyca | KommuecTBo
Oyc YHUKIBHBIX MAC-

azpecoB (He MeHee
S IOBTOpEHHIA)

Mapmpyt Ne 249
IIarauma | 20.03.2020 | 12:19 | bombmras bytosckas | 6 3 0 0
Iarauma | 20.03.2020 | 12:20 | lxona (yi. Bomnb- 6 0 0 0

mrast byroBckast)

Tlaranma | 20.03.2020 | 12:22 | Cranmms ML 9 3 0 3
Byroso

Tlatanna | 20.03.2020 | 12:24 | 2-1 MeauTonosnb- 9 0 0 3
CcKast

TIsarauma | 20.03.2020 | 12:25 | [ToiukIuHUKA 11 2 0 3
(ya1. 2-1 Menuro-
TIOJIBCKAsT)

IIarauma | 20.03.2020 | 12:26 | HoBoHUKOIBCKOE 8 0 3 3

Marauma | 20.03.2020 | 12:27 | Bapmasckoe mocce, | 7 3 4 3
1. 261

Marauma | 20.03.2020 | 12:28 | LlepOunka 7 0 0 3
(Cumdeponomnbckoe
mocce)

Ilarauma | 20.03.2020 | 12:30 | IloBopor Ha Mmiu- |7 0 0 3

EeHCKHi moc.

MapupyT Ne 858
IIarauma | 20.03.2020 | 12:19 | IloBopor Ha M- | 25 1 0 6
LEHCKHi ToC.
IIaranma | 20.03.2020 | 12:20 1-1 Meauronomnb- 26 1 0 6

CKasg

Pesynbrar: B cpennem, Oonee 23 % mpeanonaraeMbIX MaccaXXMPOB UMEIOT BKIIOYEHHBINH Momynb Wi-Fi Ha MoOHIbHOM
ycTpoiicTse.

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 54—66

AnekceeB H. |0, 3103uH [1. B. OueHka npumeHumocTtu Wi-Fi-aHanmMTUKu B UCCrie[oBaHUAX
NMaccaXnponOTOKOB ropoACKOro OOLIECTBEHHOrO TpaHCNopTa Ha npumepe MocKBbI



Taoaunma 8
JlanHble 0T BU3yaabHoro ocMoTpa u Wi-Fi-ckanepa 18 Hosiops 2019 rona
(Yuactok CepnyxoBcko—TuMHUpSI3eBCKOii TMHUM METPO)

Jlenpb Hemenu Jara Bpewms | Crannus MeTpo Konnuectso KomnuectBo % OOHapyxeH-
MaccaxupoB YHHKAJIbHBIX HbIX Wi-Fi-
(mpuMepHOoe) mac-aJpecoB | yCTpOUCTB
(He MeHee 5 OT 00111er0
[OBTOPEHMIT) | KoImM4YecTBa
MacCaXXupoB
CepryxoBcko—THUMHpsI3eBCKas IMHHS METPO

Ionemenmsruk | 18.11.2019 9:53 ct. Byneap mutpust | 200 29 14,5
JloHckoro

TTonenensuuk | 18.11.2019 9:56 CT. AHHUHO 200 25 12,5

TTonenensuuk | 18.11.2019 9:58 ct. Yiua Akagemuka | 200 23 11,5
Slurens

TTonenensuuk | 18.11.2019 10:00 | cr. ITpaxckas 200 30 15

Tlonenenpauk | 18.11.2019 10:03 | cr. FOxHas 200 34 17

Tonememsrux | 18.11.2019 10:05 | cr. YepranoBckas 200 34 17

ITonenensuuk | 18.11.2019 10:08 | ct. CeBactononbsckas | 200 39 19,5

Tlonenensuuk | 18.11.2019 10:09 | ct. HaxumoBckuit 200 45 22,5
MPOCIIEKT

TTonenensuuk | 18.11.2019 10:12 | ct. Haropuast 200 49 24,5

TTonenensuuk | 18.11.2019 10:15 | cr. Haratunckas 200 58 29

Ilonememsank | 18.11.2019 10:18 | cr. Tynbckas 200 56 28

IMonenensuuk | 18.11.2019 10:21 | cr. CepmyxoBckast 200 47 23,5

Pesynbrar: B cpenneM, 6onee 20 % mpeanonaraeMbIX IacCaXHPOB UMEIOT BKIIOUSHHBIH Moxyib Wi-Fi Ha MoOHIBEHOM
YCTpOHcCTBe.

BynbBap Vauua YepraHos- Cesacro- Haxumos- Haratuh- Cepnyxoe-
Amutpus AtHUHO Akagemnka Npasckasn 1OxHan ckan nonbckan crmii HaropHan ckan Tynbckan ckan
[lokckoro Anrena npocnekr

Ot 1 g0 4 Wi-Fi-ycTpoiicTs e
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Puc. 10. Mampuya koppecnoxdeyuli Wi-Fi-ycmpoiicme («<nomeHyuanbHbIX» naccaxupos) Mexdy
cm. Bynbeap Amumpusi fJoHckozo u cm. Cepnyxoeckas (18.11.2019 2., ¢ 9:53 do 10:21).
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AnekceeB H. |0, 3103uH [1. B. OueHka npumeHumocTtu Wi-Fi-aHanMTMkKu B Uccrie[oBaHUAX
NMaccaXnpOonOTOKOB ropoACKOro O6OLIECTBEHHOrO TpaHCNopTa Ha npumepe MocKBbI




Puc. 11. bnok cxema pasmeujeHus Wi-Fi-ckaHepos.

» Cxanmposanue Wi-Fi-ycTpoiicTB Ha ocTa-
HOBKaX M BHYTPH OOIIECTBEHHOTO TPAHCIIOPTa
C MIPUBS3KOI KO BPEMEHH TIPH TTOMOIIH «IIepe-
HOocHOro» Wi-Fi-ckanepa.

[omy4eHHbIE MICXOAHBIE TaHHBIE TIEPEHOCH-
JINCHh B co3manHbli Framework Ha 6asze Excel.
Framework nmeer cremyronue crenenn Quib-
TpaLyu:

1. Vnanenue «urymay. [Tox nrymom nozapasy-
meBarorcst Bce Wi-Fi-yctpoiicTBa, oOHapyxeH-
HBIE B paauyce aelictsust Wi-Fi-ckanepa, koTo-
PpBIe SBISIOTCS POyTEPaMH, MapIIpyTH3aTOPAMHU
u T.71. To ecTh mozpa3yMeBaeTcsi, 9TO POyTEPHI
W Apyrue aHaJIOTHYHBIE YCTPOIHCTBA HE MOTYT
paccMarprBarhCsl B Ka4€CTBE MPEATIONaracMoro
raccaxupa.

2. Ynaneane MAC-anpecoB, IMEIONIIX O1-
Hy-IBe OoTMeTKH. JlanHOoe ycTtpoiictBo Wi-Fi
JaéT BO3MOXKHOCTb CKAaHUPOBATh 30HY B PEXXNME
peansHOTO BpeMeHH. Ha mpakTuke 11t oOHapy-
JKCHUSI TIEpEMEIIICHUS TIPeIoIaraeMbIxX macca-
JKHPOB HEOOXOMMO OT 5 00HapyKeHMI1 B pa3HbIC
TIEPUO/IBI BPEMEHH.

Jlanee mpoOBOAMTCS aHANN3 MOTYyYCHHBIX
JaHHbIX. VcenenoBanns ObLIN IPOBEACHEI B CITe-
JYIOIINE NaThl:

25 asrycra 2019 roma (Mapmpyt aBroOyca
Ne 906-3kcmpecc);

18 HOs16pst 2019 roma (mapmpyT aBTOOyca
Ne 802 + Yyactok CepmyxoBcko—Tnmupsizes-
CKOM JINHUH METPO);

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 54—66

28 HosOpst 2019 roma (MapmpyT aBroOyca
Ne 249);

29 Hos0pst 2019 roma (MapmpyT aBToOyca
Ne 737);

20 mapra 2020 roga (MapmpyTsl aBToOyca
Ne 249, 858).

[NomydenHsIe TaHHBIE W3 TOPOACKOTO 00IIIe-
CTBEHHOTO TpaHcnopra (aBTodyca) NpUBEICHBI
B Tabnumax 3—7 1 n300paxeHs! Ha puc. 3-8, a n3
MeTpononuTeHa B Tabmure 8 u puc. 9.

JlaHHBIE B BBIIICYKA3aHHBIX TaOIHMIAX Je-
MOHCTPHUPYIOT, 4TO B cpeaHeMm Oomee 20 %
TIPE/IIONaraeMbIX MACCA)KUPOB IMETOT BKITFOIEH-
HBII MOIysTb Wi-Fi Ha MOOHMIIBHBIX yCTPOHCTBAX,
YTO TIO3BOJISIET ONIPENIENTUTH MaTPHILy KOPPECTIOH-
JICHIINH HEKOTOPOTO KOJIMUECTBA «IACCA’KUPOB)
KaK B TOPOACKOM OOIIECTBEHHOM TpaHCIOPTE,
TaK ¥ B METPOTIOJIUTEHE.

Ha puc. 10 npuBenén rpauk MaTpHIB KOP-
PECHOHIECHIIUN, MOTYy4YEHHBIH B PE3ynbTaTe
aHaNn3a MaHHBIX, MOoCTymuBIMX oT Wi-Fi-cka-
Hepa B BaroHEe METPONIOJIUTEHA. J|aHHBIE pe3yiTh-
TaThl OBUTH TTOTYYEHBI HCKIIOYUTEIIFHO OT «IIe-
perocHoro» Wi-Fi-ckanepa.

ComocTaBisisi BU3yalbHbIC TaHHBIE (0030p
KOJIMYIECTBa MACCAKUPOB B BArOHE) M JTAHHBIC
Wi-Fi, B pe3ynbTare ucciegoBanus ObIIO BBISB-
JIeHOo, 4To B cpexHeM Oomee 20 % oT mpucyT-
CTBYIOIIHX NTACCA)KUPOB B Bar'OHE MIEPEMEIIAI0T-
cs1 ¢ BKimroueHHBIM Wi-Fi Ha MOOMITBHOM yCTpO#i-
CTBE.

AnekceeB H. |0, 3103uH [1. B. OueHka npumeHumocTtu Wi-Fi-aHanmMTUKu B UCCrie[oBaHUAX
NMaccaXnponOTOKOB ropoACKOro OOLIECTBEHHOrO TpaHCNopTa Ha npumepe MocKBbI



Ente ogHoit ocobennocThio Wi-Fi-ckanepa
SIBJISIETCSL TO, UTO JUJISL MOJYy4YEeHUs JAHHBIX
MOOMIILHOMY YCTPOMCTBY HE HYXHO TOAKIIIO-
yarbcs k cetu MT FREE, nocrarouno umeTs
BKJIIOYeHHBIH Wi-Fi Ha MOOUIBHOM yCTpOU-
CTBE.

ITo pe3ynpTaTaM nepBUYHOTO aHAIMU3A pe-
3yJIbTAaTOB HCCIEIOBAHUA MOXHO CAEaTh
BBIBO/I, YTO JaHHBIX MOXKET OBITh HEJ0CTATOY-
HO, 10 ATOW MPUYUHE UCCIEA0BATEH IPEATIO-
JIararT, Y4TO JJIS yJy4IICHUs HOJYYEHHBIX
pe3yabTaToB HEOOXOAMMO MCIOIb30BaTh Clie-
Jyouyro cxemy ycranoBku Wi-Fi-ckanepos,
n300pakeHHyr Ha puc. 11.

B upeanbHBIX yCIOBHSAX HEOOXOIMMO
ycranoBuTh 1 Wi-Fi-ckanep B aBToOyc, 1 Wi-
Fi-ckaHep Ha O0CTaHOBKY TropoJjcKoro oOrie-
CTBEHHOro TpaHcmnopra, 1 Wi-Fi-ckanep Ha
Bxozie B MeTpo, 1 Wi-Fi-ckanep B Baron metpo,
1 Wi-Fi-ckanep Ha BbIx0A M3 MeTpo. JlaHHOe
pacmojioXkeHne MO3BOJHUT B 3HAYUTEIbHOMN
CTEMEeHHU yIy4IIUTh Pe3yabTaT M0 HCClleJoBa-
HHUIO MAaCCaXUPOMOTOKA.

Takxe AJIs UCKIIOUEHHS «HATYPHOTO»
crnocoba HeoOX0IMMO HCIIONIb30BaTh JJaHHBIE
oT ACMIIII 1 HaBUTAlMOHHBIX TEPMHUHAJIOB,
YCTaHOBJIEHHBIX B TOPOJICKOM 0OIII€CTBEHHOM
TPaHCIOPTE, YTO MO3BOJHUT ONPENEIUTh AATy
U BpeMs 3ae3fa Ha OCTaHOBKY TOPOJICKOTO
0OLIECTBEHHOTO TPAHCIIOPTa U PEeabHOE KO-
JINYECTBO BOLIENUIMX M BBIIIEANINX TacCaKu-
poB.

B pe3ynbrare Mbl 10JIy4nM JJaHHBIE O 1aTe,
BpemeHu U1 MAC-anpece ycTpoiicTBa U JaH-
HbI€ OT HaBUTAaLIMOHHOTO TepMuHana. O0pa-
OarpiBas MOJIYYEHHYIO WH(POpPMAIHIO, MBI
CMOXEM OMpeAeInuTh, B KaKOil KOHKPETHBIN
MOMEHT BPEMEHU U Ha KaKOW KOHKPETHOU
octaHoBKe ycrpoiicTBo (MAC-aapec) ocyiie-
CTBMJIO BXOJ| M BBIXOJl. DTO MO3BOJIHUT OoJiee
JeTaJIbHO MPOBOAMUTH aHAIHU3 MACCaXKUPOIIO-
TOKa.

HccnenoBarenu nmoATBEp>KIAl0OT, YTO BCE
MOJIyYeHHBIE JAaHHBIE UCII0Ib30BAJIUChH UCKITIO-
YUTEIBHO B paMKax HCCIIE0BaTEIbCKOMN nes-
TEJIBHOCTH, 0€3 NMPHUBA3KH K KOHKPETHBIM
naccaxupam. MAC-aapeca ycTpOiiCTB HE
SIBIISIFOTCSL TIEPCOHANbHBIMU JaHHbIMH. MAC-
azipeca YCTPOMCTB SIBISIOTCS TEXHHYECKHUMHU
JnaHHbIMU. Bee momyuenHbie nanneie ¢ Wi-Fi-
CKaHEpPOB HMCIOJIb30BANHNCH HUCKIIOUHUTEIHHO
JUIs OIpeNesIeHHs] TOUYEK BXOJa W BbIXOJa
koHKpeTHbIX MAC-agpecoB Ha OCTaHOBKax
0OLIEeCTBEHHOTO MOJb30BaHus. Bce nanHble

AHOHUMHBI. AHOHUMHBIH XapakTep CBI3aH
¢ ucnois3oBanueM MAC-aapecoB B KaueCTBE
unentudukaropo. MAC-anpeca He CBSI3aHbBI
HHU C KaKOW KOHKPETHOW y4E€THOH 3amHuChio
MOJIb30BaTEN sl WM MOOUIBHBIM Tele(OHOM,
Jlayke ¢ KAKUM-TTH00 KOHKPETHBIM TPAHCIIOPT-
HBIM cpeacTBOM. KpoMe Toro, peskuM «aKTHB-
Horo» moucka Wi-Fi-cetn Ha MOOHMIBHOM
YCTPOHCTBE SIBISAETCS BBIOOPOM KaxI0TO
KOHKPETHOTO MPE/IoJIaraeMoro naccaxupa.

BbIBOAbI

[Tony4yeHHble pe3yabTaThl AEMOHCTPUPYIOT
nepcrekTuBy pasButus Wi-Fi-TexHonoruii.
B MockBe 1 MockoBckoii obnacTu Bce 00IIb-
1Iee KOJIMYECTBO MPEIoIaraeMbIX Maccamu-
poB OyAeT MCIIOJNIB30BaTh FOPOJACKON 00I1IIe-
CTBEHHBIH TPAHCIIOPT, IEPECAKUBASICH C JINY-
HBIX aBTOMOOMIIEH Ha OOIIECTBEHHBIN TpaHC-
nopT. DTOT (HAaKT YUYUTHIBACTCS BBEJACHUEM
HOBBIX HHCTPYMEHTOB, HalpaBJIEHHBIX Ha
YBEeJIMUYEHUE IPUBJIEKATEIbHOCTH FOPOACKOTO
00LIECTBEHHOTO TPAHCIIOPTa, TAKUX KaK aJar-
THBHOE yNpaBjieHHe cBeTOdOpamH, T. €. IPHO-
pUTET Mpoe3y 0OLIeCTBEHHOIO TPAaHCIOPTa.
U, cooTBETCTBEHHO, MOXXHO IIPEATIONI0XKHTD,
YTO MACCAXKHUPOB, MOJIB3YIOLIMXCS TOPOJICKUM
00LIeCTBEHHBIM TPAHCIIOPTOM, METPOIOIUTE-
HOM, OyzmeT 3HaYuTeNbHO Oojbiie. COOTBET-
CTBEHHO, Bce OOJIbIIee KOIMYECTBO MaCCaAKH-
poB OyeT moaKIoYaThes K 0ecruiaTHbiM Wi-
Fi-cersam. HMccnenoBarenu HaOI0AaI0T BCE
OoJIpIlIee KOJIMYECTBO MAaCCaKUPOB, MOTPEO-
JISIIOIINX KOHTEHT Ha MOOMJIBHBIX YCTPOHCTBaX
13 UHTEPHETA B CBOMX €XEJHEBHBIX MTOE3KaX
Ha OOLIECTBEHHOM TPAHCIOPTE, MCIOJb3Ys
MoOunbHbIH nHTepHeT (GPRS) nnn Wi-Fi-
ceTu.

Ha naHHBIIl MOMEHT U3 MOJIy4YE€HHBIX JaH-
HBIX OT «1epeHocHoro» Wi-Fi-ckanepa Mo>KHO
clieNlaTh MpeBapUTeIbHBIN BBIBOI, UTO OoJee
20 % MOOMIBHBIX YCTPOWCTB B rOPOACKOM
0011eCTBEHHOM TPaHCIIOPTE U METPOIIOJINTEHE
HCIONB3YIOTCs ¢ BKIHOUEHHBIM Wi-Fi, uTo
B SIBHOM BHJe HeJocTatouHo. Ho cymectByer
BEPOSTHOCTh MPOrHO3UPOBAHMS MacCaXUPO-
[IOTOKA TPU MOMOIIY HAKOIUICHHBIX JaHHBIX.

HccnenoBarenu CYUTAIOT, YTO «IIEPEHOC-
Hoit» Wi-Fi-ckanep He maéT BO3MOXKHOCTH
OOIIMPHO 3aXBaTUTh OOJIBIIYIO 00IACTH UCCIIE-
JIyeEMOH TEPPUTOPUU B PEKHUME PEabHOTO
BpeMEHHU (OCTaHOBKH FOPO/ICKOTO OOIIECTBEH-
HOT'O TPAHCIIOPTa, MECTa BXOJa IaccaKupoB
B METPOIOJIUTEH U T.J.). CraunoHapueie Wi-
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Fi-ckanepsl Mornu Obl yBENIUYUTH 00BEM
JAHHBIX M, COOTBETCTBEHHO, CYIECTBEHHO
CKOPPEKTHPOBATh MOJyYeHHbIE PE3YJIbTaThI.

Taroke rccienoBaTesny IpeIoararoT, YTo 110-
MHMO H3YUYEHHs! NTACCHKUPOIIOTOKA B TOPOJICKOM
00IIIECTBEHHOM TPAHCTIOPTE, UCCIIEOBAHMS TPEOY-
€Tcsl MPOBOJIUTH HAa CTaHIMAX U B BaroHax MIIK
n MIJI, B KOTOpBIX ToXe MpHUCyTCTBYIOT Wi-Fi-
CeTH.

Vcxomst 13 Oy YeHHBIX Pe3yJIBTaToB, HCCIISHO-
BaTeJH JIENIal0T BBIBOJI, YTO JUIS TIOTHOW KapTHUHBI
TacCaXUPOTIOTOKa aaHHbIe 0T Wi-Fi-ckanepoB
MOTYT OBITH JONOJHHUTEIBEHBIM HHCTPYMEHTOM
K IPYTAM HCTOYHUKAM JIAHHBIX, TAKAM KaK BaJIA (A~
w1, ACMIII 1 maHHBIX COTOBBIX onepaTopos. [1o
9TOM NPHYMHE, UCCIISIOBATENH CUUTAIOT, YTO IAJTb-
Heifiee uccnenoBanue B ooactu Wi-Fi-aHanmimnku
B COBOKYITHOCTH C Pa3BUTHEM YK CYILIECTBYFOLMX
WCTOYHUKOB JAHHBIX T10 MOJCYETY MACCaKHPOIIO-
TOKa MOTYT NPHBECTH K OoJIee Ka4eCTBEHHBIM pe-
3ynbTaTaM Juis pacyéra MaccaKupoIoTOKOB.
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AHanm3 naccaxuponoTokoB, 06CNyXUBaeMbIX
aBTOOYCHbIMM MapwpyTamn XyaxkaHaa

PaxmupauH CAIIOM30A Mysadhdpap BOBOEB

AHHOTALUA

PaccmompeHa ponb naccaxupcko2o agmomobuibHo20
mpaHcnopma Kak 00HOU u3 eaxHeliwux ompacnel HapodHo20
xoasticmeaa, Komopasi 8/usiem Ha 8Cto 3KOHOMUKY CMPaHbi 8 UESIOM
U €€ peauoHO8 U Ha Ka4ecmeo XU3HU HaceeHus!.

posedéx aHanu3z pabomsl mpaHcnopma 2. XyOxaHoa,
8 KOmMopOM 8 OCHOBHOM OOMUHUPYem agmoMobUITbHbIU mpaHc-
nopm.

MpoaHanu3uposaHsbi pe3ynbmamsi nposedéHHo2o obcnedo-
8aHUS Naccaxuponomokos asmobyCHbIX Mapwpymos 2opoda
XyOxaHO0a, 8 MOM Yucre 8 N1aHe MampuUbl NACCaXUpPONOMOKo8,
cobupaemocmu ninamsi 3a npoe3o.

CdenaH 8b1800 0 LenecoobpasHoCMU cucmeMamuyeckozo
obcedogaHusi naccaxuponomoKog 8 Uestax onmumu3ayuu nped-
TIOXEHUL No pa3sumuto 20podcko20 0BLUECMBEHHO20 MpaHCNopma.

B meopemuyeckom nnaHe onpedeneHbl 0CHOBHbIE NPo-
6r1embI Op2aHU3auUU NAcCaxupcKux Nepego3ok, 8 Yuce Komo-
PbIX omcymcmaue pezynapHo20 epaghuka OBLUKEHUS mpaHc-
nopmHabix cpedcmes Ha onpedenéxHbIx Mapwpymax, Hecobrto-
OeHue epachuka A8UXEHUS, YmO npueoduUM K y8esudyeHur
8peMeHU nepedBUXEHUS Naccaxupos Ha mpaHcnopme, usme-
HEeHUI Mapwpymos credogaHus u3-3a 0MCymcmeus naccaxu-
po8, K CUCMEMamu4yecKuM HapyweHusM npasun opoXHO20
0BLXKEHUS], Ype3MepHO OniumenbHbIM N0 8PEMEHU 0CMaHosKaM
Ha y3/108bIX OCMAHO80YHbIX nyHkmax u np. [1pednoxexsbi

Paxmuooun Canom Canomsooa’,
Mysagpdpap Myxudounosuu boboes?

* Taooicuxckuil mexHu4ecKull YHueepcumem umen
axademuxa M. C. Ocumu, /Jywanbe, Pecnybiuka
Taoorcuxucman.

2 [Nonumexnuueckuti uncmumym Taoxcukckozo
MEXHUYECKO20 YHUBEPCUMEMA UMEHU aKA0eMUKa

M. C. Ocumu, Xyoaxcand, Pecnybruxa Tadscuxucman.
04 salomzodal975@gmail.com.

no0xodbl K CHUXEHUI B8NUAHUS Opa2aHu3ayUoHHO-
ynpasneHyeckux hakmopos Ha 3¢hchekmugHOCMb OpaaHu3ayuu
naccaxupckux nepeso3oK, Ha NPasubHbIl 8b160p NOABLKHO2O
cocmasa, Komopbili AomKeH 8bIbupambCs ¢ y4EMoM KOHCMPYK-
MugHbIX 0CO6EHHOCME, €20 COOMBEMCMBUS UCNO/b308aHUI0
8CeMU CMOAMU HaceneHus (Kameaopusmu naccaxupos), UH-
MeHCUBHOCMU O8LXKEHUSI, MaHEBPEHHOCMU, COOMBEMCMaUlo
AopoxHbim ycrnogusm u dp. CoenaHbl 8b1800bI N0 060CHOBaHUIO
06bEéMa naccaxupckux nepeso3ok, onpedeneHuto cpedreli
0anbHOCMU noe30Ku naccaxupos, pacyémy MmexHu4eckux,
3KenTyamayuoHHbIX U KayecmeeHHbIX nokazamenel (yHKYUo-
HUPOBaHUs 0bWeCmeeHHO20 mpaHchopma, pacnpedeneHuro
naccaxupog no Mapwpymanm.

B pamkax passumus Hogbix nodxo008 K PeweHuro mpaHc-
nopmHabix npobiem e. XydxaH0a Hauboree 3Ha4uMbIM A8nsemcs
aHanu3 cmpykmypbI naccaxuponomoka, Ymo efusiem Ha nokasa-
menu 3ghehekmusHOCMU NACCAKUPCKUX NEPEBO3OK.

Peanu3sayus nonHomacwmabHo20 06¢nedosaHust naccaxu-
ponomokos 0acm 803MOXHOCMb pa3pabomamsb Hadnexaujue
2pachuku 0BUXEHUS naccaxuponomoka Ha Mapuipymax, ebibpams
payuoHanbHbIl mun nodBUXHO20 cocmasa No eMecmuMocmu,
6ydem cnocobecmeosamb IKOHOMUU 8PEMEHU nepedsuXeHuUs
naccaxupos, coyuanusayuu mpaHcnopmHbIX mapughos, nosbi-
WEHUI0 Ka4ecmea 8bINOMTHEHUS NePE8o3oK.

Knmioyesbie crioga: obenyxusaHue, nepeeoska naccaxupos, 0BLIECMEeHHbIl MparCnopm, Naccaxuponomox, HepeaymspHocmb
naccaxuponomokos, Mapuipym, asmobyc, Kayecmeo 06CTyKUBAHUS.

[Jns uumuposarus: Canomsoda P. C., boboes M. M. AHanus naccaxuponomokos, 06¢TyxusaembIx a8mobyCcHbIMU Mapwpymamu
XydxaH0a // Mup mpaHcnopma. 2021. T. 19. Ne 3 (94). C. 67-73. DOI: https://doi.org/10.30932/1992-3252-2021-19-3-7.

MonHbii mekcm cmambu Ha aH2UlICKOM si3bIKe ny6auKyemcsi 0 emopoll Yacmu 0aHHO20 8binycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

TpaHcnopT sBiI€TCA OHOM U3 BaXKHEUIIUX
oTpacieil HapoJHOro xo3giicTBa. B coBpemen-
HBIX YCJIOBHSAX HEBO3MOXKHO NPEACTaBHUTH KO-
HOMHUECKOE Pa3BUTHE O€3 3TOI 0Tpaciu, KOTo-
past TECHO CBSI3aHA C APYTHMH.

PasnuanbIe BUIBI TACCAKUPCKOTO TPAHCTIOPTA,
B TOM YHCIIE aBTOOYCHI, TPOJIICHOYCHI, TpaMBan
¥ MUKPOABTOOYCHI 1 T. 1., PETYISIPHO HCTIOIb3YIOT-
Cs B TOPOJICKHX, IPHTOPOAHBIX, MEXKTYTOPOIHIX
¥ MEKTyHapOIHBIX TPAHCIIOPTHBIX ceTsX. [10BBI-
[IEHNE KaueCTBa YCIYT, MPEJOCTaBIACMBIX aBTO-
MOOHMIIBHBIM TPAHCIIOPTOM, W YIOBJIETBOPEHUE
CTIpoca Ha TPAHCIOPTHBIE YCIYTH B IIEJIOM SBIIS-
€TCsI OHOM M3 OCHOBHBIX 3af1ad Pa3BUTHS TOPOI-
CKOTO OOIIIECTBEHHOTO TPAHCTIOPTA.

[maBHBIME LENIMH B OpraHHM3aIlUH TOPOJ-
CKOM TPaHCIIOPTHOM CUCTEMBI SIBIISIIOTCS IPEXKIE
BCEr0 MUHMMH3ANUS TPAHCIOPTHBIX PACXO/O0B,
9KOHOMHS BpPEMEHH, MTOBBIIIEHUE O€30I1aCHOCTH
7 KOM(OPTHOCTH IIPU MEPEBO3KE MACCAKUPOB.

PeanpHast cuTyanusi B HEKOTOPBIX TOpofax
TamKuKUCTaHa, B TOM YHUCJIE U B XyIKaHIE
[1-3], Tme maccaxupsl MEpeBO3ATCS B OCHOBHOM
Ha aBTOOyCcax W MHUKPOaBTOOyCax, TIOKA3bIBACT,
YTO YPOBEHB 1 KaUECTBO YCIIYT OOIIECTBEHHOTO
TpaHCHIOPTa BCE eMIE ABISIIOTCS HEYAOBIETBOPH-
TENBHBIMH M HE OTBEYAIOT MMOTPEOHOCTSIM TOPOI-
CKOTO HACEJICHHUS.

3T0 HECOOTBETCTBHE, PEIK/IE BCETO, CBSI3AHO
C OTCYTCTBHEM HAIJICKAIIETO ¥ TOYHOTO Tpadu-
Ka JIBI)KCHHMS OOIIECTBEHHOTO TPAHCIIOPTA, YTO
TIPUBOANT K JUTNTEIBHOMY OXKHUAAHHIO TACCaKH-
POB Ha OCTaHOBKAX; HECOOMIONCHNIO HHTEPBAIOB
JBIDKCHUS; HE3aKOHHON MapKOBKE TPAHCIIOPT-
HBIX CPE/ICTB B 3alPEIIEHHBIX MECTAX; IIEPETION-
HEHHOCTH TPAHCIIOPTHBIX CPEJCTB; HECOOIIO/IE-
HUIO HOPMHPOBAaHHOTO BPEMEHN OCTAHOBKH Ha
MIPOME)KYTOYHBIX M KOHEYHBIX OCTaHOBKAX; Ha-
PYIICHHIO ITPaBUIT 0€30ITaCHOCTH IBIKeHNS. Beé
3TO SIBISETCA OYCHb CEPHhE3IHBIMHU MPOOIEMaMH
JUTSL TOPOZICKOTO TPAHCIIOPTA U TpeOyeT HeMe-
JICHHBIX PELICHUMN.

DddexTuBHOE HCMOIB30BaHUE Pabodero
BpeMeHH, COOIoIeHrne TPpauKoB U PEKUMOB
JIBVKCHNS, TUCTAHIUN JBUXCHUS, CKOPOCTH
TIEPEBO3KH NMACCAKHUPOB, ONTHMHU3AIMNS 3aTpaT
Mpu 00€CIeYCHNN MUHUMAaJIbHOTO BPEMEHH
TIEPEBO3KH, TPABUIBHOE UCIIOIb30BAHUE aBTO-
OyCoB, BRICOKOE KaueCTBO OOCITyKUBaHHUS, PETy-
JSIPHOCTD JBYDKCHUSI aBTOTPAHCIIOPTA HA MapIII-
pyTe BBITOTHUMBI NIPH NPaBHIBHOW OpraHu3a-
UM U UCTIOJIb30BaHUH MTACCAXUPCKOTO 00IIIe-
CTBEHHOTO TPaHCIIOPTA.

Crnenyer OTMETHTB, YTO OJHUM M3 JIy4IINX
METOJIOB /ISl U3YUEHUS U TAJIbHEHIIIETO PeIeH S
9THUX NpOoOJIeM SIBIISIETCS MCCIIEI0BaHKE Tacca-
JKHPOIIOTOKOB, T.€. «TE€Ky4YEeCTb)» I1aCCaKUPOB,
JIBIDKEHUE [TACCAKUPOIIOTOKOB B OIIpeIeTIEHHbIE
JTHH 1 BPEMsL, B OIIPEIeTIEHHOM HaIPaBJICHUH 110
TOPOJCKUM MapuIpyTaM. AHaJIU3 3THX ITOTOKOB
MOYKET OCYLIECTBIISITHCSl B 3aBUCHMOCTH OT Xa-
PaKTepUCTHK MapIIpyTa, BpEMEHH JHS, JHEH
HeJleNd, B TeYeHHEe Mecsla, Ce30Ha, 10 OTeIb-
HOMY MapuUIpyTy WIH 110 BCEM MapIipyTam, JUIs
OJJHOTO BHJa TPAHCIOPTa WM Ul BCEX BHJIOB
TOPOZCKOTO MacCaXUPCKOTO TPAHCIIOPTA.

0030p UcTOUHHUKOB (Hanpumep, [4-9]) noka-
3aJ1, YTO JJIsl aHAJIM3a CIIpoca Ha TPaHCIIOPTHbIE
YCIIyTH, MOJTy4eHHs] CBEACHUH O 3aKoHax (op-
MHUPOBaHHMSI CIIPOCa Ha MEPEBO3KY MACCAXKUPOB,
a TaKKe MpH yrTyOJIEHHOM HCCIIeIOBaHUHU Kaue-
CTBa TPAHCIIOPTHBIX YCIYT MCHOJB3YeTCsl WH-
(dbopmanus o CTENEeHH yJOBIETBOPEHHOCTHU
crpoca B CyIIECTBYIOLIEH TPaHCHOPTHOM cuc-
Teme. McciienoBanue maccaxMporoToka MoXeT
IIPOBOJUTHCS B TIOJIHOM 00BEME JIJIsI pa3InuHbIX
BHJIOB TPAHCIIOPTa WJIM B MHAMBUAYaJIbHOM
MOPSIZIKE /ISl OTAEIBHO B3STOrO BUAA TPaHC-
niopra. OOBIYHO B TAKUX UCCIIEJOBAHHSIX UCTIOIb-
3yIOTCSI OTYETHO-CTATUCTUUECKUI METO/I, aHKET-
HBIH METOJl, HaTypHBIE 00CIIEe0BaHNSI.

AHaJIu3 NaccaxupoIroTOKOB MO3BOJISIET pac-
CMOTpETh (PyHKLIIMOHHPOBaHUE OOIECTBEHHOTO
TPaHCIOpTa ¢ Y4ETOM pa3pabOTKU U NPUHATHUS
HOPM, TO €CTb C Y4ETOM IoKa3aresiell TpaHCIopT-
HOUW paboThI, B TOM 4Hcie SPPEKTUBHOCTH Tie-
PEBO30K, BKIIIOUasi CpeTHEE PACCTOSIHUE JIBHKE-
HUSI, CKOPOCTb JBHXKEHHS (CKOPOCTB TPAHCIOPT-
HOTO cpencTBa), KO3 (UIIMESHT HAOJHCHUS
TPaHCIIOPTHOTO CPEACTBA, KO3 (PULIKMEHT pa3HO-
CTH ITACCAKUPOIIOTOKOB, KO (PUIIMEHT perysip-
HOCTH JIBIDKEHUsI Ha MapIupyTax u T.1. Bce atn
[0Ka3aTesld JOJKHBI OBITh CKOPPEKTHPOBaHBI
¢ yu€ToM Tekyuiel cutyanuu. B koHeuHOM cué-
T€ MEPECMOTP U YTBEPHKIEHHUE BBILICYTTOMSHY-
TBIX ITOKa3aTelei 03BOJIUT pa3padoTaTh Ha LIe-
XKalui rpaduK ABMKEHHUS Ha MapLIpyTax, Bbl-
Oparbh COOTBETCTBYIOILYI0 BMECTUMOCTh TPAHC-
MOPTHBIX CPEJCTB, CHU3UTHh TPAHCIOPTHBIE
pacxojibl, obecneunuTb KOMPOPT MaCCaKUPOB,
MOBBICUTH YPOBEHb OOCIY)KMBaHMS W TPEIIO-
XKHUTB ITpUeMIIeMble Tapudbl Ha 00CITy)KUBaHUE.
BriocnenctBum 5TO HMOBBICHT KauecTBO 00CITy-
*uBaHUS U 3PPEKTUBHOCTD IKCILTyaTaLUH
TPaHCIIOPTHBIX CPEACTB.

YenenHoe peleHre BOpoCcoB PalioHalb-
HOW OpraHu3aluu NepeBO30K MAacCaKUpOB
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1 3()(HEKTUBHOTO UCIIOIBb30BaHMUS ITOJBIIKHOTO
COCTaBa HEBO3MO)KHO 0€3 U3yUeHHS ITACCAKHUPO-
MIOTOKOB TPAHCIIOPTHOW CETH Ha CHCTeMaThue-
cKoii ocHoBe. [Tpn 3TOM HE0OX0IMMO YUNTHIBATh
LeJIBIN psift paKTOPOB M ITAPAMETPOB.

Tak, Ba)xHOE 3HAaUE€HUE UMEET TaKoi mapa-
METp, KaK «MOIIIHOCTh HaCCa)KUPCKOTO MOTO-
Kay, MoJ KOTOPHIM MOHUMAIOT KOJHYECTBO
MacCaXUPOB, IPOEIKAIOIUINX B ONPEeIEHHOE
BpeMsl Uepe3 KOHKPETHOE CeUeHUe MapuipyTa
WU BCEH TPAHCHOPTHON CETH HACEIEHHOTO
MyHKTa B OJIHOM HampasieHuu [6]. [Ipu atom
HeobOxoauMo nudhepeHITPOBaTh MaCCaAKUPO-
MTOTOKH: IOCTOSIHHBIE UJIH IIEPEMEHHBIE; OJTHO-
CTOPOHHHUE WJIM ABYCTOPOHHHUE; PEryispHbIe
WM HEpEeTYIApHBIE; MEPUOIUUYESCKUE UIIH
MpephIBUCTHIE. B opraHu3anuu u ynpasieHHH
MacCa)XMPCKUMU NEePEBO3KaMHU HEMaoBaX-
HYIO POJIb UTPaeT YYET XapakTepa HENOCTOsH-
HOCTH I1aCCaKMPOIIOTOKOB Ha MapuIpyTax WiH
B OMpeJelIEHHOM palloHe ropojaa, KOTOPbIH
HEOOXOIMMO YUHTHIBATh MPU OpraHU3alUU
TpaHCHOPTHOW paboTel. B cuiy atoro mns
o0ecIeueHHs BBICOKOTO yPOBHs paboThI 00111e-
CTBEHHOT'O TPAaHCIOPTa, Ka4eCTBa 00CIyKHBaA-
HUsl HAaceJIeHHs, a TaK)Ke OPTaHU3alHuU ONTH-
MaJbHBIX MapLIPyTOB HEOOXOIMMO Ha OCHOBE
HCCIIeJOBaHUSl TACCaAKUPOIIOTOKOB OIpe/ie-
JIUTh HaNpaBJICHUS JBHXEHHSI M KOJIMYECTBO
MMaccaXMupoB, a TAaK)Ke HEPAaBHOMEPHOCTH
MacCaXUPOIOTOKOB Ha MapuIpyTax.

Pacnpenenenue HacelieHHs 110 COLUATIBHBIM
KaTeropusiM, TAKMM Kak pabOTHHKH, CITy Kallue,
YUEHHKH LIKOJ U CTYJCHTBI CPEAHETO U BBICIIIE-
ro mpoheCCHOHAIBHOTO 00pa30BaHUs TAKKE
BXOJIUT B YKCJIO OCHOBHBIX (DaKTOPOB, ONpenesisis
BEJIMUMHY MOJBHIKHOCTH HACEIICHHSI.

OnHUM K3 OCHOBHBIX (PAKTOPOB YITyUILICHUS
Ka4yecTBa IEPEBO30K IAaCCAKUPOB SBIISIETCS
NPaBUJIbHBIN BBIOOP TPaHCIOPTHBIX CPEICTB.
OKcIyaTupyeMble TPaHCIIOPTHBIE CPEJICTBa
OOILIECTBEHHOTO TOJIb30BAHMSI JIOJDKHBI aHAIH-
3UpOBaThCA ¢ YUETOM TOKazaTesel ycTpoicTBa
KOHCTPYKIMHU, MECT JJIsl CUJICHUS!, THTEHCUBHO-
CTU JIBUOKSHUS], YIIPABIICHUS U IPYTUX, UX 3a1eH-
CTBOBAHUsI B TOPOJICKOM, ITPUTOPOTHOM, MEKIY-
TOPOZHOM M MEKIYHaPOJHOM COOOILICHUH.

AHanm3 maccaxMporoTOKOB ITO3BOJISIET BbI-
SIBUTh TPAHCIIOPTHBIE MOTPEOHOCTH HACEICHHS
Y OpPraHu30BaTh paboTy 00IIECTBEHHOTO TPAHC-
nopra ¢ y4éToM HOBBIX HOPMAaTHBOB, TO €CTh
nokasaresieil paboTbl TpaHCIIOPTa, B TOM YHCIIE
Cpe/He TabHOCTH MTOE3KH T1aCCaKHPOB, CKO-
POCTH IBMKEHHS (IKCIUTyaTalliOHHAasl CKOPOCTh),

K03 hHIIHEeHTa HAIOTHAEMOCTH TPAHCIIOPTHBIX
cpenctB, KO3 PUIMEHTa HEPABCHCTBA ACCAKH-
POMOTOKOB, KO3 DHUIHCHTA PETYIIPHOCTH Ha
MapuipyTe | T.[., KOTOpbIe OyIyT COOTBETCTBO-
BaTh PEANbHON CUTYAIHH.

HccrenoBanne MOXXHO IPOBOUTH B MTOJTHOM
00BEMe (1715 BCeX BUIIOB TACCAKUPCKOTO TPAHC-
MOpTa); TONBKO B «HHAUBHIYAJIBHOM» 00BEME
(715t OTIAETBHBIX BUIOB (aBTOOYCHI, TPOJLICHOY-
CBI, TpaMBaH)); BBIOOPOYHO — Ha OTACIBHBIX
JMHUSAX JABWKCHUS HJIH TPYIIAaX JTMHUH TBIXKE-
HHSL

Hawubonee pacripocTpan€HHBIMU Memodamu
H3YUYCHUS TACCAKUPOIIOTOKOB SBIISFOTCS: OTUYET-
HO-CTaTHCTHYECKHH METOJ; aHKETHBIA METOI;
HarypHble oOcnenoBanus. Harypueie odcneno-
BaHUsI, B CBOIO OYEPE/lb, MOTYT OBITh MPEICTAB-
JICHBI TAJIOHHBIM, TaOJIUYHBIM, BU3yalbHbBIM,
CHJIY3THBIM M OIIPOCHBIM METOIAMH.

MOCTAHOBKA 3A0AYN

UroOb! MOBBICHTh YPOBEHb M Ka4ecTBO 00-
CIy’)KMBaHHUs MACCaXMPOB aBTOMOOMIIbBHBIM
TpaHCIIOPTOM B Xy/)KaHIE U MOBBICUTh PEHTa-
0eNBbHOCTB TPAHCIIOPTHBIX MIPENNPHATHI roposa,
HEOOXOAMMO U3YYHUTh U NPOAHAIU3UPOBATH
MACCa’KUPOTIOTOKU.

L]eny penCcTaBIEHHOTO HCCIEIOBAHUS —
MIPEJCTaBUTh PE3YJbTaThl IEPBUYHOTO aHAIN3a
MAaCCa’KUPOTIOTOKOB B ropojie Xy KaHxKe, B [ep-
BYIO Ouepe;ib, 00CITy)KUBAEMbIX aBTOMOOWIIBHBIM
TPAHCIIOPTOM OOILETO TTOJIb30BAHMSI.

IIpencraBneHHble pe3yabTaThl MO3BOJIAT
000CHOBATH 11€71€C000Pa3HOCTh JabHEHIEro
CHUCTEMAaTH4ECKOTO M AETaJU3UPOBAHHOTO HC-
CJIEeZIOBAaHHSI TACCAKUPOIIOTOKOB.

PE3YINbTATDI
XyKkaHa — OMUH U3 PEBHEHIIINX TOPOIOB
IlenTpanbHOil A3un. DTO BTOPOH 10 BETUYHUHE
ropon B PecryOnuke TaqKUKUCTaH U ONWH W3
OCHOBHBIX TPAaHCIIOPTHBIX, MTOJTUTHYSCKUX, KO-
HOMHYECKHX, KYJIBTYPHBIX W HAyYHBIX [ICHTPOB
ctpanbl. C TOUKH 3peHHsT OCHOBHBIX ITOKa3aTeNeit
armoMepanuu XyIKaHJ ycTymnaer Toybko [ly-
manoe (Hacenenue Jlymaunbe — 916200 yen.,
Xymxanna— 181600 gen.). [Inomanp armomepa-
uu Xymkanaa cocrasisier 3400 M2, a IIOTHOCTD
HACEJICHHSI COCTABISICT 269 4eTI0BEK/KM.

B nensx moBsIeHUs KauecTBa 00CITyKHBa-
HHUS M HCIIOJIb30BaHMS TapKa Ha aBTOOYCHBIX
MapuipyTax B Xy/pKaH]ie aHAJIU3 MaCcCaXKUPOIo-
TOKOB TPOBOJAMJIICS C HUCIIOJIb30BAaHUEM €CTe-
CTBEHHO-PAcYETHOTO (TaOJIUYHOT0) METO/IA.
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ffi a Taéauuna 1
- Pe3ysabrarhl 00C/1€10BaHNS TACCAKHPONIOTOKA HA MapuIpyTe aBTodyca Ne 1 —
«Muxpopaiion Ne 3 r. Xynxana—b. I'adgyposckmuii paiion»
(o cocrosiHuio Ha 11.06.2019 rona)
TToTOK maccaXkupoB 3a OJUH JICHb, Yell.
Ne | Ha3Banue ocTaHOBOK YucneHHOCTh CaJuBIIUXCS
1 BBICAIMBIILUXCS TACCAXKHPOB 3a CYTKH, Yell.
YHCIno cauBIINXCS UHCITo BBICAAMBIIHXCS

1 Maxamnau 3 359 298
2 Koneun TexHUKH 144 123
3 Japomanu Caprykaii 269 256
4 Maro3au Hemaryiuio 189 225
5 Maxkrabu Bonaékar 184 226
6 Maxayutan 8 477 415
7 Maxamnan 12 366 413
8 Myaccucau Copbon 637 540
9 MMaxapuuit 260 312
10 | O6nactHoit TAU 389 449
11 |TrY 345 432
12 | XTY 375 598
13 | MarGyor 374 497
14 | Paxumun 468 314
15 | Bapsumroxu 20-Conaruu Mctuxnonust 283 263
16 | YHuBepmar 990 907
17 | Craguon 432 428
18 | 3adap 364 106
19 | Max4mante 1570 1943
20 |T'ynbaxop 251 289
21 |3apbod 509 416
22 |bocdanna 362 328
23 | Kopxonan Pomcap 128 150
24 | Ap6ob 203 231
25 | Marraub 209 240
26 | ABrocTaHims 429 422
27 |TAU XamxkeHcku 169 205
28 | Atym 6030p 499 110
29 | bapakar 580 256
30 |[CaxoBar 68 467
31 | Comown 6030p 103 519
32 |lapmuum Bycron 169 234
33 |[CUMY 25 120 138
34 [YAMM «Caiiép» 221 228
35 | Kacpu ®apxaHr 117 150
36 | Llyp6aun mwmHOCHOMaauxuu miaxpaku b. 'adypos 178 155
37 |Boksan 992 499
Bcero 13782 13782
JIproTHbIe maccaXkupsl (ISTH IIKOIFHOTO BO3PAcTa U APyTHe 431 431
KaTEropuy MacCaXHPOB CO CKUAKOH 110 50 %)
JIprotHbIe maccaXxups! (IIOJTHOCTHIO 0OCBOOOXKAEHHBIE OT oruaTsl | 133 133
mpoesza)
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locynapcTBEeHHOE KOMMYHaJIBHOE MpPEJ-
npusitue (I'KIT) «Mycodupkamonu aap max-
pu XydaHI1» UCIOIB3YeT B CBOEM ITapKe aBTO-
Oycwl. B wactHocTH, Ha MapumpyTe Ne 1 pabo-
taeT 18 aBToOycoB JInA3-529265 BMecTumo-
cteio 114 maccaxupoB kaxasiii. IloToku
Macca)xupoB Ha aBTOOycHOM Mapuipyrte Ne 1,
KOTOPBII OXBaTHIBAET TEPPUTOPHIO OT MUKPO-
pationa Ne 3 r. Xymxkanga 1o ct. b. I'adypos-
CKOTO paiioHa (Tabi. 1), u3ydaucs COBMECTHO
¢ I'KII u ¢ mpuBneyeHneM CTyIeHTOB.

Ora Tabnuiia Noka3bpBaeT 00bEM Maccanu-
POIIOTOKA B TEYEHUE JAHS HAa KaXKIOW U3 OCTa-
HOBOK. CaMoe 0oJbIIOe KOJIMYECTBO BXOJS-
LIUX U BBIXOSIIUX ITACCAXUPOB Habr0IaeTCs
Ha ocTaHOBKe Bo3ie Oazapa «[lanuianGe»:
11,4 % naccaxupoB caastcsa u 14 % Bbicaxu-
BaloTCA Ha ocTaHoBKe. CaMble OXKHUBIIEHHBIC
aBTOOYCHBIE OCTAHOBKH Ha MapuipyTe — 3TO
OCTAaHOBKH BO3Jle yHHBEpMara, TOProBoro
nentpa «bapakar», 6azapa «Arym», 0a3apa
«CaxoBar» u 6azapa «CoMOH», KOTOpBIE pac-
nojoxeHsl Ha pacctosiauu ot 100 1o 250 meT-
POB JIpYT OT Apyra. JIpyruMu «IomyasipHbIMI
OCTaHOBKaMH sIBIISIIOTCS « Bok3anm», ocTaHOBKH
B 1leHTpe paiiona b. ['adyposa, psmom ¢ 1ieH-
TpanbHBIM pbiHKOM «®DapoBony». Mccnenosa-
HUSl IOKa3bIBAIOT, YTO OOBEMBI IIOCAKU U BbI-
CaJIKU ACCaKUPOB BCET/a YBEINYMBAIOTCS Ha
OCTaHOBKaX BO3JI€ TOPTOBBIX LIEHTPOB, PSIOM
C IPEINPUSATUSIMH, 03JOPOBUTEIBHBIMU IIEH-
TpaMH, YHUBEPCUTETaMH, YUYCOHBIMH 3aBeJie-
HUSIMU ¥ MECTaMH OTJIbIXa.

AHayoruuHoe 00CJIeJOBaHNE MaCCAKHUPO-
ITIOTOKOB OBLJIO MPOBENEHO elé Ha TPEX aBTO-
OyCHBIX MapupyTax ropoja.

Ha mapmpyre Ne 4 (mukpopaiiona Ne 34
ropoaa Xymxanna—ropon ['ynuctoH—caHaro-
puit «baxopucTon») aHanU3 MoKas3al, YTo Ha
Mapuipyte paborator 10 aBTOOyCOB
JInA3-529265, smematoniux 114 maccaxupon
(npomyckHas ciocoOHOCTh 6855 naccaxxupos
B CYTKH).

Tax»xe OBUIO IPOBENIEHO UCCIIEIOBAHNE HA
mapmpyte Ne 5 xBapran «Esay» («amamaii-
nou»)—babamkan ['apyposckuii paiion (Cenb-
Moii nocénok). Ha atom mapuipyre padoraror
18 aBTOOYycOB Mapku JInA3-429260 BmMecTH-
MOCTBIO 85 YelloBEeK, eKeIHEBHas IIepeBO3Ka
coctaBusia 7986 maccaxupos.

[Ipoananu3upoBaB 3TH HUHPPBI, ABTOPHI
MPULUIH K BBIBOJY, YTO HEPABHOMEPHOCTH
KOJIMYECTBA MACCAXUPOB HA 3TUX MapIlIpyTax
3aBHCHT OT pPeXHMa pabOThl TOPOKaH U IYHK-

TOB oTnpaBieHus naccaxuposn. C 6-00 no 8-00
4acoB yTpa KOJUYECTBO IMACCAKUPOB MPEBBI-
11aJI0 HOPMY, B pe3yJibTare 4yero Haoroanach
HexBaTka aBToOycoB. Takxke B 9TO BpeMs Ha-
Ouroanach HEperyJspHOCTb JBUKEHHUS aBTO-
OycoB.

b0 3adukcupoBaHo, YTO CO CTOPOHBI
TPaHCIIOPTHOW KOMITAHUH Ha 3TUX MapuIpyTax
cOop 3a Mpoe3/ He OCYIECTBISIICS AOJKHBIM
oOpa3oM. B pesyibrare mony4eHHbIX JaHHBIX
1 pac4yéToB ObLIO BBHISBIEHO, YTO CyMMa, CO-
Oupaemas KoHAyKTOpamu, Ha 15-20 % MeHblIe
MTOJIO)KEHHOH.

Amnanu3 paborsl Mapuipyrta Ne 1 ObL1 1Ipo-
BeI€H ¢ y4€ToM 00bEMa nepeBe3EHHBIX Nacca-
JKUPOB, cOOpa IIaThl 3a MPOe3]], KOJIMYeCTBa
JIBTOTHBIX IIACCAKUPOB HA MapLIPyTe, Tapuda
Ha NEpPeBO3KH, J10X0Ja aBTOTPAHCIOPTHBIX
NPEeNNPUATHH OT OKa3aHUs yCIyT M0 EPEeBO3-
Ke maccaxxupos (Tabi. 2).

HeoOxoqumo y4uThIBaTh cieU(UKY TOpoa-
CKMX MapupyToB Xy/kanaa. Hekoropsle ocra-
HOBOYHBIE TYHKThI HAXOJSTCS BHE ropozia (Ha Tep-
pUTOpHH OJIM3JIEKAIX TPUTOPOIHBIX PAHOHOB).
Ho aHaimm3 maccaxuporoToka IoKa3blBaeT, YTo
70-80 % maccakxupoB, UCMONB3YIOIINX 3TOT
MapIIpyT, IPUXOTUTCA Ha JKUTeel ropoga Xy-
JokaHaa. B tabn. 2 aHanM3MpyeTcst KOJIUYEeCTBO
NPUBUIIETMPOBAHHBIX ITaCCAXKUPOB, B TOM YHUCIIE
COBEPILIEHHO OECIUIATHBIX M OCBOOOKIEHHBIX OT
oriatsl Ha 50 %. 310 yuuThIBaeTCs B pacyérax.

Tak, B 4aCTHOCTH, HOJHOCTBIO OCBOOOX-
JNEHHBIE OT OIUJIAThI 3a MPOE3J MacCaKUphI
coctaBuiu Becero 0,96 % oT Bcex maccaxupos,
a ocBoOokaEHHBIE Ha 50 % (K 9TOM Kareropuu
coracHo «VHCTPYKIMY OPSIKa pErUCTpallun
1 y4éTa JIbIOTHBIX IIaCCAKUPOB B OOIIECTBEH-
HOM Tpancnopre Pecrny6nuku Tamxkukucran» !
OTHOCSITCS JIETH LIKOJIBHOTO BO3pacTa J0
12 net) — 3,1 % OT Bcex maccakupos.

Kak nokaszano B Ta0i. 2, oruiara 3a npoesi,
COIJIacHO HaONIONEHUSM B TEYECHHE OJHOIO
JHs, cocTaBmyia 16266 COMOHHM, OJIHAKO IO
otruéram ['KII «Mycodupkamonu aap maxpu
XyudaH/1», TOCTYIUICHUS OT BEIPYYKH 3a TPOE3]]
coctaBui 14 117 comonu. Pa3auna ot BeIpyu-
KU coctaBuiia — 2149 comoHu, T.e. B Kaccy
npennpuatus 6suto cnano 88,8 % ot cobpa-
HOM CyMMBEI.

1 «MHCTPYKLMS O MOPSI/IKE PETHCTPALIMK U y4ETa JIbIOTHBIX
MaccaXnpoB B OOIIECTBEHHOM TpaHcmopTe Pecmybmukn
Tamxukuctan», yrBepxa¢HHas PacnopsikenueM MuHH-
cTpa Tpancnopra Pecryommkn Tamkukucran 3a Ne 113 or
16.08.2011.
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Taoauua 2
AHan3 00c/Ie0BaHMsI AcCaKUPONOTOKa Ha MapupyTe Ne 1 — «Mukpopaiion Ne 3

r. Xynxana—b. I'agyposckuii paiion» no cocrosnuio Ha 11.06.2019 rona w
Ne A YucIeHHOCTh IIaCCaXXUPOB 3a C€Hb, YCII. O@Oﬁ IUIaThI 3a MPOE3/1, COINIACHO :mmhahnmﬁmgw COMOHH M
m Bcero YUuCIeHHOCTh MACCAKUPOB € YIETOM C y4€TOM CyMMBI IIaTHI m, . 2
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1 7926 | 859 584 174 101 0 0 1047 488.5 558.,5 584 261 202 0 830 -217 M.
2 7931 | 727 495 131 69 25 7 842 360 482 495 196,5 138 12,5 702 -140 _.m
3 7932 |823 485 207 87 32 12 985,5 515 470,5 485 310,5 174 16 805 -180,5 m.
4 7942 | 761 508 128 91 24 10 894 409,5 484,5 508 192 182 12 778 -116 S
5 7958 935 582 212 124 12 5 1154 554,5 599,5 582 318 248 6 781 -373 5
6 7959 | 964 555 194 144 54 17 1161 579 582 555 291 288 27 840 -321 m.
7 7964 | 307 209 59 34 5 0 368 214 154 209 88,5 68 2,5 808 440 m
8 7977 | 767 504 136 110 13 4 934,5 396,5 538 504 204 220 6,5 767 -167,5 g
(]
9 7981 |816 536 189 62 23 6 955 430,5 524,5 536 283,5 124 11,5 743 =212 3
(1]
10 7983 |840 523 166 78 56 17 956 506 450 523 249 156 28 776 -180 o M
11 7986 |818 581 155 81 1 0 976 386 590 581 232,5 162 0,5 835 -141 L M
12 7990 | 730 440 152 92 35 11 869,5 479 390,5 440 228 184 17,5 805 -64,5 S MB
Nl o
13 7991 |800 516 163 108 10 3 981,5 489 492,5 516 2445 216 5 840 -141,5 _m S m
(o]
14 7992 | 782 479 183 54 51 15 887 384 503 479 274,5 108 25,5 850 -37 W 10 m”
15 7994 | 767 473 157 78 46 13 887,5 415 472,5 473 235,5 156 23 840 -47,5 o C 2
o s
16 7995 |410 284 75 28 18 5 461,5 199 262,5 284 112,5 56 9 500 38,.5 M M m
T
17 7996 | 945 747 148 16 26 8 1014 4335 580,5 747 222 32 13 800 -214 o m W
=
18 7998 | 731 500 140 91 0 0 892 513 379 500 210 182 0 817 -75 = m M
Xamari 13782 9001 2769 1448 431 133 16266 7752 8514 9001 4153,5 | 2896 215,5 | 14117 -2149 e

* JIbroTHbIE MACCAXKHPHI (ASTH IIKOIBHOIO BO3PACTA U APYTHE KATErOPUH MACCAKMUPOB CO CKUKOM 110 50 %).




AHaJIOTWYHbIE HCCIIeOBaHUS ObLIN IPOBE-
JIEHBI ¥ Ha aBTOOYCHBIX MapmpyTax Ne 4 u Ne 5
ropona XypKaHza, r7ie HabIoaanach moxoxas
CUTYyalHsl.

KPATKWE BbIBO[blI

Pe3ynwsrarel maHHOTO OOCIIETOBAHUS TIac-
CaXXUPOMOTOKOB, HECMOTPSI Ha €ro pa3oBbIU
XapakTep, yKe MO3BOJUJIN BBIJBUHYTH P
runotes. Tak, MOYKHO M0JIaraTh, 9YTO OCHOBHBIM
(hakTOpOM, ONMpEACHAIONIUM BEIUUYUHY II0-
JIBIDKHOCTU HACEJICHUS, SIBJISIETCSl paclpese-
JIGHHE HACEJCHHS M0 COINaIbHBIM KaTeTOpH-
sIM: paOOTHHKM, CITy’KaIIie, CTYASHTHI, IIIKOJIb-
HUKHU, IeHCUOoHepHl. [ToaTBepxkaeHa akTyalb-
HOCTh Pa3pabOTKH TEXHOJIOTHU cOepexeHUs
¥ TONY4EeHHUS JTOXOJOB C MCIOJB30BAHUEM
COBPEMEHHBIX TEXHOJIOTUH, HAPUMED, YePE3
BHEJIPEHUE AJICKTPOHHBIX OUJICTOB.

I'naBHBINM BBIBOJ COCTOUT B TOM, YTO IIPO-
BenEHHOE 00CIeI0BaHUE TOATBEPINIIO OCHOB-
HYIO HCCIIeI0BATENbCKYIO TUIIOTE3Y O LIeJIECO-
00pa3HOCTH MPOBEICHUSI CUCTEMHBIX 00CIIe-
JIOBaHUI NAacCaXMpPONOTOKOB Ha PETYIIPHOU
OCHOBE B IIeJIIX cOOpa 1 aHaII3a HHPOPMAITIH
JUTSL BBIPAOOTKH MPEIIOKEHUM 1O ONTHMANb-
HBIM CXeMaM OpTaHHu3aluu paboTHl TOPOACKO-
ro 00IIEeCTBEHHOTO TPAHCIIOPTa.

JanbHeinne uccienoBaHusl Maccaxupo-
TTOTOKOB MIPU3BAHBI PEIIUTh CIEAYIOIIHE BOI-
poCHI:

* 000CHOBaHHE 00BEMA ITACCAKUPOIIEPEBO-
30K;

* OIIpesESIEHNE CPENHEN AUCTAHLIUM, TIPOH-
JNIEHHOMW TIEMIeX0JI0M;

* pacuéT TEXHUUECKUX, IKCIITyaTallHOHHBIX
Y Ka4eCTBEHHBIX ITOKa3aTesied paboThl TpaHC-
mopTa;

* pacrpeielieHle NacCaxKUPOB MO MapIuIpy-
Tam;

* CHCTeMa MapUIPyTOB U €€ ONTUMHU3AIINS;

* pas3JelicHHe aBTOTPAHCIIOPTa MO MapIii-
pyTam M 3aKkpelieHue MapupyToB 3a aBTO-
TPAHCIIOPTHBIMU MPEANPUATHIMI;

* HOPMUPOBAHKE U PETYJIUPOBAHHE CKOPOCTH
JIBMKCHUS TPAHCIIOPTHBIX CPEJICTB;

* IpaBWJIbHAS OpraHU3aIus TpaduKoB pabo-
ThI ¥ OT/IbIXA BOJUTEICH.
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Hukonait HEYUTAUNO

AHHOTALUA

MocmaHogka Knaccuyeckux MUHUMaKCHbIX 3aday mpaHc-
nopmHo20 muna npednonazaem NOUCK ONMUManbHO20 NiaHa
nepesosok ¢ y4éMom mosibko 8peméH docmasku pecypcos. He-
U36€eXHO 803HUKaKoWUe npu 3mMom onoTHUMeNbHbIe 3ampams|
Ha 06pabomky pecypcos 8 UCX0OHbIX NyHKMax U 8 nyHKmax Ha-
3HaYeHUs 80 BHUMaHUe, Kak npaguso, He npuHumaromesi. Takol
nodxo0 enonHe onpagdaH npu Hecouamepumocmu epeméH do-
CcmaskKu pecypcos No UMEIoWUMCS Mapuipymam U 8peméH npeod-
sapumenbHol/nocnedytoweli obpabomku pecypcos. B mo xe
epems 8 pside npakmuyeckux 3aday 8peMeHHbIe 3ampamabl Ha
noepysky/pasepy3ky (Hanpumep, npu opaaHu3ayuu noepysku
¢hacosaHHbIX MuHepanbHbIx ydobpeHul co cknadog nopma Ha
Kopabnu) Mo2ym uMems Cyw,ecmeeHHoe 3HayeHue. B nodobHbix
cumyayusix npu NoUCKe ONMUMaIbHO20 NilaHa Nepego3oK Heob-
X0OUMO y4UMbI8aMb HE MOTbKO 8PEMS OBLXKEHUS UCNOMb3YeMbIX
mpaHcnopmHbIX cpedcme No YCMaHOBNEHHLIM MapLWpymam, HO
U 3ampamb! Ha N02py304HO-Pa3epy304HbIe onepayuu, yyumsieas
npu 3MOM U KOUYECMB0 UMEIOW4UXCA MPaHCNOPMHbIX cpedcms
U UX XapakmepucmuKu, Hanpumep, 2py30n00bEMHOCT.

B cesa3u ¢ amum yenbio uccnedosaHus sieasemcs He
monbko paspabomka Memoda pacyéma onmumanbHo20

Mup Tparcriopta. 2021. T. 19. Ne 3 (34). C. 74-80

3afayu TPaHCNOPTHOrO TMNA NO KPUTEPUIO
BPEMeHM C YYETOM XapaKTEPUCTUK MPUMEHSIEMbIX
TPaHCNOPTHbLIX CPEACTB

Huxkonait Mapkosuy Heuumaiino

Poccuiickuii ynusepcumem mpancnopma, Mocksa, Poccus.
M4 nechitaylo2007 @yandex.ru.

nnaHa nepesosok, Ho U Memoda pacnpedesieHusi mpaHcnopm-
HbIX cpedcms ¢ y48mom ux Koauyecmsa U xapakmepucmuk

Mpu amom ewé 00HOU He MeHee BaxHOU Uebio uccre-
dosaHus sensemca 060CHO8aHUE npuMeHeHus memoda no-
crnedogamenibHO20 COKpaWeHUsi He8sA30K ¢ y4émom euda
yenesoll yHKyuUU, yqyumbigaowel He monbko OCHOBHbIE
napamempbI KNaccu4ecKux MUHUMaKCHbIX 3a0ay mpaHcnopm-
HO20 muna, Ho U KoNIU4YecmeeHHbIe XxapakmepucmuKku mpaHc-
nopmHbIx cpedcme, npueiekaeMbIx K mpaHcnopmHol onepa-
yuu. MpuHyunuanbHoO 8axXHO, YMO NPUMeHeHue Mmemoda no-
crnedosamesnibHO20 COKpaweHuUsi Hees30k obycrnaenusaem
NOMUHOMUAJIbHYK 8bIMUCITUMETIbHYH CITOXHOCMb afeopumma,
umo Oesraem 803MOXHbIM €20 NPUMEHEHUE NPU oNepamusHoOM
peweHuu 3a0ay npakmuyeckol paaMepHoCmu.

[na peweHus 3adayu pacnpedenieHUs UMeWUxcs
mpaHCcnopmHbIX cpedcme No UCXOOHbIM NyHKMam ¢ y4émom
2py30n0dbEMHOCMU MpaHCcnOpmMHbIX cpedcme npednoXeHo
ucnonb308amb Memod OUHaMU4eCcK020 NPpo2paMMupOBaHUs.
PaccmompeH unnwcmpamugHbil npumep pacnpedeneHus
cpedcme 0ocmasku, adanmupo8aHHbIli 0ns NPUMEHEHUs 8
MS Excel.

Knroyesbie cnoga: mpaHcnopmHas 3adaya, Kpumepuli MUHUMYMa 8PeMeHU, 3ampamel Ha 06pabomky, 2py30n00bEMHOCM.

3252-2021-19-3-8.

Lnsa uumuposanus: Heyumadiino H. M. 3adayu mpaHcnopmHo2o muna no KpUmMepur epeMeHu ¢ y4émom xapakmepucmuk
npumersieMbIx mpaxcnopmibix cpedcme // Mup mpancnopma. 2021. T. 19. Ne 3 (94). C. 74-80. DOI: https://doi.org/10.30932/1992-
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BBEOEHUE Yyaii, BpEMEHHAIX 3aTpar B IYHKTaX MPOMEXY-
B MHHMMAaKCHBIX 3a[aqax TPAHCIOPTHOTO TOYHOH OOPabOTKH, MO-NIPEXKHEMY IIPUBIEKACT

tuna [1-3] He yunThIBaeTCS BpeMsi Ha [IOrpy304-  NPHCTAIbHOE BHUMaHHUE HcclenoBaTeneh [17;

HO-pa3rpy3odHbie onepanuu. B crarbe npemma-  18].

raeTcsl yYUTHIBATH IIOTEPH BPEMEHH HE TOJBKO L]envio uccnenoBanus sBIAETCA pa3padoTKa

Ha JOCTaBKY PECypcoB, HO ¥ TP TOTPy3Ke/ METOAA pacd€Ta ONTHMANIBHOIO IIaHa IEPEBO30K

pasTpy3Ke pecypcoB B MCXOIHBIX IIYHKTaX U METOAa pacHpeleleHHs TPaHCIOPTHBIX

U B IIyHKTaX Ha3HadeHus. [1pu 5ToM OyneM cuu-  CPEJCTB € y4ETOM MX KOJIMYECTBA M XapaKTEPH-

TaTh, YTO 3aTPATHl BPEMEHU Ha 00pabOTKy pe-  CTHK.

CYPCOB MMEIOT JINHEIHYIO 3aBUCUMOCTB OT KO-

JIMYECTBA PECYPCOB, HAnpapisieMbix 110 kKaxaomy PE3YNIBTATbI

U3 UMEIOIUXCS MapmpyToB. Take ciemayer [TycTs uMeeTCs m UCXOIHBIX MYHKTOB C pe-
YUUTBIBATh KaK HAJIMYUE IPUBICKACMBIX TpaHC-  cypcamMu d, (i =1 ... m)un HyHKTOB Ha3HAYCHHS
MOPTHBIX CPEJCTB, TAK U UX XapAKTEPUCTUKHU, C 1'[0Tpe6HOCT${MI/I b, (G=1..n. YCJIOBHeM
HampuMep, rpy3onoxbEMHOCTh. Takas mocra-  JIOMYyCTUMOCTH nana HEePEeBO30K ||x || @i=

HOBKa 3a[]a4l HIMEET CXOICTBO C KIACCHUCCKOM M, j = I ... n) ABISIETCS BHIIOIHEHUE o6qu1,1x

JTUHEIHOM TPaHCTIOPTHOM 3aa4eii [4], ¢ 3ajaya- U1 JIMHEHHON TPaHCHOPTHOH 3a1add OTpaHH-
MH C MUHHMAKCHOW IleeBoi yHkuuei [5; 6] deHuil:
U C 3a7auaMu ¢ (PUKCHPOBAHHBIMH JIOTLIATAMH

[7-9], permenne KOTOPHIX NpH JTHHEAPU3ALUN zx <a,i=1..m
neneBol pyHKIMU MIPUBOINT K CYIIECTBCHHBIM
MOTPEINHOCTSIM, & IOUCK TOYHOTO PELICHHS Zx <b, j=1..nm (1)

KOMOHWHATOPHBIMH METOJaMHU OTIpEIeNAeT He-

npHeMIeMyI0 (3KCIOHEHIHANbHYI0) Bhrupcn- Xy =0 i=1...mj=1..n
TeIbHYI0 3()()EeKTHBHOCTh. MUHUMAKCHEIHN ke

XapaKTep NMOKa3aTelld KAaIeCTBa YMPABICHHA e a — oGhiM pecypea B A;

paccMarpuBaeMoil 3a1adn JeNaeT BO3MOXKHBIM b,— notpeGHoCTH B;

peaieHne 06]].[61/1 3ama4Yn KaKk COBOKYITHOCTH x — KOJIUYECTBO e,[[I/IHI/H_I pecypca Ha Mapi-
103284 O MAKCHMAIILHOM TPAHCIIOPTHOM T0-  pyre A — B,

Toke [8; 10; 11]. IIpr 5TOM MOCKOIIBKY HEHTPaIIb- PemeHHe OymeT ONTHMANBHBIM IIPU TOCTH-

HOE MECTO B MPE/IITAracMOM aITOPUTME 3aHUMA-  s¢epyy yHKIHEH F(x ,) MHHHMYyMa:
€T METOJI TIOCTIE/IOBATENBHOTO COKPATEHNA He-  F(x ,) = maxf{x :) i= j mj=1..n 2)
BS30K C MOJWHOMHAIILHON BBIYUCIUTCIHLHON me; !

CIOKHOCTBIO [3], BEIYMCTHTEIbHAS CIOKHOCTD C
t; +(t,. +t j)xij, ecaux; >0,

IPE/IaraeMoro anroput™a Oyaer uMeTh Ty ke f(x,)= (3)
BBEIYHCIHATENBHYIO CIOKHOCTE [8; 12; 13]. Ot- 0, ecaux; =0;

CIOJIa CJIeyeT BBIBOJ] O TPUMEHUMOCTH Tpe/iiia- t,— BpeMsl iBIKeHus u3 A, B B;

raeMoro ajropuTMa B 3ajadax ¢ JA0CTATOYHO t’,— notepu Ha 1orpysky (o6paborky) eau-
OONBIINM KOJMYECTBOM IepeMeHHEIX. CliemyeT  HHMIBI pecypca B 4

OTMETHTD, YTO ITOJAXO, OCHOBAHHBIN Ha ITOCIIE- 1",— IOTePH Ha pasrpysKy (00paboTKy) eu-
JIOBATEIIbHOM YMCHBLICHNH Pa3MEPHOCTH 3aia9  HHLIBI pecypca B B,

[14], mpuBOIUT, KaK MpaBUIO, K PEHICHUSIM, B xagecTBe mpeBapuUTENBHOIO I1ara Hy>KHO

TaEKMM OT ONTHMAJIBHBIX. A pemaBmInecs BBIYUCIUTH HWKHIOIO IPaHHUILY LieleBOH QyHK-
paHee 3aj1a4u, CBsI3aHHBIE C 00Pa0OTKON pecyp- LMHU. 3aTeM, UCIONb3Yysl HallJIeHHOE 3HAYCHUE
COB B ITyHKTaX Ha3HadeHHs [15; 16], BcE ke He  HMKHEH TPaHULBI F, BEIYMCIIUTh dl_j (i=

VUUTHIBAIM HA KOJTMIECTBO MMEIOIINXCS TPAHC- M, j = I ... 1) ¥ IONIBITaThCsA Pa3MECTUTh OTINY-
TIOPTHBIX CPE/ICTB, HA HEOOXOAMMOCTD MX ONTH-  HBIC OT HYIIS X, TOJBKO IO «PA3peLIEHHBIM»
MaJIbHOTO paclpeesieH s 0 UCIONb3yeMbIM  MapuipyTaM. i pemieHus mpeaiaraeTcs uc-
MapiipyTam. B kadecTse emié oMHoro aprymeH- I10Jb30BaHuE MeToAa Jrepsapi [7; 8], Tak kak
Ta B TIOJB3Y aKTYaILHOCTH paccMaTpuBaeMoil B 3TOM ciydae OyJeT OTCYTCTBOBaTh TpeOoBa-
B CTaThe 3a1a4H CIEyeT yKa3aTh, 4TO M3ydeHHe HHE COalaHCHPOBAHHOCTU PECYPCOB U IOTPEO-
MOJIeJiell TPAHCIIOPTHOTO THIIA, B TOM uucie HocTeil. Kpome Toro, BeHrepckuit METos HEKpu-
W BPEMEHHBIX 3aTpPaT Ha TMOTPY30YHO- THYEH K IHOSIBICHUIO BEIPOXKIEHHOCTH, OT KOTO-
Ppasrpy30uHBIC OTICPAIINH, U, KaK YaCTHBINA CIIy- POH MOXKHO BIIOCJIEICTBHUHU HU30aBUTHCS Ha
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B:=17/0,2

B»=12/0,2

A3=10/0.1

B3=28/0,2

Puc. 1. Cemb unnocmpamueHoz0 npumepa [3].

Ta6auma 1
IIponyckHble cIOCOOHOCTH MAPLIPYTOB
npu F_ =10,1 [3]

bl bZ b3
a, 5 6 7
17 12 9
a, 7 2 3
10 12 10
a, 8 4 5
7 10 10

JTane aHajgu3a MOJyYeHHOTO ONTHMAJIBHOTO
peeHus.

B cityuae ycriemHoro pa3MenieHus HeHyiie-
BBIX [IEPEBO30K [0 MapIIpyTaM, B KOTOpbIX F <F
(y1mbo ocTaToK pecypcoB B HCXOIHBIX ITyHKTaX
PaBeH HyIII0, TMOO0 YIOBIETBOPEHBI BCE OTPEO-
HOCTH), OITUMAITLHOE pelieHue HaiineHo. Ecim
3TO HE TaK, TO HEOOXOIMMO MUHUMAJILHO Hapa-
CTHTb ITPOITYCKHBIE CIOCOOHOCTH MapIIPyTOB 32
cu€T yBenM4eHHs (CKOJIb yTOJHO MaJIOro) 3Haue-
HUSL HUKHEH rpanuubl. Ilocine BbIIOJHEHUS
YKa3aHHOH MPOILEAYPHI CIEAYET IepecuET mpo-
ITyCKHBIX CIOCOOHOCTEH M IOBTOPEHUE MPOLICTY-
pBl HapamMBaHUsS MOTOKAa B ceTH. B ciyuae
6e3ycIIeTHOTO pa3MeIeHNsT HEHYJIEBBIX Iepe-
BO30K [0 JOCTYITHBIM MapuIpyTaM CJIEAyeT I0-
BTOPHO HapacTHUTh HPOITYCKHBIE CIOCOOHOCTH
MapHIpyTOB M IE€PECUNUTaTh IPOITyCKHBIE CIIO-
coOHoCTH W Tak janee. [y wnmocTpanyu ai-
roputMa pacuéra F BOCIONb3yeMcs HlIoCTpa-
TUBHBIM npuMepoM (puc. 1 u tadmn. 2). Han
péOpamu rpada npocTaBieHbl 3HAYSHUS BpEMEH
JIOCTaBKH PECYPCOB MEX/Y ITyHKTaMHU. DTOT e
CMBICII IMEIOT JaHHBIE B IPaBBIX BEPXHUX YIJIaX
siaeek Tabn. 1. KoxmuecTBo nMerommxces pecyp-
COB B NYHKTax A, ¥ BEIMYHHA NOTPEOHOCTEN
IIYHKTOB B, — IUQpPHI B EHTPaX OKPYKHOCTEH.
Bpemena 06paboTKy eANHUIIBI pecypca yKa3aHbl
KaK 3HaMEHaTeJI .

¢ MWP TPAHCIIOPTA.

HVcxons U3 mpecTaBIeHHBIX BBIIIE OTPAHU-
qenui (2, 3), cnenyer pacu€r F
F, = max,{min; [t,.j+mini (a,.,bi)(t',.+t"jﬂ} . @)

B coorserctum ¢ (4) F =1, +b, (t' +t")=10,1.

Hcxonst u3 mOy9YeHHOTO 3HAYEHUS, PAcCUu-
TaeM IIPOITyCKHBIE CIIOCOOHOCTH U MPOCTaBUM
WX B HIDKHEH yacTu sgeek Taou. 1.

UYUToObI COKPAaTUTB 3aBEAOMO OECIIEPCIIEKTHB-
HBIC IIaTd aJTOPUTMA, UMEET CMBICT YTOYHHUTH
F . CokpallleHre YHCJIa IIaroB MOXKET OBITh
JOCTUTHYTO ITyTEM BBIYHCIICHHS TPOITYCKHBIX
CITOCOOHOCTEW IO TIPaBUITY:

g, min, ; [a,.,b/.,(F" 7t,.!.)div(t',. +t"/.)J,ecnut,.j <F; (5)
O,ecaut; < F,,

rue dl.v — omeparys JeJICHUs ¢ 0TOpaCchIBAHUEM

ocrarka.

B03MOXHOCTb TOJyY€HHsI JOIIYCTHMOIO
petenust (YI0BJIETBOPSIOLIEr0 BCEM OrpaHnye-
HHSIM) 00€cCIieunBaeTCsl CHPaBeIIMBOCTHIO
YCIIOBHIA:

"

dg. >q, i=1...m

. ©

;d,].zbj, j=l..n.

Ecnu He OyneT BBINONHATHCS 1000 U3 He-
paBeHCTB (6), TO cleayeT BBIBOJ TMO0 O HEBO3-
MOYKHOCTHU BBIBO3a PECYPCOB M3 KAKOIO-TO HC-
XOJHOTO ITYHKTa, TM00 O HEBO3MOXXHOCTH JI0-
CTaBKH HEOOXOIMMOTO KOJINYECTBA PECYPCOB 110
OJJHOTO WJIM HECKOJIBKHMX ITyHKTOB Ha3HAYECHUSI.
B Taxoii cutyauuu cienyer npouenypa Hapau-
BaHMS HIDKHEW rpaHuipl GyHKuuu. Onupasch
Ha YTOYHEHHOE 3HaYeHKe F , BHOBb IIPOBOJUTCS
Ppacd€T MPOIYCKHBIX CIIOCOOHOCTEH MapIpyTOB
B COOTBETCTBHUH C (5) M CHOBa mpoBepsercs
CHPaBENIUBOCTD yCIOBHH (6).

Ecmu ycranoB/neHHbIC d; IEAloT BO3MOK-
HBIM BBIBO3 PECYPCOB U3 BCEX UCXOAHBIX IyHK-
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Puc. 2. OnmumanbHb1ii nnaH 6e3 yyéma Konuyecmea u Xapakmepucmuk UMeIoWUXcsl MPaHCNopmHbIX cpedcme (8bINOHEHO agMmopom).

TOB M JIOCTABKy BO BCE KOHEYHBIE MTYHKTHI, TO
OCYLIECTBISETCS [IEPEXO]T K CIIEYOIIEMY STAITy
pelleHns] — COCTABICHHIO UCXOJHOTO IUIAHA,
B KOTOPOM BETHYHHBI NIEPEBO3OK X;; OIPE/IENs- b, b, b,
10TCst hopMyIIOi:
x; =miny(d,,b.d,) , (7 '

Tabéauua 2
Hcxoaublii miian npumepa (3]

17 10
rae a’, b’,— pecypcel u MOTPEGHOCTH COOT- a 7 2 3
BETCTBYIOUIMX UCXOAHBIX TYHKTOB M IYHKTOB 2 18
HazHaYyeHUs C Y4E€TOM yKe HazHAUEHHBIX a 8 4 5
MepeBO30K. 10
[Inan nepeBo30K, MONTYyYEHHBIH B COOTBET-
ctBui ¢ (7), mpeacTasicH B Ta0I. 2, TIE B BEpX-
Hel YacTH SYEEeK CONEPIKaTCsl BpeMeHa JIBHKe- Homy4eHHBI MIaH SBIACTCS PEHICHHEM
HHUS 110 COOTBETCTBYIOIMM MAapuIpyTaM, a Hu- 3a4ad4d. IIph JOKHOCTH TOTO yTBEPKICHUS
e — COOCTBEHHO 3HA4YEHHS X, HEOOXOMMO IepeiiTH K MPOLe/ype HapalliBa-
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Puc. 3. 3anonHeHHoe uanozo80e OKHO (8bINOTHEHO a8MOPOM).

HUSI TPAHCTIOPTHOTO ITOTOKA, HApaIMBaHUIO TIPH
HeoOxoaumoctu F u T.n. [3; 7; 8].

Ilnan rpancniopruposky B Tabm. 2 (F(x,) =
10,1) siBIsIeTCS ONTHMANBHBIM B ITPEATIONONKE-
HUM, YTO PECYpChl, Ha3HAUCHHBIC K TIEPEBO3KE
110 JII0OOMY M3 paccMaTpUBaeMbIX MapHIPyTOB,
TIEPEBO3SATCS 32 O/IMH Peiic, TO €CTh, YTO U KOJIU-
YEeCTBO TPAHCIIOPTHBIX CPEICTB B KKIOM HC-
XOJHOM ITyHKTE, U TPY30I0IABEMHOCTD ITUX
TPAHCIIOPTHBIX CPEJICTB HE HIDKE CYLIECTBYIO-
X TOTpeOHOCTEH. B CBsI31 ¢ 3THM ornpenenéH-
HBII MHTEPEC MPEACTABIET 33/1a4a peaii3alin
paHee pa3pabOTaHHOTO ONTHUMAJIBFHOTO IUIaHA
¢ y4€TOM KOJTMUECTBA MMEIOIINXCS B HCXOTHBIX
MMyHKTaX TPaHCHOPTHBIX CPEICTB U UX I'Py30-
NOABEMHOCTH.

B sTOM ciaydae konn4ecTBo pecoB Mo Kax-
JIOMY MapHIpyTy MOXXET OBITh PacCUMTaHO IO

hopmyre:

Iij = (xij + qi - 1) div qp . (8)
rneq;— I'py3OHOI['LéMHOCTB I-TO TPaHCIIOPTHOI'O
CpeacTaa.

IIpu 3TOM BpeMms Kakaoro mapuipyra pac-
CUUTBIBACTCS MO (hopMyIie:
F )= Uty +w, =) [ w,+x, (£, +1"; ) ecaul,; #0;

' 0.ecaul, =0,

[pY OTpAaHUYEHHH Y W, <W |
i=1

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94).

e W, — KOJIMYECTBO TPAHCMOPTHBIX CPEJICTB
B I-M HICXOZTHOM ITyHKTE;

W — obmee KoiM4eCTBO TPAHCHOPTHBIX
CpeICTB.

3ajava 3aKIII04aeTCs B ONpeIesICHUN 3Haue-
HHUM EPEMEHHBIX W, IPH KOTOPBIX:
F(w)=maxF’ (w) = min(i=1...m). (10)

BBuny xapakrepa neneBoit gpynkuuu (10),
BITOJIHE OYEBHIHO, YTO PEUICHUE MOXET OBITh
Hal/IeH0 KOMOMHATOPHBIMU METOJaMH, HalpH-
Mep, METOJIOM JIMHAMHUYECKOTO MPOTrpaMMUpPO-
BaHMs. B To ke Bpems ciemyeTr oOpaTHTh BHU-
MaHHe, 4TO B 33/1a4aX NPaKTUIEeCKOH pa3MepHO-
CTH BIIOJIHE TPUMEHUMBI IPOLIETYPBI, 3aJI0KEH-
ueie B MS Excel.

B HacTosiiee BpeMst py pemeHnt ONTHMH-
3allMOHHBIX 33/1a4 MOTYT HPUMEHSTHCS JIHO0
MpOrpaMMBbl Ha SI3BIKaX MPOTPaMMHPOBAHUS
BBICOKOTO YPOBHS, TMOO pacnpocTpaHEHHBIE
MareMaTHdeckue makeTsl (Hanpumep, MathCad),
00 TporpaMMBbI O0IIETO Ha3HAYeHUs (Harlpu-
Mep, ICKTPOHHBIC TAOIHUIIBI).

OCHOBHOM HEZOCTaTOK IMPOrpaMM MEPBOTO
THIa — pa3paboTYMKU MOJOOHBIX MPOTpamMM
SIBIISIFOTCSL JIUI[aMU, OPUEHTHPOBAHHBIMH,
IIpeX/ie BCero, Ha pa3padoTKy 3(h(eKTHBHBIX
aJNTrOpUTMOB CQOPMYIHPOBAHHBIX 3an1ad [3].
Takne nmporpaMMbl UMEIOT BEICOKYIO BBIYHCITH-
TenbHyI0 3¢ dexTuBHOCTS. [IpH nx ncnons3oa-
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Puc. 4. Pesynbmam ebinonHeHusi komMaHob! «[Touck PeweHusi» (8bINOHEHO agmMopPoM).

HUM MareMaTu4eckast opMyJIMpOBKa 3a1a4u He
TpeOyeTcs, Tak KaK y)Ke BBIIOJHEHa B XOJe
paspaboTku anropurma. [loabp3oBarento JIHIIb
TpeOyeTcs BBECTH UCXOHbIE NaHHble. [Ipu aToM
T10JTb30BATENILCKUN HHTEPPEHC TaKUX MPOrpamMm
SIBJISIETCSI HE TIPOPAO0TAaHHBIM U ITOHSATEH TOJIBKO
Y3KOMY KPYT'y CHELUAIICTOB.
PacnipocTpanéHHbIe MaTeMaTHYECKHE TTaKe-
THI OTPEOYIOT 3ana4yy (opMaIu30BaTh, 4TO
Moipa3syMeBaceT ONpe/e/IEHHBIH YPOBEHb Mare-

MaTHUYECKOM OIrOTOBKH Iojib3oBareisi. Kpome
TOTO, pEellIeHne ONTUMH3aLlMOHHbIX 33134 B Ta-
KHX ITaKeTaX MOXKET MPUBECTHU K PELICHUIO Psiaa
COCTaBJISIIOIIMX Moa3anady [2; 7; 8].

[TporpamMMel 001ero Ha3HaYeHHs (HANpH-
Mep, MEKTPOHHbBIE TAOIHIIBI) 00T JA0T POy~
MaHHBIM HHTepQeiicom. lllupoxuii cnextp
JIEWCTBUS 3aJI0)KEHHBIX B HUX aJTOPUTMOB
MIPUBOJIUT K CEPbESHOMY YXYALICHUIO BBIYNCITH-
TesIbHOH ¢ dextuBHoCTH [3].
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B 37011 cBA3M HMXKE paCCMOTPEHO UCTIONbB30-
anue MS Excel mist pemenus copMynrpoBas-
HoM 3a7a4n. boree mupokuit Kpyr onTuMuU3aIu-
OHHBIX 3ajJay, peuiaeMbix B cpene MS Excel
(ocHOBHas 3a/1a4a JIMHEHHOTO TPOTrPaMMHPOBa-
HUS, 3ajlada O paHIle, 3aja4ya O pacipeieeHHn
PecypcoB U IIp.), pacCMOTpEH B [2].

Ha puc. 2 npencrapneH HaiiieHHBIH ONTH-
MaJIbHBIH TJIaH WILTFOCTPATUBHOTO IprMepa 6e3
yuéTa KOIN4YeCTBa U XapaKTEPUCTHK HMEIOIIHX-
Cs TPAHCHOPTHBIX cpencTB. (s peanusaruun
3TOTO IIJIaHa C YIETOM UMEIOIIUXCS TPAHCIOPT-
HBIX CPEIICTB U UX XapaKTEPHCTHK, HAIPUMeED,
TPYy30IO0ABEMHOCTH, TIpeAjIaraeTcs B 3amadax
MaJIoi pa3MepHOCTH IPUMEHHUTH KoMaHy «Ilo-
uck Pemenns» MS Excel.

Ha puc. 3 npencraBieHo 3aM0IHEHHOE ANa-
noroBoe okHo komaH 1l «[Tonck Pemenns», a Ha
puc. 4 — pe3ynbTar e€ UCIOTHEHUS.
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BeruncnurensHas C10KHOCTb IPEAIaracMo-
ro ajJrOpuTMa IOMCKA ONTHMAJIbHOIO IIJIaHA
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JIeJIaeT BO3MOXKHBIM €T0 IIPUMEHEHNE B PELLICHUH
3aJa4 NpaKTU4eCKON pa3sMEpHOCTH.

IIponemypa onTUMaIbHOTO pacHpencIcHHs
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Bnagucnas HE3EBAK

AHHOTALINA

MpumeHeHue pekynepamusHO20 MOPMOXEHUS 3eKmpono-
08UXHBIM COCMABOM Ha Xene3Hbix dopo2ax NOCMOSHHO20 Moka
no3gorsiem nosbICUMb 3HEP2EMUYECKYH IghtheKmUSHOCMb nepe-
80304H020 npoyecca. JghchekmugHoOe npUMEHEHUE peKynepamus-
HO20 MOPMOXeHUsT C8A3aHO C Co30aHueM ycrosull npuéma nosmy-
yaemol 8 pe3ynbmame 3Hepauu. B amux yensx e cucmeme mseo-
8020 371eKMPOCHabXEHUS 8 HaCMosWee 8pemsi NPUMEHSIOMCS
8bINPAMUMEbHO-UHBEPMOPHbIE NPeobpasosamenu U no2nowato-
wue ycmpolicmaa.

MepcnexmusHol mexHonozuel, obecnequsatowiell noskiwe-
Hue 3¢hghekmusHOCMU NPUMEHEHUS PEKynepamusHO20 MopMOoXe-
HUsi, A8NIIEMCA XpaHeHUe SHepauU, N038ONSIWEE LCNOb308amb
amy aHepauto 8 OarbHeliwem O NOKpbIMUST epaghuka mso8oul
Hazpy3ku. OCOBEHHOCMbI0 NPUMEHEHUS PeKynepamusHo20 mop-
MOXeHUS Ha 00HONYMHbIX y4acmKax xene3Hbix dopoe NoCMOsHHO-
20 MoKa ¢ Masnol UHMEHCUBHOCMbI0 OBUXEHUS ABNIemcs HeobXo-
Oumocmb npuMeHeHus npeobpa3osameneli unu NO2MoWarUUX
yempolicms. OOHUM U3 8apuaHmMo8 NoBbILIEHUS ghchekmusHOCMU
UCNOMb308aHUS IHEP2UU PeKynepayuu s8/isemcest LCnonb3o8aHue
cucmeM HakonneHus anekmpoaHepauu dns nompebumeneli cob-
CMBEHHBIX HyXO ms208bIx nodcmaHyull. [pumeHeHuUe yka3aHHO20
MEXHUYECK020 PeLeHUs UerecoobpasHo Ha 00HONYMHbIX yyacmkax
C UHMEHCUBHBIM NPUMEHEHUEM PEeKynepamugHo20 MOPMOXEHUS,
3¢hehekmuBHOCMb KOMOPO20 C8A3aHa CO CHUXEHUEM 31eKmpono-
mpebneHusi nompebumensmu cobCmeeHHbIX HyX0 U3 8HewHel
cemu.

Mup Tparcnopta. 2021. T. 19. Ne 3 (94). C. 82-95

MoBbiweHne 3chheKTMBHOCTU peKynepauumn nyTem
NPUMEHEHUA CMCTEM HAKONEHUA 3NEKTPOIHeprum
ANA COOCTBEHHbIX HYXA TATOBbIX NOACTaHLUUN

Bnaoucnae Jleonuoosuu Heseeak
Omcxuil eocydapcmeennvlii ynusepcumem nymeti cooowenus, Omck, Poccus.

BbinonHeHHble 3apybexHbie uccredogaHus No3gonsom 060-
3HaYUMb MEHOEHUUID PacnPOCMPaHEHUS MEXHONMO2UU XPaHEHUS
37IEKMPO3HEP2UU 8 Pa3nuYHbIX 0bnacmsx — om 80306HO8NSTEMbIX
UCMOYHUKOB 00 37IEKMPOIHEP2EMUYECKUX CLCMEM, 8 MOM Yucrie
cucmem anekmpocHabxeHusi mpaHcnopma. MexdyHapoOHb I onbim
noKasbigaem ycnewHocmb peanu3ayuu NUMOMHbIX NPOEKMO8 No
8HEAPEHUIO CLCMEM HaKONIIEHUS 3MIEKMPO3HePaUU NPU PeweHuU
3aday nosbILLIEHUS 3¢heheKMUBHOCMU 3IEKMPUYECKO20 20p0OCK020
U npu20poOHO20 MPaHCNopma, a Makxe MempononUMeHa.

Llenbto paboms sienssemces OUeHKa 3Hepeemu4eckuX nokasa-
meneli pabomb| CUCMEM HaKONJIEHUST NIEKMPO3HepauU Npu uc-
nonb308aHUU 3Hepauu pekynepayuu 0nsi nompebumenell cob-
CMBEHHbIX HyX0 ms2osoli nodcmaHyuu. B uccrnedogaHuu ucnosb-
308aHbI Memodb! MameMamuyeckoeo U UMUMayUoHH020 Modesu-
pOBaHUS, ONMUMU3AUUU U MamemMamuyeckol cmamucmuku.

PaccmompeHb! 80NPOChI NPUMEHEHUST CLCMEM HaKONMEHUs
anekmpoaHepauu Ars obecneyeHus AneKMpPOCHabxeHUs cobemeeH-
HbIX Hy%0 ms208bIX NoOCmaHyull NOCMOSHHO20 Moka. Ha npumepe
00HoU U3 nodcmaHyull paccMOmpeHb! OCHOBHbIE 80NPOCH! (hyHK-
YUOHUpOBaHUs cucmeM HakonseHus.. lMokasaHbl 0cO6eHHOCMU
epachuka Haepysku pekynepayuu, komopble obycrosnugaom
npumeHeHue 2ubpudHbIX mexHomo2uti Onis NOCMPOEHUST CUCMEMb]
HakonneHusi. Ha npumepe paccmampugaemoli msizogoli nodcman-
yuu npusedeHo pewieHue 3adaqu onpedeneHus OCHOBHbIX napa-
Mempo8 CUCMEMbI HAKONSEHUS C y4EMOM cneyucuku paboms|
3M1EKMPOXUMUYECKUX U S7IEKMpPUYecKux Modymned.

Kntouesble criosa: xenesHoO0poXHbIU MpaHcnopm, PeKynepamugHoe MopMOXeHUe, NOCMOSIHHBIL MOK, Msi208asi NodcmaHyus,
COBCMBEHHbIE HyXObl, CLCMEMa HaKONIEHUS], MOWHOCMb, SHEP2OEMKOCTb, 2UBPUOHOe ycmpolicmeo.

doi.org/10.30932/1992-3252-2021-19-3-9.

[nsa uumuposarusi: Hesesak B. J1. TogbiweHue aghghekmusHOCMU peKkynepayuu nymém npuMEeHeHUsi CUCMEM HaKONnIeHusi
anekmpoaHepauu Ans cobCmeeHHbIX Hyx0 mseosbix nodcmaryull // Mup mpaHcnopma. 2021. T. 19. Ne 3 (94). C. 82-95. DOI: https://

MonHbiii mekcm cmambu Ha aH2UlICKOM si3bIKe ny6auKyemcsi 0 emopoll Yacmu 0aHHO20 8binycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

MHTeHCcuBHOE pa3BUTHE TEXHOJIOTUI XpaHe-
HUSI JNIEKTPOIHEPTHH, TPE0OPa30BaHUS U CHU-
KEHHUE YJIETbHON CTOMMOCTH CHCTEM HAKOILIC-
HUS B IIEJIOM OOYCIIOBIHMBAIOT PAaCCMOTPEHHE
BOIIPOCOB MX MPHUMEHEHHUS AJIS MOBBIMICHUS
SHEPreTHIEeCKOW IPPEKTHBHOCTH TIEPEBO30K
B TPAHCIOPTHBIX CHCTEMaX.

