22@22
Tow § Vel 2“

NMOCHOBEKAN
KO EmS
TRARCIIORTA:

180 NET UCTORPUH

MOSCOWRIRANSRORINCOIFEEGE:
180 YIEARS OF RISTORY

OFmeIee) 1 LEETHER EsiE
Covers enel G spreee



BEXU UCTOPUUN MOCKOBCKOI'O
KONNEOXA TPAHCIOPTA

crtopusi MOCKOBCKOTO KOJUIEIKa TpPaHC-
[IOpTa, BXOASAILEro ceituac B coctaB Poc-
CHIICKOTO YHUBEPCUTETA TPAHCIOPTa, Oe-
PET cBOE Hauaso BO Bropoil nonoBuHe XIX Beka.

1869 rox — Ha 0cOOOM COBEIaHUHN OBLIO I10-
CTaHOBIICHO: YIPEIUTH KEJICIHOIOPOKHOE YUUITHU-
1I1e; Ha3BaTh ero nMeHeM OapoHa AHnpes MBaHo-
Brya JlenmpBura; coOparh I STOTO KalHuTal He
MeHee, KaK B CTO THICSY pyOIsieii; mo coOpaHuu
KamiTaja MpoCcHTh OapoHa JleapBHUra COCTaBUTH
MIEPBOHAYATBHBII TPOEKT 3aBEICHIS.

1872 rox — oTkpbITHE Ki1accoB JlenbBUTOB-
CKOI'0 KEJE3HOJOPOXKHOIo yurinina Ha HoBoii
bacmannoil ynuue. B nepBslif roa K 3aHIATUSAM
B YUMJIUIIE, CO3JJaHHOM Ha OJ1aroTBOPUTEIHHBIC
MOKEPTBOBAHUSA W MPHU CONCHCTBUH YaCTHBIX
JKEJIE3HOLOPOXKHBIX KOMITaHUH, npuctynuiu 40
YeJIOBEK.

1878 ron — Hayayo yuyeOHOTO royia i 58 yde-
HUKOB B €II¢ OJHOM HOBOM JKEJIE3HOAOPOKHOM
YYUIIAIIE, OTKPHITOM TI0 HACTOSTHIIO OapoHa Jlers-
Bura B Mockae.

1882 roa — nepBblii BBITYCK TEXHUYECKUX pa-
OOTHHKOB KEIIE3HOIOPOKHOTO TPAHCIOPTA IO
ITyTEBOMY XO3SHCTBY M HCKYCCTBEHHBIM COOPYKe-
HHUSIM.

1920 rox — peopranuzanys co3aHHbIX B Haya-
se XX Beka B zaeno Mocksa-IlaBenenkas KypcoB
B [Ipodmkomy.

1925 rog — npeemMHuK Jl€IbBUTOBCKOTO JKENE3-
HOJIOPOXHOTO yuuiania — MOCKOBCKHM CTpoHU-
TETHHBI TEXHUKYM JKEIC3HOIOPOKHOTO TPAaHC-
nopra uM. A. A. AHJpeeBa — BEeAET OATOTOBKY 110
5 cHennanbHOCTAM (IO COAEPIKaHUIO U PEMOHTY
IyTH; 110 U3BICKAHUIO U TOCTPOHKE JKEJIE3HBIX
JIOPOT; TI0 UCKYCCTBEHHBIM COOPYXKCHUSAM; IO
3JIaHUSM; TI0 BOJIOCHAOKECHHIO).

1929 ron — mpeodpazoBanue [Ipodurkomst
B MOCKOBCKUI TEXHUKYM IIapOBO3HOI'0 XO3sii-
ctBa uM. @. D. J[3epKUHCKOTO.

1936 rog — oObenrHEHHE MOCKOBCKOTO
TeXHHKyMa UM. A. A. AHIpeeBa U DIEKTPOTeX-
HukymMa HKIIC B MOCKOBCKHH TEXHUKYM XKe-
Je3HOMOPOKHOTO TpaHcmopTa M. A. A. AH-
JlpeeBa, pacnoyoKuBLUiics o agpecy Kyunn
nep., a. 14.

1940—41 roger — npeobpazoBanue MoCKOB-
CKOTO TEXHHKyMa IapOBO3HOTO X03siicTBa
B MOCKOBCKHMI TEXHUKYM KEJIE3HOAOPOKHOIO
TpaHcmopTta uM. @. D J[3epKUHCKOTO.

1949 ron — maunHaeT cBoto paboty Beeco-
FO3HBII 3a0UHBIN TEXHUKYM KEJIE€3HOJOPOXKHO-
ro TpaHcmopra (mo3gHee — MOCKOBCKHUH KOHO-
MHKO-TEXHUUECKUH KOJUIEK KEJIE3HOILO0POXK-
HOTO TPAHCIIOPTA).

1998 rox — co3manue equHOro MoCKOBCKOTO
KOJUIEXKa JKEeJIE3HOAOPOKHOTO TpaHCIOPTa,
00BEIMHUBIIETO P YICOHBIX 3aBEICHHH.