Kak mokaspiBatoT 3apyOeXHbIE HCCIEI0Ba-
HUSI, B HACTOSAIIIEE BPEMsI BOPOCHI TPUMEHEHHS
CHCTEM HAKOIUICHHS IEKTPOIHEPTHY Ha OCHOBE
HaKONUTENEH Pa3INYHBIX BUIOB SBISIOTCS aK-
TyaJdbHBIMH, a JJAHHBIC TEXHOJOTHH HAXOMST
MIPUMEHEHHE B c(hepe NMEKTPOIHEPTECTUKU IS
BO300OHOBJISIEMBIX UCTOYHUKOB [1; 2], cucteM
AIIEKTPOCHAOKEHISI HACENEHHBIX ITYHKTOB [3; 4],
TPAHCIIOPTHBIX CPEACTB [5; 6], TPaHCIIOPTHBIX
cucreM [7; 8] u gp.

PasBuTue TEXHOJOTUH, ylTydllIeHUE YIElb-
HBIX XapaKTEPUCTUK W CHIDKEHHE CTOMMOCTH
HaKOIUTEIIEH 3IEKTPO3HEPTUN PA3UIHBIX BU-
JI0B 00y CIIOBIIMBAIOT HEPCIICKTUBBI TPHMEHEHHS
CHCTEM HAaKOIIJICHHS Ha MOJBHXHOM COCTaBE
1 B CHCTEMax 3JIEKTPOCHAOKEHHS JKEJIe3HONO-
POXKHOTO TPAHCHOPTA TPH PEIICHUH IIHPOKOTO
Kpyra 3ama4 [9-11].

MOCTAHOBKA 3A0AYU

L]ens viccnenoOBaHMS — OTIPENICIIUTH BIIHSTHAC
SHEPrOEMKOCTH CHCTEM HAKOIUICHHUS DIIEKTPO-
sHepruu Ha 3()(PEeKTUBHOCTH MCIOIB30BAHUS
SHEPTHH PeKyHepalil W MOITHOCTH IPH HX
pa3MeIIeHNH Ha TATOBBIX MOACTAHIUAX IS
MMUTaHUS COOCTBCHHBIX HYXKI, ONPEACTHTH Xa-
paKTep M3MECHEHUS CTEIECHW HCIOIb30BaHUS
SHEPTUH PEKyNepanryd B IEIOM U MOXYISIMHU
THOPHUIHON CUCTEMBI HAKOTUICHHUS B 3aBHCHMO-
CTH OT WX DHEProéMKOCTH, OICHUTHh YPOBCHD
TapaMeTpOB CUCTEMbI HAKOIUICHUS THOPHIHON
TEXHOJIOTHH [T COOCTBEHHBIX HY K Ha TIPHIMe-
pe TAroBOi MOACTAHLIMY C 33JaHHOM HAarpy3Koi
COOCTBEHHBIX HYXII M MOITHOCTBIO peKymepa-
nun. OLeHKa HepPTeTHIeCKNX MoKa3aTeleH
CHCTEMBI HAKOILICHHSI BBITTONHICTCS C MCIOJb-
30BaHUEM Memo008 MaTeMaTHICCKOTO U UMUTA-
IIMOHHOTO MONENUpOBaHMs. [ olleHKH mapa-
METPOB THOPUIHON CHCTEMBI HAKOIUICHHUS HC-
TTONB3YIOTCS MemoObl ONTAMH3AINN 1 MaTeMa-
THYCCKOM CTAaTUCTHKH.

PE3YNbTATbI

XapakTepucTHKA HATPY3KU MOACTAHIUH
CucTeMBl HaKOIUICHUS SJICKTPOSHEPrHU Ha

JNMEKTPUISCKHUX HMOACTAHIHUAX U CTAHIUAX MPH-

MEHSIOTCS KaK Pe3epBHBII MCTOYHUK 3JIEKTPO-
SHEPI'HH, TO3BOJISIFOLIHUH ITOBBICUTH HAIEKHOCTh
JJIEKTPOCHAOKEHHS B Clly4yae HMCYE3HOBEHUs
HaNpPSDKEHUS C IIUH NEePEeMEHHOro ToKa co0-
cTBeHHBIX HYX)I 10 1000 B. OcobGeHHOCTHIO
TSATOBBIX MOACTAHIUH XKEJIE3HOIOPOKHOTO
TpPAHCIIOpTa SIBISIETCS MOSBICHHE Ha IIMHAX
MOCTOSTHHOTO TOKA W30BITOYHOM SHEPTHH PEKy-
nepaluu, epeaaBaeMoii Ha CeKIIUMA KOHTAKTHOM
CETH CMEKHBIX MEXIIOACTAHIMOHHBIX 30H WIH
B CETh [IEPEMEHHOTI'0 TOKA IO/ICTAHIMU. YKa3aH-
Hasl SHEPrusl PeKylepaluyy B 3aBUCUMOCTH OT
TEKYIIEro YpOBHS HArPy3KHU PacIpenessieTcs 1o
MIPUCOEIMHEHUSIM NIEPEMEHHOTO TOKA TATOBBIX
MOACTAHLUIA M YaCTUYHO BO3BPAILAETCS B CUC-
TeMy BHEIIHETO AJiekTpocHatkeHus [ 12]. OnHum
13 BapUaHTOB, HAIPABJICHHBIX Ha IOBBIIICHHE
3 PEeKTHBHOCTH HCIOIB30BaHKS YHEPTHH PEKY-
Tiepaluy, sSBJISETCS IPUMEHEHNE CUCTEM HaKOII-
JICHUS], [TO3BOJISIOLIEE CIIIAKUBATh IPadUK TSro-
BOW Harpy3KH MJIHM CHIDKATh 3JIEKTPOIOTpede-
HUE Ha TSATOBBIE HYXK/IbI 32 CYET UCIIOJIB30BAHMS
SHEPrUH PEeKyIepalyy.

[Tpuém M30BITOYHOI SHEPTUH PEeKyIepalu
Ha TSTOBBIX HOJCTAHLMIX OCYIIECTBISIETCS
C IIOMOIIBIO NIPUMEHEHHUS BBIIPSIMUTEIBHO-
WHBEPTOPHBIX (MHBEPTOPHBIX) NpeoOpa3oBare-
JIel WITK MOTVIOIIAIONINX YCTPOHCTB (Ha OCHOBE
PEOCTaTHBIX MOAYJICH).

I'paduk TITOBOI HATPY3KH 110 BBOAY BBIIIPSI-
MUTEJIBbHO-HHBEPTOPHBIX IpeoOpa3oBarenen
103BOJISIET OLIEHUTh YPOBEHb TATOBOM HArpy3Ku
U peKylepanuy U ONpeieInTh CTaTUCTHYECKHE
rokasarenu. B kauecTBe nprmMepa HUXe MpuBe-
JIeHbI rpa KK HArpy3KH JUIS OJJHOH U3 TATOBBIX
MO/ICTAHIMI Ha OJIHOITY THOM Y4YacTKe JKeJIe3HOU
JIOPOTHY C UHTEHCUBHBIM IPUMEHEHHEM PEKyTIe-
paTUBHOTO TOpPMOXXEHHS. DparMeHT CXeMBI
IJIaBHBIX IEKTPUYECKUX COSAMHEHUH MOJICTaH-
LIMH C BBIIPSIMUTEIBHO-MHBEPTOPHBIM ITpeodpa-
30BaTejeM, pacCMaTpUBAEMbIi IPU PELICHUU
3aja4u, Mpe/CTaBJeH Ha puc. 1.

Ha ocHOBe IaHHBIX MPOTPaMMHOTO KOMII-
nekca « QHeprust Anb(a 2» nocTpoeHs! rpadhuKu
Harpy3Kku W BO3BpaTa 3HEPTHUHU PeKyIlepalnuu
C OJIHOMHHYTHBIM MHTEPBAJIOM IS TSTOBOU
noacraniuu. s paccMarpuBaeMoro ciy4vas
MaKCHMaJlbHast MOIIHOCTB ITOTPEOJICHUs TATOBOH
Harpysku He npesbimnaet 12,5 MBT, pexymnepa-
mun — 1,8 MBr (puc. 2). B 6onee yem 80 %
CllyyaeB U3MEPEHUI TAroBasi Harpy3Ka 1o BBOILY
BBIITPSIMUTENBHOTO IIPE00pa3oBaTesl B TEUCHHE
cyTok He npeBbimaet 1500 kBT, a qyist cirydaen
pekynepanuu — 1050 kBT.
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Puc. 1. ®paemeHm munoeoli cxeMbI mA2080L NOACMaHYUU NOCMOSHHO20 MOKa C 8bINPAMUMESTLHO-UHEBEPMOPHLIM Npeobpasosamertem [13].
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Puc. 2. MowjHocmb msi2oeoii Hazpy3Kku Ha WuHax nodcmaHyuu (a), pekynepayuu (6), pacnpedeneHue MOWHOCMU MA20801 Hazpy3Ku (8)
U peKynepayuu (2) (8bINOIHEHO agMOpPOM).
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Puc. 3. HanpsixeHus Ha WuHax 8 pexume msau (a), pexynepayuu (6) u pacnpedeneHus HanpsXXeHUs 8 pexume
msieu (8) u pekynepayuu (2) (8bINoIHEHO a8 MOPOM).

PacuéTHple UM cTaTHCTUYCCKUE TaHHBIC
HU3MEpPEHUH MO3BOISIOT OUEHUTD JJI51 CIIOKHUB-
LIETOCs YPOBHS TATOBOM HAarpy3kd MaKCH-
MaJbHblE€ 3HAYEHHS] MOIIHOCTH pEeKyIepaluu

e pe 1@ IIHHAX TIOJCTAHIMK U ONPEICIUTH
MOII[HOCTb 3apsijia CUCTEMBI HAKOIUIEHUS P,
C YYETOM MEPCHEKTUBHI YBEIUUECHUS HATPY3-
ku K

mepe”

P; CHD 2 knepcPMaKc peK (1 )

Br160p HacTpoek pe>kuMOB pabOTHI CHCTEMBI
HaKOIJICHUS 3JIEKTPOIHEPTHH BBIIOIHSIETCS Ha
OCHOBE YPOBHSI TSITOBOW HAarpy3Kd W HaIpsDKe-
Husl Ha muHAX [14; 15]. YpoBeHb HanpsoKeHUS
Ha [IIMHAaX ITOJCTaHIIH B PSKUME TATH U BO3Bpa-
Ta SHEPTUH PEKyIepaliy CyIIeCTBCHHO HE OT-

m4gaetcs, 6onee 80 % m3MepeHuit GPUKCUPYIOT
HarnpspKeHue B quanasoHe ot 3500 1o 3550 B ms
obonx pexxumoB (puc. 3).

ITpu HacTpoiike pe>KxNMOB pabOTHI yCIOBUSI-
MU BKJIIOUCHHUS] CHCTEMBI HAKOTUICHHSI Ha 3apsiz
OymyT SIBIATHCS OTCYTCTBHE TOKA HArpy3KH IO
BBOAY 3,3 KB 1M ypoBeHb HanpspKEHUs, IPEBbI-
IIAIOINNH yPOBEHB HAIPSHKEHMS XOJIOCTOTO X0/
¢ y4€TOM HM3MEHEHHs HalpsDKCHHs Ha MIMHAX
BBICIIIETO HAITPSKECHHSL:

1, ~0;
o @)

m3,3 = ¥ xx*

'YeoBus pabOTHI B pEKHME pa3psiza CHCTEMBI
HaKOIIJICHUsI OITMPAIOTCSl HA yPOBEHb HArPY3KH
COOCTBEHHBIX HYK/ U TPeOyeMBIH peKUM ITO-
Jiep KaHus HanpsDKeHHUs (TpaKi MOIITHOCTH M
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Puc. 4. MowjHocmb (a) u HanpsikeHue (6) cucmeMbl co6CmeeHHbIX Hykd, pacnpedenieHue MOWHocmu (8)
U HanpsikeHus Ha wuHax 0,4 kB (2) (8binosiHeHo a@mopom).
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Puc. 5. CmeneHb 3apsikeHHocmu (a) u eny6uHbl pa3psda (6) cucmeMbi HakonsieHusl (8bINOHEHO agMOPoM).
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Taéauna 1

XapaKTepﬂCTﬂKa 3MHU3010B 3apsiaa AJasd paCCManI/lBQEMOﬁ NOoACTAHIIHMHA

(cocTaBJIeHO aBTOPOM)

N, isova LA I.-A U,..B U,..B ¢, MMH
1 98,7 98,7 3546,5 3546,5 34
2 22,1 431,8 35473 35383 23,8
3 4,2 12,8 3547,7 3547,6 6,8
4 1,4 1,4 3547,6 3547,6 3,4
5 34,9 153,9 3547,2 35453 6,8
6 84,5 84,5 3546,6 3546,6 34
7 372,5 419,6 3539,9 3538,7 6,8
8 32,7 32,7 35472 35472 3,4
9 0,4 0,4 35473 35473 34
10 3183 318,3 3541,1 3541,1 3,4
11 62,9 62,9 3546,6 3546,6 3.4
12 61,5 67,9 3546,8 3546,8 6,8
13 257,1 459,8 3542,6 3537,7 6,8
14 179,8 179,8 3544.,6 3544,6 3.4
Cpennee 109,4 166,0 3545,6 3544,4 6,1

HalpspKeHUsT TIPUBECHBI Ha puc. 4). YpOBEHb
CYIIECTBYIOLIEH HArpy3KU OLIEHUBAETCS 110 1aH-
HBIM U3MEPEHUIl U yTOUHSETCA ¢ Y4ETOM Mep-
CIIEKTHBBI Pa3BUTHS.

MOIHOCTb CUCTEMBI HAKOIUIEHHSI B PEXKIME
paspsiza OyzeT OonpeAeaThes, HCXOAs U3 TOJTHO-
IO TOKPBITUS MOIIHOCTH COOCTBEHHBIX HYXJ
¢ yuérom 3amaca (K):

Py 2k.P

pCHD = ™3% makc CH?

U, <U,cn <U G)

MuHCH — ~ mwCH = *~ makcCH*

VYciioBus 3apsiia v pa3psiia CUCTEMbI
HAKOIUIEHUS HA MOACTAHIUHU

Ha ocHoBe rpaukoB Harpy3ku Ha IIMHAX
3,3 kB 1 coOCTBEHHBIX HYX]I OLICHUBACTCS CTE-
TICHb 3apPsDKEHHOCTH CHCTEMBbI HAKOIUICHHS U 3a-
BUCHUMOCTD ITyOHHBI pa3spsiia OT HOMHHAJIBHOH
SHEeproéMkocTu. [ paccmarpuBaeMoi TATOBOM
MOACTaHIUH TPadUKH CTEHCHH 3apsHKCHHOCTH
1 3aBHCHMOCTH TIIyOHHBI pa3psia OT HOMHUHAb-
HO# SHEPro€MKOCTH IIPHUBEACHBI HA pHC. 5. OLeH-
Ka pabOThl CHCTEMBl HAKOIUICHHUS [UIs CYILECT-
BYIOLMX M PACUYETHBIX YCIIOBUIA TTO3BOJISET OLIe-
HHUTh XapaKTep U3MEHEHUSI CTETICHH 3apsHKCHHO-
CTH ¥ TpeOyeMyI0 SHEproéMKocTb. OCOOEHHOCTHIO
paboThl CHCTEM HAKOIUICHUS IJIsl COOCTBEHHBIX
HYKII TSTOBBIX IOJCTAHLHI SBJISACTCS MHOTOKPAT-
HOE TIPEBBIIICHHE MOIHOCTH 3apsiia HaJl MOIL-
HOCTBIO pa3psiia 1 HEOOXOIMMOCTh CYLICCTBEH-

HOTO YBEIIIYCHUS SHEPTOEMKOCTH JIIS OTpaHHIe-
HUA TIyOWHBI pa3psna. B paccmarpuBaeMom
cirydae B Tpauke CTENECHU 3apsHKEHHOCTH IIpe-
oOnaiaer 3apsiz, a orpaHUICHHE TITyOHHEI pa3psi-
na 1o 30 % ompexnenseT SHEProéMKOCTh Ha
yposae 2000 kBteu (7200 M/Ix). OnieHka HEp-
TOEMKOCTH CHCTEMBI HAKOIUICHUS JUTS TSATOBBIX
MOJICTAaHINH, TipuBeA¢HHAS B [16], HyXmaeTcs
B KOPPEKTUPOBKE B CBSI3U C OTHOCHTEITHHO HI3KAM
3HAUEHUEM, YKa3aHHbIM Ha ypoBHe 200 M/JIx.

ITomMuMoO yKa3aHHBIX 0COOCHHOCTEH, HEOO-
XOAMMO OTMETHTH KPaTKOBPEMEHHOCTD AIIH30-
0B 3apsga. [IpogomKHTEIPHOCT SMH30/10B
3apsi/ia HAXOAUTCS B iManaszone oT 1 10 24 MuH,
a CyMMapHOE€ KOJHMYECTBO 3MH30J0B I pac-
CMaTpPHUBaEMOTO CITydasi COCTaBIseT — 14 B CyT-
K (Tabm. 1). AHaJIOTHYHBIC 3HAYCHUS MTOJTyYe-
HBI TIPY HCCJICIOBAHUH TSATOBON HATPy3KH IS
pPa3IUYIHBIX OOBEKTOB CHCTEMBI TATOBOTO
anekrpocHabxenus [17-19].

PaccmoTpenHBIe 0cOOEHHOCTH PabOTHI CHC-
TEM HaKOIUICHUS HEOOXOAMMO YUYHTHIBATH TPU
BEIOOpE BUA HAKOIUTEIS W HCIIONB30BAHUU
rHOpHUIHONW TeXHONOTHH. B HacTosmiee Bpems
MPOMBINIJICHHOCTHIO BEITYCKAIOTCS CETCBEIC
CHCTEMBI HAKOIUICHHSI HA OCHOBE JINTHHA-HOHHBIX
aKKYMYJISITOPOB Pa3IUYHBIX MOAU(HUKALIHH.
HzroToBieHne B KOHTCHHEPHOM WM MIKAGHOM
HCTIOJTHCHUH TTO3BOJISICT H3MEHATh B IIHPOKOM
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Puc. 6. CmeneHb 3apsikeHHOCMU HakonumesbHbIX MoOYsiell cucmeMbl HakonneHusi ns nepeo2o (a)
u emopozo (6) 8apuaHmMoe (8bINOIHEHO a8MOPOM).

nuana3zone ux MomuocTd ot 100 10 1000 kBeA
C BO3MOXKHOCTBIO YBEJIMUCHHS MyTEM Mapai-
JIENLHOTO TIOIKITIOUEHHS HECKOIBKUX CUCTEM JISI
moytydeHus oOmieit momHocT 10 20 MBeA
U BbIIe. Bpemsi ObICTPOIl 3apsaku y JTUTHH-
HMOHHBIX aKKyMYJIATOPOB COCTaBIseT 0kojo 0,5
4yaca, YTO 3HaYUTEIHLHO MEHBIIE CpeHelN mpo-
JIOJKUTENTLHOCTH 3MM30a 3apsiia ISl TITOBOM
MOJICTAHITNH. B TO ke BpeMs Ipyrue BUjbI Ha-
KOMIUTENEeH, HampuMep, CYNEepKOHEHCATOPHI,
OCYIIECTBIISIIOT 3apsaKy 3a Bpems 10 10 MUHYT.

KonnuecTBo 2eMEHTOB B HaKOMUTEIBHBIX
MOJIYJISIX BHE 3aBUCUMOCTH OT BHJIA OTIpE/IeIsi-
eTCsl TpeOyeMBbIM YPOBHEM HANPSIKCHHUS CHC-
TEeMbI HAKOIUICHUS U Harpy3KH MyTEM pacuéra
MOCJIEIOBATENbHO U MAPAIIEIEHO COSTMHEHHBIX
3JIEMEHTOB:

B @

ITo ycnoBusM orpaHnYcHNS TITyOUHBI pa3psi-
J1a TPUMEHEHUE JINTUI-HOHHBIX AKKYMYJISITOPOB
B CHICTEME HAKOIUICHUS TpeOyeT OonbIIei 3Hep-
TOEMKOCTH, TI0O CPAaBHEHUIO C JPYTUMHU BUAAMHU
HAaKOIIUTEIIEH SJIEKTPOIHEPTUH, HE UYYBCTBUTEIb-
HBIMU K DTyOWHE pa3psiaa, HallpuMep, CYTIePKOH-
JleHcaTopaMu. B 3TOH CBSI3M I CHHXKEHUSA
CYMMapHOW SHEPrOEMKOCTH CUCTEMBI HAKOILJIe-
HHS pacCMaTpUBAIOTCS] BAPUAHTHI UCIOIb30Ba-
HUS THOPUTHON TeXHONOTHH. B 3aBHCHMOCTH OT
COYeTaHUsI PHEProEMKOCTH HAKONMUTEIbHBIX
3JIEMEHTOB B CHCTEME M3MEHSETCS] UX CTENEHb
3apsHKEHHOCTH M TITyOMHA pa3psnga. B xagectse
npuMepa s pacCMaTpUBAEMON MOJACTAHLHUH
TIPUBEACHEI TPaQUKH CTEIICHU 3apsHKCHHOCTH

¢ MWP TPAHCIIOPTA T.19. N2 3 (94).

JUIS IByX COYETAaHHUHM SHEPrOEMKOCTH aKKyMYJIsi-
topHoi Oarapen (AKDB) u cynepkonaeHcaropa
(CK) c paBHOI1 CyMMapHOI 3HEPTOEMKOCTBIO JUIS
CIEYIOUINX 3Ha4eHuH (pHc. 6):

1) 100/1700 (3apsim) u 10/1700 (paspsin) kB
n 100/500 kBt*u cOOTBETCTBEHHO C TITyOHMHOM
paspsina 68 u 88 % mns AKB u CK cootset-
CTBEHHO (pHuc. 6a);

2) 150/1700 (3apsim) u 10/1700 (paspsin) kBt
u 250/350 xBT*4 COOTBETCTBEHHO C TITyOMHOMH
paspsna 58 u 100 % nnst AKb u CK cootset-
CTBEHHO (pHc. 60).

IIpuBen€HHbIE MPUMEPHI MOKA3bIBAIOT BO3-
MOXHOCTh M3MEHEHUS YCIIOBHH pabOThI HaKoO-
IIUTENBHBIX MOTYJIEH IIPH COXpaHEHHH CyMMap-
HOMW SHEProEMKOCTH CHCTEMBI.

CxeMHas peanu3zanus

B 3aBHCHMOCTH OT HOIKITIOYEHHUSI CHCTEMBI
HAKOIUIEHUS K IIMHAM MOCTOSHHOTO TOKa TOJ-
CTaHIMM MOYKHO BBIJIEIIUTH [1BA BAPUAHTA CXEM-
HOW peanu3anui. [lepBelii BapuaHT — nepenada
MOIIHOCTH K CHCTEME OCYIIECTBISETCS uepe3
peoOpa3oBarellb MOCTOSHHO-IIOCTOSHHOTO Ha-
npspxenus (I11), nanee x mMMUHAM EpeMEHHOTO
TOKa COOCTBEHHBIX HYXZ uepe3 mpeoOpa3osa-
TEJIb MOCTOSTHHO-TIEPEMEHHOTO HarpsoxeHus [12
(puc. 7).

Bo BropoMm BapuaHTe mepenaua MOIIHOCTH
OCYIIECTBISIETCST TPEX(PA3HBIM TOKOM C TTOMO-
uipt0 mpeobpasoarens [11, a muranue muH
TIOCTOSTHHOTO TOKa ITOJCTAHIINHU — OT HAKOIIHTE-
1151 yepe3 npeobpazosarens [12.

B oboux Bapumanrax mpeoOpaszosarenu I11
BBITIOJIHAIOTCS. HA MaKCHMAaJIbHYIO MOIIHOCTD
3apsina. [Ipeobpaszosarens [12 st mepBoro Bapu-
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Puc. 7. Cxema nodkntoyeHus1 cCUCmMeMbl HakoneHus (nepabili eapuaHm) (8bINOIHEHO a8MOPOM).

AHTa BBITIOJHACTCS Ha MAKCUMAJTbHYIO MOIIIHOCTh
oTpeduTeNne COOCTBEHHBIX HYXKI, ISl BTOPOTO
BapUaHTa MOITHOCTH ipeoOpaszosarens [12 u I11
pagusI (puc. 8). MomHocTs mpeodpazosarers [12
JUIL BTOPOTO BapHaHTa BHIIIC HA BEIMYMHY Ha-
TPY3KH IIHMH MOCTOSHHOTO TOKA MOACTaHIUH.
[IpenMymIecTBOM CXEMBI UCTIONTHEHUS CHCTEMBI
10 BTOPOMY BapHaHTY SIBJISIETCS UCIIOJIb30BaHUE
HanpsokeHUs 0,4 kB, 4TO TO3BOJISET CHU3UTH
YpOBEHb HOMHHAJIEHOTO TOKA B TJIABHBIX IICTISIX
Y COKpaTHTh IOTEPH B HUX, HEJIOCTATKOM — HE00-
XOAMMOCTH NIPUMEHEHHsI BTOPOTO ITpeodpaszoBa-
tens [12 ¢ moutHOCTRIO, paBHOM MomHOCTH [11.
Jnst obecriedeHns TaqTbBaHUYECKON Pa3BA3KU
Lienei ISt MUTaHusl COOCTBEHHBIX HYXKH CXeMa
npeoOpa3oBareneil BKIItoUaeT B ceOs pasiennu-
TENBHBIN TpaHchopmaTop.

Monen onpegeseHusi NapaMeTPoB
CHCTeMBbI HAKOMJIEHHSI

Pa3znuuHble BapHaHTBl pacnpeneeHus
SHEPTOEMKOCTH HAKOMHTENEH THOPHIHOM
CHCTEMBI OTIUYAIOTCSI MEXJIY co00H dHepre-
THYEeCKHMH NT0Ka3aTeIsIMU UX PabOTHI U CTOU-
MOCTBIO, SIBJISIIOIIEHCS MHTErPAIbHBIM MOKa-
3arenieM. B obmiem citydae mpu oljeHKe HHBe-
CTUIIMOHHEIX IIPOEKTOB AP PeKT OymeT onpee-
JATBCS, C OAHOM CTOPOHBI, MPUTOKAMH Ha
OCHOBE SKOHOMHH 3JIEKTPO3HEPTHH, MOTPEO-
JsieMON Ha cOOCTBEHHBIE HYXABI, C APYTOi
CTOPOHBI, PACXOJaMH Ha TEXHHYECKOe 00CIy-

JKUBaHUE, COOPYXKEHUSI, CTPOUTEIBHO-
MOHTaXHBIC paOOTHI, 3aMEHY HaKOIUTEITHHBIX
aMeMeHTOB U Ap. Eciau mpuHATH gomymieHue
0 TOM, YTO YKa3aHHEIC 3aTPaThl PABHEI JJI BCEX
BapHUaHTOB, TO NPH BEIOOpPE IHEPTOEMKOCTH
HAKOITUTEIEHBIX MOIYIICH THOPUIHON CHCTEMBI
neneBas QPYHKIUSA 3a1a4u OyIeT YIUTHIBATH
3HAYCHUS MAPaMETPOB U UX YACITHHYIO CTOHU-
MOCTB (MOIITHOCTH H 3HEPTOEMKOCTH). B 3TOM
cllydae pemIeHUe 3aJavd IO OIMpEeIeICHUI0
MOIIHOCTH U SHEPTOEMKOCTH ITO3BOJISACT OTIpe-
JETUTh ONTHUMAaJbHBIC 3HAYCHUS YKa3aHHBIX
BEITMYUH HA OCHOBE CIIEAYIOIICH MaTeMaTnye-
CKOH MOMEIH:

C=aP™® L pW Kb L cPK L dW K -5 min;

HOM HOM HOM HOM

PAKE o poK > max(P‘”K —pH );

vowsap T Frowsap
+ P pp = max (P — PP

AKB
F HOM pasp =

HOM pasp

P AKB(CK)
HO! HOM 3ap pasp HoMpasp )

— max(k;:l])(B(CK)PAKB(CK);kAKB(CK) AKB(CK) )

HOM

vt €l0; T]:0< iW,,AKB(CK) S RRBER,
0
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AKB AKB oM . pCK DeK . ( )
I oM () = Ly g F o = P MaKe? 5

AKB CK
dyy +dgy >d

3ap MuH

AN+ dN >d

pasp pasp pasp MuH >

dCH > dCH

uen MCTI MHH Y

pex pex
dMCn Z ducn MUH

DoDH < Do DR < Do DAKKEN),

SoCAKCR _ SpCARC) > 0;

rne C — meneBas GyHKINS;
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Puc. 8. CxeMa noOksil04eHuUsi cucmeMb HaKonseHusi (8mopoli eapuaHm) (8bINOAHEHO a@MoPOM).

a, b, ¢, d — ynenbHasi CTOMMOCTh MOIITHOCTH
U DHEPrOEMKOCTH aKKyMYIATOPHOH Garapen
U CYTIEPKOH/ICHCATOpa COOTBETCTBEHHO;

PSS WA P WX HOMMHATBHBIE MOII-

HOCTH M HOMHHAJTbHBIE YHEPTOEMKOCTH aKKyMYy-
JSITOPHO# OaTapen U CyNepKOHAEHCAaTOpa COOT-
BETCTBEHHO;

P P — HOMHUHAJIbHBIE MOIIHOCTH

3aps/ia aKKyMyYJISTOPHOM Garapen W CynepKOH-
JIEHCATOpa COOTBETCTBEHHO;
PP PM — MOIHOCTH pEKyTIEPAINN U COO-

CTBCHHBIX HYXXJ COOTBETCTBEHHO,

P P — HOMHHAIIBHBIE MOIIHOCTH

paspsaa akKyMyJIATOpHOI! GaTapen U CyHnepKOH-
JICHCaTOpa COOTBETCTBEHHO;

OO kA ko UITHEHTHI yBeye-

HUs HOMHUHAIBHOM MOLIHOCTH 3apsja ¥ paspaaa
IS aKKYMY/ISTOPHOM 6aTapey U CynepKoHeH-
caTopa COOTBETCTBEHHO;

WAECR a0 0OhEM 3HEprHM HA MH-

TepBaJie SMHU30/1a /, ¥ HOMHHAJIbHAs SHEPTOEM-
KOCTh aKKyMYJISITOPHOH Oarapew M CymepKoH-
JIEHCATOPa COOTBETCTBEHHO;

¢ — pac4ETHAs MPOJOIDKUTEIIBHOCT PEXIMOB
3apsizia U paspsaa;

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94).

it —k03(QUIMEHT UCTIONB30BaHKS SIIEKTPO-

SHEPIHU COOCTBEHHBIX HYKJI IIPH pa3psile:

/4
agn=m (©)

drey — K03(OHUILIMEHT KCTIONB30BAHKS SHEPIUH

PEKyTIEpaLMHy TIPH 3apsijie:
/4
o Wan
d:cn - W pek ) (7)
doeey) —K0d((QHIMEHT HCTIOIB30BaHHMS SHED-

THH B peXKUMAaX 3apsizia U paspsizia Ui akKyMyIIsi-
TOPHOM OaTapew M CyNepKOHAEHCATOpa COOTBET-

CTBCHHO:
AKB(CK)
AKB(CK) _ ' 3ap(pasp)
dsap(pasp) - B (8)
3ap (pasp)

W oo 5 Wiap —OOBEMBI SHEPTHUH CHCTEMBI HAKOTI-

JIEHHSI B PEXMME Pa3psi/ia v 3apsijia COOTBETCTBEHHO,
W WP 0OBEM BIEKTPOSHEPTUH COO-

CTBEHHBIX HYXJ M PEKylepaluy 3a pacu€THBIN
MIEPHOT;

W oy — OOBEM 2IEKTPOSHEPIUH B PEKUME

3apsia M paspsiaa s akKyMYJISATOPHOH Oarapen

U CYIIEpKOH/ICHCATOPa COOTBETCTBEHHO.
Pemenue 3a1auu BEITIOHSCTCS B JIBA dTara.

Ha nepBoM aTarie B KaueCcTBE HCXOAHBIX JaHHBIX

He3eBak B. J1. [1oBbILlieHWe 3chheKTUBHOCTU pekynepaLvm NnyTEM NpUMeHEHUs1 cCUCTeM
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a

o

Puc. 9. KoaghcpuyueHme1 ucnonb3oeaHus 3Hepauu cobcmeeHHbIX HyxO (a) u 3Hepauu pekynepayuu (6) (8bINOIHEHO a8MOPOM).

a

o

Puc. 10. KoaghchuyueHmsi ucnonb3oeaHus sHepauu pa3psda akkymynsmopHol 6amapeu (a)
u cynepkoHdeHcamopa (6) (8bIN0IHEHO agMopom).

MIpUHUMAaeTCcsl TpaduK Harpy3Kd COOCTBEHHBIX
HYX/I TTOJICTAaHIIMM U MOLTHOCTH M30BITOYHOM
peKynepanuy Ha MIMHaX rnojcraHuuu. J{is 3a-
JAHHBIX Tpoduield Harpy3Ku BBITOIHIETCS
HMMHTAIMOHHOE MOJIEIMPOBAHHE ISl Pa3JIMYHON
9HEProéMKOCTH ¥ MOIITHOCTH HAKOIMTEJeH crc-
TEMBI, OIIPEJIENSIIOTCS KOI(PPHUIIUESHTH! UCTIONb-
30BaHUs DHEPTHHU B PSKUMaxX 3apsijia U paspsiza.

Ha nanHoM sTare onpeaenstoTcs orpaHuye-
HUSI [TO MAaKCUMaJIbHON MOIITHOCTH 3apsi/ia ¥ pas-
psiia akKyMyJIATOpHOU 6aTapey 1 CynepKoH IeH-
caropa, 0COOCHHOCTH pabOTHI, K KOTOPBIM Clie-
JIyeT OTHECTH IPHOPHUTET 3apsijia JUIsl akKyMyJIsi-
TOpHOMW Oarapeu W OrpaHUYeHHE MOIIHOCTH €€
paspsaa. [Jnst cynepkoHaeHcaTopa 3a1aroTcst

YCIIOBHSI, TIPH KOTOPBIX MaKCHMaJIbHAs MOIII-
HOCTH JaHHOTO MOJYIISl MCIOJB3yeTCs Kak J0-
MOJTHUTENbHAS JJTs1 00ECTIeUeH s IPHEMa MOTII-
HOCTH PEKyTEepaIHH.

MuTanuoHHOEe MOJeNUpoOBaHUE PabOThI
CHUCTEMbI HAKOTUTCHHUS JIJISl PA3JINYHBIX BapHaH-
TOB COYETAHUSI DHEPrOEMKOCTEH MO3BOJISIET MO-
JYYUTh (DYHKIIMH, OMUCHIBAIOIINE U3MEHEHHE
KO3 PUITHEHTOB UCIIOIL30BAHUS SHEPTUH B Pe-
JKHMax 3apsiia ¥ pa3psiaa Ui MOyJei akKyMy-
JSITOPHOHM Garaped M CyHNepKOHACHCATOpa TpH
Pa3IMYHON KOMOMHAIMH SHEPTOEMKOCTH U MOIII-
Hoctu. [loydeHHbIe 3HAUEHHST UCTIONB3YIOTCS
JUTSL aMIIPOKCUMAIIHMH TTOTYYSHHBIX 3HAUCHUH ISt
KaXJI0r0 KO3 hUIHEHTA.
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a

Ha Bropom starie perraetcst 3a/1a9a OThICKaHHS
ONTAMAJTHHBIX TAPAMETPOB CHCTEMbI HAKOTLIICHHSL.
‘YkazaHHast 3a/ja4a OTHOCUTCSI K 33/1a4aM YCJIOBHOM
HETMHEWHOW ONTUMU3AINY, PEIICHUE KOTOPO
BBITIOJTHSCTCS MPSMBIMHU U HEPSIMBIMUA METOIAMU.
s petienust paccmatpuBaeMoi 3aaud puMe-
HSIIOTCSL METOZBI CIycKa M ITPa(HBIX (QYHKIHIA.
B Meroax crycka BHIOOp HAIpaBICHHs CITyCKa
YUUTBHIBACT OrPaHHYCHUS 33J1a4K B SIBHOM BHJIC,
B MeTofiaX mrpadHbIX (YHKIUI 33729y CBOASAT
K [TOCJICIOBATEIIBHOCTH 33/1a4 O€3yCIOBHOM OITH-
MH3AIHH 32 CYET TOOABIICHUSI K IIETICBOM (DYHKIMH
BCIIOMOTaTENBHBIX (DYHKITHH U TIEPEX0e K YIETY
OrPaHUYCHU B HESIBHOM BHJIC.

Pe3yabTaTbl MogeIMPOBaHUS

Pe3ynsTaThl IMUTAIIMOHHOTO MOZIETPOBAHUS
JUTSI 331aHHOTO TpaduKa Harpy3Ku paccMarpHBae-
MOH MOJCTAHIMU MO3BOJISIIOT ONPEASIUTH U3Me-
HCHUE PacUCTHBIX KO3((PHUIMCHTOB B 3aBUCHMOCTH
OT SHEPrOEMKOCTH MOYTIEH CUCTEMBI HAKOTUIEHMS.
Jns 3ananHOTO rpaduka Harpy3Ku oTpedHuTeNneH
COOCTBEHHBIX HYKI U PEKYTIEpaL{H JOJIH HCTIONb-
30BaHMs MOIHOCTU M 3HEPTHH ONPEAEIIIOTCSA
napaMeTpaM HAKOIUTENbHBIX MOTYICH.

I'padux Harpy3kum COOCTBEHHBIX HYXKI
¥ BO3BpaTa SHEPTUU PeKylepanuy Ha IIWHBI
paccMaTpuUBaeMOd MOACTAHLUU MO3BOJIAET
OTIPE/IETIUTH XapaKkTep U3MEHEHUs KOdPPHIIH-
€HTOB HCIOJb30BaHUS DHEPTrUU MoAynei
B peXXUMax 3apsna u paspsaa. ['padpuku nsme-
HEHUsl KOA(QQUIMECHTOB HUCIOIb30BaHUS, I0-
Jy4eHHBIC B IporpaMMe Statistica, IpuBeICHBI
Ha puc. 9.

¢  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 82-95
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Puc. 11. Koachchuyuenme1 ucnonb3oeaHus 3Hepauu 3apsida akkymynsimopHoli 6amapeu (a) u cynepkoHdeHcamopa (6) (6bINoTHEHO agmopom).

[onmy4yeHHbIC pe3yBTATHI 1151 KO PHUIHCH-
TOB UCIOJIb30BAHUS HATPYy3KH COOCTBEHHBIX
HYXJ U SHEPTHUU PEKyTepaIud MOTYT OBITh
MIPE/ICTABIICHEI B aHAIMTHYCCKOM BHJIC:
df; =0,5007+0,0007 «x+0,001° y-2,6219E-7 + x2- 9
-5,9361E-7+x*y-5,1047E-7 y%; ©)
drr =0,3439+0,0001+x+0,0011+ y+1,9312E-7 ox?-
-4,2204E-7+x* y-5,4906E-7 * y°.

(10)

IJe X — HOMUHAJIBHAS YHEPTOEMKOCTh aKKyMy-
nATOpHOM Gatapen W' ;
Y — HOMHHANIbHAS DHEPTOEMKOCTh CyHEPKOH-

nencaropa W .

W3menenne k03¢ GHUIMEHTOB NCHOIB30BAHMA
SHEPTUH pa3psi/ia aKKyMyJIATOPHOH Oarapen 1 Cy-
TIepKOH/ICHCaTOpa NpHBeieHb! Ha prc. 10 n MoryT
OBITh MIPE/ICTABIICHBI B aHATUTHYECKOM BHJIE:
d"** =-0,0323+0,0025+ x-1,4095E-17 * y- an

pasp

-1,5934E-6+x°+5,6831E-21+x * y+8,0468E-21+ y*;

dS =0,5329-0,0019+x+0,001+ y+1,3312E- (12)
-6+X%-5,9361E-7+x* y-5,1047E-7+ 2.

I'paduku K0d3PPUIMEHTOB HCIOIB30BAHMUS
SHEPrHH 3apsizia aKKyMYJIITOPHOU OaTaper H cyrep-
KOHJIGHCATOpa IPUBE/ICHBI Ha pHC. 11 1 MOryT OBITh

TIPEJICTABIIEHBI B CIICYIOIIEM aHATIMTHYECKOM BUIE:

d;::s= 0,0225+0,0012+x-3,2526E-18+ y-5,1582E- (13)
-7+x*4+9,7887E-21+x* y-2,1176E-21+y*;

d:;s = 0,3214-0,0011+x+0,0011+ y+7,0893E- (14)
-7x%-4,2204E-7 *x * y-5,4906E-7 * 2.

[myGuHa paspsia 1Mo pe3yiabTaraM pacuéroB
B QHAJIUTHYECKOM BHJIE OIKCHIBACTCS CIEAYIO-
M 00pa3oMm:
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DoD"™* =29,6301+0,1349x-2,4425E-15-y-
-0,0001+x%+9,385E-19+x * y+1,7483E-18-y?;

(15)

DoD* =59,2418-0,0526+x+0,1388 + y+1,14E-
-7+x%+1,8425E-5+x +y-0,0002+ y2.

(16)

Jlyist penieHust ONTUMHU3AIMOHHON 3a1aun
B cpeae Matlab maremaTudeckas MOICIb
MPUHUMAET CIEAYIOUNI BUI IPEICTABICHUS

(17).

B KauCCTBE INMPUMEpA HUKE MPEACTABJICHBI
PE3YyIbTAThl pECIICHUA 3a1a4U, IMOJTYUCHHBIC OJIs
CJICAYIOIHNX UCXOAHBIX JaHHBIX:

a=30o0.e./kBt; b =40 o.e./kBT1eu;
C =60 o0.¢e./xBt; d =80 0.e./xBteu;
PpeK=17OO kBrt; P, = 60 kBT, P = 1700 xBr;

DoDX® =()%: DoDA® =3(0%, DoDEX, =100 %.

—x; <0 :TIOIOXUTENIbHBIC 3HAUYEHUS
-x,<0
-x,<0

-x,<0

x, <10000
X, <2000
x, <10000

SHEPrUu Harpy3KW COOCTBEHHBIX HYXII;

9HEPTUM peKyIepauu;

—5x, + x, < 0: cooTHoIIEHNE MOITHOCTH U 3Heproémkoctu CK;

Ipeacrasienne 3axaun B cpene Matlab (18)

3HaueHue 1eseBON (QyHKIUM A 3a]]aHHBIX
ycnoBuii coctaBuio 170,7 THIC. OTHOCHTEIBHBIX
eanHuI] (0.€.) CTOMMOCTH TIPH CIIEAYIOIINX T1a-
paMeTpax CHCTEMBI HAaKOIUICHHS: MOITHOCTH
U DHEPro€MKOCTh aKKyMYJSITOpPHOH Oarapen —
269,3 kBt u 1346 xBteu, cynepkonaencaropa —
1430,1 kBt 1 286,1 kBTeu.

[IpennoxeHHass MaTeMaTH4eCKasi MOJACIb
MTO3BOJISICT MOJYYUTH OCHOBHBIC MapaMeTphl
rHOpUIHON CUCTEMBI HaKOTUICHHSI C MHHH-
MaJbHOM CTOMMOCTBIO Ha OCHOBE HCXOJHBIX
JTAHHBIX O Harpy3Ke U PeKyIepanny Ha TITOBOH
MOJICTAHIINH, 33TaHHBIX OTPAHHYCHHUAX U IIPH-
HATBIX NONyLleHUsAX. B kaduecTBe LeneBou
GYHKIIMK B MOJIENIM MOXET OBbITh NPUHATA
CTOMMOCTBH JKH3HEHHOTO IHUKJIA C yIETOM H3-
MEHEHHUS CPOKa CIY>XOB HAKOMHTEIbHBIX

[ =ax, +bx, + cx, + dx, - min : neneBast PyHKUNS;

—X, — X, +1700 < 0: orpaHuY€EHUE IO MOLIHOCTH;

x, <2000 : orpaHrYeHNE OOJIACTYU ITOJIOXUTEIbHBIX 3HAYCHW;

-0,2x, + x, <0: cooTHOLIEHNE MOUIHOCTU U dHeproémkoct AKB;

an

X, +x,—10000 < 0: cyMMapHast SHEPrOEMKOCTD;
—x, —x, +500 < 0: MMHUMAaJIbHAA SHEPTOEMKOCTD;
0,3994-0,0006*x, — 0,001+ x,+2,1E—7*x,*+

+5,9E-07+x, *x,+5,1E-07+x,” <0: 107151 UCTIOIB30BAHUS

0,5561—1,0e—4+x,—0,0011+x, —1,9E-7x,2+

+0,00422E * x, * x,+5,5E-7* x,” <0 : 10151 UCTIOIB30BAHKSA

29,6301+0,1349 x, —2,4425E —15+x, —0,0001 x. +
+9,385E—19+x, *x,+ 1,7483E 18 x. : miy6una paspsina AKB;
59,2418 -0,0526°x,+ 0,1388+x,+ 1,14E-7+x,*+
+1,8425E-5-x, *x, —0,0002+ x42 :ryouHa paspsina CK.
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>> A=[-1,0,-1,0;0,0,1,-5;0,1,0,1;0,-1,0,-1];

b=[-1700;0;10000;-500];
Aeqg=[1,-0.2,0,0];

beq=0;

Ib = [0,0,0,0];

ub = [2000,10000,2000,10000];
al=30;b2=40;c3=60;d4=80;
x0=[100;1000;100;1000];

fun= @(x)al*x(1)+b2*x(2)+c3*x(3)+d4*x(4);

nonlcon = @unitdisk;
x=Fmincon(fun,x0,A,b,Aeq,beq);

[x,fval,exitflag,output, lambda,grad, hessian] (18)
fmincon(fun,x0,A,b,Aeq,beq, 1b,ub,nonlcon)

Pe3yJ'II>TaTBI PpCUICHUA 3a1a4n:

x(1) = 0.2693-103
x(2) = 1.3463-103
x(3) = 1.4307-103
x(4) = 0.2861-103
fval = 1.7066e+05

iterations: 12
funcCount: 65
constrviolation: 5.6843e-14

stepsize: 7.2468e-06

algorithm: "interior-point”

firstorderopt: 2.0000e-06
cgiterations: 0O

3JIEMEHTOB, CKOPOCTH caMopa3psia, ferpaia-
MM, BO3AEHCTBUS Ha OKPYKAIOUIYIO Cpexy
u 1p. Pemenne ykazaHHOH 3a1a4u MO3BOJISET
ONpEAETUTh MapaMeTpbl CUCTEM HAKOTUICHUS
U I IPYTUX OOBEKTOB CHCTEMBI TATOBOTO
anekTpocHabxkenus [20-23].

BbIBOAbI

IIpennoxxeHHbIN BapuaHT NPUMEHEHUS CUC-
TEMbI HaKOIIJICHUS AJIEKTPOSHEPTHU TO3BOJIET
COKpATHTh DJIEKTPOIIOTpeOIeHne Ha COOCTBEH-
HBIE HYXJBI 32 CYET MCIIOJIB30BAHUS SHEPTUH
PpeKyIiepayy U 00eCIeUnTh IpUeM H30BI TOYHON
SHEPTUM PeKylepannuy Ha IIHHBI TATOBOH IOJ-
CTaHIINY TIOCTOSIHHOT'O TOKa.

OcoOeHHOCTSIME pabOThI CHCTEM HAKOIUICHHS
JUIS COOCTBEHHBIX HY K]l TATOBBIX HOACTaHIINN SIB-
JIIETCS IPEBBIIIIEHNE MOIITHOCTH 3apsi/ia Hafl MOIII-
HOCTBIO paspsiia, HEOOXOIMMOCTh CyIIIECTBEHHOTO
YBEIMYEHHUS SHEPIrOEMKOCTH AJISI OTPaHUICHUS
DIyOWHBI pa3psiza HpH HCTIONb30BAHNN HAKOTTHTEEH
MEKTPOXUMHYECKOTO BH/IA, KPATKOBPEMEHHOCTD
SMU30/I0B 3apsizia, CPERHSS MPOAOIDKUTEIHLHOCTD
KOTOPBIX COCTABIISIET OKOJIO ITSITH MAHYT. YKa3aHHBIC
0CO0EHHOCTH 00YCIIOBIMBAIOT IPHMEHEHIE BIIIOB
HAKOIUTEJIEH, OTIIMYHBIX OT MEKTPOXUMHYECKHX,
HCTIONB30BaHNE THOPUIHBIX CHUCTEM, CIIOCOOHBIX

OCYIIIECTBIISTH OBICTPYIO 3apsKY, TyOHHA pa3psiia
KOTOPBIX HE OKa3bIBaeT BIMSIHHE HA PeCypC PadOTHIL.

[Ipennoxeno nBa BapuaHTa MOAKIIOYEHHUS
CHCTEMBI HaKOIUICHHUS DJIEKTPOIHEPTHU K CO0-
CTBEHHBIM HYK/IaM TSATOBOM ITOACTaHIIUH, OTIIHU-
YaIOIUXCS MOIIHOCTBIO IPeo0pa3oBaTeliei.

Ha ocHOBE MMHUTALIMOHHOTO MOJIETTMPOBAHHS
paboThl HaKoMUTENEH THOPUIHON CUCTEMBI Ha-
KOILJICHHS ITOJIy4€HBl PEe3yJbTaThl U3MEHEHUs
K03 PUIIEHTOB UCIIOIB30BAHUS SHEPTUH PEKY-
Tnepanyu, COOCTBEHHBIX HYX/, B T.4. OTAEIBHO
10 HAKOITUTEIBbHBIM JIEMEHTaM CHCTEMBI.

INpemnoxena MaTeMaTH4eCcKas MOJIEIb, 103-
BOJISIFOLIAsl HA OCHOBE U3MEHEHHMs KodddurireH-
TOB UCIIOJIb30BAHHS JHEPIUU PEKyIlepainu
1 COOCTBEHHBIX HYX/]| 10 HAKOIIUTEIBHBIM dJie-
MEHTaM ONPEAEIUTHh MOIIHOCTb M SHEPro€M-
KOCTh CHCTEMBbI HaKOIJICHUS [0 KPUTEPHUIO
CTOMMOCTHU CUCTEMBI.

[NonyueHHbIe pe3ynbTaThl pelleHHs 03BO-
JISIFOT OLICHUTD NTapaMeTphl THOPHITHOM CUCTEMBI
HaKOIUIEHHS JIEKTPOIHEPTHH JIJISI COOCTBEHHBIX
HYX]I TATOBBIX TOJICTAHIMH Ha CETU JKEJIE3HBIX
Jopor Poccun u 3a pydeskoM.
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WUccnepoBaHue CKNOHHOCTU K PUCKY cpeau
BOAUTENEN NErKoBbIX aBTOMOOMNEN
B Bo3pacTe 18-25 net

Anekcangp MOMNOB

AHHOTALNA

MpumeHumensHo k Poccutickoli @edepayuu u npu conocmas-
JIEHUU ¢ OpyauMU CmMpaHamu paccMampueaemcs yHUBepCabHast
npobnema enusHUsi Ha OOPOXHO-MPaHCNOPMHYIO asapuliHOCMb
ocobeHHocmel nogedeHuUsT HeONbIMHbIX MO00LIX 6odumened.

B Poccutickoli ®edepayuu 6 nocriedHue eodbi Habndaemes
CHUXeHue obuwjeeo yucna ATl u nozubwux 8 HUx. 9mo 2o08opum
06 achghekmugHoll npocpunakmuyeckoli pabome 'MBAL u dpyeux,
C853aHHbIX C 3MUM CITyX6, HO NPU 3MOM 8CE PABHO COXPaHSemcs
008011bHO 60/TBLIOE KOAUYECMBO a8MOMOBUITbHBIX asapull.

O0roli u3 npobnem ssnsemcs ebicokas 0ons 4TI1 cpedu
HeonbIMHbIX Mon00bix 8odumenell. 1o O0aHHbIM uccrnedosaHud,
NposedEHHbIX 8 Pa3IUYHbIX CMpaHax, 0COBEHHO 8eslUKa 8epo-
AMHOCMb 00POXHO-MPaHCNOPMHbIX npoucwecmaull 8 nepsbIi
200 nocne nony4yeHusi 8odumenbckoeo ydocmogeperusi. lo-
dasnsawwee 6onbwuHcmeo godumeneli-euHosHukos LTI,
UMEIWUX Cmax ynpaesneHus mpaHCnopmHbiM cpedcmeom
MeHee nomyeoda, OmHOCSMCS K 8o3pacmHoll kamezaopuu 18—
25 nem. OOHOU U3 0CHOBHbIX NPUYUH, BIIUSIOWUX HA NOBbIWEH-
Hyto eeposimHocms AT/, sensemcs ux ypeamepHas CKIOoH-
HOCMb K PUCKY.

OyesudHo, Ymo pUCKOBaHHOE BOXAEHUE C80LICMBEHHO MO-
Jn10domy 803pacmy, KomopIli eUSem U Ha 3KCNTyamayuio agmo-
mobunsi. [omogHoCmb K pucKy Haxodumcsi 8 npsimMoli 3agucumocmu

Anexcandp Bnaoumuposuu Ilonog

Boneoepaockuii 2ocyoapcmeennviii mexnuueckuu ynusepcumem, Bonowcckuil, Poccust.
B4 alexandrus238@yandex.ru.

¢ Konu4ecmeom 0onyckaembIX OWUBOK, Ymo 3Ha4UMebHO NoBb-
Wwaem 8eposmHoCmb 803HUKHo8eHuUs1 T,

Llenb pabombi — OUeHKa CKIIOHHOCMU K pucky cpedu 8odu-
menetli 8 go3pacme 18-25 nem. Memodb! uccnedosaHus exkmoya-
nu nposedeHue aHKkemuposaHusi Monolbix fodell ykazaHH020
go3pacma U aHasnu3 nomydeHHbIX pesynbmamos. [1onydeHHble
8 X00e aHKemupoBaHUs Luchpb! 2080pSM 0 MOM, YmMO 6OMBLIUH-
CMB0 ONPOLIEHHBIX (82 %) umerom «cpedHuLll yposeHb CKITOHHOCMU
K pucky». Ho «puckosaHHbIx godumeneli» moxe docmamo4yHo
mHo20 (15 %). Mpuyém, amu 15 %, Haxodsimcs @ camoli HOU
8o3pacmHoll epynne om 18 do 21 eoda.

[Mo pe3ynemamam paboms| npednazaemcs: 60 8pems 0byye-
Husi @ asmouwukone 6ydywemy 800UMENTt0 NoMy4amb HE MOJTbKO
meopemuyeckue 3HaHUs U NPakmMUYecKue ypoKku 80X0EHUSs, HO
U npoxodume ncuxomoauyeckull aHanus 0ns onpederneHus e2o
npucnocobieHHoCMU K ydacmuto 8 00POXHOM OBUXKEHUU; 88eCMU
8 [pasuna OopoxHo20 A8LXKeEHUS onpedenéHHble 0epaHUYeHUs
«0ns MonodbIX U HayuHarowux eodumenel». Cnedyem ozpaHu-
Yumb paspewéHHyo MowHocme asmomobuns u donycmumyro
ckopocmb (8sedeHue nosbiwakue2o KoapgpuyueHma ons
wmpachos 3a NPesbILLIEHLE CKOPOCMU), 3anpemums UCNOMb308a-
HUe MaWwuHbl 8 MEMHOE 8PeMs CYMOK U 8 CIIOXHbIX AOPOXHbIX
YCIoBUSIX, NEPEBO3KY NACCAXUPOS.

Knroyesble crosa: dopO)KHo-mpchnopmHoe npoucwecmeue, 800UMefb, CKIIOHHOCMb K pucky, mecm, aeapuﬁHocmb, nosedeHue

sodumensi, Moiodoli eodumerib, 6630NacCHOCTb OBLXKEHUST.

[ns uumuposarus: Monoe A. B. MccnedosaHue ckimoHHocmu k pucky cpedu eodumenell nezkosbix asmomobunel 8 so3pacme
18-25 nem // Mup mpaxcnopma. 2021. T. 19. Ne 3 (94). C. 96-102. DOI: https://doi.org/10.30932/1992-3252-2021-19-3-10.

MonHbIli mekem cmambUu Ha aH2nulickoM si3bike ny6aukyemcst 0 mopoil Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.

© MNonoB A. B.,




BBEOEHUE

Yporens aBToMoOmm3aIu B Poccnn ¢ xax-
IBIM TozioM yBenmauBaetrcs. Ecimu B 2016 romy
KOJIMYECTBO 3apErHCTPHUPOBAHHBIX JIETKOBBIX
aBTOMOOMIICH B COOCTBEHHOCTH TpakaaH B PO
cocTtaBisuto 43 MiH en1., To Ha | saBapst 2021 ro-
Jla 3TOT MOKAa3aTellb YBEIHIHUIICS 10 TIPIMEPHO
45 MIIH. 9TO COCTAaBIISIET OKOJIO 76 % OT 00111€TO
YHUCJIa 3apETHCTPUPOBAHHBIX TPAHCIIOPTHBIX
CpeACTB. 3a KOMMEpPUECKOU JIETKOBOI TEXHUKOM
yucnutest 7,1 % ot obmero o6véMa, 3a rpy3o-
BBIMH aBTOMOOMIISIMH — OK0J10 6,4 %, 1 mpuMep-
HO 0,7 % poccuiickoro mapka 3aHIMAOT aBTO-
Oycert. TIpobnema Gonpimoro kommaectsa JITTI
Ha pOCCHIICKUX Aoporax Bc€ emeé ocTtaéres ak-
TYaJIbHOH, XOTs 32 HECKOJIBKO TPOIIEAIINX JIET
oueBuaHO cHIkeHue grcina ATIT u moruOmmx
B HHX, YTO TOBOPHUT O TPAMOTHOH MPOQHUIAKTH-
geckoit pabore MBI/ n npyrux cimyx06 [1,
c. 52]. Yposens cmepraoctu npu JATII B PO
cocraiser 11,5 cmyqgaes Ha 100 ThIC. Hacere-
uusn?. B maubosee O1aromoaydHBIX ¢ TOUKH
3peHust 0€30MaCHOCTH JTOPOXKHOTO ABHKCHHS
crpanax Esponsl (BemnkoOpuranus, Hunepian-
1w, LlIBeliapus) ATOT TOKA3aTeNlb COCTABIISET
okoIo Tpéx cirydaeB Ha 100 ThIC. HaceneHus [2,
c. 4].

BmecTe ¢ TeM B mocieqHue roasl pacTeéT
KOJINIE€CTBO MOJIOJBIX M HEOTIBITHBIX BOAUTENCH
B Bo3pacTHOU rpymme oT 18 mo 25 met. OHu
JOBOJIBHO YacTO CTAaHOBSTCS BHHOBHUKAMH
ATII. 3a 2020 rox TaKUMH BOTUTEISIMH COBEP-
nrero 17753 npowucrectsuii® (puc. 1).

HccnenoBanns, KOTOPBIE PETYISPHO MPOBO-
JSIT B Pa3BUTBIX CTpaHaX, MOATBEPKAAIOT, UTO
puck BosHukHOBeHMs I TII B TeueHue nepBoro
rojia MocJje MOMyYeHHUs] BOAUTEIBCKOTO YAOCTO-
BepeHUsT 0COOCHHO BBICOK [3, c. 89]. CormacHo
3THM paboTaM, MOKHO BBIICIHUTH (DaKTOPHI,
KOTOpBIE OIHO3HAYHO MOBBIMIAIOT 3TOT PUCK:
«CTWJIb BOKICHUS U TEXHHYECKOE COCTOSIHHE
ABTOMOOMIISI; TICHXOJIOTHYECKIE 0COOCHHOCTH
(HampuMep, Jkakaa MOTyIEHHUSI OCTPBIX OLIyIIE-
HUH 1 CITUIIKOM BBICOKasl yBEPEHHOCTE B cebe);
yCHIIEHHOE (TTI0 CPaBHEHHIO C JIFOABMH CTapIIIETro
BO3pacTa) BIMSHHUE alKoroish». «IIpeBpienHne

* CtpyKkTypa rapka TpaHCIOPTHBIX cpeacTs B Poccun. STHBapb
2021 roza. [Dnexrponnsiii pecypc]: https://universeofcars.ru/
skolko-mashin-v-rossii/. Joctym 11.03.2021.

2 Yucno nuu, norubmux B JTII, va 100 Teic. Hacene-
Hus. [DnekTpoHHBIT pecypc]: https://www.fedstat.ru/
indicator/36230. Joctyn 20.10.2020.

8 Tlokasarenu COCTOSTHHS OE30MaCHOCTH JIOPOXKHOTO JBHKE-
Hus. [DnexTpoHHbIH pecypce]: http://stat.gibdd.ru/. Joctyn
10.03.2021.

CKOPOCTH HJIM HECOOTBETCTBHE CKOPOCTHOTO
pexrMa 001IeH CKOPOCTH TPAHCIIOPTHOTO MOTO-
Ka)» — camble pacrnpoCTpaHEHHbIE HapyIIEeHUs
Yy HEONBITHBIX BoauTenei. Takxke NMpUUUHON
cepbé3nbix JTII y Takux BoguTesnen sBiseTCs
«e371a B TEMHOE BpeMs CyTOK» [3].

[Monapnsroniee OOJIBIIMHCTBO BUHOBHUKOB
aBapyii CO CTaXXeM YIpaBJEHUS aBTOMOOHIIEM
JI0 TIOJIYTO/1a, OTHOCSTCSI K CaMO# MOJIOIOW Ka-
teropun®. Hanpumep, B 1. Bomkckuit Bonrorpa-
ckoil obynactu (HaceleHue 0KoJio 324 ThIC.)
¢ 2013 mo 2019 rr. mons ATII coeprué€HHBIX
HEOIBITHBIMH MOJIOIBIMU BOJMTEIIIMU BAPHUPO-
Bajack ot 15 1o 37 % (puc. 2). ITo naHHbBIM 3a-
PYOEXHBIX HCCIIEIOBaHHIA, MOJIOJbIE BOAUTEIH
CTAHOBATCS )KePTBaMH aBapHil yaIie, 4eM BOIU-
TeNH cTapiiero Boszpacra [4].

I'u6ens B JITII sBusieTcss OMHOM M3 CaMbIX
pacnpoCTpaHEHHBIX IPUYUH CMEPTH CPEIH MO-
JIOABIX JIofeH. YIpaBieHHEe TaKUM CIIOXKHBIM
MEXaHM3MOM, KaK aBTOMOOWJIb — HE MpocTas
3ajaya. A caM aBTOMOOMJIb, Kak M3BECTHO, TIPE]I-
CTaBJISIET ONACHOCTb. [109TOMY KaX1bli1 4enoBeK,
PEIIUBIIMNA CECTh 33 PYJb, JOJDKCH MOHUMATh,
YTO OTBETCTBEHEH HE TOJBKO 3a celsl, HO U 3a
OKpyxarouux. HeBoCHoNHUMBIE MOCIEeNCTBUS
OT aBapuii, B KOTOPBIX BUHOBATHI MOJIOJIBIC M HE-
OTIBITHBIE BOJIUTEINH, UX KOJIMYECTBO, 00YCIOBH-
JI BHUMaHHE yYEHBIX K ()aKTOpaM, IIPUBOASIIM
k Takum JITII.

B pe3synbrare Takux Mccien0BaHMM, MPOBe-
nEHHBIX, Hanpumep, B Hosoii 3enanauu, ObLIO
BBISIBJICHO HECKOJIBKO (haKTOPOB, MOBBIIIAIOIINX
puck cMepTHOCTH B pesynsrare [ITII: «oco3Han-
HOE TIPEBBIIIEHHE CKOPOCTH; HEHCIIOIb30BaHHE
YICP)KUBAIOIUX YCTPOHCTB JUIsl MACCAXKHPOB;
ynorpeoieHue ankorons. OQHON M3 OCHOBHBIX
MPUYHH SIBJISCTCS MOBBIIICHHAS CKJIOHHOCTH
K PUCKY MOJOIBIX BoguTeneih» [5]. CkIoHHOCTh
K PHCKY 3aBHUCHUT «OT BO3pacTa ¥ MOXKET 3Hauu-
TEJTLHO BIIUSITH HA YCIIOBHS SKCILTyaTalliy TPaHC-
MIOPTHOTO CpencTBay [S]. PuckoBaHHOE BOXKIEHHE
HAXOJHUTCS B MPSAMOW 3aBHCHUMOCTH C KOJUYE-
CTBOM JIOITyCKaeMBIX OLINOOK, 4TO, ECTECTBEHHO,
3HAYMTEITLHO MOBBINIAET BEPOSITHOCTH BO3HUKHO-
Benus JITII. [TomoOHOE mMoOBeACHHE SBISCTCS
«OOBIYHBIMY» CpEIHM MOJIOABIX BOmUTENCH [6].
CreneHb BBICOKOW CKIIOHHOCTH K PUCKY OO0bBsIC-
HSIETCS MOJIOIOCTBIO M HEOITBITHOCTBIO.

Kpome Toro, 11st MOJIOIBIX BOAMUTENEH ypO-
BEHb PUCKA HMEET IKCIIOHEHIIMAIBHYIO 3aBUCH-
MOCTB OT KOJIMYECTBa Naccaxupos. «Bogurenn
B Bo3pacte 18-25 mer mposBusiioT ocoboe
IpeHeOpeKeHUE K MPpaBuiIaM, CTPEMSCh pealu-

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 96-102
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30BaTh CBOIO XKAXKIY «OCTPBIX OIIYIICHHI»
¥ caMOyBepeHHOCTHY [3, ¢. 89; 7]. «Momnozasie
JIIOIM MOTYT BECTH cebs Ooiee PHCKOBAHHO,
4yeM B3pocibie. OHU B OOJBIIEH Mepe TIOABEP-
JKCHBI BIMSIHUIO CBOMX, CTOJNb )K€ CKJIOHHBIX
K PUCKY, CBEpCTHHKOBY [8; 9]. XoTst camu Mo-
JIOZIBIE BOIUTEIH U OTPUIAIOT, YTO «CBEPCTHU-
KU BIUSIOT Ha 0€30IaCHOCTH ABMXKEHUS [8; 9],
HCCIEeI0BATEeNIIMH OBUIO 3aMEYEHO, YTO OHH
o0ecTeunBay «CKPBITOE CONMAIBHOE 0100pe-
HUE HeOE30MacHOMY M PHCKOBAHHOMY BOXK[E-
Hutox» [10; 11].

Nmenno noatomy emé ¢ 8§0-x rogoB mpoui-
JIOTO BeKa BO MHOTHIX CTPaHax JEHCTBYET «I10-
STAMHbBIA JOMYCK JUI K YIPaBICHUIO TPaHC-
TIOPTHBIM cpeacTtBom» [3]. Hampumep, Takue
mpaBuiia AaBHO AeiicTBYOT B Kanane u B CILA,
B PaMKax KOTOPBIX IPELyCMOTPEH ITOCTEIECH-
HBIHA JIOCTYI K MTOJYYESHUIO MOTHOILIEHHOTO BO-
JUTEIHCKOTO YAOCTOBEPEHUS ISl BOAUTENEH-
HOBHYKOB, YNPaBISIOIMHUX «aBTOMOOHMIEM
1 JIByXKOJECHBIM MEXaHHMYECKUM TPaHCIIOP-
ToM». Takne orpaHndeHus! BBEJCHBI ISl CHU-
KEHHSI CaMOH BEpPOSTHOCTH BO3HHKHOBEHHUS
ATII (KOTOpBIM «MOABEPIKEHBI HAUMHAOIIHE,
HEOIIBITHBIE BoguTen» [3; 12]) 3a cuér nepuo-
Jla CTaKUPOBKH, BO BPEMsI KOTOPOTO HauNHAFO-
IMUHA BOAUTENb NPOXOIUT «CHELUaNbHBIN
MIPAKTUIECKUHA KypC BOXAEHUS TIOJ PyKOBOJ-
CTBOM HacTaBHHKa». CHCTEeMa IOJTyIHIa Ha3Ba-
HUE «IIEPHO/Ia CTAXUPOBKHU C BPyUCHHEM TIpaBa
BOJKACHUS MO PYKOBOJICTBOM HacTaBHUKa [3;
12—15]. 1o 3aBepiieHUN CTAXXUPOBKH Oy Ty N
BOJIUTEJb TOJy4aeT BPEMEHHOE YIOCTOBEpE-
HHE, KOTOPOE MPEAYyCMaTPHBACT ONPEeICIEHHBIE
OTpaHWYCHUS Ha yTIpaBJIeHUe aBToMoOmIeM 0e3
HacTaBHHKa. Kak mpaBmiio, 3TH OrpaHHYCHHS
BKJIFOYAIOT B ce0sl «3amlpeT Ha €34y B TEMHOE
BpeMsI CyTOK, OTpPaHHYEHHE Ha KOJIHYECTBO

MTaCCAKUPOB, KOTOPBIE MOTYT HAXOIUTHCA B aB-
TOMOOWIIE, a TaK)Ke 3alpeT yNpaBiIsiTh AaBTOMO-
OmieM mocie yrnoTpedneHus modoro Konude-
CTBa aJIKOTOJIA, TaKe €CITH MPaBIIIa IIpeaycMa-
TPHUBAIOT €T0 JONyCTUMBIH YPOBEHb B KPOBH
WJIN BBIIBIXaeMOM Bozayxe». 1o Mepe mpro6-
pETEHUs MOJIOJBIMH BOIUTEISIMHA HEOOX0TMMO-
TO ONBITA U NIPH AOCTIKCHUN YCTAHOBICHHOTO
BO3pacTa, BCE 3TH OTPaHUUYCHUS CHUMAIOTCS,
1 OHH TTOJTY9aI0T MTOJTHOIIEHHOE YJOCTOBEPEHHE.
VcnoBus NpoxXoKIeHUs 3TUX TPEX ITANOB MO-
JIy9IEHUS BOAUTEIBCKOTO yI0OCTOBEPEHHUS — yUe-
HUYECKOTO, BpEMEHHOTO M CTAHAAPTHOTO — Pa3-
JUYAIOTCSA B PAa3HBIX CTpaHaX, HO BE3lle OHH
SIBIISTIOTCSI OCHOBOM JUUIS CO3AaHNUs OIaronpusT-
HOW 0OCTaHOBKH Ha TO BPEMSI, TOKa HAYMHATO-
M€ BOJUTEIH ITOJTy4atoT HEOOXOANMBIH OTIBIT.
BrimenepeurcieHHbIE MEPEl JaBHO JOKa3ain
cBoio ¢ dexkruBHOCTE. [IpoBenénnrie B Kana-
ne, Hosoii 3enanguu u B CIIIA nccnenopanus
MOKa3aJId, 9TO YMCIIO aBapui, COBEPIIAEMBIX
HAaYMHAIOIIMMH BOJIUTEISIMHU, CHU3UIIOCH HA
9-43 %. IlocKoNbKY MOBBIIIEHHBIH YPOBEHb
pHCKa BO3SHUKHOBCHHS aBapuil y HAUMHAIOINX
BOAMTENEH HabmromaeTcss BO BCEX CTpaHaXx,
CHCTEMa [TO3TAITHOTO MOIYYEHHUS CTAaHIapPTHOTO
BOJHUTEIHCKOTO YOCTOBEPEHUSI MOXKET 3HAYH-
TEJIBHO COKPATUTh 3TOT puUCK [3, c. 128; 12—15].

L]eny paboOTHI — OTpe/eNeHNe TPOLEHTHON
JIOJN «CKJIIOHHBIX K PHCKY BoauTenei» [16; 17]
B BO3pACTHOMH Kareropuu ot 18 1o 25 net. Memoo
HCCIIEZIOBAaHUS — aHKETHPOBAHHUE, B PE3yIIbTaTe
KOTOpOTO OBLIO otpomeHo 200 MONOIBIX JTFOICH-
CTYACHTOB BOJIKCKOTO MONMMTEXHUYECKOTO WH-
cturyta (BIIU (¢punman) BonrI'TY) u Bosro-
I'PaJICKOTO TOCYAapCTBEHHOTO TEXHUYECKOTO
yHuBepcurera (ssHBaph 2016 roma—despans
2020 rona). Bece y4acTHUKM Ha MOMEHT OIpoca
HMETH BOIUTEIBCKOE YIOCTOBEPEHNE 1 UCTIONb-
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Puc. 3. 06wue pe3ynbmams| uccnedoeaHusi CKITOHHOCMU K pucky cpedu eéodumeneli 8 o3pacme 18-25 iem (8bIN0HEHO agmopom,).

30BaJIM JIMYHBIH JIETKOBOW aBTOMOOMJIb. AHKe-
TUpOBaHKeE ObLTIO0 OCHOBaHO Ha TecTe A. M. 11ly-
6epr «CKIOHHOCTB K pHcKy» [16; 17].

PE3YNbTATbI

B xone mpoBeeHNs aHKETUPOBAHNUS PECIIOH-
JEHTaM MIPeAJIaranoch OTBETUTH Ha CIIEAYIOIIUE
BOIPOCHI:

1. «IIpeBbicunu Obl BBl yCcTaHOBIEHHYIO
CKOPOCTb, UYTOOBI OBICTpEe OKa3aTh HEOOXOMH-
MYI0 MEJHUIHCKYIO IOMOIIb TAXKEI000ILHOMY
YeJIOBEKy ?»

2. «Cornacunuck Obl Bbl panu xopouiero
3apaboTKa y4acTBOBATh B ONACHOH M JUIUTEINb-
HOM DKCIIEIUIIAN 7

3. «Cranu Ob1 Bel Ha myTH yOeraroero
OIIACHOTO B3JIOMIIHKA?»

4. «Mornu Ob1 Bbl exath Ha MOTHOXKE TOBap-
HOTO BaroHa rnpu ckopoctu 6onee 100 km/9ac?»

5. «Moxere 11 Bl Ha npyroii AeHp mocie
0eCCOHHOII HOUM HOPMaJbHO PadoTaTh?»

6. «Crasnu Ob1 Bbl IepBbIM EPEXOTUTH OUEHB
XOJIOJHYIO PeKy ?»

7. «Opomxwuiy Okl Bel Ipyry 60IbIIYIO CYyM-
My JIeHeT, OyIy4d He COBCEM YBEPEHHBIM, 4TO
OH cMOXKeT BaMm BepHyTb 3TH AeHBIU?»

8. «Bouutn 0b1 Bbl BMecTe ¢ ykpoTuTeiaem
B KJIETKY CO JIbBaMU IIPH €T0 3aBEPEHUH, YTO 3TO
OezomacHO?»

9. «Mornu 61 BBl IOZl pyKOBOICTBOM H3BHE
3aJIe3Th Ha BBICOKYIO (habpuuHyto TpyOy?»

10. «Mornu 6b1 Bbl 63 TpeHHPOBKH yrpaB-
JISATH MAPyCHOM JTOAKONU?»

11. «Puckuynu 061 Bbl cXBaTuTh 3a y31€uKy
Oeryuryro nomanb?»

12. «Mornu 051 BBl IOCIIE AECATH CTaKaHOB
II1Ba €XaTh Ha BeJIocUIene?»

13. «Mornu 661 Bbl coBepIINTh MPBIKOK
C TapamroToM?»

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94).

14. «Mornn 6b1 Bbl pu HeoOxomuMoOCTH
mpoexaTth 6e3 Ounera or TamnuaHa 10 Mo-
CKBBI?»

15. «Moru Ob1 Bl coBepimTh aBTOTYpHE,
eciy OBl 3a pynieM cuzieln Bai 3HaKoMBbli, KOTO-
PBIH COBCEM HeaBHO OB y4aCTHHKOM TSDKENO-
T0 JOPO’KHOTO MIPOUCILECTBHA?Y

16. «Moru 661 BeI ¢ ecaTHMETPOBO# BbI-
COTBI IPBHITHYTh HA TEHT NOKapHOH KOMaHABI?»

17. «Moru 661 Bbl, 4T00BI H30aBUTLCS OT
3aTSXKHOM OOJIE3HH C MOCTEIBHBIM PEXHUMOM,
MOMTH Ha ONACHYIO JJISl XKU3HH OIEPALHIo?»

18. «Moru 061 BbI CIIpBITHYTh € OJHOXKKH
TOBAPHOT'O NOE3/a, IBIXKYIIEr0Cs CO CKOPOCTHIO
50 km/gac?»

19. «Momu 05l BEI, B BHIE UCKIIOUEHHS,
BMECTE C CEMBIO JPYTUMH JIOIbMH, OAHATHCS
B IU(TE, PACCIUTAHHOM TOJIBKO Ha LIIECTEPHIX ?»

20. «Moru 061 Bel 3a Gomblioe JeHe)HOE
BO3HArpakAeHHE NMEPEHTH ¢ 3aBA3aHHBIMHU IJIa-
3aMHU OKMBJIEHHBIA YIUYHBIN IEPEKPECTOK?»

21. «B3sutuck 661 Bel 32 onacHyro U151 )KU3HH
paboty, ecnu ObI 32 He€ XOPOLIO IIATUIIH )

22. «Mormu Obl Bbl mocnie gecsiti proMoK
BOJKHU BBIYHCIIUTD IPOLIEHTHI?»

23. «Moru 651 Bbl 110 yKa3aHW10 Ha4aIbHU-
Ka B3SThCA 32 BBICOKOBOJBTHBII IIPOBOA, €CIH
OBl OH 3aBEpPUJI, YTO IIPOBOZA 00ECTOUEH?»

24. «Mornu 661 Bbl mocrne HeKOTOpBIX TperBa-
PHTENBHBIX OOBSCHEHHH YIPABIISITh BEPTOIETOM 7))

25. «Moru ObI Bbl, Mest Ha pykax OUIeThl,
HO 0e3 IeHeT U IPOLYKTOB, I0eXaTb n3 MOCKBEI
1o Xabaposcka? 4y

Tect nmpegycmarpuBaeT ciaeqylomylo rpa-
JALHIO: «CIUIIKOM OCTOPOXKEH, Cpe/iHee 3Ha-
YeHHEe, CKIOHEH K PHUCKY». boixpmuHCTBO

4 MeTtoanKa JUarHOCTHKU CTENCHH TOTOBHOCTH K PHCKY
ly6ept. [Dnexkrpounsiii pecypc]: https://psylist.net/
praktikum/38.htm. Jloctyn 12.03.2021.
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Puc. 4. PacnpedeneHue omeemoe Ha 80onpockl mecma (8bINOTHEHO agMOpPOM).

Y4aCTHHKOB ompoca (82 %) mokasanu cpenHuit
YPOBEHb «CKJIOHHOCTH K PHCKY», HO KOJINYe-
CTBO BOJUTEJIEH, UMEIOIUX «BBICOKYIO CKJIOH-
HOCTb K PUCKY», AOCTaTO4HO Besnuko (15 %)
(puc. 3). IIpuuém, Bce 15 %, KCKIOHHBIX
K PHUCKY», BXOJSIT B CAMYIO MOJIOJYIO TPYIILY
ot 18 no 21 rona [18].

WHrepecHo OyaeT paccMOTpeTh paciipeielie-
HHUE OTBETOB Ha KaXK/bIil U3 BOIPOCOB, PEJLIO-
JKEHHBIX BoauTe M. CoIIacHO Npe/ICTaBIeHHOM
nuarpamme (puc. 4), pacrpelelieHHe OTBETOB
JIOCTAaTOYHO paBHOMEPHOE, B 15 13 25 BonpocoB
noust otBeToB «Ckopee Het, yeM fa» U «[lonHoe
Hecortacue» He npesbimaeT 40 %.

Takum 00pa3om, NOTyUeHHBIE JTaHHBIE TOBO-
PAT, YTO KOJIMYECTBO CKJIOHHBIX K PHCKY MOJIO-

IIBIX BOJUTENCH J0CcTarouyHo Beauko (15 %).
PuckoBaHHOE BOXKAEHHE, HAPSY C «PaCIIpOCTpa-
HEHHBIM B MOJIOAEKHON Cpefie TPeCTaBICHUEM
0 CBOEM IIPEBOCXOJICTBE B pabOTOCHOCOOHOCTH
1 CKOPOCTH PEaKLUH, TO3HAHUSIX 00 aBTOMOOH-
ney [3; 12], cranoButcs npuunnoi JITII, B Tom
YHCIIEe C MOTUOIINMA M PAaHCHBIMH.

BbIBOAbI U MPEANTOXEHUA

C mpakTU4YeCKON TOUKH 3PEHUS B LIEJSX TO0-
BBIIICHUS JOPOXKHOM 0€30MaCHOCTH U IPUMCHHU-
TenbHO K Poccuiickoit denepainu MO>KHO OTMe-
TUTh U TPEJJIOKUTH CIETYIOIIEe.

[Ipesunent Poccuiickoit @eaepaiium yTBepani
PS1 IOPYYEHU TI0 UTOraM PacIIMPEHHOTO 3ace-
JaHus npe3uaryma [ocyaapcTBEHHOTO COBETa,
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cocrosBerocs 28 centsaops 2020 rona, «coracHO
KOTOPBIM B paMKax peau3allii HAI[MOHATHLHOIO
npoekTa «be3onacHbie U KaueCTBEHHBIC aBTOMO-
OWIbHBIC TOPOTH MOKa3aresib cMepTHocTH B JITIT
k 2024 r. nomken coctaBiath 8,4 Ha 100 ThIC. Ha-
cenenust, a k 2030 . — 4 ma 100 ThIC. HaceneHHs» .

JIi1st ckopeiero JOCTHKEHHUS YCTaHOBIIEH-
HBIX [MOKa3aTejiel, YUUThIBas MPEICTABICHHBIC
B paboTe pe3ysIbTaThl UCCICIOBAHMUS, IPEJIara-
FOTCSI CIICITYFOIIIUE MEPHI:

1. TIpoBenenue aHanM3a MCUXOJIOTHYECKUX
KaueCTB 00YYaroIerocsi B aBTOIIKOJIE C IEIbI0
OMpPENENICHUs] ero MPUCIOCOOICHHOCTH K y4a-
CTHIO B JIOPOXKHOM JiBrKeHUH. [1o pesynbratam
TaKOr'0 aHaJM3a MOSBUTCS BO3MOXKHOCTH CO00-
IIUTH OYIYIIIEMY BOTUTEIIO O €T0 MOTEHIHAIBHO
OIMAaCHBIX KAYECTBAX U MPEJIOKHUTH BOBMOXKHBIC
BapHUaHThI X CICPKUBAHUS U KOHTPOJIS.

2. 3akpennenue B [IpaBuiiax TOpOXKHOTO
JIBUYKEHUS] HEKOTOPBIX OTPaHUYCHHUN HA YIIPaB-
JICHHE aBTOMOOWMJIEM JIJIsi HEOTBITHBIX U MOJIO-
IbIX BomuTesnei. HeoOXonumMo yCTaHOBHTH
OTrpaHUYCHUE HA MOIIHOCTh ABTOMOOWJIS U J0-
MYCTUMYIO CKOPOCTh JBHIKCHHS, TIOCPESICTBOM
BBEJICHHS MOBBIMIAIOIICro koddduimenra ais
mrpadoB 3a MPEBBIICHUE CKOPOCTH; 3aMPET Ha
MEPEBO3KY MACCAKUPOB JI0 UCTCUCHHUS OTIPEJIC-
JICHHOTO TIEPUOJIa; €3/l B TEMHOE BPEMs CYTOK,
B CJIOXKHBIX JJOPOXKHBIX YCIIOBHSIX.
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125 NIET POCCUUCKOMY
YHUBEPCUTETY

TPAHCMOPTA

(MUNT) 104, 114

HepaspbigHas cea3b 0bpasogaHus U
Hayku. CmpaHuys! ucmopuu yepe3s
npu3Mmy pa3eumusi Hay4HbIX WKOS.

Mamemamuyeckue 3HaHus 0nsi
MpPaHCNOPMHUKOB: ClagHble UMeHa
y4éHbIX-npenodasamened.
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B aBaHrapae TpaHcnopTHOro obpasoBaHus
U oTpacneBon Hayku Poccuu: K 125-netuto
Poccunckoro yHmsepcuTeTa TpaHcnopTa

Anekcent ®EQAKUH Cepreit MEQBEIEB
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AHHOTALINA

Cmambs nocsaweHa 125-nemuto co dHs ocHosaHus Poccud-
ckoeo yHusepcumema mpaHcnopma (MUNT), kpynHeliwezo
mpaHcnopmHo20 8y3a Poccuu. 3a 200b1 c80e20 CywecmeosaHus
8y3 npowien Nymb 0m UHXEHePHO20 y4unuwa 0o HayUOHasIbHO20
mpaHCNOpmMHO20 yHusepcumema, gedywe2o UeHmpa Hayku
U 06pa3osaHust.

Ucmopus yHugepcumema paccmMompeHa CKkgo3b npusmy
CMaHOBEHUS U Pa3sumust HayuHbIX WKor. B yHugepcumeme bbutu
€030aHb| U3BECMHbIE 80 8CEM MUDE Hay4HbIE WKOMbI: CMpoumerb-
HOU MexaHUKU U MOCMOCMmpOoeHus, eudpasnuyeckoli meopuu

https://doi.org/10.30932/1992-3252-2021-19-3-11.

AHxacracus TAHUEBOBA

Anexcei Braoumuposuu ®@edsxun', Cepzeii Braoumuposuu Medsedes’, Anacmacus Bnaoumuposna Tanyesosa®

123 Poccutickuil ynusepcumem mparncnopma, Mockea, Poccus.

MpeHUsi, MOCMOCMPOEHUS U C8APKU, CMPOUMEbHOU MeXaHUKU,
NpPoeKmMUpPOBaHUST U 3KCnTyamayuu xenesHbix dopoe, Npoekmu-
PO8aHUs U MensiosbIx pacyemos Napogo3os u dp.

3a 200b1 paboms! yHusepcumem nodzomosun MHozue
0eCsIMKU MbICSY 8bICOKOKBANUMUUUPOBAHHBIX Cneyuanucmos
01 mpaHcnopmHol ompacnu cmpakbl. BepHocms mpaduyusim,
YMEHUEe OMKITUKambCs Ha 3anpockl 8peMeHU U pabomamsb Ha
nepcnekmusy noseonsitom PocculickoMy yHusepcumemy
mpaxcnopma ocmasambcs 8 psidax eedywux yHu8epcuUmemos
Poccuu.

Kntouesbe criosa: Poccutickudi yHugepcumem mpaHcnopma, mpaHcnopmHasi Hayka, HaydHble WKOIbl, HayyHO-06pa3osameribHbie
UeHmpbI, mpaduyuu u Hogayuu, Nod2omoeka kadpos 0115 MPaHCNOPMHOU OMpPaciu.

[ns uumuposarus: ®edsikuH A. B., Medgedes C. B., TaHuegosa A. B. B agaHzapde mpaHcnopmHo20 0bpa3ogaHus u ompacnegol
Hayku Poccuu: k 125-nemuto Poccutickozo yHugepcumema mpaxcnopma // Mup mpaxcnopma. 2021. T. 19. Ne 3 (94). C. 104-113. DOI:

MonHbili mekcm cmambu Ha aHenulickom si3bike ny6ukyemcst 60 8mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

Poccuiickuil yHUBEpCUTET TpaHCHIOPTA —
YHHBEPCHUTET ¢ 00jiee YeM BEKOBOM MCTOpHEH.
3a 125 meT By3 mpomén myTh OT WHKEHEPHOTO
YYHJIAIIA 0 KPyHNHEHIIETo TPaHCIOPTHOI'O
yHHBepcuTeTa cTpaHbl. FOOuiei By3a — 3To emé
OJIFH TIOBOJI BCTIOMHHTE €TO HCTOPHIO, OIICHUTH
MIPOIILIOE, BO3/IATh JI0JDKHOE 3aCiIyraM ero Ipe-
oJjaBaTesiel U BBIITYCKHUKOB, OCMBICIIUTD TEKY-
mee pa3BUTHE, HAMETHTH TUTAHBI Ha OyyTee. 3a
MHUHYBILIHE TOJbl B YHHUBEPCUTETE OBLI CO3MaH
PAA HayYHBIX IIKOJI MEPOBOTO YPOBHSL, OIIpee-
JUBIIAX HATIPABIICHHUS Pa3BUTHSI TPAHCTIOPTHON
OTpAacIli ¥ HayKH B CTPaHe.

WMNEPATOPCKOE MOCKOBCKOE
WHXEHEPHOE YYUNULLIE: HAYANO NYTH

B xonue XIX Beka B Poccuiickoil uMniepuun
AKTHBHBIMH TEMITaMH IIUIO >KEJIE3HOIOPOKHOE
CTPOUTENBCTBO, CTPOMIIACH KPYTTHEHIIIAs JKeTIe3-
Hast jopora B Mupe — TpanccuOupckas Maru-
ctpass. OcTpo omIyIIanach HeXBaTKa MHKEHE-
POB, CHIEUATTMCTOB JKEJIE3HOIOPOXKHOT'O TPaHC-
nopra. Beran Bompoc 06 OTKpBITHH AT 3TOTO
HOBOTO OOJIBIIOTO y4EOHOTO 3aBEACHHS TPAHC-
MOPTHOM OTpPACIi, ClIOCOOHOTO perarh BO3HU-
Karomue 3ajnaqdu. Mueomorom o6pazoBaHus
MOCKOBCKOTO HH)KEHEPHOTO YUHIININA TI0 TIPaBy
CUMTAETCS BBIIAIOMIMICS y4EHBIN, TOBAPHIL
(3amecTuTeNh) MUHUCTpA MyTeH COOOINECHUS
Hukomna#t [TaBnosuu Iletpor (1836-1920).
NmenHo oH, Oynyun npexacenaresnem Pycckoro
TEXHUYECKOTO OO0INeCTBa, MPUIOKUI HEMAIIO
YCHIMHI JUTA pacIIMpEeHUs] TEXHHIECKOro o0pa-
3oBaHus B Poccuu [1, c. 246].

23 mas (4 mronst) 1896 rona 0110 yupexe-
HO MOCKOBCKOE HH)XEHEPHOE YUIIIHIIE C TPEX-
JIeTHEH porpamMmoii o0yuenus. Ha crnemyrommii
IeHb, 24 Masg y4YWIHNIIE MOJyYHI0O Ha3BaHUE
Hmneparopckoro MockoOBCKOTO HMHKEHEPHOTO
yummima (MMIY). B 1912 roxy no npeasnoxe-
HUIO y4eOHOTO oThena MuHHCTEepCTBa MyTel
co00IeHNnsT Hayall pa3padarbIBaThCsl MPOEKT
o npeobpazoBanuu Vmmeparopckoro MockoB-
CKOTO MHKEHEPHOT'O YUMJIMINA B UHCTUTYT. 3aKOH
Obu1 mognucan 13 wrons 1913 roma, u ¢ 1 ceH-
Ts10pst 1913 rona yuwmsnmiie 66110 TpeoOpa3oBaHO
B MOCKOBCKMII MHCTUTYT UHXEHEPOB IyTeH
coobmenns (MUUIIC). 27 nexadps 1913 roma
MUUIIC 6110 TPUCBOCHO UM MMIIEpaTOpa
Huxonas II.

Hcropust By3a Hepa3phIBHO CBsI3aHA C HCTO-
pueil CTpaHbl U C pa3BUTHEM TPaHCIIOPTHOM
Hayku. Ha Bcex mcTopudecknx sTamax XHU3Hb

By3a Obl;Ta MHOTOTpaHHa 1 HackinieHa. C MOMeH-
Ta CBOETO OCHOBAHUSI BY3 CTAJI HE TOJIBKO BEIY-
MM [EHTPOM BBICHIETO JKEJIE3HOAO0POKHOTO
00pa3oBaHMs1, HO U KPYITHBIM HayYHBIM LIEHTPOM.
3nech ObUIM CO3/IaHbl M3BECTHBIE BO BCEM MUpE
Hay4YHbI€ LIKOJIBI: CTPOUTEIHHON MEXaHUKH
u Moctoctpoenus (podeccop JI. 1. [Tpockypsi-
KOB), THPaBIMYECKOil Teopuu Tpenust (mpodec-
cop H. I1. TTeTpoB), MOCTOCTpOCHHS U CBapKU
(axamemuku E. O. Ilaron u I'. K. Esrpagosn),
cTpouTtenbHOI MexaHukH (podeccop U. I1. TTpo-
Ko(beB), TPOCKTHPOBAHNS M IKCIUTYaTAINH
Jkene3HbIX popor (akazemuk B. H. O6pasuos,
uieH-koppecnoHeHT Akagemun Hayk CCCP
b. H. BeneHnCoB), mpoeKTUPOBAHUS U TETLIOBBIX
pacuéroB mapoBo3oB (akagemuk C. I1. CeipomsiT-
HHUKOB), JMHAMHKH JIOKOMOTHBOB (4JICH-KOppe-
cnougientr AH CCCP U. U. Hukonaes, npodec-
cop B. b. Menens), Tsru moe3moB U TATOBBIX
pacuéroB (npodeccop A. M. babuukoB) u Jp.

IepBbie Hay4YHbBIE MIKOJIBI CTATH (HOPMHUPO-
BaThCSl B yUWIIHIIE €I C CO3MAaHHEM IIEPBBIX
kagenp u adoparopuit. Yxe 1 mapra 1898 roma
B IMIY ObLIH BRIACTICHEI CPE/ICTBA HA OpTaHU-
3allMI0 NEePBHIX JIA00PaTOPHUH: XMMHYECKOMH,
MEXaHUYECKOM, THApaBIMYecKor, pU3ndeckoi,
a TaKKe Ha CO3JJaHne Te0/Ie3NIECKOro KaOnHeTa
[2,c. 531].

[kosy CTpOUTENbHONH MEXaHUKU M MOCTO-
ctpoenus Bozriami mpodeccop JI. 1. TIpocky-
PSIKOB, CTOSIBILIMM Y OCHOB OTEUECTBEHHOM HAyKH
o mocrax. B Mmocroctpoenuu JI. 1. IIpockypsikos
co3/1aJ MPUHIWIHAIEHO HOBBIE THITBI MPOJET-
HBIX CTPOEHUH, CO CKBO3HOM CTaTUYECKH OIIpe-
JenuMon pemérkoil. JlaBp IMuTpreBUY npoex-
THPOBAJ CaMbIil JUIMHHBIN Oa0YHO-pa3pe3Hon
JKEJIe3HOJOPOKHBIH MocT B Poccum uepes
p. Enucelt, koTOpBIi cTan €TMHCTBEHHBIM HHXKE-
HEpHBIM coopyxeHneM TpaHccnba, yrocToeH-
Horo I'pan-nmpu u bonbmoit 3omotoi menamu
Bcemupnoii BeictaBku B [apmke (1900 rox).

JI. 1. TIpockypsikoB Hawai paborats B UMUY
C MOMEHTA €ro OTKDBITHS, ¢ HOstOpst 1896 1.,
B JIOJDKHOCTH MHCIIEKTOpPa (IIPOpEKTopa), 3aBe-
nyrorrero kagenpoit «CTpouTenpHas MEXaHUKA
u MocThI». B mepron 1897—1898 yuebnoro roma
B yUmJIHIIE ObLIa OTKPBITA MEXaHIYeCKas 1a00-
patopusi. E€ 6eccMEeHHBIM 3aBeAYIONIUM [0
1926 rona 601 ipodeccop JI. 1. TIpockypskoB.
B naGoparopuu pabotany MamIMHHBIN 3271, 1e-
MEHTHBIH 3aJ, MeTayiorpaduiecknii kKaOuHer,
XOJIOAWIIBHOE OT/AEJICHHEe, MeXaHu4ecKas Ma-
CTepcKasi, 1epeBo00IeIouHast MacTepcKast v ap.
C camoro ocHoBaHusI laboparopust OblIa 000py-

¢  MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 104—113

®depsiknH A. B., MeaBeges C. B., TaHLieBoBa A. B. B aBaHrapae TpaHCMOPTHOro o6pa3oBaHUA
1 oTpacneBon Hayku Poccun: k 125-neTnio POCCMNCKOro yHMBEPCUTETA TPaHCNopTa




JIOBaHA PSJIOM HCIBITATSILHBIX MAIUH U MPH-
6opoB: «maimuua Mopa u Deneprada, Ha
50 TOHH, IUIS UCIBITAHUS METAJUIOB, TPOCOB,
Lenei, peMHel Ha pacTshKeHue; mpecc Amciepa,
Ha 150 TOHH, [J1s KCCIIeIOBaHUS SABJICHUS U3 -
0a (MOMEepeyHOro W MPOJOJIBHOTO) U CIKATHS,
npecc Amciepa, Ha 25 ToHH u 190 kM, a5 u3-
YUCHUS SIBICHUHA PACTSDKCHHUSI U KPYUCHHUS Me-
TaJIoOB» U 1Ip. [2, ¢. 67].

B MexaHunueckoil 1abopatopuu MpoBOIH-
JIUCh 3aHATHUS CO CTYJICHTAMHU 110 UCCIICIOBAHUIO
A3 IMYHBIX CBOMCTB CTPOUTEIILHBIX MATCPHATIOB.
C 1898 roma JI. /1. IIpockypsKOB cTal 4UTaTh
Kypc «CTpouTeNibHasi MEXaHUKAY, TOJIOKUB TEM
CaMbIM Ha4yaJio METOMKH IIPETOaBaHus JaHHOH
nqucnuiuueel. [Tocne 1917 roma xype cran 4u-
TaThCs Ha BCEX HAMPABJICHUIX MOATOTOBKHU
B MH)KCHEPHBIX By3aX CTPaHBI.

C MOMEHTA OTKPBITHS Ja00paTOpUH MPOBO-
JIWTACH HAYYHBIC UCCIICIOBAHUS 110 ITPOOIeMaM
CTPOMTEIBHBIX MAaTEPUATIOB U CTPOHUTEIbHOMN
MeXaHUKH. Yke ¢ Hadana 1920-x rr. Mexanuye-
CKas J1abopaTopusi HHCTUTYTA BBICTPOMIIA TEC-
HBIE CBS3U C TPAHCIIOPTHOW OTPACIbIO CTPaHBI,
MPOMBIIIJICHHOCTBIO M IPOU3BOACTBOM. B 3TOT
MEepHOJl paclIupUIach U ¢€ HayYHO-UCCIe-
JtoBaTesibcKas 0asa, Oblia MpUCcOeInHEeHa J1a00-
paTtopusi CTPOUTEIBHBIX MaTepHaioB Beiciimx
texauueckux KypcoB HKIIC [2, c. 71]. B cepe-
nquHe 1920-x rr. mpu nabopatopuu ObUT CO31aH
Yuénbii coBeT. B 1927 rony MexaHnuueckas
nabopaTopusl MpeACTaBuia Pe3yJbTaThl CBOCH
paboThl Ha MexTyHapOAHOM KOHIPECCE 10 HC-
MBITAHUIO MaTepraioB B [ oytanum.

C 1901 roaa xadenpy «MoCTbD» BO3IIIABUI
Esrennit Ockaposuu [aron. [Ipopaborasumii B
UMWY no 1904 roga E. O. IlaTon, Bnociuen-
CTBHH aKaJCMHUK, MOJYYUIT MEKIYyHAPOIHOE
MPU3HAHUE KaK BBIIAIOIINIICS yUCHBIHA B 00J1aCTH
MOCTOCTPOCHUS U SJICKTPOCBAPKH, CTaJI CO3/1a-
TEJIeM UHCTUTYTA JICKTPOCBAPKH, TIOJTYYHBIIIC-
ro ero ums [3, c. 89]. ITocne 1917 roga nperno-
naBatend Kadeapsl «KMOCTB) OCYIIECTBISLIIN
Hay4HO-HCCIIE/IOBATENBCKYIO PA0OTY 110 CEKLIUSIM
MaTrepHasoB U KOHCTpykimid. Komiektus kade-
JIPbI U3yYall CONMPOTHBIICHHUE JepeBa CKaJIbIBa-
Huto (pykoBoautess — npodeccop E. JI. Huko-
JIan), a TAKXKE OTIPEIEIISLI MOTEPH Beca KAMEHHBIX
omop B Boje (pykoBoautels — npodeccop E. E.
I'epceBaHoB).

3HAUUTEIBHBIM JTOCTHIXKEHUEM B 00JiacTH
TEXHUYECKHUX HAyK cTaja pa3paboTka HaydHO
000CHOBaHHOH TEOPUU MPOCKTUPOBAHUSI JKEIIE3-
HOZIOPOXKHBIX CTaHIMH U y3108B [4, c. 92]. IIpo-
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¢unbHas kadenpa «CTaHIMU U y3JIBD) O] PY-
koBoncTBOM Ipodeccopa B. H. O6pasiioBa Obuia
coznana B MUMUIIC B 1919 rony. CoTpyaHuxu
Kadeapbl 3aHUMAITUCh TPAKTHYCCKUMH ACTICK-
TaMH MPOEKTHPOBAHHMS CTAHIIMI U Y3JIOB.

3A HOBbI/ BY3: MUUT

B 1924 rony pacnopsbxennem Hapkommpoca
PCOCP Ne 570 x MOCKOBCKOMY MHCTUTYTY
WHXKEHEPOB ITyTei COOOIIEHH s OBLIH ITPUCOETH-
HeHbl Bricmne Texanueckue Kypes! npu HKIIC
PC®OCP. O0benuuéHHOE BBICIIIEE yUeOHOE 3aBe-
JICHHE MOTy4YMII0 HauMeHoBaHue — MOCKOBCKHU
WHCTUTYT WHXXeHepoB TpaHcnopra (MUUT).
C aroro BpeMeHH y4eOHOE 3aBelCHHE CTajo
MHOT0(aKyJIbTETHBIM U BBIITyCKAJI0 HHXEHEPOB
Pa3IMYHBIX CIENUAIBHOCTEH IS JKEJIe3HO0-
POXHOTO, BOJHOTO U aBTOAOPOXKHOTO TpPaHC-
nopra.

B stom ke rogy B crenax MUNT Obuia co3-
naHa kadenpa «/3pIckaHHs ¥ TPOEKTUPOBAHKE
JKeJIe3HBIX J0pory. PykoBoautenem kadeapbr
6611 M30pan npodeccop K. A. Onenreiim, aBTop
NIEPBOTO B CTPAaHE YETHIPEXTOMHOIO yueOHUKa
10 KypCy HNPOEKTHPOBAHUS KEJIEC3HBIX OPOT.
Coznanue xadeapsl chirpaino 00JbLIYI0 POJb HE
TOJIBKO B JIEJI€ ITOJTOTOBKY MH)KEHEPHBIX KaJIpOB,
HO M B Pa3BUTHUU HAyYHOTO MPOEKTUPOBAHMUS
eJe3HbIx jopor. Ha kadenpe padoranu kpyn-
Hble yuéHble: mpodeccop A. B. ['opuHoB — pa3-
paboTaji TEOpHUIO OBJIAJIEHHS MEePEeBO3KAMH,
npodeccop b. H. Benenncos — paboran B 00-
JIACTH MPOEKTUPOBAHUSI IIJTaHA JKEJIE3HBIX JOPOT
[5,c. 95].

B 1920-e rr. B By3e mpopoikaia akTUBHO
pa3BUBAaThCS M HAYYHAs IIKOJIA MOCTOCTPOEHUSI.
Bonbioit Bkiiag B €€ pa3BuTHE BHEC aKaIeMUK
AH CCCP T. II. Ilepenepuii. OH npeaIoKuI
HOBYIO CHCTEMY IIPENOJaBaHusl, IPU KOTOPOH
MOCT M3Y4aJICsl KaK KOMIUIEKCHOE COOPYKEHHE.
BBenenue HOBOW IMPOrpecCUBHON METOAMKHU
MIPenoyiaBaHus Kypca MOCTOB CIIOCOOCTBOBAJIO
YTBEPXKIEHHUIO U HOBOTO METO/Ia IIPOESKTHPOBa-
HUSI, 4TO, B CBOIO OuY€pellb, SBUIOCh MOIIHBIM
CPEICTBOM BHEIpPEHHUs1 0ojiee paroHaIbHbIX
CHCTEM MOCTOB [5, c. 95].

[on pyxoBoactBom H. C. Crpenenkoro Obiiu
OpraHM30BaHbl MOCTOUCIIBITATEIbHBIE CTAHIINH,
KOTOpBIE MPUCTYIIIA K CUCTEMAaTHYECKOMY
H3YYEHHUIO CTATUYECKOTO W JIMHAMHYECKOTO
BO3ACUCTBHS Harpy3Kku Ha MocThl. B 1930-e rr.
B MOCTOCTPOEHHUH CTaJl IPUMEHATBCS KEee30-
6eToH. OHMM U3 NEPBBIX MHULIUATOPOB IIPHMe-
HEHHMs1 JAaHHOTO BHUJIa MaTepHaa B MOCTOCTPOe-
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Huu 0bu1 UMeHHO akanemMuk AH CCCP I I1. Ie-
penepuit.

B Hos16pe 1925 rona npu MUUNT 6611 OTKpBIT
Hay4YHO-HCCIIEJOBATEIIbCKII NHCTUTYT, OJJMH U3
nepBbix B crpane HUM mpu BeICIINX TeXHUYe-
CKHUX Y4eOHBIX 3aBEJCHUSX. 3a/la4aMH €To SIBJIs-
JIUCh HAay4YHO-UCCJEI0BaTENbCKIE PaOOTHI
B 00JIACTH TPAHCIIOPTA M MOATOTOBKA HAyYHBIX
KaJIpOB JIJIsI ’KEJIEe3HOIO0POXKHBIX By30B. Bo3ria-
B MHCTHTYT nipodeccop @. E. Makcumenko.
IIpu HUU Obuta OTKpBITA aclupaHTypa, 4To
crocoOcTBOBaJIO 00JIee MHTEHCUBHOM Hay4YHOU
paboTe B 00J1aCTH JKeNIe3HOJOPOKHON TEMATHKH.
C 1926 rona 8 MUUT B0300HOBMIN U3aHKE
HayYHBIX TPYJOB HHCTUTYTA.

Vxe k koHIy 1920-x r. MUUT cranoButcs
BEAYIIMM IIEHTPOM IOJTrOTOBKH WH)KEHEPHBIX
KaJpoB JUIS JKEJIEe3HOAOPOXKHOTO TPAHCIIOPTa
B cTpaHe. 3a nmepuoxa 1918-1927 rr. MUUT
noarotoBun 1553 umxkenepa, na 502 cneunanu-
cTa Oousiblle, YeM 3a JBa JOPEBOJIIOLMOHHBIX
necsitunerus [4].

B 1930-e rr. By3 ABIsUICS Ky3HHLIEH KaapoB
JUISL TPAHCIIOPTA U KPYITHBIM HayYHBIM [IEHTPOM.
B 1930 roay xadenpy «MoCTbl ¥ TOHHEIIH»
BO3MJIaBHJI 3aCITyKEHHBIH esITeNb HayKU U TeX-
nuku PCOCP npodeccop I'. K. Esrpados. [Ipu
€ro y4yacTuH ObUIM CO3/1aHbl Hay4YHBIE IIKOJBI,
MOJIYYMBIINE MHUPOBOE NPU3HAHUE: B 00IACTH
pacuy€ToB, NIPOEKTHPOBAaHUS M CTPOUTEIHCTBA
MOCTOB; B 00JIaCTH UCCIIEIOBAHUSI JKe1e300eTOH-
HBIX U METAJUNIMYEeCKUX MOCTOB [6, c. 75].
B 1931-1934 rr. oH pykoBomuiI paboTamu 1o
BBISIBJICHHIO HOBBIX THIIOB MOCTOBBIX KOHCTPYK-
LIWiA, U3y4EHHIO PaOOTHI MOCTOB I10]] HArPY3KO¥,
YCTAHOBJICHHIO HOPMAaTHBOB CTPOUTEIHCTBA
MOCTOB [6, ¢. 106].

[Iponomxkuia pa3BUBaThCs U LIKOJIA MOCTO-
crpoeHus. Yu€Hble Kadeapsl Belld TeOpeTHYE-
CKHE U JKCIEPUMEHTAIbHbIE HCCIEI0BAHUS
B 00JIACTH M3YyYEHUS] MOCTOBBIX KOHCTPYKLIUH.
B 1930-1932 rr. mo npoexTy BelmyckHuka MU-
UT umxenepa H. M. Konokonoa 0bu1 mocTpo-
€H JKeJIe3HOJOpPOXKHBIN MocT uepe3 JlHenp
B J[nenponetrpoBcke [6, c. 103—104]. B aToT e
MepUOoJl CTaJu CTPOUTH U INEepBble CBApHBIC
MOCTBI.

B 1932 rony co3nana nabopaTopus MEXaHH-
KH TPYHTOB, O1arofiapst KOTOpOH OBLTH YCIIEIIHO
paspeleHbl TEOpETHYECKUE MPOOIEMBI, a TAKKe
MIPaKTHYECKUE aCIIEKThI, KACAIOLHECS TIOCTPOHi-
KM MOIIHBIX THIPO3JIEKTPUUYECKUX CTAHIIHH
U MeTpomnoysuTeHOB. IlepBhIil 0TedeCTBEHHBIN
TOHHEJbHBIN MIUT OBLI CKOHCTPYHPOBAH IO/

pykoBoncTBoM porienta MUUT B. I1. Bonkosa
[7,c. 1]. Bknaa B pa3BUTHE TEOPUHU HHKEHEPHBIX
3a]1a4 B 00J1aCTH MEXaHUKH I'PYHTOB, OCHOBaHUM
COOpY)XeHHH U (pyHIaMEHTOB BHECIH Mpodec-
copa E. E. I'epceBanos u B. K. JIMmoxoBckui.

B 1934 rony npu kadenpax MHCTUTYTa ObLIN
CO3/IaHbI IIEPBbIE HAyYHBIE KPYIKKH, 00bEIUHEH-
HBI€ TI03/IHEE B CTYJIEHYECKOE HayyHOe 0o0Iie-
CTBO. JT0 OBLIO BpeMsi HauaJla pa3BUTHSI CTYACH-
yeckoil Hayku B MUUT. CtyneHTsl HHCTUTYTA
NPUHUMAJIN HEMOCPEJCTBEHHOE y4yacTHe
B cTpouTenscTBe MockoBckoro merpo. B 1933
rony Obutk cosnansbl (hakynsreT «MocTocTpoe-
HUe» W BBIIycKalomas kadeapa TOHHeIeH
U METPOIOJIMTEHOB, KOTOPbIE 3a JBa roja 10
IycKa TepBoil JIMHUK MeTpo B MockBe cranu
TOTOBUTH CIELMAIMCTOB JIJIs1 METPOTIONIUTEHA [ 8,
c. 35]. Iloa pykoBOJCTBOM MEPBBIX BBHIITYCKHUKOB
MUMUT B MockBse ObLJI0 COOpYKeHO 29 cTaHIMK
METpO.

Ha kadenpe «CraHimu 1 y37bD» IpOI0IDKa-
J¥ Hay4YHbIE HMCCJIEIOBAHHUS aKaJeMHUK
B. H. O6pasuos u npodeccop C. B. 3eMOn1HOB.
W3nanneii B 1933 rogy kanutaibHBIN Tpynd
B. H. O6pa3sioBa «Kene3HOTOpOXKHBIE CTaH-
LMW CTaJl HAYYHOH OCHOBOM JJISl LIEJION cepun
YueOHHKOB 10 qucHUIUIHE « CTaHIIMKU U Y3JIbD»:
yacthb [ — 1935 rox (aBropel — B. H. O6pasiios,
B. . Hukutun, C. II. By3anos), gacts II —
1938 rox (aBropst — B. H. O6pasmos, B. /1. Hu-
kutuH, M. B. CenbskoBckuii, H. P. FOmienko)
u uacth I — 1949 rox (aBropsr — B. H. O6pas-
uoB, B. JI. Hukutun, ®. U. Ulaynsckuii,
C.II. By3anoB) [9]. Ha kadeape maructpanbHOi
TEMOI1 HCCIIeIOBaHUH SIBISIIOCH KIIPOEKTHPOBA-
HHE, TeXHOJIOTHsI (D)YHKIIMOHUPOBAHHS U OITH-
Mu3anus paboThl TPAHCHOPTHBIX CHCTEM.
B 1938 rony moxn pykosojcteom B. H. O6pa3siio-
Ba Obula OCHOBaHa Hay4Has mkojia «[Ipoektu-
poBaHME, TEXHOJOTHUS (GYHKIHMOHUPOBAHUS
U onTUMHU3anuUsl paboThl TPAHCIIOPTHBIX CHUC-
tem». B 1939 rony npu kadeape Oblia co3nana
Cekuust 1o Hay4yHoO# paspaboTke mpodiem
tparcnoptra AH CCCP nox pykoBOACTBOM aka-
nemuka B. H. O6pasmnosa. bonbmio#t Bkian
B Pa3BUTHE HAYKH O CTAHLIMSAX BHECIIN YUCHUKU
akanemuka B. H. O6pa3uoBa — qokTopa TeXHH-
yeckux Hayk, npodeccopa C. II. By3aHos,
®. U. llaynbckuii, MOArOTOBUBILUE 0OJbIIOE
YHCJIO JOKTOPOB M KAaHIHMJATOB TEXHHYECKUX
HayK. YCIIEIIHO TPETBOPSUIN B )KU3Hb MJEU Ha-
yuHOH 1Koibl OOpasioBa yxe UX yUYeHUKH —
JIOKTOopa TexHu4yeckux Hayk B. A. Illapos,
A. T. OcbmunuH, b. b. XKapnemos u np. [10].
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AKTHBHO BEJIMCh HAyYHBIE HCCIIEIOBAHUS
n Ha kadeape «IlyTb ¥ myTeBOE XO3SIHCTBO»
(c 1920 no 1930 rr. Ha3bIBanack «PenbCcoBbIi
nyTe», B 1930 rogy nepenmenoBana B «OKemnes-
HOZOPOXKHBIN ITyTh», ¢ 1950 roga — «I1yTb 1 my-
TeBOE x03sicTBOY). [Ipodeccopa H. T. Murtto-
muH, K. H. Mumenko, b. H. Bengenucos,
I M. lllaxyHsiHII 3aHUMAJIMCh UCCIIEOBAHUEM
yCJIOBUU paboOTHl IMYTH MpHU OOJBIIMX Becax
1 BBICOKUX CKOPOCTSIX JIBH)KCHUS; IPUMEHCHUEM
0eCCTBIKOBOTO ITyTH U JUIMHHBIX PEJIbCOB; pac-
4yéTaMy 3€MJISIHOTO I10J10THA.

C nauanom Benukoii OTedyecTBEHHOM BOWHBI
u3 npenojasaresei kagenpsl «KenesHogopox-
HBII yTh» ObUIA COCTaBJIeHA IpyIIa, KOTopas
paboraina npu LleHTpansHOM ynpaBlieHUH Ty TH
HKIIC u otBeuana 3a co3laHue MPOEKTOB MO
BOCCTAHOBJICHUIO Pa3pylIeHHBIX MOCTOB. [Ipo-
tdeccop W. H. [Monukaprios ObUT HallpaBicH Ha
3anaHbIil PPOHT, IIe paboTas Hajl BO3BSICHUEM
pa3pyLICHHBIX HEMEKUMH BOWCKaMHU MOCTOB.
C 1942 no 1943 rox oH 3aHUMAaN JAOKHOCTH
CcTapuiero dKcrepra no Mocram B [J1aBHOM
yIpaBlIeHUH BOECHHO-BOCCTAHOBHTEJILHBIX pa-
60T. OH NPEIIOKII MPOSKTHl METAJUTMIECKUX
MHOTOPELIETYAThIX (epM C IOSICAMH U3 JIBYTaB-
POB, KOTOpBIE B JaJbHEHILIEM CTAJIN UCIIOJIb30-
BaThCs IpU BoccTaHOBIEHUH MOCTOB. C 1941 o
1942 rox nouent A. M. TlomepaniieB ObUT KO-
MaH/IMPOBaH B TOJIOBHOM BOCCTaHOBUTEIbHBIN
otpsin Ne 8 3amagHoro ¢ponTa, 3aTeM padborain
B MPOEKTHOI rpymmne ciyXObl MyTH 3arajaHon
JKEJIE3HOM JIOPOTH, TIe 3aHUMAJICS TIPOEKTHPO-
BaHMEM KaIllUTAILHOTO BOCCTAHOBJICHUSI MOCTOB
JKEeJIe3HOM JOPOTH.

B 1941 roay Obuia co3gaHa KOMHUCCHS IO
MOOMIM3aNMK pecypcoB Ypana u 3anmagHoit
Cubupu, B cOCTaB KOTOPOW BOLIEN U aKaJeMHUK
B. H. O6pa3uos. [Tog pykoBoacTBom Bagumu-
pa HukonaeBuya ObL1 BeIpabOTaH €AMHBIIN TeX-
HOJIOTHUECKHI ITpoliecc paboThl TpaHCIIOpTa Ha
MOABE3HBIX IIYTAX 000POHHOW POMBIIILIEHHO-
CTH, 4TO CZEJIaJ0 yCTOHUMBOIl paboTy 3aBOJOB
11 xene3ubix qopor. Akamemuk OOpasioB 3aHHU-
MaJicsl TaKXKe Tpo0IeMoll TOBBIIEHHS 00bEMa
TPAHCIIOPTUPOBKH TPYy30B IMPU MUHUMAIIBHBIX
(mHaHCOBBIX BiIoXKeHHAX. OH NPUIIENT K BEIBOLY,
YTO KMCIOJIb30BaHHUE CIBOCHHBIX 1037108, (op-
MHPOBaHHUE ITAaKETHOTO JIBIKECHUSI, yMEHbIIICHHE
BPEMEHH 110 CKPEIMBAHHIO [T0€3/]0B Ha CTaHIH-
SIX, YMEHBILIEHUE ITPOCTOS ITOE3J0B Ha IPOMEXKY-
TOYHBIX ITYHKTaX IyTEM BBIHOCA YKE3JIOBBIX aIl-
1apaToB Ha BXOJHBIE MOCTHI B COBOKYITHOCTHU
MOT'YT CIIOCOOCTBOBATH ITOBBILICHHIO 00BEMOB
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nepeBo3ok. YkasoMm IIpesuanyma BepxoBHoro
Cogrera CCCP ot 30 utons 1949 r. mpodheccopa
MUUNT axanemuk B. H. O0pasiioB u uieH-Kop-
pecnionnent Akanemuu Hayk CCCP b. H. Bene-
HUCOB ObLIN HarpakieHb! opaeHoM Jlenuna [11,
c. 1].

C 1941 no 1943 rox npodeccop MUUT
A. B. l'opuHoB siBisisics pykoBoauTeseM Beeco-
F03HOTO HAYyYHO-UCCIIEA0BATEILCKOTO HHCTUTYTa
JKEJIe3HOIOPO’KHOTO TPAHCIOPTa, Ha KOTOPBI
BO3JIarajiach 3ajiadya IoJrOTOBKH Ba)KHEHIIUX
HAYYHBIX MPOCKTOB, CBSI3aHHBIX C 0OOPOHHBIM
KOMILIEKCOM. B pemenun 3aja4 no oocnenosa-
HUIO MOCTOB HE TOJIKO BHOBB TOCTPOEHHBIX BO
BpeMsi BOWHBI, HO U BOCCTAaHOBJIEHHBIX MOCJIE
paspylieHus IpuHUMaI ydactue npodeccop
I'. K. Eerpados. On ObL1 Ha3HAYEH OCTOSHHBIM
KOHCYJIBTAaHTOM BO Bcecor3HOM HayuHO-
HCCIIeI0BAaTEIbCKOM HHCTUTYTE XKEIEe3HOJOPOXK-
HOTO TpaHCIopTa Mo pa3paboTke MPOEKTOB
BOCCTAHOBJICHHSI MOCTOB.

B roast Benukoit OTedecTBEeHHON BOWHBI
Hay4YHO-TIelarornyeckuii cocras kadeapsi «Ila-
POBO3BD», BO IVIaBe C €€ 3aBEIyIOIUM, aKaIeMH-
koM C. I1. ChIpOMSITHHKOBBIM, pa3padaTbiBal
METOJMKH YBEJIMYEHUS! SIKOHOMUYHOCTH Iapo-
B030B. AKasieMUK ChIPOMSTHUKOB CO3/1aJ1 HOBBIi
napoBo3 1-5-0, mpoBEN KOMILJIEKCHYIO MOJEp-
HHU3AIUI0 MapoBO30B cepuil «O» u «O», 4To
MTO3BOJIMJIO COKPATUTh PacXoj TOIUIMBA Ha Ke-
JIE3HBIX JIoporax crpausl [12, c. 54].

Ion pyxoBoacTBom npodeccopos H. T. Mu-
TrommHa u I. M. laxyHsHIa myTeNIsl BHECIN
3HaYUTEJbHBIA BKJIaJ, momoras pabOTHHKaM
JIMHUM T10 YBEJIMYEHUIO POIYCKHO# criocoOHO-
CTH, OPTaHU3alIMHU COJECPIKAHUS U PEMOHTY Iy TH
B CJIOKHBIX YCJIOBUSIX BOGHHOT0 BpemeHH. [1po-
¢eccop I1. C. lypHOBO pa3paboTas U BHEIPHUI
BO3MOXKHOCTh MPOBEJEHHS PEMOHTHBIX padoT
CTPEJIOYHBIX IIEPEBOIOB HAILJIABKOW KPECTOBHH.

C 1945 rona 8 MUUT HaunHaIOT OpraHu3zo-
BBIBaThCSl JONOJIHUTENBHbBIE JIA00OPATOPHU — Ha-
yuHas esTeIbHOCTh HHCTUTYTa MEPEXOAUT Ha
HOBBIW YPOBEHb, YBEIIMUMBAETCS HE TOJIBKO KO-
JIMYECTBO, HO ¥ 3HAYMMOCTh Hay4YHBIX UCCIIEIO-
BaHUH.

26 nexadbpst 1946 roma MUUT B uecthb cBOCTO
50-neTHs MOIYYHII BBICIIYIO TOCYAAPCTBEHHYIO
Harpany — opzeH Jlenuna.

B 1946 rony B cocraB MUUT 6buia nepena-
Ha MOCTOHUCIBITATENIbHAS CTAHIHS, KOTOPYIO
peoOpa3oBaii B MOCTOUCIIBITATENBHYIO J1a00-
paroputo. Ha e€ 6a3e Bena Hay4yHbIE HCCIIEIOBa-
Hust Kadenpa MocToB. Pabora ocyecTsisiiach
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10 JIBYM HaIpaBJICHUsIM: B 00JacTd COOpPHBIX
XKeJe300€TOHHBIX MOCTOB MPEUMYILIECTBEHHO
MIpEeBaPUTENBHO-HANPSHKEHHBIX U B 00JIACTH
NPUMEHEHHUs CBapkU B MOCTOCTPOEHHUH [5,
c. 110].

B 1947 rony npu HHCTHTYTE OBLIO OPraHu-
30BAaHO CTYIEHYECKOE HAyYHO-TEXHHUUYECKOe
o6miecTBo. Hay4HBIM pyKOBOJHUTEIIEM €TI0 CTAl
JnokTop TexHuueckux Hayk B. J[. Hukurun [13,
c. 12]. 3a mepBoe mocaeBOEHHOE JECATUIIETHE
Ha Kadeapax HHCTUTYTAa ObLIH BBITOJHEHBI 253
Hay4HO-HCCIIEJI0BaTeNbCKUE PaboThl. Pesyib-
TaThl UCCIENOBAHUN OBIIM HAIpPaBJIEHBI
B ynpasieHuss MUHUCTEpPCTBA IyTel coolIe-
Hus CCCP.

C 1946 nmo 1957 roxg npenopaBaTensiMu
MUMUT 6but u3nan 61 yueOHUK, OImyOIMKOBaHO
420 crareii, OTAEIBHBIX KHUT U MOHOTpaduii.
Y4eOHUKN HCIOIB30BAINCH ISl TOATOTOBKH
kajgpoB B Kuraiickoit Haponuoii Pecny0muke
U BOCTOYHOEBpOIIEHCKUX cTpaHax. HayuHsle
TPy/bI JOKTOPOB TEXHUYECKUX HayK, Ipodecco-
poB A. M. babuukosa, B. H. iBanosa, B. I'. Kup-
kuHa, H. I1. 306uuna, A. H. Eropoga, I. I1. I'pu-
neBuua, B. JI. Hukutuna, C. I1. by3anoga,
C. K. Jlanunona, E. B. Muxansuesa, ®. I1. Kou-
HeBa, H. A. lllagpuna, A. B. T'opuHoBa,
I M. Illaxynsaua, B. I' AnsOpexrta u apyrux
nonyuunun Hay4dHoe npusHanue B CCCP [5,
c. 99-100].

B nocneBoeHHbII eprosl B MHCTUTYTE aK-
THBHO Pa3BUBAJINCh HAYyYHBIE HCCIIEJOBaHUSA
B 00JIACTH BaroHOB M BaroHHOTO XO3SHCTBa.
HayunpiM xosutektuBoM Kadenpsl «Baronsn»
OBLTH IIPOBE/ICHBI UCCIIEA0BAHUS TEJIEKEK Baro-
HOB C IE€JIbI0 COKpAIleHUs UX Beca (JOIEHT
JI. A. Illagyp), xpeOTOBO#1 OasiKu BaroHa (JIOICHT
B. M. YepHsliier), B 001acTH OpraHU3aIdu
BaroHHoro xo3siictea (norent B. JI. bexrepes)
[5, c. 97].

Co BpemeHeM 00JIbII0e 3HAYCHUE B HAYYHO-
HCCJICIOBATEILCKON pab0Te MHCTUTYTA MPHUOO-
peTajy BOIPOCHL, CBS3aHHbIE C IIUPOKHUM Iepe-
XOJIOM JKEJIEe3HOAOPOXKHOr0 TpaHCIopTa Ha
anekTpudeckyro Tiary. C nenpro yBeIH4eHHUS
9KOHOMHUYECKOH 3 PeKTHBHOCTH AeKTpHrprKa-
LUK JKEeJIE3HBIX Jgopor B 1947 roxy Obuia co3na-
Ha J1abopaTopusi SHEPrOCHAOKEHUS JKENE3HBIX
nopor. B 1948 rony Ha kadenpe «nekrpudeckas
TATa», KoTopas ¢ 1930 roxa roroBmiia 3IeKTpo-
(UKaTOPOB I HKEJIE3HOJOPOXKHOI'O TPaHC-
rnopra, Obljla OpraHW30BaHa MEPeIBHIKHAS UC-
creioBaresbekas laboparopus «JlnHamomerpu-
YEeCKUil BaroH».

B 1956 roay B By3e ObL1a OCHOBaHA Hay4YHAs
nIKoja «DJIEeKTPOTEXHUYECKUE KOMIIIEKCHI
U CHCTEMBI», KOTOpasi pa3BHUBajiach B JIBYX Ha-
npapieHusx. Ilox pyKoBOACTBOM JOKTOpa TeX-
HUYECKHX HaykK, npodeccopa, 3aciyKeHHOTO
nesitenst Hayku 1 Texuuku PCOCP U. I1. Ucae-
Ba (pyH/IaMEHTaIIbHO N3YYaJIHCh SHEPIeTHYECKHEe
IpoLecChl B3aUMOJEHCTBUS MOABUKHOIO CO-
CTaBa U IIyTH, oOecriedeHre HaI&KHOCTH, ONITH-
MH3ALHs CUCTEMBI IJIAHOBO-TIPEAYIPEIUTETbHBIX
pemonToB. Ilon pykoBoxcTBOM npodeccopa
K. I. MapkBapara pa3pabaTbIBajuCh U COBEp-
IIEHCTBOBAJIMCH CHUCTEMBI, TEXHUYECKHE Cpell-
CTBa, METOJIbI MOBBILICHUsI HAJAEKHOCTH U -
(hEKTUBHOCTH YCTPOMCTB DJIEKTPOCHAOKEHUS
JIEKTPUUECKOH TSTH, BHEJPEHHS] KOMIUIEKCHOM
ABTOMATHU3alUU YCTPOUCTB JJIEKTPOCHAOKEHHUS
1 3JIEKTPO3HEPTeTUKU. Y UEHble HHCTUTYTa BHEC-
J1 Ba)KHBIE NMPEMJIOKEHUS MO YBEITUYECHUIO
9KOHOMHYECKOU 3(P(PEKTUBHOCTU CUCTEMBI
3EKTPUUYECKOM TATH Ha OCTOSHHOM ToKe [14].

B 1950-x rT. cpopmupoBaach HayqHasi IIKO-
n1a «DKOHOMHYECKasl TEOpHsI TPAHCIIOPTA, ONTH-
MU3aLus YIpaBIeHHs MaTepUaIbHBIMU OTOKA-
MU U 3aTparami». bonbIioil Bkiasa B €€ CTaHOB-
JIeHue U pa3BuUTHEe BHecau yuéHele MUUT,
npodeccopa E. J[. Xanykos, A. C. Uynos,
A. K. llly6uukos, E. B. Muxanbues u 1p. Hosas
Hay4Has LIKoJIa pa3padoTaia cXxeMaTHYeCcKoe
U3JI0KEHUEe HOPMAJIbHBIX HalpaBJIeHUH Ipy30-
MOTOKOB. YU€HBIMU OBbLIM HPENOCTaBICHBI UC-
YepIbIBAIOIINE PEKOMEHAALNH 0 YIyUIIeHHIO
HE TOJIBKO >KEJIE€3HOIOPOKHOM TpaHCIOPTHOI
CHCTEMBI CTPaHBI, HO U APYTHX OTpacien 3KOHO-
MUKH. [IpesioxkeHns aBTOpOB ObUTH BKIIFOYEHBI
B KoHuenmuio cTpykrypHOH pedopMbl Ha Ke-
JIE3HOZOPOKHOM TPAHCIIOPTE.

B 1955 ronry MUUT Bo3miaBun 3aciysxeH-
HBIH gesTerb Hayku u TexHuku PCOCP, mpodec-
cop @. I1. KouneB, KOTOpBIif pyKOBOAWI HHCTHU-
TYTOM 4eTBEePTh BeKa. M3BeCTHBIH y4&HBIN
B 00JIaCTH OpPraHU3aLUH MMACCAKUPCKUX U T'PY-
30BBIX IepeBo3ok, ®. II. KouneB ocHoBan
B MUUT HaydHyIO HIKOJY IO OpTaHU3aLUH
MACCaXKUPCKUX MEPEBO30K Ha JKEJIE3HOIOPOXK-
HOM TpaHcnopte. HayuHas 1mixoja 3aHuManach
pa3paboTKOil 1 BHEIPEHHEM HOBBIX BHJIOB TSITH,
TSKEJIOBECHBIX MOE370B, Pa3BUTHEM INPOIMYCK-
HOHW M TIPOBO3HOM CIIOCOOHOCTH KEJIE3HBIX JI0-
por. Bniepsrie B CCCP 6butn pazpaboTaHbl Ha-
YUHbIE IPUHIHITBI OPTaHU3aLUH TACCAKUPCKUX
MIePEBO30K, KaCarOLIHECst BRIOOpa palliOHAIILHON
CKOPOCTH JBMXEHMS IMACCaXKUPCKUX MOE30B
Y ONITUMHU3AIMU UX Beca [14].
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B 3TOT mepro B MHCTHTYTE MpENoaBajy
¥ BEJW Hay4yHYIO pabOTy KPyIHBIE COBETCKHE
yuéHbIe, B TOM 4HCIIe YeThIpe akageMuka u 130
JIOKTOPOB W KaHAUAaToB Hayk [15]. Cpenu HUX —
3aCIIy)KCHHBIC NEATENN HAYKH M TEXHHKH
PCOCP, noxropa TeXHHYECKIX HayK, mpodec-
copa I M. llaxyusuu, A. E. lllelinun,
A. M. bprutees [16]. B 1966 . 3a ycriexu B Ha-
YYHO-UCCIEI0BATENbCKOM U KOHCTPYKTOPCKOM
pabote xomutektuB MUNT ObuT HarpakaEH TH-
miomoM B/IHX CCCP nepgotii crenienn [17].

B 1960-€ IT. B HHCTHTYTE CO3/1aBaINCh HOBBIC
Hay4HbIe IEeHTPHI 1 aboparopun. B 1963 roxy
Ha kadenpe «MaremaTudeckue u CUETHO-
pemaroniye mpuoops! U yCTPOHCTBAY (BIOCIENI-
ctBuM Kadeapa DBM) Obla oprann3oBaHa ja-
6oparopust « BerauciuTensHbIe 1 yIpaBIIsIoONe
MAaIlMHbI», B TEUCHHUE JEBSTH JICT SBIISBIIASCS
Beraucnurensusiv ieatpom MUNT. B mabopa-
Topusx Kadeaps! «JIOKOMOTHBBI U TOKOMOTHB-
HOE XO35HCTBO» (PYKOBOAHMTENb — Tpogheccop
B. . Ky3pmu), «Hané&XHOCTh CTPOUTEIBEHBIX
Mammey (pykoBoguTenb — npodeccop I C. 3a-
TOPCKHI{) OBUIM CO3JaHbl YHUKAJIbHBIC aBTOMA-
THU3UPOBAHHBIE U3MEPHUTEIHHO-BEIIHCIUTEIBHBIC
1 YTIPaBIISIONINE KOMIUICKCHI Ha 0a3e yIpaBIIsio-
mmx OBM «CM-1634». K cepenune 1970-x r.
BBIYMCIUTEIbHAS TEXHUKA Pa3HOTO YPOBHS
MIPOYHO BOILIA B HAYYHO-HCCIIEJOBATEIbCKYIO
u yuebHyto nesrensHocte MUUT [2, c. 180-
182].

B 1960-1970-¢ rr. Beqymeit 8 CCCP crana
HayyHas mkora MUUT B obmact AMHAMUKA
TSATOBOTO TMPHBOJA KOJIECHO-PEILCOBOTO TPAHC-
MopTa, KOTOPYIO BO3MIIABISAI Hpodeccop
U. B. bupiokoB. OH 0CHOBAJI ¥ BO3IJIABIII Hay4-

Hyt0 Jlaboparopuio « MoneTMpoBaHuUs JHHAMUKH
SNIEKTPOTIOIBIKHOTO COCTaBay, a mo3nHee — Ha-
YYHO-TEXHHYECKHH neHTp «CKOpOCTHOH mo-
JBHXKHOM coctaB» npu MUNT.

B 1970-¢ IT. B HHCTUTYTE IMPOKOE Pa3BUTHE
TIOJTYYWIIO CTYAEHUECKOE HAYTHOE TBOPYECTBO.
B crynenueckom HayunoMm obmiectse (CHO),
paboraromem enté ¢ 1934 roga, mMpoko BeNnCh
Hay4YHbIE MCCIIEOBAHMS CTYIEHTOB. 3a YCHEXH
B HayYHO-HCCIIEJOBATEIILCKOH W KOHCTPYKTOP-
CKOM paboTe CTyAeHTOB MHCTUTYT HEOAHOKPATHO
Harpaxzaaics qumuiomamu B/JIHX nepsoit cre-
TIeHW, a CTyIeHTH — Menmanmsmu [18; 19]. Tlo
ntoram Bcecoro3Horo cmorpa-koHKypca B 00-
JIaCTH HAyYHO-HCCIEAOBATEIbCKONH pPaboThI
ctyneHToB B 1972—-1973 ronry MUUT 3ansn
MIEPBOE MECTO TI0 TPYIIE TEXHUIECKHX BY30B
n ObuT HarpaxaéH nmepexoasmuM KpacHbeiM
3ramenemM MB u CCO CCCP u LK BJIKCM
[17]. 3a ycmexu, TOCTUTHYTHIE B OpTraHU3aAN
Hay4YHO-HCCIIE0BATENECKOH PA0OTHI CTYAECHTOB,
Coger nmo HUPC MUHT 6s11 ynocroen [Touét-
soro qumioma MB u CCO CCCP, a psia cotpyn-
HUKOB — MOYETHBIX TUILTOMOB [20].

K cBoemy 80-netHemy robmnero MUUT
moAroToBua 70 THICAY CNEIUANHCTOB IS
TpPaHCIIOPTa W APYTHX OTpacieil HapOJHOTO
xo3saiicTBa. K 1976 rogy B MHCTHTYTE MOATO-
TOBKOW WMHXXEHEPOB 3aHMMANUCh 59 kademp
n 1130 npenonasareneii. [To utoram Bceeco-
I03HOTO COIMAINCTHYECKOTO COPEBHOBAHUS 32
MOBBIIIEHNE 3P PEKTUBHOCTH HMPOU3BOJCTBA
1 KayecTBa pabOTHI, YCIICIIHOE BBHITIOJHEHHE
HapOIHOXO03SHCTBEHHOTO MaHa B 1976, 1977
n 1978 rogax By3 Harpaxaajcs NepexoIsInM
KpacusiM 3HAMEHEM.
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B 1970-e rr. 8 MUUT npu xadenpe «IKoHO-
MHKa H yTIpaBJIeHUE Ha TPaHCIIOPTe» ObLIN CO3/1a-
HBI Hay4HBIE [IEHTPBI, 3aHUMAIOLIHECS TEXHUKO-
9KOHOMHUYECKHMH HCCIICIOBAHUSIMU Ha TPaHC-
nopte: «IleHTp HHPOPMAIIHOHHBIX TEXHOIOTUI
B 9KOHOMHUKE U (PHHAHCAX», OTpaciieBas jadopa-
TOpHS «ABTOMaTU3UPOBAaHHbIE CUCTEMBI YIIpaB-
JICHUsI MaTepHaIbHO-TEXHUIECKIM 00eCIIeueH -
em». K 1976 rogy HaydHO-HCCIeN0BaTENbCKUN
cextop MUUT BrIpoc B KpYNHBIM Hay4dHO-
HccieoBaTeIbCKUid HHCTUTYT, KOTOPBIH paspa-
OarpiBan q0 500 Hay4yHBIX TEM W MMeN O0OUIMH
00BEM paboT, ToCTHTAIOIINI 5 MITH pyOel B rox
[21,c. 4].

B ator nepuon Ha kadeape «DueprocHadxe-
HUE DJIEKTPUUYECKUX JKEJIE3HBIX JI0POI» BEIUCH
HCCIIeJOBaHUsI B 00JIACTH HOBOTO MEPCIEKTHB-
HOTO BHUJA KEJIE3HOJOPOXKHOTO TPaHCIOPTA:
Ha3eMHOr0 OeCKOJIECHOT0, BHICOKOCKOPOCTHOTO,
Ha MarautHoM noasece (BCHT), koTopsrit goi-
JKEeH ObUI pa3BUBaTh CKOPOCTh B 350—500 km/u.
B sTux paborax akTUBHOE y4acTHe IPUHUMAIH
npodeccopa K. I. Mapksapar u A. B. Unuuna-
n3e [22]. Ha kadenpe «ABTOMaruka u TeieMe-
XaHHKay J1abopaTopueii « ABTOMaTH3UPOBAHHOTO
YIIpaBJICHHUS IBUKEHHS IT0€3/10BY BEJACh HAyYHAst
pabora Ha Temy «Pa3paboTka cuctemsbl Tele-
YIIPaBIICHUSI SIEKTPOBO30M CIBOCHHBIX U TSDKE-
JoBeCHBIX moe3noB s BAM» [23]. Hayunsrit
KOJUIEKTHB Kadeapbl «DJeKTpudeckas Tsra»
TaKoKe yIesl 0olblioe BHUMaHHe paboTaM 1o
CO3JIaHHIO TIO/IBMYKHOTO COCTaBa, Pe3yJbTaThl
Hay4HbBIX HCCJIEI0BAHUH HCIIOJIb30BAIUCH TPOEK-
TUPOBIIMKAMU M 3aBOJIaMU-U3TOTOBUTEISIMH
MOJABHKHOTO cocTaBa ISl HYy»XJ baiikano-
AMYpCKOI MarucTpamy.

25 oxts10ps 1988 rona na 6aze MUNT 6b110
YUPEXKIEHO YueOHO-MeToAnYecKoe 00beuHe-
Hue (YMO), pykoBoAHUTENIEM KOTOPOTo ObLI
HasHauyeH pekrop MUNT, npodeccop B. I. Uno-
3eMIiieB. 3a 0OJbImION BKJIax B yudeOHO-
MeToH4YeCcKyto padoTy B 1992 rony npukazom
KomuTtera mo Beicuiei mkoie MUUT Obin
TIPU3HAH 0a30BBIM By30M Y 4eOHO-METOMYECKOTO
o0wvenuHeHus By30B Poccuiickoit denepariu no
00pa3oBaHHIO B O0JIACTH KEJIE3HOJOPOXKHOTO
TPaHCIOPTa M TPAHCIIOPTHOTO CTPOUTEIHCTBA.

YuuThIBass Ba)KHOCTh HOATOTOBKH BBICOKO-
KBIM(UIMPOBAHHBIX KaJPOB JJIsI )KEJIE3HOIO0-
poxHoro TpaHcmnopra, npukazom MIIC ot
26 siuBapst 1989 rona Ha 0a3e TOKTOpAHTYpHI
u acnupantypsl MUUT Obu1 coznan OtpacieBoid
LEHTP MOJATOTOBKH HAay4YHO-TIEJAaroruuecKux
W Hay4dHBIX KajpoB. [lepBbIM pykoBoguTEIEM

LEeHTpa ObUI Ha3Ha4YeH AOKTOP TEXHHYECKHX
Hayk, npodeccop b. A. JI€sun. OtpacneBoit
LEHTP CTall KOOPJAUHUPOBAThH JIEATEIBHOCTD
By30B 1 HUU xene3HomopoKHOTO TpaHCIopTa
T10 BOIIPOCaM MOATOTOBKH KaJJpOB BBICILIEH KBa-
nmudukanmu. [Tpu rieHTpe ObUT CO3/1aH MOCTOSH-
HO JICHCTBYIOIUI CEMUHAP 3aBEYIOIINX acIH-
pantypamu By30B 1 HUM TpancnoptHo# oTpac-
.

C 1985 ronma pexropom MUUT 6bu1 Ha3HAUCH
B. I'. Ino3emiieB, BeIAarONIIUiicS yIEHbIH B ce-
pe KeJIe3HOOPOKHOTO TPAHCIIOPTA, YIEH-KOP-
pecnonaeHT PAH. CoBmectHo ¢ OAO «Tpanc-
Mmam» 1 pupmoit «Knopp-bpemze» (I'epmanust)
OH paszpabotan Topmo3Hyw cuctemy 483KE,
KOTOpasi COOTBETCTBOBAIA CTaHAAPTAM POCCHI-
CKHUX U €BPOIEHCKHX KeJe3HbIX Jopor. JlanHas
cucrema nojiy4dmia ceprudukar MexayHapos-
HOT'O COI03a JKeJIE3HBIX JIOpPOTr U OblIa pa3perie-
Ha K MCIOJIb30BaHHIO HA BCEX JKEJIE3HBIX JI0PO-
rax. JlearensHocth B. I. IHO3eMIIeBa Ha OCTY
pexropa MUUT no3Bonuia nepexuTh HHCTUTY-
Ty CJIOKHBIE BpeMeHa MEePEeCTPOMKHU U paciaja
CCCP, on Bozmasisii By3 10 1997 rona [24].

K cronernemy rob6unero MUUT cran kys-
HULEeH KBaJIM(UIUPOBAHHBIX KaJIpOB IS Cy-
XOIYTHBIX U BOJHBIX NyTel coobieHuit Poc-
cuu. B 1eHpb roOnies MHCTUTYTa YHUBEPCUTET-
ckas raseta «/HxeHep TpaHCIOpPTay Mucana:
«...3a CBOIO OYTH BeKOBYI0 uctoputo MUNUT
noaroroBums 6osnee 100 ThICAY MHKCHEPOB
U MH)XEHEPOB-DKOHOMHUCTOB JUJISl KEJIE3HO0-
POXHOT'O TPaHCIOPTa, TPAHCIOPTA U TPaAHC-
MIOPTHOT'O CTPOUTEIBLCTBA. B cocTaBe yHUBEp-
cutera 60 kadenp, cpenu KOTOPHIX — CTapei-
mue: «MocTb», «CTpOUTENbHbIE KOHCTPYK-
uuny, «CrpoutenpHas MexaHuka», «IlyTe
U IyTEeBOE X035HCTBOY, « ' MApaBIKKa U BOIO-
cHaOxenue» u apyrue. MUUT kpynHbiii Ha-
YYHO-HCCIIEIOBATENbCKUN LIEHTP...» [25, ¢. 1].

B 1997 rory MUUT Bo3rmnaBui AOKTOp TeX-
HUUYECKUX Hayk, npodeccop b. A. JI€sun. On
cran ocHoBareneM B MUUWT HayuyHOW HIKOMBI
«OpraHu3zaliys Nporu3BoJICTBA HA TPAHCIIOPTEY,
OCHOBHBIMH HAIPaBJIEHUSIMU HCCIEAOBAHUN
KOTOPOI SIBJISIIOTCS: 3aKOHOMEPHOCTH U (haKTOPBI
KOMIIJIEKCHOTO pa3BUTHS MaTEpPHUANIbHO-
TEXHUYECKOW Oa3bl MArHCTPAILHOTO, TOPOJICKO-
IO U IPUTOPOTHOTO TpaHCIopTa U T. 1. [ 14].

B rox 110-netrero roouies MUNT nonyywn
no3npasnenue Ipesunenra Poccuiickoit dene-
pauuu B. B. ITytuna. B no3npaButensHol Teme-
rpaMMe OTMEYasoCh: «3a MPOLIeIINe JeCITU-
netuss MUUT nporuén Oonbiioil U clIaBHBIN
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MyTh, CTAJl OJIHUM W3 NPHU3HAHHBIX JIUJEPOB
OTEYECTBEHHOTO BBICIIETO TEXHHUYECKOTO 00pa-
30BaHMs. YHHBEPCUTET IO TpaBy MOXET Top-
JUThCS CBOMM mpodeccopcKo-npenoaa-
BaTeJIbCKMM KOPITyCOM, MHOTMMH ITOKOJICHUSIMU
BBIITYCKHHKOB, KOTOPHIE BHECITH BECOMBIH BKJIa]T
B pa3BUTHE OTEUYECTBEHHOTO TPAaHCIOPTHOTO
KOMIUIEKCA, POCCHMCKOW 3KOHOMHUKH B LIEJIOM.
OTpaiHo, 4TO U CErofHsl BEPHOCTH 3aMevaTelb-
HBIM TPaAMLHSIM, CTPEMJICHUE UATH B HOTY CO
BpEMEHEM U paboTaTh Ha MEPCIIEKTHBRY IIOMOTa-
I0T BallleMy By3y OCTaBaThCsl HACTOSIIIEH Ky3HH-
el BBICOKOKBaTM(UIIMPOBAHHBIX CIIELHAATIH-
cToB» [26].

B 2009 roxy B MUUT 6t coznan HayuHo-
UCCIIeIOBATENbCKUH MHCTUTYT TPaHCIIOPTa
U TPAHCIIOPTHOTO CTPOUTENHCTBA. L{enbro HoBOIt
CTPYKTYPBI CTaJIO NPOABHKEHHE U TMOJJIEPIKKa
Hay4YHO-UCCJIEJI0BATELCKUX TPOEKTOB, BBIIOJ-
HSIEMBIX TIPENOJIaBaTeNsIMU U CTyACHTaMU WH-
CTHUTYTA.

B nexabpe 2015 rona dexnepanbpHoe areHT-
CTBO KEJIE3HOIOPOKHOTO TPAHCIOPTa M3AAJI0
MPHUKa3 O IEpEeUMEHOBaHHUH By3a B «MOCKOBCKHI
rOCYJapCTBEHHBII YHUBEPCHUTET ITyTei cooOie-
Hus umneparopa Hukomnas II». YHuepcurety
OBLIO BO3BPAILIEHO €TI0 HCTOPUUECKOE HAa3BAHUE.

B 2016 rony yHuBepcHUTET BCTpedal CBOM
120-neTHUIA F0OMITEH, SBIISACH 0a30BBIM IIEHTPOM
Hay4HOT'O COIPOBOK/ICHUSI Pa3BUTHUS TPAHCIIOPT-
Horo koMIuiekca Poccuu. 3a Gosiee uem BeKOBOU
MIEPUOJ] CBOET0 CYIIECTBOBAHUS YHUBEPCUTET
MOJTOTOBUII OKOJIO 650 ThICSY BRICOKOKBATH(DHU-
LMPOBAHHBIX CHELMATUCTOB C BBICIIUM U Cpe[-
HUM Npo(eCCHOHAIBHBIM 00pa3oBaHueEM, Jal
CTapT Pa3BUTHIO JECATKA KPYIHBIX HAy4HBIX
KO B c(hepe TpaHCIIOpTHOW HaykH [12, c. 56].
By3 mony4un U MexayHapoJHOe NMpU3HaHUE,
B 2016 rojy 3a 3HAUMTENBHBIN BKJIa/1 B pa3BUTHE
JKEJIE3HOJIOPOXKHOTO TPaHCIIopTa MOHronmMy ObLt
HarpaxxaéH opaeHoM [lonspHoit 3Be3abl.

POCCUMCKUIA YHUBEPCUTET TPAHCIMOPTA
27 nrons 2017 rona MuUHHCTEPCTBO TpaHC-
nopta Poccuiickoii denepanuu omyOIuKOBaIO
pacnopsbxenue «O0 yTBepkIeHUH ycTaBa (ee-
PaJIbHOTO TOCYJapCTBEHHOTO OFOMKETHOTO 00-
pa30BaresIbHOTO YUPEeXICHUS BBICILIETO 00pa30-
BaHusl «PoccUiCKUN YHUBEPCUTET TPaHCIIOpTa
(MUUT)», B COOTBETCTBHH C KOTOPHIM MOCKOB-
CKHIl roCyapCTBEHHBI YHUBEPCHUTET IyTeil
coo6enust umenn Hukomnas 11 Obu1 nepermeHo-
BaH B «Poccuiickuii yHUBEpCUTET TPAHCIIOPTAY.
O co3naHuu yHHUBEpCUTETa HOBOTO THIIA Ha Oa3e
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MMWMUT, nucan B cratbe «Kakum Oyner Poccuii-
CKUIl TPaHCHOPTHBIN YHHBEPCUTET)» ITUPEKTOP
AJZIMUHHCTpPATUBHOTO AenapraMmenTa MuHTpaH-
ca K. A. ITamxkoB: «B Poccun envHCTBEHHBIN
By3 — MUUT — coxpaHu BCio y4eOHYIO L[e110Y-
Ky OT IIKOJIBI 0 aKaJeMHHU MOCIEIUIIIOMHOTO
oOpazoBanusl.., co3aanue PYT na 6aze MUUT —
9TO UCTOPUYECKH OOYCIIOBICHHOE U ITPAaBHIbHOE
pelleHue: y Hac HeT By3a ¢ 0oJiee CHIIbHOI Ha-
y4HOU 0a30i, HayYHBIMH LIKOJAMH, WH(pa-
cTpykTypoit» [27 c. 9]. B ¢espane 2017 roma
Komnnerus MunucrepctBa Tpancnopta Poccuii-
ckoif deaeparyl NpuHsIIa pEIICHUE O CO3aHUH
Ha 6aze MUUT coBpeMeHHOTO HaydHO-
00pa3oBareabHOro 1eHTpa — Poccuiickoro yHu-
BepcuteTa TpaHcnopra [28]. Poccuiickuit ynu-
BEPCUTET TPAHCIIOPTA CTaJ KPYIHEHIITM OTpac-
JIEBBIM YHHBEPCUTETOM CTPaHbI, KOTOPBIH OCY-
LIECTBIISIET Ka/IpOBOE 00ECHeYeHUe U Hay4dHOe
COITPOBOXKAEHHE PA3BUTHS TPAHCIIOPTHOI! OTpac-
11 Poccun.

B 2017 rogy yHuBepcHUTET cTal JaypeaToM
MexnyHapoaHOH TPaHCIOPTHOM IpeMuH «30J10-
Tas KOJIECHUIIAa» B HOMHUHAIMK «JlOCTHXKEHUS
B 00J1aCTH TPAHCIIOPTHOW HAayKH 1 00pa30BaHU».
B 2018 roxy yHuUBEpCUTET OCYIIECTBIISIT HAYYHO-
TEXHUYECKOe COTPYAHHYECTBO co 172 By3zamu-
napTHépamMu M opraHuzanusaMu u3 49 crpaH
W BIEpBbIe ObUT BKIIIOUYEH B MEKAYHApPOIHBIN
PEHTHHT: perMOHATBHBIN PEUTHHT pa3BUBAIOLIUX-
csi crpan EBponbt u Lentpanbsroit A3uu QS World
University Rankings. B ampene 2018 roxa yHu-
BEPCHUTET BOIIEN B YKCIIO By30B, KOTOPBIE IOTY-
YHIJIM TIPABO pa3padaThIBaTh U yTBEPXKIAaTh CAMO-
CTOSITEJIBHO MOJITOTOBJIEHHBIE 00pa30BaTelIbHbIC
CTaH/IaPTHI 110 BCEM YPOBHSIM BBICIIEr0 00pa3o-
Banus. B cenrsiope 2019 rona Poccuiickuit yHu-
BEPCHUTET TPAHCIOPTa ObLI BKIIIOYEH B CIMCOK
1200 my4mmx By30B MHpa IO BepcHH MOCKOB-
CKOTO MEXIyHapOIHOIO peHTHHIa BY30B «Tpu
MHCCHH YHUBEPCHUTETa» B MUHTEPBAJIbHYIO TPYIIITY
10011100 B MUPOBOM pEUTHHTE M B UHTEPBAJIb-
Hyio rpynmy 48—58 cpeau poccuiickux BY30B.
B 2019 roxny By3 mosy4us aBTOHOMHBIN cTaryc.
B Hacrosiiee BpeMsi YHHUBEPCUTET BBICTYIIAET
NepeJOBBIM MEXTPAHCHOPTHBIM M OOIIeTpaHC-
MOPTHBIM HAyYHO-00pa30BaTEIbHBIM IIEHTPOM.
B creHax y4eGHOTO 3aBeieHusI (PYHKIIMOHUPYIOT
24 HayuHbBIE IIKOJIbI; MHTEIEKTyallbHasl CO0-
CTBEHHOCTh Poccuiickoro yHuBepcUTETa TPaHC-
1opTa npeacTasieHa 62 AeWCTBYIONIMMHU NaTeH-
tamu Poccuiickoit @eneparun [29].

Pexrop Poccuiickoro yHUBepcUTETa TpaHC-
mopta A. A. KnuMoB, BeIcTymas Ha 3aceIaHUuU
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npesuanyma Coro3a peKTOpOB C IOKIAI0M, I10-
CBSIIIEHHBIM IMEPCIIEKTUBAM Pa3BUTHS TPAHC-
MOPTHOTO0 00Pa30BaHMS, OTMETHII OCHOBHBIE
HaInpaBlieHHUsI HayuyHOH M 00pa3oBaTelbHOM
JeSITEIbHOCTH BY3a: «...TPAHCIOPT M TpPaHC-
TIOPTHOE CTPOUTEIIBCTBO, JIOTUCTHKA, IIU(POBHIE
TEXHOJIOTHH, SKOHOMHUKA TPAHCIIOPTA, HHTEILIEK-
TyaJIbHbIE CUCTEMBI, BHICOKOCKOPOCTHOE JIBUKE-
HUE, TPaHCIOpPTHasi 0E30MaCHOCTh U MHOTOE
apyroe... Mbl — eIMHCTBEHHBIH OOIIETpaHC-
MIOPTHBIA By3 B CTpaHe, U Ha HAC BO3JIOKEHA
3ajja4ya KOOpAMHALIMK IIPOTPaMM Pa3BUTHS BCEeH
OTpaciii TPaHCIIOPTHOTO 0Opa3oBanus» [30].

3a 125 netr Poccuiickuii yHUBEPCHUTET TpaHC-
TIOpPTa MOrOTOBHII MHOTHUE JIECSTKHU THICSY BBICO-
KOKBaJIH(QUIIUPOBAHHBIX CIELHAINCTOB IS
TpPaHCIIOPTHOW OTpacIi CTpaHsl. BepHOCTh Tpaau-
LIMSIM, YMEHHE OTKIIMKAThCsl Ha BESIHUS BPEMEHH
U paboTarh Ha MEPCIEKTUBY TMO3BOJLIIOT Poccuii-
CKOMY YHUBEPCHUTETY TPAHCIOPTa OCTaBaThCs
B psiax BeLyIIUX yHHBepcuTeToB Poccun.
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AHHOTALNA

B 2021 200y Poccutickomy yHusepcumemy mpaHcnopma
(ucmopuyecku uzsecmHomy kak MUUT — Mockosckuti uHcmumym
UHXeHepog mpaHcnopma) ucnonHsemces 125 nem. Kagpedpa
«Bblicwas Mamemamuka» cywecmeayem ¢ MOMEHMa 3apoXAeHust
YHUsepcumema u umeem 6o2amyio UCMOPUI.

Cmonb 3HameHamenbHas 0ama no38osisem KOCHyMbCA He-
KOMOPpb X Hauboee 8aXHbIX C MOYKU 3DEHUST a8MOpPO8 MOMEHMO8
UcmopUU 3M020 POCCULiCKO20 8bicuie2o y4ebHo20 3aéedeHus, a

Mup Tparcriopra, 2021. T. 19. Ne 3 (94). C. 114-122

Mexay maTteMaTUKON, Xene3Hou 4Oporoun
W NMTEPaTypom...

Onv2a Anexc 1T A
Jluous Bauecnasosna Iyzuna®

-2 Poccutickuil ynusepcumem mpancnopma, Mockea,
Poccus.
04 ! platonova_o_a@mail.ru.

makxe 8CNOMHUMb UMEHa HEKOMOPBIX yYEHbIX-MamemMamuKoe,
npogheccopos yHueepcumema, OessmesnibHOCMb KOMOPbIX, HECO-
MHEHHO, N08NUSINA Kak Ha ypP0BEeHb NOO20MOBKU OMEYECMBEHHbIX
UHXEHEPOB-Xene3HoOO0POXHUKO8, Mak U Ha 8bICOKUL cmamyc
camo20 yyebHo20 3a8edeHus.

Hapsidy ¢ amum nodyépkugaemes ucmopudeckasi npeem-
CMBEHHOCMb UEHHOCMU MameMamuyecKux 3HaHull O11st CeX NOKO-
nieHull cmyOeHmos-mpaHcNOPMHUKOS, 8 MOM Yucse U 6yOyuux.

Kntoyesbie cnosa: Poccutickuli yHusepcumem mpaHcnopma, Ucmopusi mpaHcnopma, Mamemamuka, mpaHcnopm, ebidaouuecs
Mamemamuku, ebicwee obpasogaHue, bonecnas Mnodseesckudl, EneHa Bermuens, AHamonuti Mbiwkuc, ®pudpux Kapnenesuy.

[ns yumuposanrus: [Mnamoxosa O. A., lNyeuHa J1. B. Mexdy mamemamukod, xenesHol dopoeoli u numepamypod... // Mup
mpaHcnopma. 2021. T. 19. Ne 3 (94). C. 114-122. DOI: https://doi.org/10.30932/1992-3252-2021-19-3-12.

MonHb1li mekcm cmambu Ha aH2nulICKOM si3bIke ny6uKyemcs 0 emopoll yacmu daHHO20 8bInycka.
The full text of the article in English is published in the second part of the issue.
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CO30AHWE YHUBEPCUTETA U POIb
MATEMATUYECKUX HAYK

B 1895 roxy Ha ogHOM M3 3acemaHuit Mu-
HHCTepCTBa IyTel coobmeHnuss Poccum OBLT
TIOJHST BOIIPOC 00 OTKPHITHH B MOCKBE MHIKE-
HEpHOTO y4eOHOTOo 3aBeeHNs. B 3TOT MOMeHT
B CTpaHE OB €IUHCTBEHHBIH, CYIIECTBOBAB-
mmit ¢ 1809 roga By3, B KOTOPOM TOTOBHIIHCH
BBICOKOKBAIM(pUIIMPOBAHHBIC CIICIHAINCTHI-
myteinsl — [lerepOyprekuit UHCTHTYT KOpITyca
WH)XEHEpPOB myTei coobmenus. Heobxomm-
MOCTbH OTKPBITHSI HOBOTO Y4E€OHOTO 3aBEICHHS
ObUTa IPOAWKTOBAHA CTPEMUTEIBHBIM POCTOM
B koHIle XIX Beka 0TeYeCTBEHHON MPOMBIII-
JICHHOCTH, Pa3BUTHEM CETH KEJIE3HBIX JOPOT
1 ’KEJIE3HOJOPOJKHOTO TPAHCIIOPTA, CTPOUTEIh-
CTBOM KPYITHBIX JKEJIC3HOAOPOXKHBIX MarucTpa-
Jen.

Muunuuaropom cozganusi MoCKOBCKOTO MH-
KEHEPHOTO YUMIIHIIA BEAOMCTBA ITyTeH c000-
meHuss O0v1 Hukomai IlaBmoBuu Iletpos
(1836-1920), 3aamMaBmIAA B TO BpEeMs MOCT
TOBapuIla MHHHCTPAa M KypHUPOBaBLIMIl Bce
y4eOHbIE 3aBEACHU, HHXXCHEp M0 00pa3oBa-
HUIO, BBIIIYCKHUK KaJeTCKoro kopmyca n WUn-
KCHEPHOW aKaJeMHIH. XOTeIOCh ObI OTMETHTH,
yto H. II. IleTpoB y4yacTBOBaJ B COCTaBIECHUU
[omoxxenns u YcraBa HOBOTO y4eOHOTO 3aBe-
IeHMs, a Takke B pa3padboTke [Iporpammer 00-
Y4YeHUs B HEM.

Hmneparopckoe MOCKOBCKOE WH)KEHEPHOE
yumuie (MMIWNY) co3gaBanock mo o6pasiy
Royal Indian Engineering College (Cooper’s
Hill), BermryckaBmiero B AHIJIMH 110 yCKOPEHHOH
MporpaMMe TEXHHYECKHX CHEIHAINCTOB IS
cyx0s1 B Uuannu. Ho yxe 1907 rogy B Yun-
nutmIe OBUT yBENTWYEeH CPOK OOYUSHUS U PaCIIIy-
PEH Kypc TEOPETHIECKOH MOATOTOBKH CTY/ACH-
TOB, a K 1912 rony 6marogaps mraty mpodec-
COpOB, TPYAUBIIHXCS B CTEHAX yYHIHWIIA,
mporpaMMbl 00ydeHHs OBUTH PacIIUpEeHBI 10
YPOBHSI, KOTOPBIII COOTBETCTBOBAN 00pa3oBa-
TenpHOMY cTaHfapty IleTepOyprckoro HHCTH-
TyTa WHXXCHEPOB myTeil coobmenns. [locmen-
HUH, B CBOIO 04Yepelb, OBII CO3aH 10 00pasiy
3HAMEHHUTOH (panIry3ckoil [TomuTexHmaeckoi
IIKOJIBI ¥ UMEJ CTAaTyC BOEGHHOTO y4eOHOTO
3aBeneHUA. U Takxke, Kak BO (PppaHIIy3CKOH
[HonmuTeXHUYECKOU IIKOIIe, BO TIaBy 00ydeHUs
B HEM OBUTH TTOJIOKEHBI MATEMATHYECKHE HAYKH.

Ilo ypoBHIO TEOpETUYECKUX 3HAHUN UHXKeE-
HEPBI-ITy TEHIIBI ABISUINCH CAMBIMHU 00pa30BaH-
HBIMH JIIOIEMU B Poccum, 9TO CBHIETENBECTBYET
0 BBICOKHX TPEOOBAHUAX, MPEABABIIEMBIX

Bonecnae Koprenuesuy Mnodseeeckuii (1858-1923).

K TEOPETUIECKUM 3HAHUSIM M O XOpPOIIEH Io-
CTaHOBKE TIPETIOIaBaHNA B HEM.

B 1913 rogy UMWY 6511 npeobpazoBan
B MOCKOBCKMII MHCTUTYT MHXEHEPOB TpPaHC-
mnopTa.

MpbI He cTaBUM CBO€H II€IbI0 BCIIOMHHUTH
BCEX AesATeNci MPOCBENICHHS, TPYAUBIINXCS
B TPAHCIIOPTHOM BY3€ C MOMEHTA €T0 OTKPBITHS
U 0 HBIHEIIHEro BpeMeHHU. B pamkax stoi
CTaThU 3TO CAEJIaTh HEBO3MOXHO. IToaTomy
OCTAHOBHMCS Ha JIEATEILHOCTH MpPENoaaBaTe-
JIell MaTeMaTUKH, YYEHBIX C MUPOBBIM HMEHEM,
KOTOPBIE B Pa3HOE BPEMs TPYAHMINCH B CTEHAX
YHHUBEPCHTETA.

BOJECINAB MITIOA3EEBCKUN

Hauate xoTenoch ObI ¢ BOCIIOMHUHAHHUH
o bonecnase Kopnenuesnue MnoazeeBckoM —
MEepBOM 3aBeAyromeM Kadenpol MaTeMaTHKH
B MH)XEHEpHOM YUMIIHILE.

b. K. Mnon3zeeBckuii poawicsi B Mockse
10 utons (28 wroHs 110 cTapomy cTiio) 1858 ro-
Jla B ceMbe mpodeccopa YaCTHOU MAaTOIOTUU
u Tepanun MockoBckoro yHuBepcuteta Kop-
Henus SIkoBrmeBnda MitonzeeBckoro (1818—
1865). [Tocme cmepTH 0TI OONBITYIO TOIACPK-
Ky ¥ TIOMOIIIb B BOCTIUTAHUH JI€TEH — CEMIIIET-
Hero bonecnaBa m matunerHero BukeHTus
(TIo3mHEe CTaBIIETO W3BECTHBIM MEIMKOM) HX
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Marepu Anenanie BukenteeBHe okazan e€ Opar,
WU3BECTHBIN akaJeMUK xuBonucu, Kupumn Bu-
KeHTbeBHY JIeMoxX.

bonecnas MnonzeeBckuil okoH4HI MOCKOB-
ckuil ynusepcureT B 1883 roxy, a yxe B 1885 ro-
JIy OH CTAHOBHUTCS NIPUBAT-IOIIEHTOM YHHUBEp-
cuTera.

B 1887 rony B «YuénbIx 3amuckax MocCKoB-
CKOTO YHHUBEPCHUTETa» OBUIO OMyOIMKOBAHO €TO
TIepBOE HayYHOE MCCIICIOBAHUE — MarucTepcKas
muccepranus «VccnenoBanus o6 u3rubaHun
roBepxHocTeii». B 3T0it paboTe moMumMo BeIBO-
Jla 001IIeTo ypaBHEHNS N3THOaHNs — YpaBHEHHS
BTOPOTO TOPSJIKA, JMHEHHOTO OTHOCHUTEIBHO
BTOPBIX IPOM3BOJHBIX OT MCKOMOW (pyHKIMH
W UX JMCKPUMHHAHTA — M3JIAaraeTcsl TEOPHs
muddepeHnraIbHbIX HHBAPUAHTOB KBaIpaTHI-
HBIX GopM. Teopus 3Ta Gomee moxpodbHO ObIIa
HCCIIeIOBaHA U M3JI0KEHA B JIOKTOPCKOM JTHC-
cepramun «O MHOT00Opa3usiX MHOTHX U3Mepe-
HUI», OIyONNKOBaHHON B « YUEHBIX 3alHMCKax
MocxkoBckoro yHusepcuteTa» B 1889 roxy.

Kornma B 1896 rony B MockBe OTKpBIIOCH
WNuxenepHoe yuunuine, NpUHAAIESKAIIEE Be-
JIOMCTBY ITyTel coobmenus, bomecnas Kopae-
TueBUY MIIoA3eeBCKU JOOMIICS ITpaBa BO3IIIa-
BHUTH B HEM Kadeapy MaTreMaTuku (3aMeTHM,
uyTO Ha 50 IpenoAaBaTeNbCKUX MECT IPETEHI0-
BaJto okouto 250 yenosek). bonecnas Kopuenne-

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 114-122

BUY CO CBOMCTBEHHOW €My YBIE€UEHHOCTHIO
aKTHUBHO BKJIIOUMJIICS B padoTy B Yumimmie. Ero
yBIEKIa 3Ta paboTa emé U MOTOMY, YTO IS
HETo 3TO OBLI COBEPIIICHHO HOBEIH OMBIT. Benp
o0 3TOoro MoMeHTa boneciaBy Koprenepuay
MPUXOAMIOCH 00ydJaTh JINITH OYAYIINX YIHTE-
JIell MaTeMaTHKU TMMHAa3Ui U peanabHbIX y4H-
JUII (KOTOPBIX TOTAA TOTOBWIIA YHUBEPCUTETHI).
[Ipu HemocpencTBeHHoM yuactuu bonecna-
Ba KopHenueBn4a OBUIM CO3JaHBI IEPBEIC
yueOHBIC IJIaHBl IO MaTeMaTHKE M IEPBEIC
MPOTPAMMEI T€X MAaTEMAaTHYCCKUX KypCOB, IO
KOTOPBEIM 00Yy9alTUCh MHKECHEPHI-ITY TCHITHI.
bonecnas Kopuenuesuy MioazeeBckuit
paboran 8 UMUNY mo 1913 rona. 3a 3t 17 ner
paboTHI Y4EHOMY YIAJIOCh IPOABUHYThCS BIEPET
HE TOJBKO B CBOMX HAYUYHBIX HCCIICIOBAHMUSIX,
KOTOpBIC OBLIH CBSI3aHBI C H3YYCHHUEM TIPUKIIAJI-
HBIX HHXXCHEPHBIX MPOOJIEM, HO ¥ B TEOPETHYC-
CKuX Bompocax. EctecTBeHHO, O0NBIIOC BHIMA-
HUE YICTSIIOCHh TeOMETPUICCKUM TUCTIATUTIHAM.
Crnemyer OTMETUTB, YTO TI0 YIeOHUKAM IO aHa-
JMUTAYECKON TEOMETPHH, HATUCAHHBIM TIpodec-
COpOM, VYMIIHCH Kak OyIyIIue WHKEHEPHI, TaK
¥ MaTeMaTUKU-TCOPETHKH.
Pa3HOCTOPOHHOCTH MHTEPECOB, MHUPOTA
¥ TIyOWHA 3HAHWUN W U3AOIHOCTH M3JIOKCHUS
HayYHBIX H3BICKAaHUU — KauyecTBa, KOTOPHIMHU
Bceneno 01 Hamenén b. K. Mitoa3eeBckwid,
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1 OJaronapsi KOTOPBHIM €ro UMsI HaBCer/ia BOLLIO
B UCTOPUIO OTEYECTBEHHOW HAayKH.

HoBbIM BuioM 00pa3zoBaTesibHON JesITeNb-
HOCTH B TO BpPEMSI CTAHOBHUTCS NPOBEICHHE
crnienikypcoB. Umenno bonecnaB MioazeeBckuii
B 1900-x rogax mepBsIM HOATOTOBUII U IIPOYHU-
tan crneukypc — «Kype teopun QpyHkimii neii-
CTBHUTEJBHOrO NepeMeHHOTO» U «Teopus
MHOXecTB». [lo3/1Hee 3TH HampaBIeHUs Mare-
MaTHKH CTaJId BEyIIUMH B MUPOBOW Marema-
tuueckoil Hayke. IIpodeccop sBisics Takxe
OpTaHMU3aTOPOM CEMHMHapa Mo MaTeMaTHKe,
B KOTOPOM HpPUHUMAJU y4acTHUE HE TOJIBKO
CTYICHTHI, HO U NpenojaBaTenau. 3acelaHus
TaKMX CEMHUHAPOB ObLIA HOBOW (hopMoii opra-
HU3auK y4€0bl U CaMOCTOSITEILHON PaboThI
crynentoB. [lo3nHee takas gopma HaydHOU
paboTHI CTYIEHTOB HCIONb30Bajach 1 B Mo-
CKOBCKOM YHHUBEPCHUTETE, a CO BpEMEHEM cTaja
LIUPOKO PACTIPOCTPAHEHHOMN.

Hayunsle uarepecsr b. K. Mnoazeesckoro
CBSI3aHBI B OCHOBHOM ¢ Ju(depeHnnanbHou
reomeTrpueit. bonee nonosuns! u3 40 ero Hayu-
HBIX paboT, KOTOpbIEe OBLIM ONMYyOJMKOBAaHBI
B Pa3JIMUHBIX U3AaHUSIX TOTO BPEMEHH, CBSI3aHbI
C reOMeTpHel, B YaCTHOCTH C BOIIPOCAMH HUC-
ClIeIoBaHMs U3ruOaHus MOBEPXHOCTEH.

VYxon u3 MOCKOBCKOTO YHHUBEPCHUTETA
B 1913 roay, usBectHbie coObiTus 1914—
1917 rozmoB TspKeno OTpa3UIMCh Ha TyIIEBHOM
u ¢usnueckoM coctosinuu bonecnasa Kophe-
nueBnya, a 1918-1919 roas! mpuHecan HOBbIE
CJIOKHOCTH, CBSI3aHHBIE C 0OJIE3HBIO JKEHBI.

OcHoBarenb MareMaTH4E€CKON LIKOJIBI
MUUNT, TanaHTANBBINA yYEHBINA U T€aror CKOH-
yancs 18 saBaps 1923 roga Ha 65 roxy *KHU3HU.
[Toxoponen on Ha HoBoxeBuubem kianowuiie
B Mockge. CoracHO MOCTAaHOBIEHUIO NPaBU-
tenbcTBa PCOCP, Mmoruna b. K. MioazeeBcko-
TO SIBJISICTCS TAMSITHUKOM HCTOPHU M apXUTEK-

TYPBHI.

ENNEHA BEHTLENDb

W3 ucropun oredecTBEHHON HAyKH U CTa-
HOBJICHHUS BBICIIEH IIKOJIBI H3BECTHO, YTO KEH-
muHaM B Poccun B Teuenne scero XIX u naya-
na XX Beka IOJy4YHuTh BbICIIEEe 00pa3oBaHueE,
3aHUMAaThCS MPENOAABATEeIbCKON J1eATEeNbHO-
CTbI0, HAYYHBIMH U3bICKAHUSIMH OBLIO JOBOJIb-
HO cioxHo. [loaToMy HaMm xouercs B 3TOH
CTaThe BCIIOMHUTH KEHUIUHY-MaTeMaTHKa
Eneny CepreeBny BeHtuens, umsa KoTopoit
C TOPJOCTHIO BIMCAHO B HCTOPHUIO HAIIIETO YHU-
BEpCHUTETA.

EneHa CepzeesHa Benmuens (1907-2002).

Enena CepreesHa BenTtuens pomgunacek
21 mapra 1907 rona B Perene (upine TayumuaH).
Eé orens — Cepreit d€noposnu JlonruHies — Obu
nperojiaBarejeM mMareMaTtuku, a Marb Oibra
JmutpreBHa paboTaiia yuuTeIbHULICH B Ha4aIb-
Hoii mikosie. B 1923 rony Enena CepreeBna mo-
CTynuiIa Ha (PU3MKO-MaTeMaTHYeCKUi (haKyybTeT
[TeTporpaackoro yHusepcurera. B To Bpems
3aeck npenofgasanu [ M. @uxrenronsiy, b. H. Jle-
noune, H. H. I'epret, A. M. XKypagsckuii; . M. Bu-
HOT'PAzIoB ObLI €€ Hay4YHBIM PYKOBOIUTEIIEM.

B 1929 rony ona momyunia yHUBEPCUTET-
CKMH JIMIUIOM MareMaruka C IpaBoM Iperoja-
BaHMsI B CPEHEN U BBICIIEH IIKOJIE U ITOCTYIIH-
na Ha paboty B «OcTex0opo», OTKyna BCKOpe
nepeta padborars B BoeHHyI0 akaiemMuio.

B 1935 rony Enena CepreeBHa nepeexana
BMECTE C MYyXeM (IperogaBaresieM ApTuiie-
puiickoii akagemuu J{. A. Bernrienem, Oyayimm
KPYIHEHIIMM CHENHAINCTOM B TEOPUH apTHII-
JIepUiiCKOii cTpenabObl, aBTOPOM yU4EeOHUKOB I10
6ammuctrke) B MockBy. 3nech eé npodeccro-
HaJIbHasl IesITeIIbHOCTD ObliIa CBsi3aHa ¢ APTHII-
nepuiickuM (akyabreToM BoeHHO-BO3 Ay ITHON
nmxeHepHoi akanemun PKKA (noznnee BBUA
nmenn H. E. XKykoBckoro).

C 1939 rona Enena CepreeBHa — acCUCTEHT,
¢ 1940 — npenogasarens, ¢ 1947 — crapuuit
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npenogaBarens BBUA. B 1944 rony ona 3amiu-
THUJIa KAaHJIUAATCKYIO, a uepe3 eCSTh JIeT — JI0K-
Topckyto nuccepranuu. C 1955 roga Enena
CepreeBna — npodeccop Ha kadeape Bo3aymI-
HOU CTpeNbObI.

Hayunsie nuntepecs E. C. Benruens Obuin
COCpeI0TOYCHBl Ha MPUKIAJAHBIX BOIpPOCAaX
TEOpUH BEPOSTHOCTEH, IPUMEHEHUN BEPOSIT-
HOCTHBIX METOZIOB B LIEJISIX IIOBBIIIEHUS] TOYHO-
CTH BO3JYLIHOW CTPeanObl U OOMOOMeTaHHUS,
COBEPILIECHCTBOBAHUS CIIOCOOOB MPHUCTPEIKU
aBUAIIMOHHOTO BOOpYyxeHHs. Hajo oTmMeTuTs,
4yTo B 3T0 BpeMs B CoBerckoM Coroze u B CIITA
poKrcXoauiI0 popMUpoBaHUE U OypHOE Pa3BH-
THE MaTeMaTHYECKUX TUCIMILINH, 00beAMHEH-
HBIX Ha3BaHueM «lccienoBaHue onepanuin.

B 1961 rony Beiiuta Monorpadus «OCHOBBI
TeoprH 00eBOH IPPEKTUBHOCTH U HCCIIEA0BA-
HUs omepauuii», KoTopas Oblla HamucaHa
E. C. Benrtuens B cOaBTOPCTBE C PAIOM IPYTHX
Y4EHBIX.

B 1968 rony Enena Benrtuens nocrymnuia
Ha JIOJDKHOCTB Ipodeccopa Ha kadeapy «I1pu-
KJIaJ{Hasi MaTeMaTrnka» B MOCKOBCKUIT HHCTUTYT
HMH)XEHEPOB KEJIE3HOAOPOXKHOTO TPAHCIIOPTa,
rae npopadorana go 1987 rona.

Bonpmioit oTKIMK B MHXXEHEPHOU cpene
Hauu pabotsl E. C. Benrtuens no uccienona-
HUIO OTepaluii, TMHEHHON ONTUMU3AIINH, JTH-
HaMHUYECKOMY IPOrPaMMHUPOBAHUIO, TEOPHH
UT'DP, TEOPUH MACCOBOTO OOCITY)KUBAHUS H CMEXK-
HBIM BOIIPOCaM.

B 1972 rony Obuia u3nana eé xuura «Mc-
CJIeZIOBaHHE OTIEPALUil».

E. C. BenTuens sBiseTcs aBTOPOM pAna
y4eOHHMKOB, MONYJISIPHBIX U BOCTPEOOBaHHBIX
JIO CHX TIOp HE TOJIBKO B Hallleil CTpaHe, HO U 3a
py6exom: «Teopus BeposTHOCTEI», «BBeacHue
B HCCIIEJOBAHKE OTIEpalMii: 3a/1a4K, IPUHIIUIIBL,
METOJOJOTHA», «DJIEMEHTbl TEOPUHU HTIPY,
«DNEeMEHTBI IMHAMHYECKOTO TPOrpaMMHUpPOBa-
HUS.

Y4eOHUK 10 TEOpPHH BEPOATHOCTEH ObLI
HapacxBaT He TOJIbKO B HAyuHBIX OMOIHOTEKaX,
HO U B 0OBIYHBIX. Ero Mckaiau Bce, KTO XOTeln
BBIMTPaTh B «CIIOPTIOTO», HOCYUTATH BEPOSIT-
HOCTb )KH3HU Ha Mapce WiIu BCTPETUTH CBOIO
cyns0y...

Jlo cux mop, npu U3yuyeHHH B HAIlleM YHH-
BEPCUTETE TaKOW NHMCLMILIMHBI, KaK TEOpHUs
BEPOSITHOCTEH, ucnosbdyercs: kHura «Teopus
BEpPOATHOCTEH. 3a1aun ¥ yIpaXHEHUs», HAllU-
canHas E. C. BeHTuenp B COaBTOPCTBE C
JI. A. OBuapoBbIM, a Takxke «Teopus Beposr-
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HOCTEH 1 €€ HH)KEHEPHBIE IPHIIOKEHUS», U PSiL
npyrux yueonukos. E. C. BenTuens npunaze-
xar oosiee 130 Hay4YHBIX TPYAOB, OOLIUI 00BEM
koTopbIx cocTanngeT 3000 nmeyaTHBIX JTUCTOB.

B ToT nepuon, xoraa E. C. Benruens pado-
taia B MUUT, kadenpa «[Ipuknannas matema-
THKa» MIpeACTaBIsiIa co00H yHUKAIbHBIN HayY-
HO-TIEIarOTMYECKUI KOJUIEKTHUB, He(opMab-
HBIH IIEHTP MH)XEHEPHOTO MaTeMaTH4eCKOTo
obpazoBanus B Coeerckom Cotoze. [Toxa pyxo-
BoznctBoM E. C. Benruens nefictBoBano Cty-
JIeHyeckoe KoHcyibranuonnoe 0wopo (CKB).
CryneHThI-MaTeMaTHKH 10JTyYally eHHeHme
HaBBIKH MPHUKJIQJAHBIX UCCIIEIOBAHUM, a HHIKe-
HEpbI — pealIbHYI0 ITOMOILb B PELICHUH CBOUX
3aga4d. Muoro cun u Bpemenu E. C. Benrtuens
OT/aBajia MHAWBUAYaJIBLHON paboTe co CTyneH-
TaMH, CYMTas, YTO ITOT BUJ JEATECIBHOCTH
SIBJISIETCSI OCHOBOW BbICLIEro oOpa3oBaHUS.
Hemnsiii psig yuenukoB E. C. Benrtuens, BbITycK-
HukoB MUUT, cranu BnocneacTBUU aBTOpaMu
CepbE3HBIX HAYYHBIX TPYIOB.

Buorpadus yuéHoro u nenarora, E. C. Bent-
LeJib, Obl1a ObI HEMOJIHOMW, €CIIM He YIIOMSHYTh
e OAHy CTOPOHY €€ NesTelIbHOCTH. YKe
B Hauase 1960-x rogoB MosBUINCH CHayajia
JKypHaJIbHble TyOauKanuy, a B 1966 rony Bbl-
mien coopHuk pacckazos «[long dponapém» 3a
noanuckio M. I'pexoBoli (B NCEBIOHUME TOXKE
He o0ouulocs 60e3 MaTeMaTuky — OT Ha3BaHMUs
OykBbl urpek). B 1966 rony M. I'pexoBa
(E. C. Benruens) 6bu1a npunsara B Coro3 nuca-
teneit CCCP.

B nuteparypHubix npousseaeHusax 1. I'pexo-
Ba OINKCHIBAJa CyAbOBI U XapakTepbl JIOAeH
HAyKH M TEXHUKH, TPEBOTH, [E€YaIH U PalOCTH
JIFOJIEW CBOET'O ITOKOJICHUSI, 32 YTO MOJIBEPraiach
pasHOro poja MOPULAHHUSAM CO CTOPOHBI psija
corpyaHukoB. [lomnbiTka H30aBUTHCS OT HETIO-
KOpHOro mnpogeccopa npuBesna K TOMY, 4TO
B 1968 rony E. C. BenTiienb Obl1a BRIHYXICHA
HanucarThb 3asBieHne 00 yxone nu3z BBUA.

PaGoras B Hamem yHuBepcutete, Enena
CepreeBHa Hanucana CBOI CaMyr0 U3BECTHYIO
noBecth «Kadempa» (1978 rox), B koTopoit
OTpaKeHbI, B TOM YHKCJIE U IPOOIIEMBI ITpero/a-
BaHUs Marematuku. K coxaneHuro, 3T 1po-
0JIeMbI BOJIHYIOT HAIlIMX KOJUIET U ceifuac.

ITo muOrMM nmpowusBeaeHusM M. I'pexoBoii
OBLIM HaIIKCAHBI ITbECHI, TOCTABJICHBI CIIEKTAK-
1 (Bo MXATe, rearpe MoccoBera, BunbHioc-
CKOM pyCCKOM Jipamrearpe). Vi3BecteH u 1ro0uM
¢unem Cranucnasa ['oBopyxuna «bnarocnoBu-
T€ XEHIUHY», CLIEHapHii KOTOPOTO ObLI HAITU-
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Axamonuii mumpuesuy Mbiwkuc (1920-2009).

caH o neece U. I'pexoBoii «Xo3s1iika roCTHHU-
B,

15 ampens 2002 roga E. C. BenTnens yma
13 )KU3HH, OCTaBHUB OOJIBIIIOE HAYIHOE, ITE/1aro-
THYECKOE ¥ TBOPUYECKOE HACIEIUE.

AHATONWN MbILLKNC

Cpenu CTyIeHTOB, KOTOPbIE B CBOE BpeMs
yuunucs y Enenst Bentnens, Haxonumucs 1 emeé
OIIMH MaTeMaThK, O KOTOPOM HEBO3MOXXHO HE
YHOMSIHYTb B JaHHOM CTaTbe, y4EHBII MUPOBO-
ro macmraba, mpodpeccop MUNT Anarommii
OmurpueBnd Mprmkuc .

ABTOpaM 3TO# cTaTbH OCOOCHHO NMPHATHO
BCcIOMHHATh AHaTtonus [IMuTpueBudya, 1o-
CKOJIBKY Ha ITPOTSDKEHUH PAJia JIET MBI 00K 0 60K
3aHMMAJIHCH TPETIOAABATENHCKON EATENbHO-
cThio Ha Kadeape «Bricmas maTtemaruka»
MUNT.

Cron npodeccopa Mermkuca cpasy 6pocai-
Csl B TVIa3a BXOSIIEMY Ha Kadeapy 4elIoBeKy,
TTOCKOJIBKY Ha HEM BCET/a JIexana ropa Koppe-
CHOHACHIINH OT BCEBO3MOXKHBIX HAayYHBIX CO-

1 Mermkuc Anaronuit Jlmurpresnd. — Bukumnemust
(wikipedia.org). [DnexkTponHsIii pecypc]: https:/
ru.wikipedia.org/wiki/%D0%9C%D1%8B%D1%88%D0
%BA%D0%B8%D1%81, %D0%90%D0%BD%D0%B0
%D1%82%D0%BE%D0%BB%D0%B8%D0%B9_%D0
%94%D0%BC%D0%B8%D1%82%D1%80%D0%B8%D
0%B5%D0%B2%D0%B8%D1%87. Joctyn 25.06.2021.

o0mecTB, NHOCTPAaHHBIX KOJUIET M YUCHHKOB.
BricokooOpa3oBaHHBIN, HHTEILITUTESHTHBIN,
O4YeHb NOOPOXKEIATENFHBIN YE0BEK, MYIpPBIA
COBETYHMK M HACTABHUK — TAKUM 3allOMHUIICS
HaM AHaronuil JIMUTpHEBUY.

Amnaromuil JIMuTpreBnd MBIIIKHUC POAUICS
13 anpens 1920 roga B ropone Craccke Pszan-
ckoif oomactu. C 1933 roga npokusan B Mockse,
rae B 1937 romy okoHYMI K0Ty 1 663 5K3aMEHOB
OBUT 3a4NCIIEH Ha MEXaHWKO-MaTeMaTHIeCKUN
¢axynsrer MI'V.

IMocne Hayana Benukoi oTe4eCTBEHHOU
BOWHBI CTYJICHTBI ME€XMaTa ObLTH IIPU3BaHbI IS
oOydenuns B BBUA, kotopas B To BpeMs uc-
nonupoBanachk B CBepanoscke. Tam AHaTtonmuit
MBpIkHC yunics Ha GpaKkyIbTeTe aBHallnOHHO-
T0 BOOPY’KEHUS, TAE MPAKTUIECKUE 3aHIATHS T10
Teopuu BeposTHOcTel Bena y Hero E. C. Bent-
nenpb (Mmo3ke OHM COTPYAHHYANN B CTEHaX
MUNT).

IMapannensHo ¢ yaéboit 8 BBUA B 1942 ro-
1y Anatommit iMutpueBnd oOydasucs B acIu-
pantype MI'V (cHadana 3a09HO, a MOIKE — 0U-
HO). B 1946 Tromy cocTostach 3amuTa KaHId-
narckoit muccepranuu. C 1947 rona oH mpemno-
nasan B Pure Bo Il JlenuHrpanckom
KpacHoznamMenHOM BricnieM aBHanMOHHO-
HMH)KEHEPHOM BOCHHOM yUHIIHUILE U JIaTBHIICKOM
rocynuBepcurete. [lo3nnee Anaronuit Jmu-
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MWNT 1960-1970 20061

TpHueBHUY 3aBeioBal Kadeapamu B benopycckom
roCyHHUBEpcUTETE, oTAenIoM [lpuknaaHoi ma-
TeMaTHKH DPHU3NKO-TEXHUYECKOTO MHCTUTYTa
Hm3kux temmneparyp AH YCCP.

C 1974 roga ¥ BIUIOTH IO CBOEH KOHYMHBI
B 2009 rony Anaronuit ImurprueBnd MbImikuc
sBisics mpodeccopom MUNT.

CBoMMH BOCTIOMHUHAHHSIMH O A. JI. MbImkuce
n E. C. BeHriens nmopenviiach cTapeHImii mearor
Hailero yHusepeurera — ['anuna @€nopoBHa Ka-
HaeBa, kotopast 6omee 50 et (¢ 1960 mo 2013 rom)
npopaborana B8 MUWT Ha pa3HbIX MareMaride-
CKHX Kadeapax MmoJ pyKOBOACTBOM 3aBELYIOIIHX:
IO. B. Pymnesa, JI. E. Camosckoro, ®@. 1. Kapre-
nesuva, H. A. Ilanskuna, P. U. I'puropuayka,
B. b. Munacsua, O. A. ITnatoHOBOIA.

T'amiua ®EnopoBHA BCIOMUHAET:

«Amnarormii JIMutpreBnd ObIT HACTONBKO TIO-
TPYKEH B HAyUIHYIO JESTENBHOCTh U HCCIIC0BA-
TEIBCKYI0 paboTy, YTO B JTHOOOW MOMEHT €ro
MOYXHO OBIITO 3aCTaTh YHATAIOIINM JINOO KHHTY,
1m00 KypHAJBHYIO CTaThio. Jlaxe Ha Jady, KoTo-
PYIO YHUBEPCHUTET BBIICIII UL TPO(ECCOPCKOI
ceMbH, AHaTonmid JMuTpreBHd npreskan He Ja-
CTO, HO C KHMroil. Beuepom kHHUra uuranace,
a yTpoM OH ye3kasl B MOCKBY K MMCEMEHHOMY
cTomy.

To, uto Enena Bentuiens 1 AHaromnuii MbIIIKHC
SIBIISUTHCH BBIIAOLIMIICS yIEHBIMHY, — BCTIOMHHAET
T'anuna @EnopoBHA — cpa3y YyBCTBOBAJIOCH NPU
OOIIEHIH C STUMH JTFOIBMHU MOJIOZIOH IPETIONABATENb-
HUIIEH, KaKoii st ObLIa B TO BpeMsL. IT0 OBUTH Ipodec-
Copa, 4eii aBTOPHTET TSl MEHS OBLT HETIpepeKacm».
Bceromurna [amma ©€noposHa u o Tom, gto E. C.
Bentuens npooamna aist Maremaruikos MUAWT
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METOAMYECKHE CEMUHAPBI, HA KOTOPBIX JIEJINIIach
CBOMM OITBITOM YTeHHsI JIEKIMH. [0 BocmoMuHaHMsIM
Tamubr OENOPOBHBI, COXPaHUBILIEH 3aIMCH C YKa-
3aHusiMu Enenbl CepreeBHBI, OHa peKOMEH10Basa
«JIeNaTh JIEKIUIO HE «CyXOiD», a HallOJIHATh IMOLHO-
HaJIbHOM COCTABIISIFOIICH. /7151 TOro 4To0b! y CTyIeH-
TOB He ObLIO BO3MOYKHOCTH OTBIIEKATHCSI OT U3J1arac-
MOTO0 JIeKTopoM Marepuaina, Enena CepreeBHa pexo-
MEHJI0BaJIa JiayKe HAMEPEHHO COBEpLIATh OIIMOKH
TIPY PELLICHUH 33184 U CJISIIUTH 32 TeM, YTOOBI CTy-
JICHTBI 3TH OIIMOKH OOHAPYKUBAIIID».

«Ham noBesno, — B 3akimodeHne ropoput ['a-
nrHa DENOPOBHA — BE/Ib MBI pabOTANH ¢ YUEHBIMU
¢ OONBIION OYKBBI».

Amnaronuit JImutpueBnd MBIIKUC SIBISETCA
asropoM Oosee 330 HayuHbIX cTatel, 70 MeTomu-
YeCKHX MyOJIMKaluni (MHOTHE U3 KOTOPBIX Hallu-
CaHbI B COABTOPCTBE CO CBOUMM KoJuleramu), 14
cTaTel B ra3eTax v KypHaiiax, 19 KHUT, BBIIIEIIINX
50 m3nanuaMu Ha 10 s3bIKax, IBYX aBTOPCKHX
CBHICTEIILCTB, ObLIT IIEPEBOIUYMKOM U PEIAKTOPOM
16 kHur

Awnaronuii JIMATpHEBUY SIBIISIICS O(QUIHATb-
HBIM PYKOBOZMTEINEM 36 3alMIIEHHBIX KaH M/1aT-
CKHUX U 7 JOKTOPCKUX JUCCEPTaLUiL.

OCHOBHOE HalpaBlIeHHE Hay4HO-HCCIIe-
JoBareNIbCKor aesrenibHocTH A. J[. Mblkuca —
910 Teopusl PyHKIMOHATBHO-TU(D(PEpeHIMATBHBIX
ypaBHEHH, T¢ MBIIIKUCY TPUHAMICKUT P
ocHoBornonaratouux pesynsraro. C 1950 rona,
xorga AHarormuid JIMUTpUEBHY 3alUTHI JOKTOP-
CKYIO TUCCEPTAIIO, €r0 HaydHas AESTeIbHOCTh
ObL1a CBSI3aHa C aKTyaJIbHBIMU BOITPOCAMH M aKTy-
TBHBIMU IPOOJIEMaMH B 00JIACTH KOCMOHABTHKH,
TpaHCIIOpTa, TEXHUKU. B mocnennue roast AHato-
T MBIIKKC C yIeHUKaMU 3aHUMAJTHCh 3a/1a4eit
JKyxoBckoro o TporaHuu noesga. YuéHsle MOIy-
YT OYEHb HEOXKHMIAHHBIC PE3YJIBTaThl, KOTOphIE
MOKHO OTHECTH HE TOJLKO K DTOH 3amadue. ITH
Ppe3yJIbTaThl BO MHOIOM W3MEHHWIIH KJIACCHYECKHE
MIPEICTABICHUSI O B3aMMOCBS3SX ITUCKPETHBIX
1 HETIPEPBIBHBIX MOJEICH.

Bxmag A. /1. Mbnkuca B MaTeMaTHKy U METO-
JIMKY TIPETIofIaBaHusi MaTeMaTUKH HeoleHuM. [1o
€ro y4eOHHKaM y4YHIICh MHOTHE COBETCKUE H POC-
CHHCKHE WHKEHEPBI, a Hay4YHbIe PabOThI EPEBO-
JIAJIMCH Ha Pa3HbIE SI3bIKU U N3/1aBajIMCh BO MHOTHX
CTpaHax.

OH aKTHBHO y4acTBOBaJI B pabote MOCKOBCKO-
IO MareMaTH4ecKoro oOILIEeCTBa, IJie PYKOBOAMII
ceknuerd BTY308B, B paboTe MareMaTuyecKoi
cekimr MockoBckoro Jloma Y4EHbIX.

A. JI. MbIitikuc SBISIICS 3aCly>KEHHBIM
PpabOTHUKOM BBICIIEH LIKOJIBI, TOYETHBIM YJie-
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HOM IIpe3uanyMa XapbKOBCKOTO MaTeMaTHue-
CKOT0 00I11eCTBa, MOYETHBIM YKeJIE3HOIOPOIKHH-
KOM. Pa3HOCTOpPOHHSS NeATENbHOCTh YUEHOTO
ObUTa OTMEYEHA PSAJIOM IPAaBUTEIbCTBEHHBIX
Harpas.

W3BecTHbI ameprKaHCKUi MaTeMaTuk Jlxek
Kenner Xeiin miucain «A. JI. MbIikuc BBE 00wt
KJIaCC ypaBHEHMH C 3ara3bIBAOIIIM apTyMEHTOM
1 3aJI0KUJT OCHOBBI TEOPHH CHCTEM TaKHX ypaBHe-
Huil. Jlaneko He Mpo KaXKI0ro YUEHOTo, TaKe MU-
POBOTO YPOBHS, MOXKHO CKa3aTh, YTO OH SIBJIAETCS
OCHOBaTeJIeM MPUHIMITHAIBHO HOBOTO HaIlpaBIle-
HUSI B HAyKe».