2002 rox — xk MOCKOBCKOMY KOJUIEIIXKY XKe-
JIE3HOIOPO’KHOTO TPAHCIIOPTA IIPUCOEINHSACTCS
MOCKOBCKUI TEXHUKYM KEIE€3HOLOPOKHOTO
TpaHcopta uM. @. D. J[3epKUHCKOTO.

2009 rog — MOCKOBCKHH KOJUIEIK KEITE3HO-
JIOPO’KHOTO TPaHCIOPTA B KaUE€CTBE CTPYKTYP-
HOTO IOJIPa3/IeJICHNS BXOANUT B COCTAB MOCKOB-
CKOTO TOCY/IapCTBEHHOTO YHUBEPCHUTETA ITyTEH
coobmenus (¢ 2017 roma — Poccwuiickuii yau-
BEPCHUTET TPAHCIIOPTA).

2019 rogq — MOCKOBCKHH KOJUIEIK KEITE3HO-
JOPO’KHOTO TPAHCIIOPTa IepeMMEHOBaH B Mo-
CKOBCKHH KOJIIEI)K TPAHCIIOPTA. °

O cecoonsunux oocmudicenuax MKT paccka-
3bl8aemcs HA YeHMPAIbHOU BKIEUKe.

Domo na oonovickax u eketike npedocmaenervt MKT.
The photos on the covers and centre spread: courtoisie of the MTC.
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NMPUHLIMMbI

YNPABNEHUA 6
|
MpoekmupogaHue npuHyuUNo8
ynpaeseHus ycmolyugocmeto
OpeaaHu3ayuli Ha ocHoge

UX aKmyarsibHbIX Ka4eCMBeHHbIX
NpU3HaKog ¢ NOMOWb duxomomull

U ¢ danbHelwum hopMupogaHUem
OUHapPHbIX Mampuu, NO38OAIOUUX
nposecmu ux yugposusayuro. louck
coomgememeusi NPUHYUNO8
ynpaerneHusi opaaHusayuel yensm
ycmoliyugo20 pa3sumus.
YHueepcanbHocmb
¢hyHOameHmanbHo20 nodxoda

U e20 adanmusHocmb K 3a0ayam
MpaHCNOPMHbIX opaaHu3ayud.

BOMPOCbI TEOPUU

MPOCTPAHCTBEHHAS
MOBUNLHOCTb 18
|
Memopuydecku émkull

U 00NONHUMENBHO
apayMeHmupoBaHHbIU COBPEMEHHBIMU
0aHHbIMU PeMPOCNEKMUBHbIU aHanu3
nodsodum K NOHUMaHUK
OuanekmuyHocmu U HenuHelHocmu
pasgumusi mobuneHocmu. OueHka
nepcnekmus €€ pasgumust

8 COBPEMEHHbIX yCrIOBUSIX

U Ha nepcnekmugy no3gonsiem 8secmu
HO80€ NOHMUE — «NPOCMPaHCMBEHHO-
yughposoli MobunbHoCMU»

u cghopmynuposams mpebogaHusi

K mpaHCcnopmHbIM cucmemanm,
npu3gaHHbIM eé obecneyums.
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Anexkceit TAMYXUH

AHHOTALINA

Llenbto cmambu s8nsemces 0bocHogaHue U peanusayus
nodxoda k NpoOeKMUPOBaHUI0 NPUHLUNOS ynpasieHus yemouyu-
80CMbI0 OpeaHu3ayull u ux 0bbeduHeHuUl, obecneyugarwie2o
yucpposu3ayuro aHHbIX NPUHLUNOS U UX CMpYyKmMypu3ayulo no
YPOBHSIM ynpagneHus, a makxe Mexoy CMEeXHbIMU 38eHbAMU
nioeucmuyeckol uenu.

B kayecmge memodog uccredosaHusi 8bibpaHbl Memodsb!
Knaccugpukayuu, aHanusa u cuHmesa, UHdykyuu u 0edykyuu, a 8
Kayecmee UHCMPYMeHMa Ucnoslb308aHbl bUHapHble Mampuybl,
C¢hopMUpPOBaHHbIE Ha OCHOBE KaccuhUKayUOHHbIX NPU3HaK08 U
ux duxomomul, NO38ONAIOWUX NOBbICUMb 0BBEKMUSHOCML NO-
TyYeHHbIX Pe3ynbmamos.

B cmambe 060cHO8aHa 803MOXHOCMb NPOEKMUPOBaHUS
NPUHYUNO8 ynpaeIeHus opaaHu3ayuell Ha 0CHO8e UX akmyarbHbIX
KayecmeeHHbIX NPU3HaKos, NPUHYUN08 u duxomomuli ¢ danbHel-
wum hopMuposaHuem buHapHbIX Mampuli, NO3BONAUUX NPOse-
CMU YuhpO8U3AYUID NPUHLUNO YNPaseHuUs U UX CmpyKmypu3a-
YUK NO ypOBHAM ynpasneHusi opaaHusayuel, a makxe Mexoy
CMEXHBIMU 38EHBSIMU T02UCmuYeckoll yenu; paspabomana yno-
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Ps00YeHHas COBOKYNHOCMb NPUHUUNO8 ynpasneHus yemouyueo-
CMbI0 Op2aHU3ayuU ¢ 060CHOBaHUEM UX KOIUYecmaa U kayecmea;
dokaszaHo coomeememaue pa3pabomatHbIX NPUHUUNO8 ynpaese-
Hus yensam u 3adaqam, paspabomarHbim OpzaHusayuell Obbedu-
HEHHbIX Hayuti 8 2015 200y.