W nelicrBuTensHO, HanOOJEE 3HAYUMBIM JI0-
cTikeHueM AHaronus JMUTpreBHYa, ajeko He
€IMHCTBEHHBIM, SIBIISETCA MMOCTPOECHUE TEOPUU
¢bysaKIMN b GEepeHIMATBHBIX YPaBHEHUH — HO-
BOT'O HalpaBJIeHHs B TeOpuH AU hepeHIIaIbHBIX
YpaBHEHHUIA.

®PUOPUX KAPMENEBKUY

Emé oM 3ameuarenbHbIM MaTeMaTHKOM,
C KOTOPBIM JIOBEJIOCH paboTaTh aBTOpaM CTaThH,
o1 Opunpux MUspannesud Kapnenesuu?. Po-
nuncs @puapux Uzpaunesuu B 1927 rogy. Ero
IOHOCTb INPHIUIACH Ha ToAbl BOWHBL. JleTcTBO
6bu10 TPYAHBIM. B 14 et oH npumén padorars
Ha 3aBoJI (hpe3epoBIINKOM. OTHAKIBI €TO Majlb-
LBl TIONAJIK B CTaHOK, M @puapux M3pamnesuy
JIMIIWIICS YacTH (palaHT Ha HECKOJIBKHUX Tallb-
nax. Ho, HecMoTps Ha Bce TPyAHOCTH,
B 1947 rogy on nmoctynuin B MI'Y Ha MexaHUKO-
MaTeMaTn4eckuil (paKylbTeT. YKe B CTyJeHYe-
CKHUE TO/IbI MOSIBIISIFOTCS €Tr0 MyOJUKalny, 110-
CBSIIEHHBIE MPOOJIEMEe ONMCAaHUSI MHOXECTBa
BCEX BO3MOXXHBIX COOCTBEHHBIX 3HAUEHUH
CTOXAaCTUYECKUX MaTpHIl MOpsAKa 71, IOCTaB-
nenHoit Aunpeem KonmoropossiM B 1938 roay.

Ha geTBépTOM Kypce OH JoKa3al Teopemy
0 KaHOHHYECKOM BIIO)KEHUU BEILECTBEHHOI
nosynpocroit nonaiare6pst Ju, Ha KOTOpYyIO
TeNephb CCHUIAIOTCS B yUeOHUKaX.

OT0 10Ka3aTeNbCTBO BOLLIO B JUILIOMHYIO
paboty ®. 1. KapneneBuua.

B 1956 roay Kapmienepuu OblT HarpaxaéH
npeMueil MOCKOBCKOTO MareMaTu4ecKoro 00-
IIECTBA 3a I[UKJI paboT 1Mo anredpe.

2 Kapnenesuu ®puapux Uspaunesnd. — Bukume-

nus (wikipedia.org). [Dnekrponnsiit pecypce]: https://
ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0
%BF%D0%B5%D0%BB%D0%B5%D0%B2%D0%B8%D
1%87,_%D0%A4%D1%80%D0%B8%D0%B4%D1%80%
D0%B8%D1%85_%D0%98%D0%B7%D1%80%D0%B0%
D0%B8%D0%BB%D0%B5%D0%B2%D0%B8%D1%87.
Jocrym 25.06.2021.

®pudpux Uspaunesuy Kapnenesuy (1927-2000).

B 1953 rony npodeccop Ilerp Koncrantu-
HOBHY PameBckuil npuriacuia Moiaogoro yué-
HOTO Ha CBOIO Kaenpy «BrIciieir MaTeMaTHKI»
B MUUT.

[IpenonaBarenem @puapux MapauneBuu
ObLT 3aMedaTeNbHBIM. ET0 JIEKIINH OTINYaInCh
MIPOLYMaHHOCTBIO U TOYHOCTBIO (hOPMYITHPO-
BOK.

B 1962 rony, cosmectro ¢ C. I'. ['uaanku-
HBIM, BBIYUCIIHII C-(DYHKIIHMIO KaK IPOU3BEICHNE
B-¢yHK1IHiA, TOTYyYHB TAKUM 00pa30oM BEIpaxe-
HHUE JUIA IUIOTHOCTH B (opmyne IInanmepens
(dpopmyna 'mannknna—Kapnenesnya). Ipyrum
IOCTH)XECHUEM B TCOPUH CHMMETPHUYECKHUX
IIPOCTPAHCTB cTasa «rpanuna Kaprnenesnaay» —
KOHCTPYKIUSI TPAHHUIIBI PUMAaHOBBIX CHMMETPH-
YECKUX IPOCTPAHCTB HEMOJIOKUTEIBHON KpH-
Bu3HHI (1965 rom).

C cepenunst 1970-x rogos @. U. Kapmene-
BUY CTaJl aKTUBHO 3aHWMATHCS 3aJadaMH TEO-
puu ouepeneit. Ocob0 CTOUT OTMETHUTH ITUKI
paboT o MHOTO(]A3HBIM CHCTEMAaM MacCOBOTO
00CTy)KMBaHHUs, BEIIIOJHEHHBIX COBMECTHO
¢ A. A. KpeitHuHbIM, a Takxke MUKI paboT 1mo
TEOpUH ouepeneil, KOTOPHIH OBLT BBHIITOTHEH
coBmecTHO ¢ M. f. Kensbeprom u 10. M. Cy-
XOBBIM.

Ero mccienoBaHus 1Mo TEOPUM MaccoBOTO
oOcCTy)KnBaHHUS UMEIOT BaXXHEHIIIee 3HAYCHUE,
KaK TEOPETHUYECKOE, TaK U MPAKTHIECKOE, IS
3a7a4, CBA3aHHBIX C OpraHU3alHel IePEeBO30K
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U DKOHOMHKOH KeJIe3HOJOPOKHOIO TpaHC-
MOpTa, LIMPOKO U3BECTHBI B HALIIEH CTpaHe U 3a
pyOexoM.

MHoro sier KapnieneBud nojjiepxuBail Ha-
yuHble cBsi3u ¢ St. John’s xoyutemkem B Kem-
opwmxe (Aurmusi). Ero Tpkapl npuriamani
B KOJUIEDK JUISL BBIIIOJTHEHUS! COBMECTHBIX HC-
CJIeIOBaHUH.

Jo xonua coeii xu3nu (2000 rox) dpun-
pux Wzpaunesuu KapreneBuu paboran B Ha-
IIEM YHUBEPCUTETE.

B 1965 rony o opranu3oBai ¥ BO3IJIaBUII
kagenpy «I[Ipuknannas maremaruka», ¢ 1970
o 1988 66wt 3aBeAyroMM Kadenpoii «Beicmas
MareMarukKa», a 3aTeM B TEUCHHE NECSTH JIET
pykoBonmi kadenpoii «[Ipuknagnas MaTeMaTn-
Ka-2».

OH sBISJICS aBTOPOM MHOTHX Y4eOHBIX
10COOMIA IT0 TEOPHUU MACCOBOTO 0OCITY>KUBAHUS,
10 MaTeMaTH4eCKOMY MPOTPaMMHPOBAHUIO
Y MHOTHM JPyTUM pasjeiiaM NpUKIaTHON Ma-
TEMaTHKH.

CIucok ero Hay4YHbIX IyOJIHMKalui Hacyu-
ThIBaeT 83 pabotsl. VI3 obmupHeiinero ciucka
ero nmyonuKanuil u myOIuKanuii o0 HEM MOXKHO
MPUBOAUTH MHOTOYHCIEHHBIE MpuMeps! [11;
12].

Xotenoch ObI MPOLUTHPOBATH CJIOBa IMPO-
tdeccopa Ceména ['munukuna o Kapnenesuue:
«Amepukanckoe Maremarndyeckoe OO0IECTBO
onyOJHKOBaO 2 TOMa, B KOTOPHIX KOJUIETH
OTAAIOT JIaHb ero naMsTd. Ero pe3ynbrarsl BO
MHOT'OM OTIPEEIINIA COBPEMEHHOE COCTOsIHHE
obJacTeid, B KOTOpBIX OH paboTai, U IpojoI-
JKAIOT )KUTh. MHOTHE B MHpE MMOHUMAIOT TIIy-
OMHY ero IOCTH)XEHUH, HO TOJBKO T€, KOMY
JIOBEJIOCh paboTarh ¢ HUM, 3HAIOT HE MEHee
Ba)KHOE 00CTOSATENBLCTBO: KaK OPIraHUYHO COYe-
TaJHUCh B HEM NOTPSCAIOUIMN TAIAHT C YIUBU-
TEJIbHBIMU JIyIIEBHBIMH Ka4€CTBAMM.

B 3akioueHue Xxo4ercs OTMETHTD, YTo OJ1a-
rojapsi y4€HbIM, nejaroraM, TPYIUBIIAMCS
B CTEHAaX Halllero YHUBEPCHUTETA, 32 BPEMs €ro
125-neTHero CyIIecTBOBaHuUs ObliIa BOCITUTAHA
1eJsiasi Koropra y4€HbIX WH)KEHEpPOB, WH)KEHE-
pOB-ITyTEHIIEB, CHIIAMU M 3HAHUSMHU KOTOPBIX
JKEJIe3HOJOPOXKHBIN TpaHcopT Poccuu pa3su-

BaJICA U NPOAOJIKACT COBCPUHICHCTBOBATHCA
B HACTOALIEEC BPEMSI.
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Akademuk B. H. Obpa3syoe

u Egponelickuti Cesep Poccuu.
[Mpoekmbi pa3gumus mpaHcnopma
8 N0CNEBOEHHbI nepuod. Hay4HbIli
U ucmopuyeckuli aHanus.
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TNapuca POLLEBCKAS Muxaun POLLEBCKWA

AHHOTALINA

B 2024 200y 6ydym ommedamb mpéxcomnemue Poccutickol
akademuu HayK. B cea3u ¢ amum o3pacmaem Heobxodumocmb
OCMbICneHUs 8knada co8emckux y4éHbIX 8 80CCMaHOBIEHUE
9KOHOMUKU cmpaHbI nocne Benukol OmeyecmeeHHol 80UHbI. B
2021 200y ommeqaemcs 125-nemue Poccutickoeo yHugepcumema
mpaHcnopma, 8 komopom paboman akademuk B. H. Obpa3yos.
Ocobyro saxHoCMb 01 pa3gumus mpaHcnopmMHoU cucmemsl
Poccuu npedcmaesnisiem Hay4Hoe OCMbicrieHue nymel pazsumusi
Cegepa cmpaHbl. B cuny ecex amux ¢hakmopos akmyanbHol
npedcmaesisiemcs yesb cmambU — NPoaHanuU3uposame NPOEKMb!
pa3gumus mpa+Hcnopma Ha Egponetickom Cesepe CCCP, bidgu-
HymbIe akademukom B. H. O6pa3y08bim 6 nocnesoeHHbIli nepuod.

[ns docmuxeHust nocmasneHHoU Yenu ucnosnb308aHb! Cu-
CMEMHO-CMPYKMYPHBIU U UCMOPUKO-CPABHUMEbHBIL MEMOOb!.

Bnepsble npoaranusuposara OesmenbHocmb B. H. Obpas-
408a Kak aHanumuka u skcnepma 8 obiacmu pasgumusi nocre-
80EHH020 Xene3Ho00POXHO20 mpaHcnopma. CoenaHb! 8b1800b1,

Mup TpaHcnopra. 2021. T. 19. Ne 3 (94). C. 124-132

[locneBoeHHbIEe NPOEKTbLI aKageMUKa
B. H. O6pa3uoBa no pa3sutuio TpaHcnopTa
Ha EBponenckom Ceepe CCCP

Japuca Ilasnosna Powesckas’,
Muxaun ITaénosuu Powesckuir

t @edepanvnviii uccnedosamensckutl yenmp «Komu
Hayunblil yenmp Ypanvckozeo omoenenus Poccutickoii
axademuu nayky, Coikmuigkap, Poccus,

2 Hnemumym a3vika, Aumepamypbl u ucmopuu
Dedepanvrozo uccnedosamenvckoeo yenmpa «Komu
Hayunblil yenmp Ypanvckozeo omoenenus Poccutickoi
axademuu nayky, Coikmuigkap, Poccus.

>4 t Ip38rosh@gmail.com.

umo obnadas marnaHmom KpynHo2o pykosodumensi mparHcnopm-
HbIx npoekmos, O6pa3vioe 8bid8Li2an Hay4HO-lUccredosamerbekue
3a0ayqu, adeksamHble mpebo8aHUsM 8pEMEHU N0 80CCMaHOBe-
HUIO 3KOHOMUKU cmpaHbl nocie 8olHbl. OOHOU U3 makux 3aday
OH cyuman ModepHU3aUUOHHOe pa3sumue mpaxcnopma. B npo-
exkmax 1945 200a Obpa3yos 3a0xusl OCHO8bI NEPCNEKMUBHOZ0
NNaHUpo8aHust Xene3HoA0POXHO20, a8MOMOBUINBLHO20, PEYHO20
U asuayuoHHo20 mpaHcnopma Ha Egponetickom Cesepe CCCP
Ha Heckonbko Oecamunemuli eneped. O6bémbI npednonazaemo-
20 cmpoumenbemea bbinu 02poMHbIMU. Hecmomps Ha mo, 4mo
3adymaHHOe MacwmabHoe npoekmuposaHue mpaHcnopmHol
UHpacmpykmyps! 66110 He BNOSIHE peastbHO 011 8bINOSHEHUS 8
KOPOMKUE CPOKU 8 CUIy 02paHUYEHHBIX CUST U PECYPCO8 CMPaHhb,
OHO nopaxaem 0Qaneko udywumu nepcnekmugamu 0C80eHUs
meppumopuu Esponelickozo Cesepa u Apkmuku. [poepammbi
akademuka Obpa3yosa N0 0CBOEHUIO cesepa, s8MssiCh 6onbWOU
Hay4HOU yeHHoCMbHo, 0c0beHHO akmyarbHbl 8 XXI eeke.

Kntoyesble criosa: mpaHcnopm, ucmopusi, Pocculickas akaOemusi Hayk, AkaOemusi Hayk CCCP, basa AH CCCP e Komu ACCP,
npoekmuposaHue mpaHcnopmHoli uHgpacmpykmypsl, Cesepo-lTeyopckas xenesHas dopoea, akademuk B. H. O6pasyos.

3252-2021-19-3-13.

[nsa uumuposanus: Powesckas /1. [1., Powesckuti M. 1. [TocnesoerHble npoekmsbl akademuka B. H. Obpasyosa pazgumusi
mpaHcnopma Ha Eeponetickom Cesepe CCCP // Mup mpaxcnopma. 2021. T. 19. Ne 3 (94). C. 124—132. DOI: https://doi.org/10.30932/1992-

© Pouuesckas J1. 1., PouieBckun M.

MonHbili mekcm cmambu Ha aH2nulicKoM si3bike ny6ukyemcs 80 emopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.




BBEOEHWE

B ucropuu oreuecTBEHHON U MUPOBOI Ha-
VKU IPUOITIKASTCS BayKHAS 1aTa: TPEXCOTIETHE
Poccuiickoit akagemun Hayk B 2024 romy.
B cBsa3m ¢ 3THM BO3pacTaeT HEOOXOOMMOCTH
BBISIBJICHUSI 1 OCMBICIICHUS BKJIa/la COBETCKHUX
YYEHBIX B BOCCTaHOBIIEHUE YKOHOMUKH CTPAHBI
nocie Benmkoit OteuecTBeHHoi BoitHbI. Hayd-
HBIE OTKPHITHUS 00ECIEeUYnBAIOTCS MHOTHMHU
(hakTopaMu, B TOM YHCIIC PACIIONIOKEHHEM Ha-
yuanbix noxapazaenennit AH CCCP mo Bceit
TeppUTOPUH CTpaHbl. OTHUM U3 TAKUX ITO/Ipa3-
nenenui sipnsiercst enepanbHbll HcciieqoBa-
TeIbCKUM HeHTp «KoMu HayuHbIN LIEHTp Ypasb-
ckoro Otnenenns PAH» (OUL] «Komu HIT YpO
PAH»), ormetuBmmii B 2019 roxmy 75 net cBoeit
NIeSTENBHOCTH. VlcTopus IIeHTpa CBs3aHa C Ha-
gaioMm Bennkoit OTeuecTBEHHOM BOMHEBI, KOTA
OBUIH DBaKyHPOBAHBI aKaIeMHUECKHUE YUPEK-
neHnst m3 Apxanrenscka 1 Kuposcka (Mypmas-
ckas 00:1.). Ha mx ocHoBe 30 cenTs16ps 1941 ro-
na 6puta coznana baza AH CCCP o n3yuenuto
Cesepa B 1. CoikreiBkap Komu ACCP Bo 11aBe
c akagemukoMm A. E. ®epcmanom. B mione
1944 rona B cBsI3W ¢ pedBaKyannel 4acTH CO-
TPYAHUKOB Ha TPEXHUE MecTa paboTHl 0asy
npeobpazoBanmu B bazy AH CCCP B Komu
ACCP. E¢ nupextopom B 1944-1948 romy Ot
akagemuk Bragnvup Huxomaesny OOpasios.

HOBU3HA

[pencrosmuii :00meit moOyXaaeT npoaHa-
JU3UPOBATH MTPOEKTHYIO JESITEIBHOCTD aKase-
muka OOpa3moBa Kak aHAIUTHKA, dKCIIEpTa
n gupekropa basst AH CCCP 8 Komu ACCP
B 1945 romy B 00macTv pa3BUTHS MTOCICBOCH-
HOTO KEJIe3HOIOPOKHOTO TpaHcnopTa. B mpen-
JlaraeMoi cTaThe BBEICHBI B HAYYHBIA 000pOT
JBe MyONWKalMU 1O JOKJIazaM Ha HayYHBIX
KOH(EPEHIUAX ¥ TEKCT HAyIHO-TIPOCBETUTEIh-
ckoii ek B. H. O6pasmosa.

METOAONOMrMA

Jlis pacKphITHS TEMBI HCIIOIB30BaHbBI CH-
CTEMHO-CTPYKTYPHBIN 1 HCTOPHUKO-CPAaBHUTEIh-
HBI Memo0si. CHCTEMHO-CTPYKTYPHBIH METOT
TpeOyeT BBIWICHEHUS 3JIEMEHTOB, KOTOPHIC
BXOJISIT B CHCTEMY, & TAKXKE aHAJIN3a XapaKTepa
OTHOLICHUH MEXIy 3JIEMEHTaMH, U3ydeHHe
B3aMMOJCICTBUS ¢ BHEIIHEN cpenoil. Mctopu-
KO-CPaBHHUTENBHBIM METOJ| TIO3BOJISIET MIPOBO-
IUTH CPaBHEHHE B MPOCTPAHCTBE W BPEMEHHU.
Kanp cratpu ompenenun 6morpadpudecKuit
TIPUHIIAI KaK KIIOUEBOH UId JaHHOM paboTHI.

BHyTpeHHsIsa nepuonusamnus omnpeneasercs
yéTKO 0003HAaYEHHOMN JaTOil — OKOHYAHUEM
Benukoit OTeuecTBEHHOM BOWHEL.

UCTOPUOIPA®UA

Jnst ocBoenus Cesepa B XX Beke BaKHEI-
niee 3HaueHne uMenu CeBepHbIi MOPCKOM MyTh,
pa3BUTHE PEYHOrO TPAHCIOPTA U CTPOUTEIb-
cTBO kene3Hbix aopor. Ho mo 1930-x romos
COBETCKOE IrOCY/IapCTBO He OBLIO TOTOBO K Mac-
mradHomMy ocBoenuto CeBepa. HoBaunonnas
KOHIIeNus pa3Butusi coperckoro Cesepa
npuHamiexuT s3koHomucty C. B. CnaBuny,
KOTOPBII aKLIEHTHPOBaJI BHUMaHHE Ha HEOOXO-
numocTu co3nanus Ha Cesepe u B Cubupu
OnaronpusTHON Cpelbl JJsl HacelIeHHsl, B TOM
YUCJIe Ha CTPOUTEIBCTBE JKEJIE3HBIX JOPOT
(CnaBun, 1961 [1]). [lonnmaHuro BkiIaga
B. H. O0pa3snoBa B pa3BUTHE KEIC3HOIOPOK-
HOTO TPAHCIIOPTa COACUCTBYIOT UCCIIEOBAHMUS
10 UICTOPHUHU UHYCTPHAIN3AIMU 1 00eCTIeueHH s
KPYIHEHIINX CTPaTern4ecKux Oneparuii B ro-
nel Benukoit OteuecTBeHHO# BoviHbl (KoBasies,
1981 [2]).

B peruonanbHO# nuTepaType yaeistoT 10-
CTaTOYHOE BHUMAaHHUE >KEJIE3HOJOPOKHBIM
npoekTtam (Kanemenesa, 2018 [3]; Kucenenxo,
2014 [4]; Kypatosa, 2010 [5]; KyparoBa, Po-
mieBckuil u ap., 2001 [6]), HO mpeobiagaeT
Kparkas Ouorpaduyeckas nHpopMmanus B crpa-
BouHbIX u3fanusx (Bauees, 1999 [7, c. 349];
Cunun, 2000 [8]). HekoTopsie aBTOpHI cUUTANIH
B. H. OGpa3uoBa «3acekpedeHHbIM yUEHBIM»
(CukoBa, 2017 [9]), apyrue s xapakTepH-
ctuku ocobeHHocrei padotsl B. H. O6pasnosa
B CBIKTBIBKape MCIIOJIb30BAIN MOHITHE «IH-
craHioHHoe ynpasineHue» (Camapun, 2006
[10]). Tem He MeHee, B tuTepaType 10 CHX MOP
OTCYTCTBYET XapaKTEpUCTHKA IOCIEBOSHHBIX
npoekToB B. H. O6pa3noBa o pa3BuTHu TpaHc-
nopta Ha EBponeiickom Cegepe.

VcTouHMKY 10 BEIOPAHHOW TeMe NMEIOTCs
B HECKOJBKMX apxXuBaX. JINUHBIN apXUBHBIN
¢donn yuéHoro otinoxuics B Apxuse PAH (na-
Y4HBIE TPY/JBI, IEPENHCKa, JOKYMEHTBI, OTHO-
csamecs K rnoe3nkam B CBHIKTBIBKap W Ip.).
B Pecniyonuke Komu mokymentst B. H. O6pa3s-
1[0Ba OTJIIOXWINCH B JIBYX apxuBax. B Harmmo-
HanbHOM apxuBe Pecniyonuku Komu ero noky-
MeHTHI MetoTest B pongax CoBera MUHUCTPOB
Komu ACCP u Komu o6xoma BKII(6) (moxman-
HBIE 3alMCKHU, CIPAaBKH M OTUETHI O padbore
Bbasst AH CCCP B Komu ACCP). B Hayunom
apxuse OUII «Komu HIT YpO PAH» umerotcs
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MIPOTOKOJIBI 3acenanuii ¢ yuactuem B. H. O0-
pasuoBa, MalIMHONUCHAS KOIHMS €ro J0oKjala
«bnwkaiiine NepcreKTUBbl Pa3BUTHUS TPAHC-
nopra B CCCP» Ha coOpaHuu mapTakTuBa
r. CeikteiBKapa (1945 ron), TeKCT KOTOPOTO
B 1970-x romax Obw1 mepexan B ApxuB AH
CCCP; otuér o pabote B 1946 roxy.

K ony6niKoBaHHBIM HCTOYHUKAM OTHOCHUT-
Csl HECKOJIBKO COTEH TPY/JIOB aKa/IEMHKa, OJJHAKO
TIOJIHBIA UX CIMCOK HE ycTaHOBJIeH. HakanyHe
n3opanus B wienst AH CCCP B 1939 roxy
Brnagumup HukonaeBud cocTaBiisisi TaKoi CIH-
COK, HO €My He yJaJIOCh BOCCTAHOBUTH TOYHBIE
BBIXOJHBbIE JJaHHbIE MHOTUX NYyOJIMKALMH.
B 1944 rony 8 AH CCCP noaroroBmwin 6u0-
auorpaduio ero TpyJaoB, HO B He€ HE BOILIH
nyOnMKanuu NociaeqHuX JieT ero xu3Hu (Bua-
numup Hukonaesuu OO6pasnos, 1944 [11]).
B raserax Komu ACCP Taxxke Obutu omyOiu-
KoBaHbI cTaTht O0pa310Ba, YTO JOKA3HIBACTCS
npocbboii corpyannka Cosera ¢puinaios u 6a3
AH CCCP B centsope 1945 roma BeiciaTh
«HOMeEpa pecnyOIMKaHCKUX T'a3eT (Ha PyCCKOM
U KOMH si3bIKax) ¢ ero crarbsimu» (HA Komu
HII YpO PAH. @. 1. On. 19. [1. 40. JI. 1). BeI-
SIBUTh UX IOKa He ynanock. Emé onHy rpynmy
MCTOYHHMKOB COCTABJISIIOT MYOJIMKALIUH B ra3eTe
«3a HoBbIll CeBep»: 0030p MEATSIBHOCTH aKa-
nemuka kak gupexropa bazst AH CCCP B Komu
ACCP (IIuurkun, 1949 [12]) u vekponor (O6-
pasuoB Bragumup Hukonaesuu, 1949 [13]).

LIENA U 3AOAYX UCCNENOBAHUA

B cOBOKYNHOCTH BBISIBJICHHbIE UCTOYHHKH
MO3BOJIAIOT BBISICHUTH, KaKH€ IPOEKTHI Hep-
CIEKTHBHOIO Pa3BUTHUs TpaHcrnopra Ha EBpo-
netickom CeBepe CCCP BbABUTAN aKaJeMUK
B. H. O0pa3oB B 10C/IeBOCHHBIN TIEPHOI.

KPATKAA BUOTPA®UA B. H. OBPA3LIOBA

He ocranaBnuBasics nogpoOHO Ha Ouorpa-
(uu, BeIICIMM HauOOJIee 3HAYUMBIC COOBITHS
»u3Hu O0pasiosa 10 CeIkThIBKapa. Biagumup
Hukonaesuu (6 (18) utons 1874, Hukonaer —
28 Hos10pst 1949, Mocksa) okonumi [TerepOypr-
CKUI MHCTUTYT UH)KEHEPOB IyTeH cO0OLIeHNUs
(1897), emé no pesostonuu 1917 roxy npuoo-
pén aBTOpPHUTET KPYIHOIO ClienuaincTa B 00-
JIACTH MPOEKTUPOBAHHUS M pabOThI KeJIEe3HO/0-
POXKHBIX CTaHIHI, y4aCTBOBAJI B CTPOUTEILCTBE
HOBBIX JINHUH U yyacTkoB MockoBcko-Kypckoit
1 MOCKOBCKO-SIpOCIIaBCKOM JKEJIE3HBIX JTOPOT.
[To3xe OOpa3uoB, cTaB TOKTOPOM TEXHHYECKHUX
Hayk (1934, Ge3 3amuThl AuccepTanum) U 3a-
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CIIY’)KCHHBIM JIeATEJIeM HayKH M TEeXHUKHU
PC®OCP (1935), u3bpan akagemuxom AH CCCP
(1939). Cran naypeatom CTaTHHCKUX MPEMHUI
B 1942 u B 1943 rogax.

B 1935 rony Brnagumup Hukomnaesuu Bo3-
m1aBui HayyHo-1cciej0BaTebCKIi HHCTUTYT
KeJIe3HOAOPOKHOTO TpaHcnopra HapogHoro
koMuccapuara nyteit coobmenuss CCCP, e
3aHUMAJICS [IEPEYyCTPOHCTBOM BCEX JKEJIE3HO/IO0-
POXHBIX y3JI0B 1 pa3Bsizok B Mockse. Ero nnest
panuaibHOTO pa3MEeLeHUs JKeJIE3HBIX IOPOT 110
TEPPUTOPHUH CTOIHIIBI C TIEPEXOIAMH K CTaHLIU-
sIM METPO BOILUIA B TIEPBBIN I'e€HEPAIbHBIH TIIaH
peKoHCTpyKuuH cronuubl. [1o ero pekomenna-
nusaM nepeycrpounu Huxeroponckuit, Capa-
TOBCKUH, JICHUHTpaJCKuii, 3amOpOXKCKUHN HKe-
JIE3HO/IOPOXKHBIE Y3JIbl, PEKOHCTPYHPOBAIH
TpaHcHopTHbIe pa3Bsizku Kysnerkoro u Jlonen-
KOro yrojibHbIx 0acceliHoB. OH ObLI 4YIEHOM
TEXHUYECKOro coBeTa J[HenpocTposi u mpoex-
THpOBaJ «YpaiamanizaBomny. O0pasioB sSBISICS
yineHoM ['ocrmana CCCP, ¢ 1939 roxa — npen-
ceJaTelieM CeKLMHU 10 HaydyHOU pa3paboTke
npobiiem Tpancrnopra AH CCCP u 3amecture-
nem nipencenarens Cosera ¢punanos u 6a3 AH
CCCP (1942-1949). YuéHblil HarpaxjaeH op-
nenamu Jlenuna (1935, 1944, 1949), Tpynoso-
ro Kpacnoro 3uamenu (1939), OteuecTBeHHOU
BoiiHbI | crenenu (1945), Mmenansio «3a 060po-
Hy Mocksbl» (1945). men nepcoHanbHOE
3BaHUE FeHEPaJI-JUPEKTOPa IBUIKEHHS IEPBOTO
paHra.

OEATENBHOCTb B 9BAKYALIUW HA YPANE

B 1942 rony Bnagumup O6pasios BMecTe
¢ [Ipesauanymom akajeMun ObUT IBaKyUpOBaH
B CBEpIJIOBCK U BOLIEI B aKaJIEMHUYECKYIO KO-
MUCCHIO 110 MOOMIIM3AIIMH PECYPCOB Ypaiia Juis
000poHbI cTpaHbl. OMHUM M3 HalpaBICHUN
JEeSITeIbHOCTH KOMHUCCHHU Oblia pa3padoTka
MEpOTIPUATHH, CBSI3aHHBIX C PA3BUTHEM U pe-
KOHCTPYKIIHEH )KeJIe3HO0POKHOTO TPAHCIIOpTa
VYpana (baiixos, I'punke, 1942 [14]). B. H. O6-
Pas3LoB ONEepPaTHBHO U3yl CIe(UKY pabOThI
JKEJIe3HBIX IOpOT Ypasia U BBIABUHY/ Ha IEPBbII
IUIaH UX KapJUHAIBHYIO ItepecTpoiiky (O0pas-
1oB, 1943 [15]), 4T0OBI 1OOUTHCS yIIOPSAOUESH-
HOW 3BaKyaluu NMPEJIPUSITHH U JIOACKHX I10-
TOKOB B BOCTOYHBIE PaliOHBI U JaJbHUX Hepe-
Bo30Kk yrusa u3 Kysbacca Ha npeanpusTus
VYpana.

OIHUM U3 CaMbIX HaNpsKEHHBIX TPaHC-
MOPTHBIX y3110B Ypaisa Obu1 Tarunbckuii npo-
MBIIUIEHHBIH paiioH. [1o HEKOTOPBIM JaHHBIM,
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B Hayaje BoWHbI B Hmxuuii Tarun npuOsuio
CBBIIIIE JECSATH THICSY BATOHOB IBAKYHPOBAHHO-
ro o0OpyIOBaHUsl U HACEJICHHS, ONEPATUBHO
pa3srpy3uTh KOTOpPbIE OKa3aJ0Ch HEBO3MOXHO.
C 9TOl TUI'aHTCKOM KeJIe3HOMOPOKHOM MPoo-
KOUi CBsI3aHa M UCTOPUSI HAIlleH CEMbH, IBaKyH-
poBannoii u3 Kypcka B c. Jlas mog HuwxHum
Tarunom. Ham oren I1aBen PomieBckuii B 310
Bpemst ciyxuil B Kypckom BoeHHOM rocniurase
No 1932, neuraBmieMcst B 3BaKyaluio Ha Ypai.
CoctaB ¢ paHeHHbIMH Ooiinlamu B HuxkHeM
Taruiie cTOsU Tak JOJITO, 4TO OTEL, HOIYYHB
yBOJIbHEHUE, qo0pancs ao c. Jlas u nposen
C ceMbel HeCKOJIbKO YacoB. Korna oH BepHyIcs
B Tarw, smiesoH Beé emé oxuaai JanbHenmen
ornpaBku. OH BcrioMuHai 00 3toMm B 1944 rony:
«U13 Kypcka meHs1 cynbba, a ToyHee BOCHHas
ciry0a, 3aHeclia 1ajeKo, CHayaa Ha Ypai, rie
st Ob11 ¢ Kypckum rocnuranem. Tam Ha Ypane
COBEPUICHHO HEOXXUJAHHO 5 BCTPETHJI CBOIO
CEMbIO, O Cy/Ib0E KOTOPOH S HE 3HAJI HECKOJIBKO
MecsineB. Hano ke ciaydaro MeHsl HallpaBHUTh
KaK pa3 B Ty CTOPOHY, Iie Obl1a ceMbsi. Berpe-
ya Obl1a HEOXKUAaHHOW U pagoctHol» (TAC-
[UTO, ®. 4060, On. 1, . 2, JI. 25).

W3yueHnue TpaHCHOPTHOrO obecreyeHus
Tarunibckoro NpoMBIIICHHOTO paiioHa OYeBH/I-
HO TI0Ka3aJio Meperpy3Ky *Kele3HOH AOpOrH.
ITox pykoBoacteom B. H. O6pa3snosa 0bliu
paccunTaHbl BHYTPUY3JIOBbIE U MArHCTPAIbHBIE
IpY30IOTOKH, ONpPEAENICH MOPSAI0K paboThI
okono 20 cranHnui. OH NPEITIOKUI CPOIHO
MMOCTPOUTH HEOOJIBIIYIO PEIHCOBYIO BCTABKY 110
nuan Ha Hrokawit Tarwm, 4roObl moesga oT
Hwxnaero Taruna mornu 6e3 3aTpyaHEHUH 110-
KHJIaTh IEpPEeTrpy)KEHHBIH y4acToK. 3a padory
«O pa3BUTHHM HApPOJHOIO X03diicTBa Ypana
B ycioBusax BoiHb» B. H. O6pa3uos Obln
B 1942 rony ymnoctoen CTaquHCKOW IpeMUU
TepBOM CTEMEHU.

Hasnauenne B. H. O6pa3ziosa B ChIKTBIBKAp
OBLIO BBI3BAHO HE TOJBKO OOJIE3HBIO aKaIeMHKa
A. E. ®epcmana. Cutyanutio onpesensia 3auH-
TepecoBaHHOCTh pykoBojcTBa Komu ACCP
B KOHCYJIBTALUSIX, CBSI3aHHBIX C BBOJAOM B JKC-
mTyatanuto crparerndeckoit Cesepo-Ileuopckoit
JKEJIE3HOM IOPOTH, 10 KOTOPOil B LIEHTP CTPaHBI
u JlenuHrpan nocrymnaiy yrois u Heptb. Hena-
poM Coer MunuctpoB Komu ACCP B 1943 ro-
ny Bén nepenucky ¢ B. H. O6pa3iioBbIM 1o Ha-
YYHO-OPraHU3alMOHHBIM BOIIPOCAM.

21 nexadpst 1944 rona [pesuanym AH CCCP
nasHaumn B. H. O6pasuosa nupexropom bazer
AH CCCP B Komu ACCP. Ho ycnoBust BOeHHO-

T'O BPEMEHH CKJIaJIbIBAJIUCH TAKUM 00Pa30M, 4TO
O0pa3sIioB U3-3a rPOMaHOr0 00BEMA BBIMTOJTHSIC-
Moii pabotsl B ctpykrype AH CCCP ne mor
HaxXomUThCs B CHIKTBIBKApE MOCTOSIHHO.

IIpue3n Branumupa Huxonaesuua B Komu
ACCP B aBrycre 1945 ropa ObU1 OpraHu3oBaH
B CBSI3M C IPaBUTEIbCTBEHHBIM pEIICHUEM
TOopxKecTBEeHHO oTMeTuTh 220-netue AH CCCP
(HA Komu HII ¥pO PAH, @. 1, Om. 1, [I. 123,
JI. 8). B CrikThiBKape 24 aBrycra coCTosuioCh
00uIeliHoe 3aceaHue y4€HOro COBETa, Kak
OTMEUYEHO B IPOTOKOJE, «B MPUCYTCTBUHU
B. H. O6pasmosa» (HA Komu HI[ YpO PAH,
®. 1, On. 1, A. 110, JI. 6, 15). Heckoiapkux
corpyanuxoB ba3el AH B Komu ACCP Harpa-
JIUIH Tou€THBIMU rpamoTtami [pesunnyma AH
CCCP «3a xopoIiiyo 100pOCOBECTHYIO Hayu-
HYIO paboTy, aKKypaTHOE 1 YECTHOE BBINOJHE-
HUE Pa3JIMYHBIX IPOU3BOJCTBEHHBIX 3aaHUI»
(Pomenckas, bposuna, 2009 [16]). [ToBecTka
JIHSl y4EHOTO COBETa BKIJIIOYAsIa 00CYXIeHHE
UTOTOB JESATEJNbHOCTH U MPOOJIEMHO-
TeMaTu4ecKuil rian pador 6a3sl Ha 1946 rox.
U3 npyrux poxymeHtoB HayuHoro apxusa
Komu HII YpO PAH BuaHO, 4TO HECKOJBKO
COTPY/IHUKOB, «II0JIb3YSICh IPUCYTCTBHEM Ha
baze» mupekropa, mpocuin 0cBOOOAHUTH OT
3aHUMAEMOM MTOKHOCTH, CCHLIAsCh Ha OBITO-
BYIO HEYCTPOEHHOCTh M OTCYTCTBHE B OMOINO-
Tekax ropoga Hay4Hoil tureparypsl (HA Komu
HIT VpO PAH, ®. 1, Omn. 19, 1. 40, JI. 8).

MNOE3OKA HA CEBEP KOMU ACCP
PervoHasibHble BIACTHBIE CTPYKTYPBI HC-
nonp3oBanu npue3n B. H. O6pasnosa, uToObI
03HAKOMUTH ero ¢ cocrosinuem CeBepo-
[Teuopckoil xkenae3HO# TOPOTH B CBS3U C TIPEJI-
crosiiei e€ PeKOHCTPYKIUEH (I0CTPOMKON).
[MonpoOHBIX cBeneHUit 00 ITOW mMoe3aKe Ha
ceBep pecnyONHMKH HE COXPaHHIJIOCh, HO W3-
BECTHO, 4TO OH moceTtws Bopkyrty, Abe3b,
Vxty u KHsDKIOrocT. AkajieMUuK KOHCYJIBTHPO-
BajJ CTPOMTENIEH MO pasHBIM IpoldiieMaM:
YKpeIUIeHHue HAChIU, PEKOHCTPYKIIHS JKele3-
HOJIOPOXKHBIX MOCTOB, YCTPOMCTBO pa3be3-
HbIX myTed u ap. «Celuac, MeXIy IpOYHM,
uAET BOIPOC O TOM, HE CIEAYET JIH YI0XKHUTh
BTOpO# IyTh Ha BOpKyTHHCKON NTHHUH, — TH-
can B. H. O0pa3ioB, — a BeJib TaM Jie)ar HaIu
camble TSDKENBIE penbebl [A, a napoBO3bI XOAST
camsble nérkue. [logemy Tax? Iloromy uTO MBI
YIOXKHWIN caMble TSOKEIbIe PeJbChl, a HE YIIOo-
KWW HacTosero Oanacra. bamract tam
IJIOX0HM, a BO MHOTHX Clly4asiX BOOOIE HET
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b6ammacra. Ecnu Mbl yinoxum 0ajinact, MbI
CMOXEM PE3KO IMOJHATH MPOBO3HYIO CIOCO0-
HocTh Hamel Iledopckoit marucTpanu. OTU
BOTIPOCHI ceiiyac 3aHMMAIOT Hallle BHUMaHHE,
Y B 9TOM HaIpaBlIeHUH MOUIET B JaJIbHEHIIIEM
BCsI JKeJIE3HOAOPOXKHas nmosinTuka CoBETCKOTO
Coro3a» (HA Komu HI[ YpO PAH, @. 1, Om. 1,
. 98, JI. 14). CnenoBarenapHO, B IOE3KE Ha
ceBep pecnyOnuku akageMuk OOpa3LoB BbI-
MIOJIHSLUT SKCIIEPTHBIE (DYHKIIMH.

Oxonvanue nmoes3aku B. H. O6pasnora
B IpOMBINIIIEHHBIE paitoHbl ceBepa Komu ACCP
coBmajio ¢ obHapomoBaHueMm 19 aBrycra
1945 rona mpaBUTENBCTBEHHOTO pELICHUS
0 TIOJITOTOBKE YETBEPTOrO ISITUIETHETO IJIaHa
BOCCTAHOBJICHHS HAPOJHOTO XO3HCTBA.

OTMeTUM, YTO MPOOJIEMBI MOCIEBOCHHOTO
BOCCTaHOBJICHHUS pa3pyIIeHHOM BOHHOM 3KOHO-
Muku O0pa3noB 06aymbIBa faBHO. B MockoB-
CKOM MHCTUTYTE WH)KECHEPOB JKEJIE3HOIOPOXK-
HOTo TpaHcnopTa B 1944 roxy Ha nmepBoM 3ace-
JIaHWH CIIELUAIBHOTO CEMHHAPA M0 U3yUYCHHIO
Hay4YHO-TEXHHYECKHX ITPOOIIEM ITOCIIEBOEHHOTO
pa3sutus Tpancnopra CCCP akafneMuK BBICTY-
THJI C JIOKJIa/IoM «B3auMoziericTBre pa3muyHbIX
BHUJI0B TPaHCIIOpPTa, HEPCIEKTHUBBI padOThI
W pa3BHUTHS OTAEJIBbHBIX BUIOB TPaHCIIOPTa
B CCCP». B noknaze roBopuioch 0 3HaUUTENb-
HOM YCWJIGHHWHW POJIM aBTOTPAHCIOPTa, aBHa-
TpaHCIopTa U TPyOOIPOBOAOB.

B Komu ACCP O6pa3iioB nmpoaokain pas-
paboOTKy NMPOEKTOB MOCIEBOCHHOTO Pa3BUTHS
BCEX BHJIOB TPAHCIIOPTA, IIPEXKIE BCETO JKeJie3-
HomopoxHOro. OH NpenBUaes CI0KHOCTH
1 TUCKYCCHH NIPU 00CYKACHUH IUIAHUPYEMOTO
nATUIeTHero miaHa: «Ceiuac oTneIbHbIE JTH-
HUM TOJIBKO HAMEYAIOTCS M MPEAIoNaratoTcs
MPAaBUTENBCTBY JUIsl BHECEHHS B NSATHICTHHN
wian» (HA Komu HIT YpO PAH, @. 1, Om. 9,
.53, J1. 20).

[OKNAL HA COBPAHUW NAPTUAHOIO
AKTUBA CbIKTbIBKAPA

Hexoropsie cBon unen Bnagumup Hukonae-
BUY 03BYYHII B aBrycte 1945 rona Ha coOpanuu
naptuiiHoro akTuBa I. CBIKTBIBKapa, yAeluB
IJIaBHOE BHUMaHHUE TPaHCIIOPTHOMY obecrieue-
HUIO NpOMBINUIEHHBIX pailoHoB Komu ACCP
u ponu Cesepo-Iledopckoil sxene3Hon0poKHOI
maructpaimu (HA Komu HI[ YpO PAH, @. 1,
Om. 9, JI. 53, JI. 20). CnymarensiMu ObLIH Ce-
KpeTapH NepBUYHBIX MAPTUIHBIX OpraHU3alui
Y PYKOBOAMTENHN KPY)KKOB CHCTEMbI APTHIHHO-
MOJUTUYECKOTO 00pa30BaHuUsI.
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JlokiauuK Haual BBICTYIJICHHUE TE3UCOM,
YTO, HECMOTPSI Ha TOTAJILHBIH XapaKTep MpoIe/-
1Iel BOIHBI, Hepa3phIBHAS CBA3b (DPOHTA U ThUIA
1 IOCTPOEHHBIE B I'0/IbI BOMHBI KEJIE3HBIE JOPOTH,
obecrieuniin odeny. B kauectse mpumepa O0-
pasioB ynoMsny: uHuto «oT Kotnaca g0 Kono-
LM ¥ Jajiblie M0 ApXaHTelIbCKOW Jopore Juis
nepenaun Ha Mypmanck»: «Eciu Obl MBI HE 110-
CTPOWJIM 3TUX JIBYX JIMHUH, TO (DAKTHUYCCKH MBI
norepsiin 061 MypMmaHCK. JTO cTpareruueckas
JI0pOra ¥ TYT Hellb3s1 ObUIO PACCUUTHIBATh BBITO/I-
HO 1M HeBbIronHo crpouth» (HA Komu HIT YpO
PAH, @. 1, Om. 9, /1. 53, JI. 13).

AxaJieMHK OPpOOHO paccKasal, Kakue u3Me-
HEHUsI [TPOU30MTYT Ha JKEJIE3HOAOPOKHOM, BOJI-
HOM, aBTOMOOMJIBHOM M aBHAIlMOHHOM TpPaHC-
nopte. OH cuuran, yto B Komu ACCP «aBuaru-
OHHOE CO0OIIIeHNE Oy/IET CHIIBHO Pa3BUBATHCS,
MOSIBATCSI HOBBIC BHUJIbI TPAHCIIOPTA, TAKUE KaK
TpyOOIIPOBOJHBIN, YTO HEOOXOAMMO Pa3BUBATH
MEXaHH3aIMI0 CTPOUTENBHOTO Jiefia U TOrpy30-
pasrpy3o4HbIX onepanuii Ha TpaHcnopre (HA Ko-
mu HI ¥YpO PAH, @. 1, Omn. 9, [I. 53, J1. 16).

I'maBHast 3aa4a pa3BuTHs Tpancnopra B Ko-
mu ACCP, o ero MHeHHI0, ObLIa 00yCIIOBIICHA
COCEJICTBOM C «BEJINKOJICIIHBIMH JKEJIe3HBIMH
pynamu Ha KoJbCKOM MOJyOCTpOBE» U CeBep-
HOM Ypaiie. Ho 5Tu paiioHBI HE UMEIOT SHEPTUU
Uit ux obpabotku. UToObl pecnybnuka (kak
MIPOMEKYTOYHOE 3BEHO) obecreynBaia cyie-
CTBOBaHME JIBYX OMIKAHMIINX COCEHCH, «HYKHO
roctpouts HoByto inHII0» (HA Komu HIL YpO
PAH, ®@. 1,0mn. 9, J1. 53, JI. 17) u «BO3MOXHO,
YTO B ONMKAHIIYIO TSITUIETKY CTaHET BOIPOC
o muanu oT Koxesr 1o Usnens» (HA Komu HIJ
YpO PAH, ®. 1, Omn. 9, J1. 53, JI. 19).

PasButue Tpancnopra O6pa3noB cBsizal
¢ npobiemMamMu geMorpaduu: «...co3gaHue
[Tewopckoit MarucTpanu MOYTH YABOUIIO Hace-
JICHHE Balllero Kpas ¥ B JIajbHENIIeM 3acelsiTh
paiion HaM, 6e3yCIOBHO, MPUAETC [ ... ], B 4acT-
HOCTH Bail paiion — Komu pecny0nuky, ceBep-
Hyto Cubups u ap.» (HA Komu HIJ YpO PAH,
®. 1,0m. 9, . 53, JI. 14).

Joknan 3aKkaHYMBaJICSl ONTUMHCTUYECKHM
YTBEPXKICHHUEM, YTO MHOTHE 3aJ1a4M MPUIETCS
pemars B OMmKallIyro MATUIETKY, T.K. HeoO-
XOJJMMO «Pa3BUTh MPOMBIIIJIEHHOCTh BCEH
pecnyOIMKH, MOJHATH €€ J0 TAKOro ypOBHS,
YTOOBI OHA M3 O0JIACTH ITOYTH arpapHOM U Jiec-
HOW MpeBpaTuiach B IPOMBILUICHHYIO U CEJb-
CKOXO3SIICTBEHHYIO cTpany». «Henb3s umers
CTOJIMIIBI, KOTOpasi HE CBsi3aHa COOONICHHEM
C TEMH IPOMBINUICHHBIMU TPEATPUITUIMH,

PoliieBckas J1. 11.; PowieBckumn M. [1. locneBoeHHbIe NpoekThl akagemuka B. H. O6pasLioBa
pa3BuTUs TpaHcnopTta Ha EBponenckom Cesepe CCCP




KOTOPBIMH OHa BilajieeT. Bam HaJi0 UMeTh CBs3b
¢ Kotnacom, ¢ Tpournko-Ilewopckom, npuaércs
MIOCTPOUTS kene3Hyto fopory [lnec—ChIKThIB-
kap» (HA Komu HIJ YpO PAH, ®. 1, Om. 9,
J.53,J1.19). YnoMuHaHue KeNe3HOI0POXKHOM
cranuuu [lIuec B JleHckoMm palioHe ApXaHTesb-
CKOH 0011acTH 00BACHSIIOCH TEPPUTOPUAIIEHON
6mu3ocThio 10 rpanuilsl ¢ Komu ACCP — Beero
4 KM Uy 7 KM 10 XeJe3Ho# qopore. «Mbl cuu-
TaeM, — HOABEN UTOT JOKIIAJYHK, — YTO MEPBO-
OuYepeHOU OJKHA ObITh MBHEnbCKas THUHUS
n nunus [nec—CrikreiBkapy (HA Komu HIJ
¥YpO PAH, @. 1, Omn. 9, [1. 53, JI. 20).

B cymHocTH, Hay4HO-IpONaraHucTcKoe
BBICTYTUICHUE NTepe]] HapTUHHON 3IUTON ropoaa
BBIIIUIO 33 PaMKH jkaHpa. CpaBHHBAs COCTOSIHUE
TpaHCIIOpTa B KPYIHEHIINX CTpaHax MHpA,
JOKJIaTYMK TI0KA3aJI IEPCIIEKTUBBI SKOHOMHYE-
CKOTO Pa3BUTHUSI CTPaHbl U PETMOHA B CBSI3U
C BO3pacTaHHEM POJIH [TOYTH BCEX BUJIOB TPAHC-
rnopra Kak MHQPacTPYKTYphl JUIsl pa3BUTHUS
MIPOU3BOJUTEIBHBIX CHII.

W3ydyeHneM eCTeCTBEHHBIX MPOU3BOIUTEIIb-
HBIX CHJI CTPaHBbI B cUCTeMe AKaJIleMUH HayK 3a-
HUMAJIKCh UCCIIeI0BaTeIH, 00beAMHEHHBIE TIO
uHUIMaTuBe akagemuka B. V. Bepuanckoro
B 1915 rony B Komuccuto no nzyueHuio mpous-
BoaurenbHbIx cuit (KEIIC), ¢ 1930 roga — Coser
110 n3y4eHuto npousBoautensHbIx cuii AH CCCP
(COIIC). B. H. O6pas3iioB yuacTBoBa B €€ pabo-
TE [OYTH C CAMOT'0 Ha4aJia, YTO BUTHO U3 HEKOTO-
pbIx ero myosnukanuii B pyaax ['ocrnana. COIIC
HE TOJILKO OPraHU30BaJI SKCIIEIUIIMH, B TOM YHCIIE
Cesepo-Ypanbckyio (1924-1928), Cesepo-
VYpanbckyto kBapueByto (1932—-1934), Ypanbckyto
kxoMIUIeKcHy10 (1939—-1945), Ho npoBoaw B pas-
HBIX TOPOJax Hay4YHbIE KOH(PEPEHIIMH 10 N3yye-
HUIO MPOM3BOAUTENBHBIX cril. Kak npaBuio, Ha
HUX TOJIBKO IPEIOCTABIISIIN OOIMPHBIN MaTepu-
aJ1 110 KOHKPETHOM TEPPUTOPHH, HO HE 3aTparu-
BaJI MEXKOOJIACTHBIE IPOOIEMBI.

OnHa u3 Takux Bcecoro3HbIX Hay4HBIX KOH-
(depeHuil 10 N3yYeHHI0 MPOU3BOAUTEIBHBIX
cunl coctosuiack B I. MonotoB (Tak B 1940-
1957 romax nHaswiBanu Ilepmb) B HOsOpe
1945 ropa. B xoH(epeHIH yuacTBOBAJIH BHLIE-
npesungeHT AH CCCP akan. U. II. bapaus,
akagemuku b. E. Benenees, JI. H. IIpsaumxu-
koB, C. I Crpymunun u B. H. O6pa3uos.
[Ipenmerom BeicTyienust B. H. O6pasiosa
cTaJla BO3pacTarouias poJib B 3KOHOMHUKE CTpa-
HBI Pa3BUTHS TPAHCHIOPTa Ha TeppuTopun Komu
ACCEP. Ilo pesynbraram koH(QEpEeHLIUH U3AaHBI
TekcThl gokianoB (Kondepennus, 1947 [17]),

nocTaHoBieHus u pe3oiroruu (Tpymer, 1947—
1948 [18]).

O Tom, uto moknaa B. H. O6pasioBa Obut
W3/IaH OT/ENIbHOW KHUIOW, CBUJIETEIILCTBYET CO-
xpanénnbiii B Hayunom apxuse Komu HII YpO
PAH KOHCHEKT 3aBeAyIOIIEero SKOHOMUYECKOI
rpymmoit basst AH CCCP B Komu ACCP, Boimyck-
HuKa JIeHMHIpaJIcKOro MHCTUTYTa HAPOIHOTO
xo3siictBa C. @. [loroBa. CBeneHus o camMmoM
ITonoBe oTpbeiBOuUHBI. J[0 BOWHBI OH padoOTan
B IUTAHOBBIX opraHax Ha /lansHem Boctoxke, B Ca-
paroBe u Kupose, 3aHUMasiCh NEPCIIEKTUBHBIM
TUIAaHUPOBAHUEM Y SKOHOMUYECKUM 000CHOBaHU-
€M CTPOMTEJIBCTBA HOBBIX IpennpusiTuii. CoBpe-
MEHHHUKH OTMedaiH, 4to [Tornos ycrnen 3HaunTenb-
HO TIOTIOJIHUTH HayuHylo Oubnmmoreky basst AH
CCCP B Komu ACCP xHuramu 1o JecHO# mpo-
MBINUICHHOCTH M TPAHCIOPTY, HO 23 Jeka0Ops
1947 rona on crkonuancs (HA Komu HII YpO
PAH, ®. 1, Omn. 1, A. 108, JI. 1-3).

KoHcHekT cyienaH 1no KHUre, omyOIuKoBaH-
HOU u3marenbcTBOM Akagemun Hayk (OOpas-
1oB, 1945 [19]). Ilonos Beienun 20 pyOpuk,
B TOM YHCJI€ O JIOJTOCPOYHBIX IPOEKTaX, Mep-
CIIEKTHBAaX Pa3BUTHUS KEIE3HOIOPOKHOTO,
BOJIHOTO, aBTOMOOMJILHOTO ¥ aBHallMOHHOTO
tpancnopra (HA Komu HI[ VpO PAH, @. 1,
Omn. 9, 1. 68, JI. 1-19).

[MToucku 3Tol MyOIMKaIMKM HE YBEHYAIHCh
YCIIEXOM, UTO yBEJIMYHMBAET 3HAYEHUE COXpa-
HEHHOTO B CHIKTHIBKape KOHCIIEKTA OJIHOW W3
pabot akanemuka B. H. Ob6pasuosa. [loknan
OBLI HACTOJILKO COZEPIKATEIbHBIM M LIHPOKO-
MaciTaOHBIM, YTO €ro Kak CaMOCTOSITENbHYIO
myOIMKanuio BEITYCTHIN 1 B Moiorose. bia-
rojaps 3aBelyIOLIeil OTIeJIOM KpaeBeJeHUs
[Tepmckoii kpaeBoit yHHBEpcaIbHOM OHOIOTE-
k1 uM. A. M. Topexoro f. E. Apanranosoii,
yIQI0Ch 00OHAPYKUTH 3TO u3nanue (O0pasios,
1945 [20, c. 13]), KoTOpOE MOKHO paccMarpu-
BaTh KaK TE3WCHBIH BapuaHT NpeblayLiel
yOJIMKaLuy.

Crnenyer HallOMHHTB, YTO JIOKJIAJ COCTOSII-
cs B KoHIle nobdemonocHoro 1945 roga, korja
cTpaHa emé Haxoauiach B pyuHax. Ilostomy
MEepPCIEeKTUBBl Pa3BUTHUS TPAHCIOPTa Mocle
BOMHBI, NPEJCTaBICHHbIE aKaJIEeMHKOM, 0e3-
YCIIOBHO, IPOU3BEJIN Ha CITyIIaTesIed U unTare-
nelt cuibHOe BrevaTneHue. [l nesnei Hamero
HUCTOPHUKO-OMOTpaduueckoro nccieaoBaHus
MOJAYEPKHEM, YTO BBICTYIJICHHE OBLIO Hallese-
HO Ha pa3Butue skoHoMuku Komu ACCP.

O0pa3LoB yTBEpHkK I, 4TO HAPOTHOE X035 H-
CTBO M TpaHCHOPT MOJOTOBCKOM o0JiacTH He

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 3 (94). C. 124-132
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MOTYT pacCMaTpHUBaTbCA M30JUPOBAHHO OT
coceqHux obnacteil. Pemaroiee 3HaueHue st
€ro pa3BUTHs UMEIOT HapOIHOE X035 HCTBO
u tpancnopt Komu ACCP, CepanoBckoi,
Apxanrensckoit, Bonoroackoit u Kuposckoit
obnacreii. Benaukas OteuecTBeHHas BOlHa
pe3Ko M3MEHMJIa ¥ MPOJBHHYJIA YKOHOMHUKY
9TOTO PEerruoHa. 3a roJ(bl BOMHBI OCYIIECTBICHO
HIMPOKOE Pa3BUTHE YTOJIBHOM, HEPTAHOM, Ta30-
Boll mpomeinuieHHOcTH B Komu ACCP u mo-
crpoeHa CeBepo-Iledopckas xese3HOI0pOKHAsT
MarucTpalb, «3aBepuiuBmas odopmiieHue
KPYITHOTO 9HEPIeTHYECKOTO [IEHTPa Ha CEBEPO-
BocToxe EBpomneiickoit wactu CCCP».

«Hanuuue GospIIMX 3a11aCOB BBICOKOLEH-
HOU pYIbl, TEIUIO- U YHEPrOEMKOTO CBIPbs Ha
KoJsbckoM nostyocTpoBe, Ha BOCTOYHOM CKJIOHE
VYpanbckoro xpedTa, T. €. Kak pa3 1o 00e cTopo-
HBI OT HEOOXOAMMOTO JIJIsl 00PaOOTKU UX YHEP-
retudeckoro nentpa (Ileyopckoro Oacceitna
Y BOPKYTHHCKHX KOKCYIOUIMXCS YIJIeH ) TOJKHO
OBITH MCIIOJIB30BAHO. DTO BBIJBUTAET BOIIPOC
0 HEMeJUICHHOW pa3paboTKe U YacCTUYHOM
CTPOUTEILCTBE Y)KE B IPEIICTOSALIEM IISITUIICTHN
Konbcko-ITewopckoro komOuHara (a B gajibHE-
el mepcreKkTUBe BCTaET HA OUepeIb peanusa-
us u Ypano-Ileuopckoro komOuHara), ¢ Mc-
M0JIb30BaHIEM dHEpreTuueckoro nenrpa Komu
ACCP, mopckux myTeit A7 3KCIopTa ¥ BHYTPH-
coro3HbIX cBa3eil nus Konwscko-Ilewopo-
Ypanbckoro komIuiekca B 11esiom». CTpouTesb-
CTBO KPYMHEHIINX THAPOIIEKTPUUYECKUX
cTaHlMii B paitoHax MonortoBa, Connkamcka,
ITedops! n Beryernpl «CyImecTBEHHO M3MEHUT
JHEPreTUKy 00JacTH, yCI0BUS BOJHOTO TPaHC-
MOpTa, TOJIOKEHHE M TUIOLAAN 3aTOTLICHHSD
(O6pasmos, 1945 [20, c. 4-5]).

Jis pacmupeHusi 5JKOHOMHYECKUX CBS3EH
¢ JlenunrpagomM, MypMaHCKOM, ApXaHT€JIbCKOM
Y Pa3BUTHUSI MEXYHAPOIHBIX OTHOIIEHHH MO-
JKeT OBITh HMCIIOJb30BaHa HAMEUYEHHAas «II0-
cTpoiika nopta B IHaure u xene3Hoa0poxXHOM
nuann Koxa—I{unema—Muaura, coenunsio-
e 3ToT mopT ¢ *k[ene3Ho]-A[OpoKHOI] ce-
TeI0». Ceno Mnaura Henerkoro HainoHaILHO-
ro OKpyra umeer ynoOHoe reorpaduueckoe
MOJIOKEHHE Ha BocTouHOM Oepery bapeHuesa
MOpS B YCTh€ OZTHOMMEHHOH PEeKH, HAaXOAUTCS
B 30HE BEYHOW MEP3JI0THI, HO OyXTa MOYTH HE
3aMep3aeT. B Heil MOXKHO co3/1aTh XOPOILO 3a-
MIHAIIEHHBIN TOPT KPYIJIOTOAMYHOTO AEHCTBHS,
JIOCTYIHBIH JIs1 OKEAHCKUX CY/IOB, T. K. MOpPCKast
IyOMHA 3/1€Ch JOBOJBHO 3HAYHUTENbHA, a IOp-
TOBBIE YCTPOMCTBA BO3MOXKHO COOpYKaTh Ha

¢ MWP TPAHCIIOPTA
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6oubLIoit mommanu oyxTel. Kpome toro, 31ech
He HaONI0JaI0Ch 3HAYUTENIbHBIX KOJeOaHuH
YPOBHSI BOZBI IIPH PEYHBIX ABOJIKAX U MOPCKUX
MIPUJIMBAX, YTO HE OCIIOXKHsET paboTy mopra.
C xonna XIX B. paiioH NpuBJIeKaJl BHUMaHHE
9KOHOMMCTOB JUJIsl CO3/IaHUs MOPTO-PpPaHKO
(ot utan. porto franco — cBOOOIHBIN TOPT) —
raBaHH, B KOTOPBII BBO3 M BBIBO3 HHOCTPAaHHBIX
TOBapoB Aonyckaercst oecrnionuinuHo (Moran-
con, beobopomos, 1928 [21]).

Wneto cTpouTenbcTBa MOPCKOIO MOPTA
u xenesHoi noporu no Uuauru B. H. O6pas-
LIOB BIIEpBbIE BhICKa3alj el Ha coOpaHuu
napTuiiHoTo akThBa CHIKTHIBKapa: «IT0 Oymer
He3aMep3alluidi nopt, oH Oyaer padoraThk
3HAYUTENFHO JI0JIbIlE, YeM ApPXaHIeJIbCK, MO-
KeT OBITh JeCATh MECSLEB, a IPU HEKOTOPBIX
ycnoBusix naxe v kpyrisiid ron» (HA Komu HIJ
¥YpO PAH, ®. 1, Omn. 9, J1. 53, JI. 18).

J1J1s1 KOPEHHOTO YIy4IIeHHUs BOAHBIX ITyTeH
Kamckoro, ITeuopckoro u Berueroackoro dac-
CEHHOB MpPEAINoIaraeMblii IPOEKT CTPOUTEIb-
ctBa Tp€x motuH Ha Kawme, [leuope u Briuerse,
CBSI3aHHBIH C CO3JJaHUEM KPYITHBIX BOJOXPaHH-
JIMIL, HE 3aTPYyAHSET B IaIbHEHILIEM IIOCTPOUKY
JKENIe3HOJOPOKHOU JTUHUKM U3 MOJOTOBCKOU
obnactu yepe3 Koxy k Unaure.

Co3laHue MOLIHOTO YHEPreTUUYECKOTO
neHTpa B paitone Cepepo-Ileqopckoii sxene3Ho-
JOPOXKHOW MarucTpaju, o ero MHEHHIO, ObLIO
BO3MOXHO, ITOTOMY 4TO BopkyTuHCKuii Oac-
CEIH PaCIOJIOKEH MEXIy «IABYMs HEA0CTaTOY-
HBIMH 110 KOKCY paiOHaMu JOOBIYU PYABI
(na Ypane u Ha Konbckom nosyoctpoe)». « /s
cBsi3u BopkyTuHckoro yrosibHOro Oacceiina
C palioHaMHM >KeJIe30pyIAHBIX MECTOPOXKICHHH
HEO00X0IMMO CTPOUTEIHCTBO HOBBIX XKEJIE3HBIX
nopor»: or Koxsel Ha Uuaury x Kombckomy
nonxyoctpoBy u ot Koxxsbl Ha UBnens u Conu-
KaMCK. bonbliylo pois B TpaHCIOpTE yIuis
JIOJDKHO chIrparth bapeHneBo mope mociie mo-
cTpoiiku noproB B Xabapose u Muuure».
C npyroii CTOpPOHBI aKaJeMHK BbICKa3aJl Mpe/-
JIO)KEHHE O CTPOUTENBCTBE «METaJIIypPruuecKo-
ro 3aBoja B paiioHe BopkyTsl (Hampumep,
y KoxBBI) ¢ LIeNIbI0 YMEHbIIEHHUS NPOOEroB
YN U CO3/1aHUsl JIByCTOPOHHETO COOOILEHHS
110 yIIIto Ha Ypau u 1o pyze B KoxxBy, uTo MoXeT
MOCHYXHUTh OCHOBOH Oyaymero Ypano-
ITeuopckoro kombOuHaray (Ob6pasuos B. H.,
KommnekcHoe, 1945 [20, c. 5]).

Ces3p MomnoToBckoii obiactu ¢ CeBepo-
ITewopckoit nuHMeN u B nocienyromem ¢ WH-
nuroi, mo muenuto B. H. O0pasiioBa, Haubosee

PoliieBckas J1. 11.; PowieBckumn M. [1. locneBoeHHbIe NpoekThl akagemuka B. H. O6pasLioBa
pa3BuTUs TpaHcnopTta Ha EBponenckom Cesepe CCCP




1eaecoo0pa3Ho ObUIO MPOEKTHPOBATH MO Ha-
npasienuto oT CojMKaMcKa B paliOH K CeBepo-
BocToKy oT KoxkBEI, 110 ipaBomy Oepery Iledo-
PBI, UTO ITO3BOJIMIIO OBl HCIIOJIB30BATh OJIM3KUE
YTOJIbHBIE TUIOIIAJKM Ha 3ala/JHbIX CKJIOHAX
VYpana u Gorarbie, HEOCBOCHHBIE TPAHCIIOPTOM,
MaccHBEI Jieca. B nmepBylo ouepenb, Halo CTPO-
uthb uHuio 0T KoxkBel Ha UBEND, C IEpexooM
Vpaina ceBepHee Bumepsl, TOCKOIBKY 3TO Ha-
MpaBlieHHE 3aXBaThIBaeT KpyIHeiue oorar-
CTBa MUHEPAJILHOTO CHIPbs (MapraHia, jxenes-
HBIX pyJ, OOKCHUTOB, 30JI0Ta) U MO3BOJISET
OCBOUTD JIECHBIE MacCUBBI ceBepa CBepJIOB-
ckoii obsacTu. He3aBHCHMO OT 3TOTO JBM)KECHHE
cUOUPCKOro jieca Ha JKCIOPT JKEIaTelbHO
obecrnieunts nuHued CamapoBo—Koxsa—/B-
JIEIb.

B. H. O0pa3noB moguépkuBai «ACKIIOYH-
TEJIbHO BEJIUKYIO» POJIb CO3J[aHMsI Ha CEBEPO-
BocToke EBpomeiickoii wactu Ypano-Ileuop-
ckoro kombuHara. 1o ero cioBam, Bopoc 00
VYpano-IleuopckoM KOMOHMHATE HAXOIUTCS
B TaKOW CTaJH, KOTJja «HACTOSATEIHLHO HEOO-
XOIMMO MPOU3BOJICTBO Psiia AETAIBHBIX pac-
4YETOB, HAYYHO-HCCIIEIOBATEIbCKUX U IIPOCKT-
HO-U3BICKATEIbCKUX pabory». Heobxomumo
«OPTaHM30BAaHHO 3aHATHCA MPAKTUYECKOU
paspabotkoit mpobiiembl Ypaino-Ileyopckoro
KOMOUMHaTa B 11e510M». UTOOBI yBEJIIUYHUTH IPY-
30M0JbEMHOCTh U CKOPOCTbH JKEJIE3HOIOPOXK-
HBIX cocTaBoB, OOpa3IoB roBOpUi 00 yTsKe-
JIEHUH PEJIbCOBOTO ITYTH, PACUIMPEHHH JKeJe3-
HOJIOPOXHOI KOJIeW, NpPOKJIaJKe BTOPBIX
penbcoBbIX myTed. OOpamjas BHUMaHUE Ha
CTPOUTENBCTBO LIOCCE JJIsi aBTOMOOMIILHOTO
TpPaHCIOPTa, OH MOBTOPUJI, HACKOJIBKO aKTY-
aJIbHO YCOBEPLIEHCTBOBaHNE TEXHUKH IIOTPY-
30-pa3rpy304HbIX padoT.

[maBHas unes goKiana 3akio4yaiach B He-
00X0/IMMOCTH IHEPreTUUECKOro o0eceyeH s
TpaHcnopra. B To e Bpems akaJleMHUK IpU3Ha-
BaJl, YTO IUIOTUHBI U BOJOXPAHWIMIIA CHIILHO
3aTPYAHAT CTPOUTENBCTBO XKEJIE3HBIX JOPOT,
yBeJIMYaT UX MPOTSHKEHHOCTD U YIOPOXKAT IKC-
IUTyaTamuo.

Taxkum oOpasom, mocie noe3nku B Komu
ACCP B. H. O6pa3110B 0600111151 HEOOXOTUMBIC
ycoBepuieHcTBOBaHUS CeBepo-Ileuopckoit
XKeJle3Ho! oporu, copmynupoBal e€ crpare-
THYECKOe 3HAYEHNE U SKOHOMUYECKHUE MePCIeK-
TUBBI UCIIOJIb30BaHUs. AKaJleMHK pa3paboran
Y BBIJBUHYJ KOMIUJICKCHBIN TUIaH Pa3sBUTHS
KPYIHEHIINX KEIe3HOAOPOKHBIX LEHTPOB
EBponeiickoro ceBepa u Ypana. Beictymienue

B MosioToBe OTpa3uiio 3TH HOBAI[MOHHBIE I10-
sunuu O0pasiosa.

AKaJleMUK IIOHUMAJT, YTO HE BCE €r0 MPOCK-
ThI OyIyT MPUHATHI, ¥ MPESABUICT CI0KHOCTU
pu 00CYKICHUH UTAHUPYEMOTO MSATUICTHETO
wiaHa: «Bel peacTapisieTe, CKOJIbKO TYT OymeT
cropoB u pasroopo» (HA Komu HII YpO
PAH, @. 1, On. 9, 1. 53, JI. 20).

B «3akoHe o mATHIIETHEM IIJIaHE BOCCTaHOB-
JIEHUS ¥ pa3BUTHA HapoaHoro xo3siictBa CCCP
Ha 1946-1950 rr.», npunstom 18 mapra
1946 rona, raBHOE BHUMAaHKE YIEJSUIA BOCCTA-
HOBJICHHUIO Pa3pYyIICHHBIX 3aMaJHBIX U FOXKHBIX
paiioHoB crpanbl. OfHako B IUIaHe OblLia Io-
craBieHa emwé onHa 3anada. UrtoObl, oboiins
MeperpyKEHHbIEC JKEJIE3HOJOPOXKHBIE Y3JIbI
Hwxuero Taruna u CBepyioBcKa, COEIUHUTD
Oorarsie py10ii IPOMBIILICHHBIC TYHKTHI COCh-
By U AsnanaeBck ObLiia BBe/IeHa B SKCILTyaTalHIo
B 1947 r. nunus CocbBa—Autanaesck. Tak Oblia
3aBEpIICHAa HOBas MEPHAMOHAIbHAS JTUHHUS,
ceszaias KOxueiii Ypan (UensOuHCK) ¢ mpo-
MBIIIEHHBIMU paitonamu CeBepHoro Ypaina.

OO0pa3uoB xe paroBai 3a pa3BUTHE IIPO-
MBIIUICHHOCTH U TPAHCIOPTa Ha TEPPUTOPUU
EBpomneiickoro Cepepa. O6nagasi MOIIHBIM
aHAJUTHYECKUM YMOM, akajeMuk OOpasnoB
MMOHUMAJT, YTO €0 COOCTBEHHBIE IPOCKTHI HOCAT
100abHbI Xapakrep. TeM He MeHee, IMEHHO
B IIEPHOJI IOBCEMECTHOTO 00CYKCHHUS IIPOCK-
Ta 4eTBEPTOTO MATUIICTHETO IJIaHa OH HHUITHH-
poBaJ Oosiee nanékue Uit BBITOJIHEHUS IPOEK-
ThL. DTH 3aJja4 NPEACTABISIOT OOJBIIYIO Ha-
YYHYIO [[EHHOCTh KaK MPOTPaMMBbI OCBOCHUS
Teppuropuu CeBepa U APKTHKH, HO HE peain-
30BaHbI 10 CUX TOP.

BblBOAbI

[TociieBoeHHBIE TPOEKTHI KEJIE3HOJOPOXK-
HOTO CTpOMTENbCTBa akajemuka B. H. O6pas-
1[OBa MO3BOJAIOT I0-HOBOMY OIIEHHTH €r0
TBOPYECTBO T10 OTHOILEHHUIO K CEBEPHBIM (T10-
JISIPHBIM) peruoHam. [ J1aBHBIM paiioHOM pa3Bu-
THS SKOHOMHUKH M TPaHCIOpPTa €BPOINEHCKOM
gactu CCCP O0pa3ioB cuuTal TEPPUTOPUIO
Komu ACCP.

OO0pa3ioBa MOXHO OTHECTH K 3KCIIEpTaMm,
BJIMSIBIIAM HA MPOEKTHI M MPAKTHKY OCBOCHHS
Cegepa. B. H. O6pasioB pa3paboTan HE00X0-
JUMYIO JIOTHCTUKY Ul peaju3alud MepBBIX
[POrpaMM CTPOUTENBCTBA JKEJIE3HBIX JOPOT,
MOTOMY YTO MpPHU3HABaJ Hambosee yaoOHBIMU
paiioHbl, OJIM3KO PacrooKEeHHbIE K OCHOBHBIM
paiioHaMm, rJe COCpeJOTOYEHBI CTPOUTEIIbHBIE
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Marepuabl, yIJIeBOJAOPOJHOE ChIPhE U NMEIOT-
Csl pe3epBbI JI0CTaTOYHOM padoueil cuibl. st
OecrepeOOHOrO TPAHCIIOPTHOTO 00ECIICUCHUS
9KOHOMUKH OH CYMTaJ He0OXOANMBIM IIPOKJIa-
JIBIBATh PAIlMOHAIBHBIC MAPIIPYThI, pA3BUBAThH
JKEJIE3HOJOPOXKHBIH TPaHCIOPT, CO3/1aBaTh
TPAHCIIOPTHBIC KOPUIOPHI, CBOAUTH K MUHUMY-
My TpaHCHOpPTHbIE 3arparbl. O4eBUAHO, YTO
Biragumup Hukomaesuu O6pas3iioB — KpymHas
(urypa pa3BUTHS JIOTHCTUYECKOH TPAHCIIOPT-
HOW HHDPACTPYKTYPHI.

Axanemuk OOpa3uoB HHULMKpPOBa Oojee
Jasi€Kue JUIsl BBIMOIHEHUs TIPOCKTHI, KOTOPbIE
B CHITy OOBEKTHBHBIX O0CTOSITENILCTB HE PeaIi-
30BaHbI 10 cux nop. Ho ero nporpammel ocBoe-
Hus Tepputopun CeBepa u APKTUKH MIPEICTaB-
JISIFOT OTPOMHYIO Hay4HYIO LIEHHOCTh M 0COOEH-
HO aKTyaJIbHBI B yciaoBuax XXI Beka.
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TexHuyeckue XeJe3HOAOPOXHbIe Y4UnInLLla
U peMecCleHHble XXeJe3HOAOPOXHbIe KYPCbl

Kenesnomopozroe [ ko

4 B Topy - YXI i

Ilpecc-apxue

Knroyesbie cnoga: ucmopus, xenesHasi dopoaa, 0bydeHue, ydunuLa, Kypehl.

CBOEM COITIHOM Tpye «Kese3sHonopox-

Hast Hepa30eprxay OIBITHBIN KEeIe3HO/10-

poxnuk H. I1. BepxoBckoil BEICKa3bIBaeT
MIPABUIIBHYIO MBIC/Ib: «HA YNPAaBICHUH XKEIe3-
HBIX JIOPOT JIEXKUT ocobas 3ajada, 0 CBOeiH
CepbE3HOCTU COCTABIAIONIAs albdy U OMEry
BCETO JKEJIE3HOMOPOKHOTO Jefa — 3TO HMEHHO
BBIpa0OTKa CUCTEMAaTHYECKOH IIaHOMEPHOM
OpraHM3alU} YYIIHIL, IIKOJ U KypCOB, HACTONb-
KO PacrpocTpaHEHHBIX, YTOOBI HU OIHA JKeJle3-
HOJZIOPOXKHAS IOJDKHOCTb, HOCSIIIAs KaKOH-1100
TEXHUYECKUIl XapakTep, B YHUBEpPCAIbHOM
3HAYE€HMH ITOTO CIIOBa, He OblIa 3aMelleHa Ha
JIOporax HUKEM MHBIM, KaK TOJIBKO JIUI[OM, OA-
TOTOBJCHHBIM CIELHUATBHO K 3aHATUIO €I0).
Be3ycnoBHO BEpHO — HE TOBOPS O BBICIIUX
U CPEIHMX KEIEe3HOMOPOXKHBIX areHTax, Jake

Ily6nuxayus 6 scypHane «Kenesnooopooicroe oenoy 3a 1911 200, mo ecmo 110 1em
HA3a0, cambim NOOPOOHBLIM 0OPA30M AHATUIUPOBATIA OP2AHUAYUIO NOO2OMOBKU
MEXHUYECKUX CReYUanucmos OJis HCele3HbIX 00poe, KAK Mbl CKazaiu Obvl celyac, Ha
6aze npopeccuonanbHo2o 06yuenus u cpedne2o npogheccuoHarbHO20 0OPA306AHUL.
bonee mozo, npusooamcs 8321506l Ha cOOepIcanue 00yueHus, Habop 60CMpPebOBAHHBIX
OUCYUNIIUH, KEATUDUKAYUL, KOMNEMEHYUL U HABLIKU.

Mup TpaHcnopra. 2021. T. 19. Ne 3 (94). C. 1331 36\

Y HU3IIHUE JTOJDKHBI OBITh JOCTATOYHO Pa3BUTHI,
XOPOIIIO TPAMOTHEI M CO CIICITUATEHBIMU TTO3HA-
HUSMH, YTOOBI PABMIBHO TIOHUMATh U J00PO-
COBECTHO, YBEPEHHO UCTIOHSATEH CBOH CIIOXKHEIC
U TPYIHBIC 00S3aHHOCTH TEXHUYCCKOTO XapaK-
Tepa. M3 HU3MIMX, HO OYCHb OTBCTCTBCHHBIX,
JIOJDKHOCTEH HY)KHO YKa3aTh: 110 CITy»KO0¢ Ty TH —
Ha JOJDKHOCTH CTAPIIUX JTOPOKHBIX MaCTEPOB,
JIOPOKHBIX MAacTEPOB, apTEIbHBIX CTAPOCT
(crapmmx pabovmx); MO CIIYKOE TOIBHKHOTO
COCTaBa U TATH — TAPOBO3HBIX MAIIMHUCTOB ¥ X
TTOMOIIHUKOB, MaCTEPOB, MOHTEPOB (JICCATHH-
KOB) YYaCTKOBBIX MAaCTEPCKHX, MAITUHUCTOB
MTOCTOSIHHBIX MAIIIMH MacTEPCKHUX U BOJOKAUCK,
TEXHUYECCKHUX arcHTOB IEpeladyd BaroHOB,
OCMOTPIIIMKOB BarOHOB | T.J. [[JIs MOATOTOBKH
MOJTOJTBIX JIFOJICH, CITOCOOHBIX, TI0 OKOHYAHUHU

[ns uumuposanrus: MbinbHukog B. TexHUYeckue Xene3HoO0POXHbIE YHUnuLa U PEMECTEHHbIE Kerne3HoA0poXHbIe Kypch! // Mup
mparcnopma. 2021. T. 19. Ne 3 (94). C. 133-136. DOI: https://doi.org/10.30932/1992-3252-2021-19-3-14.

bnazodaprHocmb. Pedakyus sbipaxaem npusHamenbHocmb compyOHukam bubnuomexu Poccutickoz2o yHugepcumema mpaHcnopma

3a nomowb 8 nod20moske Mamepuara.

MonHb1i mekcm apxueHol nybiukayuu Ha aH2ulickoM A3bIke ny6nukyemcsi 8o emopoll Yacmu daHHO20 8bInyckKa.
The full text of the reprinted archived article in English is published in the second part of the issue.

MbInbHUKOB B. TexHU4eckue xene3HoAopoXHbIe yuaunuila

1 pEMECTEHHbIE Kene3HOAOPOXKHbIE KypChl

KOJIECO UCTOPUNA



Kypca M NpPaKTHKH, 3aHUMaTh I1€pPEUHCIICHHbIC
JomKHOCTH, [IpaBUTEILCTBO OTKPBUIO TEXHUYE-
CKHE JKEJIE3HOJOPOXKHBIE YUUITUILIA, IO ITOJI0XKe-
Huto 1886 roma. B HacTodiiee BpeMst HACUUTHI-
BAETCsl TEXHUYECKUX KEIE3HOJOPOKHBIX yUH-
nung — 41. 9710, 04eHb Maoe KOJIUYECTBO YUH-
JIMILI, BBITYCKAaeT M3 CBOMX CTEH OYEHb Malloe
Y COBEPLICHHO HEJO0CTATOYHOE YMCIIO JIUIL, 3a-
HUMAIOIIHX JIOJDKHOCTH TEXHUYECKOTO XapaKTe-
pa Ha Xene3HbIX Joporax. Jla m moaroroska
K IPaKTUYECKOM, CO3HATENILHOM NesTebHOCTH
OKaHYMBAIOLIUX TEXHHUYECKHE KEIE3HOLOPOXK-
Hble YYMJIMIIA — HEJO0CTarouyHa. TexHU4YecKue
JKEJIE3HOJOPOXKHBIE YUMIIMIIA 32 BPEMS CBOETO
CYLIECTBOBaHUS Jali MHOTO paOOTHUKOB Ha
JKEJIE3HOIOPOXKHOM ronpuuie. Yacth U3 HUX
OKazajach OYCHb I10JIE3HOM /IS IeNa, a B 4acTh
ke, W, 0 MOEMY MHEHHIO, 3HAYUTEIHHO OOJIb-
Iel, TPYAHO PaccMOTPETh, YTO, COOCTBEHHO,
JlalTi MM TEXHUYECKUe yunnuina. Beyiaromuecs
CBOUMU CIIOCOOHOCTSMH, OBIBILIE BOCITUTAHHU-
K TEXHUYECKUX KEJIEIHOMOPOKHBIX YUHIIHUILL
JIOJKHBI OBITh IIOCTABJICHBI HAPSILY C XOPOLINMHU
NpaKkTUKaMHU-WH)XXEHepaMu, Hamp., B bonorom
HukoaeBckoit J0pory, B MaCTEPCKUX KalliTallb-
HOTO PEMOHTa MapoBO30B, MAacTep-TEXHHUK
K. M. MuxaiinoB npekpacHo BeET HH)XEHEpHOe
Jiesio 1o OOoJIbIIOMY PEMOHTY mapoBo3oB. Ho,
y OOJIBLIIMHCTBA «TEXHUKOBY (OBIBIIMX BOCIIH-
TAHHUKOB JKEJIE3HOOPOXKHBIX YUMIIUIIL) CHELH-
aJbHast XKeJIe3HOJOPOXKHAsI IOATOTOBKA — MaJia,
TrpPaMOTHOCTh M 00lIee pa3BUTHE — OYEHb I10-
cpencTBeHHbl. OKOHUMBILIHUE KYPC TEXHUUECKUX
YUWIIUIL CKJIOHHBI K MTOAYEPKUBAHUIO TOTO, YTO
OHU TIOJIYYMJIM cliel[MalibHOoe oOpa3oBaHue
U, B CHJIy 3TOTO, 110 UX MHEHHUIO, OHH JOJDKHBI
MOoJTy4Yarh OOJIBIIUE JIBIOTHI MPH MMOBBIMICHUIX
W HeCTH Oosiee JIErKyIo Ciryx0y. Sl MOMHIO MHOTO
TaKUX MPETCH3UI «TEXHUKOBY, U3 CBOEH Ipax-
TUKY. Hanpumep: noMoIiHuKa MallMHACTA U3
«TEXHHKOB)» Ha3Ha4alo Ha MapOBO3 C YTOJIbHBIM
OTOIJICHHEM (TIPH CYIECTBOBAHHH YTOJIbHBIX
1 HE(TSAHBIX MAPOBO30B); TEXHUK» SIBISETCS
C 3asIBJIGHHEM, YTO 51 HE JI0OJDKEH ObLII Ha3HauaTh
€ro Ha TPYJHYIO paboTy Ha YroJIbHOM I1apOBO3€
1 TOJIBKO IIOTOMY, YTO OH OKOHYHMJI TEXHUYECKOE
yumnuiie. Takol ciyKaliuil COBEpIIEHHO He
CUUTAETCA C TEM, YTO 4aCTO BO BpPEMsi OOJIBIIOTO
JIBIOKEHUS ObIBACT HEKOT/a pa3doupark, KOro u3
areHTOB Ha3HA4aTh HA TPYIHYIO paboTy, KOro Ha
NErKyl0, KpOMe TOTo, PeloCTaBlIeHne 0COOBIX
JBrOT «TEXHHKaM»-0elopyukaM — Heya00HO
Y TIPOM3BOAMT OTPULIATEIBHOE BIICYATICHUE Ha
ciyxanux. [10-BHIMMOMY, B TEXHHYECKHX YUH-

JIMIIAaX MIMEET MECTO HEeNPaBHJIbHAS [IOCTaHOBKA
JieJla ¥ HECOOTBETCTBHE MPOrpaMM IperojaBa-
HUSI C TIOCTABJICHHOM LIENBI0 — JAaTh Pa3BUTHIX
TEXHHUKOB JIJIs1 3aHSATHS HU3ILHUX JKEJIE3HOIOPOXK-
HBIX JOJDKHOCTEH. B mporpaMmax npernogaBanus
OTCYTCTBYIOT 00111€00pa30BaTeIbHBIC IPEIMETHI,
KpOME MaTeMaTHKH, IIPerojaBaeMoil B caMbIX
MUHUMaJbHBIX pasMmepax. brnaromaps stomy
«TEXHHUKW SBIISIOTCS MAJIOPA3BUTHIMU U TIOXO
IpPaMOTHBIMH. MOXKHO IPEAIONIOKHUTE, YTO 3a
cuért 00111e00pa30BaTENbHBIX IPEAMETOB ITPOXO-
JSITCSL XOPOIIO M NMPAKTHYECKH IIPUTOTHO B OY-
JyLIEeM — U CIIe[HajbHbIe TPEIMETHI: 1apoBas
MEXaHUKa U yCTPOMCTBO MapOBO30B, KEJIE3HO-
JOPOXKHOE JIeJ10, Tejerpadus U JIp.; HO ¥ 3TOTO
B JeiicTBUTENbHOCTH HeT. Jlanee, mioxo, 4To
YUEHUKH HE Pa3[esIsitoTCs 10 CIIeHaIbHOCTSIM,
Ha TIOJrOTOBIISIIOIINXCS K AeATeNbHOCTU: 1) 1o
ciry0e TAru 1 2) no ciyx0e IyTH; BpeMeH! —
MaJlo, BCEro TPH rojia, MeXy TeM BCe YUCHHKH
JIOJDKHBI M3y4aTh B OIMHAKOBOM 00BEME Crielu-
aJIBHOCTH U CITY)KOBI ITyTH, U CIIyKObI Tsru. Pe-
3yJbTaThl MOJNYYal0TCA — IIa4eBHbIE, UTOOBI
JI0Ka3aTh IMOCJelHee, yKaXKy Ha clieayloliee
SIBJICHUE, TIOIMEYEHHOE MHOIO Ha MPAaKTUKE: Ha
9K3aMEHaX B CIIy)KOe TArM Ha JODKHOCTH I10-
MOIIHUKOB MallIMHUCTOB, HA MPaBO CaMOCTOSI-
TEJIHHOTO YNPABJICHUS I1apOBO30M, Ha IPABO
CONPOBOX/AATh Moe3Ja 00JbLION CKOPOCTH
(maccaxxupckue) — Ha BOIPOCHI, Kacaroluecs
YCTPOICTBA MAPOBO30B, UX PAOOTHI U T. JI. — KTEX-
HUKH» OTBEYAIOT HE JIyYllle PS/IOBBIX cliecaper
MapOBO3HBIX MAaCTEPCKHUX, HE IOJYyUYHBLINX
HUKAKOT'0 CIIEIMAILHOTO TEXHUYECKOTr0 00pa3o-
BaHUs. A Te «ciiecapu», WU BbIILIEAIINE U3
ciecapeil, areHTbI-IPAKTHKU, KOTOPbIE O3HAKO-
MUITUCH KaK CIIEYeT C JOCTYTHBIMHU II0COOUSIMH
T10 MapoBO3HOH ciry0e bema, Apruma, Ky3ne-
noBa, ['onyGeBa u Jip., ¥ C UHTEPECOM U BHUMa-
HUEM OTHOCHIJIMCH K JIeJly BO BpeMsi paboT 1o
PEMOHTY T1apOBO30B, — OOHAPYKHBAIOT OoJiee
00CTOATENBHOE, JICNBHOE U CO3HATENIbHOE 3Ha-
KOMCTBO C yCTPOWCTBOM APOB03a, UM «TEXHH-
km». UTo ke KacaeTcs 3HaKOMCTBa ¢ NpUEMaMHu
PEMOHTA, B PA3JINYHBIX CITy4asiX IIOJIOMOK YacTei
apoB03a, To, KOHEYHO, ObIBLINE ciiecapy o0ia-
JIalOT UM OOJIbIIIE, YEM «TEXHHMKM». V3 cka3aH-
HOTO HYXXHO 3aKJIFOYHTh, YTO CIIELHaJIbHBIE I10-
3HaHMsI «TEXHUKOB)» I10 YCTPOWCTBY MapoBO3a
SIBIISIIOTCSL JTAJIEKO HE Y/IOBJIETBOPHUTEIBLHBIMHU.
HemHoro 3HaHui, IPUTOAHBIX K AEIY, TI0 OT3bI-
BaM KOMIIETEHTHBIX JIHII, JAIOT TEXHHYECKHE
YUWIIUILA | 110 JPYTUM CHEeUUaIbHBIM MpeaMe-
TaM. MHOTo BpeMeHH 3aTpayrBaeTCs yYeHUKaMH
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TEXHUYECKUX YUUIIHII Ha [TPAKTUUECKUE 3aHATHS
10 CTOJSIPHOMY, KY3HEYHOMY U CJECapHOMY
pemécnam. Ilpu panroHaIbHON MOCTaHOBKE
JieTia PaKTHYEeCKHeE 3aHATHS JI0JKHBI ObLIH ObI
MpuHeCTH OoMbIIyto nonb3y. Ho, k coxasenuro,
pe3yabTarhl U B 3TOM IUIOXHE. TeXHHUYECKHe
YUWIIMILA JAaloT U3 PyK BOH IUIOXMX clecapeii,
MEXY T€M KaK B CIIy>KOe TSATU Ha HU3LIUX TeX-
HUYECKHUX JIOJDKHOCTSIX, HAIPUME], MALlIMHUCTOB
1 ¥X TIOMOII[HUKOB, JIOJDKHBI OBITH JIMLIA, 3HAIO-
IKe XOpOoILIO ciiecapHoe pemecio. HeBonabHO
TIPUXOAUTCS OT/IABaTh PEUMYIIECTBO IPAKTH-
KaM-MallMHUCTaM ¥ UX MOMOLIHHMKAaM Iepej
«TEeXHUKaMH», TeM OoJiee 4TO K 3K3aMeHy Ha
JIOJDKHOCTB TTOMOIIHUKA MAIIMHUCTa JIOMyCKa-
I0TCSl M3 MacTepCKUX JIydIlue, 1o padbore, clie-
capsi ¥ OTJIMYAIOIINECs PYTHMH JI0CTONHCTBA-
MH: COBEPUIEHHOI TPE3BOCTHIO, UCTIOIHUTEIb-
HOCTBIO U T.1I.