BHedpeHue nomy4eHHbIX pe3syibmamos no3goum cHU3UMb
YnywierHyro 8bi2ody opeaHu3ayuli u ux 06beduHeHul, cokpamume
8pemsi U 3ampambI Ha N0020MOBKY U 8bINOIHEHUE ynpaslieHye-
CKUX peweHull, C80e8PeMeHHO pea2uposamb Ha yHUKalbHbIe
mpebosaHUs KOHEYHbIX nompebumenel ycrye, a makxe obecne-
Yums coomeemcmeue napamempos U xapakmepucmuk 8HympeH-
Heli cpedbl opeaHu3ayull u ux 06beOUHeHUl xapakmepy, npodos-
KUmernbHOCMU U 80/1amuibHOCMU (hakmopos gHewHel cpedsb!.

Mpednazaembie no0xodbl U peweHus, umes A0CmamoyHo
yHUBepcarbHbIU Xapakmep, 8 NOIHOL Mepe OMHOCAMCA K opaa-
HU3ayusim u ux 06beduHeHusM, Oelicmeyrouium 8 mpaHCNoOPmMHo-
no2ucmuyeckoll cehepe, 8 UEOM K yyacmHukam uenell nNocmagok
U 0c06eHHO akmyarbHbI O HUX C y4EMOM yCKOPEHHO20 8Hedpe-
HUSI 8 UX essmeIbHOCMb YUGHPOBKIX MEXHON02UU.
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BBEOEHUE

BeicTpoe n3MeHeHne MOMMTHYECKUX, SKOHO-
MUYECKUX, TEXHOJIOTMYECKUX YCIIOBUM BHEILIHEN
CPE/IBI, yCKOPEHHOE BHE/IPEHHE HOBBIX TPAHCIIOPT-
HBIX CPEJICTB, ABTOHOMHBIX M HHTEIUICKTYaJIbHBIX
CHCTEM, WIyIIHE MPOLECCH IM(POBU3ANN OKa-
3bIBAOT CYIIECTBEHHOE BIIMSTHNE HA (PyHKIIMOHH-
POBaHNE OPTaHU3ALMH TPAHCIIOPTHOTO KOMIIIEKCa
Poccutickoit Denepartim, mperonpeessiFoT Heoo-
XOZIMMOCTB COBEPILICHCTBOBAHMS CHICTEM YIIPaBIIe-
HUSI UX JICATEIBHOCTBIO U, B NIEPBYIO OUEPE/b,
HMHCTPYMEHTOB YIIPABIICHHSI.

Cpemyt OCHOBHBIX HHCTPYMEHTOB YIIPABICHHS
opraHu3zanyeii o.codoe MeCTo 3aHNMAIOT MPHHIIN-
TIBI YTIPABJICHUS, MO/l KOTOPBIMHU, B YaCTHOCTH,
TIOHUMAIOTCST «OOIIEHAyYHBIE METOJIBI, KOTOPbIE
OOBSICHSIIOT, KaK YTO-TO TIPOVCXOINT MK paboTa-
em»’. BaXHOCTh NPHUHIHUIIOB YIPABICHHS TS
JOCTIDKEHNS TIeNIel OpraHN3aIMH TTOAIEPKHBAIIH
MHOTHE HccrejoBareny. B 3aBucumoctH ot ax-
TOPOB BHEIIHEH CPEIbI, a TAKKE OT TEX Yrpo3
1 BO3MOJKHOCTEH, KOTOPBIE B TO MM MHOE BPEMS
(hopMHIpOBaIHICh Ha PBIHKAX, pa3padoTaHbI U BHE-
JIPEHBI HECKOJIBKO Oa30BBIX BEPCHI TaHHBIX PHH-
LIUIIOB, OPUEHTUPOBAHHBIX JINOO HA COBEPIICH-
CTBOBAHHE CHUCTEMBI YIPABICHUS PEATPHATAEM
[1], m160 Ha TIOBBIICHHE TPOM3BOIUTEIEHOCTH
Tpyna [2], mibo Ha yiTydIieHne KadecTBa IpOIyK-
UH W/ yeryT [ 3], mbo Ha BHEIPEHHE CUCTEM-
HOTO Tonxona K ympasineHuto [4]. [Ipu stom
TIPHHIIITBI yTIPABICHAS HETIOCTOSTHHBI BO BPEMEHH
KakK M0 KOJIMYECTBY, TaK ¥ 110 COACP>KaHHIO.

IIpoGnema cBOEBpEMEHHOTO BBISIBIICHHS HEd (-
(heKTHBHOCTH MPHHIIMIIOB YIPABIICHMUSI OPTaHH3a-
el 1 HeoOXOMMMOCTH WX OOHOBJICHIS, KOPSH-
HOTO M3MEHEHUS WM TTPOSKTUPOBAHNS SIBIISETCS
AKTyaJIbHOH I10 CJIETYIOLIMM PHYMHAM: IIUPOKUN
TiepedeHb TapaMeTpoB M XapaKTEPUCTUK (JaKTOpPOB
BHEILIHEH U BHYTPEHHEH Cpellbl OpraHu3alui,
YHHUKaJIBHOCTB CBS3EH MEX Ty HUMH; X HETIPEPhIB-
Hasi TpaHc(OpMaIst 1 BOJIATHIIBHOCTD; 3HAYUTENb-
Hasl 107151 CyOBEKTUBHOCTH HCTIONB3YEMBbIX ITOJIX0-
JIOB K OTIPE/ICTICHUIO KOJIMYECTBA M KadeCTBA
TIPUHIINTIOB YIPABIICHHST; HEIETKO MPOCIICKHUBAC-
MBbI€ 3aKOHOMEPHOCTH TpaHC()OPMAIK OJHOH
BEPCUM NIPUHIUIIOB YIPABICHUS B APYTYIO HX
BEPCHIO; OTCYTCTBHUE METOMK MPOEKTUPOBAHUS
JIAHHBIX MPUHINATIOB C TTOCIEAYIOIEH KOPPEKTH-
POBKOI1 ITOIXOIOB, METONIOB M (BYHKITHH, obecrre-
yrBaronwWx dPQeKTrBHOE BO3ICHCTBIE CyOBeKTa
Ha OOBEKT YIIPABIICHUSL.

! Definition of «principle». Collins Online English Dictionary.
[DnexrponHsIit pecypce]: https://www.collinsdictionary.com/
us/dictionary/english/principle/. loctyn 30.03.2022.
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M3io0xeHHbIE BBIIIE NpUYIUHBI BO MHOT'OM
MIPeIONPEIETISIIOT PE3YIIBTaThl YIIPaBICHUs Opra-
HU3aLUEed B COBPEMEHHBIX YCIIOBUSX, KOTOPBIE
XapaKTepHU3yrOTCsl OpPUEHTAIMEeN Ha YCTONYMBOCTh
1 yCTOWYHMBOE Pa3BUTHE YEJIOBEUECKOTr0 O0IIIECTBa
[5]. Tlpu 5TOM MHOTHE CHENUAIMCTBI OTMEYAIOT
NPOOJIEMBI, CBS3aHHBIE C YIPABICHUEM YCTOWYH-
BBIM Pa3BUTUEM OpraHU3allMU, Hampumep, [6].
Jlauublii akTt, KpoMe Mpoyero, 00yCIOBICH TEM,
4TO B LCIIAIX ITOCTABOK, a, CJICI0BATCIBHO, U B UX
3BEHBSIX (OpraHU3alysIX) HeA0CTaTouHO dPhek-
TUBHO CTPYKTYPHUPYIOTCSI U COINIACYIOTCSl 6a30BbIe
NPUHIHUIIEI YIIPABICHUS.

[Ipouiecc pa3paboTku (MPOEKTUPOBAHMST ) TIPUH-
LIUIIOB YIPABJICHUS YCTOMYMBBIM Pa3BUTUEM Op-
raHM3alM{ B U3BECTHOM CTENEHH OOJeryéH, I10-
CKOJIBKY Ha CeFO)IHSIIJ_IHI/Iﬂ JCHb CO31aHbl OCHOBbBI
YIpPaBJIEHUS YCTOMYMBOCTHIO U YCTOUUYMBBIM
pasBUTHEM, BKIIIOUAs €ro 1eiu u 3axauu [7]. He
OJIBEPTrasi COMHEHHIO aKTyaJIbHOCTh M METO/TUYE-
CKHUE PEKOMEH 1AL I10 YIIPABJICHUIO YCTONUMBBIM
pa3BUTHEM, CJIeyeT BHECTH KOPPEKTHUPOBKHU
B JIAHHBIH pa3/iell yIPaBJICHUs 110 TAKUM HalpaB-
JICHUAM, KaK: CO3/[aHHE MPEANOCHUTOK /ISl KOHKpe-
TU3AIMKA U TOCIEAYIOUIeH ajanTanuu JaHHBIX
PpEeKOMEHIaIMi K COIEPIKaHUIO U CTPYKTYPE HOBBIX
HJTH CKOPPEKTUPOBAHHBIX IIPUHIUIIOB yIIPABIICHUS
OpraHu3alusiMU; 000CHOBaHHE MOJIX0/1A K OTpe/ie-
JICHUIO MX KOJIMYECTBA U Ka4eCTBa, a TAK)KE B3au-
MOCBSI3eH C LEIbIO0 MX JalbHEHIIeH [u(ppoBU3a-
Iy, CTPYKTYpU3allMK 110 YPOBHAM YIIPaBJICHUSA
opraHu3aluenl U COrIaCoOBaHUS C MPUHIUIIAMU
YIpaBJICHUS OpraHUu3alluAMU-KOHTPAar¢cHTaMMu.