[TocranoBka jiena B TEXHUYECKUX YUHIIHIIAX
Y IIPOTPaMMBbI IIPETIOIaBaHusl, O4UE€BUIHO, HEYIO0-
BJIETBOPUTEIbHBL. 1 He Oyly OcTaHaBIMBATHCA
Ha MPOEKTEe JKelaTeNbHbIX NMpeoOpa3oBaHui
JKEJIE3HOIOPOKHBIX YUHIIUIL, @ YKaXKy TOJBKO Ha
TO, K YeMY OBeJIa HEY/IOBJIETBOPUTENbHAS B HUX
rocraHoBka jiena. [loTpeOHOCTh B HU3IIUX pa3-
BUTHIX TEXHUKAX B JKEJIE3HOJOPOKHOM Jeie —
BEJINKA, TEXHUYECKHE KEJIE3HOJIOPOXKHBIE YUH-
JIMIIA HE YIOBJIETBOPSIOT MOTPEOHOCTH, IO-
9TOMY, JlyMato, Ha Pa3IMYHBIX KEJIE3HBIX JJOPO-
rax, Kak Ka3€HHBIX, TaK M YaCTHBIX, [TOSBUIIUCh
crelualibHble KYypChl ISl TIOATOTOBKH JIHIL,
MIPUTOAHBIX 3aHUMATh PAa3JIMYHbIC HU3ILIHNE TEX-
HHUYECKHE JKEJIE3HOJOPOKHBIE JTOIKHOCTH.
Munucrepctso [lyreit CooOuienust u ynpasie-
HUSI MHOTUX JIOPOT Y YaCTHBIE JIMLA ITOLUTH Ha-
BCTpeuy Ha3peBllel NOTpeOHOCTH. Y MEHs HEeT
TOYHOTO MEPEYHs Pa3IMYHBIX KYPCOB, HO s Iie-
PEUHUCIISII0 TOJNBKO T€, O KOTOPBIX Oblila pedyb
B IONIaJaBIleil B MOU pyKH Juteparype. [ns
MIOATOTOBKH MacTepOB JKEJIE3HOJAOPOKHBIX Ma-
crepckux BapiaBo-Benckas nopora gaBHO yxe
OTKpbLIa 4-neTHue Kypesl B JKoukoB. Ha cran-
nuu Kosnos ynpasnenue Psa3zancko-Ypanbckoit
JIOPOTH OTKPBLJIO MIKOTY JJIsI [IOATOTOBKH OIBIT-
HBIX paboYMX Pa3IMYHbIX HanMeHoBaHuil. [lo-
SIBUJICH BeYepHHE Kypchl Ha FOro-3amamHbix
noporax. beimn oTkpeIThl npekpacHbie C.-Ile-
TepOyprcKue Kele3HOAOPOXKHbIE KypChl AJIs
TIO/ITOTOBKY areHTOB CITY)KObI IBHXKEHHSI, pEMEC-
JIEHHBblE KypChbl Ha ObiBmied XapbKOBO-
CeBacTomnosbCKoii jopore, TesierpagpHble Kbl
Ha ObiBirel FOro-TlonTaBckoit mopore, xeines-
HOZIOPOXHBIE KypChI JJIsl OJrOTOBKU areHTOB

JIBHOKEeHUs1 Ha Ps3aHcko-Ypanbckoil nopore,
nomoOHbIe ke Kypebl Ha KOro-3ananueix u 3a-
KaBKa3CKHX Jioporax, TenerpadHas mkoja Ha
Puro-Oprnosckoii nopore, BeUepHUE KypChl AT
peMOHTHBIX pabounx Ha TauikeHTCKO#l nopore
W T.J1.; 9T CBEJICHUS CTapble 1 HETIOIHBIE.
MUHHCTEPCTBO IyTeH cOOOIIeHNUs BEIpado-
TaJ0 0co00€e MOJIOKEHHE O PEMECIIEHHBIX Kyp-
cax. Ha ocHOBaHUM 3TOTO IOJIOXKEHHUS B THBApe
1904 rona ObLIHM OTKPBITHL Ha cTanK bonoroe
HuxonaeBckoil xene3Hoi n0poru, mpH mnapo-
BO3HBIX MAaCTEPCKUX KalUTAIBHOTO PEMOHTA,
2-JIeTHUE peMecieHHble Kypchl. B neuarn o0
3THX Kypcax, KaXKeTcsl, el€ HUYeTo He MOsIBIIs-
JIOCh, MTO3TOMY sI TIOAPOOHO OCTAHOBIIOCH Ha
onucaHuu ux GyHKIMOHUpoBaHus. Bo3aMoxHO,
YTO B HACTOSIIEE BPEMs B HEKOTOPBIX JETAISX
JIeJI0 U3MEHHJIIOCH; 51 MOTY JaTh TOYHbIE CBeJle-
Hus 3a 1904-1905 roawl, korga s COCTOSI
IpenojaBarejeM ClelHalbHbIX MPEJAMETOB,
pykoBonuTeneM rpau4ecKix UCKYCCTB U CeK-
petapém Ilemarormueckoro CoBera 3THUX Kyp-
coB. CiylaresisiMi KypcoB SIBIISIFOTCSI MOJIO/IbIE
cliecapy M yYeHHKH [TapOBO3HBIX MaCTEPCKHUX.
[Tpuém Ha Kypchl IPOM3BOJUTCS O BCTYIIH-
TEJIbHOMY 3K3aMEHY MO PYCCKOMY SI3BIKY
u apudmeruke. Bospacr ciaymareneit [ kypca
kosebnetcst oT 17 10 20 et (MOJI0/bIC JIFOIH —
B3pOCIIble, cO3HaTeNbHbIe). Uucio ciymarenen
65110 paBHO (B 1904—1905 r1.) 20-22 Ha Kax-
oM Kypce. bosbinas gacte ciaymareneid 1o
nocTymieHus o0ydasach B MECTHOM HHU3LIEM
YYHWIMIIE, U3 HUX MHOTHUE OKOHYMJIM MOJHBIH
Kypc — 6 OTIEeJeHHH, HEKOTOPbIE BBIILIN U3
6-r0, 5-r0 U 4-r0 OTHENEHUH. PerynspHbie exe-
JTHEBHBIE 3aHATHS HA Kypcax UAYT B YPOUHOE
JUIst paboT B MacTepCKUX BpeMs — B T JTHH
HeJleJv, KOT/ia IPOU3BOAATCS pabOThI B MacTep-
CKHX, ¢ 4-X 710 6 4aCOB Beuepa 1 B BOCKPECHBIE
Y Tpa3gHu4HbIe JHU ¢ 12 10 2 vacoB. B Boc-
KpECHbIE JHH MPENoNaloTcsi Ha 000HMX Kypcax
onwucarelibHble 001Ie00pazoBareIbHbIe Mpei-
MeThl: 3aKOH Boxmuii nu oreuecTBOBeACHUE;
CIymaTeay KypcoB OTIYCKaloTCs 3a Iojdaca
JI0 Hayana 3aHATHH Ha Kypcax — IOMOH; B 3TU
1oJ19aca OHU JOJDKHBI BBIMBITH JIMIO U PYKH
U HaJeTh YUCTOe MmiaThe. Kypchl UMEOT CBOE
CHenuatbHOE IIOMELICHUE, XOTSI U HEA0CTaTou-
HOE 10 pa3MepaM (a OTcCrofa, OrpaHUYEeHHBIN
npuéM ciyiareseil). 3aBeyeT KypcaMu MecT-
HBIH HaYaJbHUK Y4acTKa CIIy»KObI TSATH (OH ke
HayaJIbHUK MAaCTEPCKUX KalUTAILHOTO PEMOH-
Ta napoBo3oB). [IpernonaBarensiMu COCTOAT TPH
WH)XEHEpa-TeXHOJIOra U3 aJMHUHUCTPAIUU
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y4acTKa TATH U TPH YUUTEIS MECTHOTO TOPOJ-
CKOTO yduJIHuma. 3aHATHSA MPOU3BOAATCS
¢ 1 cents10ps no 1 utons. B 1905 rony sx3ame-
HBI ¥ TIEPBBIH BIITYCK KYypPCUCTOB OBLIM c1eja-
Hbl B Mae (IpH yCHJICHHBIX 3aHATUAX Ha [I
Kypce 10 4 4acoB B JIeHb — B IIOCJIEAHUE MECS-
Ibl), T.€. paHbLIEC IOJOXECHHOTO BPEMEHH,
BCJIE/ICTBHE TOTO, YTO HA y4acTKe OIyIlajach
ocoOeHHas MOTPEOHOCTh B MOMOIHUKAX Ma-
IIMHKUCTOB, U BCE OKOHYHBINKE Kypchl B 1905 To-
Ty, OBLTY MCTIBITAHBI Ha TIOMOIITHUKOB MaIlINHH-
CTOB TOTYAC k€ M0 OKOHYAHHUH 3aHITUN Ha
Kypcax. IHTepecHO NOJABECTH UTOT TOMY, C YEM
U B KaKOM 00BEME yCIean 03HaKOMHTBCS CITy-
nraTenu Kypcos 3a 1Ba roga. Ha I kypce mpemno-
JIaBaJIUCh CIEAYIOIHe MpeaMeThl: 3akoH bo-
JKUH, PyCCKHUH [3BIK, OT€YECTBOBEACHUE,
apu(MeTHKa, TeOMETpPHUsl, PUCOBAHHUE U Yepye-
nue; Ha Il kypce — kpome npeametos I kypca:
TEXHOJIOTHSI METaJJIOB ¥ TEXHHYeCKas (PU3uKa.
ITo 3axony bouto npoieHs! B Ba rosa, B Co-
KpaIéHHOM BHUJE, HO OCHOBATEJIbHO: UCTOPHS
Berxoro u HoBoro 3aBera, borocnyxeHnue,
KaTexu3uc U uctopus uepksu. Ilo pycckomy
S3BIKY, Ha KOTOPBIH ObLI10 00parieHo 0coOeHHOe
BHHUMaHUeE, IPONJCHBI: STUMOJIOTHUS, KPATKUIl
CUHTAKCHUC, COOOIIEHBI KpaTKue MOHITHS U3
TEOPHUH CIIOBECHOCTH, KyPCUCTHI 03HAKOMUIIUCH
C Ty4IIUMU IPOU3BEICHUSIMHU PYCCKON TUTEepa-
TYpBI, ICAIM MHOTO COYMHEHUH, — OoJbIIeiH
4acThIO M3JIaralyd CBOMMH CJIOBaMH COJEpIKa-
HUE IPOYUTAHHBIX IPOU3BEICHHUHI OTEUECTBEH-
HOM nutepatypsl. [lo oredyecTBOBEACHUIO
npoinensl: reorpadus Poccun, B cBA3U co
3HAKOMCTBOM C ITPOMBIIIIEHHOCTBIO U TOPTOB-
nel pa3nuvHbIX pailoHOB Poccuu, u kpaTkas
pycckas ucropus. [1o apudmeTrke nponieHb:
JIEHCTBUS C TPOCTHIMU 1 UMEHOBaHHBIMHU YHUC-
JIlaMH, IpocTas AeCsITUYHAs U IepHoandecKas
JpoOu, IPOTIOPLIUH, TPOLEHTEI, TPOCTOE TPOHi-
HOE NpaBHJIO. YUEHUKAaMHU B JIBa roja ObUIO
C/IeJIaHO MHOTO 3aj1a4 Ha BCE OTAEIbI apudme-
TUKH U BBIYUCIIEHHUE allre0pandeckux Gopmyi.
Jenanuch 3agauu, UMEIOIINE CIEIUATIbHBIN
XapakTep, HallpUMep, Ha BBIYMCICHUE CHUIIBI
TATH IApOBO3a, BEIYHUCICHHUE IPEMUH 3a TOIUIU-
BO IapOBO3HBIM Opuragam u T. 1. [To reomerpun
NpOHIeHBl MIAHUMETPUS U CTEPEOMETPHUS.
IMocnennsist kpaTko u 6e3 nokazarenseTB. Kyp-
cucTamu ObUIO ClIeJIaHO MHOTO 337124 Ha BBIYHC-
neHue u nocrpoenue. Ilo pucosanuro nocTur-
HYTO TO, YTO KypPCHUCTHI MOPSAOYHO BIAJCIOT
kapanzaamoM. Cirymareny o0ydyanuch npuémam
YyepueHUsl, 1 UMHU OBLIO C/I€JIaHO MHOTO YepTe-

JKeH HeCJIOKHBIX JieTanei Mamul. [Ipu Beraep-
YUBAHHUH JICTAICH OHM 3HAKOMIIKACH MIPEIo/ia-
BaTeJIeM C KOHCTPYKTHBHBIMUA OCOOCHHOCTAMU
ATHX YacTeW MAIIWH, KYpCHCTBHI HAYUYHIIHCHh
MOPSIOYHO YUTATh uepTexu. KpaTko KypcUCThI
OBLUIM 03HAKOMIJIEHEI C TEXHOJIOTHEH METAIOB.
ITom uMeHEM «TEeXHUYESCKOU (DU3MKU» MPEIo-
naBajach (U3MKa MapauiebHO ¢ MEXaHHKON
U CTIeUaIbHBIMU npeaMeTaMu. beiio mpoiine-
HO: CHJIBI, PABHOBECHS TBEPABIX, )KUKUX U Ta-
3000pa3HbIX TeJl, TEILUIOTA, PABHOBECHE CHJT Ha
MPOCTHIX MalIMHAX. BbUIO clieIaHo MHOTO 3a1a4
Ha yIIeIbHBIN BEC, TCOPHUIO phIuaros u ap. Kyp-
CHCTHI OBIIM O3HAKOMJIEHBI CO CIEIHAILHEIMU
MpeaIMeTaMy: C TapOBBIMU KOTIIAMH, [JIABHBIMHU
UX TUIAMU U JACTAISIMH MapOBON MallUHBI
U pa3jelicHUeM MapOBBIX MAIllMH Ha IIaBHBIC
THIIBI. 3HAKOMCTBO C MAaPOBBIMU MallMHAMHU
¥ KOTJIaMH OBLIO C/IETIaHO KPAaTKOE U TOJBKO JJIs
TOTO, YTOOBI MOITOTOBUTH KYPCUCTOB K MTOIPO0-
HOMY O3HAKOMJICHHIO C YCTPOMCTBOM U pabOTOM
mapoBo30B. IIpenogaBaHue Mo ycTPOUCTBY
[MapOBO30B BEJIOCH 10 3aBOJCKHM UYePTEIKaM,
HAIVISITHO — Ha [TAPOBO3aX yJacTKa U 110 MOJCTISIM,
Hampumep, OblIa caeliaHa MPEeKpacHas MOJCIb
napopacrpe/ie/ieH)s IapoBo3a B '/, HaTypaIbHON
BEJIMYHUHBI, IPUBOANMA B IBIKECHHE. BbUTH qaHbI
CIeIUANIbHBIC CBEICHUS O 3alIPaBKaXx MapoBO30B,
MPOMBIBKaX M T.JI. Pe3ynabTarhl, TOCTUTHYTHIC
KypcaMmu, OKa3ajiCh BIIOJIHE YIOBICTBOPUTEIb-
HeIMU. KypcChI c/ieany Majlopa3BUTHIX H MaJio-
TPAMOTHBIX MOJIOZIBIX JIFOICH JOCTaTOYHO Pa3BH-
TBIMH U, 0€3YCJIOBHO, [PAMOTHBIMH, YMCIOLIHMHU
CBOOOJTHO ¥ TOJIKOBO H3JIarath CBOU MBICIIH YCTHO
U MChMEHHO. JKemne3Has gopora nojxyyusia 1eo-
pPETHYECKH MOJATOTOBICHHBIX Cclecapeii-
MIPAKTHKOB, KOTOPBIE, TIOJYYHB JOJHDKHOCTH Mapo-
BO3HBIX MAIIAHKCTOB U ., SIBSITCS BIIOJIHE Y10~
BJICTBOPUTEIILHBIMU areHTaMu. bosbioe crnacu-
00 HajoO ckazarh YmnpasicHuto HukomaeBckoit
JIOPOT'H 3a TO, YTO OHO OOCTABIISET KypPChl OYCHB
XOpOIII0, CHa0Xasi UX BCEMHU HEOOXOIMMBIMU
Y4EOHBIMHU U YEPTEKHBIME TOCOOUSIMH, TIPUHA-
JIGKHOCTSIMHU U KHUTaMu. [IpHHUMAs BO BHUMAHE
XOPOIIIHE Pe3YJIBTaThI, TOCTUTaeMbIe booroscku-
MU KypCaMH, MOXHO BBICKAa3aTh MOXKEJIAHHUE,
4TOOBI HA BCEX IOPOTaX OTKPHIBATUCH [TOI00HBIE
Kypchl. Benb cofiepikaHue X CTOUT OYEeHb HENI0-
poro, a moJjb3a rpoMajIHasl.

HNnxenep B. MbL1bHHKOB

Cr. 3naroyct, Camapo-3/1aT0yCcTOBCKO¥ K. /1.
(“Kenesnonopo:knoe geno. — 1911. —

Ne 48.-C.313-315) @

MbInbHUKOB B. TexHU4eckue xene3HoAopoXHbIe yuunuiga

1 pEMECTEHHbIE Kene3HOAOPOXKHbIE KypChl




TPAHCMOPT
I NPABO 138

PeueH3us Ha KHUgy, NOCSSWEHHYI0
npasoebiM acnekmam
npedomepalLeHus Maccosbix
UHGbEKUUOHHBIX 3abonesaHull Ha
mpaHcnopme Ha npumepe naHdemuu
COVID-19.

KHUWXHAA NOLKUA

ABTOPE®EPATbI
OWUCCEPTALUN 141

* KameHHb Il Mamepuas 0cHosaHull
npu npoeKkmMupo8aHuU O0POXHbIX
00ex0.

* «CmpyKkmypHb Il ee0omexHuyeckull
maccugy — yry4uweHHoe 0CHo8aHue

C 3a0aHHbIMU (OUBUKO-MEXaHUYECKUMU
Xapakmepucmukamu.

* MawuHHas udeHmugpukayus
pexumos pabombi penbcosbix yenel
U K0008bIX CU2HAN08 agmomamuyeckol
JIOKOMOMUBHOUI CUeHanu3ayuu.

+ Aemomamu3uposaHHas cucmema
YNpasneHusi NOXapHbIMU puckamu

npu obecneyeHuu 6ezonacHocmu
0BUXEHUS Ha Xene3H0O0POKHOM
mpaHcnopme.

* [NosbiweHue aghghekmusHocmu
asmoMamu3Upo8aHHO20 ynpaeeHust
dguxeHuem noe3008 Ha yyacmkax,
3neKmpuUULPOBaHHbIX NEPEMEHHbIM
MOoKOM.

HOBBIE KHUMM
O TPAHCMOPTE 146

Hosble nybnukayuu, ysudeguwiue ceem
8 poccutickux usdamesibcmeax.
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Oner IAMACKVH

3emnun A. U., Knéroe M. B., Xonukos U. B. OpeaHu3ayu-
OHHO-Npasoeble npobrembi npedynpexdeHus 3ag03a U pac-
npocmpaHeHusi MaccosbIX UHGeKYUOHHBIX 3abonesaHull Ha
mpaHcnopme (Ha npumepe naHAeMUU KOPOHaBUPYCHOU UH-
¢exyuu COVID-19): MoHoepadgpusi. — M.: «PycaiiHcy, 2020. -
126 c. ISBN 978-5-4365-6573-6.

OuesudHo, Ymo ¢ 00HOL CMOPOHLI MPaHCNOPM cmart cambim
YA38UMbIM MECMOM 01151 Yeslo8eka npu pacnpocmpaHeHuu 6osnes-
Hell muna Ho8ol KOPOHaBUPYCHOU UHgeKyuu, a ¢ Opy2oli — mpaHc-
nopm kak ompacrne nocmpadan om naHdemuu 6osbwe Apyaux.
Bonee moeo, & cnydae ¢ COVID-19 mpaHcnopm cman c8oeob-
pasHbiv «cpedcmeom nepedsLxeHuUs» HOBoU UHeKUUU Mexdy
cmpaHamu U KoHmuHeHmamu. Y ama Hoeasi 0515 Mupa cumyauyusi
NoOHsia MHO20 80NPOCO8 0 NPEOyNPEXAEHUU U Op2aHU3aYUOHHO-
npasosbix npobnemax 3ago3a u pacnpocmpareHus bonesHed,
Komopble npuHumatom ¢hopMy naHOemuu. Kak domxkHa GyHKLUO-
HUposamb mpaHcnopmHas cucmema 8 makux ycrosusx? Kak

PYCHas UHGhEKUUS.
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OpraHu3aunoHHO-NpaBoBble NPobneMbI
Ha TPaHCNopTe B YCNOBUAX NaHAEMUM

Onez Banepvesuu /lamackun
HUnemumym eocyoapcmea u npasa PAH, Mockea, Poccusi.

obecneqyums 6e3onacHocms 8 ycrnogusix naHoemuu? Kak okasbl-
8amb MEAUUUHCKYI0 NOMOWb pabomHukaM ompaciu U naccaxu-
pam? Kakosa aghhekmusHOCMb KOHKPEeMHbIX NPagoebIx cpedcme
0ns1 obecneyeHus: HopmassHol dessmenbHOCMU mpaHCcNopmMHoU
cucmemb| 8 ycrogusix naHoemuu?

B uzdamenbcmee «PycaliHcy 8biwna MoHoepacpus «Opea-
HU3aYUOHHO-Npasosble npobnembl npedynpexdeHus 3ago3a
U pacnpocmpaHeHUsi MaccosbIX UHGEKLUOHHBIX 3abonesanull Ha
mpaHcnopme (Ha npumepe naHOeMuU KopOHaBUPYCHOU UHGeKyuU
COVID-19)», nod20mossieHHas a8mopCKUM KOMTEKMUBOM Y4EHbIX
6 cocmage A. M. 3emnuna, M. B. Knérosa u W. B. Xonukoea.

Morozpacgpus nocsaweHa aHanu3y Haubonee akmyarnbHbIX
80NPOCO8 LUCNOMb308aHUS NPagosbIx cpedcms 01 peayuposa-
Husi 06WecmeeHHbIX OmHoWeHUl 8 chepe mpaHcnopma e yco-
8USX BO3HUKHOBEHUS Heobxodumocmu npedynpexdeHusi 3a803a
U onacHoCMU pacnpocmpaHeHUsi KOPOHaBUPYCHOU UHGeKyuu
COVID-19.

B cmambe 0aémcs Kopomkast peueH3us Ha amo uccriedosarue.

Knroyesble criosa: mpaHcnopm, npaso, naHdemusi, Maccosble 3a60/1e8aHUs, npomueodeacmeue, pacnpocmpaHeHue, KOpoHasu-
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POIODKAOIIASACS MaHIeMHsI HOBOH KO-

ponaBupycHoi nHpexkunn COVID-19,

9KOHOMHYECKHI YIIIepO OT KOTOPO eré
TOJBKO MPEJACTOUT OLeHUTh [1], 3arpoHyna
MIPAKTUYECKHU BCE CPepbl )KU3HU COBPEMEHHOTO
obmectBa. MoHorpaduyeckoe ucciieioBaHue
«OpraHu3aloHHO-IPAaBOBbIE IPOOJIEMBbI ITPE/I-
YOPEeXKACHUS 3aB03a U PaclpOCTPAHEHUS Mac-
COBBIX MH(EKINOHHBIX 3200JI€BaHU Ha TPaHC-
ropre (Ha IIpuMepe NaHAeMUH KOPOHABUPYCHOM
ndexunu COVID-19)» nocesieHo Borpocam
HCIOJIb30BaHUs NIPABOBBIX CPEACTB AJISI pery-
JIMPOBaHUs 00IIECTBEHHBIX OTHOLIEHUH B ce-
pe TpaHCHOpTa B YCIIOBUSIX BO3HMKHOBEHHS
HEOOXOIMMOCTH NpEeNyNpexRIEeHHUs 3aB03a
1 ONACHOCTH PaclpoCTpaHeHHst dTOro 3abole-
BaHu4 [2].

TeopeTnueckas akTyaJbHOCTb U NMPAKTH-
yecKkasi 3HaYMMOCTh peLieH3UPYEeMOH MOHO-
rpaguu IeTepMHUHHpPOBaHA TEM, 4TO, Kak
000CHOBAaHHO OTMEYAETCs B TPyax MpeacTa-
BUTENel HAy4YHOUW IIKOJBI « TpaHCHOPTHOE
NpaBo», ycneuHoe GyHKIHOHUPOBaHUE
TPaHCIOPTHOM CUCTEMBI IpenanoyaraeT He
TOJIbKO 3HaHHE e€ CyObeKTaMU HOPMAaTHBHBIX
NIPABOBBIX aKTOB, HO U CUCTEMHOE OCYII[ECTB-
JIEHWE OPraHM3allMOHHBIX MEPONPHUATHH
B MHTEpecax o0ecreyeHus 3aKOHHOCTH U Ipa-
BOTIOpAJIKa Ha TpaHcmopTe [3], B yCIOBHUAX
MPOTUBOJEHCTBUSI HApacCTAIOLUUM TEPPOPH-
CTHYECKUM yrpo3am [4; 5], a Takxe peanusa-
LIUI0 MEPONPUATHI 10 oOecneueHuo 6e3omnac-
HOCTH TPAHCIOPTHON MHQPACTPYKTYpHI Ha
OCHOBE IOKTPHUHAJIBHBIX ITOAXO00B [6], KOMII-
JIeKca MEIUIMHCKUX U MEIMKO-COIHATbHBIX
MEpOIIPUATHIA, HAIIPABJIEHHBIX Ha CHUKCHHE
pHUCKa BOSHUKHOBEHUS Ype3BbIUallHbIX CUTYa-
uuit [7], Ha MUHUMH3AIUIO MEIUKO-
CaHUTAPHBIX MOCIEICTBUN, HA COXpAaHEHHUE
30pOBbS JIIOJeH, yMEeHbIIeHUE yuepoa
OKpY>Karollel MPUPOIHOH cpefie IPHU UCTIONb-
30BaHHU 0OBEKTOB TPAHCIIOPTA M TPAHCIIOPT-
HOIl uHpacTpyKTypsl [8] 1 MHOTOE Ipyroe.

He oOomiu aBTOpbl CBOMM BHHMaHUE
1 BOIIPOCHI IIPaBOBOTO PEryJINPOBaHUs TPaHC-
MTOPTHBIX OTHOIIEHUH B YCJIOBHAX pPeaTH3aliu
TpancnoptHo# cTparerun Poccuiickoit dene-
pauuu Ha nepuon g0 2030 roga, To €CTh BOI-
POCOB, TPaIUILIMOHHO OTHOCSIIUXCS K IIpeIMe-
Ty HCCIIEOBaHUs MpEeACTaBUTENIeH HayuyHOM
mkosbl « TpancnoptHoe mpaBo» [9—11].

Heo0XxoquMo OTMETHTB, 4TO OpraHHU3aly-
OHHO-TIPABOBBIE BOIIPOCHI 00eCIIeUYeHNUsT KOHT-
poJis 32 COCTOSTHUEM 3/10pPOBbSl U OKa3aHUEM

MEIHMIHUHCKOW MOMOIIM pabOTHUKAM U Tacca-
JKMpaM Ha TPaHCHOpPTE, OKa3aHHs NMOMOIIH
WHOCTPaHHBIM TOCyIapcTBaM B 00pb0e ¢ naH-
JIEMUSMH, MEXIyHapOAHO-IIPAaBOBOI OTBET-
CTBEHHOCTH 3a pacHpoCTpaHEHHE MacCOBBIX
3a00yeBaHil yK€ CTaHOBHIIUCH IPEIMETOM
MPUCTAJIBLHOTO HHTEPEeCa MHOTHX OT€YECTBEH-
HBIX IOPHUCTOB U MEIUKOB, CPEIU KOTOPBIX
W aBTOPHI yKa3aHHOW MoHorpaduu [12-16].
O1HaKo B JaHHOM MCCJIEJOBAaHNH OHH YIESJIUIN
3HauUUTEIbHOE BHUMaHUE IIPOOJIEMHBIM BOIIPO-
caM (pyHKIIMOHHUPOBaHUS TPAHCIIOPTHOM CHC-
TeMbl B ycioBuAX nangemuu COVID-19,
a Tak)Ke 00EeCIEeYeHUI0 TPAHCIIOPTHOW 0e3-
OTaCHOCTH IIPU peaIu3alii MEPOTIPUSATHIH 110
MPOTUBOJICUCTBHIO 3aBO3Y M PaclpoCTpaHe-
HUIO 3TOH MHPEKIUH.

Ha ocHoBe aHaiu3a OpraHu3alnMOHHO-
MPaBOBBIX OCHOB ()YHKIIMOHUPOBAHHUS CHC-
TEMBbI MpEayNpekKJeHHUS] PaCIpPOCTPAHEHUS
MacCOBBIX 3a00JIEBaHUI CJIENaHbl OTACIbHBIC
BBIBO/IBI OTHOCHUTENBHO cTerneHu 3¢ dexkTuBHO-
CTH KOHKPETHBIX IPABOBBIX CPEACTB ISt 00ec-
nedeHust 9p(HEKTUBHON U 3aKOHHOU JIesTeNb-
HOCTH YYaCTHHKOB TPaHCIOPTHBIX MPaBOOT-
HOWIEGHUH B YCIOBHUIX HPOAOJIKAIOIIEHCS
MaHAEeMHUU.

OOpaimaer Ha ceOsl BHUMaHHE BBICOKOE
Ka4eCTBO NPOBEAEHHOIO HCCIIENIOBaHUS, €ro
MEXAUCHUIINHAPHBIA XapakTep. ABTOPHI
MOHOTpag K CBOOOAHO ONEPUPYIOT HE TOIBKO
IOPUINYECKHUM, HO U MEIUIIUHCKUM MTOHSITHIHA-
HO-KaTeropUHHBIM anmapaTtoM. Beicokoit
OIICHKH, B YaCTHOCTH, 3aCIY)XKHBAIOT PE3YIIb-
TaThl PETPOCIIEKTUBHOIO aHAIN3a Pa3IMYHBIX
MOCJICACTBHUH SMUIEMHUH U aHASMHUN HH(pEK-
LIMOHHBIX OOJIE3HEN.

B MoHorpaduu aBTOpaMH CIpaBemInBO
OTMEYaeTcsi, 4TO IpaBOBas OCHOBA, OIpeje-
JAI0N[asi OCHOBAaHHUS, MEPY M MEXaHHU3MBI
MPOTUBOJECHCTBUS yrpo3aM 0e30MacHOCTH Ha
TPAHCIIOPTE B YCIOBHX CIOXKHOM SMUAEMHO-
JIOTUYECKO# 00CTaHOBKH, BBI3BAHHOM pacipo-
CTpaHEHHEM KOPOHABUPYCHOW MHOPEKIUU
(COVID-19), BecbMa MHOTOOOpa3Hasi U MHO-
roypoBHeBas. MHOTOYHCIIEHHbIE TPAaBOBBIE
aKThl, OTHOCSIINECS K Pa3IMYHBIM OTPacIsiM
IpaBa, He BCEra COOTBETCTBYIOT TpeOOBaHHU-
SIM CHCTEMHOT'O €IMHCTBA, H300MIIYIOT Mpode-
JaMU U KOJUJIM3MSIMH, YTO 3aTPyIHSET HX
MPUMEHEHUE.

ITo pe3ynbraraMm Hcciael0BaHUs aBTOPAMHU
chopmynupoBaHbl 000CHOBaHHBIE BBIBOIBI
U TIPEIJIOKEHHUS], UCTI0JIb30BAHUE KOTOPHIX,
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0e3yCII0BHO, MOBBICUT 3P PEKTUBHOCTH Opra-
HU3allUU AEATEIIbHOCTU OPTraHOB YIIPAaBICHUS
TPAaHCIOPTOM B YCIIOBHSX BBEIEHHs OTPaHU-
YUTENBHBIX MEP B LEJAX INPOTHBOACHCTBUS
3aB0O3y M PACIPOCTPAHCHUIO HA TEPPUTOPUH
Poccun nadexnnii. OTMETHM, YTO aBTOPCKHE
pEKOMEHIANH CJeNIaHbl ¢ Y4ETOM IOJIydeH-
HOTO OTIbITa AESATEIHHOCTH B YCIIOBUSX MaHe-
muu COVID-19.

MoHorpadus COOTBETCTBYET COBPEMEH-
HBIM Hay4YHBIM TpeOOBAaHUAM aKTyaJbHOCTH,
HOBM3HBI, TEOPETUUECKON U NPAKTUUECKOU
3HAYUMOCTH W, OeCCIOpHO, OyAeT mpencTaB-
JISTh MHTEPEC IS LIMPOKOTO KPyra yuTarenei,
BKJIIOYAsi ME/IMKOB, IOPHCTOB, TOCY/IapCTBEH-
HBIX CIIy>KalllUX, HAyYHBIX paOOTHUKOB, Mpe-
roziaBatelieil u ciymareneil 00pa3oBaTeIbHbBIX
YUPEKACHUN MO MOATOTOBKE U IMOBBIIICHHIO
KBaJIM(UKALMU CHEIHAINCTOB B 001aCTU Op-
raHMW3alUH 3PaBOOXPAHEHUs, TOCYAapCTBEH-
HOTO CAaHUTApPHO-3MUIEMHOJOTHYECKOTO
HaaA30pa, TOCYAAapCTBEHHOT'O yIpaBICHUS,
TpaHCIOPTa U HAIIMOHAJIHHON 0E301acCHOCTH.

Taxxe npeacTaBiIseTcs, YTO PE3yJIbTaThl
MCCIIEIOBAHUS MOTYT CTaTh OCHOBOH JIJIs HAayd-
HOW TUCKyccHHU IO mpoOieMaM, CBS3aHHBIM
C IPUHIMITNATIBHBIMH ITOAX0aMH, COAEPKAHM-
€M, MeXaHW3MaMH{ U TpOLeNypaMu BBEICHHS
Mep IO NMPEJOTBPALICHUIO PACIIPOCTPaHCHHS
HH(EKIHA, 3aTparuBarInX MMpaBa U CBOOOIBI
YYaCTHHUKOB TPAHCIOPTHBIX IPAaBOOTHOLIICHUH.
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Kynpsisues A. H. Y4éT CTPpYKTYpPHBIX
pa3pylIeHH HeyKPenJIeHHOr0 KAMEHHOI0
MaTepuaJja OCHOBAHUIA P MPOEKTHPOBA-
HUU JTOPOKHBIX ofexa / ABroped. nuc...
KaH/J. TeXH. Hayk. — M.: MAJIHU, 2021. —
22 c.

Iens auccepranuoHHOI paboTHI: pa3pa-
OoTka pacu€THOI Monenu y4é€Tra CTPYKTYp-
HBIX pa3pylIeHUH U METOIUKH Moadopa He-
YKPEIUIEHHOI0 KAMEHHOI'0 MaTepuaja OCHO-
BaHUM NPHU NPOECKTUPOBAHUU JTOPOKHBIX
OLIEA]I.

HayuyHast HOBH3HA COCTOUT B TOM, 4YTO
B pa3pabOTaHHON METOJWKE, B OTIMYHE OT
CYIIECTBYIOIIUX METOAOB MPOEKTHUPOBAHUS
JIOPOXKHBIX OJ1€XKJ, BO3MOXKEH HENocpe.-
CTBEHHBI Y4YET TaKWX BaXKHBIX XapaKTepH-
CTHK KAMEHHOTO MaTeprajia OCHOBaHUH, KaK:
Mapka I10 ApoOMMOCTH, MapKa HCTUPAEMOCTH
U MOpO30cTOiKoCcTH. Pa3zpaboTrka nmomnobHoOM
METOJMKY cTaja BO3MOXKHOU Onarogaps y4é-
Ty B yCOBEPIIEHCTBOBAHHOI pac4€THON Mo-
JeJIY IPOLIECCOB Pa3pyLICHU U IIepeyaKOB-
KM HEyKPEIUIEHHOTO KaMEHHOTO0 MaTepHaa
B OCHOBAaHMSIX JTOPOXKHBIX OZ€XK] Ha MPOTS-
JKEHUU UX CPOKA IKCIUTyaTaluu.

ITo pe3ynbTaraM BBHIIOIHEHHOIO aHAJIA3a
YCTaHOBJICHBI IPUYHMHBI U (DAKTOPHI pa3pyliie-
HUS HEYKPEIUICHHOTO KaMEHHOTO MaTepHaia
B OCHOBAHUSIX JOPOXKHBIX onexa. Onpenene-
HO, 4TO OOJIBIIMHCTBO MOJIENIEH ISl HPOrHO-
3UPOBAHUS OCTATOYHBIX OCANOK B CIOSX OC-
HOBaHUU, KaK MPaBHIIO, HE NIpeAHa3HaAYaINCh
Ul 3a/1a4 KOHCTPYHMPOBAHHUA U pacdéra J0-
POKHBIX OEXK/I.

TeopeTHuecky 10Ka3aHO BIMSHUE MapKu
KaMEHHOI'0 MaTepuaa o IpoOUMOCTH, Map-
KH 110 HICTUPAEMOCTH, MapKH 110 MOPO30CTOM-
KOCTH, CPEIHETO IMaMeTpa 4aCTULl KAMEHHO-

ro MaTepuaa ¥ TEXHOJIOTHH YCTPONCTBA CII0s
OCHOBaHHsI U3 HEYKPEIUICHHOIO KaMEHHOI'O
Marepuajia Ha BeIMYUHY OCTaTOYHOM OCaAKH.

BrltosiHeHHBIE UCCIIeI0BaHUS [TO3BOJIHIIN
pa3paboTaTh pacu€THYIO MOJIEIIb yu&Ta CTPYyK-
TYPHBIX pa3pylIeHHH KAMEHHBIX MaTepHasoB,
[IO3BOJIAIOLLYIO ONpEAeaTh TpedyeMble Xa-
PaKTEpUCTUKU HEYyKPEIIEHHOr0 KaMEHHOIO
MaTepualia IpHu MPOEKTUPOBAHUH JOPOKHBIX
onexa. OnpeneneHbl rPaHUYHBIE YCIOBUS
IIPUMEHEHUs] JaHHOH pacy€THONW MOJIENH.

YcraHoBIEHA B3aUMOCBSI3b MapOK KaMeH-
HOTO Marepuaja Mo ApoOMMOCTH U 110 UCTH-
pPaeMoCTH, YTO IO3BOIMIIO JJIA LieJIed POoeK-
THUPOBAaHUS JOPOXKHBIX OJEXKJ OObEAUHUTH
9TH NOKa3aTejld MHTETPabHON XapaKTepHu-
CTUKOH KauecTBa KaMEHHOTO MaTepuaia.
Pa3paborana MeToquKa onpeeneHus pacuéT-
HOT'O MOJYJISI YIPYTOCTH CJIOS OCHOBaHUS
B 3aBUCUMOCTH OT €r0 OCTaTO4YHOMH IOPUCTO-
CTH M MapK MO IPOOMMOCTH KaMEHHOTO
Matepuana. OnpeneneHsl 3HAYCHUSI MOIYJeH
YOPYTOCTH AJis CIIOEB OCHOBAHUMU, yCTPOEH-
HBIX I10 CITI0CO0Y 3aKJIIMHKH C y4€TOM HEOHO-
POAHOH M HEPaBHOMEPHOM CTPYKTYpHI I10
TOJIIMHE CJI0. Y TOYHEHBI 3HAaY€HUsT MOJTyJIeH
YIPYTOCTH CIIOEB, YCTPOCHHBIX W3 paluo-
HaJbHO-NOJOOPAHHBIX CMECceil Ad pa3iuy-
HBIX MapOK KaMEHHOT'0 Marepuasa 1o apoou-
MOCTH. YCTAaHOBJIEHO, YTO PallMOHAIbHO-
nogoOpaHHbIe cMecH 001aat0T PaBHOMEPHOU
IJOTHOCTBIO IO TONIIUHE U Oosbliel cra-
OMJIBHOCTBIO Ha AJIUTEIILHOM OTPE3KE BpeMe-
HU 110 CPaBHEHUIO C OCHOBAHMSIMH, YCTPOCH-
HBIMU TI0 criocoOy 3akynHKU. [IpemioxeHo
Ha3HauaTh (PU3NKO-MEXaHUYECKHUE XapaKTe-
PUCTUKH HEYKPEIUICHHOTO KaMEHHOTO MaTe-
puana OCHOBaHUH NPH NPOEKTHUPOBAHUU J10-
POKHBIX OJI€XKJ B 3aBUCHMOCTH OT CyMMap-
HOTO YHCJIa MPWIOKEHUH pacu€THOM Harpy3-
KH.

CMoenupoBaH NMpPOLECC HATPYKEHUsS
KaMEHHOI'o MaTepuaja B IPOLEecce IKCILTya-
Taluu aBTOMOOWJIBHBIX JAOPOT C IIOMOUIBIO
CKOHCTPYHUPOBAHHOW M 3amaTeHTOBAaHHOU
YCTaHOBKH JUISl IMHAMHYECKHUX HCIBITAHUH
OCHOBAHUH JIOPOXKHBIX OJIEXK . DKCIIEPUMEH-
TaJIbHBIE MCCIIEJOBAaHUS TIO3BOJIMIIN OLIEHUTD
MEXaHH3MbI U3BMEHEHUS I'PaHyI0METPHYECKO-
IO COCTaBa KAMEHHOI'0 MaTepuaia B OCHOBA-
HUSIX JOPOXXHBIX OJIeX] C 0O0pa3oBaHHEM
MeJKHUX (ppakiuii ¥ HaKOIIEHHs HeoOpaTH-
MBIX 0CaJIOK OT LUKINYECKUX Harpy>KeHUH.
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Pa3paboTaHbl npakTHYeCKHE peKOMeHaa-
LIMU 110 BEIOOPY HEYKPEIJIEHHOTO KAMEHHOTO
MaTepualia ¥ ONTHMaJbHOW 00lacTHu ero
MIPUMEHEHUS] B OCHOBAHUSIX IIPH MIPOEKTUPO-
BaHHMH JOPOXKHBIX onexn. [Ipu comocranie-
HHUM Pa3JIMYHBIX KOHCTPYKUHUH AOPOKHBIX
OlleXk ] C Y4ETOM TUCKOHTHPOBAHHBIX 3aTpar
YCTaHOBJIEHO, 4TO Oojee dP(PEeKTUBHBIMHU
SIBJISIFOTCSI BapUaHThI, 3alIPOSKTUPOBAHHbBIE
B COOTBETCTBHHM C NpeJjaraeMod B HACTOsI-
el pabore METOAMKOW Moadopa HEeyKper-
JNEHHOTO KaMEHHOro marepuaina. [Ipu sTtom
9KOHOMHUS K KOHILY CPOKa CIIY>KOBbI TOPOXKHBIX
olexna cocrasisieT 10 18 % B 3aBUCHMOCTH
OT BHJIa ¥ COCTaBa BHIIIOJIHIEMBIX PEMOHTHBIX
MEpONpPUATHII.

05.23.11 — Ilpoexmuposanue u cmpou-
menbemeo 00poe, MemponoiIumeHos, aspo-
OpOMO8, MOCMOG U MPAHCNOPMHBIX MOHHE-
netl.

Paboma evinonnena u zawuuiena ¢ Mo-
CKOBCKOM ABMOMOOUIbHO-00PONCHOM 20CY-
0apcmeeHHOM MEXHUYECKOM YHUgepcumeme
(MA/IH).

MaxoBenkuii O. A. Pac4éT 1 KOHCTpYH-
pPOBaHMEe MCKYCCTBEHHOI0 OCHOBaHMSA
«CTPYKTYPHBIii re0TeXHUYECKHA MacCHB)
/ ABToped. auc... AOKT. TeXH. HAYK. — M.:
PVYT, 2021.-38 c.

Ilenas pa®oOThI 3aKIIIOYAETCS B CO3AAHUU
TEOpUHU pacuéTa U KOHCTPYUPOBAHUS HCKYyC-
CTBEHHO YJIy4YIIEHHOTO OCHOBaHMS C 3aJaH-
HBIMU (PU3HUKO-MEXaHHUYECKUMH XapaKTepu-
CTUKaMHU — «CTPYKTYPHOT'O T€OTEXHUUYECKOTO
MacCUBa», ONTHUMAJIbHO yYHUTHIBAIOIIETO
Te0TEXHUYECKHE U TPaJOCTPOUTENbHBIE YCIIO-
BUS IJIOIIAIKH CTPOUTEIIBCTRA.

Hayunas HoBu3HA pabOTBI COCTOUT B pas-
BUTHUHM TEOPUHU pacuéTa HANpPSAKEHHO-
neGopMHUPOBAHHOTO COCTOSIHHSI MacCHBa
TPYHTa BEPTUKAIBHO apMHPOBAHHOIO XKECT-
KHMH JJIEMEHTaMH, BBIIIOJIHEHHBIMH 10 TeX-
HOJIOTUU CTPYWHON IEMEHTAIlUU I'PyHTA.

Ha ocHOBe BBINIOJHEHHOTO KOMILJIEKCA
SKCIIEPUMEHTAIBHBIX U TEOPETUYECKUX UCCIIe-
JIOBaHHI 000CHOBAHO UCIIOJIH30BAHNE TEXHO-
JIOTUM CTPYMHON LIeMEHTAIlMU IPyHTa B Clla-
OBIX BOAOHACBILIEHHBIX IPYHTaX JJIsl yCTPOM-
CTBa CTPYKTYPHBIX T€OTEXHUYECKHUX MAaCCUBOB
¢ GpopMHpOBaHUEM KECTKUX apMHPYIOIINX
3JIEMEHTOB C 3a/1aBa€MbIMU F€OMETPUUECKUMU

pasMepamu 1 pHU3HKO-MEXaHNYECKUMU XapaK-
TEPUCTHKAMHU T'PYHTO-IIEMEHTHOTO KOMIIO3H-
Ta — «IPYHTOOETOHA»:

— DKCHEPHUMEHTAIILHO U TEOPETHYECKH
onpezesieHa 3aBUCUMOCTb Paiiyca apMHUPYIO-
Eero 3JIeMeHTa U (PU3UKO-MEXaHHYECKHUX
XapaKTepPUCTUK I'PyHTOOETOHA OT Ha3Havae-
MBIX TEXHOJIOTHYECKHUX [apaMeTpOB CTPYMH-
HOM IIeMEHTalU1 IPYHTA;

— CTaTUCTHUYECKOW 00pabOTKOM JaHHBIX
6osee 800 ucmbITaHU 0Opa3IOB IPyHTOOE-
TOHa, BBIOYPEHHOI'O M3 OIBITHBIX apModJie-
MEHTOB, IOJY4Y€Hbl OCHOBHBIE (PU3UKO-
MEXaHUYEeCKHE XapaKTEePUCTUKH MaTepHaia:
MIPOYHOCTH Ha CKAaTHe, MOy b AehopMaluu
U KOppEJSILMOHHBIE 3aBUCUMOCTH MEXIY
HUMH;

— Ha OCHOBE BIIEPBBIC MOJIYYEHHBIX DKCIIE-
PYMEHTAJIBHBIX JAHHBIX IPEJIokKeHa Peoio-
rU4ecKas MOZeJIb TPYHTOOETOHA, OTIMCHIBAIO-
1asi C UCTOJIb30BAHUEM TEOPUH HACIIEICTBEH-
HOT'O CTapeHHUs Pa3BUTHE IPOLIECCOB IOJI3Y-
YeCcTH NPH pPa3JUYHBIX «BO3pacTax»
HarpyXeHwusl.

Pa3paboTaHbl TEOpEeTUUECKHE OCHOBBI
npeoOpa3zoBaHsl MEXaHHYECKUX CBOMCTB
c1a0bIX BOAOHACHIIICHHBIX TPYHTOB IIPH BBI-
MOJIHEHUU BEPTHKAJIbHOTO apMHUPOBaHUS
KECTKUMHU TPyHTOOETOHHBIMHU 3JIEMEHTaMU
U YCTPOWCTBE NMPOMEXYTOYHOTO THOKOTO
pocTBepka:

— NIPeJIOKEHA KOHCTPYKIIHS OCHOBaHHS —
«CTPYKTYPHBI T'€OTEXHUUYECKHUH MacCHUBY,
MOCTPOEHBI (hu3HUecKasi U pacy€THasI MOJENIN
CUJIOBOTO COINPOTHUBIICHUS, JUIsI TPOSKTUPO-
BaHMsI €r0 ONTUMAaJILHON KOHCTPYKIUU;

— Ha OCHOBE IPEJCTAaBICHUS] TeOMacCHBa
Kak TBEPJIOTO TeJla CO CTPYKTYPO, MOTyUEHbI
3aBUCHUMOCTH BJIMSIHUSI TOJIIMHBI U MEXaHH-
YECKUX XapaKTEePHCTHK T'MOKOTO POCTBEpKa
Ha paclipe/ielieHre JIaBlIieHUH MEXIy apMH-
PYIOIIMMH dJI€MEHTaMHU U OKPYXKaIOIIUM
TPYHTOM;

— pelieHa 3a1a4a onpeaesieHus 3PpGheKTruB-
HBIX J1e(OPMALMOHHBIX XapaKTEPUCTHK I'e0-
MaccHBa KaK KOMIIO3UTHOTO TPaHCBEpCaJIb-
HOT'O H30TPOITHOT'O CPEIbl, IKCIIEPUMEHTAIIb-
HO MOATBEPXKJEHA 3aBUCHMOCTh UHTErPallb-
HOTO MoayJisi AedopMaluu OT NPOLEHTa
apMHUPOBaHUSI;

— IIOCTaBJIeHa M pelleHa 3aja4a ornpee-
JICHUsI CKOPOCTH Pa3BHUTHUS U OTHOCHUTEIIb-
HOW JedopManuu Moja3yuecTH reoMaccuBa
B 3aBUCUMOCTHU OT M3MEHEHHS BSI3KOCTHU

T.19. N2 3 (94). C.141-145

ABTOpedepaThl AucceptTaunm




rpyHTOOETOHA B IpoIiecce Habopa UM MPoY-
HOCTH;

— Ha OCHOBE YMCJIEHHOTO MOJIETTUPOBAHUS
MOJIyYEHBI 3aBUCUMOCTH, OINPEACIISIONIHE (-
(heKTUBHYIO CKOPOCTh PACPOCTPAHCHHUSI TIOTIe-
peuHoil celicMHYEeCKON BOJHBI U CHUXKEHUE
BEJIMYMHBI YCKOPCHHSI CEHCMUYECKUX KojieOa-
HUI B IEHTPE IUIONIAJIKH 10 OTHOIIEHUIO K HC-
XOJHOMY COCTOSIHUIO, B 3aBUCHMOCTU OT KOH-
CTPYKTUBHBIX XapaKTCPUCTHK T'€OMAaCCHBa.

BrinmonHeHa kKaauOpoOBKa MOJYYSHHBIX
TEOPETUYCCKHUX PEIICHUH 110 JaHHBIM IIITaM-
MOBBIX UCHBITAHUI FreOMacCHBa CTATHYECKH-
MH Harpy3kamu U 0OOCHOBaHBI yCJIOBUS
npuMmeHeHuss moxaenu (Hardening-Soil) s
MPOTHO3UPOBAHUS HHTEIPATBHBIX MEXaHUYC-
CKHX XapaKTEPUCTUK «CTPYKTYPHOTO Ire0TeX-
Huueckoro maccupay. CpaHenue HJC
CTPYKTYPHOTO T€OTEXHUYECKOTO MacCHBa,
MOJIY4Y€HHOTO B X0/€ KOMIIBIOTEPHOTO MOJIe-
JIMPOBAHUS MO MPEJI0KEHHBIM TEOpeTUYe-
CKHM 3aBHCHUMOCTSIM U ONBITHBIX JaHHBIX
re0/IC3NYCCKUX HAOIONCHUIN 3a pa3BUTHEM
0CaJIOK CTPOSIIIUXCS 3MaHUHU, MOKa3adu UX
XOpolllee KaueCTBEeHHOE U KOJIWUYECTBEHHOE
coBmajicHue (MPEBBIINICHUE PAacYETHBIX Oca-
JTOK HaJl ONBITHBIMH COCTaBiseT 15...25 %).

B nesnom pesynbraThl SKCIEpUMEHTAIBHO-
TEOPETUUECKUX HCCIEeNOBAHUIN TMO3BOJISIOT
MOJIyYHUTh PEIICHUE HAyYHOU MPOOJIEeMBI,
MMEIOIICH BaXKHOE XO3MCTBEHHOE 3HAUCHUE —
CO3/IaHHE TEOPHUHU pacuéTra U KOHCTPYUPOBa-
HUSI UICKYCCTBEHHOT'O OCHOBAHUSI C 3aJJaHHBI-
MU (HHU3UKO-MEXaHUISCKUMH XapPaKTCPUCTH-
KaMH — «CTPYKTYPHBIH T'€OTEXHHYECKUI
MacCHUBY».

05.23.02 — OcHnosanust u Qpynoamenmol,
NOO3EeMHbLE COOPYIHCEHUSL.

Paboma evinonnena u 3awuwena ¢ Poc-
CULICKOM YHUBepcumenme mpaHcnopma.

IIpucyxuna U. B. MamiuHHas MIeHTH-
¢duxanusa pexxuMoB paGoThbl peJibCOBBIX
neneii 1 kogoBbIx curuanos AJICH / Ag-
Toped. auc... kaHA. TexH. Hayk. — CIIO.:
Nnryiic, 2021. — 18 c.

Ilenbro ucciaenoBaHus sABIAETICS COBEp-
LIEHCTBOBAHUE CIIOCOOOB OIpENeICHUS pe-
JKUMOB pabOThI peIIbCOBOM LIeNH U nemudpa-
MU KOJOBBIX CHUT'HAJIOB aBTOMaTHYECKOU
JIOKOMOTHUBHOM CHT'HAJIM3aLIMU HENPEPHIBHOTO
nercreus (AJICH).

B pesynbprare npoBen€HHBIX B paMKax
JIUCCEPTAlMOHHON PabOThl MCCIIE0BaHUM
pa3paboTaHa METOJIMKa CHHTE3a 00y4JarolieH
BBIOOpKH, TpeOyeMOol /il MalllMHHOW HJIeH-
TUQUKAIUN PEKUMOB PabOTHl PEIbCOBOM
nenu. MeTonuKa MO3BOJISIET PACCYUTHIBATH
KOMIIJIEKCHBIC 3HAYCHHSI HAIIPSHKEHNUN U TOKOB
Ha BXOJE M BBIXOJE PEILCOBOI LieNu Npu
pa3jiM4HOM COYETaHWM BHEIIHUX BO3JEH-
CTBUI (M3MEHSIOIIUECS] CONMPOTUBICHHE
M30JISILMHM PEJIbCOBOW JIMHHUU, KOOpJIHHATA
MMOE3/THOTO LIYHTa, KOOpAWHATa 00pbIBa Pellb-
COBOW HHUTH) B HOPMaJIIbHOM, IIYHTOBOM
Y KOHTPOJIBHOM pPeXHMax padoThl.

Pa3paboraHbl aJrOpUTMBl MallMHHOU
HUACHTU(UKAUN PEKUMOB PabOThI PEIIbCOBOM
LIEITU C IPUMEHEHHEM JIOTHCTHUYECKON perpec-
CHH, MOJUHOMHAJIBHOTO NMpeoOdpa3zoBaHUs
DpMHUTa ¥ METOJ]a ONTIOPHBIX BEKTOPOB. AJITO-
PHUTMBI [TO3BOJISIOT UACHTHPHUIIUPOBATH KaX-
JIBIH U3 PEXUMOB pabOTHI PEJIBCOBOM LieNH
(B TOM 4HCIIe U KOHTPOJIBHBIH).

Pazpaborana MmeToauka cuHTe3a o0ydaro-
e BeIOOpKHU, TpeOyemMoi sl MalluHHOMN
uaeHTUGUKAIUN KOAoBbIX curnanos AJICH.
MeTtouKa 103BOISET CHHTE3UPOBATH OCIIHII-
JIOTPaMMBI KOZOBBIX CUTHAJIOB («3», «K»,
«KXK») ¢ pa3nuuHbIMU THIIAMH UCKAKEHUH,
XapaKTEepHBIX /IS PeajlbHbIX YCIIOBHI 3KC-
IJIyaTally PeJbCOBBIX lened (MMITyJIbCHbIC
IMOMEXHU, UCKaXKEHUS (OPMBI, BIUSHHUE HPH-
EMHOT0 000pYyIOBaHM JIOKOMOTHBA U HECTa-
OWJIBHBIX CBOMCTB PEJIbCOBOM JIMHHH).

Pa3paboTaHbl cuCTEMbI MAIIMHHOMN HJICH-
Trdukanuu koaoBbix curianos AJICH ¢ cuH-
XpOHHU3AIMel 0CUMIUIOrpaMM, ¢ Ipeodpas3o-
BaHnneM Pypbe U aCHHXPOHHOH 00paboTKOU
ocuuiiorpamM. PazpaboraHHble CHCTEMBI
MTO3BOJISIIOT KOPPEKTHO BBITIOJIHATH HICHTH-
(HKaMI0 KOJAOBBIX CHUTI'HAJIOB B YCJIOBHSX
BIIUSTHUS 1€ CTaOMIM3UPYIOLINX BO3EHCTBHIM.

05.22.08 — Vnpasnenue npoyeccamu ne-
DEBO30K.

Paboma evinonuena u zawuwena ¢ Ile-
mepoypecKom 20Cy0apCcmeenHoM YHUBEPCU-
meme nymeiu coobujenus Umnepamopa
Anexcanopa 1.

IIponesuu O. b. ABTOMaTH3MpPOBaHHAasA
cucTeMa ynpaBJIeHHsl 0XKAPHBIMHU PUCKA-
MM npu obecrniedeHuH 0e30MACHOCTH JBU-
JKeHHSl Ha JKeJIe3HOA0POKHOM TPaHCIOpTe
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/ ABTOped. AUC... KaHA. TeXH. HayK. — M.:
PYT, 2021. - 23 c.

Lenbio auccepranyy sABISICTCS CHIKEHHE
KOJIMYECTBA ONACHBIX COCTOSTHHUM, TPUBOISIIINX
K ITOXKapaM U IOBBIIIEHHE O€3011aCHOCTH JIBU-
JKEHUS 3a cU€T aBTOMATH3alLlUH IPOIECCOB
YIpaBIeHHs NOXKapHBIMHA PUCKaMH OOBEKTOB
HHPPACTPYKTYPHI U HOIBI)KHOTO COCTaBa JKe-
ne3HonopoxkHoro Tpancmopra (JK/T).

O060cHOBaHa 11eN1ec000pa3HOCTh Pa3padboT-
KM ¥ HCIOJIB30BaHMS aJITOPUTMOB HHTEIIICK-
Tyallu3allid TUAarHOCTUKH HEHCIIPaBHOCTEH
o0bextoB XK/ T, npuBOAAMINX K ITOBBILICHUIO
ITO’KapHOTO pUCKa. AHAJIU3 COCTOSHHS IIPO-
O/eMBI OLIGHKH M yIPaBIEHUS MOKapHBIMU
puckamu Ha oobekrax XK/ T, BugoB aBToMaTH-
3HPOBaHHBIX CHCTEM YIIPaBJICHUS TOKapHBIMH
puckamu B Poccuu u ctpanax EBpomnsl mo3Bo-
JINJT BBISIBUTH HEOOXOAMMOCTh pa3paboTKH
METOIIOB M aJITOPUTMOB, 00€CIIEUYUBAIONIUX
BO3MOYKHOCTb ITPOTHO3UPOBAHUS BEPOSITHOCTH
roykapa Ha OCHOBE TEXHHYECKHX XapaKTepH-
CTUK OOBEKTOB YKEJIE3HOAOPOXKHOM HH(ppa-
CTPYKTYPHI U IIOJIBUYKHOTO COCTaBa.

Pa3paboTaHsl kiaccu(UKaTOpPHl HEHC-
npaBHoctel 00bekToB XKJ/T, necrabunuzu-
PYIOLIUX MOXKAPHYIO 0€30IacCHOCTE, a TaKXkKe
KOHTPOJIBHO-OLIEHOYHBIE KapThl JJIsl MHTEN-
JEKTyaJn3allii UX AHAarHOCTHKU B paMKax
ABTOMAaTH3MPOBAHHOIO ayAHTa MOXKapHBIX
PHUCKOB Ha IIOCTAX AIEKTPHYECKON IEHTPaJIH-
3al1H, TATOBOM ITOJBI)KHOM COCTaBe, MH(OP-
MAaIMOHHO-BEIYUCIUTENBHBIX ITeHTpax OAO
«PX», TaroBeix moacTanmusx OAO «PX ]Iy,
JKEJIE3HOTOPOXKHBIX BOK3aJax.

Pa3paboraH MeTo MaTeMaTH4eCcKOro Mo-
JIeHUPOBaHHs IOKAPHOTO pHUCKa O0O0BEKTa
KT nHa cramuu ero sKcIuryaTanuu. MeTton
OCHOBBIBAeTCSl Ha pe3yJIbTaTax CTaTHCTHYe-
CKOTO aHaJIN3a IT0’KapoOB M OTKA30B Ha 00bEK-
tax XXAT. OH 3axmiogaeTcs B popMaIn3anun
OIMCaHMs Mpolecca UBMEHEHUN COCTOSHUMN
o6bexTa XK/ T ¢ moMoIIsI0 OpueHTHPOBAHHO-
ro rpaga COCTOSIHHIA, MOJEIMPOBAHUH Pa3BH-
THS COOBITHH, IPUBOIAIIMX K HOXKApYy.

IIpeanoxeH crocod onpenesreHns: BeposiT-
HOCTH IIepexo/ia OOBEKTa B OTIIACHBIE COCTOSHHS
13 BBISIBIIGHHOTO HEOITACHOTO COCTOSTHHSA, 00ec-
MIeYNBAIOMNH BO3ZMOXHOCTh ONpPEACIeHUs
ATIPHOPHON BEPOSATHOCTH IIOSIBIICHUS TIOXKapa
Ha OCHOBE HH(OPMALIUH O Ha4aJIbHOM U IIOCIIe-
OYIOIIMX BO3MOXKHBIX COCTOSHHUSIX OOBEKTa
KT, BEISBIIEHHBIX IO pE3yJIbTaTaM ayIuTa.

PazpaboTaHnsbl criocod U aJIrOPUTMBI aBTO-
MaTHU3UPOBAHHOTO JIMarHOCTUPOBAHUSI IO-
YKapHBIX PUCKOB ITOTEHLINAIbHBIX HCTOYHUKOB
orus (ITMO) Ha oObekTax MHPPACTPYKTYpPHI
Y TIOABUKHOTO COCTaBa, BIIEPBbIE MIO3BOJISIO-
ye COOUPAaTh UCXOHBIC JaHHbBIE IS OLEHKH
M0’KapHBIX PUCKOB 0O€3 MPUBJICUCHUS COTPY/I-
HUKOB HaJ[30PHBIX OPraHOB.

Pa3paboTanbl METOAMKN OLEHKH TOXap-
HBIX PHCKOB OOBEKTOB MH(PPACTPYKTYPHI
¥ noaBmwxHOro cocrana JKJIT. Otu MmeTonuku
peanuzoBansl B OAO «PXJ» B cucteme
YIPaBJICHHS TOKAPHBIMUA PUCKAMU.

Co3naH MOOHMIBHBIH NMPOTrpamMMHO-
anmnaparHblii KOMIUIEKC, TO3BOJISIIOIIHI MTPO-
BOJUTH ayJIHUT MMOXKapHOW 0E€30MacHOCTH
Y OLIGHKY MOKapHOTO PHCKAa Ha CTaJUU JKC-
IJIyaTanuy 00beKTOB HH(PACTPYKTYPHI U 110-
nBrkHOro cocrtana JKJIT, obecreunBaroInii
BO3MOXHOCTH OJTHOBPEMEHHOT'0 IIPOBEICHUS
MacCOBBIX pacY€TOB MOXKAPHBIX PUCKOB.

[IpoBeneHb! pacu€Thl MOKAPHOTO PUCKA JUIS
407 crarmonapubix 00bexkToB OAO «PX]». [To
pe3ysbTaTtaM IMarHoCTUPOBaHUS I0KapOooIiac-
HBIX COCTOSIHUM BBISBJIEH HEXeJaTeIbHbIH
YPOBEHB MOXKAPHOTO pucka g 25 (u3 365)
JKEJIE3HOAOPOXKHBIX BOK3aJI0B, 19 (3 32) mo-
ctoB D11, 4 (u3 10) TATOBBIX NOACTAHIIUH.

[IpoBeseHbl ayIUT M OLIEHKA MOXKapHOIO
pucka Ha 806 TOKOMOTHBAX, I10 pe3ynbraraM
KOTOpBIX ycTpaHeHo 23051 moxapoomnacHoe
cocrosiHue. B JlanbHEBOCTOUHON NHUPEKIIUU
TSATU HEJONYCTHMBIH YPOBEHBb ITOXapHOTO
pucka ObuUI BhIsABICH s 207 TEIJIOBO30B
T310, y 14 Tem10BO30B yCTaHOBJICH HEXKea-
TEJNBHBIN YPOBEHB MOXKapHOTO pucka. s 585
ANEKTPOBO30B KpacHOsIpCcKOit AMPEKIMH TITH
OBl yCTaHOBJIEH HEJONYCTHUMBIII YPOBEHB
M0’KapHOTO pHCKa.

B xauecTBe peKOMEHAALMI U TEPCIIEKTH-
BBl JajbHelIIe pa3paboTKu TEMbI Auccep-
TalK Npelaraercsi MOBbILIEHUE TOYHOCTH
W JOCTOBEPHOCTH IIPOTHO3UPOBAHMUS TIOXKAP-
HbIX pucKkoB 00bekTOB JK/IT myTrém 00padoT-
KM OOJIBIIMX JIaHHBIX O IT0)KapOOIACHBIX CO-
CTOSIHUSIX OOBEKTOB TPAHCIIOPTa METOAAMH
1 aJITOPUTMAMH HCKYCCTBEHHOT'O HHTEIIIEKTA
Data Mining u Data Science.

05.13.06 — Aemomamuszayus u ynpasienue
MEXHONO2UYECKUMU NPOYECCAMU U NRPOUZBOO-
cmeamu (mpancnopm).

Paboma evinonnena u 3awuwena ¢ Poc-
cutickom yHugepcumeme mpaicnopma.
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Cxopoooraro M. J. Cpencrsa noBbliie-
HUs 3P (PeKTHBHOCTH ABTOMATH3HPOBAHHOTO
yIpaBJieHHs IBUKeHHeM 0e310B Ha y4acT-
KaX, 3J1eKTPU(UIPOBAHHBIX NlepeMeHHbIM
TOKOM. / ABTOped. AuC... KAaHA. TeXH. HAYK. —
Hpxyrek: UpI'VIIC, 2021. — 18 c.

Llenpio auccepTanmoHHON pabOTHI SBIIS-
€TCsI MOBbIIIeHHE Y3PPEKTUBHOCTH aBTOMATH-
3UPOBAHHOTO yIIPaBJICHUS IBIKEHUEM I10€3-
JI0B IIyTEM MOJEPHMU3ALMHU YCTPOHCTB aBTO-
MaTHYEeCKOM JTOKOMOTHUBHOM CHTHAIH3AIUHN
HenpepsiBHOTO nevictBust (AJICH) Ha yuact-
KaXx, AMeKTpUPUIHUPOBAHHBIX MEPEMEHHBIM
TOKOM.

IIpoananu3upoBaHBI IKCILTYaTaI[HOHHBIC
mocaencTBUA c60eB pabOThI TOKOMOTHBHBIX
yctpotictB AJICH m ycTaHOBIE€HO, 4TO
B paMKaxX TEXHOJIOTMYECKOTO Ipoliecca
yIIpaBJiIeHUS ABMKEHUEM IT0E€3/I0B Ha yJacT-
KaXx, MeKTpUPUIHUPOBAHHBIX MEPEMEHHBIM
TOKOM, OCHOBHBIM HETaTUBHBIM ITOCJICICTBHU-
€M SBJISICTCS CHIDKEHHE YYaCTKOBOH CKOpPO-
cTH Ha 3,6 KM/4.

ITo pesynpraram 00paboOTKHM yKazaHHOU
BBIIIIE COBOKYITHOCTH JKCIIEPUMEHTAITBHBIX
JaHHBIX YTOYHEH MEXAaHU3M BO3IAEHCTBUSA
CTaIIMOHAPHBIX U CIIyYalHBIX TIOMEX W OIle-
HEHBI XapaKTePUCTUKH TTOMEX, NeHCTBYIOIINX
Ha rOpHO-TIEPEBATBLHOM y4acTKe, ANEeKTpudu-
IMPOBAHHOM ITIEPEMEHHBIM TOKOM. Tak, mopo-
rOBO€ OTHOIIEHUE CUTHAJI/TIOMEXa MPH JIeH-
CTBUH CTAalMOHAPHOW FapMOHUYECKOHN IIOMe-
XH Ha MOJIC3HBIH CUTHAJI YHUCJIOBOTO KOIa
¢ yactotor 25 I'm cocrasimsier 0,681, mus
4acTOTHI MOJIe3HOro curHana 75 I'im manHas
penmanHa paBHa 0,592. [ToporoBoe oTHOIIE-
HU€ CUTHAJI/TIoMeXa MpH ASWCTBUH CITydailHOM
MMITYJIbCHON ITIOMEXM Ha NOJIE3HBIM CUTHAI
YUCIJIOBOTO KO/a ¢ yactoroii 25 'ty cocrasirs-
et 0,805, gas 9acTOTHI IOJIE3HOIO CHTHAaJjIa
75 T'u nanHas BenmnunHa pasHa 0,478.

Pa3paborana MeToquKa ONpeAelIeHUs
paboTOCNMOCOOHOCTU JTOKOMOTHBHBIX
ycrpoiicts AJICH B yclioBUSX IeHCTBHUS CTa-
IHUOHAPHBIX TAPMOHHYECKUX M CIyJalHBIX
HWMITYJIbCHEIX TIOMEX, B OCHOBE KOTOPOM JICKHUT
KPUTEPUHA OLIEHKU IIUTEITHLHOCTH IEPBOTO
WHTEpBajga MEXIy MMIYIbCaMH CHTHala
YHCJIOBOTO KOJa.

IpemioxkeH METOJ] OIHOMONOCHOH 1H-
PpOBOIt GUIBTPAIIUY TSI CUTHAJIOB YHCIIOBOTO
KOJa aBTOMAaTH9I€CKOM JOKOMOTHBHOM CHUTHA-
nu3anuu 1 cHOpMyIHpPOBaHEl TPeOOBAHUS

K Y3KOIOJIOCHOMY JIOKOMOTHUBHOMY LIU(PPOBO-
My ¢unbrpy. [lokazaHo, 4TO AJIst OCYIIECTB-
JICHUs y3KOTOJIOCHOU 1udpoBoi puiasTpa-
LMK CUTHAJIa YUCIOBOTrO KOJIa C JOIY CTHMBI-
MH UCKa)XKEHUSIMH ()OPMO-BPEMEHHBIX I1apa-
METPOB CHUTHajla HeOOXOJAMMO 00ECIeUUTh:
4acToTy auckpetuszamuu He MeHee 500 I'm,
YPOBEHb IIOAABIICHHUSI B TIOJIOCE 33IePYKUBAHHS
He meHee 30 b, >IIUNTHYECKYIO alllmpPOKCH-
MHUPYIOUIYIO (PyHKIHIO, a TAK)KE OECKOHEUHYIO
HMITYJIbCHYIO XapaKTePHUCTHKY.

[IpenynoxeHbl HAYYHO-TEXHUYECKUE PEKO-
MEHJAIlu}, MTO3BOJIAIOIINE CHU3UThH CTENEHb
HEraTMBHOIO BJIMSIHHUSI OCHOBHBIX ITPUYHH c0O-
eB Ha yctpoictBa AJICH. [lns cHUXeHUs
BIIMSIHUSI aCHMMETPUU OOPaTHOrO TATOBOIO
Toka (OTT) Ha paboTy JIOKOMOTHBHBIX
yerpoiictB AJIC ciemyeT UCKITIOYUTH ITONaaa-
HUE I0e3/]a Ha y4acTOK Oe3yCIIOBHOTO cOOs
B TOM Clly4ae, KOIZla Ha COOTBETCTBYIOIIEM
TOPHO-TIEPEBAJILHOM y4acTKe BEPOSITHOTO cO0st
HaXOJUTCS TsDKEJIOBeCHBIH noe3a. [Ipuuém
JIaHHAsI PEKOMEH/IAINsl OTHOCUTCS KaK K M0e3-
JlaM, JIBMDKYIIMMCSI 110 OITHOMY ITyTH, TaK H IO
coceqHrM. HeoOxoauMo nepecMoTpeTh alro-
puUTMBI IpoBepkH annapatyps! AJIC B yciaoBu-
SIX JIOKOMOTHBHBIX JIETIO M CO3JaTh IPUHIIMIIHU-
aJIbHO HOBBIE TEXHMUECKUE CPENICTBA Ha COBPE-
MEHHOU 3JIEMEHTHOW 0ase, MO3BOJISIONINE
KOHTPOJIMPOBATh apaMeTpsl armaparypst AJIC
IIPH BO3/ICHCTBUU NCKYCCTBEHHBIX TIoMeX. OHU
JIOJDKHBI ITPEI0CTABIISITH BOSMOXXHOCTH OLICHKH
VH/IMBUyaJIbHOW TOMEX0YCTOWYHMBOCTH ara-
patypsl AJIC KOHKPETHOTO JOKOMOTHBA B CO-
OTBETCTBHH C BHIODAaHHBIMU KPUTEPHUIMHU.
[penoxeH HUQpPOBOI y3KOITOJIOCHBIN (PUIIBTP
s Beiaenenus curtanos AJICH, xoTopsrit
cle/lyeT yCTaHaBJIMBaTh MEXIY NMPUEMHBIMU
snokoMoTuBHbIMU Karyiikamu AJICH u noko-
MOTHUBHBIM ycuiuTesnieM. [IpumeHeHre 1aHHOTo
(¢unbTpa MO3BOJIUT MOAECPHU3UPOBATH CYyIE-
cTBytolyto peneinyto cuctemy AJICH no ne-
00XOIIMMOTO YPOBHSI TOMEX0YCTOHYHUBOCTH, YTO
Jact OONBIINI SKOHOMHUYECKUU 3 deKT 1o
CpaBHEHHMIO C TIOJTHOMACIITAOHBIM BHEJPEHHEM
MHUKpoIpoleccopHbIx ycTpoiictB KIIVD nnu
BJIOK.

05.13.06 — Aesmomamu3zayus u ynpasienue
MEXHONOSUYECKUMU NPOYECCAMU U NPOUZBOO-
cmeamu (mpancnopm).

Paboma evinonnena u sawuwena ¢ Hp-
KYMCKOM 20CY0apCmeeHHOM YHUgepcumeme
nymeii cooowenus (Upl'VIIC). °
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OCT KeJIe3HOAOPOXKHOM ceTn Poccun

BO BTOpoOii monoBuHe XIX Beka mo-
TpeOOoBa pacIIMpeHHs MOJrOTOBKH
HNHKEHEPOB JKEJIEe3HOAOPOKHOTO TpaHC-
nopra. ENMHCTBEHHBIH B CTpaHe WHCTHTYT
WHXEHEpOB ImyTeil coobuienns B CaHKT-
[TetepOypre HE MOT B TIOJTHOM Mepe PELIUTh
aTy npobinemy. HexBaTrka MHIKEHEPOB-
HKEJE3HOIOPOKHUKOB 0COOEHHO ITOYyBCTBO-
BaJIach C HAUAJIOM CTPOUTENILCTBA Benukoro
Cubupckoro nmytu. [Toaromy Munucrepcrso
myTel cooO1eHust BHeco B [IpaButenscTBo
MIPEIOKEHUE O CO3/JAHNH €1lIE OTHOTO BBIC-
1rero yuyeOHOro 3aBe/ieHHs, KOTOPOe ToTo-
BUJIO OBl MH)KEHEPOB ISl HY KT BEZIOMCTBA.
OdurmansHo ObuT0 00BsiBIEHO: «lOCy-
napb MMneparopa B HeNpecTaHHBIX 3a00Tax
o mpocemennu Poccunt B 23 neHb mast Ha-
CTosIIEro roga Brlcouaiiiie noseneTs cous-

® MWP TPAHCMOPTA. 2021. T. 19. Ne 3 (94)

BOJIMN yupeauTs B Mockse MockoBckoe Mu-
KEHEepHOe YUMIHIE, a 24 Mast TOTo e Mecs-
na B Mocke BcemumnocTuBeiiiie nosesnesn
MMEHOBATh 3TO yuuiuie — Vimneparopckum
MOCKOBCKHM WHXEHEPHBIM YUHITUILIEM».

2 utonst 1896 r. OBLIO OMYyOIUKOBAHO
coolienue o HoBoM Yumiumie: «Mmre-
paropckoe MockoBckoe MHxeHepHOE
Yyunuie BEIOMCTBA MyTEH COOOIICHHS
ecTh BhIcIIee yueOHOe 3aBe/IeHUE, NMEIO-
miee LeNplo ClienHalbHOe 00pa3oBaHUE
JINI, TOCBSMIAIOIIUX CeOsl MpeuMymie-
CTBEHHO MPAaKTUYECKOU JIEATEIHHOCTH 110
YCTPOMCTBY M HKCIUTyaTaluu MmyTel cood-
meHusi». U namee coobmanoch, 4To
B YYWINIIIE NMPEnoAaroTcs BbICIIas Mare-
MaTHKa, HauepTaTelbHas reOMeTpus, TO-
norpadust ¥ TeoJe31s, MEXaHUKa Teope-
THYeCKasi, CTPOUTENbHAS U TPUKJIaJHas,
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(u3uueckas reoJorus, rpakaaHcKas ap-
XUTEKTYpa, CTPOUTEIBHOE HUCKYCCTBO,
3aKOHOBEJICHUE, YEPUCHHE.

OTxpeITHE YUMININA IO PACTIOPSKEHUIO
YIPaBJISIFOLIET0 MUHUCTEPCTBOM ITyTeil co-
00ILIEHNS COCTOSIIOCH B cy000TY 14 ceHTs10-
ps 1896 T

B xonne aBrycra 1913 rona pemmics
BOIPOC 0 peoOpa3oBanuu Yuwmuiia B H-
CTUTYT IyTell cooOuienusi. Bekope mocie
HavaJia yueOHoro rona, 6 ceHtsops 1913 .,
COCTOSUIOCH II€PBOE TOP)KECTBEHHOE 3ace-
nanue copera Mimneparopckoro MockoBCKo-
ro MHcTuTyTa mytei cooOmieHus. Takum
obpa3zom, 1 cenTsops 1913 1. MOXKHO cUnTATh
BTOPBIM JIHEM POXKICHUSI HAILIETO BETYIIETO
TPaHCIIOPTHOTO BY3a...

®ororpapun u3 Myzes MUUT naror
NPE/ICTaBICHUE O TOM, KaK BBIIISICIN JIa-

® MWP TPAHCIMOPTA. 2021. T. 19. Ne 3 (94)

Ooparopuu YHUBEpPCHUTETa B MEPHUOJ €ro
CO3/IaHHUSL.

Ceronns B coctaB Poccuiickoro yHuBepcu-
TeTa TPaHCIIOPTa BXOAST 6 MHCTUTYTOB (yIpaB-
JIeHust 1 (POBBIX TEXHOJIOTHI; TPAHCIIOPT-
HOI TEXHUKU M CHCTEM YIPABJICHHUS; ITyTH,
CTPOUTENBCTBA U COOPYKEHHI; MEKTyHAPO/I-
HBIX TPAHCIIOPTHBIX KOMMYHHKAIIHI; SKOHOMH-
KA ¥ (DMHAHCOB; IOPUANYECKHI), @ TaKXKe
6 akanemuii (Poccuiickas akagemus myTei
cooOmieHust; Poccuiickast oTKpbITast akaieMust
TpaHcnopra; AKaJIeMus BOAHOTO TPaHCIIOPTa;
Axazemusi 0a30BOM MOATOTOBKH; AKaJeMHs
«BeiIcmIas MHXeHepHas IKOJIa»; AKageMus
MHTEJUIEKTYaJIbHBIX TPAHCIOPTHBIX CHCTEM
B aBTOMOOWJIBHO-JJOPO)KHOM KOMIIJIEKCE),
5 xomekedt, [ mmuasust, Hayuno-uccnenosa-
TEJILCKUIA MHCTUTYT TPAHCIIOPTa U TPaHCIIOPT-
HOTO CTPOUTENBCTBA, LenTp «TexHonapk». @
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Russia in the second half of the 19"
century required the enhancement of
the training institutions for railway engineers.
The only one institute of railway engineers
in St. Petersburg could not fully solve this
problem. The shortage of railway engineers
might affect the construction of the Great
Siberian Railway. Therefore, the Department
of Railways submitted to the government
a proposal to create another higher
educational institution that would train
engineers for the needs of the department.
Officially it was announced: «The
Emperor guided by unceasing concerns
about the enlightenment of Russia on the 23
day of May of 1896 stated on the
establishment of the Engineering School in

The growth of the railway network of

MWP TPAHCIMOPTA. 2021.T. 19. Ne 3 (94)

Moscow, and on May 24 of the same month
in Moscow all-mercifully ordered to call this
school the Imperial Moscow Engineering
School».

On July 2, 1896, an announcement was
published detailing the information about the
new School: «The Imperial Moscow
Engineering School of the Department of
Railways is a higher educational institution
aimed at special education of persons who
devote themselves mainly to practical activities
in the construction and operation of
transportation routes». And further it was
reported that the School teaches higher
mathematics, descriptive geometry, topography
and geodesy, theoretical mechanics,
construction and applied, physical geology,
civil architecture, building art, law, drawing.

WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94)



The opening of the School by order of the
Administrator of the Department of Railways
took place on Saturday, September 14, 1896.

At the end of August 1913, the issue of
transforming the School into the Institute of
Railways was decided. Shortly after the
beginning of the academic year, on September
6, 1913, the first solemn meeting of the
Council of the Imperial Moscow Institute of
Railways was held. Thus, September 1, 1913,
can be considered the second birthday of our
leading transport university...

Photos provided by the MIIT Museum
give an idea of what the university’s
laboratories looked like at the time of its
creation.

® MWP TPAHCIMOPTA. 2021. T. 19. Ne 3 (94)
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Today, the Russian University of Transport
comprises 6 institutes (namely, those of
management and digital technologies;
transport engineering and control systems;
tracks, construction and structures;
international transport communications;
economics and finance; legal), as well as 6
academies (Russian Academy of Railways;
Russian Open Academy of Transport;
Academy of Water Transport; Academy of
Basic Training; Academy — Higher School of
Engineering; Academy of Intelligent
Transport Systems in automobile and road
industry), 5 colleges, Gymnasium, Research
Institute of Transport and Transport
Construction, Centre Technopark. °
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ISOTHERMAL
ROLLING STOCK 148

WEIGHT OF MINING
DUMP TRUCK 167

Refrigerated wagons, containers,
demountable bodies are of different
types while their design should solve
one and the same task of making their
operation efficient.

Could we measure the weight of
mining dump truck with magnetic field
intensity?

SCIENCE AND ENGINEERING

NEW MATERIALS 158

Using polymers in tribo-pairs of rolling
stock: the results of the study.
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ABSTRACT

In the context of globalisation of economic relationships,
intensification of transportation and technological solutions, the
methodology of research and development of transport infrastructure
requires improvement and adaptation to dynamically changing
conditions of the transportation market.

The objective of the work is to formalise and to develop a
methodology for studying transport infrastructure, including
specialised isothermal rolling stock. The initial data on cargo
turnover were processed by the methods of mathematical statistics,
and the technical parameters of innovative isothermal rolling stock
were substantiated using the methods of T. Saaty analytic hierarchy
process, expert assessment, and update engineering design
process.

The article provides an analysis of the cargo turnover of
perishable goods transported by railway refrigerated transport in
Russia in terms of volumes, types of rolling stock, and origin. The
main origin-destination cargo flows are presented by types of
transportation (domestic, transit, export, import transport
operations). It has been determined that key factors in development
of isothermal rolling stock for transportation of perishable goods in
the transport system of the country refer to transportation of meat,
fish, beer, soft drinks, juices in the segment of domestic
transportation. The analysis shows that there are no structural and
quantitative shifts in terms of types of transportation and types of
cargo.

capacity refrigerated container, swap body.

World of Transport and Transportation,
2021, Vol. 19, Iss. 3 (94), pp. 148-157

Methodology of Research on the Demand
for Development of Transport Infrastructure
and Rolling Stock for Perishable Goods Transportation

Rostov State Transport University (RSTU), Rostov-on-Don, Russia.

The strategy for development of vehicles for transportation of
perishable goods and the methodology are presented in a block
diagram, in sections: «statement of the research problemn,
«decision-making stages», «decision implementation methods and
algorithms». It is shown that the problem includes not only
development of stationary railway infrastructure and of stages in
development of isothermal rolling stock, but also the need to solve
organisational, technical, technological, regulatory, and legal
problems, as well as tariff requlation.

The issues of methodology for designing an innovative
isothermal rolling stock are considered referring to possible
prospects for its development and areas of operation, as well as
to a set of engineering and technological solutions. The study of
linear dimensions and useful section of the loading space of
various types of isothermal bodies shows the advantage of
wagons and swap bodies in comparison with large-capacity
refrigerated containers.

It is proposed to design a prototype of innovative isothermal
rolling stock on the basis of a universal isothermal swap body,
configured with various types of refrigerating equipment with
specified technical parameters that best meet the requirements of
the modern transportation market. The areas of possible use of
various types of isothermal rolling stock are analysed considering
long-term forecasts for development of agricultural, fishing and
processing industries.
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INTRODUCTION

The key feature of transport, as of
a supporting sector of the economy, requires
improvement of methodology of research and
development of transport infrastructure (TI) in
the context of globalisation of economic
relations, intensification of transport and
technological solutions, innovative nature of
ongoing changes, transformation of cargo flows
associated with changes in volume, as well as in
specialisation of cargo traffic and its directions.
Macroeconomic changes in the external
environment affecting transport and technological
solutions in the system of managing cargo flows
can be divided into the following groups:

* Quantitative changes in the volume of
freight traffic in the main directions.

* Changes in the technology of transportation
management, T requirements for delivery time,
cargo safety, price parameters.

» Changes in the institutional environment
regarding transport services, operators of the
transport services market, vehicles, and
technologies of the transportation process.

* Current conditions and development trends
of TI by mode of transport, of vehicle fleet, and
of their characteristics.

* Geopolitical and national factors influencing
development of TI.

* Mutual competition (interdependence) of
operations of modes of transport for resources
(capacity) of infrastructure, and others.

Localisation of the problem of TI development
for a specific group of goods with specific
operations management conditions, requirements
for a fleet of vehicles, for freight terminal
complexes for servicing cargo flows and vehicles
along their route transforms standard
methodological approaches to the study of
transport systems. Such goods in the transport
system (TS) of a country refer to the cargo
(products, goods) requiring temperature-
controlled transportation, namely to perishable
goods (PG).

The need for a separate consideration of the
methodology for development of PG T1 in Russia
is also associated with significant institutional
shifts in domestic practices of PG transportation,
with a decrease in investment activity for
development of specialised isothermal rolling
stock (IRS) and vehicles for PG transportation
in recent decades. Besides, the study of the
problem requires considering the impact of the
transport infrastructure on ensuring the food

security in view of the country’s spatial
dimensions.

Works [1-5] address versatile approaches to
development of concepts, models, and
mechanisms of logistics management, of sectoral
logistics transport systems as well as the issues
of implementation of various innovative projects
particularly regarding international transport
corridors. The work [3] addresses dynamic
territorial transport and logistics systems
considered using the analysis of changes in the
network elements and their subsequent
management. The works [6; 7] show the growing
significance of scenario forecasting of the need
of large hubs in services of large systemically
organised infrastructures and in interaction with
sea transport. The efficiency and safety of the
logistics transport system is considered in [8].

The objective of the study is to formalise and
to develop a methodology for studying transport
infrastructure, including specialised isothermal
rolling stock. The initial data on cargo turnover
were processed by the methods of mathematical
statistics, and the technical parameters of
innovative isothermal rolling stock were
substantiated using the methods of T. Saaty
analytic hierarchy process, expert assessment,
and update engineering design process.

RESULTS
Methodological Scheme

The general methodological scheme for
studying TI for PG transportation in a country’s
transport system is shown in Pic. 1. Forecasting
and designing of transport and economic
balances are key elements in development and
implementation of such a strategic task.

Forecasting the volume of PG transportation,
from the methodological standpoint of economic
forecasting, should be based on a marketing
analysis of the demand for PG from the point of
view of their transportation. The segmentation
of the market for each type of product, the
complexity of considering this problem and
obtaining adequate estimates are associated with
the need to conduct marketing research for each
type of product.

Form the point of view of transportation
(of solving issues of TI development), it is
allowed to aggregate commodity flows based on
the homogeneity of transportation technologies.
These criteria for aggregation of cargo flows
include the requirement regarding rolling stock
used at each specific mode of transport.
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Pic.1. General outline of the strategy for development of vehicles for PG transportation (compiled by the author). (RRS is used for refrigerated
vans, wagons, rolling stock; LRC for large-capacity refrigerated containers - Translator’s note).

In railway transport, PG is transported by
different types of generally homogeneous
isothermal rolling stock (IRS). So, the solution
of problems (1)—(3) (see Pic. 1) can be reduced
to a general analysis of the dynamics of PG cargo
flows. It should also be noted that the demand
for transport infrastructure can be also assessed
considering localisation according to IRS
typology.

Analysis of the structure of PG transportation
market by type of transportation and by type of
rolling stock in Russia is shown in Pic. 2.

The analysis shows that there are no
structural changes in the operated rolling stock
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regarding types of transportation. The
geographic localisation of PG shipments by rail
in 2018-2020 in Russia is presented in Table 1
and Pic. 4.

Pic. 4 shows structure and dynamics of PG
transportation by rail across the territory of the
Russian Federation (columns show volumes of
PG forwarded respectively in 2018, 2019, 2020
through main railways).

The analysis shows that high proportion of
shipments on Oktyabrskaya, Moscow, North-
Caucasian, West-Siberian railways is explained
by the level of product consumption in the PG
segment or in economic sectors.
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Pic. 2. Dynamics of PG railway transportation market by type of transportation (segments of the transport services market) (author’s
development based on ASORPS [Association of the organisations of food industry] data).

Pic. 3. Rolling stock used for PG transportation by railways (according to ASORPS data).

As per types of PG, the largest share falls on
fish products and beer, Pic. 5.

Thus, key factors influencing the
development of IRS for PG transportation in
within Russian transport system are associated
with transportation of fish, beer, soft drinks,
juices, meat in the domestic transportation
segment which accumulates a significant share
of the total volume of PG transported. East—
West direction is predominant for transportation
of those type of PG within the territory of the
country. The average distance of transportation
is estimated to be about 4-5 thousand km. The
feasible possibilities of PG transportation
within transport corridors are considered in
works [5; 9], while methodology presented in

[10] can be used for a comparative assessment
of efficiency criteria while planning a transport
network.

From an environmental and economic
standpoint, transportation over such distances
requires an IRS of the refrigerated rolling stock
(RRS) type, which provides a certain autonomy
of transportation in relation to terminal service
complex.

At the same time, the analysis of global
practices of PG transportation over distances of

up to 500-1000 km has shown the wide use of 1 :

refrigerated containers with autonomous power
supply. The current TI-related problems during
transportation of fish were considered by the
author in work [11].
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Pic. 4. Structure, directions, and dynamics of PG transportation by rail across the territory of the Russian Federation
(columns show volumes of PG forwarded respectively in 2018, 2019, 2020 through main railways).

Development of Functional Systems
of Innovative IRS

Currently, there are serious problems in
operation of the entire TI as part of a continuous
cold chain. They relate to both stationary objects
(maintenance and equipment points, cargo
terminals, and backup refrigerators with feeder
tracks) and a specialised IRS.

Still operated, refrigerated five wagon groups
(thermos wagons) were designed for the planned
economy with completely different transportation
logistics. The presence and functioning of
a powerful agricultural industry in Azerbaijan,
Armenia, Belarus, Georgia, Moldova, Ukraine,
huge volumes of contracts for supply of imported
food made possible long-term forecasts and
ensured a relatively stable load of refrigerated
wagon groups (refrigerated wagon groups and
refrigerated block trains with different number
of wagons). The technical parameters of the
currently operated IRS were developed precisely
based on these conditions for operation of the
continuous cold (or cooling) chain (CCC). The
peak of PG transportation was in 1988, when the
volume of traffic exceeded 30 million tons. After
that, a protracted decline began, primarily due to
political reasons. Changed volumes, structure,
regions of formation of cargo flows, reduction in
the mass of shipment per wagon led to a serious
transformation of routes and a systemic crisis of
the transport services market [12].

In view of this, it is relevant to develop an
innovative IRS, the technical features of which

meet the demand in the current transport market
of PG transportation. The properties of IRS
should meet consumer appeal, expansion of the
scope of its operation, technical features
improvement thanks to new engineering solutions
and technologies adopted for its design, will
allow transport companies to take a worthy place
on the PG transportation market [16].

To substantiate technical parameters of
innovative IRS, the author has previously [13;
14] used the T. Saaty analytic hierarchy process,
the method of expert assessments, and the
method of updating engineering design process.
Possible options for development of various
types of IRS, large-capacity refrigerated
containers (LRC), container delivery vehicles for
PG transportation, analysis of their technical and
economic characteristics were presented in [13;
14; 16; 17]. The nature of the relationship
between the links of CCC with consumer,
organisational and technical parameters, the main
directions, and prospects for improving the
functional subsystems of IRS are considered in
[13].

In accordance with the definition [15],
innovative products include products,
technological characteristics (functional features,
design, capacity to carry out additional operations,
as well as the composition of the materials and
components used for their manufacturing), or
intended use of which, are fundamentally new
or significantly different as compared to similar
previously manufactured products.
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Table 1
PG forwarding, domestic transportation, per origin railways* (based on ASORPS data)

Railway of origin 2018 2019 2020

Tons Share, % Tons Share, % Tons Share, %
Moscow (MSC) 613860 18,20 652793 19,77 845540 22,86
Far-Eastern (DVS) 688090 20,40 658650 19,95 662114 17,90
West-Siberian (ZSB) 524062 15,54 496971 15,05 602950 16,30
Oktyabrskaya [October[(OCT) 343212 10,18 305993 9,27 350694 9,48
North-Caucasian (SKV) 234989 6,97 282445 8,55 320334 8,66
Kuibyshev (KBSh) 197629 5,86 187023 5,66 204291 5,52
Volga (PRV) 129133 3,83 135837 4,11 144583 3,91
South-Eastern (YuVS) 131692 3,90 117710 3,57 125060 3,38
Sverdlovsk (SVR) 104285 3,09 87714 2,66 95554 2,58
Northern (SEV) 118129 3,50 84042 2,55 87654 2,37
Krasnoyarsk (KRS) 86992 2,58 82997 2,51 86243 2,33
East-Siberian (VSB) 55305 1,64 58533 1,77 61630 1,67
Gorky (GOR) 50833 1,51 63296 1,92 54191 1,46
Kaliningrad (KLG) 78154 2,32 70879 2,15 42640 1,15
South Urals (YuUR) 13232 0,39 13372 0,40 13059 0,35
Transbaikal (ZAB) 3154 0,09 3542 0,11 3024 0,08
Railways of Yakutia (ZhDYa) 157 0,00 0,00 5 0,00
Total 3372908 | 100,00 3301797 |100,00 3699 566 | 100,00

*The listed railways are subsidiaries of JSC Russian Railways, except for Railways of Yakutia Stock Company which is
ISC. — Translator s note.

Pic. 5. Distribution of transported cargo by types of PG (according to ASORPS data).
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Rail head level

Pic. 6. Scale image of IW and LRC bodies of 1AA and 1AAA types and the clearances regarding
the 1-T loading gauge (compiled by the author).

For manufactured wagons, this concept is
divided into two categories regarding technical
operation, maintenance, and reliability, as well as
the technical characteristics of a wagon. The first
(mandatory) category of innovation features
[in Russia] includes an increase by twice the
mileage between overhauls, and absence of
restraints on the length of guaranteed haul
distances [to be run be wagons without maintenance
works]. The second (additional) category includes
technical parameters such as load capacity, tare
mass, axle load, and body volume.

Improvement of the technical and economic
characteristics of IRS (an increase in carrying
capacity and in travel speeds, efficiency and
environmental friendliness) indicates that the
new IRS should meet the criteria of innovation,
and is associated with the ultimate ambitious task
to return the positions of railway refrigerated
transport previously list in the competition with
road carriers.

In this regard, it is advisable to consider the
following categories of innovative rolling stock:

* Single wagons with axle load of 23,5 or 25
tons for speeds of up to 120 km/h.

* Flat container wagons for transporting LRC
with an axial load of 20 tons for higher speeds
of up to 140 km/h.

* Articulated wagons.

» Swap bodies.

However, selection of an unconditional
priority in the structure of development prospects
and of a choice of a specific type of IRS is now
problematic.

The works [13; 14] present a new refrigerated
wagon in the form of interconnected functional
subsystems: body, running gear, draw-and-buffer
devices (couplers), thermal stabilisation system
(cooling and heating) [13], power supply unit,
equipment to create special environmental
parameters in the loading space, control systems
with remote monitoring functions.

Since specialised railway infrastructure is
lacking, such a complex of engineering and
technological solutions makes it possible to
create, based on an universal isothermal body,
a wagon of a required configuration with
specified technical parameters of each module
of the subsystem, which ensure together
maximum conformity of wagon’s properties with
consumer appeal in the transport services market.
Interrelated engineering solutions are offered for
each subsystem, while the final set of engineering
solutions is developed individually for each
modification of a wagon considering logistics
needs of an operator [12; 13; 16-18].
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Pic. 7. Cross-section of an isothermal swap body with a thermal insulation thickness
of 200 mm (compiled by the author).

Features of design of rolling stock for
multimodal transportation (large-capacity
containers and swap bodies) are considered in
works [19-21]. Since they relate to the usual
non-refrigerated rolling stock, they can only be
considered in the distant future.

When comparing the technical and economic
parameters of innovative rolling stock (wagons,
swap bodies, and large-capacity containers), one
should consider their place within the general
transport and technological system of railway
transportation and CCC, and that was previously
considered in [12].

The main technical characteristics for IRS
are carrying capacity and the useful volume of
loading space (LS). The carrying capacity is
determined by the value of the axle load and the
tare mass of the wagon. An increase in the useful
volume is possible with an increase in the body
length and in the permissible loading height of
loading space since the body height itself is
limited by the dimensions of rolling stock. If their
priority in terms of carrying capacity and useful
volume is not in doubt, then for specialised
cooling equipment these indicators may be
different.

When considering these parameters for an
isothermal wagon (IW) and a container

considering the flat wagon, we introduce the
indicator of the specific useful volume of the
loading space per the linear length. In our case,
we take an isothermal wagon with a standard
body length of 21 m (along the coupling axes it
will be 22,15 m) flat wagons with a length of,
respectively, 14,5, 19,6 and 25,5 m along the
coupling axes [13]:

I/spec = Vu/Lwag’

where V. — specific useful volume along the

linear lersfgth the wagon;

V. — useful volume of the loading space of
the wagon or of the container, m?,

L.~ length of IW or of the flat wagon along
the axes of the automatic coupler, m.

For IW, Vspec =136/22,15=6,14 m*/1L.m.

For a forty-foot LRC (1AAA according to the
international ISO classification), considering two
containers fitted on a longer 25,5 m flat wagon,
the specific useful volume will be Ve =
(2+68)/25,5 =5,33 m¥/1l.m.

When using other standard sizes of containers
and models of flat wagons, different loading
schemes will be used, and the values of this
parameter will turn out to be even less, e. g., 4,67
and 3,47 m¥1l.m., respectively.

Comparison of useful cross-sectional areas
of the loading space of IW and LRC (Pic. 6)
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Table 2

Calculated linear dimensions of bodies of various types of isothermal rolling stock

(developed by the author)

Rolling stock type Outer width, m | Useful width, | Useful section, | Possible length, | Useful height,
m m? m m

Wagon 3,105 2,6 7,454 21,0 2,96

Swap body 3,19 2,55 7,04 13,71 2,62

Large-capacity | AA container 2,438 2,154 5,232 12,192 2,212

Large-capacity 1 AAA container | 2,438 2,154 4,575 12,192 2,429

shows that for a 1AA container this area is of
61,4 %, and for a standard 1AAA container it is
of 70,2 % of the useful section of IW. This
indicates that the specific linear useful volume
of TW will be 6,14 m3/1.m. against 5,33 for LRC.
With an average length of a cargo train of 1000
m, the difference in useful volumes per different
types of rolling stock in this case can attain about
810 m®, which indicates a more efficient use of
carrying capacity of the railway transit capacity
when using IW [13].

Pic. 6 shows a scale image of the IW and LRC
bodies of 1AA and 1AAA types and the
clearances regarding 1-T loading gauge. Pic. 7
shows a scaled cross-section of a swap body with
a thermal insulation thickness of 200 mm.
Calculated linear dimensions of isothermal
bodies are presented in Table 2.

Considering the linear dimensions and useful
section of the loading space of various types of
isothermal bodies, the advantage of wagons and
swap bodies can be seen. However, the use of
the useful length of rolling stock is different for
them. Undoubtedly, the full use of the length is
possible only for wagons. When considering
swap bodies and large-capacity containers, it is
necessary to consider the length and type of
«carriers» which are flat wagons of various
models. Besides, the allowed schemes of loading
and the use of two standard sizes of LRC (20- and
40-feet containers) at the points of assembly of
container trains lead to a deterioration in the use
of the useful length of the train.

CONCLUSIONS

The proposed strategy and methodology for
development of vehicles for PG transportation
comprise research tasks, decision-making stages,
as well as methods and algorithms for
implementing decisions. It follows from the
analysis that the problem includes not only the
development of stationary railway infrastructure
and of stages of development of IRS, but also the
solution of organizational, engineering,

technological and regulatory problems along
with the issues of tariff regulation.

The previously considered indicators of the
volume of PG traffic in Russia by type of
transportation (domestic, transit, export and
import transport of goods), for the purposes of
development forecasts, should be analysed
considering the routes where studied rolling stock
is operated.

Isothermal wagons will prevail in domestic
traffic and in transit through the territories of the
CIS countries that have the same track gauge.
Large-capacity containers will be used for
international transcontinental transit and export-
import multimodal transportation. Swap bodies
are at the initial stage of their adoption, and
despite good design engineering and economic
characteristics, they will not be able to take
immediately a significant position in the domestic
and foreign markets. The first cause is associated
with only partial availability of the existing
infrastructure for using them in domestic traffic.
Then, the significantly larger body width (3,19 m
versus 2,438 m for large-capacity container) will
not allow their use in multimodal transportation,
while technical parameters of the flat wagons and
fitting issues have not yet been fully resolved. In
any case, the final decision on the structure and
type of IRS should be made based on long-term
forecasting of development of agricultural,
fishing and processing industries, and considering
the requirements of modern technical regulations
and specifications.

The proposed methodology, once it is duly
adapted, seems to be applicable to a large extent
in other countries.
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ABSTRACT

Rubber materials are widely used in friction assemblies of
railway rolling stock. Rubbers are used oil seals, other various
seals, shock absorbers, corrugated hoses, sleeves, sealing rings,
etc. During operation, rubbers are exposed to various mechanical
influences that cause wear, cracks, abrasion, dents, burn-
throughs, etc., which can lead to the failure of the entire unit and
unforeseen unscheduled repairs of the rolling stock. Any failure
on the route together with unplanned repairs incur heavy economic
losses.

Currently, the issue of wear of rubbers in rubber-steel tribo-
pairs has not been sufficiently studied in case of supply of lubricant
to the friction zone and of wear caused by a free and fixed abrasive.
There is ongoing research on the possibility of replacing rubber
products with other polymeric materials, which have shown
significantly better results in tribological tests, both in terms of friction
coefficients and in the wear mechanism. The data obtained will

abrasive wear.
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make it possible to choose the most optimal options for materials
that can act as a replacement for standard rubber products in rolling
stock friction assemblies.

The paper presents the results of tribological tests of
thermoplastic polyurethanes (TPU), ultra-high-molecular-weight
polyethylene (UHMWPE) and polypropylene (PP2015) in
comparison with rubber based on nitrile butadiene rubber (NBR).
The tests were carried out according to two schemes: «plane (tested
sample) — bushing» and «plane (tested sample) — generatrix of a
rubber disk with supply of abrasive grain to the friction zone».

The objective of the work is to determine the dependence of
the change in friction coefficients on load and sliding speed, as well
as the dependence of seizure pressures of tribo-pairs on speed,
weight loss of samples after wear tests with a free and fixed
abrasive, the morphology of wear surfaces, and wear mechanisms
of polymer materials and rubbers.

Keywords: transport, railway, rolling stock, friction coefficient, polymers, damping material, tribotechnical properties, sliding speed,
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INTRODUCTION

Application and improvement of damping
polymer elements are directly associated with
improvement of dynamic characteristics of
wagons and locomotives during their interaction
with the upper structure of the railway track
(e.g., [1]). One of the main challenges is the
need to improve the dynamic properties of
elastic damping elements.

Possibility to use damping polymer materials
in friction assemblies of rolling stock is being
considered to increase economic efficiency. The
technical requirements for modern design of
railway shock absorbers are defined by their
operating conditions, which imply reliable
operation under static, cyclic and shock loads,
at low and high temperatures, in contact with
the environment, which largely depends on the
type of damping material. It should be noted
that, despite the extensive experience in
studying physical and mechanical properties of
polymers and composite polymer materials, the
issue of wear of polymers in polymer-steel
tribo-pairs has not been sufficiently studied in
case of presence of lubricants and of wear
caused by a free and fixed abrasive. Therefore,
additional studies are required for their
comparative evaluation. A study [2] of
a composite polytetrafluoroethylene (PTFE)
bearing was carried out by modelling wear with
a steel shaft. The effect [3] of thermal aging of
oil on frictional and wear-resistant properties
of NBR has been studied. It has been determined
how the surface roughness [4] affects friction
and wear resistance of NBR. The study [5] has
performed modelling and experimental study
of translational hydraulic seal wear. Upon
swelling NBR with the standard solvent IRM
903 [6], wear was 1,1 times higher than in the
non-swollen sample. The wear resistance [7]
of friction units of borehole pumps with seals
made of directionally reinforced polymer
composites has been determined. Graphite
polytetrafluoroethylene (PTFE) and polyamide
(PI) composites were tested with tool steel with
lubrication and the addition of finely dispersed
quartz sand [8].

An experimental study [9] of performance
characteristics of a high-speed polymer thrust
bearing with oil lubrication has been carried
out. The influence of pressure and sliding speed
on the coefficient of friction of polyurethane
elastomers of different hardness during friction
against steel using a grease has been determined

in [10]. The tribological characteristics of ultra-
high-molecular-weight polyethylene
(UHMWPE) were obtained [11] with respect to
TiAlLV, and CoCr,Mo alloys.

The objectives of the work were: to determine
the dependence of the change in friction
coefficients on load and sliding speed for
thermoplastic polyurethanes (TPU), ultra-high-
molecular-weight polyethylene (UHMWPE)
and polypropylene (PP2015) in comparison
with rubber based on nitrile butadiene rubber
(NBR), as well as the dependence of seizure
load of tribo-pairs on speed; to determine the
weight loss of specimens after wear tests with
a fixed and unfixed abrasive, as well as to study
the morphology of wear surfaces, and the
mechanisms of wear of polymer materials and
rubbers.

MATERIALS AND METHODS OF RESEARCH
Samples of TPU 50D2S10, 60D2S10,
UHMWPE, PP2015, NBR were selected for
friction and wear testing. The samples were
a plate with dimensions of 20x70%2 mm, which
was glued to plywood with dimensions of
20x70x12 mm. Tribological tests were carried
out according to the scheme «plane (tested
sample) — bushing (steel mandrel with silicon
carbide-based abrasive paper with a grain size of
120 pm glued to its end, or a 40X steel bushing
with hardness HRC 49-54). The end of the
bushing was processed with sandpaper of various
grain sizes (P180, P220, P600, P2400). The
sliding speed and pressure on the sample varied
discretely in the range of 0,1-3,5 m/s and 2—10
MPa, respectively. Hydraulic oil MGE10A was
used as a lubricant when testing polymer samples
against steel, with one drop per second supplied
to the friction zone. Free abrasive wear tests were
carried out by rubbing a flat sample against the
generatrix of the rubber disk surface. Quartz sand
with particle sizes from 0,2 to 0,6 mm was fed
into the friction zone. The tests were carried out
at normal atmospheric pressure and room
temperature. The test load was 15 N, the test
duration was 5 minutes per single sample. After
each test, the samples were cleaned from abrasive
particles using a cylinder with dry compressed
air. Three samples of each material were tested.
The weight loss of the samples was determined
using an analytical balance VIBRA HT-220CE.
The wear amount was determined as the
arithmetic average of values obtained from three
samples.
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Table 1
Technical characteristics of TPU 23

Material grade Hardness, Shore Density, g/cm® Tensile strength, MPa | Elongation at break,%
TPU 50D2S10 52D 1,18 45,0 450

TPU 60D2S10 60 D 1,18 55,0 320

UHMWPE 64 D 0,93 25 50

PP 02015 70 D 0,9 29 400

NBR 75 A 1,3 25 425

! Official website of «RT-EPOFLEX». Section «Scope of application». Automobile. [Electronic resource]: http:/rtplp.ru/

sfera-primeneniya/. Last accessed 13.04.2021.

2 Official website of «Polymer company. Plastprominvest». Section «Products». Balen 02015. [Electronic resource]:
http://ppinvest.ru/produkcia/blok-sopolimeri-propilena-etilena/balen-02015.html. Last accessed 13.04.2021.

8 Official website of Trading and manufacturing company «RUBICOMp». Section «Information». Nitrile butadiene rubber
(NBR) [Electronic resource]: https://www.rubicom.su/info/articles/kauchuki/butadien-nitrilnyy-kauchuk-bnks/. Last accessed

13.04.3021.

RESULTS OF EXPERIMENTAL STUDIES

Pic. 1 (a — P180, b — P220, ¢ — P600, d —
P2400) presents the results which reflect the
dependence of the friction coefficient on the
pressure and roughness of the surface of the
annular sample, depending on processing with
sandpaper and the size of abrasive grain. The
friction coefficient of NBR sharply decreased
from 0,3-0,35 to 0,2 at a pressure of 2 MPa
(Pic. l1a, b) and from 0,2-0,25 to 0,13-0,15
(Pic. Ic, d). For PP2015, the friction coefficient
also decreased with an increase in pressure and
a decrease in roughness of the steel surface with
maximum values of 0,08-0,14, and the minimum
values of 0,04-0,1. The friction coefficient of
UHMWPE was higher in comparison with other
materials with the maximum values of 0,09—
0,15 and the minimum values of 0,05-0,11. TPU
50D2S10 polyurethanes had lower friction
coefficients compared to TPU 60D2S10
polyurethanes, except for tests with steel
samples treated with P180 sandpaper. The
minimum values of friction coefficients of
polyurethanes were 0,04—0,06 for 50D2S10 and
0,05-0,08 for 60D2S10.

In general, the coefficients of friction,
depending on pressure, tended to decrease in their
value. A decrease in roughness of the steel
surface led to a decrease in friction coefficients
of friction for all materials with an increase in
pressure in the tribo-pair.

Pic. 2 (a — P180, b — P2400) shows the
regularities of the change in friction coefficients
on sliding speed and roughness of the steel
sample. For all materials, with an increase in
sliding speed from 0,2 to 0,6 m/s, a decrease in
friction coefficients was observed. So, for NBR,
friction coefficients decreased from maximum
values of 0,37 and 0,22 to 0,35 and 0,2,

depending on roughness of the steel surface
(Pic. 2a, b), respectively. For the rest of polymers,
initial values of friction coefficients, when
processing steel with P180 sandpaper, were
practically the same and amounted to 0,14-0,15.
With an increase in sliding speed from 0,6 to
1,3 m/s, friction coefficients of all materials
increased and were higher than at a speed of
0,2 m/s. The friction coefficient of PP2015 had
maximum values of 0,14-0,16 (Pic. 2a) and
minimum values of 0,09-0,11 (Pic. 2b). The
friction coefficient of UHMWPE had lower
friction coefficients of 0,12-0,125 at sliding
speeds of 0,8—1,3 m/s (Pic. 2a) and higher friction
coefficients of 0,09-0,11 compared to other
polymers at the same speeds. This may be due
to the higher molecular component of the
coefficient of friction when processing steel with
P2400 sandpaper, providing minimum roughness
of the friction surface. TPU 50D2S10
polyurethanes with coarser steel surface had
friction coefficients higher than 60D2S10
polyurethanes (Pic. 2a). With a smoother steel
surface, TPU 50D2S10 friction coefficients had
the minimum values of 0,06-0,08, while TPU
60D2S10 showed values of 0,07-0,11. For all
materials, there was an increase in friction
coefficients with an increase in speed above
0,6 m/s.

Pic. 3 (a — P180, b — P2400) shows the
dependence of the change in the seizure load on
sliding speed. For all the materials under study,
with an increase in the sliding speed, the seizure
load decreased. So, for NRB samples, with
a coarser roughness of the steel friction surface,
at a pressure of 7 MPa, jamming occurred at
a sliding speed of 0,2 m/s, and with a smoother
steel surface, it occurred at a speed of 0,4 m/s.
TPU 50D2S10 polyurethanes had higher seizure
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Pic. 1. Dependences of friction coefficients on pressure for steel 40X with sandpaper processing: a - P180, b - P220, ¢ - P600, d - P2400.
1-NBR, 2- 5002510, 3 - 60D2510, 4 - UHMWPE, 5 - PP2015 (compiled by the authors).

loads than TPU 60D2S10 samples over the entire
speed range. UHMWPE samples had intermediate
jamming loads between TPU and PP2015. The
highest seizure loads were obtained for PP2015
samples, regardless of surface roughness of the
steel bushing end.

Pic. 4a, b shows the results in the form of
dependences of the friction coefficient on normal
pressure and sliding speed when tested on a fixed
abrasive.

With increasing pressure, coefficients of
friction decrease for all types of polymers and
NBR. The obtained values of friction coefficients
can be arranged as they increase in the following
order: 0,3-0,36 for PP2015, 0,33-0,44 for
UHMWPE, 0,38-0,55 for 50D2S10, 0,4-0,58
for 60D2S10 and 0,85-0,98 for NBR. An
increase in sliding speed from 0,12 to 0,23 m/s
led to an insignificant increase in coefficients of
friction for the studied polymers. So, for PP2015
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Pic. 2. Dependencies of friction coefficients on sliding speed for steel 40X with sandpaper processing:
a- P180, b - P2400. 1- NBR, 2 - 5002510, 3 - 60D2510, 4 - UHMWPE, 5 - PP2015 (compiled by the authors).

a b

Pic. 3. Dependences of the seizure load on sliding speed for steel 40X with sandpaper processing:
a—-P180, b- P2400. 1- NBR, 2 - 50D2S10, 3 - 60D2510, 4 - UHMWPE, 5 - PP2015 (compiled by the authors).

a b

Pic. 4. Dependence of coefficients of friction of polymers on pressure (a) and sliding speed (b), case of fixed abrasive:
1- PP2015, 2~ UHMWPE, 3 - 5002510, 4 - 60D2510, 5 - NBR (compiled by the authors).
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Pic. 5. Dependence of the weight loss of polymers on the test pressure, case of fixed abrasive:
1-PP2015, 2- UHMWPE, 3 - 50D2S10, 4 - 60D2510, 5- NBR (compiled by the authors).

e

Pic. 6. Morphology of friction surfaces of polymers and NBR rubber during testing, case of fixed abrasive:
a—- PP2015, b - UHMWPE, c - 5005210, d - 60DS2010, e - NBR (compiled by the authors).
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Pic. 7. Profiles of wear holes of materials: 1- 50DS210, 2 - 60DS2010, 3 - UHMWPE, 4 - PP2015, 5 - BNK
(performed by the authors).

and UHMWPE, it increased from 0,32 to 0,36.
With a further increase in speed to 0,3 m/s, the
friction coefficient was 0,5 and 0,49 for PP2015
and UHMWPE, respectively. The coefficient of
friction of NBR 0,8-0,9 increased proportionally
in the entire range of sliding speeds.

Pic. 5. shows the weight loss of samples due
to the change in the pressure in the contact area
during testing.

For NBR rubbers, the weight loss increased
in proportion to the pressure. The wear of TPU
samples at low pressures up to 0,34 MPa is
insignificant, with a further increase in pressure
to 0,54 MPa for both 50D2S10 and 60D2S10 it
increases from 0,01 to 0,04 g. The minimum
weight loss was obtained for PP2015
polypropylene. Pic. 6 shows the morphology of
friction surfaces of samples.

The friction surfaces of PP02015
polypropylene and UHMWPE with a minimum
wear value of 0,003 and 0,004 g, respectively,
did not have deep grooves or grooves in the
direction of sliding of the fixed abrasive grain.
The waviness of the surface indicates the gradual
accumulation of damage and separation of wear
particles by the fatigue mechanism. The friction
surfaces of samples 5S0DS210 and NBR had

marks in the sliding direction along the entire
length. It can be assumed that micro-cutting was
the prevailing wear mode. For 60DS2010
samples, the wave height was minimal, and the
wear pattern can be attributed to the fatigue wear
mechanism during friction against the fixed
abrasive grain.

Pic. 7 shows the profiles of the wear holes of
polymeric materials and NBR when tested with
an unfixed abrasive.

In contrast to tests with a fixed abrasive, the
minimum weight loss was shown by TPU50DS210
and 60DS2010 samples. Samples of UHMWPE
moved to the third place. The largest weight loss
was shown by PP2015 and NBR samples,
respectively. Pic. 8 shows fragments of wear
holes of material during friction against a free
abrasive.

The friction surfaces of 50DS210, 60DS2010
and NBR had longitudinal notches in the
direction of sliding of the abrasive grain and the
wear mechanism can be attributed to micro-
cutting. The waviness of the surface of UHMWPE
and PP2015 samples indicates gradual
accumulation of damage and separation of wear
particles by the fatigue mechanism. Various test
results for friction with free and fixed abrasive
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Pic. 8. Morphology of friction surfaces of polymers and rubber NBR during testing, case of free abrasive:
a-50DS210, b - 60DS2010, c - UHMWPE, d - PP2015, e — NBR (performed by the authors).

grain indicate that when testing TPU PP2015,
sandpaper was coated with polymer particles due
to adhesion and the wear rate and coefficient of
friction decreased. For polymers 50DS210,
60DS2010, the minimum loss of mass during
friction in case of a free abrasive indicated that
their hardness was higher than that of a rubber
disc, and some of abrasive particles were simply
pressed into the generatrix of the disc. Despite
different results, both test methods complemented
each other and gave a complete characteristic of
polymeric materials used in the assemblies of

machines and mechanisms, when itis possible to
act on the friction surface with a fixed or a free
abrasive grain.

DISCUSSION OF RESULTS

The analysis of the studies carried out by
international authors shows a tendency to expand
the use of polymeric materials in polymer-steel
tribo-pairs in the presence of liquid and plastic
lubricants. NBR samples are inferior in all
respects to TPU polyurethanes, UHMWPE and
PP2015 samples. Currently, in a significant
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number of rolling stock friction assemblies, the
now operated rubber seals, shock absorbers,
gaskets, corrugated hoses are used, which can be
successfully replaced with more reliable materials
with lower friction coefficients and higher seizure
loads compared to NBR. The use of TPU,
UHMWPE and PP2015 will increase reliability
and service life of rolling stock friction
assemblies. Materials such as TPU 50DS210,
60DS2010 and UHMWPE can be further used
in friction assemblies as a replacement for rubber
products for manufacture of sealing rings, oil
seals, gaskets, and corrugated hoses and tubing.
PP2015 polypropylene can be used instead of
rubber in control panels, tipping mechanisms and
devices inside the rolling stock.

CONCLUSION

Obtained regularities of the change in
coefficients of friction of 50D2S10, 60D2S10
polyurethanes, UHMWPE and PP2015 on
pressure and sliding speed showed that these
materials are superior to NBR regardless of the
grade of surface roughness of 40X steel. The
seizure load of the proposed polymeric materials
is higher than that of NBR in the entire range of
studied loads and speeds.

Regularities of changes in the coefficients
of friction and weight loss of samples on
pressure have been also identified following the
results of tests with fixed and free abrasive. The
coefficient of friction of PP2015 polypropylene
had values of 0,3—036, while for NBR it was
2,5 times higher and amounted to 0,85—1,0 with
friction against a fixed abrasive. UHMWPE
samples showed a stable result in relative weight
loss when tested with a free and fixed abrasive.
The smallest wear was observed for PP2015 and
50DS210, 60DS2010 samples with friction
against a fixed abrasive and a free abrasive,
respectively.
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ABSTRACT

The article reviews the results of the authors’ research on the
possibility of using the magnetic field strength generated by DC
traction motors as a useful signal carrying information about weight
of cargo transported by a mining dump truck.

The objective of the research was to find a way to determine
weight of cargo carried by a mining dump truck. In contrast to the
existing onboard weighing systems, it becomes possible to create
a compact autonomous device that does not require integration of
sensors into the body structure and electrical circuits of the truck.

Problems of increasing the efficiency of measuring devices
based on fluxgate converters are considered with the view of using
them as onboard systems for estimating cargo weight. The
sensitivity of the fluxgate sensor can be increased by increasing
both the amplitude and the effective value of the voltage applied to
its excitation winding. The proposed original circuit for feeding the
fluxgate sensor’s excitation winding from a modulated signal
generator made on logical elements allows increasing the voltage
supplied to the fluxgate sensor’s excitation winding without
increasing the supply voltage, and by increasing voltage surges at
the fronts of rectangular modulated high-frequency pulses, as well

as due to resonant phenomena. The use of such a generator
excludes the influence of the fluxgate sensor’s excitation winding
on the generator frequency, since the frequency of modulating
signals becomes the operating frequency of the fluxgate sensor,
and it remains unchanged. The increased sensitivity makes it
possible to install the sensor in any convenient place in the dump
truck cab, and not in the immediate vicinity of traction motors.

Evaluation of cargo weight is carried out during movement of
the dump truck along the control section of the road. The readings
are taken from an ammeter (milliammeter), the scale of which is
pre-calibrated in mass units. Measurements of mass should be
carried out under the same modes of dump truck movement and
with the same location of the fluxgate sensor as when calibrating
the scale of the measuring device. The control section of the route
on which the measurements are carried out must be the same or
similar to the one on which the measuring device was calibrated.

The proposed device is distinguished by ease of use, is
characterised by low energy consumption, is compact, does not
contain expensive elements and does not require careful
maintenance.
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INTRODUCTION

Determining weight of the cargo of heavy-
duty vehicles used in open-cut mining enterprises
is traditionally the most significant task, the
solution of which can be carried out in different
ways.

A rough estimate of the degree of filling the
body with rock mass, which takes place at about
95 % of enterprises, provides that the excavator
driver respects the loading specifications. The
loading specifications for each type of vehicle
determine the order of placing the cargo and
uniformity of its distribution in the body, as well
as the necessary parameters of the load «heap»
[1].

However, compliance with the requirements
of the loading specifications is ineffective for
assessing the mass of the cargo due to its
inaccuracy. When controlled according to the
loading specifications, the «underload—overload»
range is +25 % and more [1, p. 132].

For a more accurate measurement, stationary
truck scales are used. Such scales are reliable,
have a large margin of safety, however, they
require that the entire truck is situated on the
platform, which leads to a loss of time. Besides,
the location of the loading site can change quite
often. There are also mobile scales, but it is not
always convenient to use them [3, p. 147].

The most effective way is to automatically
control loading using built-in onboard systems.
Onboard weighing systems (OWS) use special
sensors such as pressure sensors and strain
gauges [4].

Most often, onboard systems used on mining
dump trucks determine the mass of the cargo by
the steady-state values of gas pressure in
suspension cylinders. These systems are quite
easy to install, but they are only applicable to
vehicles with air suspension on all axles.

The disadvantage of such systems is
dependence of measurement results on viscosity
of'the oil in the hydraulic system, which changes
with ambient temperature fluctuations, which, in
turn, affects the pressure in the system. This
introduces errors in readings of the onboard
weighing system based on pressure sensors. The
error is also explained by the presence of
significant dry friction forces in suspension
cylinders. Some manufacturers solve the problem
of inaccuracy by introducing the calculation of
corrections into the electronic OWS software [2].

Unlike pressure sensors systems, strain gauge
systems provide higher accuracy. Load cells in

onboard systems are installed between the frame
and the car body and can be used on any vehicles
with a tipper body and with any type of
suspension. Onboard systems based on strain
gauges are reliable and of low-maintenance type.
However, such systems require replacement of
standard body attachment units with units with
strain gauges, which can be done by qualified
specialists only in workshop conditions.

Since 2000, onboard weighing systems have
been developed by various companies, e.g., by
BELAZ holding company (Zhodino, Belarus),
Vist Group (Moscow, Russia). The systems are
built based on an onboard controller that collects
and processes many performance indicators of
a dump truck [7]. Such systems provide load
normalization within £8 % relative to the rated
carrying capacity [5].

The objective of the research carried out by
the authors was to find a way to estimate the mass
of the cargo of a mining dump truck, which
simplifies measurements, but does not require
careful integration of sensors into structural
elements of heavy-load vehicles. Such a method
might increase the efficiency of the technological
process for assessing weight of the cargo,
significantly reduce energy, time, and financial
costs, without the use of complex and expensive
engineering equipment and without involvement
of qualified personnel.

RESULTS
Proposed Solution

The proposed solution is as follows: the
magnitude of the magnetic field strength
generated by DC traction motors of a mining
dump truck is measured. E.g., BelAZ-75121
dump truck uses DK-722E traction motors. These
are DC brushed motors located in wheel hubs.
As it is well known, the amount of current
consumed by a traction motor is determined by
the amount of load on its shaft, which, in turn,
depends on the mass of the transported cargo and
the conditions of movement: speed, features of
this section of the route (hill, slope, quality of
the roadbed, etc.).

The motor’s current produces a constant,
slowly changing magnetic field, the strength of
which can be measured. The use of the strength
of the magnetic field generated by the motor,
instead of the motor current, as of a diagnostic
parameter allows the measurement to be carried
out in a non-contact way, without interfering with
electrical circuits [10].
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Pic. 1. Structure of a fluxgate sensor: H — fluxgate sensor’s excitation field,
H, — measured magnetic field (compiled by the authors).

The proposed solution uses the relationship
between the intensity of the magnetic field
generated by the DC motor and the load on the
motor shaft, which determines the mass of the
dump truck.

To measure the magnetic field strength,
various sensors can be used, e.g., fluxgate
sensors, which convert the magnitude of the
magnetic field strength into the magnitude of the
current. The fluxgate method of measuring the
strength is quite simple, well studied and allows
you to achieve the required accuracy [8; 9; 15;
16].

The motors of heavy-duty dump trucks create
a sufficiently strong magnetic field, so there is
no need to install a fluxgate sensor in the
immediate vicinity of the motor or of power
supply circuits of the motor. An ammeter
(milliammeter) is used as an indication device,
the scale of which is calibrated in mass units.

In practice, the location where fluxgate sensor
is mounted does not matter. It is only important
that it is the same both when calibrating the
milliammeter scale and when measuring.

The scale is calibrated in the following
sequence:

1. A route section with certain parameters is
selected, which is declared a control one. For
example, a plot with a constant slope and the
same quality of road surface. It is advisable to
choose a section with such parameters that are
most typical for the proposed route of the truck.

2. The truck without cargo moves along the
control section of the road in a certain mode (for
example, at a constant speed). The travel time
should be sufficient to take the milliammeter
reading, which is further taken as zero load
weight.

3. The truck moves in the same mode along
the same section (or similar section) of the road

with a load, the mass of which is known. The
milliammeter reading will correspond to the load
weight.

4. The actions stipulated in paragraph 3, for
a more accurate calibration of the scale and
elimination of errors, can be repeated with
a different load weight. In this case, the scale of
the calibrated milliammeter turns out to be almost
linear.

To measure mass, it is necessary to:

1. Provide a control section of the road, or
a section similar to the control one in its
parameters, where calibration was carried out
and to which the scale of the measuring device
(milliammeter) corresponds.

2. Ensure travelling of a dump truck for at
least 5—10 seconds along the control section with
the same constant speed at which the calibration
of the measuring device scale was performed.

3. Make non-contact measurements using
a measuring device based on a fluxgate sensor
and take readings from the measuring device, the
scale of which is pre-calibrated in mass units.

When measuring the weight of the cargo
transported by vehicles of the same model, there
is no need to calibrate the scale of the measuring
device for each vehicle separately. It is enough
to provide only the same place of mounting of
the sensitive element (fluxgate sensor).

Fluxgate
sensor

Pic. 2. Block diagram of the measuring device
(compiled by the authors).
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Its structure is shown in Pic. 1: the measuring
winding L, is on top of two cores with windings
L' and L",.

To compensate for the influence of extraneous
sources, an additional third winding L, is
provided, located on top of the main windings
(not shown in Pic. 1).

The block diagram of the measuring device
through which the method is implemented is
shown in Pic. 2.

The block diagram includes:

* A pulse generator that forms rectangular
pulses supplied to the excitation winding L, of
the fluxgate sensor.

* Fluxgate sensor including three windings.

* Rectifier.

* Registration device: milliammeter.

The scheme for switching on the fluxgate
sensor’s windings is shown in Pic. 3.
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Pic. 3. Scheme of switching on the fluxgate sensor’s windings (compiled by the authors).

To fluxgate sensor’s
excitation winding

Pic. 4. Generator of rectangular pulses for powering the excitation winding of the fluxgate sensor (compiled by the authors).

Compensation of extraneous fields is
carried out with the dump truck motor turned
off by a variable resistor R, by setting the
current value to zero, measured by
a milliammeter. The values of the resistors R,
and R, are selected depending on the
milliammeter used and the voltage value.

Experiments have shown (and this is in good
agreement with the data of research literature
sources) that the efficiency of fluxgate converters
is largely determined by the amplitude, frequency,
and shape of the excitation signal; in this case,
a rectangular waveform gives a better result in
comparison with a sinusoidal or triangular
waveform [14; 15].

To power the fluxgate sensor’s excitation
winding, a simple rectangular pulse generator
can be used, the diagram of which is shown in
Pic. 4.
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Pic. 5. Modified circuit for feeding the excitation winding of the fluxgate sensor (compiled by the authors).

The circuit contains four logical NOT
elements (K561 LN2 microcircuit), powered by
a 9-volt source. The generator itself comprises
first three NOT components. The fourth NOT
component (DD1.4) is useful for eliminating the
influence of the fluxgate sensor’s excitation
winding on the generator operation. Resistor R,
and capacitance C, are frequency setting
elements. The resistor R, controls the generator
frequency. For the fluxgate sensor described
above, a frequency of 2 kHz is used. The circuit
is simple, has low power consumption, allows
a compact and economical implementation, and
makes it possible to reduce the size of the
measuring device.

The circuit uses capacitive coupling of the
generator with the fluxgate sensor’s excitation
winding (capacitance C, in Pic. 4). This makes
it possible to exclude the direct component of the

generator signal and, consequently, to reduce the
excitation winding’s current and the power
consumption of the measuring device [15].

The use of a circuit based on NOT logic
components (Pic. 4) as a generator makes the
measuring device simple, reliable, and compact.

Studies have shown that sensitivity of the
fluxgate sensor can be increased by increasing
the voltage (amplitude and effective value)
supplied to the excitation winding from the
generator. For this purpose, it is possible to use
the resonance phenomena arising in the resulting
series circuit: the capacitor C, — excitation
winding of the fluxgate sensor. By selecting the
value of the capacitance of the connecting
capacitor and the frequency of the generator, it
is possible to achieve a sharp increase in the
sensitivity of the fluxgate sensor. This is due to
an additional increase in the voltage across the

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94), pp. 167-174

Nikishechkin, Anatoly P., Dubrovin, Lev M.; Davydenko, Vladimir I. Fluxgate Sensors for Onboard
Weighing Systems of Heavy-Duty Dump Trucks




-
Modulating pulses of generator 1
with a frequency determined by the
operating frequency of the fluxgate

sensor
J

4 N\
Modulating pulses of generator 2 of
increased frequency

& J

Modulating bipolar pulses from the
outputs of the double-amplitude D
trigger

-
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the series circuit:  connecting
capacitance C3 — excitation winding
of the fluxgate sensor

Pic. 6. Timing diagrams of voltages (compiled by the authors).

excitation winding due to the resulting voltage
resonance.

Studies have also shown that at an increased
frequency of fluxgate sensor’s feeding, the
voltage on the excitation winding increases due
to voltage surges arising on the positive and
negative edges of rectangular pulses when the
generator is operating to produce inductive load.
But for a significant increase in voltage (and for
a consecutive increase in the fluxgate sensor’s
sensitivity), a power supply frequency of the
order of 100 kHz or more is required. However,
the specified frequency of the fluxgate sensor, at
which its operation is most effective, is lower
than these values.

Thus, to increase the sensitivity of the
fluxgate sensor, it is required to increase the
frequency of the voltage supplied to the excitation
winding; then, at this increased frequency to
achieve voltage resonance, but at the same time
to ensure the standard specified operating
frequency of powering the excitation winding of

the fluxgate sensor.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94), pp. 167-174

To increase the frequency of the fluxgate
sensor’s power supply voltage and maintain the
required rated frequency, it is proposed to use
two generators to power the fluxgate sensor. The
first generator generates modulating rectangular
pulses that power the excitation winding. The
repetition rate of these pulses is determined by
the operating frequency of the fluxgate sensor.
The first generator controls operation of the
second generator, which generates modulated
square-wave pulses of increased frequency. At
this frequency (at a certain value of the
capacitance of the connecting capacitor), voltage
resonance appears, and the effect of voltage
surges on the amplitude and effective value of
the voltage of the pulse generated by the first
generator becomes noticeable. In this case, high-
frequency pulses of the second generator occur
only at the moments of the presence of pulses of
the first generator.

The modified circuit for powering the
excitation winding takes the form shown in
Pic. 5.
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Generator 1 and generator 2 are of the same
type, both are made on three 2AND-NOT
elements of the 564LA7 microcircuit. The
amplitudes of the pulses that they generate are
determined by the supply voltage of the
generators. Elements R, C of generators set the
required frequencies. Variable resistance R1 of
generator 1 provides tuning of modulating pulses
to the operating frequency specified in the
documentation for the fluxgate sensor. Variable
resistance R2 of generator 2 sets a high frequency
of modulated pulses, which provides resonance
of the voltage across the excitation winding. The
value of the capacitance of the connecting
capacitor C3, as a rule, does not exceed 0,1 pF.

Pic. 6 shows voltage timing diagrams that
explain the purpose and operation of individual
parts of the circuit shown in Pic. 5.

At frequencies of 100-200 kHz of modulated
pulses, the influence of voltage surges (not shown
in Pic. 6), which occur during operation
producing an inductive load, on the magnitude
of both the amplitude and the effective value of
the voltage across the excitation winding of the
fluxgate sensor, is clearly noticeable.

The duration of surges is short and amounts
to a few microseconds, but their amplitude can
be several times higher than the voltage in
arectangular pulse. And at an increased repetition
rate of modulated pulses, their duration becomes
commensurate with the duration of the pulses
themselves, and the effect of surges on the
voltage of the excitation winding increases
significantly.

A further increase in frequency above
200 kHz is undesirable since it leads to
a noticeable increase in power consumption.

In the circuit shown in Pic. 5, the voltage from
the output of generator 2 is applied to the
excitation winding through D-trigger. This makes
it possible to obtain a bipolar voltage waveform
with double the voltage swing, which also
increases the sensitivity of the measuring device.
In addition, when using a trigger, the influence
of the fluxgate sensor’s excitation winding on
the generator operation is reduced.

Such a modification of the generator circuit
makes it possible to significantly increase the
sensitivity of the fluxgate converter without
increasing the voltage of the power source.

Experimental Verification
During the experiments, the tested fluxgate
sensor had the following winding data:

* Diameter of the field winding wire was
0,3 mm, the number of turns of each half of the
excitation winding was 200. There was single
layer winding, turn to turn. It connects to a pulse
generator.

* Measuring winding: number of turns was
2000, wire diameter was 0,1 mm. The winding
was multilayer one, turn to turn. The measuring
winding is connected through a rectifier to
a recording device, which is a DC ammeter
(milliammeter).

* The diameter of the wire of the additional
winding was 0,1 mm, the number of turns was 500.

To protect the fluxgate sensor against
extraneous external influences, a protective casing
was used, which was a brass tube [14].

Experimental verification was carried out by
the authors at the Ekibastuz coal basin (Severny
mine) on BelAZ-75121 heavy-duty dump trucks
using DK-722E traction motors. The experiment
showed almost complete coincidence of the value
of the weight of the cargo, obtained with the help
of a fluxgate sensor measuring device, with the
value measured on a truck scale. It was also
experimentally established that the readings of
the measuring device do not depend on
unevenness of the roadway. In addition, strict
compliance of the measuring section of the road
with the section on which the calibration of the
measuring device was performed is not required.
The main thing is to provide a similar slope of
the track, as well as the same speed without
sudden jerks and braking.

TECHNICAL RESULT AND CONCLUSIONS

The proposed non-contact method for
measuring the load mass eliminates the need to
embed sensors into structural elements and
electrical circuits of a vehicle, does not require
complex engineering equipment, and reduces time
and costs of measurements, while ensuring
sufficient accuracy.

A measuring device with a fluxgate sensor and
a milliammeter can be installed almost anywhere
in the truck, which provides convenient recording
of measurement results.

The proposed method is easy to use. The
device that implements the method is characterized
by low energy consumption, it is compact, does
not contain expensive elements and does not
require careful maintenance. Preparing the device
for operation consists in calibrating the scale of
the measuring device (milliammeter) in mass
units.
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ABSTRACT

The objective of the article is to show the importance of
modernisation and development of the transport and logistics
system of the Yamal-Nenets Autonomous Area (hereinafter— YNAA)
for socio-economic development of the country, of its single
economic space, and implementation of its export capacity.

The current state of the transport system of YNAA is analysed
considering a particular role of transport system of the region in
development of the Arctic zone of the Russian Federation
(hereinafter —the AZRF), while showing the inconsistency of the
existing level of its development with the needs of the economy
and the population of the area, the strategic goals of development
of the Russian Arctic and the country. The research used general
scientific methods, e.g., analysis and synthesis.

The implementation of several large infrastructure projects in
YNAA being initiated at the federal level requires the corresponding
development of the regional transport and logistics infrastructure
and the solution of transport problems in this region. Modernisation
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and development of the regional transport and logistics infrastructure
through implementation of infrastructure projects will allow: to form
a single interconnected transport space with a significant reduction
in infrastructure constraints for development of YNAA; to achieve
the required level of population mobility and transport accessibility
of municipalities for all categories of population; to combine the
mainland and port infrastructure within a single logistics system
through implementation of federal infrastructure projects in parallel
with measures to develop the existing regional transport
infrastructure; to integrate the transport complex of YNAA as part
of the transport system of the Russian Federation into the world
transport system.

The development of an effective regional transport and logistics
system within the framework of the corresponding federal system,
considering the geostrategic features and geo-economic potential
of the region, will remove infrastructural constraints for development
of the national economy and the region’s economy.
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INTRODUCTION

At the present stage of economic
development of the Russian Federation,
considering the need for accelerated economic
growth, the role of the transport system is
strengthening considerably. The tasks of
developing the transport system at this stage
of the country’s development are aimed at
ensuring economic growth through transport,
improving the quality of life of the population
[1]. Development of a single economic space
of the country through growth of its territorial
connectivity as one of the determining
functions of transport activity is acquiring
further importance.

The development and improvement of the
transport and logistics infrastructure in Russia
is determined by the need to eliminate
existing constraints for socio-economic
development of the country: a certain lag in
development of transport infrastructure as
compared with the production sector, the
presence of infrastructural problems in
development of a single transport space and
implementation of the transit potential of the
Russian Federation, logistics constraints for
exports of Russian goods to world markets
[2].

Research of transport logistics
infrastructure problems was described in
works of J. Bowersox [3], G. Ghiani [4],
S. Yu. Maksimova [5], L. B. Mirotin [6],
T. A. Prokofieva [7], Zh. S. Raimbekova [8]
and others.

The transport complex plays a special role in
the development of the Arctic zone of the Russian
Federation (AZRF), the development of which
in modern geo-economic conditions is of great
importance. Recognition of the Russian Arctic
not just as a raw-material appendage of the
country, but as a zone of its strategic interests,
determines the increasing role of its socio-
economic development [9].

According to Ya. A. Bolshakov, the
development of the Arctic zone is viewed not
only as an opportunity to explore new natural
resources, but also as a means of launching
the innovative development of the Russian
economy as a whole [10].

N. A. Komleva notes that «while the
strategies of the developed Arctic states are
focused mainly on development of their
northern Arctic territories, the Arctic Strategy
of Russia, in addition to the development of the

AZRF itself, is aimed at solving the overarching
task: based on implementation of the potential
of the Arctic to promote modernisation of the
economy of the whole country. The most
important challenge is precisely how to use the
Arctic natural resources and mega-projects to
launch the process of innovative development,
both in the Arctic itself and in the Russian
economy» [11].

Besides, this is due to a significant
increase in the geostrategic and economic
potential of the AZRF at the present stage of
development of the Russian Federation [12].
The growth of economic potential is primarily
due to the prospects for increasing the
resource potential of the Russian Arctic. The
developed hydrocarbon fields provide for
production of more than 80 % of natural gas
and 17 % of oil produced in Russia, additional
growth will be provided due to the exploration
of new fields on the Gydan Peninsula and the
Yamal Peninsula already prepared for
operation. Oil and gas reserves on the
continental shelf of the Russian Federation in
the Arctic are a strategic reserve for
development of the mineral resource base of
the Russian Federation in terms of hydrocarbon
raw materials. According to experts, the
reserves amount to 85,1 trillion m® of natural
gas, 17,3 billion tons of oil .

The geostrategic potential of the AZRF is
based on the capabilities of a unique
transcontinental route — the Northern Sea
Route (NSR), whose task is to ensure the
interests of the Russian Federation on sea
routes that are effectively interfaced on the
coast of the Arctic Ocean with routes of other
modes of transport. Emphasising the
importance of the geostrategic potential of
the AZRF and its connection with
infrastructural development of the territory,
political scientist D. Orlov notes that this
territory, besides the presence of the richest
natural resources, «infrastructural develop-
ment acquires an important geostrategic
dimensiony [13].

The importance of the task of creating and
developing an efficient transport infrastructure

! Strategy for development of the Arctic zone of the
Russian Federation and ensuring national security for the
period up to 2035. App. by the Decree of the President of
the Russian Federation dated October 26, 2020, No. 645.
[Electronic resource]: http:// garant.ru/products/ipo/prime/
doc/74710556/. Last accessed 18.01.2021.
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of this macro-region is emphasised in several
strategic documents of socio-economic and
spatial development of the Russian Federation
and in the adopted government documents on
development of the AZRF. So, in accordance
with the Fundamentals of the state policy of
the Russian Federation in the Arctic for the
period up to 20352, the main national interests
of the Russian Federation in the Arctic include
development of infrastructure for all modes
of transport; the measures for development
of all modes of transport in the AZRF and the
transport and logistics system of the macro-
region are highlighted as the main measures
aimed at implementation of the Strategy for
development of the Arctic zone of the Russian
Federation and ensuring national security for
the period up to 2035 These strategic
documents contain the main measures in the
field of infrastructure development of the
AZRF:

* Development of the NSR as a competitive
national transport communication route of the
Russian Federation on the world market.

* A set of measures aimed at developing
the mainland and port infrastructure and
combining them within a single transport and
logistics system.

As V. S. Selin notes, «one of the important
tasks is to improve the transport infrastructure
in the regions of the exploration of the Arctic
continental shelf to diversify the main routes
for supply of Russian hydrocarbons to world
markets» [14].

The development of the transport and
logistics infrastructure of the AZRF from the
standpoint of development of a single economic
space of the country is discussed in detail in
the Strategy for spatial development of the
Russian Federation for the period up to 202582,
The Strategy stipulates creation of a single
backbone transport network of the Russian
Federation as the most important direction of
spatial development, and sets the task of

2 Fundamentals of the state policy of the Russian Federation
in the Arctic for the period up to 2035. App. by the Decree of
the President of the Russian Federation dated March 5, 2020,
No. 164. [Electronic resource]: http://garant.ru/products/ipo/
prime/doc/3606526/. Last accessed 18.01.2021.

3 Strategy for spatial development of the Russian Federation
for the period up to 2035. App. By the Resolution of the
Government of the Russian Federation dated February
13, 2019, No. 207-r. [Electronic resource]: http:/static.
government.ru/media/files/UVAIqUtT08060RktoOX122Jj
Ae7irNxc.pdf. Last accessed 18.01.2021.

removing infrastructure constraints including
those that prevent an increase in the scale of
economic development of the Arctic, as well
as an increase in the importance of the
Northern Sea Route as an international
transport corridor. These infrastructural
constraints are associated with difficult natural,
geographic, and climatic conditions, an
outdated configuration of the transport network
due to the focal nature of economic development
of the territory, as well as the technological
and structural lag in development of the
transport infrastructure of the Arctic territories.
A set of measures presented in the
Comprehensive plan for modernisation and
expansion of the trunk infrastructure for the
period up to 2024 is aimed at reducing the
infrastructural constraints for development of
the Russian Federation, including in the
northern regions of the Russian Federation.
The transport part of the Comprehensive plan
includes, among other things, measures for
development of the transport infrastructure of
the AZRF:

* A set of measures for development of the
port infrastructure of the Arctic basin (as part
of the federal project «Russian seaports»).

* A set of measures as part of the federal
project «Northern Sea Route».

Considering the economic potential of
YNAA and its geostrategic position, the role
of its regional transport and logistics
infrastructure is increasing regarding
development of the country’s economy,
implementation of its export potential and
development of a single economic space. The
main directions of development of the
transport and logistics infrastructure of
YNAA, considering the national interests of
the Russian Federation and the specifics of
this constituent entity of the Russian
Federation, are outlined in paragraph 23 of
section IV of the Strategy for development of
the Arctic zone of the Russian Federation and
ensuring national security for the period up
to 20352,

The objective of the article is to show the
importance of modernisation and development
of the transport and logistics system of the
Yamal-Nenets Autonomous Area as a territory
within the Arctic zone of the Russian
Federation for socio-economic development
of the country, of its single economic space,
and implementation of its export capacity
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based on the analysis of the current state of
the transport system of YNAA.

RESULTS

General Characteristics of the Transport
Complex of YNAA and the Prospects for its
Development

The transport complex of YNAA serves
the population of 546,9 thousand people and
economic entities operating on an area of
769,3 thousand km*.

A feature of this territory is the presence
of the richest natural resources of
hydrocarbons, usually located in a remote,
inaccessible area with extreme climatic
conditions, as well as its unique geopolitical
position due to its access to the coast of the
Arctic Ocean with its transport artery, the
Northern Sea Route.

The transport complex of YNAA is
represented by the following modes of
transport: railway, road, inland water, sea, air,
pipeline transport. At the same time, the
transport infrastructure does not cover all the
needs of socio-economic development of the
area and the Russian Federation: the total
density of public transport networks is
extremely low, there is no single backbone
network of land transport while there are two
local backbone transport districts (Western
and Eastern) not connected by land transport®.
As a result of this gap, communication
between the western and eastern territories of
the area is carried out only by air transport
since:

» Waterways have a meridional direction
and the use of water transport is seasonal.

* The road network is underdeveloped, it
includes many winter roads, which also
predetermines a significant level of seasonality
of road vehicles’ operation.

The Western transport region of YNAA is
based on the largest transport axis: the Ob
River with a branch of the Northern Railway
(Obskaya station) approaching it in the area
of Labytnangi. In this area, Salekhard-

* Information passport of Yamal-Nenets Autonomous District
(data as of 19.02.2021) // Ministry of Foreign Affairs of
the Russian Federation. [Electronic resource]: https:/mid.
ru/maps/ru-yan/-asset_publisher...128534/. Last accessed
23.03.2021.

® This is due to the focal nature of economic development
of the area’s territory during implementation of the program
for development of the gas and oil industry of the USSR in
1970-1990.

Labytnangi industrial and transport hub has
been developed. There, large volumes of
cargo are transshipped from water transport
to railway and vice versa. There is a railway
from Obskaya station to Yamal (Obskaya—
Bovanenkovo—Karskaya railroad), which
allows the delivery of goods necessary for
development of mineral deposits. The sea
transport of the Western region is based on
the seaports of Kharasavey and Sabetta,
located on the Yamal Peninsula.

The eastern transport region was formed
based on Novy Urengoy—Tyumen railway
section of Sverdlovsk railway, river navigable
routes along the Nadym, Pur and Taz rivers
with the ports of Nadym and Korotchaevo,
a relatively developed network of highways
with access to a single road system of the
country [15].

The presence of two local backbone
transport areas (Western and Eastern),
practically not connected with each other by
land transport, is currently the most important
transport problem for the area. Another
problem is territorial unevenness in
development of land transport modes followed
by an extremely low average total density of
public transport networks. This has a negative
impact on functioning of the life support
system for the population and on provision
[with materials and equipment] of activities
of economic entities. For economic entities,
aggravation of this problem, observed in recent
years, is associated, among other things, with
implementation of large projects for
exploration, extraction, mining, and processing
of hydrocarbons on the territory of YNAA. The
imperfection of the regional transport
infrastructure entails high transport costs,
complicates supply of products from enterprises
of other constituent entities of the Russian
Federation, necessary for development of oil
and gas fields, hydrocarbon production,
construction of pipelines, etc.

Railways

The most important role in ensuring the
system of daily living activity of the
population and sustainable economic
development of YNAA belongs to railway
transport which is the only mode of transport
operating all year round and which is used for
mass transportation of large-tonnage cargo
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and passengers®. The development of railway
transport on the territory of the area is limited
by the state of its infrastructure. The total
length of railways in YNAA is 1648 km
(including 496 km owned by JSC Russian
Railways”), the network density is more than
eight times lower than the national average®.
Insufficient length of the railway network,
lack of railway connection (including year-
round) between several significant settlements
of the area and with neighbouring regions is
a serious problem for socio-economic
development of the area, which is complicated
by the peculiarity of the configuration of the
railway network on its territory. Two railway
lines run through the territory of the area,
while they are not connected with each other
and are in different parts of the area: in the
Western and Eastern transport regions. The
line of the Northern Railway (Obskaya
station) ® approaches from the west the region
of the upper reaches of the Ob River, the town
of Labytnangi. This railway does not have
a year-round transport crossing over the river
near the town of Salekhard. Thus, the

5 Currently, railway transport remains the only available
mode of transport for about a third of the area’s residents.

7 YNAA is characterised by departmental diversity of
railways, they belong to various owners: JSC Russian
Railways, Yamal railway company, Gazprom.

8 Federal State Statistics Service website. [Electronic
resource]: https:// Rosstat.gov.ru/free_doc/new_site/
business...sv/plot. Last accessed 23.03.2021.

9 Chum-Obskaya section with a length of 97 km (a railway
branch from the Northern Railway at Vorkuta station).

administrative centre of the area (Salekhard)
does not have a year-round railway connection
with the north-western regions of the Russian
Federation and the municipalities of YNAA
located in the eastern and southern parts of
the area.

The transport gap between the western and
eastern parts of YNAA will be bridged
following implementation of the Northern
Latitudinal Railway (hereinafter — NLR)
project, which envisages construction of an
Obskaya—Salekhard—Nadym railroad and of
feeding railway lines. The volume of
transportation along the NLR, mainly of gas
condensate and oil cargo, will amount to 23,9
million tons !°. The significance of
implementation of this project for YNAA is
associated with creation of a railway
connection between all major municipalities
in YNAA, and unification of the Western and
Eastern transport regions of YNAA. Reducing
infrastructural constraints for development of
the region due to construction of the NLR will
contribute to diversification of YNAA
economy by creating new processing
industries, new jobs, increasing the mobility
of the population and improving transport
services for the residents of the area.

For the Russian Federation, the Northern
Latitudinal Railway project is of great
importance. There are 19 hydrocarbon

1 Kuraeva, O. Three whales of Yamal [Tri kita Yamala].
Kommersant, 2016, Iss. 129. [Electronic resource]:
http://im.kommersant.ru. Last accessed 18.01.2021.
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deposits in its zone, enterprises of the
industrial complex created in the process of
exploiting the resource base of this territory
are also located in its area. The NLR will
transport hydrocarbons from the northern
fields and local refined petroleum products.
The bulk of the cargo will come from
NOVATEK (8,3 million tons of gas
condensate), polyethylene and WFLH (wide
fraction of light hydrocarbons) from Noviy
Urengoy gas chemical complex, oil and gas
condensate from Rospan, Geotransgaz
companies, etc.®

The implementation of the NLR project
will provide:

* Creation, due to the connection of the
Northern and Sverdlovsk railways, of the
shortest route for transportation of gas
condensate and oil cargo in the western
direction, including those sent for export to
the ports of the North-West part of Russia, as
well as of transit (including export-import)
cargo of enterprises of the Urals and Western
Siberia.

* Provision of transport links for delivery
of products from the enterprises of the Urals
and Western Siberia, necessary for
development of gas condensate and oil fields
in YNAA and Khanty-Mansi Autonomous
Area.

» Optimisation of loading on the existing
sections of the railway network, contributing
to diversification of the Russian transport
system, decrease in excessive loading of the
Trans-Siberian Railway.

The northern latitudinal railway is one of
the most important mainline elements of
Russia’s strategic railway frame, which is

necessary for development of the Arctic. The
other two mainline elements are the Obskaya—
Bovanenkovo® railway line and non-public
Bovanenkovo—Sabetta railway. These
infrastructure projects represent a single
complex mega-project implemented based on
intersectoral and interregional cooperation 2.
The project of construction of
Bovanenkovo—Sabetta railway with a length
of 170 km is of particular importance for
development of the transport complex of
YNAA and the Arctic transport system of
Russial®. This railway line will provide
a year-round transport connection of the
seaport of Sabetta to the mainland
infrastructure and to the hydrocarbon fields
of Bovanenkovo and Tambey groups; will
allow in the future, with significantly lower
costs, to start development of the fields close
to Sabetta: Salmanovskoye (Utrenny) 3, West
and North Tambeyskoye, Tasiysky and
Malyginsky ** fields and several others.

Road Facilities

The road network is used within the
transport network of YNAA for intraregional
road cargo and passenger transportation. In

1 Service traffic on the new line was opened on January
12, 2010.

2. Priorities and mechanisms of interregional interactions
between YNAA and the Ural macro-region are considered
in a study carried out by the Institute of Economics of the
Ural Branch of the Russian Academy of Sciences as part of
development of the interregional project «Arctic vector of
the Ural constellation» in 2018.

13 Within the framework of the Arctic LNG-2 project
implemented by JSC NOVATEK.

1 The Gazprom Group obtained licenses for their

development.
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YNAA there is a poorly developed system of
hard-surface roads, which provides
a permanent connection with the all-Russian
road system only in the direction of Nadym—
Surgut. A full-fledged automobile access of
the area to the country’ road network will be
provided after the completion of Tyumen—
Surgut—Salekhard federal highway.
Implementation of this project followed by
the transfer of Surgut—Salekhard highway to
federal ownership will result in development
of Moscow—Yekaterinburg—Tyumen—Surgut—
Salekhard transport corridor.

The configuration of the network of
regional highways is characterised by a tree-
like structure, the basis of which is Surgut—
Salekhard highway with branch roads to
district centres. The disadvantage of the
existing configuration is the insufficient
number of connecting and chord roads, which,
along with other factors, makes it difficult to
form a full-fledged road network.

In terms of transport and operational
status, quality of roads does not meet the
needs of the economy and the population for
road transportation. The general condition of
the area’s road facilities is characterised by
a low density of public highways, the
presence of many industry’s owned roads of
a low technical category.

Engineering Structures

The regional public roads include 225 bridges
with a total length of 9148,92 1. m, which is
insufficient in the presence of many water courses.
The river network of Yamal-Nenets Autonomous
Area is represented by more than 50 thousand
rivers and streams with a total length of about 291
thousand km (the density of the river network is
0,38 km/km?)®5, There are no permanent bridges
when crossing water courses on Salekhard—
Labytnangi, Nadym—Stary Nadym, Korotchaevo—
Urengoy—Tazovsky highways. Therefore, traffic
on these sections is carried out with pontoon and
ferry crossings in summer, and via ice crossings
in winter.

The absence of permanent bridges, low quality
of highways in terms of their transport and
operational condition, the low density of the road
network are factors that significantly limit provision
of transport services to business entities and
population. Thus, with the system-forming role of
highways in the area, their existing network, and
its conditions are lagging the requirements of the
developing economy and the state of the social
sphere of YNAA. Several investment projects are
aimed at solving this problem. One of the largest

15 Handbook of water resources. Water resources of
Yamal-Nenets Autonomous District. [Electronic resource]:
https://waterresources/region/yamal/avtonomnyy-okrug|.
Last accessed 18.01.2021.
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transport projects in YNAA was construction of
Nadym-—Salekhard highway. Its route runs in the
same corridor as for the Northern Latitudinal
Railway. The road will significantly reduce
infrastructural constraints in the area, contribute to
comprehensive development of the resource
potential of YNAA®“. The highway was
commissioned in December 2020.

Air Transport

The main prerequisites for the development of
air transport in YNAA are the absence in many
municipalities of railway and year-round road
connectivity, the seasonality of the use of water
transport, and significant distances between
settlements and industrial facilities. In these areas,
the main transport load falls on aviation, which
provides communication with remote, hard-to-
reach settlements: this is the transportation of
passengers, mail, urgent cargo, health care for the
population, and meeting the needs of economic
entities.

Airports are the most important elements of the
air transport infrastructure. On the territory of
YNAA there are nine airports that serve passengers,
mail, and cargo along inter-municipal and inter-
regional routes.

The airports of the cities of Salekhard, Novy
Urengoy, Nadym and Noyabrsk have runways with
artificial turf and can receive aircraft of all types.
Airports in the settlements of Tarko-Sale, Urengoy
and Tolka have unpaved runways and are served
by turboprop aircraft and helicopters®.

There are departmental and industry’s owned
airports on the territory of YNAA: in the villages
of Yamburg and Bovanenkovo (owned and operated
by Air enterprise «Gazprom avia» LLC), and
Sabetta international airport (owned by NOVATEK,
operated by «Sabetta International Airport» LLC).
Those airports provide transportation of shift
personnel and cargo transportation.

The main problems in implementation of airport
activities on the territory of YNAA are:*8

16 State register of civil aviation aerodromes and heliports.
Tyumen MTU Federal Air Transport Agency. https://favt.gov.
ru/reestry-aerodromy-vertodromy/. Last accessed 18.01.2021.

1" About Yamal // Investment portal of Yamal-Nenets
Autonomous District. [Electronic resource]: https:// invest.
yanao.ru/. Last accessed 18.01.2021.

18 State program of Yamal-Nenets Autonomous District
«Development of Transport Infrastructure» (as amended
on February 11, 2021). App. by the Resolution of the
Government of Yamal-Nenets Autonomous District dated
December 25, 2013 No. 1124-P. [Electronic resource]:
http://docs.cntd.ru/. Last accessed 23.02.2021.

* The need to reconstruct artificial turf
runways at the airports of the cities of Novy
Urengoy and Nadym due to the high level of
their physical and moral aging (up to 100 %).

 Significant wear of the structures of
unpaved airfields in the settlements of
Krasnoselkup, Tolka (56 % wear), Tarko-Sale
(20 % wear), with a significant loss of their
performance properties.

Helicopter pads!®

Inter-municipal passenger air transpor-
tation to serve population of remote,
inaccessible settlements is carried out using
helicopters. On the territory of the autonomous
area, 22 helicopter pads are equipped for
inter-municipal passenger transportation,
located in settlements of six municipalities
(Nadym, Yamal, Priuralsky, Shuryshkarsky,
Tazovsky districts, the city of Labytnangi).

Considering the unsatisfactory condition
of most of helicopter pads, it was deemed
necessary to carry out measures for their
reconstruction to make them compliant with
regulatory requirements, as well as to build
seven new helicopter pads in the settlements
of Katravozh, Beloyarsk, Samburg, Purovsk,
Khalyasavey, Tolka (Purovskaya), Purpe.

The main measures aimed at solving
problems of airport activities, reconstruction
and construction of new helicopter pads are
contained in YNAA state program Develop-
ment of transport infrastructure for 2014—
2024, updated following the results of its
implementation in 201420207,

Pipelines

The infrastructure of pipeline transport is
represented by a network of pipelines
connecting the area to the central and southern
regions of the Russian Federation and foreign
countries. Its development is associated with
development of new fields and maintenance
of production at existing hydrocarbon fields
through the use of new production techno-
logies.

River Transport

River transport is the main mode of
transportation for many municipalities in
YNAA during the summer. River transport
carries a significant amount of food, fuel,
industrial goods, and construction materials
imported to YNAA from other regions of
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Russia [15]. The use of natural waterways
makes it possible to solve to a certain extent
the problems of transport services provided
to the population of the area and to promote
development of new areas of oil and gas
production that are remote and hard-to-reach
for other modes of transport.

The main waterways in YNAA are the Ob
River with tributaries, as well as the Nadym, Pur,
and Taz rivers. The length of inland waterways
on the territory of the area is 4,1 thousand km,
including 3,55 thousand km of waterways
equipped with aids to navigation. Currently,
rivers provide seasonal connection between 52
settlements with a resident population of up to
120 thousand people®®.

The problems are associated with
insufficient length, unsatisfactory condition
of waterways and of infrastructural facilities
necessary to meet the growing demand for
cargo transportation in connection with the
prospects for development of new hydrocarbon
deposits in the territory of the area. The
solution to the problems is associated with
implementation of a set of measures provided
for by the Transport Strategy of the Russian
Federation for the period up to 20302°. The
Strategy provides for a comprehensive
reconstruction of inland waterways and
hydraulic structures of the Ob-Irtysh water
basin, including an increase in the length of
inland waterways with guaranteed dimensions
of fairways, as well as creation of navigable
conditions for delivery of goods to hard-to-
reach regions of the Far North, including
small rivers and rivers rapidly becoming
shallow.

There are five river ports on the territory
of YNAA: in the cities of Salekhard,
Labytnangi, Tarko-Sale, the villages of
Yamburg and Korotchaevo. The largest river
ports (Salekhard, Nadym, Urengoy) have
access to railways. Salekhard river port plays
an important role in the intra-area
communications of Tyumen region and carries
out the most important work for development

19 Passenger transportation by river transport is carried out on
interregional (Omsk—Tobolsk—Salekhard, Tobolsk—Khanty-
Mansiysk—Salekhard), inter-municipal and intra-municipal
routes.

2 On the Transport Strategy of the Russian Federation for the
period up to 2030 (with amendments and additions). App. by
the Resolution of the Government of the Russian Federation
dated 22.11.2008 No. 1734-r. [Electronic resource]:
http:// base.garant.ru/194460/. Last accessed 18.01.2021.

of YNAA: passenger transportation,
transportation of oil products, transportation
of goods by towing fleet in non-self-propelled
vessels, loading and unloading operations,
and comprehensive fleet services. The
solution of these tasks is carried out through
development of technical equipment of the
port and adoption of modern technological
processes for delivery of goods to the regions
of the Far North. An effective model has been
created for delivery of large-diameter pipes
by sea with transportation by river barges in
Novy Port area. With the help of floating
crane mechanisation, the port is able to unload
ships in any settlement of YNAA, even in the
absence of equipped berths. The availability
of railway auxiliary tracks in the city of
Labytnangi contributes to rapid transshipment
of goods.

Passenger transportation through river
ports is carried out in the following main
directions:

¢ In the northern direction to Yar-Sale,
Novy Port and Antipayuta.

e In the southern direction to Muzhi,
Gorki, Khanty-Mansiysk, Tobolsk and Omsk.

The network of inland waterways on the
territory of the area has access to the shelf in
the sea, which determines promising
development of inland waterways and river
ports of YNAA, considering creation of large-
scale transport and logistics projects on inland
waterways as part of development of
international river—sea-railway transport
corridors. Thus, the river ports of YNAA,
considering their connection to the Arctic
seaports, acquire a strategic functionality:
they become one of the elements of the Arctic
transport system.

Sea Transport

Sea transportation is carried out through
the developing seaports of Kharasavey and
Sabetta. Kharasavey is a seaport under
construction in the area of Kharasavey
settlement in Yamal region of YNAA,
intended for transshipment of hydrocarbons
from Bovanenkovskoye gas condensate field
and deposits of the Kara Sea shelf. The port
of Sabetta is the youngest seaport in Russia,
and one of the most actively developing,
located on the western coast of the Gulf of
Ob in the northeast of Yamal Peninsula.
Initially, construction of the port was part of
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the Yamal LNG project?’. In this regard, the
port was considered as a cargo port intended
for transportation of liquefied natural gas by
sea. At present, the port is developing as
a multifunctional port, with the possibility of
using it for export transportation of products
manufactured in neighbouring regions. The
port development project provides for
construction of sea and approach channels,
onshore facilities, and a navigation control
system. This project is an integral part of the
federal Northern Sea Route project, which is
being implemented as part of the
Comprehensive plan for modernisation and
expansion of the main infrastructure for the
period up to 2024%2, In 2019, Utrenny
terminal, located on the Gydan peninsula, on
the opposite side of Sabetta, was included in
Sabetta port complex. The terminal is
intended for shipment of liquefied gas and
condensate as part of the second gas
liquefication project (Arctic LNG 2)%. 1t is
planned to reach full capacity (19,8 million
tons per year) by the end of 202424, With
implementation of Arctic LNG 2 project, part
of the production will go eastward, by
icebreakers to Bechevinskaya Bay (Kam-
chatka region), where NOVATEK plans to
create an LNG transshipment terminal %.
Further, the products are sent by ordinary
tankers (without icebreakers) to Asia.

Sea transportation in Yamal district is also
carried out through the Arctic Gate terminal,
built in the village of Mys Kamenny, and
designed to ship oil from Novoportovskoye
field. Due to the fact that the field is located
far from the pipeline infrastructure, the
option of shipment through the Arctic Gate

2 Construction of a plant for production of liquefied natural
gas at Yuzhno-Tambeyskoye field. [Electronic resource]:
https://gpsm.ru/deyatelnost/yamal-spg-szhizhennyj-
prirodnyj-gaz/#: Last accessed 18.01.2021.

2 Comprehensive plan for modernisation and expansion of
the main infrastructure for the period up to 2024. App. by
the Resolution of the Government of the Russian Federation
dated September 30, 2018, No. 2101-r. [Electronic resource]:
http://garant.ru/products/ipo/prime/doc/71975292/. Last
accessed 18.01.2021.

% Implemented by JSC NOVATEK. [Electronic
resource]: https://www.novatek.ru/common/upload/doc/
MDA _12m_2020_(Rus)_final.pdf. Lastaccessed 18.01.2021.
2 Babaeva, V. Ports of the Arctic: Struggle for Leadership
on the Northern Sea Route. Part 3 [Electronic resource]:
http://goarctic/ru/. Last accessed 18.01.2021.

% NOVATEK will build its terminal in the Bechevinskaya
Bay in Kamchatka. [Electronic resource]: http://Tass, ru/
9KOHOMHMKa 1 6u3Hec/5211461/. Last accessed 23.03.2021.

marine terminal was chosen for transportation
of raw materials. Oil shipment under this
option has been carried out from 2016 year-
round by Gazpromneft?S.

In the future, the Arctic ports of YNAA
(primarily Sabetta) are considered as
multifunctional ones, focused not only on
transshipment of fuel and energy resources, but
also on export transportation of products from
enterprises of the Urals and Western Siberia.

The implementation of the listed large
infrastructure projects of the federal level
requires corresponding development of the
regional transport and logistics infrastructure
and solution of transport problems in YNAA.
Analysis of the current state of the transport
system of YNAA showed the inconsistency
of the existing level of development of the
transport infrastructure with the needs of the
economy and the population of the area, and
its inconsistency with the strategic goals of
the country in the AZRF. To solve the
problem of its development, considering
comprehensive assessment of the current
state of the transport infrastructure of
YNAA, the State program of YNAA on
Development of the transport infrastructure
for 2014-2024» (as amended on February
11, 2021) was developed®®.

CONCLUSIONS

Solving the problem of modernisation and
development of a full-fledged regional
transport infrastructure through implementation
of regional and federal infrastructure projects
will provide:

1) Development of a single interconnected
transport space on the territory of the area
with a significant reduction of infrastructural
constraints for development of the area’s
economy.

2) Achievement of the required level of
population mobility and transport accessibility
of municipalities for all categories of
population.

3) Integration of the mainland and port
infrastructure into a single logistics system
through implementation of federal infrastructure
projects carried out in parallel with measures to
maintain, modernise, and develop the existing
regional transport infrastructure.

% Website of the company «Gazpromneft-Yamaly.
[Electronic resource]: http://Yamal.gazprom-neft.ru/. Last
accessed 23.03.2021.
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4) Integration of the transport complex of
YNAA as part of the transport complex of
Russia into the world transport system.

Thus, development of an effective regional
transport and logistics system, integrated into
the corresponding federal system, taking into
account the geostrategic features and geo-
economic potential of the area, will ensure
removal of infrastructural constraints for
development of the national economy and the
economy of the area.
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ABSTRACT

The research relates to the field of automation of technological
preparation of production in transport equipment manufacturing
sector and proposes the concept of choosing the optimal design
model for a complex of technical means within a control system in
automated production. The factors characterising the dynamics of
the processes have been studied, and the corresponding
mathematical models have been drawn up, considering the cost
characteristics and the economic feasibility of adopting integrated
technical means.

The main objective of this work is to propose consideration of
all parameters that have weight, including the dynamics of technical
and economic processes. It is shown that cost characteristics are
direct indicators of economic efficiency of the implemented complex
of technical means.

Methodically, this work was carried out based on economic
and mathematical analysis of adoption of a complex of
technical means at a transport equipment manufacturing
enterprise considering approaches previously suggested by
researchers.

Thus, for the most accurate determination of the final cost of
a certain product option, it is necessary to consider all factors of
design decisions. Based on these data, a model of cost
characteristics of products is built, analysing which it is possible to
select the optimal product design, optimal assemblies and units
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with specific components and specific quality indicators. This allows
obtaining the optimal technological version of the design solution
during manufacturing.

A method of searching for an optimal production cycle when
introducing an automated production system is proposed. It is
proposed to consider the losses associated with temporary freezing
of funds, including the need to perform a convolution of optimisation
criteria. To formalise the process of making optimal decisions, it is
also proposed to harmonise the products and market needs.
Besides, the search methodology should include the search for an
optimal group of employees responsible for implementation of
specific and narrowly focused tasks, which makes it possible to
improve the quality indicators of automated production with an
adopted complex of technical means (CTM).

To minimise the time spent on entire commissioning of a
product from the development stage to receipt of the finished
product, it is required to speed up the development work. This can
be done by increasing production capacity, as well as by reducing
the time of partial cycles of the structure’s existence.

Even though the model is becoming excessively redundant,
we suppose that introduction of additional elements is necessary
to consider all the nuances that help choosing the best solution
regarding optimisation issues, which will allow determining of the
full economic efficiency of the complex.
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INTRODUCTION

Any transport equipment manufacturing,
automotive or aircraft-building enterprise faces
an acute problem of reducing the design and
technological cycle of production. In the age of
information technology, development of
production automation is one of the highest
priority areas. However, many engineering tasks
are still notable for their complexity and it is not
possible to quickly automate the entire
technological process, therefore, a phased
formalisation of the order of production routes
is still relevant.

The objective of the study is to develop
technique to select the optimal technical means
to be integrated into the production complex to
obtain optimal technical and economic indicators
considering variability of technical and economic
processes depending on the influencing external
and internal production factors.

The increase in the efficiency [ 1] of production
is a criterion of adoption of a new technology or
of a scientific and technological solution both
from a technical and from an economic point of
view.

Numerous studies, including international
research, aimed at finding optimal solutions to
ensure manufacturability suggest conclusion
that adoption of innovations, traditionally
considered in the literature, have many
subclasses. Careful strategic planning is
required [2] to integrate new technological
approaches into existing production processes,
or to develop new proposals for fundamentally
new products. The implementation of the
complex of technical means (CTM) allows for
systematisation in project management issues,
as well as for quality control after adoption of
certain innovative proposals.

The method used to identify the optimal full
production cycle is reduced to the analysis of the
dynamics of expenses and income.

Several works, e.g., the project conducted by
Hungarian researchers [3], and focused on the
study of effective use of information and
communication technologies, show that the use
of integrated technical solutions based on
decision support systems helps enterprises to
cope with the problems of uncertainty and
complexity, to increase the effectiveness.

The hypothesis that intensification of work
can lead to a reduction in the full production cycle
of a product was confirmed by the mathematical
model presented by the authors in [4]. It was

shown that this approach can lead to a decrease
in effectiveness of contributions.

RESULTS
General Approaches

The developed method for assessing cost
characteristics contains several assumptions,
while an important point cannot be ignored: the
product quality vector is determined through the
multidimensional technical component of the
production process. Naturally, adoption of
fundamentally new solutions will create an
opportunity to expand the ideas on finding the
optimal production cycle.

Based on the proposed method, it is required
to determine those assemblies or groups of parts
that are advisable to be replaced, or, on the
contrary, to allow the continuity of existing
technical solutions. To accurately determine the
cost characteristics, it is necessary to consider,
in addition to the above, dynamic parameters.

The factors of design solutions do not have
a clearly dependent relationship, while
considering the interaction of the elements of
functions at each production level, those factors
will make it possible to develop an optimal
system.

When developing fundamentally new CTM,
it is necessary to start from the basic version, by
introducing innovations into weak links and not
affecting the existing and well-functioning
production facilities. The issue of unification in
this matter is quite relevant. Modelling has shown
that introduction of fundamentally new and
original design solutions leads to impossibility
of standardising either the technological process
or CTMs themselves. Renouncing proven
solutions often leads to economic loss due to the
cost of producing new units and system elements,
to loss of time and unjustified cost overruns,
which, in turn, can lead to a delay in production
and organisational difficulties caused by a new
approach to production cycle.

Information technology in world practices is
an integral step to improve quality of production
of parts while reducing the cost and terms of
adoption of technology [5].

When implementing promising technological
processes at an enterprise, the economic effect is
achieved primarily by saving production
resources and, by increasing sales, thus reducing
the cost of the product.

Costs have always been the main criterion
that determines economic feasibility of
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introducing a CTM. Analysis of the price
characteristics of products and their units
includes design, production and operating costs
applied to a specific maintenance unit. Meanwhile,
the work [4] shows that it is impossible to reliably
estimate the quality indicators of CTM based on
data on the cost of a single unit.

The dynamics of production processes is
determined by such factors as obsolescence of
any product and control systems; speed of
production and commissioning of new CTM.
These factors determine the effectiveness of the
developed products, while decisions ignoring
those factors might turn to be far from rational
ones.

To consider the positive technological
progress in implementation of CTM, multiple
criteria should be introduced that are responsible
for economic indicators, while the proposed cost
properties can be used as a synonym for
economic efficiency.

The Suggested Techniques and Solutions

The desire to shorten the full cycle of
a product as much as possible is logical and is
a natural consequence of emergence of
innovations in design and technological solutions.
As a result, when starting to develop a new
version of CTM, it is necessary to determine
duration of the common cycle of the innovation
system’s existence. This parameter can be
determined only based on the output technical
features of the finished product.

At the initial design stage, the experience
gained should be limited to indicative estimates
based on statistical data.

There is a one-size-fits-all proposal that could
be the key to solving many problems referring
to design obsolescence issues. To minimise the
time from development to series production start,
it is necessary to reduce lead times and to focus
on capacity growth.

The work [4] showed that «acceleration of
initial stages of the cycle can be achieved mainly
by forcing contributions by moving funds and
increasing their amount, as well as through
a more rational labour management».

The expansion of production capacity leads
to a reduction in the product life cycle, due to
shortening of the production stage, although
in some cases this may lead to a violation of
the optimal supply/demand ratio. Thus, it
becomes possible to introduce various series
of CTM into production, considering

assessment of the economic effect from
adoption of such innovative approaches and
the optimal time for development and
implementation of production.

Analysing some graphs of income and
expenses (Pic. 1 [4]), we can mention the
economic feasibility of making decisions on
implementation of CTM.

Curve R(7) is a graph of total expenses for all
costs associated with operation of both the
already used CTMs and those being adopted
[6; 7]. The generalised fund Fd(z) is determined
through the integral of the economic effect from
beginning of the full cycle t, to beginning of the
operation t for the implemented CTM:
Fd(x)=[R(x)dx.

The economic effect (return) EE(tT) is
determined by the income received from
operation of a specific series of CTM. Return on
assets W(7), in turn, is an integral value:

‘If('r)= IEE(t)dr.

Profit f(z) is calculated as the difference
between the economic effects before and after
introduction of CTM:

f(t) = EE(t) — R(7).

The economic effect, that is, the excess of
income over expenses, appears only after
a certain moment of time t, when the equality
EE(t) = R(7) is reached, which is clearly shown
in the graph (Pic. 1). Until this moment, despite
availability of economic resources, there are
frozen funds. The moment of time 1, is the
starting point for the growth of self-sufficiency,
when a part of frozen funds overlaps, exceeding
the utility function in terms of the cost function.

Atsome time T, the integral F(t) = [ frod),
passing through the zero mark, takes a positive
value. The time t_is called the «self-sufficiency
timey». After that, the period begins when the
«net» profit from implementation of CTM

increases. The profit margin is defined as:
T

F(r)= j[EE(t)—R(t)]d‘c.

However, such a definition of economic
efficiency of deposits does not correctly indicate
the full volume of economic processes, since it
does not consider the significant losses associated
with temporary freezing of funds. Next, the
criteria are rolled up and multicriteria optimisation
is performed. This approach is described in more
detail in [8].
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Number of CTMs

Income

Expenses

Pic. 1. Dynamics of income and expenses. R(t) - total expenses, including for operation - R (z); for production - R (t);
1- release of CTMs;2 - number of operated CTMs [4].

Considering time delays due to movement of
funds, funds are created that allow getting profit,
expressed in K percent. If the costs incurred at
the initial stage (as a rule, during the first year)
were frozen for the entire period of the use of
CTM series, then the calculation is carried out
for n years since the retention does not bring

economic profit:
1

AFd=(1+K)' .I[R(r)d'r—J.R('r)dtz
(kY —11!1;R(t)d1: ~[(+ K -1] Fa,

1
where Fd1=fR(t)dr represents the frozen
0

contribution during the first year.

As well as for the case when freezing or
a significant reduction in funds occurs during the
i-th year, the money fund changes downward by
an amount defined as:

AFd, = [(1 + Ky~ - 1] Fd.

Accordingly, if all the funds spent on
development and adoption of a CTM series were
frozen for n years (the service life of the
structure), then the total losses, considering
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losses incurred due to exclusion of these funds
from circulation, can be determined as Fd:

Fd = i[(n K)"' -1|Fd,+ Fd, - SFd,(1+ K)"™,
i=1 i=1

since D Fd;=Fd — total amount of cash costs,

i=1
considering various unaccounted parameters, the
final value will be determined as:
Fd=3 (1+K)" [R(x)dr.
=1 i-1

To determine the overall economic effect, it
is appropriate to use a continuous form, and not
a separate expression for Fd. For this purpose,
we divide the calendar period (one year) into
small discrete time sections At, satisfying the
condition n,*At = T, and compose the limit:

lim S (1 K)o R(x) A=
'ﬁl‘r’?",:zz( D (t)Ar=
"

) r
lim "12 (1+ K)%”""’ R(x)At=[(1+ k)" R(t)dr.
m—o ii v
m

Generally, we can write:
T
Fd=[(1+ k)" R(v)dx.
0
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To solve the optimisation problem of
effectively increasing turnover of funds for
organising production, let us consider in detail
the structure of the function R(t).

According to the complete scheme of the
production cycle, this function R(t) can be
represented through a number of components,
each of which is also determined by several
indicators. For example, cost component of the
«preparatory phase of development of a new
series» is determined by four cost items (18
components in total).

It should be noted that some indicators
partially overlap each other, and the function R(t)
can be rewritten as:

R(9)=37 (%)

where 7,(t) are current expenses for the i-th
specific cycle.

The costs are described by a finite function
defined only in a limited region T3 ije{l,...,n},
which takes zero values in other intervals. Thus,
the function R(t) itself is determined in the 0-T
range and tends to zero outside this interval.

It should be noted that integration of electronic
computing systems allows opening new horizons
in development of any industry.

The performance and manufacture of many
modern products (cars, washing machines,

robots, or machine tools) and their production
depend on the ability of the industry to take
advantage of advances in technology and
incorporate them during the design phase into
both products and manufacturing processes.

Such production systems, in which CTM is
already integrated, as well as the systems
integrating an interdisciplinary approach to
engineering design, from a technical and
managerial point of view, become significantly
more competitive in relation to their predecessors
[9].

Identification of each component influencing
costs can be carried out based on statistical data.

The return of funds, which is possible after
adoption of a new CTM system, starts from the
moment of time t,. Obviously, returnable money
cannot immediately get into circulation and can
only be considered as a possible additional profit.
Income is determined for the function f{t) during
the time interval t, in percentage K until a certain
moment 7.

Profit can be determined through the
integration of each component:

8(0)= [+ K)7 f ()

T

The dependences ®(t), as well as ¢(t), are
not new in the description of costs and relate to
the traditional formulas of enterprise economics.
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Pic. 2. Influence of intensity of financing on efficiency of CTM; indices «1» correspond
to the initial variant, indices «2» correspond to the competing one [4].

Generalised functions f{1), like the function
R(7), consist of a number of components, which
are the most important, however, the most
difficult to be formalised. The true profit is
determined by the function f{t) on the interval
7,— T and, like the function R(t), in this area can

be represented as:
T

£(0)- [ @ K) " R(v)dv.

19=0

)

F(t):¢—Fd=}(1+K)(

In relation to expenses, we get:
(b [Lae k)" £ (x)-J 0+ )" R(z)d
= = - .
0

rd [ @+ )" R(x)dx

Getting an opportunity to calculate the
absolute value and the relative value of «net
profit», one can proceed to determining the
optimal system for intensifying deposits when
organising production using the new CTM series.
«The decision on effectiveness of an innovative
project is made considering the values of all
constituent applications» [10].

For convenience of considering several
options for adoption of CTM (Pic. 2), we will

present the lifetime of the structure under the
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initial financing option as T, and the total funding
of the base option as Fd,. Then, using the integral
approach, you can write:

T,

Fd, = [(1+ k)" R (v)d,
where P, (1) — costs in the original version;

¢, — total costs.

Ty
o, = J.(1+ K)(Trt)ji (v)dr .

For the updated version, we rewrite the
expressions as:

T,

Fd, = [ (1+K) "7 R () dr

and
TZ

o, =1+ K) " (x)dx
where R,(t) — production costs for the modernised
production process (forced version).

The real profit in the first case is defined as
F =0 - Fdl? for the forced option the gquahty
F,=@,—Fd, is true. To analyse the effectiveness
of the changes made, let’s analyse the ratio of
profit indicators:
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Pic. 3. Efficiency as a function of intensity of financing of operations [4].

g 1K) fw)de- [0 K) T Ry (2)dn
B k) ([ k) R ()

E(v)

The work [4] has previously offered
detailed analysis of statistical data showing
that «the function E(T) has the form shown

in Pic. 3, and can be analytically represented
as a ratio of approximating polynomials. The
left branch of this curve (section 1-0) means
that with excessive intensification of
operations, leading to a reduction in the full
cycle, the efficiency of contributions decreases.
This is explained by the following: for each
technological process there are minimum terms
of operations, which at a given level of
technology development cannot be practically
reducedy.

The graph (Pic. 3) shows that the more time
is spent with less funding, the more orderliness
is in the algorithm of the tasks performed. In case
of a decrease in deposits, the adoption of CTM
significantly slows down and leads to additional
costs associated with retention of funds and
depreciation of products due to obsolescence of
products and technological solutions.

All factors that have a direct or indirect
impact on the system are considered in the
functions R, (1), R,(7), f,(1), f,(%), for two cases:
with the previously used CTM and for the forced
version. Functions (Pic. 2) are defined by
polynomials with the same degree for each
corresponding pair of factors, but with different
coefficients for the full-time cycle.

As stated in [4]: «The integrals Fd,(T,) and
¢,(T,) have a form similar to the form of the
functions Fd,(T,) and @, (T,)».

Many researchers were engaged in optimisation
of production processes, ¢.g., G. K. Goransky,
N. M. Kapustin [11; 12]. The stages of adoption
of CTM are most fully studied in works by
S. P. Mitrofanov. It should be noted that the
technological process shown in his work [13] is
a model that includes ready-made technological
solutions necessary for effective application of
modern information technologies to production
automation procedures in general and to procedures
for preparing technological production. Same
problems are also presented in [14].

Similar issues were also escribed in works
[2; 15; 16], which noted the theoretical
relationship between strategic adaptation,
innovation management practices and business
results.

Several domestic works also show the
economic feasibility of applying innovations and
adopting CTM in production [17; 18].

The modelling is based on the need for initial
stages of automation and unification of CTM
parameters, however, in real conditions, the
approach to each specific request should not be
formalised, but aimed at achieving the best result,
which is also reflected in [19].

BRIEF CONCLUSIONS

The proposed analysis refers to economic
efficiency of boosting the full cycle of the
technological process of automated production.
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The substantiated choice of the optimal set
of technical means is shown based on a diagram
of the full production cycle and integrated
approach considering such components as the
costs of the «preparatory stage of development
of a new series», the economic usefulness of
CTM and the obsolescence rates.
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ABSTRACT

The advantages and disadvantages of existing tools for
calculating passenger flow are shown using the example of the city
of Moscow.

The objective of the research was to assess possibilities of
using Wi-Fi data as a tool for analysing passenger flow. The authors
used two types of Wi-Fi scanners and a tool they developed to
analyse the collected data. The primary results of the study
demonstrate the possibility of practical application of Wi-Fi data to
analyse passenger flow.

The described empirical studies, particularly data received
from the portable Wi-Fi scanner, have shown that more than 20%
of mobile devices in urban public transport and metro are used with
Wi-Fi enabled, which is clearly not enough to get results necessary
for comprehensive and detailed analysis of passenger flows.
Nevertheless, the accumulating data allow to get possibility to
forecast general passenger flow.

World of Transport and Transportation,
2021, Vol. 19. Iss. 3 (94). pp. 196-208

Assessment of Applicability of Wi-Fi Analytics
in Studies of Urban Public Transport Passenger
Flow (Moscow Case Study)
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!:2 National Research University Higher School
of Economics, Moscow, Russia.
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A portable Wi-Fi scanner does not provide an opportunity to
extensively capture a large area of the surveyed territory in real
time (stops of urban public transport, locations where passengers
enter the metro, etc.). Stationary Wi-Fi scanners could increase the
amount of data and, accordingly, significantly adjust the results
obtained. This enhancement could also be achieved through
expansion of adoption of the tool of studying passenger flow to
urban railways, i.e., in case of Moscow, to Moscow Central Circle
and Moscow Central Diameters, as those routes provide Wi-Fi
access at stations and in coaches.

Data collected from Wi-Fi scanners can be an additional tool
fo other data sources, such as validation, automatic systems of
passenger flow monitoring, and data obtained from cellular
operators. For this reason, the further research in the field of Wi-Fi
analytics along with development of technology in the field of
existing data sources of passenger flow monitoring may result in
better calculation of passenger flow.
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INTRODUCTION

Correct planning of urban transport infra-
structure and organisation of public spaces,
transport interchange hubs, routes of urban
public transport, car sharing, taxis, and making
appropriate decisions require the most accurate
and relevant source data regardless of future use
of various methods of data analysis. This issue
is especially important in relation to megacities,
given the scale of these planning and organisation
tasks.

The territory of Moscow agglomeration
englobes a huge number of routes that use dif-
ferent types of urban public transport, such as
bus, trolleybus, tram, electric bus, and metro,
including Moscow Central Circle (hereinafter
referred to as MCC) and Moscow Central Di-
ameters (hereinafter referred to as MCD), which
are integral part of urban mass transit.

State Unitary Enterprise «Moscow Metroy»
in 2018 carried more than 2,5 billion passen-
gers?, State Unitary Enterprise «Mosgortrans»
transported more than 1,28 billion passengers?.
These statistics demonstrate a high load on
urban public transport and require daily analy-
sis of passenger traffic, as well as development
of an origin-destination trip correspondence
matrix.

Conventional tools for primary data collec-
tion comprise ticket validators, video sensors
of passenger traffic (automatic systems of pas-
senger flow monitoring), video surveillance and
others. With advancement of digitalisation, new
tools have emerged, such as big data analysis.
One of the most promising areas is the use of
Wi-Fi technologies. Currently, the topic of using
Wi-Fi technologies for analysing passenger flow
has received a sharp development.

A large number of articles on Wi-Fi analytics,
in most cases, in one way or another, are not
related to passenger flows, but to pedestrian
flows (for example, in TIH or passenger
terminals of airports, their transit zones). To
measure and analyse the flow of pedestrians and
paths of their movements (origin-destination
trips), it is possible to use sensor technologies,
such as Wi-Fi scanners, which provide an
opportunity to understand not only the volumes

! Data of the State Unitary Enterprise «Moscow Metroy.
[Electronic resource]: http://www.metro-msk.ru/stat/2018/.
Last accessed 23.03.2021.

2 Data of the State Unitary Enterprise «Mosgortrans»
[Moscow city transport]. [Electronic resource]: https://
mosgortrans.ru/. Last accessed 23.03.2021.

of travelling, but to reveal the locations where
the trip starts and ends (the latter aspect is
associated with a particularly difficult task). The
authors of the studied works tested various
Wi-Fi scanners to determine the maximum
possible number of electronic devices, i.e.,
impersonal (depersonalised) pedestrians [1].
The applicability of technical solutions for study
of pedestrian flow in terms of data collection
was well shown. Also, some algorithms have
been developed for filtering and analysing data
collected from electronic devices [2]. Thus, in
the research studied, attention was paid to the
technical aspect of implementation of
monitoring, in particular, to the use of filters to
eliminate noise from various electronic devices,
while the average walking time of pedestrians
in the underpass was estimated [3; 4]. However,
this filter does not accurately calculate the
number of moving pedestrians. Other researchers
have developed a system for analysing
pedestrian traffic using Wi-Fi packet sensors [5]
and have shown how a Wi-Fi detection system
can be implemented and what are some of the
difficulties in designing and managing such a
system, both on small and large scales [6].
Researchers [7] presented the use of MAC
address data as an effective tool for tracking and
analysing the spatial and temporal dynamics of
a pedestrian in terms of behaviour when using
a shared space. The performance of the
Bluetooth-Wi-Fi system has been developed
and evaluated in solving problems of detecting
anonymous MAC addresses of devices over
short distances in fixed locations [8]. Possibilities
of revealing pedestrian flows were also studied
by analysing schemes for detecting surrounding
Bluetooth devices [9].

Also, several studies have pointed to
problems associated with methods of filtering
Wi-Fidata [10; 11]. Several studies have been
inconclusive due to the lack of quantitative
measurements. Several studies have compared
methods of observing passenger traffic,
including such parameters as the number of
passengers on board, boarding and
disembarking at each stop, based on filtering
results [12—14]. The apparent discrepancies
between surveillance data and Wi-Fi filtering
results indicate significant errors caused by
strong threshold filtering methods. Therefore,
an accurate and efficient way of separating
passenger and non-passenger MAC address
data is highly needed.
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A co-author of this research N. Alekseev in
collaboration with William H. K. Lam, Professor
of Hong Kong Polytechnic University, wrote an
article [15], describing the research on counting
pedestrians within the territory of Hong Kong
Polytechnic University. According to the study,
approximately 32 to 40 % of active Wi-Fi
devices of the actual number of pedestrians
passed were detected using Wi-Fi scanners. The
article concluded that to predict pedestrian
flows, it is necessary to get more data from
Wi-Fi scanners for different periods of time
(summer/winter/autumn/spring, working day/
weekend).

The objective of the work is to analyse the
application of Wi-Fi data to clarify the matrix
of origin-destination trips between stopping
points of urban public transport. The fask of the
work is to create and test an algorithm for
calculating passenger flow in public transport
using a new method of data collection, namely
a Wi-Fi scanner.

RESULTS
Types of Data Sources on Passenger Flow in
the City of Moscow

Currently, Automatic system of fare control
(ASKP) of Mosgortrans [Moscow City Trans-
port] and the fare control system at State Unitary
Enterprise «Metro» are in operation in Moscow
metropolitan area. These systems include control
over passenger travelling with single transport
payment cards (for example, such as Troika
travel card) allowing access to the services of all
the urban public transport facilities and the
metro. Also, some people use social cards deliv-
ered to pensioners, students, and schoolchildren.
To pay for travel, people make their cards read
by validators installed in the compartments of
city public transport vehicles and at the entrance
to Moscow Metro stations. Each validator and
card have their own unique identification num-
bers, which makes it possible to calculate the
number of passengers using public transport on
a daily basis and to analyse their travelling.

Given the global use of single transport pay-
ment and social cards, the data obtained can be
used to calculate passenger flow. The data makes
it possible to determine the number of passengers
entering the urban public transport, metro and,
in the future, to analyse and forecast passenger
flows in Moscow metropolitan area. The disad-
vantage of calculating passenger traffic using
data from validators is the lack of data on exits

from public transport and the metro, either on
the locations of passenger transfers (this problem
applies specifically to the metro). It is possible
to predict the passenger’s exit point based on a
new point of entry into urban public transport
and metro, but there is a possibility of an error,
due to the fact that the prospective passenger can
leave metro at one station and enter it at another
one. For example, using validation to determine
trips of couriers using metro during their journey
is a daunting task. Moreover, following the re-
fusal to the system of the «forced» single en-
trance to the urban public transport vehicles [the
need to pass only through the turnstile that vali-
dates the ticket or a transport payment card],
many passengers do not pay for the fare, i. e., do
not use a single transport payment card or social
card, and this can lead to even greater errors in
calculating passenger flow. JSC Tsentralnaya
PPK [Central commuter railway] has a similar
system and, accordingly, similar problems.

Automatic system of passenger flow monitor-
ing (ASMPP) is another source of data. This
system is equipped with video sensors located
above the doorways of public transport vehicles.
Video sensors count the number of passengers
entering and leaving a vehicle. The disadvantage
of this system is that the system does not iden-
tify the passenger and does not give an under-
standing of who and when entered public trans-
port and where they left. Moreover, not all urban
public transport vehicles are equipped with au-
tomated control systems. ASMPP is installed on
separate vehicles and separate routes on irregular
basis to determine the approximate passenger
traffic. Also, there is a problem of synchronisa-
tion of ASMPP data with GLONASS/GPS tracks
of urban public transport.

Another source of data on passenger travels
is data received from mobile operators. There is
a «Geosocial Analytics» (GSA) project based on
the data of mobile operators, the purpose of
which is to collect data on the population, on the
dynamics of its travels, on the load on the trans-
port infrastructure by analysing the load on the
cellular network of mobile operators. With the
help of this project, the locations of concentration
of the population and movement of cellular
subscribers are being studied. The scatter of the
data is 500 m by 500 m, which is a rather a large
range when considering small population travels.

Table 1 shows the advantages and disadvan-
tages of existing data sources for calculating
passenger flow.
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Table 1

Advantages and disadvantages of existing data sources for calculating passenger flow
(compiled by the authors)

Data source Advantages

Disadvantages

Data of State Unitary Enterprise
Moscow Metro (validation)

Reliable information about the
passengers entering the metro

Lack of information about the passengers
leaving and their transfers within the metro

network
ASKP Mosgortrans data Reliable information about the entry | No data about the exit of passengers
(validation) of passengers into urban public
transport
ASMPP Mosgortrans data Passenger entry / exit data without Lack of georeferencing of data with

reference to the passenger

ASMPP, small data sample

Data of JSC Tsentralnaya PPK

(validation) passengers

Data on the entry and exit of railway

Insufficient number of stations equipped
with a fare e-payment system

Data of GLONASS / GPS tracks
of land urban passenger transport
time

Information about the location of
urban public transport vehicles at any

Lack of georeferencing of data with
ASMPP

Data of cellular operators

Clarification of information on the
volume of movement of people

Territorial reference with a radius of 500
meters

Considering the sources of data on passenger
flows described above, the authors draw attention
to the fact that there is no data source that would
allow determining the exit point from urban
public transport (from a bus, tram, trolleybus,
electric bus) and from the metro, including MCD,
MCC. 1t is for this reason that the authors
considered the possibility of using a new type of
data source: data obtained from Wi-Fi scanners.

Wi-Fi Analytics as a Data Source. Types of
Wi-Fi Scanners

It is now claimed that more than 80 % of
people have used at least one mobile Wi-Fi
device in their daily life [16]. Thus, Wi-Fi based
passenger flow estimation has great potential to
become a more reliable method as compared to
existing tools.

There is a single Wi-Fi network called MT
FREE on the territory of Moscow metropolitan
area, used to increase attractiveness of urban
public transport. This Wi-Fi network comprises
Wi-Fi routers installed in all the vehicles, at
public transport stops and in metro coaches. This
Wi-Finetwork is free for all residents and guests
of Moscow metropolitan area, but it has
advertising content. To disable advertising
content, the intended user is prompted to make
amonthly payment. The only condition for using
this free Wi-Fi network is registration with your
MT FREE account.

Having in mind an extensive Wi-Fi network
in Moscow metropolitan area, and relevant
expertise developed for other purposes and
locations, the authors supposed a possibility of
using Wi-Fi data to determine the entry and exit
points of prospective passengers.

As part of the study, the authors carried out
research on calculating passenger flow using two
Wi-Fi scanners on public transport, in particular,
at public stops, in buses and metro coaches.

For the study, two Wi-Fi scanners with the
function of detecting electronic devices were
used. Each Wi-Fi scanner has its own detection
area, which depends on the power of the Wi-Fi
antenna, measured in decibels. An electronic
device is identified by its unique MAC address.
The MAC address is a unique identifier provided
by the manufacturer for each electronic device
and has a six-byte number (LL: LL: LL: XX:
XX: XX), in which the first three bytes identify
the manufacturer of the electronic device (LL:
LL:LL).

The Wi-Fi scanner has a Received Signal
Strength Indicator (RSSI). The area where the
electronic device is located can be determined
by the signal strength. Since, presumably, an
electronic device with Wi-Fi enabled is used by
a passenger of urban public transport, we can
determine movement tracks (origin-destination
trip matrix) of prospective passengers, namely
the places where they start and end their travel.

The first Wi-Fi scanner was received for
testing from a distributor in the Russian
Federation. Manufacturer was Libelium (Spain),
model was Meshlium Xtreme. This device is
large in size and is primarily intended for static
use.

The principle of operation of a Wi-Fi scanner
is to search for active Wi-Fi devices within its
range. The Wi-Fi scanner scans active Wi-Fi
devices (smartphones, laptops, tablets, printers,
MEFPs, etc.) within its range and in response re-
ceives MAC addresses of the scanned devices
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Pic. 1. Image of Wi-Fi scanner No. 1: Meshlium Xtreme.

online. Together with MAC addresses, the Wi-Fi
scanner receives the following data:
1.ID_frame — line number.

2. Timestamp — time of the received stamp.

3. Date — Date.

4. MAC — MAC address of the scanned de-
vice.

5. SSID — «name» of the device (32-digit
alphanumeric code).

6. RSSI - Received signal strength indicator.

7. Vendor — Manufacturer (seller) of the de-
tected device.

8. Type — type of the device (A-C).

9. AP —device (router) to which the detected
device is linked.

10. MeshliumID — Meshlium Xtreme Wi-Fi
scanner number.

Below is an example of raw data from the
Meshlium Xtreme Wi-Fi scanner (Table 2).

This Wi-Fi scanner has a built-in memory
that allows to record the received data and fur-
ther, to upload data to a local server.

Though this Wi-Fi scanner has a Bluetooth
scanner, the Bluetooth scanner was not used in
this work.

The second Wi-Fi scanner was purchased
from an organisation engaged in Wi-Fi analytics
in the Russian Federation, namely, analysing the
behaviour of potential buyers in shopping cen-
tres. Basically, this organisation uses a Wi-Fi
scanner, which is permanently installed in shop-
ping centres.

To solve the problem posed by the research-
ers, a portable Wi-Fi scanner was created. This

Pic. 2. Image of Wi-Fi-scanner No. 2: TP-LINK assembled.

portable Wi-Fi scanner consists of the following
elements:

1. TP-LINK TL-MR3020 v3.2 — Wi-Fi
router reconfigured to a Wi-Fi scanner.

2. Powerbank mi 20000 — portable power
supply for Wi-Fi scanner and GSM modem.

3. Huawei E8231 — GSM-modem.

4. Non-exclusive license to use the «Shop-
ster.Analytics» software product.

Research Description

The passengers were counted in two ways:

* Full-scale (visual calculation of the number
of passengers on the bus at the points of entry/
exit into/from the bus and entry/exit of
passengers at specific stops with reference to
time).

* Scanning Wi-Fi devices at stops and inside
public transport with time reference using a
portable Wi-Fi scanner.

The received initial data were transferred to
the created Framework based on Excel. Frame-
work has the following degrees of filtering:

1. Removing «noise». Noise means all Wi-Fi
devices detected within the range of a Wi-Fi
scanner, that are routers, etc. That is, it is un-
derstood that routers and other similar devices
cannot be considered as an intended passenger.

2. Removing MAC addresses that have one
or two stamps. This Wi-Fi device makes it pos-
sible to scan the area in real time. In practice, to
detect movement of prospective passengers, at
least 5 detections are required at different periods
of time.
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Table 2

An example of raw data obtained from Meshlium Xtreme Wi-Fi scanner during the study

ID_ | Timestamp MAC SSID RSSI | Vendor Type |AP | MeshliumID
frame
1 18.10.2019 16:53 | 44:1C:A8:20:61:63 | HP-Print-63 |-74 | Hon Hai A 17060143649518
Precision Ind.
Co., Ltd.
2 18.10.2019 16:53 | 40:16:7E:C3:B4:68 -79 | ASUSTek A 17060143649518
COMPUTER
INC.
3 18.10.2019 16:53 | 78:8A:20:71:0E:78 -78 | Ubiquiti A 17060143649518
Networks Inc.
4 18.10.2019 16:53 | 8A:8A:20:71:0D:7D | SDP-secure  |-71 | Unknown A 17060143649518
5 18.10.2019 16:53 | 76:4D:28:0D:38:91 -60 | Unknown A 17060143649518
6 18.10.2019 16:53 | 76:4D:28:0D:38:8F -60 | Unknown A 17060143649518
7 18.10.2019 16:53 | 74:4D:28:0D:38:8F -61 | Routerboard. |A 17060143649518
com
8 18.10.2019 16:53 | 76:4D:28:0D:38:90 | ENFORTA -60 | Unknown A 17060143649518
9 18.10.2019 16:53 | E0:E6:2E:55:17:BE | Mac Book -59 | TCT mobile |A 17060143649518
Pro Ltd.
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Pic. 4. Data from visual insp and Wi-Fi on November

18, 2019 (bus route No. 802).