OB30P JIMTEPATYPHbIX UCTOYHUKOB

O030p JMTEpaTypPHBIX NCTOYHUKOB TIO3BOJIMII
BBIIBUTH HECKOJIBKO Ba)KHBIX ACTIEKTOB ITPOEKTH-
POBaHUsSI MPUHIIUIIOB YIIPABJICHHUS OpraHU3aIUeH.
Cpeny HUX CIEAyIOIIHeE.

* CrienuaaucThbl IPUIAIOT OOJIBIIOE 3HAYEHHE
MIPUHLIUIIAM YIIPaBJICHHUs OpraHu3alueii, pacmpo-
CTpaHsIs UX BIIMSHUE MPAKTHYECKH Ha BCE Pa3iesbl
MeHEe/PKMEHTa, Harpumep, [8; 9].

* [IpuHIMITE! yIIpaBIeHHS UCTIOIB3YIOTCS B OC-
HOBHBIX pa3feslax MEHEIKMEHTa, TaKhX, Kak
cTparernyeckuii MeHekMeHT [10], MapkeTHHT
[11], nHHOBaIMOHHBII MeHeKMEHT [12], ynpas-
JIEHUE LIeMsIMU TTOCTaBokK [13] u np.

e [IpyHIMIBI yIpaBieH!s B MEPBYIO OYEPEb
HarpaBJeHbl Ha YelOBEKa WM TPYIILy JIOAEH,
(hOpMBI TIOBEICHHST KOTOPBIX YPE3BbIYAIHO Pa3HO-
00pa3HbI ¥ BO MHOTOM CBSI3aHbI C U3MEHEHHSIMU
CTpaTeruy OpraHu3aliy, UCTIOIb3yEeMbIX TEXHOJIO-
T'Mi, OPTaHU3AIIMOHHBIX CTPYKTYpP YIIPaBICHUS
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u ap. [loaToMy MPUHIMIEI YTIPABICHUS JOKHbI
COOTBETCTBOBATH 3TUM M3MEHEHUsM [ 14].

* Mcnonb30BaHKME TOTO MM MHOTO BapHaHTa
MPUHLUIIOB YIPaBJICHUsI, 00yCIOBICHO, KPOME
MPOYEro, YpOBHEM OPraHM3allMOHHOM KyNBTYpbI
[15], a Takke CrIOCOOHOCTHEO OpPraHM3AIMH A/1all-
TUPOBAThCS K HETAaTUBHBIM BO3/ICHCTBUSAM U3BHE
[16], B Tom uucie, e€ opueHTanuel Ha yCTONuH-
BOCTb U ycTOW4MBOE pazButue [17].

» CnenyeT pa3nuuyaTh IPOU3BOACTBEHHYIO
(moxpazaeneHus OpraHu3aliy U UX B3aUMOCBSI3H)
1 OPraHU3alIOHHYIO CTPYKTYPBl YIPaBICHUS
(MOMKHOCTH, UX B3aMMOCBSI3H, a TAaKXKe CXeMa
pacripe/ieNnieHust OTBETCTBEHHOCTH, ITPaB U 00s13aH-
HOCTEH) opraHu3anuent, yist KaKJI0H 13 KOTOPhIX
XapaKTepHBI TOIBKO UM CBOWCTBEHHBIE, XOTS
1 B3aIMOCBSI3aHHbBIE BAPUAHTHI TPUHIIUIIOB.

¢ [IpoexTupoBaHKe MPUHIUIIOB YIIPABICHUS
YCTOWYHMBOCTBIO OpPraHMU3alMK LEeJIeco00pazHO
OCYIIECTBJIATh Ha OCHOBE CEMHAJIATH LieJeil
u 3a/1a4, pa3padoranubix Opranusaiuei Ooneau-
HEHHBIX Hanwii [7], obecniednBas npu 3T0M BO3-
MOXKHOCTb 1IM(POBU3ALIH JAaHHBIX MPUHIUIIOB
JUIsl pa3pabOTKK U IPUMEHEHHST KOMITBIOTEPHOTO
oOecrieueHHsl YIpaBIeHUECKON JesITeIbHOCTH,
C OJTHOM CTOPOHBI, M MpeTyCcMaTpuBas CO3IaHNe
TIPEIIOCHUIOK JUTS CTPYKTYPH3alliK JAHHBIX ITPUH-
LIUIIOB T10 YPOBHSM YIPaBJIEHUS OpraHnu3aiuei 1o
CXeMe «reHepaJIbHbIN TUPEKTOp — (PyHKIHOHAIb-
HBIE TUPEKTOpa — HAYaIbHUKU OTIEIOB — ...»,
OTCJIEXKHBAsI HE TOJNBKO BEPTHKANIbHbIE, HO U TOPHU-
30HTaJIbHBIE CBSI3M MEXK/Ty HUMU.