Pic. 6. Data from visual inspection and Wi-Fi scanner on November
29, 2019 (bus route No. 737).
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Further, the analysis of the obtained data is
carried out. The studies were conducted on the
following dates:

August 25,2019 (bus route No. 906-express).

November 18, 2019 (bus route No. 802 +
Section of Serpukhovsko-Timiryazevskaya
metro line).

November 28, 2019 (bus route No. 249).

November 29, 2019 (bus route No. 737).

March 20, 2020 (bus routes No. 249, 858).
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Pic. 5. Data from visual inspection and Wi-Fi scanner on November
28, 2019 (bus route No. 249).
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Data from visual inspection and Wi-Fi scanner on August 25,2019
(bus route No. 906-express)

;’ff A Table 3

Day of the Date Time | Stop Number | Passengers Passengers | Wi-Fi-data:
week of who entered | who left | Number of
passengers | the bus the bus unique MAC
addresses
(at least 5
repetitions)

Route No. 906 (B.Butovskaya st.—Zakharino)

Sunday 25.08.2019 16:07 | Annino metro 19 10 0 3
station

Sunday 25.08.2019 16:14 | B.Butovskaya st. | 19 0 0 3

Sunday 25.08.2019 16:20 | Turn to 20 1 0 4
Militseiskiy pos.

Sunday 25.08.2019 16:23 | Marsh. 20 0 0 4
Savitskogo st.

Sunday 25.08.2019 16:24 | Ice palace 20 0 0 4

Sunday 25.08.2019 16:25 | Marsh. 20 0 0 4
Savitskogo st.,
22

Sunday 25.08.2019 16:27 | Center of state | 17 0 3 4
services

Sunday 25.08.2019 16:29 | Molodtsovskiy |11 0 6 3
pr.

Sunday 25.08.2019 16:31 |Brusilovast, 31 |11 0 0 0

Sunday 25.08.2019 16:32 | Brusilovast., 21 |6 0 5 0

Sunday 25.08.2019 16:34 | Brusilova st. 6 0 0 0

Sunday 25.08.2019 16:35 | Zakharino (final) | 0 0 6 0

Result: On average, more than 20 % of prospective passengers have Wi-Fi enabled on their mobile device.
Route No. 906 (Zakharino—B. Butovskaya st.)

Sunday 25.08.2019 16:50 | Zakharino (start) | 1 1 0 0

Sunday 25.08.2019 16:51 | Brusilova st. 1 0 0 0

Sunday 25.08.2019 16:52 | Brusilovast., 21 |1 0 0 0

Sunday 25.08.2019 16:54 | Brusilovast., 31 |1 0 0 0

Sunday 25.08.2019 16:55 | Molodtsovskiy |3 2 0 0
pr.

Sunday 25.08.2019 16:56 | Centre of state | 6 3 0 1
services

Sunday 25.08.2019 16:58 | Marsh. 6 0 0 1
Savitskogo st.,
22

Sunday 25.08.2019 17:00 | Ice palace 16 10 0 2

Sunday 25.08.2019 17:02 | Marsh. 29 13 0 6
Savitskogo st.

Sunday 25.08.2019 17:03 | Turn to 29 0 0 6
Militseiskiy pos.

Sunday 25.08.2019 17:09 | B.Butovskaya st. | 29 0 0 6

Result: On average, more than 20 % of prospective passengers have Wi-Fi enabled on their mobile device.
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Table 4
Data from visual inspection and Wi-Fi scanner on November 18, 2019 (bus route No. 802)

Day of the Date Time | Stop Number of | Passengers |Passengers | Wi-Fi-data:
week passengers | who who left Number
entered the | the bus of unique
bus MAC
addresses
(at least 5
repetitions)

Route No. 802

Monday 18.11.2019 9:30 | Bolshaya 101 15 0 24
Butovskaya

Monday 18.11.2019 9:31 | Varshavskoe 108 7 0 25
shosse, 190

Monday 18.11.2019 9:44 | 7-i B mikroraion 106 0 2 25
Severnogo Butova

Monday 18.11.2019 9:48 | Starokachalovskaya,. | 106 0 0 25
1

Monday 18.11.2019 9:49 | Bulvar Dmitriya 5 0 101 0
Donskogo metro
station

Result: On average, over 23 % of prospective passengers have Wi-Fi enabled on their mobile device.

Table 5§
Data from visual inspection and Wi-Fi scanner on November 28, 2019 (bus route No. 249)
Day of the | Date Time Stop Number of | Passengers | Passengers | Wi-Fi-data:
week passengers | who who left the | Number of unique
entered the | bus MAC addresses
bus (at least 5
repetitions)
Route No. 249
Thursday 28.11.2019 |21:12 Ulitsa 21 21 0 6
Akademika
Yangelya metro
station
Thursday 28.11.2019 |21:13 Kirpichnie 21 0 0 6
Vyemki
Thursday 28.11.2019 |[21:14 Annino metro | 28 7 0 6
station
Thursday 28.11.2019 |21:15 Annino metro | 28 0 0 6
station (South
lobby)
Thursday 28.11.2019 |21:17 Varshavskoe 28 0 0 6
shosse
(MKAD)
Thursday 28.11.2019 |21:18 Severnoe 28 0 0 6
Butovo
(Varshavskoe
shosse)
Thursday 28.11.2019 |21:19 Botanicheskiy |28 0 0 6
sad
Thursday 28.11.2019 |21:22 Varshavskoe 28 0 0 6
shosse, 190
Thursday 28.11.2019 |21:23 Bolshaya 17 0 11 3
Butovskaya

Result: On average, more than 21 % of prospective passengers have Wi-Fi enabled on their mobile device.

The data obtained from urban public transport ~ which makes it possible to determine the origin-
(bus) are shown in Tables 3—7 and shown in Pic. 3-8,  destination trip matrix for a certain number of
and from the metro — in Table 8 and Pic. 9. «passengers» (detected Wi-Fi devices) both in

The data in the above tables show that, on  urban public transport and in the metro.
average, more than 20 % of prospective passen- Pic. 1 shows a graph of the origin-destination
gers have Wi-Fi enabled on their mobile devices, trip matrix obtained as a result of analysing the
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ffi’ . Table 6
\j-;,._. Data from visual inspection and Wi-Fi scanner on November 29, 2019 (bus route No. 737)

Day of the Date Time | Stop Number of | Passengers | Passengers | Wi-Fi-data:
week passengers | who entered | who left the | Number of
the bus bus unique MAC
addresses
(at least 5
repetitions)
Route No. 737
Friday 29.11.2019 9:19 | Bolshaya 102 15 0 21
Butovskaya
Friday 29.11.2019 9:21 | Varshavskoe 107 5 0 22
shosse, 190
Friday 29.11.2019 9:26 |7-iB 107 0 0 22
mikroraion
Severnogo
Butova
Friday 29.11.2019 9:30 | Grina, 20 105 0 2 22
Friday 29.11.2019 9:34 | Grina 105 0 0 22
Friday 29.11.2019 9:36 | Bulvar 5 0 0 0
Dmitriya
Donskogo
metro station

Result: On average, more than 20 % of prospective passengers have Wi-Fi enabled on their mobile device.

Table 7
Data from visual inspection and Wi-Fi scanner on March 20, 2020 (bus routes No. 249, 858)
Day of the Date Time | Stop Number of | Passengers | Passengers | Wi-Fi-data:
week passengers | who entered | who left the | Number of
the bus bus unique MAC
addresses
(at least 5
repetitions)

Route No. 249

Friday 20.03.2020 |12:19 | Bolshaya 6 3 0 0
Butovskaya

Friday 20.03.2020 | 12:20 | School (Bolshaya | 6 0 0 0
Butovskaya st.)

Friday 20.03.2020 | 12:22 | Station MCD 9 3 0 3
Butovo

Friday 20.03.2020 |12:24 |2-ya 9 0 0 3
Melitopolskaya

Friday 20.03.2020 | 12:25 | Policlinic (2-ya |11 2 0 3
Melitopolskaya
st.)

Friday 20.03.2020 | 12:26 | Novonikolskoe |8 0 3 3

Friday 20.03.2020 | 12:27 | Varshavskoe 7 3 4 3
shosse, 261

Friday 20.03.2020 | 12:28 | Scherbinka 7 0 0 3
(Simferopolskoe
shosse)

Friday 20.03.2020 | 12:30 | Turn to 7 0 0 3
Militseiskiy pos.

Route No. 858

Friday 20.03.2020 |12:19 | Turn to 25 1 0 6
Militseiskiy pos.

Friday 20.03.2020 | 12:20 | 1-ya 26 1 0 6
Melitopolskaya

Result: On average, over 23 % of prospective passengers have Wi-Fi enabled on their mobile device.
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Table 8
Data from visual inspection and Wi-Fi scanner on November 18, 2019 (Section of
Serpukhovsko-Timiryazevskaya metro line)

Day of the Date Time Metro station Number of Wi-Fi-data: % of detected
week passengers Number of Wi-Fi devices
(approximate) | unique MAC of the total
addresses number of
(at least 5 passengers
repetitions)
Serpukhovsko-Timiryazevskaya metro line
Monday 18.11.2019 9:53 Bulvar Dmitriya 200 29 14,5
Donskogo
Monday 18.11.2019 9:56 Annino 200 25 12,5
Monday 18.11.2019 9:58 Ulitsa Akademika 200 23 11,5
Yangelya
Monday 18.11.2019 10:00 | Prazhsakaya 200 30 15
Monday 18.11.2019 10:03 | Yuzhnaya 200 34 17
Monday 18.11.2019 10:05 | Chertanovskaya 200 34 17
Monday 18.11.2019 10:08 Sevastopolskaya 200 39 19,5
Monday 18.11.2019 10:09 | Nakhimovskiy 200 45 22,5
prospect
Monday 18.11.2019 10:12 | Nagornaya 200 49 24,5
Monday 18.11.2019 10:15 Nagatinskaya 200 58 29
Monday 18.11.2019 10:18 | Tulskaya 200 56 28
Monday 18.11.2019 10:21 Serpukhovskaya 200 47 23,5

Result: On average, more than 20 % of prospective passengers have Wi-Fi enabled on their mobile device.
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Pic. 7. Data from visual inspection and Wi-Fi scanner on March 20, 2020 (bus routes No. 249).
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Pic. 9. Data from a visual inspection and a Wi-Fi scanner on November 18, 2019 (section of Serpukhovsko-Timiryazevskaya metro line).

Chertanovs
Yuzhnaya kaya

Bulvar Ulitsa
Dmitrya Annino Akademika
Donskogo Yangelya

Prazhskaya

Sevastopols || Nakhimov- Nagatin- Serpukhov-
kaya skiy Nagornaya skaya Tulskaya skaya
prospekt

H

From 1 to 4 Wi-Fi-devices ——

From 5 to 9 Wi-Fi-devices |

Pic. 10. The origin-destination trip matrix of Wi-Fi devices («prospective» passengers) between stations Bulvar Dmitriya Donskogo and
Serpukhovskaya (18.11.2019, from 9:53 to 10:21).

data received from a Wi-Fi scanner in a metro
coach. These results were obtained exclusively
from a «portable» Wi-Fi scanner.

Comparing the visual data (an overview of
the number of passengers in the coach) and
Wi-Fi data, as a result of the study, it was
revealed that, on average, more than 20 % of
the passengers present in the coach travel with
Wi-Fi enabled on their mobile device.

Another feature of the Wi-Fi scanner is that
amobile device does not need to connect to the
MT FREE network to receive data, it is enough
to have Wi-Fi enabled on the mobile device.

According to the primary analysis of the study
results, it might be concluded that the data may be
insufficient. For this reason, the researchers suggest
that to improve the results obtained, it is necessary
to use the installation scheme for Wi-Fi scanners,
shown in Pic. 11.

In ideal conditions, it is necessary to install 1
Wi-Fi scanner in the bus, 1 Wi-Fi scanner at a
public transport stop, 1 Wi-Fi scanner at the metro
entrance, 1 Wi-Fi scanner in a metro coach, 1 Wi-Fi
Fi-scanner at the exit from the metro. The sug-
gested placement of devices will significantly im-
prove the result of the study of passenger flow.
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Pic. 11. Block diagram of placement of Wi-Fi scanners.

Also, to exclude the full-scale field method,
it is necessary to use data from the ASMPP and
navigation terminals installed in the urban
public transport, which will determine date and
time of arrival of a vehicle at the urban public
transport stop and the actual number of pas-
sengers entering and leaving the vehicle.

As aresult, we will receive data about date,
time and MAC address of the device and data
from the navigation terminal. By processing
the received data, we will be able to determine
at what particular moment the device (MAC
address) and at which particular stop entered
and exited. This will allow a more detailed
consideration of the analysis of passenger flow.

We also argue that all the data obtained was
used exclusively in the framework of research
activities, without reference to specific pas-
sengers. The MAC addresses of devices are
not personal data. The MAC addresses of the
devices are technical data. All received data
from Wi-Fi scanners were used exclusively to
determine the entry and exit points of specific
MAC addresses at public stops. All data are
anonymous. The anonymous nature is associ-
ated with the use of MAC addresses as identi-
fiers. MAC addresses are not associated with
any particular user’s account or mobile phone,
not even with any particular vehicle. Besides,
the mode of «active» search for a Wi-Fi net-

work on a mobile device is the choice of each
specific prospective passenger.

CONCLUSIONS

The results obtained demonstrate the prospects
for development of Wi-Fi technology. An
increasing number of prospective passengers will
use urban public transport, switching from private
cars to public transport In Moscow and Moscow
region. This fact is considered by adoption of new
tools aimed at increasing attractiveness of urban
public transport, such as adaptive traffic light
control, i.e., priority to public transport. And,
accordingly, it can be assumed that there will be
much more passengers using urban public
transport and the metro. Accordingly, an increasing
number of passengers will be connected to free
Wi-Fi networks. The authors are observing an
increasing number of passengers consuming
content on mobile devices from the Internet in
their daily trips on public transport using mobile
Internet (GPRS) or Wi-Fi networks.

Now, from the data received from the portable
Wi-Fi scanner, it is possible to make a preliminary
conclusion that more than 20 % of mobile devices
in urban public transport and metro are used with
WI-FI turned on, which is not enough for clear
assessment of passenger flow. Therefore, there
is a possibility of forecasting passenger flow
using the accumulating data.
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Researchers believe that a portable Wi-Fi
scanner does not provide an opportunity to
extensively capture a large area of the surveyed
territory in real time (stops of urban public
transport, locations where passengers enter the
metro, etc.). Stationary Wi-Fi scanners could
increase the amount of data and, accordingly,
significantly adjust the results obtained.

Also, the researchers suggest that besides
studying passenger flow in urban public transport,
it is required to conduct research at stations and
in the coaches of MCC and MCD, which also have
Wi-Fi networks.

Based on the results obtained, the researchers
conclude that to obtain a complete picture of
passenger flow, data from Wi-Fi scanners can
complement other data sources, such as
validation, ASMPP and data from cellular
operators. For this reason, the researchers believe
that further research in the field of Wi-Fi
analytics, combined with development of
technology of existing data sources for monitoring
passenger traffic, may lead to better results in
calculating passenger flow.
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ABSTRACT

The study considered the role of passenger road transport as
one of the most important sectors of the national economy, which
influences the entire economy of a country and its regions, as well
as the quality of life of the population.

The analysis of the transport system in the city of Khujand,
which is mainly dominated by road transport, has been carried out
based on the results of the conducted survey on passenger flows
on bus routes of the city, particularly, regarding origin-destination
matrix, fare collectability.

The conclusions argue in favour of practicability of conducting
regular systematic monitoring of passenger flows to optimise
suggestions in the field of urban public transport development.

In fundamental terms, main problems of passenger
transportation management were identified including lack of a
regular timetable on certain routes, non-compliance with the traffic
schedule, resulting in an increase in travel time, changes in routing
due to the absence of sufficient number of passengers, systematic
violations of traffic rules, excessively long stops at the hub stopping
points, etc. The suggestions comprise approaches intended to
reduce influence of organisational and managerial factors on
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efficiency of passenger transportation, on the correct choice of
rolling stock, that should be selected considering design features,
possibility of serving all segments of the population (categories of
passengers), traffic intensity, manoeuvrability, compliance with road
conditions, etc. Conclusions were also made regarding techniques
to justify the volume of passenger transportation, to identify average
distance of passenger’s trip, to calculate technical, operational, and
quality indicators of operation of public transport, distribution of
passengers per routes.

The analysis of the structure of passenger flows since it
influences the indicators of the effectiveness of passenger
transportation, plays the most significant role in the framework of
development of new approaches to the solution of transport issues
in the city of Khujand.

Implementation of full-scale monitoring of passenger flows will
make it possible to develop appropriate timetables facilitating
movement of passenger flows on routes, to select a rational type
of rolling stock in terms of capacity, will contribute to time-saving
passengertravelling, socialisation of transport tariffs, and improved
quality of transportation.
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INTRODUCTION

Transport is one of the most important sectors
of the national economy. In modern conditions,
itis impossible to imagine economic development
without this industry, which is closely related to
others.

Various types of passenger transport,
including buses, trolleybuses, trams, and
minibuses, etc., are regularly used in urban,
suburban, intercity, and international transport
networks. Improving quality of road transport
services and meeting the demand for transport
services are among the main tasks.

The main goals when managing an urban
transport system concern, first, minimising
transport costs, time saving, increasing safety
and comfort when transporting passengers.

The situation in some cities of Tajikistan,
including Khujand [1-3], where passengers are
transported mainly by buses and minibuses,
shows that the level and quality of public
transport services are still unsatisfactory and do
not meet the needs of the urban population.

This discrepancy is primarily due to the lack
of a proper and accurate timetable for public
transport, which results in long waiting at stops;
non-observance of traffic intervals; illegal
parking of vehicles in prohibited places;
overcrowding in vehicles; non-observance of the
standardised stopping time at intermediate and
final stops; violation of traffic safety rules. All
these are very serious problems for urban
transport and require immediate solutions.

Efficient use of work time, respect of
timetables and travel modes, gap size, speed
limits when transporting passengers, optimisation
of costs while providing minimum reasonable
travel time, correct operation of buses, high
quality of services provided, regularity of route
servicing can be implemented if urban public
transport is wisely organised and operated.

It should be noted that one of the best methods
for studying and further solving these problems is
the study of passenger flows, i.e., «turnover» of
passengers, mobility of passenger flows on certain
days and at certain times, in a certain direction
along city routes. The analysis of these flows can
be carried out depending on the characteristics of
the route, time of day, days of the week, during a
month, season, on a separate route or on all routes,
for one mode of transport or for all types of urban
passenger transport.

A review of sources (e.g., [4-9]) has shown
that analysis of demand for transport services,

information about the regularities of formation
of demand for transportation of passengers, as
well as detailed study of transport services use
information about the rate of satisfaction of
demand in the existing transport system. The
study of passenger flows can be carried out in
full for various modes of transport or individually
for a particular mode of transport. Usually, in
such studies, the reporting-statistical method,
questionnaire method, field surveys are used.

The analysis of passenger flows allows us to
consider functioning of public transport,
considering development and adoption of
standards, i.e., regarding the indicators of
transport operations, including the efficiency of
transportation, comprising the average travelled
distance, traffic speed (vehicle speed), the
coefficient of vehicle population, the coefficient
of the difference in passenger flows, the
coefficient of regularity of routes servicing, etc.
All these indicators should be adjusted
considering the current situation. The revision
and approval of the aforementioned indicators
will allow development of an appropriate
timetable on routes, choosing the appropriate
vehicle capacity, reducing transport costs,
ensuring passenger comfort, increasing the level
of service and offering acceptable service rates.
Subsequently, this will improve the quality of
service and the efficiency of vehicle operation.

A successful solution of the problems of
rational organisation of passenger transportation
and efficient use of rolling stock is impossible
without a systematic study of passenger flows
within the transport network. In doing so, it is
necessary to consider many factors and
parameters.

So, e.g., the parameter of «the rate of
passenger flows» is very important. It is
understood through the number of passengers
passing at a certain time through a specific
section of the route or the entire transport
network of a settlement in one direction [6]. At
the same time, it is necessary to differentiate
passenger flows that can be constant or variable;
one-sided or two-sided; regular or irregular;
periodic or intermittent. Variability of passenger
flows on routes or in a certain area of the city
plays an important role in organising and
managing passenger transportation an should
be considered when organising transport
operations. To ensure a high level of operation
of public transport, the quality of service
provided to the population, as well as to design
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optimal routes, it is necessary, based on the
study of passenger flows, to determine the
direction of movement and the number of
passengers, as well as unevenness of passenger
flows on the routes.

The distribution of the population by social
categories such as workers, employees,
schoolchildren, and students of secondary and
higher vocational education is the main factor
determining the rate of population mobility.

One of the main factors in improving quality
of passenger transportation is the correct choice
of vehicles. The fleer of operated public transport
vehicles should be analysed in term of structure
design, number of seats, passenger capacity,
traffic intensity, driving, and other indicators,
from the point of view of their operation in urban,
suburban, intercity, and international
transportation.

The analysis of passenger flows makes it
possible to reveal the population needs in
transportation and to organise the work of public
transport considering new standards, that is,
indicators of transport performance, including
the average distance travelled by passengers,
travel speed (operating speed), vehicle occupancy
rate, coefficient of inequality of passenger flows,
coefficient of regularity of the route servicing,
etc., that will match the actual situation.

The study can be carried out in full (for all
types of passenger transport); only for
«individual» types (buses, trolleybuses, trams);
selectively on separate routes or groups of routes.

The most common methods for studying
passenger traffic are reporting and statistical
method; questionnaire method; field surveys.
Field surveys, in turn, can be represented by
coupon, tabular, visual, silhouette and survey
methods.

STATEMENT OF THE TASK

To improve the level and quality of passenger
service by road transport in Khujand and increase
profitability of the city’s transport enterprises, it
is necessary to study and analyse the flow of
passengers.

The objective of the study was to present the
results of primary analysis of passenger flows in
the city of Khujand, particularly of those served
by road public transport.

The results will allow to substantiate the
practicability of further systematic and detailed
study of passenger flow.

RESULTS

Khujand is one of the oldest cities in Central
Asia. It is the second largest city in the Republic
of Tajikistan and one of the main transportation,
political, economic, cultural and scientific centres
of the country. In terms of agglomeration,
Khujand is second only to Dushanbe (population
of Dushanbe accounts 916200 people, Khujand
— 181600 people). The agglomeration area of
Khujand is 3400 m?, and the population density
is 269 people/km.

To improve the quality of service and the use
of'the fleet on bus routes in Khujand, the analysis
of passenger flows was carried out using the
natural calculation (tabular) method.

The state municipal company «Musofirkashoni
Dar Shahri Khujand» operates bus fleet. 18 buses
LiAZ-529265 with a capacity of 114 passengers
each operate on route No. 1. Passenger flows on
bus route No. 1, which covers the territory from
micro-district No. 3 of Khujand to st. B. Gafurovsky
area (table 1), was studied together with the
mentioned company and with the help of students.

This table shows the volume of passenger flows
during the day at each of the stops. As it can be

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94), pp. 209-215

Salomzoda, Rakhmiddin S.; Boboev, Muzaffar M. Analysis of Passenger Flows Served by Bus

Routes in the city of Khujand




;’ff A Table 1
- Results of the study of passenger flows on bus route No. 1:
«Micro-district No. 3 of Khujand—-B.Gafurovsky area» (as of 11.06.2019)

Passenger flow per single day, persons

No. | Name of stops Number of passengers embarked and disembarked
per day, persons
Number of embarked Number of disembarked
passengers passengers

1 Makhallan 3 359 298

2 |Kolechi tekhniki 144 123

3 Daromadi Sartukai 269 256

4 | Magozai Ismatullo 189 225

5 Maktabi Bolaekat 184 226

6 | Makhallai 8 477 415

7 | Makhallai 12 366 413

8 Muassisai Sorbon 637 540

9 Pazharniy 260 312

10 |Regional traffic police 389 449

11 |TGU 345 432

12 |HGU 375 598

13 | Matbuot 374 497

14 | Rakhimi 468 314

15 | Varzishgokhi 20-Solagii Istikloliyat 283 263

16 | Store 990 907

17 | Stadium 432 428

18 | Zafar 364 106

19 | Panjshanbe 1570 1943

20 | Gulbakhor 251 289

21 |Zarbof 509 416

22 |Bofanda 362 328

23 | Korkhonai Romsar 128 150

24 | Arbob 203 231

25 |Mattaib 209 240

26 | Autostation 429 422

27 | Traffic police Khadzhenski 169 205

28 | Atush bozor 499 110

29 |Barakat 580 256

30 | Sakhovat 68 467

31 | Somon bozor 103 519

32 | Gardishi Buston 169 234

33 [SIMU 25 120 138

34 | ChDMM Saier 221 228

35 |[Kasri Farkhang 117 150

36 | Shubai shinosnomadikhii shakhraki B.Gafurov 178 155

37 | Station 992 499

Total 13782 13782

Passengers enjoying discounts (children of school age and other 431 431

categories of passengers with a discount of up to 50 %)

Passengers enjoying discounts (fully exempt from fare) 133 133
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seen, the largest number of passengers entering and
leaving is observed at the bus stop near Panjshanbe
bazaar: 11,4 % of passengers embark and 14 %
disembark at the bus stop. The busiest bus stops
along the route are the stops near the department
store, Barakat shopping center, Atush bazaar,
Sakhovat bazaar and Somon bazaar, which are
located at a distance of 100 to 250 meters from each
other. Other «popular» stops are also Station stop,
stops located in the centre of B. Gafurovsky area,
next to Farovon central market. Research shows
that passenger embarkation and disembarkation
always increase at stops near shopping malls,
businesses, health centres, universities, educational
institutions and recreational facilities.

A similar survey on passenger flows was
carried out on three more bus routes in the city.

On route No. 4 (micro-district No. 34 of
Khujand city—Guliston town—Bakhoriston
sanatorium), the analysis showed that 10
LiAZ-529265 buses operate on the route,
accommodating 114 passengers each (transit
capacity is 6855 passengers per day).

A study was also carried out on the route
No. 5, quarter «Yova» («Galamaidon»)—
Babadzhan Gafurovsky area (Seventh settlement).
18 buses of LiAZ-429260 brand, with a capacity
of 85 people, operate on this route, daily
transportation attained 7986 passengers.

After analysing these figures, the authors
concluded that unevenness of the number of
passengers on these routes depends on the
working hours of the townspeople and the points
of departure of passengers. From 6-00 till
8-00 a.m. the number of passengers exceeded the
normal rate, so, there was a shortage of buses.
Also at this time, one could observe an irregularity
in bus traffic.

It was also recorded that toll collection was
not carried out properly by the transport company

on these routes. As a result of the obtained data
and calculations, it was revealed that the amount
collected by the conductors is 15-20 % less than
the normally calculated amount.

The analysis of operation of route No. 1 was
carried out considering the volume of transported
passengers, fare collectability, the number of
passengers enjoying the discounts, tariff for
transportation, income of motor transport
companies from provision of services for
transportation of passengers (Table 2).

It is necessary to consider the specifics of the
city routes of Khujand. Some stopping points are
located outside the city (in the nearby suburban
areas). But the analysis of passenger flows shows
that 70—-80 % of passengers using this route are
residents of the city of Khujand. The Table 2
analyses the number of passengers enjoying the
discounts, including those who are entitled to
completely free travel or to 50 % exempt from
payment. This is considered in the calculations.

It can be seen from this table that passengers
completely exempted from fare make up only
0,96 % of all passengers, and those exempted by
50 % (children of school age up to 12 years old
belong to this category, according to the
Instruction of the Procedure for Registration and
Accounting of Privileged Passengers in Public
Transport of the Republic of Tajikistan?)
accounted for 3,1 % of the entire bus population.

As shown in Table 2, the fare, according to
observations within one day, amounted to 16 266
somoni, however, according to the reports of
SUC «Musofirkashoni dar shahri Khujand»,
receipts from the proceeds for travel amounted

! «Instruction of the Procedure for Registration and
Accounting of Privileged Passengers in Public Transport
of the Republic of Tajikistan», approved by the Order of
Minister of Transport of the Republic of Tajikistan No. 113
dated 16.08.2011.
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Table 2
Analysis of passenger flows on bus route No. 1: «Microdistrict No. 3 of Khujand-B.Gafurovsky area»

as of 11.06.2019 m

Number of passengers per day, persons Toll collection, according to observations, somoni ~ >

.m WWMMMMM WW@%WMMM_WVBOSW m i} £ Considering the amount of the fare, somoni m m, n“. M

= Total 28| ggsE 2 5 m 3 ol 2

55 1 15 2 25 mcmm,m - m 2 |1 15 2 50 % E 25 o

1 7926 859 584 174 101 0 0 1047 488,5 558,5 584 261 202 0 830 217 4 m

2 7931 727 495 131 69 25 7 842 360 482 495 196,5 138 12,5 702 -140 Vo ¥

3 7932 823 485 207 87 32 12 985,5 515 470,5 485 310,5 174 16 805 -180,5 _.m

4 7942 761 508 128 91 24 10 894 409,5 484,5 508 192 182 12 778 -116 W.

5 7958 935 582 212 124 12 5 1154 554,5 599,5 582 318 248 6 781 -373 m

6 7959 964 555 194 144 54 17 1161 579 582 555 291 288 27 840 -321 =

7 7964 307 209 59 34 5 0 368 214 154 209 88,5 68 2,5 808 440 .“.h_.m

8 7977 767 504 136 110 13 4 934,5 396,5 538 504 204 220 6,5 767 -167,5 m

9 7981 816 536 189 62 23 6 955 430,5 524,5 536 283,5 124 11,5 743 =212 m’

10 7983 840 523 166 78 56 17 956 506 450 523 249 156 28 776 -180 m
11 7986 818 581 155 81 1 0 976 386 590 581 232,5 162 0,5 835 -141 < nou -
12 7990 730 440 152 92 35 1 869,5 479 390,5 440 228 184 17,5 805 -64,5 _wuln o .W
13 7991 800 516 163 108 10 3 981,5 489 4925 516 244.5 216 5 840 -141,5 W m %
14 7992 782 479 183 54 51 15 887 384 503 479 274,5 108 25,5 850 -37 W .m .W.
15 7994 767 473 157 78 46 13 887,5 415 472,5 473 235,5 156 23 840 -47,5 H A5
16 7995 410 284 75 28 18 5 461,5 199 262,5 284 112,5 56 9 500 38,.5 M p.“. ...m
17 7996 945 747 148 16 26 8 1014 433,5 580,5 747 222 32 13 800 214 nln_ .m m
18 7998 731 500 140 91 0 0 892 513 379 500 210 182 0 817 -75 m m .m
Total 13782 9001 2769 1448 431 133 16266 7752 8514 9001 4153,5 | 2896 215,5 14117 -2149 ..a.m 2

! Privileged passengers (children of school age and other categories of passengers with a discount of up to 50%).




to 14 117 somoni. The difference from the
proceeds was 2149 somoni, i.e., 88,8 % of the
collected amount was handed over to the cashier
of the enterprise.

Similar studies were carried out on bus routes
No. 4 and No. 5 of the city of Khujand, where
the situation was quite similar.

SHORT CONCLUSIONS

The results of the field survey on passenger
flows, despite its once-only nature, have
allowed to put forward few hypotheses. So, it
is possible to suppose that the main factor
determining the rate of population mobility is
distribution of the population by social
categories: workers, office employees, students,
schoolchildren, pensioners. The survey has
confirmed the relevance of developing
technology for saving and generating income
using modern technologies, e.g., through
adoption of electronic tickets.

The main conclusion is that the conducted
survey has confirmed core research hypothesis
on the practicability of regular systematic
monitoring of passenger flow to collect and
analyse data to further develop suggestions on
optimal organisation of the urban public transport
operations.

Further research on passenger flows should
help to respond to the issues of:

» Justification of the volume of passenger
transportation.

* Determination of the average distance
travelled by a pedestrian [to reach the stop].

* Calculation of technical, operational, and
quality indicators of transport.

* Distribution of passengers per routes.

* Route system and its optimisation.

* Distribution of motor transport by routes
and attribution of routes by zones of responsibility
of motor transport companies.
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ABSTRACT

The formulation of classical minimax transport-type problems
involves the search for an optimal transportation plan considering
only time of delivery of resources. The inevitable additional costs
of processing resources at the origin and destination are usually
not considered. This approach is fully justified given
incommensurability of delivery times of resources along available
routes and times of preliminary/subsequent processing of
resources. At the same time, in a number of practical problems, the
time spent on loading/unloading (for example, when organising
loading of packaged mineral fertilizers from port warehouses onto
ships) can be of significant importance. In such cases, when
searching for an optimal transportation plan, it is necessary to take
into account not only travel times of vehicles used along the set
routes, but also the costs of loading and unloading operations,
considering the number of available vehicles and their characteristics,
for example, payload.

In this regard, the objective of the study is not only to develop
a method for calculating the optimal transportation plan, but also a
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method for distributing vehicles, considering their number and
features.

At the same time, another no less important objective of
the study is to substantiate the application of the method of
successive reduction of residuals, considering the form of the
objective function, which considers not only the main parameters
of classical minimax transport-type problems, but also the
quantitative characteristics of vehicles involved in the transport
operation. It is fundamentally important that the use of the
method of successive reduction of residuals determines the
polynomial computational complexity of the algorithm, which
makes it possible to use it in the operational solution of problems
of practical dimension.

To solve the problem of distributing available vehicles
according to the origin points, considering payload of vehicles, it is
proposed to use the method of dynamic programming. An illustrative
example of distribution of delivery vehicles, adapted for the use in
MS Excel, is considered.

Keywords: transportation problem, minimum time criterion, processing costs, carrying capacity.
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INTRODUCTION
Minimax transportation-type problems [1-3]
do not consider time for loading and unloading
operations. The article proposes to consider time
losses not only for delivery of resources, but
also for losses during loading/unloading of re-
sources at the origin point and at destination
point. In this case, we will assume that time spent
on processing resources has a linear dependence
on the amount of resources forwarded along each
of available routes. It is necessary to consider
both the presence of vehicles involved and their
characteristics, for example, payload capacity.
This formulation of the problem is similar to the
classical linear transport problem [4], to the
problems with a minimax objective function [5;
6], and to problems with fixed surcharges [7-9],
the solution of which during linearisation of the
objective function leads to significant errors, and
the search for an exact solution by combinato-
rial methods determines unacceptable (exponen-
tial) computational efficiency. The minimax
nature of the control quality indicator of the
problem under consideration makes it possible
to solve the general problem as a set of subprob-
lems on the maximum traffic flow [8; 10; 11].
Moreover, since the central place in the proposed
algorithm is offered to the method of successive
reduction of residuals with polynomial compu-
tational complexity [3], computational complex-
ity of the proposed algorithm will have the same
computational complexity [8; 12; 13]. Hence
follows the conclusion about applicability of the
proposed algorithm in problems with a suffi-
ciently large number of variables. It should be
noted that the approach based on a sequential
dimension reduction of the problem [14] leads,
as a rule, to solutions that are far from optimal
ones. And the previously solved problems re-
lated to processing of resources at destinations
[15; 16] did not consider either the number of
available vehicles or the need for their optimal
distribution along the operated routes. As an-
other argument in favour of the relevance of the
problem considered in the article, it should be
pointed out that the study of transportation-type
models, including time spent on loading and
unloading operations, and, as a special case, time
spent at intermediate processing points, still at-
tracts close attention of researchers [17; 18].
The objective of the study is to develop a
method for calculating the optimal transportation
plan and a method for distributing vehicles con-
sidering their number and features.

RESULTS

Let there be m starting points with resources
a, (i = 1 ... m) and n destinations with needs bj
(7 =1 ... n). The condition for admissibility of
the transportation plan ||xy|| @=I1..mj=1..n)
is compliance with the usual constraints for a
linear transportation problem:

"
Sx;<a, i=1..m

Jj=1

lex,.j <b, j=1..n

x;20,i=1..mj=1..n

(1

where 3, is resource volume in 4;

bj —needs of Bj;

x; = number of resource units on the route
A, — Bj.

The solution will be optimal when the
function F (xi,,) reaches the minimum:

F(xl.j.) = maxf(x”) i=1.mj=1.n (2)
where:
~ t,.j+(t',.+t"j)xg., if x,; >0,
f(x,.,)_{ o e o 3

t — time of travel from 4, to Bj;

t’,— losses during loading (processing) of a
resource unit in 4;;

t”j— losses during unloading (processing) of
a resource unit in B,

As a preliminary step, it is necessary to cal-
culate the lower boundary of the objective func-
tion. Then, using the found value of the lower
boundary F , it is necessary to calculate dij (i=1
...m, j =1 .. n)and try to place nonzero x, only
along «allowed» routes. For solving the problem,
it is proposed to use the Egervary (Hungarian)
method [7; 8], since in this case there will be no
requirement to balance resources and needs. In
addition, the Hungarian method is not critical to
the appearance of degeneracy, which can subse-
quently be eliminated at the stage of analysing
the obtained optimal solution.

In case of successful placement of non-zero
traffic along routes in which /< F_(either the
remainder of the resources at the starting points
is equal to zero, or all the needs are satisfied),
the optimal solution is found. If this is not the
case, then it is necessary to slightly (minimally)
increase the throughput of routes by increasing
(however small) the value of the lower bound-
ary. After completing this procedure, recalcula-
tion of the throughput and repetition of the
procedure for increasing the flow in the network
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B:=17/0,2

B»=12/0,2

A3=10/0.1

B3=28/0,2

Pic. 1. Network of an illustrative example [3].

Table 1
Routes’ transit (throughput) capacity
atF =10,1[3]

bl bZ b3
a, 5 6 7
17 12 9
a, 7 2 3
10 12 10
a, 8 4 5
7 10 10
Table 2
Original outline of the example [3]
bl b2 b3
a, 5 6 7
17 10
a, 7 2 3
2 18
a, 8 4 5
10

follow. In case of unsuccessful placement of
non-zero traffic on available routes, it is neces-
sary to re-increase the transit capacity of routes
and recalculate the capacities, and so on. To
illustrate the algorithm for calculating F, we
will use an illustrative example (Pic. 1 and
Table 2). Above the edges of the graph, the
values of times of delivery of resources between
points are put. The data in the upper right cor-
ners of the cells of the Table 1 have the same
meaning. The number of available resources in
points 4, and the value of the needs of points B,
are indicated by numbers in the centres of the
circles. Resource unit processing times are
specified as denominators.

Based on the above constraints (2, 3), we
proceed with the calculation of F
F, =max,{min; [t,-,- +min; (a,.,b/.)(t',. 1" )J} . 4)

In accordance with (4) F =, +b (¢’ +t" )=
10,1.

Based on the obtained value, we will calculate
the throughput capacity and put them in the lower
part of the cells in the Table 1.

To reduce the obviously unpromising steps
of the algorithm, it makes sense to refine /. The
reduction in the number of steps can be achieved
by calculating the transit capacity according to
the rule:

. min, [ by, (F,~t,)div (¢ +1",) ], if t, <F; )
0, ift,<F,
where div — division with discarding remainder.

The possibility of obtaining a feasible
solution (satisfying all constraints) is ensured by
validity of the conditions:

"
Yd;>a, i=1...m
=

ddy>b, j=1..n

" (6)
=1
If any of the inequalities (6) does not hold,
then the conclusion follows either about the
impossibility of exporting resources from some
origin points, or about the impossibility of
delivering the required amount of resources to
one or several destinations. In such a situation,
the procedure for increasing the lower boundary
of the function follows. Based on the updated
value of F' . the route throughput capacity is
calculated again in accordance with (5) and the
validity of conditions (6) is again checked.

If the identified dij make it possible to export
resources from all origin points and to deliver
them to all destination points, then the transition
to the next stage of the solution is carried out,
that is to drawing up an initial plan, in which the
values of transportation x, are determined by the
formula:
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Pic. 2. The optimal plan without considering the number and characteristics of available vehicles (compiled by the author).

x; =ming(a b ;,d;)

Q)
where a’, b’, — resources and needs of the
respective origin points and destinations,
considering the already assigned
transportation.

The transportation plan obtained in
accordance with (7) is presented in Table 2,
where the upper part of the cells contains times
of movement along the corresponding routes,
and below the actual values of x, are shown.

The resulting plan is a solution to the
problem. If this statement is false, it is necessary
to proceed to the procedure for increasing the
traffic flow, increasing F, if necessary, etc. [3;
7; 8].

Transportation plan in Table 2 (F(xl.,.) =10,1)is
optimal under the assumption that the resources
assigned for transportation along any of the considered
routes are transported in one trip, that is, that both the
number of vehicles at each starting point and the
payload of these vehicles are not lower than existing
needs. In this regard, the problem of implementing
the previously developed optimal plan, considering
the number of vehicles available at the origin points
and their payloads, are of certain interest.

In this case, the number of trips on each route
can be calculated using the formula:
l,= (&, +¢,— Ddivg, ®)
where g, — payload (carrying capacity) of the i-th
vehicle.
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Pic. 3. Completed dialog box (compiled by the author).

In this case, time of travel through each route

is calculated by the formula:
F(w)= lij’ij+Wf—1)/W,-+x,.j(t'i+t"j), if1,#0;
i 0, if,=0,

)

with a constraint > w,<W

i=1
where w, —number of vehicles in the i-th starting
point;

W — total number of vehicles.

The task is to determine the values of the
variables w,, with which
F(w,) = maxF’(w) — min(i =1...m).  (10)

In view of the nature of the objective function
(10), it is quite obvious that the solution can be
found by combinatorial methods, for example,
by the method of dynamic programming. At the
same time, it should be noted that in problems
of practical dimension, the procedures embedded
in MS Excel are quite applicable.

At present, when solving optimisation prob-
lems, either programs in high-level programming
languages, or common mathematical packages
(for example, MathCad), or general-purpose
programs (for example, spreadsheets) can be
used.

The main disadvantage of programs of the
first type is that the developers of such programs
are persons focused primarily on development
of effective algorithms for the formulated prob-
lems [3]. Such programs are highly computation-

ally efficient. When using them, the mathemati-
cal formulation of the problem is not required,
since it has already been completed during de-
velopment of the algorithm. The user only needs
to enter the initial data. At the same time, the
user’s interface of such programs is not well-
developed and is clear only to a narrow circle of
specialists.

Common mathematical packages will require
the task to be formalised, which requires a certain
level of mathematical knowledge from the part
of the user. In addition, the solution of optimisa-
tion problems in such packages can lead to the
solution of a number of constituent subproblems
[2;7; 8].

General-purpose programs (such as spread-
sheets) have a well-thought-out interface. A wide
range of actions of the algorithms embedded in
them leads to a serious deterioration in compu-
tational efficiency [3].

In this regard, the use of MS Excel is consid-
ered below to solve the formulated problem. A
wider range of optimisation problems solved in
the MS Excel environment (the main linear pro-
gramming problem, the knapsack problem, the
resource allocation problem, etc.) is considered
in [2].

Pic. 2 shows the found optimal plan for a an
illustrative example without considering the
number and characteristics of available vehicles.
To implement this plan, considering available
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Pic. 4. Result of execution of the command «Search for a Solution» (compiled by the author).
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vehicles and their characteristics, for example,
payload, it is proposed to use the «solution
search» command in MS Excel for small-scale
problems.

Pic. 3 shows the completed dialog box of the
«solution search» command, and Pic. 4 — the
result of its execution.

CONCLUSIONS

Computational complexity of the proposed
algorithm for finding the optimal transportation
plan is not higher than polynomial, which makes
it possible to use it in solving problems of
practical dimension.

The procedure for optimal distribution of
vehicles available to the decision-maker is for-
malised for solving small-scale problems using
MS Excel.

Developed procedure for optimal allocation
of vehicles can be programmatically imple-
mented with one of combinatorial methods, for
example, with the dynamic programming
method.
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ABSTRACT

The use of regenerative braking by electric rolling stock on DC
railways makes it possible to increase the energy efficiency of the
transportation process. The effective use of regenerative braking
is associated with creation of conditions for receiving energy
obtained through it. For these purposes, rectifier-inverter converters
and energy absorbing devices are currently used in the traction
power supply system.

A promising technology that provides an increase in the
efficiency of the use of regenerative braking is energy storage,
which allows this energy to be used in the future to cover the traction
load curve. A feature of the use of regenerative braking on single-
track sections of DC railways with low traffic intensity is the need
to use converters or energy absorbing devices. One of the options
for increasing the efficiency of recuperation energy use is the
adoption of energy storage systems for the own needs of traction
substations. The use of this technical solution is advisable on
single-track sections with intensive use of regenerative braking, the
effectiveness of which is explained through a decrease in power
consumption for own needs of the substation from the external grid.

The international research allows us to identify the widespread
trend towards the application of electricity storage technology in

hybrid device.

World of Transport and Transportation,
2021, Vol. 19, Iss. 3 (94), pp. 224-237

Increasing the Efficiency of Recuperation Through
the Use of Energy Storage Systems for the Own
Needs of Traction Substations

Omsk State Transport University, Omsk, Russia.

various fields: from renewable energy sources to electric power
systems, including transport power supply systems. International
practices demonstrate successful implementation of pilot projects
of adoption of energy storage systems for solving problems of
increasing the efficiency of electric urban and suburban transport,
as well as of metro systems.

The objective of the work is to assess the energy performance
of energy storage systems when using recovered energy for own
needs of a traction substation. The study is based on the methods
of mathematical and simulation modelling, optimisation, and
mathematical statistics.

The discussed issues refer to the use of energy storage
systems to provide power supply for own needs of DC traction
substations. Main issues of operation of storage systems are
considered with the help of a substation case study. The features
of the recuperation load curve are described to explain the use of
hybrid technologies for developing a storage system. The example
of the considered traction substation helps to demonstrate the
solution to the problem of determining main parameters of the
storage system, considering the specifics of operation of
electrochemical and electrical modules.
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INTRODUCTION

The intensive development of energy storage
technologies, transformation, and a decrease in
the unit cost of storage systems stipulates
consideration of the issues of their application to
increase the energy efficiency in transportation
systems.

As international studies show, at present, the
issues of using energy storage systems based on
storage devices of various types are relevant, and
this technology is used in the electric power
industry for renewable energy sources [1; 2],
power supply systems of settlements [3; 4],
vehicles [5; 6], transport systems [7; 8], and
others.

Development of technologies, improvement
of specific characteristics and reduction of the
cost of various types of electric energy storage
devices determine the prospects for the use of
storage systems for rolling stock and in railway
power supply systems while solving a wide range
of problems [9-11].

STATEMENT OF THE PROBLEM

The objective of the article is to determine
the influence of the power consumption of energy
storage systems on the efficiency of use of
recuperation energy and power when energy
storage systems are located at traction substations
for supplying their own needs; to identify the
nature of the change in the rate of recuperation
energy efficiency in general and with regard to
modules of the hybrid storage system depending
on their power consumption; to assess the level
of parameters of storage systems intended for
own substation’s needs and based on hybrid
technology using the example of a traction
substation with a given own needs’ load and
recuperation capacity. The assessment of the
energy performance of the storage system is
carried out using the methods of mathematical
and simulation modelling. The parameters of the
hybrid storage system are estimated based on the
methods of optimisation and mathematical
statistics.

RESULTS
Substation Load Characteristic

Electricity storage systems at electrical
substations and stations are used as a backup
source of electricity, which makes it possible to
increase reliability of power supply for own
needs up to 1000 V in case of a voltage failure
at AC buses. A feature of railway traction

substations is the appearance on DC buses of
excess recuperation energy transmitted to
sections of contact network of adjacent inter-
substation sections or to the substation AC
network. The specified recuperation energy,
depending on the current load level, is distributed
over AC connections of traction substations, and
is partially returned to the external power supply
system [12]. One of the options aimed at
increasing the efficiency of the use of recuperation
energy is the use of storage systems, which makes
it possible to smooth the traction load curve or
reduce power consumption for traction needs
using recuperation energy.

Reception of excess recuperation energy at
traction substations is carried out using reversible
converters (rectifier-inverter (inverter)
converters) or energy absorbing devices (based
on rheostat modules).

The traction load curve at the input of
reversible converters makes it possible to assess
the level of traction and recuperation load, and
to evaluate the statistical indicators. An example
below shows load curves for one of traction
substations on a single-track section of the
railway with intensive use of regenerative
braking. A fragment of the circuit of the main
electrical connections of a substation with
a reversible converter, considered when solving
the problem, is shown in Pic. 1.

Based on the data of the «Energy Alpha 2»
software package, the load curves, and curves of
recovered energy with a one-minute interval were
built for the traction substation. In the case under
consideration, the maximum power consumption
of the traction load does not exceed 12,5 MW,
that of recuperation does not exceed 1,8 MW
(Pic. 2). In more than 80 % of measured cases,
the traction load at the input of the rectifier during
the day does not exceed 1500 kW, and the
recuperation load does not exceed 1050 kW.

Designed or statistical measurement data
make it possible to estimate, for the current level
of traction load, the maximum values of
recuperation power P on the buses of the
substation and to determine the charge power of
the storage system P__. considering the prospect

ESS

of increasing the load k& prosp.-

Poiss 2K o Py

prosp” max rec

(M

The choice of settings for operating modes of
the energy storage system is based on the rate of
traction load and voltage on the buses [14; 15].
The voltage level on the substation buses in the

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94), pp. 224-237

Nezevak, Vladislav L. Increasing the Efficiency of Recuperation Through the Use of Energy
Storage Systems for the Own Needs of Traction Substations




Pic. 1. Fragment of a typical circuit of a DC traction substation with a reversible converter [13].
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Pic. 2. Traction load power on the buses of the substation (a), recuperation power (b), distribution of traction power load (c)
and of recuperation load (d) (developed by the author).
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Pic. 3. Voltages on the buses in the traction mode (a), recuperation mode (b) and voltage distribution in the traction mode (c),
and in recuperation mode (d) (developed by the author).

traction mode and in the recuperation energy
return mode does not differ significantly, more
than 80 % of the measurements record the voltage
in the range from 3500 to 3550 V for both modes
(Pic. 3).

When setting the operating modes, the
conditions for switching on the storage system
for charging will be defined as the absence of
a load current at the 3,3 kV input and a voltage
level exceeding the no-load voltage, considering
the voltage change on the high-voltage buses:

1, .,=0;

inp3,3

U,

bus3,3 =

U,

no-load *

@

The operating conditions of the storage system
in the discharge mode are based on the rate of load
due to substation’s own needs and on the required
voltage minimum maintenance mode (curves and
graphs of power and voltage are shown in Pic. 4).
The rate of the existing load is assessed according
to the measurement data and is specified considering
the development prospects.

The power of the storage system in the
discharge mode will be determined based on the
full satisfaction of the own needs’ power
considering the margin (K ):

I)dxschESS = k P

max ON 5

U,

min ON < Ubus ON — Umax ON*

(€)
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Pic. 5. The state of charge (a) and depth of discharge of the storage system (developed by the author).
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Table 1

Characteristics of episodes of charging for the considered substation
(developed by the author)

- I, A I, A U,.B U,.B t, min
1 98,7 98,7 3546,5 3546,5 34
2 22,1 431,8 3547,3 3538,3 23,8
3 42 12,8 3547,7 3547,6 6,8
4 1,4 1,4 3547,6 3547,6 3,4
5 34,9 153,9 3547,2 3545,3 6,8
6 84,5 84,5 3546,6 3546,6 34
7 372,5 419,6 3539,9 3538,7 6,8
8 32,7 32,7 35472 3547,2 3.4
9 0,4 0,4 35473 35473 3.4
10 318,3 3183 3541,1 3541,1 34
1 62,9 62,9 3546,6 3546,6 3,4
12 61,5 67,9 3546,8 3546,8 6,8
13 257,1 459,8 3542,6 3537,7 6,8
14 179,8 179,8 3544,6 3544,6 3,4

Average 109,4 166,0 3545,6 35444 6,1

Charge and Discharge Conditions
of the Storage System at the Substation

The state of charge of the storage system and
the dependence of the depth of discharge on the
nominal energy capacity are estimated based on
the load curves on 3,3 kV buses and own needs’
curves. For the considered traction substation,
the curves of the state of charge and the
dependence of the depth of discharge on the
nominal energy capacity are shown in Pic. 5.
Evaluation of the storage system operation for
the existing and design conditions makes it
possible to evaluate the nature of the change in
the state of charge and the required power
intensity. The peculiarity of operation of storage
systems intended for the own needs of traction
substations is the multiple excess of the charge
power over the discharge power and the need for
a significant increase in power consumption to
limit the depth of discharge. In the case under
consideration, charge prevails in the curve of the
state of charge and limiting the depth of discharge
to 30 % determines the power consumption at

the level of 2000 kW<eh (7200 MJ). The
assessment of the power consumption of the
storage system for traction substations, given in
[16], needs to be adjusted due to the relatively
low value indicated at the level of 200 MJ.

Besides these features, it is necessary to note
a short duration of the episodes of charging. The
duration of the episodes of charging is in the
range from 1 to 24 minutes, and the total number
of episodes for the case under consideration is
14 per day (Table 1). Similar values were
obtained when studying the traction load for
various objects of the traction power supply
system [17-19].

The described features of the storage systems
operation should be considered when choosing
the type of storage device or using hybrid
technology. Currently, the industry produces
network storage systems based on lithium-ion
batteries of various modifications. Manufacturing
using container or cabinet design allows
changing their power in a wide range from 100
to 1000 kV+A with the possibility of increasing
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Pic. 6. The state of charge of the storage modules of the storage system for the first (a)
and second (b) options (compiled by the author).

it by connecting several systems in parallel to
obtain a total power of up to 20 MV+A and above.
The fast-charging time for lithium-ion batteries
is about 0,5 hours, which is significantly less than
the average duration of an episode of charging
for a traction substation. At the same time, the
charge time of other types of storage devices, for
example, of supercapacitors, does not exceed 10
minutes.

The number of elements in storage modules,
regardless of the type, is determined by the
required rates of voltage of the storage system
and of load by calculating the elements connected
in series and in parallel:

U, .
T

2nom
. @

m=

n=

1,

2nom

According to the conditions for limiting the
depth of discharge, the use of lithium-ion
batteries in the storage system requires a higher
energy consumption compared to other types of
energy storage devices that are not sensitive to
the depth of discharge, for example, to
supercapacitors. In this regard, to reduce the total
power consumption of the storage system,
options for using hybrid technology are being
considered. Depending on the combination of
the power consumption of the storage elements
in the system, their state of charge and the depth
of discharge change. As an example, for the
substation under consideration, curves of the
state of charge are presented for two combinations
of the power capacity of a storage battery (SB)

and a supercapacitor (SC) with equal total energy
consumption for the following values (Pic. 6):

1) 100/1700 (charge) and 10/1700 (discharge)
kW and 100/500 kWeh, respectively, with a depth
of discharge of 68 and 88 % for battery and SC,
respectively (Pic. 6a).

2) 150/1700 (charge) and 10/1700 (discharge)
kW and 250/350 kWeh, respectively, with a depth
of discharge of 58 and 100 % for battery and SC,
respectively (Pic. 6b).

These examples show the possibility of
changing the operating conditions of storage
modules while maintaining the total power
consumption of the system.

Circuit Implementation

Depending on the connection of the storage
system to the substation’ DC buses, two variants
of'the circuit implementation can be distinguished.
The first option is transmission of power to the
system through a DC-to-DC voltage converter
(B1), then to the own needs’ AC buses through
a DC-to-AC voltage converter B2 (Pic. 7).

In the second version, power transmission is
carried out by three-phase current using the B1
converter, and the substation DC buses are supplied
from the storage device through the B2 converter.

In both versions, B1 converters are produced
considering the maximum charging power.
Converter B2 for the first version is performed
intended for maximum power of own substation’s
consumers, for the second version the power of
the converters B2 and B1, respectively, is equal
(Pic. 8). The power of the B2 converter for the
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Pic. 7. Connection circuit of the storage system (first version) (developed by the author).
Symbols used for Pics. 7-8: TS - traction substation; ESS - energy storage system; ESD - energy storage device; ONT - own needs’
transformer; R - rectifier; CT - converter transformer; B1, B2 - Bilateral AC-DC converters; C — catenary; ERS - electric rolling stock.

second variant is higher by the value of the
substation DC busbar load. The advantage of the
system implementation circuit according to the
second option is the use of a voltage of 0,4 kV,
which makes it possible to reduce the level of
the rated (nominal) current in the main circuits
and reduce losses in them, the disadvantage is
the need to use a second converter B2 with
a power equal to that of B1. To provide galvanic
isolation of circuits for own power supply, the
converter circuit includes an isolation transformer.

Model for Determining the Parameters of
the Storage System

Various options for distribution of the energy
capacity of the storage units of the hybrid system
differ in their energy performance and cost, which
is an integral indicator. In general case, when
evaluating investment projects, the effect will be
determined, on the one hand, by inflows based on
savings in electricity consumed for own needs, on
the other hand, by the cost of maintenance,
construction, and installation work, replacement
of storage elements, etc. Since the indicated costs
are assumed to be equal for all options, then when
choosing the power consumption of the storage
modules of the hybrid system, the objective
function of the problem will consider the values
of the parameters and their unit cost (power and

power consumption). In this case, solving the
problem of determining the power and power
consumption makes it possible to determine the
optimal values of these quantities based on the
following mathematical model:

C=aP® +bW2> +cP¥ +dW?*C — min;

nom nom nom
SB SC rec ON ).
I)nom char + Pnom char 2 max (P -p )’
SB SC ON rec | .
Pnom disch + F 2 max (P -p )9

nomdisch =
SB(SC) _ SB(SC) pSB(SC) . 1,SB(SC) pSB(SC) .
Pnom =max (kchar Pnom char? kdischar Pnom disch )’

4
Vi, e[0; T]:0< Y W PEO <wos);
0

SB
PSB < kSB IJ/“om . PSC > Prec . (5)
nom char(disch) — ““char(disch) t > “nom = ¥ max?
SB SC .
dchar + dchar 2 dchar min
SB SC .
ddisch + ddisch 2 ddisch min >
ON ON
doper 2 doper min ?
dre >dre

oper = @oper min >

DoD¥%9 < Do < Do DB,

SB(SC) SB(SC) .
SoC;,.>" —SoC. 77 > 0;

where C — target function;
a, b, ¢, d — specific cost of power and power
capacity of the storage battery and supercapacitor,
respectively;
P W P W —nominal (rated) power
and nominal power capacity of the storage
battery and supercapacitor, respectively;

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94), pp. 224-237

Nezevak, Vladislav L. Increasing the Efficiency of Recuperation Through the Use of Energy
Storage Systems for the Own Needs of Traction Substations




kv
ONT
e A
—
v
To ACown To DCown

substation’s
consumers

substation’s
consumers

Pic. 8. Connection circuit of the storage system (second version) (developed by the author).
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Promctar s Promerar — nominal power of charging

the storage battery and supercapacitor,
respectively;

P, P® —power of recuperation and of own
substation’s needs, respectively;

PSB PSC

nomdisch » * nomdisch

—nominal discharge power of

the storage battery and supercapacitor, respectively;

dper ON

SB

JSBOC)  SBSC)

char » "vdisch

— coefficients of increase in

nominal charge and discharge power for the
storage battery and the supercapacitor,
respectively;
W/ SBSC) pyrSBSC)
1 s

nom

—amount of energy within the

interval of the episode ¢, and the nominal power
capacity of the storage battery and supercapacitor,
respectively;

dper rec

SB

Pic. 9. Rates of the use of substation’s own needs energy (a) and recuperation energy (b) (developed by the author).
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Pic. 10. Rates of the use of discharge energy of the storage battery (a) and supercapacitor (b) (developed by the author).

t—estimated duration of charge and discharge
modes;

dov. — coefficient of use of electricity for own

needs during discharge:
dON _ I/l/disz:h . (6)

oper WON )

d.. — coefficient of use of recuperation

energy during charging:
/4

i, =T @)
SB(SC) . .
d;aavn) — coefficient of energy use in charge

and discharge modes for a storage battery and

a supercapacitor, respectively:
SB(SC)
SB(SC) _ har (disch)
char (disch) — e ) (8)
char (disch)

W seen » Wane — volumes of energy of the storage

system in discharge and charge modes,
respectively;

WO W — volume of electricity for

auxiliaries and recuperation for the billing period,

W ooy — volume of electricity in charge and

discharge mode for a storage battery and
a supercapacitor, respectively.

The problem is solved in two stages. At the
first stage, the load curve of own substation’s
needs and power of excess recuperation on buses
of the substation is taken as initial data. For the
given load profiles, simulation modelling is
performed for different power consumption and
capacity of storage devices of the system, and
coefficients of energy use in charge and discharge
modes are determined.

This stage serves to determine restraints on
maximum charging and discharging power of
the battery and supercapacitor, as well as
features of operation, which should include the
priority of charging for the battery and limitation
of its discharge power. For a supercapacitor,
conditions are specified under which the
maximum power of this module is used as an
additional one to ensure reception of recovered
power.

Simulation of the storage system operation
for various options of combining energy
capacities allows one to obtain functions that
describe the change in energy efficiency rates
in charge and discharge modes for battery and
supercapacitor modules with different
combinations of power consumption and power.
The obtained values are used to approximate
the obtained values for each coefficient.

The second stage serves to solve the problem
of finding optimal parameters of the storage
system. The specified problem belongs to the
problems of conditional nonlinear optimisation,
the solution of which is carried out by direct
and indirect methods. To solve the problem
under consideration, descent method with
penalty functions is used. In descent methods,
the choice of the direction of descent considers
the constraints of the problem in an explicit
form; in the methods of penalty functions, the ///#
problem is reduced to a sequence of :
unconstrained optimisation problems by adding {it
auxiliary functions to the objective function and
passing to considering constraints in an implicit
form.
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Simulation Results

The results of simulation modelling for
a given load curve of the substation under
consideration make it possible to determine the
change in design coefficients depending on
energy consumption of the storage system
modules. For a given load curve of own
consumers and recuperation, the shares of power
and energy use are determined by the parameters
of storage modules.

The load curve of substation’s own needs and
the curve of return of the recuperation energy to
the buses of the substation under consideration
makes it possible to determine the nature of the
change in the coefficients of energy use of the
modules in charging and discharging modes. The
curves of the change in the use rates obtained in
the Statistica program are shown in Pic. 9.

The results obtained for the coefficients of
the use of the load of substation” own needs and
recuperation energy can be presented in an
analytical form:
d°N =0,5007+0,0007 +x+0,001+ y-2,6219E-7+ x> —

oper
-5,9361E-7+x+y-5,1047E-7+ y?; )
d™ = 0,3439+0,0001+x+0,0011+ y+1,9312E-7+ x> —

oper
-4,2204E-7+x* y-5,4906E-7+ 2. (10)
where x —nominal energy capacity of the storage
battery W, .;

y — nominal power capacity of the

supercapacitor Wy, .
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Pic. 11. Rates of the use of charge energy of the battery (a) and supercapacitor (b) (developed by the author).

Changes in the coefficients of the use of
discharge energy of the storage battery and
supercapacitor are shown in Pic. 10 and can be
presented in an analytical form:
d®, = -0,0323+0,0025+ x-1,4095E-17+ y -
-1,5934E-6+x*+5,6831E-21+x * y+8,0468E-21° y%; (11)
d5S, =0,5329-0,0019+x+0,001° y+1,3312E- (12)
-6+X2-5,9361E-7+x* y-5,1047E-7+ 2.

The curves of the coefficients of the use of charge
energy of the battery and supercapacitor are
shown in Pic. 11 and can be presented in the
following analytical form:

458 =0,0225+0,0012+x-3,2526E-18* y-5,1582E-

char
-7+x%+9,7887E-21+x* y-2,1176E-21+ y*; (13)
d3S = 0,3214-0,0011+x+0,0011° y+7,0893E- (14)

-7+X%-4,2204E-7+x* y-5,4906E-7+ 2.

The depth of discharge according to the
results of calculations in an analytical form is
described as follows:

DoD** =29,6301+0,1349+x-2,4425E-15+y-
-0,0001+x°+9,385E-19+ x * y+1,7483E-18+ y*; (15)
DoD* =59,2418-0,0526 * x+0,1388* y+1,14E- (16)

-7+x%+1,8425E-5+x+y-0,0002+ y°.

To solve the optimisation problem in the
MatLab environment, the mathematical model
takes the following form of representation
17):

As an example, the results of solving the
problem obtain for the following initial data are

Nezevak, Vladislav L. Increasing the Efficiency of Recuperation Through the Use of Energy
Storage Systems for the Own Needs of Traction Substations



—x; < 0 : positive values
—x, <0
—x3 =0
—x, <0

x, < 10000

x5 < 2000
x4 < 10000

recuperation energy use;

\

presented below: a = 30 rel.un./kW; b = 40 reel.
un./KWeh;

C = 60 rel.un./kW; d = 80 rel.un./kWeh;
P = 1700 kW; P = 60 kW, P.. = 1700 kW;

T

DoDIP) =0 %; DoDS®. =30%. DoD, =100 %.

Presentation of the Problem in Matlab
Environment (18)

The value of the objective function for the
given conditions was 170,7 thousand relative
units (rel.un.) of the cost with the following
parameters of the storage system: power and
energy capacity of the storage battery were
269,3 kW and 1346 kW-+h, respectively, of
supercapacitor — 1430,1 kW and 286,1 kWeh,
respectively.

The proposed mathematical model makes it
possible to obtain the main parameters of
a hybrid storage system with a minimum cost
based on the initial data on the load and
recuperation at the traction substation, given

(f = ax; + bx, + cx3 +dx, - min : target function;
—x; —x3 + 1700 < 0 : power limitation;

x; < 2000 : positive values range limitation;

—0,2x, + x; < 0 : ratio of SB power and energy capacity;

—5x4 + x3 < 0 : ratio of SC power and energy capacity;

X, + x, — 10000 < 0 : total energy capacity;

—x, — X4 + 500 < 0 : minimal energy capacity

0,3994 — 0,0006 ® x, — 0,001 ® x,+2,1E — 7 e x,% +

+5,9E — 07 o x, ® x,+5,1E — 07 * x,2 < 0 : share of load energy
use regarding substation's own needs;

0,5561 — 1,06 — 4 e x, —0,0011 e x, — 1,9E-7 ¢ x,2 +
+0,00422E o x, * x,+5,5E-7 ¢ x,? < 0 : share of

an

29,6301+0,1349 o x, — 2,4425E — 15 ¢ x, — 0,0001 * x5 +

+9,385E — 19 e x, e x,+ 1,7483E — 18 « xZ : SB depth of discharge;
59,2418 — 0,0526 e x,+ 0,1388 ¢ x,+ 1,14E —7 e x,2 +

+1,8425E — 5 ¢ x, ® x, — 0,0002 ¢ x,2: SC depth of discharge.

constraints and accepted assumptions. The cost
of the life cycle, considering changes in the
service life of storage elements, self-discharge
rate, degradation, environmental impact, etc., can
be taken as a target (objective) function in the
model. The solution of this problem makes it
possible to determine the parameters of storage
systems for other objects of the traction power
supply system [20-23].

CONCLUSIONS

The proposed application of the energy
storage system allows to reduce power
consumption for auxiliary (non-traction) own
needs of a substation due to the use of recuperation
energy and to ensure reception of excess
recuperation energy on buses of the DC traction
substation.

The peculiarities of storage systems for
auxiliary needs of traction substations are the
excess of the charge power over the discharge
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>> A=[-1,0,-1,0;0,0,1,-5;0,1,0,1;0,-1,0,-17;

b=[-1700;0;10000;-500];
Aeg=[1,-0.2,0,0];

beq=0;
Ib = [0,0,0,0];
ub = [2000,10000,2000,10000];

al=30;b2=40;c3=60;d4=80;
x0=[100;1000;100;1000];

fun= @(x)al*x(1)+b2*x(2)+c3*x(3)+d4*x(4);

nonlcon = Q@Qunitdisk;
x=Fmincon(fun,x0,A,b,Aeq,beq);

[x,fval ,exitflag,output, lambda,grad,hessian] =
fmincon(fun,x0,A,b,Aeq,beq, Ib,ub,nonlcon)

Results of solving the problem:

(18)

x(1) = 0.2693-103
x(2) = 1.3463-103
x(3) = 1.4307-103
x(4) = 0.2861-103

fval = 1.7066e+05
iterations: 12
funcCount: 65
constrviolation: 5.6843e-14
stepsize: 7.2468e-06
algorithm: "interior-point”
firstorderopt: 2.0000e-06
cgiterations: 0O

power, the need for a significant increase in
energy consumption to limit the depth of
discharge when using electrochemical storage
devices, short duration of episodes of charging,
the average duration of which is about five
minutes. These features determine the use of
types of storage devices other than electrochemical
ones, and the use of hybrid systems capable of
fast charging, the depth of discharge of which
does not affect the service life.

Two options are proposed for connecting the
electric energy storage system to auxiliary needs’
consumers of a traction substation, differing in
the power of converters.

Based on simulation modelling of operation
of storage units of the hybrid storage system, the
results of changes in the coefficients of the use
of recuperation energy, auxiliary (own) needs of
the substation, incl. separately for the storage
elements of the system, are obtained.

A mathematical model is proposed that
allows, based on the change in the coefficients
of the use of recuperation energy and of the
energy of auxiliaries at storage elements, to
determine capacity and energy consumption of
the storage system by the criterion of the cost of
the system.

The obtained results of the solution make it
possible to evaluate the parameters of a hybrid
system for accumulating electricity for auxiliary
needs of traction substations on the railway
network of Russia and abroad.
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ABSTRACT

A universal problem of the impact of behaviour of less
experienced young drivers on the rate of road accidents referring
to the Russian Federation in comparison to other countries.

In the Russian Federation, in recent years, there has been a
decrease in the total number of road accidents and in the number
of deaths in them. This speaks of the effective preventive work of
the traffic police and other related services, but at the same time,
a fairly large number of car accidents persists.

One problem is the high incidence of accidents among
inexperienced young drivers. According to research conducted in
different countries, the likelihood of road accidents is especially
high during the first year after obtaining a driver’s license. The
overwhelming majority of drivers responsible for road accidents
with less than six months of driving experience belong to the age
category of 18-25 years. One of the main reasons for the
increased likelihood of road accidents is their excessive risk
inclination.

It is obvious that risky driving is common in young people,
which also affects the operation of the car. Risk inclination is directly
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related to the number of errors made, which significantly increases
the likelihood of an accident.

Objective of the work was to assess the risk tolerance among
drivers aged 18-25 years. Research methods comprise a survey of
young people of the indicated age and the analysis of the results
obtained. The figures obtained during the survey indicate that the
majority of respondents (82 %) have a «mean level of risk tolerance».
Butthere are also quite a few «risky drivers» (15 %). Moreover, these
15 % are in the youngest age group from 18 to 21 years old.

Based on the results of the work, it is proposed: during training
at a driving school, the future driver should receive not only
theoretical knowledge and practical driving lessons, but also
undergo a psychological analysis to determine his fitness to
participate in road traffic; introduce certain restrictions «for young
and novice drivers» into the Road Traffic Regulations. It is necessary
to limit the permitted power of the car and the permissible speed
(adoption of a multiplying coefficient for fines for speeding), prohibit
the use of the car in the dark and in difficult road conditions, as well
as passenger transportation.
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INTRODUCTION

The level of motorisation in Russia is
increasing every year. If in 2016 the number
of registered passenger cars owned by citizens
in the Russian Federation was 43 million
units, then as of January 1, 2021, this figure
has increased to about 45 million, which is
about 76 % of the total number of registered
vehicles. Commercial cars account for 7,1 %
of the total volume, the trucks account for
about 6,4 %, and about 0,7 % of the Russian
fleet belong to buses?. The problem of a large
number of accidents on Russian roads is still
relevant. Although over the past few years,
there was a clear decrease in the number of
accidents and deaths in them, which indicates
the competent preventive work of the traffic
police and other services [1, p. 52]. The
mortality rate in road traffic accidents in the
Russian Federation is 11,5 cases per 100
thousand of the population?. In the safest
countries in terms of road safety in Europe
(Great Britain, the Netherlands, Switzerland),
this figure is about three cases per 100
thousand population [2, p. 4].

At the same time, in recent years, the
number of young and inexperienced drivers
in the age group from 18 to 25 has been
growing. They often become the culprits of
road accidents. In 2020, such drivers
committed 17753 accidents® (Pic. 1).

Studies that are regularly conducted in
developed countries confirm that the risk of
an accident during the first year after
obtaining a driver’s license is especially high
[3, p- 89]. According to these studies, it is
possible to identify factors that clearly
increase this risk: driving style and technical
condition of the car; psychological
characteristics (for example, thirst for thrills
and too high self-confidence); increased
(in comparison with older people) influence
of alcohol [3]. Overspeeding or mismatching
the speed limit of the overall speed of the
traffic flow [3] is the most common violation
among inexperienced drivers. Also, the cause

! Structure of vehicle fleet in Russia. January 2021.
[Electronic resource]: https://universeofcars.ru/skolko-
mashin-v-rossii/. Last accessed 11.03.2021.

2 Number of people, died in road accidents per 100 thousand
of the population. [Electronic resource]: https://www.fedstat.
ru/indicator/36230. Last accessed 20.10.2020.

% Indicators of the state of road safety. [Electronic resource]:
http://stat.gibdd.ru/. Last accessed 10.03.2021.

of serious accidents for such drivers is
«driving in the dark» [3].

The overwhelming majority of those
responsible for accidents with up to six
months of driving experience belong to the
youngest category®. For example, in the city
of Volzhsky, Volgograd region (population
about 324 thousand), from 2013 to 2019 the
share of road accidents committed by
inexperienced young drivers varied from 15
to 37 % (Pic. 2). According to foreign studies,
young drivers become victims of accidents
more often than older drivers [4].

Road accidents fatality is one of the most
common causes of death among young
people. Controlling a complex mechanism
like a car is not an easy task. And the car itself
is known to be dangerous. Therefore, every
person who decides to get behind the wheel
must understand that he is responsible not
only for himself, but also for those around
him. The irreparable consequences of
accidents in which young and inexperienced
drivers are to blame, and their number, have
induced researchers to pay attention to the
factors leading to such road accidents.

As aresult of such studies, conducted, for
example, in New Zealand, several factors
have been identified that increase the risk of
death from road traffic accidents: deliberate
speeding; non-use of passenger restraints;
alcohol consumption. One of the main reasons
is the increased risk appetite of young drivers
[5]. The propensity to take risks depends
«on age and can significantly affect the
operating conditions of the vehicle» [5].
Risky driving is directly related to the number
of errors made, which, of course, significantly
increases the likelihood of an accident. This
behaviour is «common» among young drivers
[6]. The degree of high risk appetite is due to
youth and inexperience.

Besides, for young drivers, the level of
risk has an exponential relationship with the
number of passengers. «Drivers aged 18-25
show a particular disregard for the rules,
trying to realise their thirst for «thrills» and
self-confidence» [3, p. 89; 7]. «Young people
can be more risky than adults. They are more
susceptible to the influence of their peers who
are equally inclined to risk» [8; 9]. Although
young drivers themselves deny that «peers
affect traffic safety» [8; 9], the researchers
noted that they provided «hidden social
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Pic. 2. The number of accidents where drivers of 0-5 years of experience became the culprits, in the city of Volzhsky (compiled by the author).

approval of unsafe and risky driving»
[10; 11].

That is why, since the 80s of the last
century, in many countries there has been
a «stage-by-stage admission of persons to
drive a vehicle» [3]. For example, such rules
have long been in force in Canada and the
United States, which provide for gradual
access to obtaining a full-fledged driver’s
license for novice drivers who drive cars and
two-wheeled vehicles. Such restrictions were
introduced to reduce the very likelihood of
an accident (to which beginners, inexperienced
drivers are exposed [3; 12]) due to the period
of a sort of internship, during which a novice
driver undergoes a special practical driving
course under the guidance of a mentor, an
instructor. The system might be called the
«period of internship with the award of the
right to drive under the guidance of a mentor»
[3; 12—15]. Upon completion of the internship,
the future driver receives a temporary license,
which provides for certain restrictions on
driving without a mentor. Typically, these
restrictions include «a ban on driving at night,
a restriction on the number of passengers who
can be in the car, and a ban on driving after
drinking any amount of alcohol, even if the
rules stipulate an acceptable level of alcohol
in the blood or breath air». As young drivers
acquire the necessary experience and upon
reaching the established age, all these
restrictions are removed, and they receive
a full-fledged certificate. The conditions for
passing these three stages of obtaining
a driver’s license — student, temporary and
standard — differ in different countries, but
everywhere they are the basis for creating
a favourable environment while novice

drivers receive the necessary experience. The
above measures have long been proven
effective. Studies in Canada, New Zealand
and the United States have shown that the
number of accidents by novice drivers
decreased by 9-43 %. Since an increased level
of risk of accidents among novice drivers is
observed in all countries, the system of
phased obtaining of a standard driver’s
license can significantly reduce this risk [3,
p. 128; 12-15].

The objective of the work was to determine
the percentage of «risk-inclined drivers» [16; 17]
in the age group from 18 to 25 years old.
Research method was a survey, as a result of
which 200 young students of Volgograd State
Technical University (VSTU) and Volzhsky
Polytechnic Institute (branch of VSTU) were
interviewed (January 2016—February 2020). All
participants at the time of the survey had
a driver’s license and used a personal car. The
questionnaire survey was based on A. M. Schubert
test «Risk appetite» [16; 17].

RESULTS

The respondents were asked to answer the
following questions:

1. Would you exceed the set speed to
quickly provide the necessary medical
assistance to a seriously ill person?

2. Would you agree to participate in
a dangerous and long expedition for the sake
of good money?

3. Would you stand in the way of an
escaping dangerous burglar?

4. Could you ride on the footboard of

a freight wagon at speed over 100 km/h?
5. Can you normally work the next day
after a sleepless night?
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Pic. 3. General results of the study of risk inclination among drivers aged 18-25 years (compiled by the author).

6. Would you be the first to cross a very
cold river?

7. Would you lend a large amount of
money to a friend, being not entirely sure that
he will be able to return this money to you?

8. Would you, along with the tamer, enter
the cage with lions when he assured you that
it was safe?

9. Could you, under the guidance of the
outside, climb a tall factory chimney?

10. Could you sail a sailboat without
training?

11. Would you risk grabbing a running
horse by the bridle?

12. Could you ride a bike after drinking
ten glasses of beer?

13. Could you do a parachute jump?

14. Could you, if necessary, travel without
a ticket from Tallinn to Moscow?

15. Could you make a car trip if your
acquaintance, who recently was a participant
in a serious road traffic accident, was driving?

16. Could you jump from a ten-meter
height onto the fire brigade’s tent?

17. Could you, to get rid of a lingering
illness with bed rest, undergo a life-
threatening operation?

18. Could you jump off the steps of
a freight train traveling at a speed of 50 km/h?

19. Could you, as an exception, take seven
other people in an elevator designed for only six?
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20. Could you cross a busy street
intersection blindfolded for a large sum of
money?

21. Would you take on a life-threatening
job if you paid well for it?

22. Could you calculate the percentage
after drinking ten shot glasses of vodka?

23. Could you, following instruction of
the chief, take up the high-voltage wire, if he
assured that the wire is de-energised?

24. After some preliminary explanations,
could you fly the helicopter?

25. Could you, having tickets on hand, but
without money and food, go from Moscow to
Khabarovsk?*

The test includes the following gradation:
«too careful, mean, risk-averse». The majority
of survey participants (82 %) showed a mean
level of «risk appetite», but the number of
drivers with a «high risk appetite» is quite
large (15 %) (Pic. 3). Moreover, all 15 % of
those «inclined to risk» belong to the
youngest group from 18 to 21 years old [18].

It will be interesting to consider the
distribution of answers to each of the
questions offered to drivers. According to the
diagram (Pic. 4), the distribution of answers
is fairly even, in 15 out of 25 questions the

4 Methodology for diagnosing the degree of risk readiness
by Schubert. [Electronic resource]: https://psylist.net/
praktikum/38.htm. Last accessed 12.03.2021.
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Pic. 4. Distribution of answers to the test questions (compiled by the author).

share of answers «More likely no than yes»
and «Complete disagreement» does not
exceed 40 %.

Thus, the data obtained indicate that the
number of young drivers inclined to risk is
quite large (15 %). Risky driving, along with
«the widespread among young people idea of
their superiority in performance and reaction
speed, knowledge of the car» [3; 12], becomes
the cause of road accidents, including those
with the dead and wounded.

CONCLUSIONS AND SUGGESTIONS

From practical perspective, some
conclusions can be highlighted, and some
suggestions can be developed to increase road
safety in Russian Federation.

The President of the Russian Federation
approved a number of instructions following
an expanded meeting of the Presidium of the
State Council, held on September 28, 2020,
«according to which, within the framework
of the implementation of the national project
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«Safe and High-Quality Highways», the death
rate in road accidents by 2024 should be 8,4
per 100 thousand of the population, and by
2030 — 4 per 100 thousand of the population»®.

For the fastest achievement of the established
indicators, considering the research results
presented in the work, the following measures
might be proposed:

1. To adopt practices of analysing the
psychological qualities of a student at a driving
school to determine his fitness to participate in
road traffic. Based on the results of such an
analysis, it will be possible to inform the future
driver about his potentially dangerous qualities
and suggest possible options for their
containment and control.

2. To secure in the Traffic Regulations some
restrictions on driving a car for inexperienced
and young drivers. It is necessary to set
a limitation on the power of the car and the
permissible speed of movement, by introducing
a multiplying coefficient for fines for speeding;
a ban on passenger transportation before the
expiration of a certain period of driving; driving
in the dark, in difficult road conditions.
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INTRODUCTION

Russian University of Transport is a university
with more than a century of history. For 125 years,
the university has overcome the distance from an
engineering school to a national transport
university. The anniversary of the University is
another reason to remember its history, evaluate
the past, pay tribute to the merits of its Professors,
teachers, and students, comprehend the current
development, outline plans for the future. Over
the past years, a number of world-class schools of
science have been created at the University, which
determined the directions for development of the
transport industry and science in the country.

IMPERIAL MOSCOW ENGINEERING SCHOOL:
THE BEGINNING OF THE PATH

Atthe end of 19" century, railway construction
was going on at an active pace in the Russian
Empire; the largest railway in the world, the
Trans-Siberian Railway, was under construction.
There was an acute shortage of engineers and
railway transport specialists. The issue arose
about the opening of a new large educational
institution of the transport industry. Nikolai
Pavlovich Petrov (1836-1920), an outstanding
scientist, comrade of the Minister of Railways
(Deputy Minister), is rightfully considered the
ideologist of the establishment of Moscow
Engineering School. It was he, being the
chairman of the Russian Technical Society, who
made a lot of efforts to expand technical
education in Russia [1, p. 246].

On May 23 (June 41), 1896, Moscow
Engineering School was established with a three-
year training program. The next day, May 24, the
school received the name of Imperial Moscow
Engineering School (IMIU). In 1912, at the
suggestion of the educational department of
Ministry of Railways, a project started aimed at
transforming Imperial Moscow Engineering
School into an institute. The law was signed on
June 13, 1913, and on September 1, 1913, the
school was transformed into Moscow Institute
of Railway Engineers (MIIPS). On December
27, 1913 MIIPS was named after Emperor
Nicholas II.

The history of the University is inextricably
linked with the history of the country and with
development of transport science. At all historical
stages, the life of the University was multifaceted

! Here and further two dates indicate old style Julian calendar
applied in Russia before 1917 and modern calendar.

and eventful. Since its inception, the University
has become not only a leading center for higher
education in railways, but also a major scientific
center. The world known schools of sciences
were established here: those of structural
mechanics and bridge building (Professor
L. D. Proskuryakov), hydraulic theory of friction
(Professor N. P. Petrov), bridge building and
welding (academicians E. O. Paton and
G. K. Evgrafov), structural mechanics (Professor
L. P. Prokofiev), design and operation of railways
(Academician V. N. Obraztsov, Corresponding
Member of the USSR Academy of Sciences
B. N. Syromyatnikov), dynamics of locomotives
(Corresponding Member of the USSR Academy
of Sciences I. I. Nikolaev, Professor V. B. Medel),
traction of trains and traction calculations
(Professor A. M. Babichkov), etc.

The first schools of science began to appear
in the IMIU along with creation of the first
departments and laboratories. Already on March
1, 1898, IMIU allocated funds for organisation
of the first laboratories (chemical, mechanical,
hydraulic, physical laboratories), as well as for
creation of a geodesic «cabinet» (office) [2,
p- 531].

The school of structural mechanics and bridge
building was headed by Professor
L. D. Proskuryakov, who stood at the foundations
of the national science of bridges. In bridge
construction, L. D. Proskuryakov created
fundamentally new types of spans, with a through,
statically definable lattice. Lavr Proskuryakov
designed the longest girder-section railway
bridge in Russia across the river Yenisei, which
became the only engineering structure of the
Transsiberian Railroad that was awarded the
Grand Prix and the Great Gold Medal of the
World Exhibition in Paris (1900).

L. D. Proskuryakov began working at IMIU
from the moment of its opening, from November
1896 he was inspector (vice-rector), head of the
department «Building mechanics and bridges».
During the 1897-1898 academic year,
a mechanical laboratory was opened at the
school. Professor L. D. Proskuryakov was its
permanent head until 1926. The laboratory had
amachine room, a cement hall, a metallographic
room, a refrigeration room, a mechanical
workshop, a woodworking workshop, etc. From
the very foundation, the laboratory was equipped
with a number of testing machines and devices:
«Mohr and Federgaff machine, for 50 tons, for
testing metals, cables, chains, tension belts;
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Amsler press of 150 tons, to study the phenomenon
of bending (transverse and longitudinal) and
compression; Amsler press for 25 tons and
190 km, to study the phenomena of stretching
and torsion of metals», and others [2, p. 67].

In the Mechanical Laboratory, classes were
conducted with students on the study of various
properties of building materials. Since 1898,
L. D. Proskuryakov began to teach the course
«Structural Mechanics», thereby laying the
foundation for the methodology of teaching this
discipline. After 1917, the course began to be
taught in all areas of training in engineering
universities of the country.

Since the opening of the laboratory, scientific
research had been carried out on the problems of
building materials and structural mechanics.
Already from the beginning of the 1920s the
institute’s mechanical laboratory has built close
ties with the country’s transport and manufacturing
industries. During this period, its research base
also expanded, the laboratory of building
materials of the Higher Technical Courses of
NKPS [ministry of railways of the time] was
attached [2, p. 71]. In the mid-1920s the Scientific
Council was established at the laboratory. In
1927, the Mechanical Laboratory presented the
results of its work at the International Congress
of Materials Testing in the Netherlands.

Since 1901, the department of bridges was
headed by Evgeny O. Paton. After having
worked at IMIU till 1904, E. Paton, later on an
Academician, further received international
recognition as an outstanding scientist in the
field of bridge construction and electric welding,
founded the institute of electric welding bearing
his name [3, p. 89]. After 1917, the academic
staff of the Bridges department carried out
research work within the sections of materials
and structures, studying the resistance of wood
to chipping (supervisor — Professor
E. L. Nikolai), determining weight loss of stone
supports in water (supervisor — Professor
E. E. Gersevanov).

A significant achievement in the field of
engineering sciences was associated with
development of a scientifically grounded theory
of design of railway stations and junctions [4,
p. 92]. The specialised department «Stations and
junctions» under the leadership of Professor
V. N. Obraztsov was created at MIIPS in 1919.
The employees of the department were engaged
in studying practical aspects of designing stations
and junctions.

TOWARDS NEW UNIVERSITY: MIIT

In 1924, by order of the People’s Commissariat
for Education of the RSFSR No. 570, the Higher
Technical Courses at the People’s Commissariat
for Railways of the RSFSR were attached to
Moscow Institute of Railway Engineers. The
united higher educational institution received the
name of Moscow Institute of Transport Engineers
(MIIT). Since that time, the educational institution
has become a multi-faculty and graduated
engineers of various specialties for railway,
water, and road transport.

In the same year, within the walls of MIIT,
the department «Research and design of
railways» was created. Professor K. A. Opengeim,
the author of the country’s first four-volume
textbook on the course of railway design, was
elected as the head of the department. The
creation of the department played an important
role not only in training of engineering personnel,
but also in development of scientific design of
railways. Major scientists worked at the
department: Professor A. V. Gorinov developed
the theory of mastering transportation, Professor
B. N. Bedenisov worked in design of the layout
of railways [5, p. 95].

In the 1920s the school of bridge construction
continued to actively develop it activity at the
University. Academician of the USSR Academy
of Sciences G. P. Perederiy made a great
contribution to its development. He proposed
a new teaching system in which the bridge was
studied as a complex structure. The introduction
of a new progressive methodology for teaching
the course of bridges, contributed to approval of
a new design method, which, in turn, was
a powerful means of introducing more rational
bridge systems [5, p. 95].

Under the leadership of N. S. Streletsky,
bridge testing stations were organised, which
began a systematic study of the static and
dynamic effects of loading on bridges. In the
1930s reinforced concrete began to be used in
bridge building. One of the first initiators of the
use of this type of material in bridge construction
was Academician of the USSR Academy of
Sciences G. P. Perederiy.

In November 1925, a research institute was
opened at MIIT, one of the country’s first research
institutes within higher technical educational
institutions. Its tasks comprised research in the
field of transport and training of scientific
personnel for railway universities. The institute
was headed by Professor F. E. Maksimenko.
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Postgraduate studies were opened at the research
institute, which contributed to more intensive
scientific work in the field of railway topics.
Since 1926, MIIT has resumed publication of
scientific works of the institute.

By the end of the 1920s MIIT becomes the
leading centre for training engineering personnel
for railway transport in the country. For the
period 1918-1927 MIIT trained 1553 engineers,
502 specialists more than in two pre-revolutionary
decades [4].

In the 1930s the university was a forge of
personnel for transport and a major scientific
centre. In 1930, the department «Bridges and
Tunnels» was headed by the Honoured Employess
of Science and Technology of the RSFSR
Professor G. K. Evgrafov. With his participation,
science schools were created that have received
international recognition: in the field of
calculations, design and construction of bridges;
in the field of research of reinforced concrete and
metal bridges [6, p. 75]. In 1931-1934 he
supervised the work on identifying new types of
bridge structures, studying the work of bridges
under load, establishing standards for construction
of bridges [6, p. 106].

The school of bridge building also continued
to develop. Scientists of the Bridges department
conducted theoretical and experimental research
in the field of studying bridge structures. In
1930-1932 according to the project of MIIT
graduate engineer N. M. Kolokolov, a railway
bridge was built across the river Dnieper in
Dnepropetrovsk [6, pp. 103—104]. In the same
period, the construction of first welded bridges
began.

In 1932, the laboratory of soil mechanics was
created, due to which theoretical problems were
successfully solved along with practical aspects
related to construction of powerful hydroelectric
stations and metro. The first domestic tunnel
shield was designed under the guidance of MIIT
Associate Professor V. P. Volkov [7, p. 1].
Contributions to development of the theory of
engineering problems in the field of soil
mechanics, foundations of structures and
foundations were made by Professors
E. E. Gersevanov and V. K. Dmokhovsky.

In 1934, at the departments of the institute,
the first scientific communities (called «circlesy)
were created, later united into a student scientific
society. This was the time of beginning of
development of student science at MIIT. The
students at the institute were directly involved in

construction of Moscow metro. In 1933, the
Bridgebuilding faculty and the graduating
department of tunnels and metro were created,
which two years before the launch of the first
metro line in Moscow began to train specialists
for the metro [8, p. 35]. Under the leadership of
the first MIIT graduates, 29 metro stations were
built in Moscow.

Academician V. N. Obraztsov and Professor
S. V. Zemblinov continued their scientific
research at the department of stations and
junctions. Published in 1933, V. N. Obraztsov’s
major work «Railway stations» became the
scientific basis for a whole series of textbooks
on the discipline «Stations and junctions»: Part I,
1935 (authors — V. N. Obraztsov, V. D. Nikitin,
S. P. Buzanov), part II, 1938 (authors —
V. N. Obraztsov, V. D. Nikitin, M. V. Senkovsky,
N. R. Yushchenko), and part I1I, 1949 (authors —
V. N. Obraztsov, V. D. Nikitin, F. I. Shaulsky,
S. P. Buzanov) [9]. At the department, the main
topic of research referred to design, technology
of functioning and optimisation of transport
systems. In 1938, under the leadership of
V. N. Obraztsov, the school «Design, technology
of functioning and optimization of operation of
transport systems» was founded. In 1939,
a Section for Scientific Development of Transport
Problems of the Academy of Sciences of the
USSR was created at the department under the
leadership of Academician V. N. Obraztsov. An
important role in development of science about
stations was made by the students of
Academician V. N. Obraztsov: D.Sc. (Eng),
Professors S. P. Buzanov, F. 1. Shaulsky, who
trained a large number of doctors and candidates
of engineering sciences. The ideas of Obraztsov’s
scientific school were successfully implemented
by their students: D.Sc. (Eng) V. A. Sharov,
A. T. Osminin, B. B. Zhardemov and others [10].

Scientific research was also actively
conducted at the department of track and track
economy (from 1920 to 1930 it was called «Rail
track», in 1930 it was renamed into «Railway
track», in 1950 it received the name «Track and
track economy»). Professors N. T. Mityushin,
K. N. Mishchenko, B. N. Vedenisov,
G. M. Shakhunyants studied the working
conditions of track under large weights and at
high speeds; the use of a continuous track and
long rails; calculations of the roadbed.

With the beginning of the Great Patriotic War,
a group was formed from the teachers of the
department of railway track, which worked at the

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94), pp. 246-255

Fedyakin, Alexey V., Medvedev, Sergey V., Tantsevova, Anastasia V. At the Forefront of Transport
Education and Industrial Science in Russia: the 125" Anniversary of Russian University

of Transport




Central Track Administration of NKPS and was
responsible for creating projects to restore
destroyed bridges. Professor I. N. Polikarpov was
sent to the Western Front, where he worked on
construction of bridges destroyed by German
troops. From 1942 to 1943, he served as Senior
Bridge Expert at the General Directorate of
Military Reconstruction. He proposed projects
of metal multi-lattice trusses with I-beams, which
later began to be used in restoration of bridges.
From 1941 to 1942, Associate Professor
A. M. Pomerantsev was sent to the head
restoration detachment No. 8 of the Western
Front, then worked in the design group of the
track service of the Western Railway, where he
was engaged in design of capital restoration of
railway bridges.

In 1941, a commission was created to
mobilise the resources of the Urals and Western
Siberia, which included Academician
V. N. Obraztsov. Under the leadership of
Vladimir Nikolaevich, a unified technological
process for operation of transport on access roads
of the defence industry was developed, which
made the work of factories of 11 railways stable.
Academician Obraztsov also dealt with the
problem of increasing the volume of cargo
transportation with minimal financial investment.
He concluded that the use of double trains, block
train traffic, a decrease in time serving as passing
sidings or crossing loops, a decrease in idle time
of trains at intermediate points by placing baton
apparatus to entrance posts together can
contribute to an increase in traffic volumes. By

the decree of the Presidium of the Supreme
Soviet of the USSR of July 30, 1949, Professor
of MIIT Academician V. N. Obraztsov and
Corresponding Member of the USSR Academy
of Sciences B. N. Vedenisov were awarded the
Order of Lenin [11, p. 1].

From 1941 to 1943, MIIT Professor
A. V. Gorinov was appointed head of the All-
Union Scientific Research Institute of Railway
Transport, which was entrusted with the task of
preparing the most important scientific projects
related to the defence complex. Professor
G. K. Evgrafov took part in solving the problems
of examining bridges not only newly built during
the war, but also restored after destruction. He
was appointed permanent consultant at the All-
Union Scientific Research Institute of Railway
Transport on development of bridge restoration
projects.

During the Great Patriotic War, the scientific
and pedagogical staff of the Locomotives
department headed by Academician
S. P. Syromyatnikov developed methods of
increasing the efficiency of steam locomotives.
Academician Syromyatnikov created a new
steam locomotive 1-5-0, carried out
a comprehensive modernisation of locomotives
of E and O series, which made it possible to
reduce fuel consumption on the country’s
railways [12, p. 54].

Under the guidance of Professors
N. T. Mityushin and G. M. Shakhunyants the
track employees made a significant contribution
to increase the capacity, organise maintenance
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and repair of the track in difficult wartime
conditions. Professor P. S. Durnovo developed
and implemented the possibility of repairing
turnouts by surfacing the crosspieces.

Since 1945, additional laboratories began to
be organised at MIIT; research activity of the
institute moved to a new level, not only the
number, but also significance of scientific
research increased.

In the year of the 50" anniversary of creation
of MIIT, on December 26, 1946, the University
received the highest state award, the Order of
Lenin.

In 1946, the bridge testing station was
transferred to MIIT, which was transformed into
a bridge testing laboratory. On its basis, Bridges
department conducted research. The work was
carried out in two directions: in the field of
prefabricated reinforced concrete bridges,
predominantly prestressed, and in the field of
welding in bridge construction [5, p. 110].

In 1947, a student scientific and technical
society was organised at the institute. Its
scientific advisor was D.Sc. (Eng) V. D. Nikitin
[13, p. 12]. During the first post-war decade, 253
research projects were carried out at the
departments of the institute. The research results
were provided to the departments of the USSR
Ministry of Railways.

From 1946 to 1957 MIIT faculty published
61 textbooks, 420 articles, individual books and
monographs. Textbooks were used for training
in the People’s Republic of China and Eastern
European countries. Scientific works of D.Sc.
(Eng), Professors A. M. Babichkov, V. N. Ivanov,
V. G. Kirkin, N. P. Zobnin, A. N. Egorov,
G. P. Grinevich, V. D. Nikitin, S. P. Buzanova,
S. K. Danilova, E. V. Mikhaltseva, F. P. Kochneva,
N.A. Shadrina,A. V. Gorinov, G. M. Shakhunyants,
V. G. Albrekht and others received scientific
recognition in the USSR [5, pp. 99-100].

In the post-war period, the institute actively
developed research in the field of wagons and
wagon facilities. The research team of the Wagon
department carried out research on car bogies in
order to reduce their weight (Associate Professor
L. A. Shadur), the centre beam of the wagon
(Associate Professor V. M. Chernyshev), in the
field of organisation of wagon facilities (Associate
Professor V. D. Bekhterev) [5, p. 97].

Over time, issues related to wide transition
of railway transport to electric traction acquired
great importance in the research of the institute.
With the aim of increasing the economic

efficiency of electrification of railways,
a laboratory for power supply of railways was
created in 1947. In 1948, a mobile research
laboratory «Dynamometric wagon» was
organised at the department of electric traction,
which since 1930 had been preparing electricians
for railway transport.