¢ [IpoexTupoBaHKe MPUHIUIIOB YIIPABICHUS
JIOJDKHO COZIEprKaTh TEOPETHYECKOE 000CHOBAHUE
KOJIMYECTBA U Ka4eCTBa JAHHBIX MPHUHIIUIIOB, MO-
CKOJIBKY B IOJIABJISIFOIIIEM OOJIBIIMHCTBE MPHHIIN-
TIBl YIPaBJIEHUs, pa3paboTaHHbIE paHee, He JaloT
OTBETOB Ha IAHHBIN BONPOC, YTO CHIKAET Pe3yIlb-
TaThl X BHEJIPEHU Ha MIPAKTUKE M3-32 HEBO3MOXK-
HOCTH OTHO3HAYHOTO CTPYKTYPHUPOBAHUS 1 COTvIa-
COBaHHUs, B TOM YMC]E, C OpraHU3aLUSIMHU-
KOHTPareHTaMH, XOTsI JaHHBII aCTIeKT YIIPaBJICHUSI
MPeyCMOTpPEH, HalpuMep, NpU YIpaBiIeHUH OT-
HOILICHHUSIMHU C TIOCTaBIIMKAMU U TIOTPEOUTEISIMU
B IIETISIX TTOCTaBOK [18].

METOAONOruA

Joctmkenue yeau crarbu TpeOyeT UCIIONb-
30BaHHUS KAYECTBEHHBIX METO/IOB UCCIIEJOBAHMUS
CJIOXHBIX 10 CTPYKTYPE U COJCPIKAHHIO O0BEK-
ToB [19]. Ecniu KonnuecTBeHHbIE METOABI HCCIIe-
JOBAHUS OTIIMYAIOTCS YETKO BBIPAKECHHOMU
HIKAJIOW U Pa3sHOOOPa3HBIMU WHCTPYMEHTaMU
M3MEpEHHsI JaHHbIX 00BEKTOB, TO KAY€CTBEHHbIE
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METO/IbI IBHO HC IMO3BOJIAIOT PCIIUTHh AAaHHYIO
3aja4y. TeM He MeHee, TeOpHsl U IPaKTHKA I10-
3BOJIUJIM YACTUYHO 000CHOBATH €€ perenue. [s
9TOr0 HEOOXOAUMO:

* pa3paboTaTh MHAWBUTYyaTbHBIH, KOHEYHBIN
Psil Ka4eCTBEHHBIX NMPU3HAKOB 00BEKTa HccIle-
J0BaHHsA, B JaHHOM CJIydya€ COBOKYIHOCTHU
MPUHIUIIOB YIPABJIECHHUs KaK KOMIIOHEHTA CHUC-
TeMBbI yrpaBieHus opranusanueil. Konngecrso
" MOCJCA0BATCIIbHOCTDL IMPUMCHCHHUA JaHHBIX
NPU3HAKOB yCTAHABIMBAETCS HA OCHOBE JBYyX
0a30BBIX METOIOB, KACAIONIUXCS 00BEKTA HCCIIe-
JIOBaHUs: aHaJIU3a JIMTEPATYPHBIX UCTOYHUKOB
U COLIMOJIOTHYECKOTO ONPOCa CIEHHAINCTOB,;

¢ BbIACJTIUTH TaK Ha3bIBACMbIC AKTYaJIbHBIC
KayeCTBEHHBIE TIPU3HAKHU JIaHHOTO 00bekTa. Ha
JAHHOM J3Tare Tak)Ke HeoOXOJMMO BBIOPATh
JAUXOTOMHH, OITUCBIBAIOIUEC BapUAHTBI KaXK/10I'0
AKTYyaJIbHOTO Ka4eCTBEHHOT'O PU3HAKA, KOTOPbIE
ob6o3nauaroTcsa komamu «0» u «1», cooTBeT-
CTBEHHO. J[MXOTOMHUU MO3BOJISIOT MOMYYUTh 2X
BapUAHTOB HMCCIICAYEeMOro o0bekTa, rue nudpa
«2» OoTpa)kaeT KOJIMYECTBO JMXOTOMHH, a X —
KOJIMYECTBO HMCIIOJb3YEMbIX Ka4€CTBCHHBIX
NPU3HAKOB JaHHOTO 00bekTa. HerpynHo 3ame-
THTb, YTO Ka)KI[I:Iﬁ M3 MOJYYCHHBIX MPHU 3TOM
BapUaHTOB MOXET ObITh 0003HauUeH OWHAPHBIM
mUppPOM, 4TO 3HAYUTEIBHO odJerdaer uupo-
BU3ALMIO JaHHBLIX 00bEKTOB. PAKTUYECKH ITO
O3HAYaeT, YTO B CUCTEME YIIPaBJICHUS OpraHu3a-
LUEld COBOKYIHOCTb IIPUHLIUIIOB YIIPaBICHUS
Oyner o0o3HaueHa 6a30BbIM OMHAPHBIM IIH(POM
WY I (POM [IEPBOTO YPOBHSL, OJIOKHU HIIH IPYII-
bl JaHHBIX MPHUHOUIIOB — IIJI/l(l)poM BTOpPOTO
YPOBHA U, HAKOHCI, Ka)i([[]:lﬁ IIPUHIIUIL B OTACIIb-
HOCTH — IIH(POM TPETHETO YPOBHS B COOTBET-
CTBUU C UX UE€papXUel U B3aUMOCBS3IMY;

* Ha OCHOBE (paceTHOro Meroaa chopMHUPO-
BaTh OCHOBHBIC BApHAHTHI OOBEKTA HCCIIE0BA-
HUA € IOMOIIBIO TPEACTABICHHBIX BBILIC aKTYy-
AJIbHBIX KAYCCTBCHHBIX IMTPU3HAKOB U UX JUXOTO-
Mmuil. B pesynbsrare 00pa3yroTcs U UCCICAYOTCS
OMHapHBIE MATPHLIBL, HIMPOKO U3BECTHBIE CPEAU
CIELAIMCTOB B 00JIAaCTH CTPATErH4YECKOro Me-
HCPKMEHTA, MapKETUHI'a U HC TOJILKO, HAIlpU-
mep, [20];

* KaYeCTBEHHbIE IPH3HAKHU, B CBOIO OUEPE/Ib,
MOT'YT HCIIOJIb30BaThCs HE TOJILKO IapajljieIbHO,
(dopmupyst 2* BapuaHTa 00bEKTa HCCIIET0BAHMS,
HO U 1ocneoBarenbHo. [Ipennonoxum, 4to 3a
UHTEPECYIOIUE OPraHU3ALHUI0 MIPUHIUIIBI
YIPABJIEHUS OTBEYAECT [€HEPAIIbHBIA TUPEKTOP.
BHe[lpeHI/le JaHHBIX NPUHIXIIOB NpE€ArojgaracTt
(dbopMupoBaHue KOMaH/bl (YHKIIMOHAJIbHBIX
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JMPEKTOPOB, KAXK/BIH U3 KOTOPBIX OyleT OTBe-
4aTh 3@ Y4CTh IPUHLIUIIOB YIIPaBJICHUsI, HAXOAACh
BO B3aUMOCBSI3H C APYTUMH (DYHKIIMOHAILHBIMU
JUPEKTOPAMH, OTBETCTBEHHBIMU 3a Jpyrue
MPUHINIBL yIIpaBieHust. OueBUIHO, YTO JaHHbIE
B3aMMOCBSI3U IIOAJIEPKUBAIOTCS HA OCHOBE CO-
OTBETCTBYIOIIUX KAUYE€CTBEHHBIX IIPU3HAKOB.
[Ipennonoxum, 4To TAKUX MPU3HAKOB /1BA. DTO
03HAUaeT, YTO I'€HEPAJIbHBII AUPEKTOP, OTBET-
CTBEHHBIH 3a ONpeIeIEHHBIN HA0OP IPHUHIIKIIOB,
B3aUMOJICHCTBYET C YETHIPbMS (YHKIIMOHAIb-
HBbIMM JUPEKTOPaMU, CBSI3aHHBIMU JIPYT C APY-
rom. B mpocreiiniem ciryyae kaxpiid GyHKIHO-
HaJIbHBII AUPEKTOP OTBEYAET 32 OJHY YETBEPTh
MPUHIUNOB ynpaBieHus. O4eBUIHO, YTO KaXkK-
Iblil QYHKIIMOHAJIBHBIA JTUPEKTOP TAKXKE B CO-
CTOSIHUM (pOPMHPOBATh COOCTBEHHYIO KOMaHIy
HavaJbHUKOB OT/IEJIOB MJIM 00Jiee HU3KUI ypo-
BeHb ynpasieHUs. Mcnonb3oBaHuEe UM, KaK
MHUHHUMYM, JBYX Ka4€CTBEHHBIX NMPHU3HAKOB
BTOPOT'O YPOBHSI NMPUBOJIUT K (POPMUPOBAHUIO
KOMaH/Ibl U3 MOJYMHEHHBIX €My YEThIpEX Ha-
YaJIbHUKOB OTJIEJIOB, KaXK Il U3 KOTOPBIX OTBE-
4aeT 3a OAHY LIECTHAALATY0 YacTh IPUHIIUIIOB
yopaBieHus: 1 Tak jajee. Takum oOpasom,
CIIPOEKTUPOBAHHBIC [IPUHIUIIBI YIIPABICHUS, 14
U HE TOJIBKO, IIPAKTUYECKU UJI€aIbHO pacnaia-
I0TCA 110 YPOBHSIM YIIPABJICHUS OpraHu3anuen
U, KaK ObI0 OTMEYEHO PaHbIIIe, JIETKO MOIAI0T-
cst i poBU3aALUH.