In 1956, the scientific school «Electrical
engineering complexes and systems» was
founded at the University, which developed in
two directions. Under the leadership of D.Sc.
(Eng), Professor, Honoured Employee of science
and technology industry of the RSFSR I. P. Isaev,
the energy processes of interaction between
rolling stock and tracks, ensuring reliability, and
optimising the system of scheduled preventive
maintenance were fundamentally studied. Under
the leadership of Professor K. G. Markvardt,
systems, technical means, methods of increasing
reliability and efficiency of electric traction
power supply devices, and introduction of
comprehensive automation of power supply and
electric power devices were developed and
improved. Scientists of the institute made
important proposals to increase the economic
efficiency of DC electric traction system [14].

In the 1950s the scientific school «Economic
theory of transport, optimization of material flow
and cost management» was formed. A great
contribution to its formation and development
was made by MIIT scientists, Professors
E. D. Khanukov, A. S. Chudov, A. K. Shubnikov,
E. V. Mikhaltsev, and others. The new school of
science developed a schematic presentation of
normal directions of freight traffic. Scientists
provided comprehensive recommendations for
improving not only the country’s railway
transport system, but also other sectors of the
economy. The authors’ proposals were included
in the Concept of Structural Reform in Railway
Transport.

In 1955, MIIT was headed by Honoured
Employee of Science and Technology Industry
of the RSFSR, Professor F. P. Kochnev, who
headed the Institute for a quarter of a century.
A well-known scientist in the field of organising
passenger and freight transportation, F. P. Kochnev
founded at MIIT a school of science on
organisation of passenger transportation by rail.
The scientific school was engaged in development
and implementation of new types of traction,
heavy trains, development of the throughput and
transit capacity of railways. For the first time in
the USSR, scientific principles of organising
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passenger traffic were developed, concerning the
choice of a rational speed of passenger trains and
optimisation of their weight [14].

During this period, prominent Soviet
scientists, including four academicians and 130
doctors and candidates of sciences, taught and
conducted scientific work at the institute [15].
Among them were Honoured Scientists and
Technicians of the RSFSR, D.Sc. (Eng),
Professors G. M. Shakhunyants, A. E. Sheinin,
A. M. Bryleev [16]. In 1966, MIIT team was
awarded the first-degree diploma of the USSR
Exhibition of Economic Achievements for
success in research and design work [17].

In the 1960s new research centres and
laboratories were created at the institute. In 1963,
the Computing and Controlling Machines
laboratory was organised at the department of
mathematical and calculating devices (later it
was renamed to become the Department of
Computers), which was the Computing Centre
of MIIT for nine years. In the laboratories of the
departments of locomotives and locomotive
economy (headed by Professor V. D. Kuzmich),
of reliability of construction machines (headed
by Professor G. S. Zagorskiy) unique automated
measuring and computing and control systems
based on control computers «CM-1634» were
created. By the mid-1970s computer technology
of different levels has firmly entered the research
and educational activities of MIIT [2, pp. 180—
182].

In the 1960s—1970s, MIIT school in the field
of the dynamics of the traction drive of wheel-rail
transport was among leading schools of science
in the USSR. It was headed by Professor
I. V. Biryukov. He founded and headed the
scientific laboratory «Modelling the dynamics of
electric rolling stock», and later the Scientific
and technical centre «High-speed rolling stock»
at MIIT.

In the 1970s at the institute, student scientific
creativity was widely developed: students
conducted a wide range of research in the student
scientific society which has been operating since
1934. For success in research and design work
of students, the institute was repeatedly awarded
with VDNKh diplomas of the first degree, and
the students were awarded medals of that
exposition [18; 19]. According to the results of
the All-Union review-competition in the field of
research work of students in 1972-1973 MIIT
took first place in the group of technical
universities [17]. For the successes achieved in
organising the research activity of students, the
Council for Scientific Research Work of MIIT
and a number of employees were awarded
different Honorary Diplomas [20].

By the date of its 80" anniversary, MIIT had
trained 70 thousand specialists for transport and
other sectors of the national economy. By 1976,
59 departments and 1130 teachers were engaged
in training of engineers at the institute. As a result
of the «All-Union socialist competition for
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improving production efficiency and quality of
work», successful implementation of the national
economic plan in 1976, 1977 and 1978, the
university was awarded the Challenge Red
Banner.

In the 1970s MIIT created at the department
of Economics and management in transport
scientific centres engaged in technical and
economic research in transport: the Centre for
Information Technologies in Economics and
Finance, the industry’s laboratory of Automated
Logistics Management Systems. By 1976, the
research sector of MIIT had grown into a large
research institute, which developed up to 500
scientific topics and had a total volume of work
reaching 5 million roubles a year [21, p. 4].

During this period, the department of Power
supply of electric railways conducted research
in the field of a new promising type of railway
transport: ground wheelless, high-speed,
magnetic suspension (VSNT), which was
supposed to develop a speed of 350-500 km/h.
Professors K. G. Markvardtand A. V. Chichinadze
took an active part in these works [22]. At the
department of Automation and telemechanics,
the laboratory of Automated control of train
traffic carried out scientific work on the topic
«Development of a telecontrol system for an
electric locomotive of double and heavy trains
for BAM» [Baikal-Amur Mainline] [23]. The
research team of the department of Electric
traction also paid great attention to development
of new rolling stock; the results of research were
used by designers and manufacturers of rolling
stock for the needs of the Baikal-Amur Mainline.

On October 25, 1988, MIIT led the newly
established Educational and Methodological
Association (UMO), headed by the rector of
MIIT, Professor V. G. Inozemtsev. For his great
contribution to educational and methodological
work in 1992, by order of the Committee for
Higher Education MIIT was recognised as the
basic university of the Educational and
Methodological Association of universities of
the Russian Federation responsible for education
in the field of railway transport and transport
construction.

Considering the importance of training highly
qualified personnel for railway transport, by
order of the Ministry of Railways of January 26,
1989, the Industry’s Centre for training of
scientific, pedagogical and scientific personnel
was created through restructuring of the centre
for doctoral and postgraduate studies at MIIT.

D.Sc. (Eng), Professor B. A. Lyovin was
appointed first director of the centre. The
industry’s centre began to coordinate the
activities of universities and research institutes
of railway transport on training of highly
qualified personnel, e.g., a permanent workshop
was created for the heads of postgraduate studies
at universities and research institutes of the
transport industry.

Since 1985, V. G. Inozemtsev, an outstanding
scientist in the field of railway transport,
corresponding member of the Russian Academy
of Sciences, was appointed rector of MIIT.
Together with OJSC Transmash and Knorr-
Bremse (Germany), he developed the 483KE
braking system, which met the standards of
Russian and European railways. This system
received a certificate from the International
Union of Railways and was approved for use on
all railways. V. G. Inozemtsev’s activities as
rector of MIIT allowed the institute to survive
the difficult times of perestroika and the collapse
of'the USSR, he headed the university until 1997
[24].

By the centenary, MIIT has become a forge
of qualified personnel for land and water routes
of Russia. On the day of the institute’s anniversary,
the university newspaper «Transport Engineer»
wrote: «... Over its almost century-long history,
MIIT has trained more than 100 thousand
engineers and engineers-economists for railway
transport, transport and transport construction.
The university has 60 departments, among which
the oldest are. «Bridges», «Building structuresy,
«Building mechanics», «Track and track
economyy, «Hydraulics and water supply» and
others. MIIT is a large research centre...» [25,
p- 11.

In 1997, MIIT was headed by D.Sc. (Eng),
Professor B. A. Lyovin. He became the founder
of the school of science on «Organisation of
production in the transport industry» at MIIT, the
main areas of research of which are: patterns and
factors of integrated development of the material
and technical base of mainline, urban, and
suburban transport, etc. [14].

On the eve of its 110" anniversary, MIIT
received congratulations from the President of
the Russian Federation V. V. Putin. The
congratulatory telegram noted: «Over the past |
decades, MIIT has come a long and glorious way, |
has become one of the recognised leaders of
domestic higher technical education. The
University can rightfully be proud of its faculty
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and many generations of graduates who have
made a significant contribution to the development
of the domestic transport complex and the
Russian economy as a whole. It is gratifying that
today loyalty to wonderful traditions, the desire
to keep up with the times and work for the future
help your university to remain a real forge of
highly qualified specialists» [26].

In 2009, the Research Institute of Transport
and Transport Construction was established at
MIIT. The purpose of the new structure was to
promote and support research projects carried
out by teachers and students at the institute.

In December 2015, the Federal Agency for
Railway Transport issued an order to rename the
university to Moscow State University of
Railway Engineering by mentioning that it is
named after Nicholas II. Its historical name was
returned to the university.

In 2016, the university celebrated its 120%
anniversary, being the base centre for scientific
follow-up of development of the transport
complex in Russia. For more than a century of
its existence, the university has trained about 650
thousand highly qualified specialists with higher
and secondary vocational education, launched
development of a dozen large schools of transport
science [12, p. 56]. The university also received
international recognition, in 2016 for a significant
contribution to development of railway transport
in Mongolia it was awarded the Order of the Pole
Star.

RUSSIAN UNIVERSITY OF TRANSPORT

On June 27, 2017, the Ministry of Transport
of the Russian Federation published an order
«On approval of the charter of the federal state
budgetary educational institution of higher
education «Russian University of Transporty,
in accordance with which Moscow State
University of Railway Engineering named after
Nicholas IT was renamed into Russian University
of Transport. The director of the Administrative
Department of the Ministry of Transport
K. A. Pashkov wrote about creation of a new
type of university on the basis of MIIT in the
article «What will be Russian University of
Transport?»: «In Russia, the only university —
MIIT — has preserved the entire educational
chain from school to the academy of postgraduate
education ... creation of RUT on the basis of
MIIT is a historically conditioned and correct
decision: we do not have a university with
a stronger scientific base, scientific schools,

infrastructure» [27 p. 9]. Before, in February
2017, the Collegium of the Ministry of
Transport of the Russian Federation decided to
create a modern scientific and educational
centre through transformation of MIIT that
would be named Russian University of Transport
[28]. Russian University of Transport has
become the largest industry university in the
country, which provides staffing and scientific
follow-up regarding development of the
transport industry in Russia.

In 2017, the university became a laureate of
the Golden Chariot International Transport Prize
for the Achievements in Transport Science and
Education nomination. In 2018, the university
carried out scientific and technical cooperation
with 172 partner universities and organisations
from 49 countries and for the first time was
indexed in the international ranking: EECA
regional ranking by QS World University
Rankings. In April 2018, the university became
one of the universities that received the right to
develop and approve independently prepared
educational standards for all levels of higher
education. In September 2019, Russian University
of Transport was included in the list of 1200 best
world universities according to the Moscow
International University Ranking «Three
University Missions»: it was positioned 1001—
1100 in the world rankings, and 48—58 among
Russian universities. In 2019, the university
received an autonomous status. Currently, the
university acts as an advanced comprehensive
and inter-modal transport scientific and
educational centre. There are now 24 schools of
science developing research activity within the
walls of the University. The intellectual property
of Russian University of Transport is represented
by 62 valid patents of the Russian Federation
[29].

The Rector of Russian University of Transport
Alexander A. Klimov, speaking at a meeting of
the Presidium of the Union of Rectors with
a report on the prospects for development of
transport education, noted the core scientific and
educational fields evolving at the university:
«... transport and transport construction,
logistics, digital technology, transport economics,
intelligent systems, high-speed traffic, transport
safety and much more ... We are the only
comprehensive transport university in the
country, and we are entrusted with the task of
coordinating development programs for the
entire industry of transport education» [30].
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For 125 years, Russian University of
Transport has trained many tens of thousands of
highly qualified specialists for the country’s
transport industry. Loyalty to traditions, the
ability to respond to the spirit of the times and
work for the future allow Russian University of
Transport to remain in the ranks of the leading
universities in Russia.
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ABSTRACT

In 2021, Russian University of Transport (previously known as
MIIT, Moscow Institute of Transport Engineers) turns 125 years old.
The Department of Higher Mathematics has existed since the
inception of the university and has a rich history.

This significant date provides an opportunity to the authors to
refer to some of the most important moments in the history of this
Russian higher educational institution, as well as to recall the names
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INTRODUCTION

In 1895, an issue of opening an engineering
educational institution in Moscow was raised
during one of the meetings at the Ministry of
Railways of Russia. At that moment, the country
had the only higher school training highly
qualified railway specialists. That was
St. Petersburg Institute of the Corps of Railway
Engineers that had existed since 1809. The need
to open a new educational institution was dictated
by the rapid growth of domestic industry at the
end of 19" century, development of the network
of railways and railway transport, and construction
of large new railways.

The creation of Moscow Engineering School
of the Ministry of Railways was initiated by
Nikolai Pavlovich Petrov (1836-1920), who at
that time held the post of Deputy Minister and
supervised all educational institutions. He had
engineering educational background, being
graduate of both the Cadet corps and the
Engineering Academy. It should be noted that
N. P. Petrov took part in drafting the Regulations
and Charter of the new educational institution,
as well as in development of its study course and
curriculum.

Imperial Moscow Engineering School
(IMIU) was created following the model of Royal
Indian Engineering College at Cooper’s Hill in
England, which trained under an accelerated
program technicians for service in India. But
already in 1907, the period of study at the IMIU
was increased, the course of theoretical training
of students was expanded, and by 1912, due to
the staff of professors who worked within the
walls of the School, the training programs were
expanded to a level that corresponded to the
educational standard of St. Petersburg Institute
of the Corps of Railway Engineers. The latter, in
turn, was modelled following the example of the
famous French Ecole Polytechnique and had the
status of a military educational institution. And
just like in the French Ecole Polytechnique,
mathematics was put at the top of disciplines
learnt.

If assessed by their theoretical knowledge,
railway track engineers were the most educated
people in Russia, which testifies to the high
requirements for theoretical knowledge and
a good form of organisation of teaching.

In 1913, IMIU was transformed into Moscow
Institute of Transport Engineers (MIIT).

We do not aim to remember all the educators
who have worked in that transport higher

Boleslav Kornelievich Mlodzeevsky (1858—1923).

education institution from its opening to the
present time since this cannot be done within the
framework of this article. Therefore, let us dwell
on the activities of mathematics teachers, world-
renowned scientists who at different times
worked within the walls of the university.

BOLESLAV MLODZEEVSKY

We would like to start with reminiscences
about Boleslav Kornelievich Mlodzeevsky, the
first head of the Department of Mathematics at
the IMIU.

B. K. Mlodzeevsky was born in Moscow on
July 10 (June 28, old style), 1858, in the family
of Korneliy Yakovlevich Mlodzeevsky (1818—
1865), a professor of clinical pathology and
therapy at Moscow University. After the death
of their father, their mother Adelaida Vikentievna
was greatly supported and assisted by her brother,
a famous academician of painting, Kirill
Vikentievich Lemokh, in raising children: seven-
year-old Boleslav and five-year-old Vikentiy
(who later became a famous physician).

Boleslav Mlodzeevsky graduated from
Moscow University in 1883, and already in 1885,
he became a privatdocent of the University.

In 1887, «Scientific Notes of Moscow
University» published his first scientific research,
his master’s thesis «Investigations on the bending
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of surfaces». This paper, besides deriving the
general bending equation, a second-order
equation which is linear with respect to the
second derivatives of the sought function and
their discriminant, presented the theory of
differential invariants of quadratic forms. This
theory was investigated in more detail and
presented in the doctoral thesis «On the manifolds
of many dimensions», published in «Scientific
notes of Moscow University» in 1889.

When the Imperial Moscow Engineering
School under the Ministry of Railways, opened
in Moscow in 1896, Boleslav K. Mlodzeevsky
gained the right to head the Department of
Mathematics in it (it is worth noting that about
250 people applied for 50 teaching positions).
Boleslav K. Mlodzevsky with his genuine
enthusiasm actively engaged in the activity of
the IMIU. He was fascinated by this work also
because it was a completely new experience for
him since, up to this point, Boleslav K.
Mlodzeevsky had to train only future teachers of
mathematics in gymnasiums and vocational
schools (who at that time were trained at
universities).

Boleslav K. Mlodzeevsky directly participated
in developing first curricula in mathematics and
first syllabi of mathematical courses used to train
railway engineers.

Boleslav K. Mlodzeevsky worked at the
IMIU until 1913. During these 17 years of work,
the scientist managed to advance in his research,
which was associated with the study of applied
engineering problems, but also in theoretical
issues. Naturally, much attention was paid to the
geometrical disciplines. It should be noted that
both future engineers and theoretical
mathematicians studied according to the
textbooks on analytical geometry written by
Professor Mlodzeevsky.

B. K. Mlodzeevsky was fully endowed with
such qualities as versatility of interests, breadth
and depth of knowledge and elegance of
presentation of scientific research. Thanks to that
his name has forever entered the history of
Russian science.

A new type of educational activity at that time
was the conduct of special courses. It was
Boleslav Mlodzeevsky who, in the 1900s, was
the first to prepare and read a special «Course in
the theory of functions of a real variable» and
«Set theory». Later, these areas of mathematics
became the leading ones in the world mathematical
sciences. Professor Mlodzeevsky also organised
a seminar on mathematics, which was attended
not only by students, but also by academic
faculty. Sessions of such seminars were a new
form of organisation of study and independent

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 3 (94), pp. 256-264

Platonova, Olga'A.; Pugina, Lydia V. Between Mathematics, Railways and Literature...




work of students. Later, this form of students’
scientific work was also used at Moscow
University, and over time it became widespread.

B. K. Mlodzeevsky’s scientific interests are
mainly related to differential geometry. More
than half of 40 of his scientific works, which were
published in various publications of that time,
are related to geometry, in particular, to the study
of surface bending.

Leaving Moscow University in 1913, as well
the well-known events of 19141917 had a heavy
impact on the mental and physical condition of
Boleslav Kornelevich, and 1918-1919 were also
complicated for him because of the illness of his
wife.

The founder of the mathematical school of
Moscow Institute of Transport Engineers,
a talented scientist and professor deceased on
January 18, 1923 at the age of 65. He was buried
at the Novodevichy cemetery in Moscow.
According to the decree of the government of the
Russian Soviet Federative Socialist Republic, the
grave of B. K. Mlodzeevsky was declares
a monument of history and architecture.

ELENA WENTZEL

It is known from the history of domestic
science and development of higher education that
it was rather difficult for women in Russia
throughout 19" and early 20" centuries to get
a higher education, engage in teaching activities,
and scientific research. Therefore, we would like
to recall the woman mathematician Elena
Sergeevna Wentzel, whose name is proudly
inscribed in the history of our University.

Elena Sergeevna Wentzel! was born on
March 21, 1907, in Reval (now Tallinn). Her
father, Sergei Fedorovich Dolgintsev, was
a mathematics teacher, and her mother Olga
Dmitrievna worked as a teacher in an elementary
school. In 1923, Elena Sergeevna entered the
Physics and Mathematics Faculty of Petrograd
University. At that time, the faculty staff
comprised Grigory M. Fikhtengolts, Boris N.
Delone?, Nadezhda N. Gernet, Andrey M.
Zhuravsky; and Ivan M. Vinogradov, future
Academician, was her scientific advisor.

In 1929, she obtained a university degree in
mathematics with the right to teach in secondary
and higher schools and went to work at

! Also spelled sometimes as Ventsel or Ventzel. Translator s
note.

2 Also spelled in French and German as Delaunay.
Translator s note.

Elena Sergeevna Wentzel (1907-2002).

Ostekhbyuro, from where she soon moved to
work at the Military Academy.

In 1935, Elena Wentzel moved with her
husband (D. A. Wentzel, lecturer at the Artillery
Academy, future leading specialist in the theory of
artillery fire, the author of textbooks on ballistics)
to Moscow. She continued professional activity at
the Artillery Faculty of the Air Force Engineering
Academy of the Red Army (AFEA; later the
N. E. Zhukovsky Air Force Engineering Academy).

Since 1939 Elena S. Wentzel was an assistant
lecturer, since 1940 a lecturer, since 1947 a senior
lecturer at AFEA. In 1944 she defended her Ph.D.
thesis, and ten years later her D.Sc. thesis. Since
1955, Elena Sergeevna was a professor at the
Department of Aerial Shooting.

E. S. Wentzel’s scientific interests were
focused on the applied problems of the theory of
probability, the use of probabilistic methods to
improve the accuracy of aerial shooting and
bombing, and to improve the methods of
adjustment of air armaments. It should be noted
that at this time formation and rapid development
of mathematical disciplines, unified under the
name of «Operations Research», took place in
the Soviet Union and in the United States.

In 1961, E. S. Wentzel published the
monograph «Foundations of the Theory of
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Combat Effectiveness and Operations Researchy
written in collaboration with a number of other
scientists.

In 1968, Elena Wentzel entered the position
of professor at the Department of Applied
Mathematics at MIIT [at the time its full name
was Moscow Institute of Railway Engineers],
where she worked until 1987.

E. S. Wentzel’s works on operations research,
linear optimisation, dynamic programming,
game theory, queuing theory, and related issues
found a great response in the engineering
community.

In 1972, she published the book «Operations
Research».

E. S. Wentzel is the author of several
textbooks that are still popular and in demand
not only in our country, but also abroad:
«Probability Theory», «Introduction to
Operations Research: Problems, Principles,
Methodology», «Elements of Game Theoryy,
«Elements of dynamic programming.

The textbook on probability theory was
snapped up not only in scientific libraries, but
also in ordinary ones. Anyone who wanted to win
at Sportloto®, calculate the likelihood of life on
Mars, or meet their soulmate...

Until now, learning in such a discipline as the
theory of probability at our University includes
studying of the book «Theory of Probabilities.
Problems and Exercises», written by E. S. Wentzel
in collaboration with L. A. Ovcharov, as well as
of «Probability theory and its engineering
applications», and a number of other textbooks.
E. S. Wentzel owns more than 130 scientific
papers, the total volume of which is 3000
printer’s sheets.

During the period when E. S. Wentzel
worked at MIIT, the Department of Applied
Mathematics has a unique scientific and
pedagogical team, an informal centre for
engineering mathematics education in the
Soviet Union. E. S. Wentzel was the scientific
leader of the Student Consulting Bureau (SCB).
Students in mathematics acquired the most
valuable skills in applied research, and engineers
received real help in solving their problems.
E. S. Wentzel devoted a lot of time and effort
to individual work with students, believing that
this type of activity is the basis of higher
education. Anumber of students of E. S. Wentzel,

3 Sportloto was then popular lottery where it was necessary to
guess correctly a combination of numbers. Translator s note.

graduates of MIIT, later became the authors of
significant scientific works.

The biography of a scientist and lecturer,
E. S. Wentzel, would be incomplete, if not to
mention another side of her activities since at the
beginning of the 1960s, journal publications, and
then, in 1966, a collection of stories «Under the
Lantern» were published signed I. Grekova (the
pen name also involved mathematics: it is based
on the name of the Greek letter «igrek» (Y)). In
1966 1. Grekova (E. S. Wentzel) was admitted to
the Union of Writers of the USSR.

In her literary works, 1. Grekova described
the fate and characters of people working in the
fields of science and technology, anxiety, sadness
and joy of people of her generation, for which
she was blamed by some part of the staff. An
attempt to get rid of the disobedient professor
made E. S. Wentzel in 1968 to write a letter of
resignation from the AFEA.

While working at our University, Elena S.
Wentzel wrote her most famous story «The
Department®» (1978), which reflects, among
other things, the problems of teaching
mathematics. Unfortunately, these problems are
of concern to our colleagues even now.

Many plays were written based on the stories
by I. Grekova. Those plays were staged at
Moscow Art Theater, Mossovet Theater, Vilnius
Russian Drama Theater. We know and love the
movie by Stanislav Govorukhin «Bless the
Womany, the script of which was written based
on the play by I. Grekova «The Hostess».

On April 15, 2002, E. S. Wentzel passed
away, leaving a great scientific, pedagogical, and
author’s legacy.

ANATOLY MYSHKIS

There was another mathematician among
those attended at a time E. Wentzel’s course, who
should also be mentioned in this article. His name
is Anatoly Dmitrievich Myshkis®, professor at
MIIT, internationally recognised scientist.

The authors of this article are especially
pleased to remember Anatoly Dmitrievich, since
for several years we have been lecturing side by

4 Another name in English can be «The Chair». Translator's
note.

5 Myshkis Anatoly Dmitrievich. — Wikipeda (wikipedia.org).
[Electronic resource]: https://ru.wikipedia.org/wiki/%D0%9
C%D1%8B%D1%88%D0%BA%D0%B8%D1%81,_%D0
%90%D0%BD%D0%B0%D1%82%D0%BE%D0%BB%
D0%B8%D0%B9_%D0%94%D0%BC%D0%B8%D1%82
%D1%80%D0%B8%D0%B5%D0%B2%D0%B8%D1%87.
In Rus. Last accessed 25.06.2021.
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Anatoly Dmitrievich Myshkis (1920-2009).

side at the Department of Higher Mathematics
at MIIT.

Professor Myshkis’s desk immediately
caught the eye of a person entering the department
office since there was always a mountain of
correspondence stocked on it, received from
diverse research communities, foreign colleagues,
and students. We remember Anatoly Myshkis as
a highly educated, intelligent, very benevolent
person, a wise advisor and mentor.

Anatoly Dmitrievich Myshkis was born on
April 13, 1920, in the city of Spassk, Ryazan
region. From 1933 he lived in Moscow, where
in 1937 he graduated from high school and
without exams was enrolled in the Faculty of
Mechanics and Mathematics of Moscow State
University.

After the Great Patriotic War began, students
of the Faculty of Mechanics and Mathematics
were called up to study at AFEA, which at that
time was stationed in Sverdlovsk. There Anatoly
Myshkis studied at the Faculty of Aviation
Armament, where practical lessons on probability
theory were taught by E. S. Wentzel (later they
collaborated within the walls of MIIT).

In parallel with his studies at AFEA in 1942,
Anatoly Myshkis studied at the Ph. D. school of

Moscow State University (first in absentia, and
later in person). In 1946, he defended his Ph.D.
thesis. Since 1947, he taught in Riga at
IT Leningrad Red Banner Higher Aviation
Engineering Military School and Latvian State
University. Later, Anatoly Myshkis headed the
departments at Belarusian State University, the
Department of Applied Mathematics of Physics-
Technical Institute of Low Temperatures of the
Academy of Sciences of the Ukrainian Soviet
Socialist Republic.

From 1974 until his death in 2009, Anatoly
Dmitrievich Myshkis was a professor at MIIT.

The oldest lecturer at our university, Galina
Fedorovna Kanaeva, who had worked for more
than 50 years (from 1960 to 2013) at MIIT at
various mathematical departments under the
leadership of Yu. V. Rudnev, L. E. Sadovsky,
F.I. Karpelevich, N. A. Pankin, R. I. Grigorchuk,
V. B. Minasyan, O. A. Platonova as heads of
mathematics departments, shared her memories
of A. D. Myshkis and E. S. Wentzel.

Galina Fedorovna Kanaeva recalls:

«Anatoly D. Myshkis was so immersed in
scientific activity and research work that at any
moment he could be found reading either a book
or ajournal article. Even when rarely visiting the
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MIIT (1960-1970).

dacha®, which the university allocated for the
professor’s family, Anatoly D. Myshkis came
there with a book. In the evening the book was
read, and in the morning, he left for Moscow to
sit at his desk.

The fact that Elena Wentzel and Anatoly
Myshkis were outstanding scientists, recalls Galina
F. Kanaeva, was immediately felt when
communicating with these people as a young
lecturer, as I was at that time. These were professors
whose authority was indisputable for me». Galina
Kanaeva also remembered that E. S. Wentzel
conducted methodological seminars for
mathematicians of MIIT, at which she shared her
experience of lecturing. According to the
recollections of Galina Kanaeva, who saved the
notes with the instructions of Elena S. Wentzel, she
recommended «not to deliver «dry» lecture, but to
fill it with an emotional component. In order for the
students not to have the opportunity to be distracted
from the material presented by the lecturer, Elena
Wentzel recommended even deliberately making
mistakes when solving problems and making sure
that students find these mistakesy.

5 Summer house. Translator s note.
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«We were lucky», concluded Galina Kanaeva,
«after all, we worked with Scientists regarding
whom this word should be written with a capital
lettery.

Anatoly D. Myshkis is the author of more
than 330 research articles, 70 methodological
publications (many of which are co-authored
with his colleagues), 14 articles in newspapers
and magazines, 19 books published in 50 editions
in 10 languages, two copyright certificates, he
also translated and edited 16 books.

Anatoly D. Myshkis was the official advisor
for thirty-six defended Ph.D. and seven D.Sc.
theses.

The main area of A. D. Myshkis’s research
activity was the theory of functional differential
equations, where he is the author of a number of
fundamental results. Since 1950, when Anatoly D.
Myshkis defended his D.Sc. thesis, his scientific
activity was associated with topical issues and
problems in the field of astronautics, transport,
technology. In recent years, Anatoly Myshkis and
his students were engaged in Zhukovsky’s
problem of starting a train. Researchers have
received unexpected results that can be attributed
not only to this problem. These results have

Platonova, Olga'A.; Pugina, Lydia V. Between Mathematics, Railways and Literature...



largely changed the classical understanding of
the relationship between discrete and continuous
models.

The contribution of A. D. Myshkis to
mathematics and methods of teaching
mathematics is invaluable. Many Soviet and
Russian engineers studied according to his
textbooks, and scientific works were translated
into different languages and published in many
countries.

He took an active part in the work of Moscow
Mathematical Society, where he headed the
section of engineering higher education
institutions, in the work of the mathematical
section of the Moscow House of Scientists.

A. D. Myshkis received official titles of an
honoured employee of higher education, an
honorary member of the Presidium of Kharkov
Mathematical Society, an honorary railway
employee. The scientist’s versatile activities have
been recognised with several government
awards.

The famous American mathematician Jack
Kenneth Hale wrote that A. D. Myshkis
introduced a general class of equations with
a delayed [retarded] argument and laid the
foundations for the theory of systems of such
equations. Not every scientist, even a world-class
scientist, can be said to be the founder of
a fundamentally new direction in science.

Indeed, the most significant, but not the single
one, achievement of Anatoly D. Myshkis is the
development of the theory of the function of
differential equations which was a new direction
in the theory of differential equations.

FRIEDRICH KARPELEVICH

The authors of the article were lucky to work
with another remarkable mathematician,
Friedrich Izrailevich Karpelevich’. Friedrich
Karpelevich was born in 1927. His youth fell on
the war years. Childhood was difficult, at the age
of 14, he came to the plant to work as a milling
machine operator. Once his fingers got into the
machine, and Friedrich Karpelevich lost part of
the phalanges on several fingers. But, despite all
the difficulties, in 1947 he entered the Faculty of
Mechanics and Mathematics at Moscow State
University. Already in his student years, he
published papers on the problem of describing
the set of all possible eigenvalues of stochastic

7 Fridrikh Karpelevich. Wikipedia (wikipedia.org).
[Electronic resource]: https://en.wikipedia.org/wiki/Fridrikh
Karpelevich. Last accessed 25.06.2021.

Friedrich Izrailevich Karpelevich (1927-2000).

matrices of order », stated by Andrei Kolmogorov
in 1938.

In his fourth year of study, he proved
a theorem on the canonical embedding of a real
semisimple Lie subalgebra, which is now
referred to in textbooks.

This proof was included in F. I. Karpelevich’s
diploma work.

In 1956, Karpelevich was awarded the prize
of Moscow Mathematical Society for a series of
works on algebra.

In 1953, Professor Petr Konstantinovich
Rashevsky invited the young scientist to his
department of Higher Mathematics at MIIT.

Friedrich 1. Karpelevich was a wonderful
teacher. His lectures were distinguished by
thoughtfulness and precision of formulation.

In 1962, together with S. G. Gindikin, he
calculated the c-function as the product of
B-functions, thus obtaining an expression for the
density in the Plancherel formula (the Gindikin—
Karpelevich formula). Another achievement in
the theory of symmetric spaces was the
«Karpelevich boundary» — the construction of
the boundary of Riemannian symmetric spaces
of non-positive curvature (1965).

Since the mid-1970s, F. 1. Karpelevich began
to actively study problems within the queueing
theory. It is especially worth noting a cycle of works
on multiphase queuing systems, carried out jointly
with A. Ya. Kreinin, as well as a cycle of works on
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the queuing theory, which was carried out jointly
with M. Ya. Kelbert and Yu. M. Sukhov.

His research on the queuing theory is of great
importance, both theoretical and practical, for
the problems related to organisation of
transportation and the economy of railway
transport, and is widely known in our country
and abroad.

For many years Karpelevich maintained
scientific relations with St. John’s College,
University of Cambridge, England. He received
invitations three times to conduct collaborative
research at the College.

Until the end of his life (2000) Friedrich 1.
Karpelevich worked at our University.

In 1965, he organised and headed the
Department of Applied Mathematics, from 1970
to 1988 he was the head of the Department of
Higher Mathematics, and then for ten years
headed the Department of Applied Mathematics-2.

He is the author of many textbooks on
queuing theory, mathematical programming, and
in many other areas of applied mathematics.

The list of his scientific publications includes
83 works. Many examples can be cited from
within the most extensive list of his works and
of the works about him [11; 12].

We would like to quote the words of Professor
Semen Gindikin about Karpelevich: «The American
Mathematical Society has published 2 volumes in
which colleagues pay tribute to his memory. His
results largely determined the current state of the
areas in which he worked, and those results continue
to live. Many in the world understand the depth of
his achievements, but only those who happened to
work with him know an equally important
circumstance: how he organically combined
amazing talent with amazing spiritual qualities».

In conclusion, we would like to note that
thanks to the researchers, scientists, and faculty
who worked within the walls of our University,
during its 125-year existence, a whole cohort of
scientists and railway engineers has been
educated, and the railway transport of Russia has
developed and continues to improve at the
present time by their knowledge and forces.
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ABSTRACT

In 2024, the Russian Academy of Sciences will celebrate its
three hundredth anniversary. In this regard, there is a relevant need
to comprehend the contribution of Soviet scientists to reconstruction
of the country’s economy after the Great Patriotic War. In 2021,
Russian University of Transport where Academician V. N. Obraztsov
once worked, celebrates the 125" anniversary. The scientific
conceptualisation of the ways to develop the North of the country
is of great importance for the development of the transport system
of Russia. Hence, those factors determine the topicality of the
objective of the article to study the projects for development of
transport in the European North of the USSR put forward by
Academician V. N. Obraztsov in the post-war period.

To attain this objective, the system-structural and historical-
comparative methods were used.

For the first time the activity of V. N. Obraztsov, as of an
analyst and expert in the field of development of post-war railway
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transport, is analysed. It is concluded that having the talent of a
major leader of transport projects, Obraztsov put forward research
tasks adequate to the requirements of the time for reconstruction
of the country’s economy after the war. Among these tasks, he
considered modernisation and development of transport. In the
projects of 1945, Obraztsov laid the foundations for long-term
planning of railway, road, river, and air transport in the European
North of the USSR for several decades ahead. The volume of the
proposed construction was enormous. Even though the planned
large-scale design of the transport infrastructure was not entirely
feasible for implementation in a short time due to limited forces
and resources of the country, it catches imagination with far-
reaching prospects for development of the European North and
the Arctic. Academician Obraztsov’s programs for development
of the north, being of great scientific value, are especially relevant
in 21¢ century.
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INTRODUCTION

In 2024, the Russian Academy of Sciences
will celebrate the three hundredth anniversary.
Since this important date in the history of Russian
and world science is approaching, there is also
a growing need to reveal and conceptualise the
contribution of Soviet scientists to reconstruction
of the country’s economy after the Great Patriotic
War. Scientific discoveries are supported by
many factors, including the location of scientific
divisions of the USSR Academy of Sciences
throughout the country. One of these entities is
the Federal Research Centre «Komi Scientific
Centre of the Ural Branch of the Russian
Academy of Sciences» (FRC «Komi SC of the
UrB of the RAS»), which celebrated its 75"
anniversary in 2019. The history of the Centre is
connected with beginning of the Great Patriotic
War, when academic institutions were evacuated
from Arkhangelsk and Kirovsk (Murmansk
region). On their basis, on September 30, 1941,
the Base of the Academy of Sciences of the USSR
was created for the study of the North in the city
of Syktyvkar, Komi ASSR, headed by
Academician A. E. Fersman. In June 1944,
following re-evacuation of some of the employees
to their former job sites, the base was transformed
into the Base of the Academy of Sciences of the
USSR in the Komi ASSR, led in 1944-1948 by
Academician Vladimir Nikolaevich Obraztsov
who was its director.

NOVELTY

The upcoming anniversary prompts to
analyse the project activities of Academician
Obraztsov as of an analyst, expert and director
of the Base of the USSR Academy of Sciences
in the Komi ASSR in 1945 in the field of
development of post-war railway transport. The
proposed article introduces into scientific
circulation two publications on reports at
scientific conferences and the text of a scientific
and educational lecture by V. N. Obraztsov.

METHODOLOGY

To reveal the topic, the system-structural and
historical-comparative methods were used. The
systemic-structural method requires isolation of
the elements that are included in the system, as
well as the analysis of the nature of the relationship
between elements, and the study of interaction
with the external environment. The historical-
comparative method allows comparison in space
and time. The genre of the article identified the

biographical principle as the key one for this
work. Internal periodisation is determined by
a clearly defined date which is the end of the
Great Patriotic War.

HISTORIOGRAPHY

The exploration and development of the
North in 20" century was greatly influenced by
the Northern Sea Route, development of river
transport and construction of railways. But until
the 1930s, the Soviet state was not ready for
large-scale development of the North. The
innovative concept of development of the Soviet
North belongs to the economist S. V. Slavin, who
focused on the need to create a favourable
environment for the population in the North and
Siberia, including during construction of railways
(Slavin, 1961 [1]). Understanding of the
contribution of V. N. Obraztsov to development
of railway transport is facilitated by research on
the history of industrialisation and on the history
of major strategic operations during the Great
Patriotic War (Kovalev, 1981 [2]).

The regional literature pays sufficient
attention to railway projects (Kalemeneva, 2018
[3]; Kiselenko, 2014 [4]; Kuratova, 2010 [5];
Kuratova, Roshchevsky [et al], 2001 [6]), but
reference publications with brief biographical
information prevail (Vaneev, 1999 [7, p. 349];
Silin, 2000 [8]). Some authors considered
V. N. Obraztsov a «secrety» scientist (Sivkova,
2017 [9]), while others used the concept of
«remote control» to characterise the features of
V. N. Obraztsov’s work in Syktyvkar (Samarin,
2006 [10]). Nevertheless, the literature does not
contain yet characterisation of V. N. Obraztsov’s
post-war projects on development of transport in
the European North.

Sources on the chosen topic are available in
several archives. The personal archival fund of
the scientist was deposited in the Archives of the
Russian Academy of Sciences (scientific works,
correspondence, documents related to trips to
Syktyvkar, etc.) In the Komi Republic,
V. N. Obraztsov’s documents were deposited in
two archives. In the National Archives of the
Komi Republic, his documents are in the funds
of the Council of Ministers of the Komi ASSR
and the Komi Regional Committee of the All-
Union Communist Party of Bolsheviks
(memoranda, information, and reports on the |
work of the Base of the USSR Academy of
Sciences in the Komi ASSR). The Scientific
Archive of the Federal Research Centre «Komi
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Science Centre of the Ural Branch of the Russian
Academy of Sciences» contains the minutes of
meetings with the participation of V. N. Obraztsov,
a typewritten copy of his report «Immediate
Prospects for Development of Transport in the
USSR» at a meeting of the party activists in
Syktyvkar (1945), the text of which was
transferred to the Archives of the USSR Academy
of Sciences in the 1970s; activity report for the
year 1946.

Several hundred works of the Academician
belong to the published sources, but their
complete list has not been compiled. On the eve
of his election as a member of the USSR
Academy of Sciences in 1939, Vladimir
Nikolaevich Obraztsov compiled such a list, but
he was unable to restore the exact imprint
regarding many publications. In 1944, the USSR
Academy of Sciences prepared a bibliography
ofhis works, but it did not include the publications
of'the last years of his life (Vladimir Nikolaevich
Obraztsov, 1944 [11]). Obraztsov’s articles were
also published in the newspapers of the Komi
ASSR, which is proved by the request of an
employee of the Council of Branches and Bases
ofthe USSR Academy of Sciences in September
1945 to send «issues of republican newspapers
(in Russian and Komi languages) with his
articlesy (NA Komi SC of the UrB of the RAS,
F. 1, L. 19, D. 40, S. 11). It has not yet been
possible to identify them. Another group of
sources is made up of publications in the
newspaper «Za noviy Sever» [For the new
North]: a review of the Academician’s activities
as of the director of the Base of the Academy of
Sciences of the USSR in the Komi ASSR
(Shishkin, 1949 [12]) and an obituary (Obraztsov
Vladimir Nikolaevich, 1949 [13]).

RESEARCH OBJECTIVES AND TASKS

The identified sources in aggregate make it
possible to find out what projects for future
development of transport in the European North
of the USSR were put forward by Academician
V. N. Obraztsov in the post-war period.

SHORT BIOGRAPHY OF VLADIMIR OBRAZTSOV

Without dwelling on the biography, let us
highlight the most significant events in
Obraztsov’s life before Syktyvkar period.
Vladimir Nikolaevich Obraztsov (June 6 (June

1 Please see the list of archival documents at the end of the
article for details.

18, new style calendar), 1874, Nikolaev —
November 28, 1949, Moscow) graduated from
St. Petersburg Institute of Railway Engineers
(1897), even before the revolution of 1917
acquired the authority of a major specialist in
design and operation of railway stations,
participated in construction of new lines and
sections of Moscow—Kursk and Moscow—
Yaroslavl railways. Later Obraztsov, after
becoming D.Sc. (Eng) (1934, without defending
the thesis) and Honoured Worker of Science and
Technology of the RSFSR (1935), was elected
Academician of the Academy of Sciences of the
USSR (1939). He became a laureate of the Stalin
Prizes in 1942 and 1943.

In 1935 Vladimir N. Obraztsov was entitled
to take the lead of Scientific and Research centre
of Railway Transport of People’s Commissariat
of Railways of the USSR, where he dealt with
rearrangement of all railway nodes and junctions
in Moscow. His idea of radial placement of
railways throughout the territory of the capital
with transitions to metro stations was included
in the first general plan for reconstruction of the
capital. Following his recommendations, Nizhny
Novgorod, Saratov, Leningrad, Zaporozhye
railway junctions were rebuilt, and transport
junctions of Kuznetsk and Donetsk coal basins
were reconstructed. He was a member of the
technical council of Dneprostroy and designed
Uralmashzavod. Obraztsov was a member of the
State Planning Committee of the USSR, since
1939 he was head of the section for scientific
development of transport problems of the AS of
the USSR, and deputy chairman of the Council
of branches and bases of the AS of the USSR
(1942-1949). The scientist was awarded the
Order of Lenin (1935, 1944, 1949), the Order of
the Red Banner of Labour (1939), the Order of
the Patriotic War of the 1% degree (1945), the
medal «For the Defence of Moscow» (1945). He
had the personal title of director general of traffic
of the first rank.

ACTIVITIES DURING EVACUATION PERIOD
IN THE URALS

In 1942, Vladimir Obraztsov, together with
the Presidium of the Academy, was evacuated
to Sverdlovsk and entered the academic
commission for mobilising the resources of the
Urals for the defence of the country. The
commission within its activity developed
measures related to development and
reconstruction of railway transport in the Urals
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(Baikov, Gritske, 1942 [14]). V. N. Obraztsov
promptly studied the specifics of the Ural
railways and highlighted the need for their
radical restructuring (Obraztsov, 1943 [15]) to
achieve orderly evacuation of enterprises and
human flows to the eastern regions and long-
distance transportation of coal from Kuzbass to
Ural enterprises.

Tagil industrial region was among most
loaded transport hubs in the Urals. According
to some reports, at the beginning of the war,
over ten thousand wagons of evacuated
equipment and population arrived in Nizhny
Tagil, which proved impossible to be quickly
unloaded. The history of our family, evacuated
from Kursk to the village Laya near Nizhny
Tagil, is also connected to this gigantic railway
congestion. Our father Pavel Roschevsky at that
time served in Kursk military hospital No. 1932,
which, evacuated, was moving to the Urals. The
train with wounded soldiers in Nizhny Tagil
stood for so long that the father, having received
a dismissal, got to the village Laya and spent
several hours with his family. When he returned
to Tagil, the train was still awaiting further
dispatch. He recalled this in 1944: «From Kursk,
destiny, or rather military service, carried me
far, first to the Urals, where I was with Kursk
hospital. There, in the Urals, quite unexpectedly,
I met my family, the fate of which I did not know
for several months. The occasion sent me
exactly in the direction where the family was.
The meeting was unexpected and joyful»
(GASPITO, F. 4060, L. 1, D. 2, S. 25).

The study of transport provision of Tagil
industrial region obviously showed the overload
of the railway. Under the leadership of
V. N. Obraztsov, intra-node and main cargo
flows were calculated, the operation procedures
for about 20 stations were determined. He
proposed to urgently build a small rail insert to
the line to Nizhny Tagil, so that trains from
Nizhny Tagil could easily leave the congested
section. In 1942, V. N. Obraztsov was awarded
the Stalin Prize of the first degree for his work
«On Development of the National Economy of
the Urals under War Conditionsy.

V. N. Obraztsov’s appointment to Syktyvkar
was caused not only by the illness of
Academician A. E. Fersman. The situation was
determined by the interest of the leadership of
the Komi ASSR in consultations related to
commissioning of the strategic North-Pechora
railway, which supplied coal and oil to the

centre of the country and Leningrad. No wonder
that the Council of Ministers of the Komi ASSR
in 1943 corresponded with V. N. Obraztsov on
scientific and organisational issues.

On December 21, 1944, the Presidium of the
USSR Academy of Sciences appointed
V. N. Obraztsov director of the Base of the
USSR Academy of Sciences in the Komi ASSR.
But wartime conditions developed in such a way
that Obraztsov, due to the enormous volume of
work performed within the USSR Academy of
Sciences, could not permanently be in Syktyvkar.

The arrival of Vladimir Nikolaevich in the
Komi ASSR in August 1945 was organised in
connection with the government decision to
solemnly celebrate the 220" anniversary of the
USSR Academy of Sciences (NA Komi SC of
the UrB of the RAS, F. 1, L. 1,D. 123, S. 8). In
Syktyvkar, on August 24, an anniversary
meeting of the Academic Council was held, as
noted in the minutes, «in the presence of
V. N. Obraztsov» (NA Komi SC of the UrB of
the RAS, F. 1, L. 1, D. 110, S. 6, 15). Several
employees of the Base of the Academy of
Sciences in the Komi ASSR were awarded
certificates of honour of the Presidium of the
Academy of Sciences of the USSR «for good
conscientious scientific work, accurate and
honest fulfilment of various production tasksy»
(Roshchevskaya, Brovina, 2009 [16]). The
agenda of the session of the Academic Council
included a discussion on the results of the
activities and the issues and topics of the activity
plan of the Base for 1946. Based on the other
documents of the Scientific archive of the Komi
Scientific Centre of the Ural Branch of the
Russian Academy of Sciences, it is clear that
several employees, «taking advantage of the
presence at the Base» of the director, asked to
be relieved of their post, citing the domestic
disorder and the absence of scientific literature
in the city’s libraries» (NA Komi SC of the UrB
ofthe RAS, F. 1, L. 19, D. 40, S. 8).

TRIP TO THE NORTH OF THE KOMI ASSR
Regional authorities used the visit of
V. N. Obraztsov to acquaint him with the
conditions prevailing on the North-Pechora
railway with regard to its upcoming reconstruction
(completion). Detailed information about this
trip to the north of the republic has not been
preserved, but it is known that he visited Vorkuta,
Abez, Ukhta and Knyazhpogost. The Academician
advised builders on various issues: embankment
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strengthening, reconstruction of railway bridges,
arrangement of siding tracks, etc. «Now, by the
way, the question is whether the second track
should be laid on the Vorkuta line, wrote
V. N. Obraztsov. But there are our heaviest rails
IA, and the locomotives are the lightest ones.
Why is that? Because we laid the heaviest rails
and did not lay the real ballast. The ballast is bad
there, and in many cases, there is no ballast at
all. If we lay down the ballast, we will be able to
dramatically increase the transit capacity of our
Pechora railway. These questions now occupy
our attention, and in the future the entire railway
policy of the Soviet Union will go in this
direction» (NA Komi SC of the UB of the RAS,
F. 1, L. 1, D. 98, S. 14). As it can be seen, on
a trip to the north of the republic, Academician
Obraztsov performed expert functions.

The end of V. N. Obraztsov’s trip to the
industrial regions of the north of the Komi ASSR
coincided with promulgation of the government’s
decision on August 19, 1945, to prepare the
fourth five-year plan for reconstruction of the
national economy.

It is worth mentioning that Obraztsov had
been thinking about the problems of post-war
reconstruction of the war-torn economy for
a long time. At Moscow Institute of Railway
Engineers in 1944, at the first meeting of a special
seminar on the study of scientific and technical
problems of the post-war development of
transport in the USSR, the Academician made
a report «The interaction of various modes of
transport, the prospects for work and development
of certain modes of transport in the USSR». The
report spoke of a significant increase in the role
of road transport, air transport, and pipelines.

In the Komi ASSR, Obraztsov continued to
develop projects for the post-war development
of all modes of transport, primarily railways. He
foresaw difficulties in discussion on the planned
five-year plan: «Now some guidelines are only
outlined and proposed by the government for
inclusion in the five-year plan» (NA Komi SC of
the UrB of the RAS, F. 1, L. 9, D. 53, S. 20).

REPORT AT THE MEETING OF THE PARTY
ACTIVISTS OF SYKTYVKAR

Vladimir N. Obraztsov announced some of
his ideas in August 1945 at a meeting of the party
activists of the city of Syktyvkar, focusing on
transport support of the industrial regions of the
Komi ASSR and the role of the North-Pechora
railway (NA Komi SC of the UrB of the RAS,

F. 1,L.9,D. 53, S. 20). The attendees included
the secretaries of the primary party organisations
and the leaders of the groups of the system of
party-political education.

The speaker started his speech with the
thesis that, despite the total nature of the past
war, the inextricable link between the battlefront
and the home front, and the railways built during
war years, ensured the victory. As an example,
Obraztsov mentioned the railway «from Kotlas
to Konosha and further along Arkhangelsk
railway with further branch to Murmansk»:
«If we had not built these two railways, then in
fact we would have lost Murmansk. This is
a strategic railroad and here it was impossible
to count on whether it would be profitable or
unprofitable to build» (NA Komi SC of the UrB
ofthe RAS, F. 1,L. 9, D. 53, S. 13).

The Academician told in detail what changes
will take place on railway, water, road, and air
transport. He believed that in the Komi ASSR
«aviation transportation will develop strongly»,
new modes of transport will appear, such as
pipeline, that it is necessary to develop
mechanisation of construction and loading and
unloading operations in transport (NA Komi SC
of the UrB ofthe RAS, F. 1,L. 9, D. 53, S. 16).

The main task of development of transport
in the Komi ASSR, in his opinion, was due to
proximity to the «magnificent iron ores on the
Kola Peninsula» and the northern Urals. But
these areas do not have the energy to process
them. In order for the republic (as an intermediate
link) to ensure the existence of two closest
neighbours, «it is necessary to build a new line»
(NA Komi SC of the UrB of the RAS, F. 1, L. 9,
D. 53, S. 17) and «it is possible that in the next
five years there will be a question about the line
from Kozhva to Ivdel» (NA Komi SC of the
UrB of the RAS, F. 1, L. 9, D. 53, S. 19).

Obraztsov connected development of
transport with the problems of demography: «...
creation of the Pechora railway almost doubled
the population of your region and in the future
we will certainly have to populate the region
[...], in particular, your region — the Komi
Republic, northern Siberia, etc.» (NA Komi SC
ofthe UrB ofthe RAS, F. 1,L. 9, D. 53, S. 14).

The report ended with an optimistic
statement that many tasks will have to be solved
in the next five years, since it is necessary
«to develop the industry of the entire republic,
to raise it to such a level that it turns from an
almost agrarian and forestry region into an
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industrial and agricultural country». «You
cannot have a capital that is not connected by
transport with the industrial enterprises that it
owns. You need to have a connection with
Kotlas, with Troitsko-Pechorsk, you will have
to build Shies—Syktyvkar railway» (NA Komi
SC of the UrB of the RAS, F. 1, L. 9, D. 53,
S. 19). The mention of Shies railway station in
Lensky district of Arkhangelsk region was
explained by the territorial proximity to the
border with the Komi ASSR, only 4 km or 7 km
by rail. «We believey, the speaker summed up,
«that Ivdel line and Shies—Syktyvkar line should
be of the highest priority» (NA Komi SC of the
UrB of the RAS, F. 1, L. 9, D. 53, S. 20).

In essence, the scientific and propaganda
performance in front of the city’s party elite
went beyond the genre. Comparing the state of
transport in the largest countries of the world,
the speaker showed the prospects for economic
development of the country and the region in
connection with the growing role of almost all
modes of transport as of an infrastructure for
development of productive forces.

The study of the country’s natural productive
forces in the system of the Academy of Sciences
was carried out by researchers united on the
initiative of Academician V. I. Vernadsky in
1915 in the Commission for the Study of
Productive Forces (KEPS), since 1930 called
the Council for the Study of Productive Forces
of'the AS of the USSR (SOPS). V. N. Obraztsov
participated in its work almost from the very
start of its activity as can be seen from some of
his publications in the works of the State
Planning Commission. SOPS not only organised
expeditions, including the North Ural expedition
(1924-1928), North Ural quartz expedition
(1932—1934), Ural complex expedition (1939—
1945), but also held scientific conferences on
the study of productive forces in different cities.
As arule, they only provided extensive material
on a specific territory, but did not touch on inter-
regional problems.

One of these All-Union scientific conferences
on the study of productive forces took place in
the city of Molotov (as Perm was called in
1940-1957) in November 1945. The conference
was attended by the vice-president of the USSR
Academy of Sciences, Acad. 1. P. Bardin,
Academicians B. E. Vedeneev, D. N. Prya-
nishnikov, S. G. Strumilin and V. N. Obraztsov.
The subject of V. N. Obraztsov’s speech was
the growing role of development of transport

on the territory of the Komi ASSR in the
country’s economy. Following the conference,
the texts of reports (Conference, 1947 [17]),
decisions and resolutions (Proceedings, 1947—
1948 [18]) were published.

The fact that the report of V. N. Obraztsov was
published as a separate book is evidenced by the
summary made by the head of the economic group
of the Base of the Academy of Sciences of the
USSR in the Komi ASSR, a graduate of Leningrad
Institute of National Economy S. F. Popov.
Information about Popov himself is sketchy.
Before the war, he worked in planning bodies in
the Far East, in Saratov and Kirov, dealing with
long-term planning and economic feasibility
regarding construction of new enterprises.
Contemporaries noted that Popov managed to
significantly replenish the scientific library of the
Base of the Academy of Sciences of the USSR in
the Komi ASSR with books on the timber industry
and transport, but on December 23, 1947, he
diseased (NA Komi SC of the UrB of the RAS,
F.1,L.1,D. 108, S. 1-3).

The abstract is based on a book printed by
the publishing house of the Academy of
Sciences (Obraztsov, 1945 [19]). Popov
highlighted 20 headings, including those on
long-term projects, prospects development of
railway, water, road, and air transport (NA Komi
SC of the UrB of the RAS, F. 1, L. 9, D. 68,
S. 1-19).

The search for this publication was not
crowned with success, which increases the
significance of the synopsis of one of the works
of Academician V. N. Obraztsov kept in
Syktyvkar. The report was so informative and
wide-ranging that it was also published as an
independent publication in the city of Molotov.
Thanks to the head of the local history
department of Perm Regional Universal Library
named after M. A. Gorky Ya. E. Araptanova, it
became possible to find this edition (Obraztsov,
1945 120, p. 13]), which can be considered as
a thesis version of the previous publication.

It should be recalled that the report took
place at the end of the victorious 1945, when
the country was still in ruins. Therefore, the
prospects for development of transport after the
war, presented by the Academician, certainly
made a strong impression on the audience and
readers. For the purposes of our historical and
biographical research, we emphasise that the
speech was aimed at development of the
economy of the Komi ASSR.
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Obraztsov argued that the national economy
and transport of Molotov region cannot be
considered in isolation from neighbouring
regions. The national economy and transport of
the Komi ASSR, Sverdlovsk, Arkhangelsk,
Vologda, and Kirov regions are of decisive
importance for its development. The Great
Patriotic War dramatically changed and
advanced the economy of this region. During
the war years, extensive development of the
coal, oil, and gas industries in the Komi ASSR
was carried out and the North-Pechora railway
was built, «which completed the design of
a large energy centre in the North-East of the
European part of the USSR».

«The presence of large reserves of high-
value ore, heat- and energy-intensive raw
materials on the Kola Peninsula, on the eastern
slope of the Ural ridge, i.e., just on both sides
of the energy centre, necessary for processing
them (the Pechora basin and the Vorkuta coking
coals) should be used. This raises the question
of immediate development and partial
construction of the Kola-Pechora group of
enterprises as soon as during the upcoming five
years (and in the future, implementation of the
Ural-Pechora group of enterprises will be on
the agenda), using the energy centre of the Komi
ASSR, sea routes for export and intra-union
relations for the Kola-Pechora-Ural complex as
a whole». The construction of the largest
hydroelectric stations in the areas of Molotov,
Solikamsk, Pechora and Vychegda «will
significantly change the energy of the region,
the conditions of water transport, the position
and area of flooding» (Obraztsov, 1945 [20,
pp. 4-5)).

To expand economic ties with Leningrad,
Murmansk, Arkhangelsk and develop
international relations, the planned «construction
of a port in Indiga and Kozhva—Tsilma—Indiga
railway line connecting this port to the railway
network» can be used. The village of Indiga of
Nenets National District, has a convenient
geographical position on the eastern coast of
the Barents Sea at the mouth of the river of the
same name, is located in the permafrost zone,
but the bay nearly does not freeze. It can be used
to create a well-protected year-round port,
accessible to ocean-going ships, since the sea
depth is quite significant here, and port facilities
can be built over a large area of the bay. In
addition, there were no significant fluctuations
in the water level during river floods and sea

tides, which does not complicate the work of
the port. Since the end of 19" century, the region
attracted the attention of economists for creation
of a free port (porto franco), e.g., a harbour into
which the import and export of foreign goods
is allowed duty-free (Ioganson, Beloborodov,
1928 [21]).

V. N. Obraztsov had first expressed the idea
of building a seaport and a railway to Indiga
previously at the mentioned meeting of the party
activists of Syktyvkar: «It will be not-freezing
port, it will operate much longer than
Arkhangelsk, maybe ten months, and under
some conditions even all year round» (NA Komi
SC of the UrB of the RAS, F. 1, L. 9, D. 53,
S. 18).

To radically improve the waterways of the
Kama, Pechora and Vychegda basins, the
proposed project for construction of three dams
on the Kama, Pechora, and Vychegda rivers,
associated with creation of large reservoirs, does
not complicate further construction of a railway
line from Molotov region through Kozhva to
Indiga.

The creation of a powerful energy centre
in the area of the North-Pechora railway, in his
opinion, was possible because the Vorkuta
basin is located between «two areas of ore
mining that are insufficient in coke (in the
Urals and on the Kola Peninsula)». «To connect
the Vorkuta coal basin with the areas of iron
ore deposits, it is necessary to build new
railwaysy»: from Kozhva to Indiga towards the
Kola Peninsula and from Kozhva to Ivdel and
Solikamsk. The Barents Sea should play an
important role in the transportation of coal
after construction of ports in Khabarov and
Indiga». On the other hand, the Academician
made a proposal to build «a metallurgical plant
in the Vorkuta region (for example, near
Kozhva) to reduce the runs of coal and create
a bidirectional transport system intended for
coal transportation to the Urals and of ore to
Kozhva, which could serve as the basis for the
future Ural-Pechora group of enterprises
(Obraztsov, V. N. Complex, 1945 [20, p. 5]).

According to V. N. Obraztsov, it was most
expedient to design the connection of Molotov
region with the North-Pechora line and
subsequently with Indiga in the direction from
Solikamsk to the area northeast of Kozhva,
along the right bank of the Pechora, which
would allow the use of nearby coal sites on the
western slopes of the Urals and solid woodland,
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not available yet for transportation. First, it is
necessary to build a line from Kozhva to Ivdel,
with the passage through the Urals north of
Vishera, since this direction captures the largest
riches of mineral raw materials (manganese,
iron ores, bauxite, gold) and allows exploration
of woodland in the north of Sverdlovsk region.
Regardless of this, movement of Siberian timber
for export is desirable to be provided with the
line Samarovo—Kozhva—Ivdel.

V. N. Obraztsov emphasized the
«exceptionally great» role of creation of the
Ural-Pechora group pf enterprises in the
northeast of the European part. According to
him, the issue of the Ural-Pechora group of
enterprises is at a stage when «it is imperative
to carry out a number of detailed calculations,
research and design worky». It is necessary to
«take an organised approach to practical
development of the problem of the whole Ural-
Pechora group of enterprises». To increase the
load capacity and speed of trains, Obraztsov
spoke in favour of making the rail track heavier,
expanding the railway track, and laying second
rail tracks. Drawing attention to construction of
a highway for road transport, he reiterated how
urgent it is to improve the technique of loading
and unloading operations.

The main idea of the report focused on the
need for energy supply of transport. At the same
time, the Academician recognised that dams and
reservoirs would greatly complicate construction
of railways, increase their length and the cost
of operation.

Thus, after a trip to the Komi ASSR,
V. N. Obraztsov summarised necessary
improvements to the North-Pechora railway,
formulated its strategic importance and
economic prospects for its use. The Academician
developed and put forward a comprehensive
plan for development of the largest railway
centres in the European North and the Urals.
The speech in the city of Molotov reflected these
innovative positions of Obraztsov.

The Academician understood that not all his
projects would be accepted and foresaw
difficulties in discussing the planned five-year
plan: «Can you imagine how many disputes and
conversations there will be? « (NA Komi SC of
the UrB of the RAS, F. 1, L. 9, D. 53, S. 20).

In the «Law on the five-year plan for
reconstruction and development of the national
economy of the USSR for 1946-1950»,
adopted on March 18, 1946, the main attention

was paid to reconstruction of the destroyed
western and southern regions of the country.
However, the plan set another task. To bypass
the overloaded railway junctions of Nizhniy
Tagil and Sverdlovsk and connect the ore-rich
industrial points of Sosva and Alapaevsk,
Sosva—Alapaevsk line was put into operation
in 1947. Thus, a new meridional line was
completed, linking the South Urals
(Chelyabinsk) with the industrial regions of
the Northern Urals.

Obraztsov advocated development of
industry and transport in the European North.
Possessing a powerful analytical mind,
Academician Obraztsov understood that his
own projects were global in nature. Nevertheless,
it was during the period of widespread discussion
of the draft of the fourth five-year plan that he
initiated projects that were more distant for
implementation. These tasks are of great
scientific value as programs for development of
the territory of the North and the Arctic, but they
have not yet been implemented.

CONCLUSIONS

The post-war projects of railway construction
developed by Academician V. N. Obraztsov
make it possible to re-evaluate his work in
relation to the northern (polar) areas.
V. N. Obraztsov considered the territory of the
Komi ASSR to be the main area for development
of the economy and transport of the European
part of the USSR.

Obraztsov can be referenced as the expert
who influenced the projects and practices of
development of the North. V. N. Obraztsov
developed the necessary logistics for
implementation of the first programs for
construction of railways, since he recognised
the preferable convenience of the areas that are
close to the main areas where construction
materials, hydrocarbon raw materials are
concentrated, and that possess sufficient labour
force. To provide the economy with uninterrupted
transportation, he considered it necessary to lay
rational routes, develop railway transport, create
transport corridors, and minimise transport
costs. Obviously, Vladimir Nikolaevich
Obraztsov is a major figure in development of
logistics transport infrastructure.

Academician Obraztsov initiated distant
projects which, due to objective circumstances,
have not yet been implemented. But his
programs for development of the territory of the
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North and the Arctic are of great scientific value
and are especially relevant in the 21% century.
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In his solid work «Railway Confusiony, the
experienced railway employee N. P. Verkhovskoy
expresses the correct thought: «management of
railways is entitled with a very special task,
which in its seriousness constitutes alpha and
omega of the entire railway business — this is
precisely development of a systematic
organisation of schools and courses, so
widespread that not a single railway job position
of any technical nature, in the universal sense
of the word, might be occupied on the railways
by anyone other than a person specially trained
to get it». It is absolutely true. Not to mention
the higher and middle railway agents, even the
lower ones must be sufficiently developed, well-

The article in Rail Business [Zheleznodorozhnoe Delo] published 110 years ago, in
1911, analysed in detail the organisation, in modern terms, of professional training
and high vocational education of railway employees. Besides, it contains the opinion
on curriculum, range of taught disciplines, qualifications, competences, and skills.

World of Transport and Transportation. 2021,
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literate and with special knowledge to correctly
understand and conscientiously, confidently
perform their complex and difficult duties of
a technical nature. Of the list of lower, but very
responsible, positions, it is necessary to
indicate: in the track maintenance service — the
positions of senior railway foremen, road
foremen, artel elders (senior workers); in the
service of rolling stock and traction — steam
locomotive drivers and their assistants, foremen,
fitters (headmen) of section workshops, drivers
of permanent cars of workshops and water
pumps, technical agents for transfer of wagons,
inspectors of wagons, etc. To train young people
who, after completing the course and internship,

For citation: Technical Railway Schools and Railway Trade Courses. World of Transport and Transportation, 2021, Vol. 19, Iss. 3 (94),
pp. 275-278. DOI: https://doi.org/10.30932/1992-3252-2021-19-3-14.

Acknowledgements. The editorial board expresses its gratitude to the staff of the library of Russian University of Transport for their

assistance in preparing the publication.

The text of the article originally written in Russian is published in the first part of the issue.
Texcm cmambu Ha pycckom si3bIke ny6nukyemcs 8 nepeoll yacmu daHHo20 8bInycka.

N

®  © World of Transport and Transportation, Translation, 2021

HISTORY WHEEL



can occupy the listed positions, the Government
opened technical railway schools, according to
the regulation of 1886. At present, there are 41
technical railway schools. This, a very small
number of schools, graduates from their walls
avery small and completely insufficient number
of persons holding technical positions on the
railways. And preparation for practical,
conscious activity of graduates of technical
railway schools is insufficient. Technical
railway schools during their existence have
provided many workers in the railway field.
Some of them turned out to be very useful for
the business, and for some, and, in my opinion,
much larger part, it is difficult to consider what,
in fact, technical schools gave them. Outstanding
in their abilities, former students at technical
railway schools should be placed along with
good engineering practitioners, for example, in
Bologoye of Nikolaevskaya railway, in
workshops for overhaul of steam locomotives,
master technician K. M. Mikhailov is excellent
in engineering for major repairs of steam
locomotives. But most of the «technicians»
(former pupils of railway schools) have little
special railway training, their literacy and
general development are very mediocre. Those
who graduate from the course of technical
schools are inclined to emphasise that they have
received a special education and, therefore, in
their opinion, they should receive more benefits
for promotions and perform easier service.
I remember many such claims of «technicians»
from my own practice. For example: I assign
an assistant driver from the «technicians» to
a steam locomotive with coal heating (in the
presence of coal and oil steam locomotives);
the «technician» comes up with a statement that
I should not have appointed him to the difficult
job on a coal locomotive, and that is only
because he graduated from a technical school.
Such an employee does not at all consider the
fact that often during a big traffic there is no
time to sort out which of the agents to appoint
to difficult work, and which to simpler job.
Besides, the provision of special privileges to
«white-handed techniciansy is inconvenient and
makes a negative impression with the employees.
Apparently, in technical schools, there is an
incorrect formulation of the business and
a discrepancy between teaching programs and

the goal of providing advanced technicians for
occupying lower railway positions. The
curricula do not contain general education
subjects, except for mathematics, which is
taught in the smallest amounts. Due to this, the
«technicians» are underdeveloped and poorly
literate. It might be supposed that at the expense
of general educational subjects, special subjects
are passed well and can be practically applied
in the future: steam mechanics and structures
of steam locomotives, railway business,
telegraphy, etc., but it is not so in reality.
Further, it is bad that the students are not divided
according to specialties, into those preparing
for the activity: 1) in the traction, and 2) in the
track maintenance service; time is not enough,
only three years, meanwhile, all students must
study in the same amount specialties of both
track maintenance service, and of traction
service. The results are deplorable. To prove the
latter, I will point out the following phenomenon,
which I noticed in practice: at examinations in
the traction service regarding the positions of
assistant drivers, the right to independently
control a steam locomotive, the right to
accompany trains (passenger) of high speed —to
questions regarding arrangement of steam
locomotives, their operation, etc. — «technicians»
answer no better than ordinary locksmiths of
locomotive workshops who have not received
any special technical education. And those
«locksmiths», or former locksmiths and now
practicing agents who got familiar with
available manuals for the locomotive service of
Bem, Artsish, Kuznetsov, Golubev, etc., and
treated the matter with interest and attention
during the repair of locomotives, — reveal
a more thorough, efficient, and conscious
acquaintance with arrangement of a steam
locomotive than «technicians». As for
acquaintance with the methods of repair, in
various cases of breakdowns of parts of the
locomotive, then, of course, former locksmiths
have got more of it than «technicians». From
what has been said, it must be concluded that
the special knowledge of the «technicians» on
design of a steam locomotive is far from
satisfactory. A little knowledge, suitable for
business, according to the opinions of competent
persons, is given by technical schools in other
special subjects. A lot of time is spent by
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students at technical schools for practical
classes in carpentry, blacksmith’s and
locksmith’s crafts. With a rational formulation
of the business, practical exercises should be of
great benefit. But unfortunately, the results are
bad here too. Technical schools produce very
bad locksmiths, while in the traction service at
lower technical positions, for example, of
drivers and their assistants, there should be
persons who know well the locksmith trade.
One involuntarily has to give preference to
practitioners-drivers and their assistants over
«techniciansy, especially since the best
locksmiths distinguished by their work and
other merits (perfect sobriety, diligence, and so
on) are admitted to the exam to apply for the
position of assistant driver.

The organisation of business in technical
schools and teaching programs are obviously
unsatisfactory. [ will not dwell on the project of
desired transformations of railway schools, but
I will only point out what unsatisfactory
organisation of the business has led to. The need
for the developed technicians at lowest positions
is great in the railway business, while technical
railway schools do not satisfy the needs,
therefore, 1 think, on various railways, both
public and private, special courses have
appeared for preparation of persons suitable to
occupy various lower technical railway
positions. The Ministry of Railways and
administrations of many railways and
individuals have decided to meet the urgent
challenge. I do not have an exact list of various
courses, but I list only those that were discussed
in the literature that fell into my hands. For
training of railway workshop masters, Warsaw-
Vienna Railway has long since opened 4-year
courses in Zhbikov. At Kozlov station, Ryazan-
Ural railway administration opened a school for
training of experienced workers of various
occupations. There are evening courses on the
Southwest railways. Excellent St. Petersburg
railway courses were opened for training traffic
agents, also were opened trade courses on the
former Kharkov-Sevastopol railway, telegraph
schools on the former Yugo-Poltava railway,
railway courses for training traffic agents on
Ryazan-Ural railway along with similar courses
on the South-Western and Transcaucasian
railways, a telegraph school on Riga-Oryol

railway, evening courses for repair workers on
Tashkent railway, etc.; this information is
obsolete and incomplete.

The Ministry of Railways has developed
a special provision on craft courses. Based on
this provision, in January 1904, 2-year trade
courses were opened at Bologoye station of
Nikolaevskaya railway, at the locomotive
overhaul workshops. It seems that nothing has
appeared in the newspapers about these courses
yet, so I will dwell on the description of their
functioning in detail. It is possible that at present
the matter has changed in some details; I can
give accurate information for the years 1904—
1905, when I was a teacher of special subjects,
head of graphic arts and secretary of the
Pedagogical Council of these courses. The
course is attended by young locksmiths and
students of locomotive workshops. Admission
to the courses is carried out according to the
entrance exam in the Russian language and
arithmetic. The age of first-year students ranges
from 17 to 20 years old (young people are
adults, and conscious ones). The number of
students was equal (in 1904—1905) to 20-22 per
each course. Most of the students before
admission studied at the local lower school,
many of them completed the full course (6 parts;
some left after studying the 6™, 5" and 4" parts).
Regular daily classes in the courses are held
during the workshop hours — on those days of
the week when work is done in the workshops,
from 4 to 6 pm and on Sundays and holidays
from 12 to 2 hours. On Sundays, descriptive
general subjects are taught in both courses: the
law of God and national studies; course listeners
are released half an hour before the start of the
course to go home; in that half hour they must
wash their face and hands and put on a clean
dress. The courses have their own special
premises, although they are insufficient in size
(and hence, the limited admission of students).
The local head of the traction service section
oversees the courses (he is also the head of
overhaul workshops for steam locomotives).
The teachers are three technology engineers
from the traction sectional administration, and
three teachers are from the local city school.
Classes are held from September 1 to June 1.
In 1905, the exams and the first graduation of
the students were done in May (with intensified
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studies in the second year, up to 4 hours a day —
in the last months), i.e., ahead of time, due to
the fact that there was a special need for driver
assistants for the section, and all those who
graduated from the courses in 1905 were tested
as driver assistants immediately after completing
the course. It is interesting to summarise what
and to what extent the students of the courses
managed to get acquainted with over the past
two years. In the first year the following subjects
were taught: the law of God, the Russian
language, national studies, arithmetic, geometry,
drawing and drafting; in the second year —
except for the subjects of the first year: metal
technology and technical physics. As for the law
of God, the students have passed in two years,
in an shortened form, but thoroughly: the history
of'the Old and New Testaments, Divine services,
the catechism and the history of the church. In
the Russian language, to which special attention
was paid, they went through: etymology, short
syntax, brief concepts from the theory of
literature. The students have acquainted with
the best works of Russian literature, wrote many
essays, — for the most part they expounded the
content of the read works of Russian literature
in their own words. In national studies they have
acquainted with the geography of Russia, in
connection with acquaintance with the industry
and trade of various regions of Russia, and
a brief Russian history. In arithmetic they have
learnt operations with prime and named
numbers, simple decimal and periodic fractions,
proportions, percentages, a simple triple rule.
For two years, students have solved a lot of
problems in all sections of arithmetic and the
calculation of algebraic formulas. Problems of
a special nature were also solved, for example,
calculating the traction force of a steam
locomotive, calculating a premium for fuel for
steam locomotive crews, etc. Planimetry and
stereometry have been learnt in geometry. The
stereometry has been learnt in brief and without
proofs. Many calculation and construction
problems have been solved by the course
attendees as well. In drawing, it has been
achieved that the students have a decent
command of a pencil. The students have been
taught drawing techniques, and they made many
drawings of simple machine parts. When
drawing the details, the teacher familiarised

them with the design features of these machine
parts; the students learned to read the drawings
in a decent manner. The course students were
briefly introduced to the technology of metals.
Physics was taught under the name «technical
physics» in parallel with mechanics and special
subjects. The following has been mastered:
forces, balance of solid, liquid, and gaseous
bodies, heat, balance of forces using examples
of simple machines. Many problems have been
solved regarding specific weight, leverage
theory, etc. The students have been given
introductory notes on special subjects: steam
boilers, their main types and parts of a steam
engine, and the division of steam engines into
main types. The acquaintance with steam
engines and boilers has been made in brief and
only to prepare the students for a detailed
acquaintance with the structure and operation of
steam locomotives. The teaching on construction
of steam locomotives was carried out according
to the factory drawings, and visually — on the
steam locomotives of the site and according to
models, for example, an excellent model of steam
distribution in a steam locomotive in '/, of the life
size was made, and it was demonstrated in motion.
Special information was given about refuelling
steam locomotives, flushing, etc. The results
achieved by the courses have been quite
satisfactory. The courses have made
underdeveloped and semi-literate young people
sufficiently developed and, of course, literate, able
to express their thoughts orally and in writing
freely and sensibly. The railway received
theoretically trained practicing locksmiths who,
having received the positions of locomotive
drivers and others, will be quite satisfactory
agents. Many thanks must be said to the
Administration of Nikolaevskaya railway for
furnishing the courses very well, supplying them
with all the necessary teaching and drawing aids,
accessories, and books. Taking into account the
good results achieved by Bologoye courses, one
can express the wish that similar courses be
opened on all railways. After all, their maintenance
is very inexpensive, and the benefits are enormous.
Engineer V. Mylnikov

St. Zlatoust, Samara-Zlatoust railway
(Zheleznodorozhnoe delo

[Railway Business], 1911,

No. 48, pp. 313-315) @
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Obviously, on the one hand, transport has become the most
vulnerable place for humans due to spread of diseases such as the
new coronavirus infection, and on the other hand, transport as an
industry has suffered more from the pandemic than other sectors.
Moreover, in the case of COVID-19, transport has become a kind of
«vehiclex for a new infection between countries and continents. And
this situation, quite a new one for the world, has raised many questions

World of Transport and Transportation,
2021, Vol. 19, Iss. 3 (94), pp. 280-282

Organisational and Legal Problems
in Transport Industry during a Pandemic

Institute of State and Law of Russian Academy of Sciences, Moscow, Russia.

about prevention and organisational and legal problems of importation
and spread of diseases that take the form of a pandemic. How should
the transport system function in such conditions? How to ensure
safety during a pandemic? How to provide medical care to industry
employees and passengers? What is the effectiveness of specific
legal means to ensure normal operation of the transport system during
a pandemic?

Ru-Science editions published the monograph «Organisational
and legal problems of preventing the importation and spread of mass
infectious diseases in transport industry (the example of COVID-19
coronavirus infection pandemic)» written by a group of authors
including A. I. Zemlin, M. V. Klyonov and I. V. Kholikov.

The monograph is devoted to the analysis of the most pressing
issues of using legal means to regulate public relations in the field of
transportation facing the need to prevent the importation and the
danger of spread of coronavirus infection COVID-19.

The article provides a short review of this study.

Keywords: transport, law, pandemic, mass diseases, counteraction, spread, coronavirus infection.
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he ongoing pandemic of the new
T coronavirus infection COVID-19, the

economic damage from which has yet to
be assessed [1], has affected almost all spheres
of modern society. The monographic study
«Organisational and legal problems of
preventing the importation and spread of mass
infectious diseases in transport industry (the
example of COVID-19 coronavirus infection
pandemic)» is devoted to the use of legal
means to regulate public relations in the field
of transport facing the need to prevent
importation and the danger of spread of this
disease [2].

The theoretical relevance and practical
significance of the monograph under review is
determined by the fact that, as it is reasonably
noted in the works of representatives of the
school of science of transport law, successful
functioning of the transport system presupposes
not only knowledge by its actors of regulatory
legal acts, but also systematic implementation
of organisational measures to ensure legality
and rule of law in transport sector [3] in the
context of countering growing terrorist threats
[4; 5], of implementation of measures to ensure
safety of transport infrastructure based on
doctrinal approaches [6] and of a set of medical
and medico-social measures aimed at reducing
the risk of emergencies [7], minimising health
consequences, maintaining people’s health,
reducing damage to the environment when
using vehicles and transport infrastructure 8],
and much more.

The authors also paid attention to the issues
of legal regulation of transport relations in the
context of implementation of the Transport
Strategy of the Russian Federation for the
period until 2030, that is, to the issues
traditionally related to the subject of research
of representatives of the school of transport
law [9-11].

It should be noted that organisational and
legal issues of ensuring control over the state
of health and provision of medical assistance
to transport employees and passengers,
rendering assistance to foreign states in the
fight against pandemics, of international legal
responsibility for spread of mass diseases have
already become the subject of keen interest for
many domestic lawyers and doctors, including

the authors of the monograph [12-16].
However, this study pays significant attention
to the problematic issues of functioning of the
transport system in the context of COVID-19
pandemic, as well as of ensuring transport
security when implementing measures to
counter the importation and spread of this
infection.

Based on the analysis of organisational and
legal foundations of functioning of the system
for preventing spread of mass diseases,
separate conclusions are drawn regarding the
degree of effectiveness of specific legal means
to ensure the effective and legal activity of
participants in transport legal relations in the
context of the ongoing pandemic.

Attention should be drawn to high quality
of the research, its interdisciplinary nature. The
authors of the monograph freely operate not
only with a legal, but also with a medical
conceptual and categorical apparatus. In
particular, the results of a retrospective
analysis of various consequences of epidemics
and pandemics of infectious diseases deserve
high praise.

The authors of the monograph rightly note
that the legal framework that determines
grounds, measure, and mechanisms for
countering threats to transport security in the
framework of a complex epidemiological
situation caused by the spread of coronavirus
infection (COVID-19) is very diverse and
multi-level. Numerous legal acts related to
various branches of law do not always meet
the requirements of systemic unity, are replete
with gaps, lacunes and collisions, which
complicates their application.

Based on the results of the study, the
authors formulated well-grounded conclusions
and proposals, the use of which will
undoubtedly increase the efficiency of
organising the activities of transport control
bodies in the context of introduction of
restrictive measures to counteract the
importation and spread of infections in Russia.
It is worth noting that the authors’
recommendations were made considering the
experience gained in the context of COVID-19
pandemic.

The monograph meets modern scientific
requirements of relevance, novelty, theoretical
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and practical significance and, undoubtedly,
will be of interest to a wide range of readers,
including physicians, lawyers, government
officials, researchers, faculty, and students of
educational institutions training specialists in
the field of organisation of health care, state
sanitary and epidemiological supervision,
public administration, transport, and national
safety and security.

It also seems that the results of the study
can become the basis for a scientific discussion
on problems related to fundamental approaches,
content, mechanisms, and procedures for
introducing measures to prevent spread of
infections affecting the rights and freedoms of
participants in transport legal relations.
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Kudryavtsev, A. N. Accounting for
structural destruction of unreinforced
stone material of foundations in design of
road pavements. Abstract of Ph.D. (Eng)
thesis [Uchet strukturnykh ragrushenii
neukreplennogo kamennogo materiala
osnovanii pri proektirovanii dorozhnykh
odezhd. Avtoref. dis... kand. tekh. nauk].
Moscow, MADI publ., 2021, 22 p.

The objective of the thesis was to develop
a computational model for accounting for
structural destruction and a methodology for
selection of unreinforced stone material for
foundations during designing road pavements.

The scientific novelty lies in the fact that
the developed methodology, in contrast to the
existing methods of designing pavements,
allows to directly consider such important
characteristics of the stone material of the
foundations as: grade for crushing, grade of
abrasion, and frost resistance. The
development of such a technique became
possible since the improved computational
model considered the processes of destruction
and repackaging of unreinforced stone
material in the foundations of pavements
during their service life.

Based on the results of the analysis, the
causes and factors of destruction of
unreinforced stone material in the foundations
of road pavements were identified. It was
determined that the majority of models for
predicting residual sagging in base layers, as
a rule, were not intended for problems of
design and calculation of road pavements.

The influence of the grade of stone material
in terms of crushability, grade of abrasion,
grade of frost resistance, average particle
diameter of stone material and technology of
arrangement of the base layer out of
unreinforced stone material on the amount of
residual settlement has been theoretically
proved.

The performed studies allowed developing
a computational model considering structural
destruction of stone materials, which makes it
possible to determine the required
characteristics of unreinforced stone material
when designing road pavements. The boundary
conditions for application of this computational
model are determined.

The relationship between grades of stone
material in terms of crushing and abrasion has
been established, which made it possible, while
designing road pavements, to integrate these
indicators within an integral characteristic of
quality of stone material. A method has been
developed for determining the calculated
modulus of elasticity of the base layer,
depending on its residual porosity and the
grade of crushing of stone material. The values
of'the elastic moduli have been determined for
the base layers, arranged according to the
wedge method, considering the inhomogeneous
and non-uniform structure over the layer
thickness. The values of the moduli of
elasticity of layers made of rationally selected
mixtures for various grades of stone material
in terms of crushing have been clarified. It has
been established that rationally selected
mixtures have a uniform density in thickness
and greater stability over a long period of time
in comparison with foundations arranged
according to the wedge method. It is proposed
to assign the physical and mechanical
characteristics of the unreinforced stone
material of foundations while designing road
pavements, depending on the total number of
applications of the design load.

The process of loading a stone material
during operation of highways was modelled
using a designed and patented installation for
dynamic testing of pavement bases. Experi-
mental studies made it possible to evaluate the
mechanisms of changing the granulometric
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composition of stone material in foundations
of road pavements with formation of fine frac-
tions and accumulation of irreversible sagging
due to cyclic loading.

Practical recommendations have been de-
veloped for the choice of unreinforced stone
material and the optimal area of its application
in foundations for design of road pavements.
When comparing various designs of road pave-
ments and considering discounted costs, it was
found that the options designed in accordance
with the methodology for selection of unrein-
forced stone material proposed in this work
are more efficient, while savings by the end of
the service life of road pavements are up to
18 %, depending on the type and composition
of the repair measures being performed.

05.23.11 — Design and construction of
roads, metro, airfields, bridges, and transport
tunnels.

The work was performed and defended at
the Moscow Automobile and Road Construc-
tion State Technical University (MADI).

Makovetsky, O. A. Calculation and
design of an artificial foundation: «struc-
tural geotechnical massif». Abstract of
D.Sc. (Eng) thesis [Raschet i konstru-
irovanie iskusstvennogo osnovaniya «struk-
turniy geotekhnicheskiy massiv». Avtoref.
dis... doc. tekh. nauk]. Moscow, RUT publ.,
2021, 38 p.

The objective of the work is to create a
theory of calculation and design of an artifi-
cially improved foundation with given physi-
cal and mechanical characteristics, that is of
«structural geotechnical massif», optimally
considering the geotechnical and urban plan-
ning conditions of the construction site.

The scientific novelty of the work consists
in development of the theory of calculating the
stress-strain state of a soil mass vertically re-
inforced with rigid elements made using the
technology of jet cementation of the soil.

Based on the performed complex of ex-
perimental and theoretical studies, the use of
the technology of jet cementation of soil in
weak water-saturated soils for construction of
structural geotechnical arrays with formation
of rigid reinforcing elements with specified

geometric dimensions and physical and me-
chanical characteristics of a soil-cement com-
posite («soil concretey) is substantiated:

* The dependence of the radius of the rein-
forcing element and the physical and me-
chanical features of soil concrete on the as-
signed technological parameters of jet grouting
of the soil was experimentally and theoreti-
cally, determined.

» Statistical processing of data of more than
800 tests of soil concrete samples drilled from
experimental reinforcing elements allowed to
obtain the main physical and mechanical char-
acteristics of the material: compressive
strength, deformation modulus and correlation
dependences between them.

* Based on the experimental data obtained
for the first time ever, a rheological model of
soil concrete is proposed, which, using the
theory of hereditary aging, describes develop-
ment of creep processes at different «ages» of
loading.

The theoretical foundations of
transformation of mechanical properties of
weak water-saturated soils when performing
vertical reinforcement with rigid soil-concrete
elements and with an intermediate flexible
grillage have been developed:

* The construction of the foundation that is
«structural geotechnical massif» was proposed,
physical and calculation models of force
resistance were built for the design of its
optimal structure.

* Based on representation of the geotechni-
cal massif as of a solid body with a structure,
the dependences of the influence of thickness
and mechanical characteristics of a flexible
grillage on distribution of pressures between
reinforcing elements and the surrounding soil
were obtained.

* The problem of determining effective
deformation characteristics of the geotechnical
massif as of a composite transverse isotropic
medium has been solved, the dependence of
the integral modulus of deformation on the
percentage of reinforcement has been experi-
mentally confirmed.

* The problem of determining the rate of
development and relative deformation of the
creep of the geotechnical massif depending on
the change in viscosity of the soil concrete in
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the process of gaining strength was posed and
solved.

* Based on numerical modelling, the depen-
dences are obtained that determine the effective
speed of propagation of the transverse seismic
wave and the decrease in acceleration of seismic
vibrations in the centre of the site in relation to
the initial state, depending on the design char-
acteristics of the geotechnical massif.

The obtained theoretical solutions were
calibrated according to the data of stamp tests
of the geotechnical massif with static loads and
the conditions for using the model (Hardening-
Soil) for predicting the integral mechanical
characteristics of the «structural geotechnical
massif» were substantiated. Comparison of the
stress-strain state of the structural geotechnical
massif obtained in the course of computer
modelling according to the proposed theoretical
relationships and experimental data of geodetic
observations of development of the sagging of
buildings under construction showed their
good qualitative and quantitative agreement
(the excess of the calculated settlement over
the experimental is 15...25 %).

In general, the results of experimental and
theoretical studies allow obtaining a solution
to a scientific problem of great economic im-
portance of creation of a theory of calculation
and construction of an artificial foundation
with given physical and mechanical character-
istics which is «structural geotechnical
massifh.

05.23.02 — Bases and foundations, under-
ground structures.

The work was performed and defended at
Russian University of Transport.

Prisukhina, I. V. Machine identification
of operating modes of rail circuits and
ALSC code signals. Abstract of Ph.D. (Eng)
thesis [Mashinnaya identifikatsiya rezhimov
raboty relsovykh tsepei i kodovykh signalov
ALSN. Avtoref. dis... kand. tekh. nauk). St.
Petersburg, PSTU publ., 2021, 18 p.

The objective of the study is to improve the
methods for determining the operating modes
of'the rail circuit and decoding code signals of
the automatic locomotive signalling of con-
tinuous operation (ALSC).

As a result of the research carried out
within the framework of the thesis, a method
for synthesis of the training sample required
for machine identification of operating modes
of the rail circuit has been developed. The
technique allows calculating the complex
values of voltages and currents at the input and
output of the rail circuit under various combi-
nations of external influences (changing insu-
lation resistance of the rail line, the coordinate
of the train shunt, the coordinate of the break
of the rail line) in normal, shunt and control
modes of operation.

Algorithms for machine identification of
operating modes of a rail circuit using logistic
regression, Hermite polynomial transform and
support vector method have been developed.
Algorithms make it possible to identify each
of the operating modes of the track circuit
(including the control sample one).

A method for synthesis of a training
sample required for machine identification of
ALSC code signals has been developed. The
technique allows synthesising oscillograms
of code signals («Z» [green], «Zh» [yellow],
«KZh» [red/yellow]) with various types of
distortions typical for real operating condi-
tions of rail circuits (impulse noise, shape
distortions, the influence of the locomotive
receiving equipment and unstable properties
of the rail line).

Systems for machine identification of
ALSC code signals with synchronisation of
oscillograms, with Fourier transform and
asynchronous processing of oscillograms have
been developed. The developed systems allow
correct identification of code signals under the
influence of destabilising impacts.

05.22.08 — Management of transportation
processes.

The work was performed and defended at
Emperor Alexander I St. Petersburg State
Transport University.

Pronevich, O. B. Automated fire risk
management system for ensuring traffic
safety on railways. Abstract of Ph.D. (Eng)
thesis [Avtomatizirovannaya sistema
upravleniya pozharnymi riskami pri
obespechenii bezopasnosti dvizheniya na
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gheleznodorozhnom transporte. Avtoref. dis...
kand. tekh. nauk]. Moscow, RUT publ., 2021,
23 p.

The objective of the thesis is to reduce the
number of dangerous states leading to fires
and to increase traffic safety by automating
the processes of fire risk management for
infrastructure facilities and railway rolling
stock.

The expediency of development and use
of algorithms for intellectualisation of
diagnostics of malfunctions of railway
facilities, leading to an increase in fire risk,
has been substantiated. Analysis of the state
of the problem of assessing and managing fire
risks at railway facilities, types of automated
fire risk management systems in Russia and
European countries revealed the need to
develop methods and algorithms that provide
the ability to predict the probability of fire
based on the technical characteristics of
railway infrastructure facilities and rolling
stock.

Classifiers of railway facilities malfunctions
destabilising fire safety, as well as control and
evaluation cards have been developed for
intellectualisation of their diagnostics within
the framework of an automated audit of fire
risks at electrical interlocking posts, traction
rolling stock, information and computing
centres of JSC Russian Railways, traction
substations of JSC Russian Railways, railway
stations.

A method for mathematical modelling of
the fire risk at a railway facility at the
operation stage has been developed. The
method is based on the results of statistical
analysis of fires and failures at railway
facilities. It consists in formalisation of the
description of the process of changes in the
states of the railway object using an oriented
graph of states, modelling of development of
events leading to a fire.

A method for determining the probability
of an object’s transition to dangerous states
from an identified non-hazardous state is
proposed, which makes it possible to deter-
mine the a priori probability of a fire based
on information about initial and subsequent
possible states of the railway object, identified
by the results of the audit.

A method and algorithms have been devel-
oped for automated diagnostics of fire risks for
potential ignition source at infrastructure facili-
ties and on rolling stock, which for the first time
allow collecting initial data for assessing fire risks
without involving supervisory officials.

Methods for assessing fire risks at infra-
structure facilities and on railway rolling
stock have been developed. These techniques
are implemented at JSC Russian Railways in
the fire risk management system.

A mobile hardware and software complex
has been created that allows for an audit of
fire safety and an assessment of fire risk at
the stage of operation of infrastructure fa-
cilities and railway rolling stock, providing
the possibility of simultaneous mass calcula-
tions of fire risks.

Calculations of the fire risk were carried
out for 407 stationary facilities of JSC Rus-
sian Railways. Based on the results of diag-
nosing fire hazardous conditions, an undesir-
able level of fire risk was revealed for 25 (out
of 365) railway stations, 19 (out of 32)
electric centralisation posts, 4 (out of 10)
traction substations.

The audit and assessment of fire risk was
carried out on 806 locomotives, according to
the results of which 23 051 fire hazardous
conditions were eliminated. In the Far Eastern
Traction Directorate, an unacceptable level
of fire risk was identified for 207 TE10 diesel
locomotives, and an undesirable level of fire
risk was established for 14 diesel locomo-
tives. An unacceptable level of fire risk was
set for 585 electric locomotives of Kras-
noyarsk Traction Directorate.

As recommendations and prospects for
further development of the topic of the thesis,
it is proposed to increase accuracy and reli-
ability of predicting fire risks of railway fa-
cilities by processing big data on fire hazard-
ous states of transport facilities using methods
and algorithms of artificial intelligence (Data
Mining and Data Science).

05.13.06 —Automation and control of tech-
nological processes and production (trans-
port).
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Russian University of Transport.
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The aim of the thesis is to increase the
efficiency of automated control of train
traffic by modernising continuous automatic
locomotive signalling devices (ALSC) at
sections electrified with alternating current.

The operational consequences of
malfunctions of ALSC locomotive devices
have been analysed and it has been
established that, within the framework of the
technological process of controlling
movement of trains on sections electrified
with alternating current, the main negative
consequence is a decrease in the section
speed by 3,6 km/h.

Based on the results of processing the
above set of experimental data, the
mechanism of the effect of stationary and
random interference was refined and the
characteristics of the interference acting on
the mountain section electrified with
alternating current were estimated. Thus, the
threshold signal-to-noise ratio under the
action of stationary harmonic interference
on the useful signal of a numerical code with
a frequency of 25 Hz is 0,681, for a useful
signal frequency of 75 Hz this value is 0,592.
The threshold signal-to-noise ratio under the
action of a random impulse noise on a useful
numerical code signal with a frequency of
25 Hz is 0,805; for a useful signal frequency
of 75 Hz, this value is 0,478.

A method has been developed for
determining the operability of ALSC
locomotive devices under the conditions of
stationary harmonic and random impulse
noise, which is based on the criterion for
evaluating the duration of the first interval
between pulses of a numerical code signal.

A method of single-band digital filtering
for digital code signals of automatic
locomotive signalling is proposed and
requirements for a narrow-band locomotive

digital filter are formulated. It is shown that
for implementation of narrow-band digital
filtering of a numerical code signal with
permissible distortions of the shape-
temporal parameters of the signal, it is
necessary to provide: a sampling frequency
of at least 500 Hz, a suppression level in
the stopband of at least 30 dB, an elliptical
approximating function, and an infinite
impulse response.

Scientific and technical recommendations
are proposed to reduce the degree of negative
influence of the main causes of failures on
ALS devices. To reduce the influence of
asymmetry of reverse traction current on
operation of ALS locomotive devices, it is
necessary to prevent the train from entering
the section of unconditional failure in the
case when a heavy train is located on the
corresponding mountain-pass section of the
probable failure. Moreover, this
recommendation applies both to trains
moving along one track, and on neighbouring
ones. It is necessary to revise the algorithms
for checking the ALS equipment in the
conditions of locomotive depots and create
fundamentally new technical means on a
modern element base that allow controlling
the parameters of the ALS equipment when
exposed to artificial interference. They
should provide an opportunity to assess the
individual noise immunity of the ALS
equipment of a particular locomotive in
accordance with the selected criteria. A
digital narrow-band filter is proposed for
extracting ALSC signals, which should be
installed between the ALSC receiving
locomotive coils and the locomotive
amplifier. The use of this filter will allow
upgrading the existing ALSC relay system
to the required level of noise immunity,
which will give a greater economic effect
compared to the full-scale implementation
of CLUB or BLOCK microprocessor
devices.

05.13.06 — Automation and control of /{3

technological processes and production
(transport).
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AHEKAOOT

® — Kpyuych kak Oenka B Koyiece. —
KpyTtures tam koneco, Oenka Kak pas

HA OBOYUHE HE KpyTHTCS.

® OTKpBITHIE, YECTHBIE, MPSIMOJIUHEH-

HBIE JIIOIU, KOTOPBIM a0COJIIOTHO HEYETO

CKPBIBATh, XOPOIIH JI0 TEX MOP, TOKa OHU

® ToT, KTO JKaJTyeTcsl, 4T0 aBTO0yC ~ TaK e OTKPBITO HE HAYMHAIOT TPOMKO
MEIJIEHHO €3]IUT, HUKOIIa He Ipo00-  pas3roBapuBaTh MO Tele(hOHY Ha BECh aB-

BaJT OEXKaTh 32 HUM BIIOTOHKY. .. ToOyc.
Adopusmsli
Quotes
A nyTelecTByo He Anst Toro, YTo6bI NpuexaTb
Ky4a-To, HO YToObl exatb. [MaBHOe — 3T0 .
OBWKEHME.

P. J1. CtTuBeHcOH

(«MyTewwecTBMeE C ocriom no CeBeHHaMD)
| travel not to go anywhere, but to go. | travel for travel’s
sake. The great affair is to move.
Robert Louis Stevenson

(Travels with a Donkey in the Cévennes)

HacTosiee nyTeliecTene CoCTOMT HE B TOM, YTOObI
yBUOETb HOBbIE NEN3axK, a B TOM, YToObl 06pecTu
HOBbIV B3rNA4 Ha XXWU3Hb.

Mapcens lNMpycTt
The real voyage of discovery consists not in seeking new
landscapes, but in having new eyes.

Marcel Proust

OexypHbii no py6puke — A. HUKOJAEB.
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