PE3YNbTATbI
OO0ocHOBaHHE KOJIMYECTBA U KaYeCTBA
NPUHIUIIOB YIIPABJIEHUS YCTOHYMBOCTHIO
OpraHM3anuu

VYnpaBneHue Kak BUJ] UeJI0OBEUECKOH esITelb-
HOCTH, B IIEPBYIO O4Y€pe/Ib CBA3aHO ¢ 000CHOBA-
HHeM, opmannzanuei, pa3paboTKoi, coriaco-
BaHUEM, IPUHATUEM, CTPYKTYPHU3aL1EH, BBIIIOJ-
HCHHUEM U MOHUTOPHUHI'OM YIIPABJICHYCCKUX pE-
meHuil. [lepeuncieHHble BbILIE IPOLECCH
CO3JaI0T MPEANIOCHUIKH TSl ONIpeIesIeHHs Tep-
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Ix 6/10K08 NPUHLUNOE ynpaeeHus opaaHu3ayuell [paspabomaHa aemopom].

BOT0 Ka4eCTBEHHOTO MpHU3HAKa MPUHIUIIOB
yIpaBieHUs OpraHU3aMei: «CTaaus yIpaBiIeH-
4ecKoro peuteHus». IlocaenoBaTeabHOCTh MPO-
L[ECCOB, CONPOBOXAAIOUINX CTAJUM YIPaBICH-
YECKOT'0 PEeLICHHsI, TO3BOJISIET BEIOPATh IMXOTO-
MMM JTaHHOTO MpHU3HAaKa, MpeJrojiaramiine
moAroToBKy (xon «0») u BHeapeHue (kox «1»)
yIPaBJIEHYECKOTO PEIICHUS.

B nuHaMW4yHO HM3MEHSIONIENCS BHEIIHEN
cpelie OpraHu3aluy YIPaBIeHYSCKUE PEIIeHUs
HE MOTYT OBITh HOJIHOCTBIO CTaHJAPTH30BAHBI
U TOATOMY IPEIONaraoT UCIOIb30BaHNE HH-
HOBAlIUi, C OJJHOM CTOPOHBI, &, C IPYTOil CTOPO-
HBI, IPETyCMaTPUBAIOT HEKOTOPbIE OTPaHUIECHUS
IPU TOM WJIM MHOM BO3ACHCTBMM Ha OOBEKT
yrpaslieHus (4eigoBedeckue pecypcebl). Eciu
B OfHOH cdepe JaesTeNbHOCTH OpraHu3aluu
BO3MOYKHOCTb BHE/IPEHUSI MIHHOBAIIUH JKeJIaTeNb-
Ha, HO OIpaHMYEeHa, TO B JPYroii cdepe oHa sIB-
JISIeTCsl HEOOXOIMMOI, TIOCKOJIbKY 00eCIieunBaeT
KOHKYPEHTOCIIOCOOHOCTh IaHHOM OpraHu3aIyu.
DTOT acneKT MOJArOTOBKU U BHEIPEHUS yIpaB-
JICHUECKUX PeIIeHUI peanoaraeT BpACICHIE
BTOPOr0 Ka4eCTBEHHOI'O MPU3HAKa MPUHIIUIIOB
yHOpaBlIeHHUS OpraHHU3alMeil: «BO3MOXHOCTh
BHEJIPEHUs] NHHOBALIMK B pa3iinyHble cheps
JIeATEeIbHOCTH OpraHU3aluny». JTOT MPU3HAK
IpeaycMaTpuBaeT TUXOTOMHUH: «BO3MOXKHOCTh
orpanndeHa» (kox «0») U «BO3MOXKHOCTb HE
orpanudeHa (kox «1»). daceTHsIi MeTox Kaue-
CTBEHHBIX UCCJIEA0BAHHUHN TI03BOJISIET CPOPMHPO-
BaTh OMHAPHYIO MATPHILY, COCTOSIIYIO U3 YEThI-
péx (2?=4) OJIOKOB HMJIM T'PYIN HPUHLMIIOB
ynpaBlieHHUs opraHuzanueil (puc. 1).

OTMETHM TP 9TOM, 4TO KOJINYECTBO OJIOKOB
MIPUHIIMIIOB YIIPaBJICHHUS MOXET ObITH OOJblIe
yeThIpEX. Mcronp30Banne TPEThero KaueCTBEH-
HOTO MpPHU3HAKa U €ro AUXOTOMUH TO3BOIUT
BBIJICIIUTh BOCEMb (2°=8) Takux OJIOKOB, 4TO HE
MIPOTUBOPEUUT HOPME YIPABIIEMOCTH OpraHU-
3aLlUU NTPU BBITMOJHEHUN UCTIOTHUTEISIMU TOJIb-
KO M CBOWCTBEeHHBIX pyHKImit. Kiaccudukarms
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TenaeHU MM U3MEHEHHs MOTEHIMAJIA OPraHU3alUU
10 pe3yJbTaTaM HeraTHBHBIX BO3/IeiiCTBHII Ha Heé

Boccranasnusaercs (0)

He Boccranasimaercst (1)

Crabuibusie (0) YcroiuuBoCcTh I'nbkocTh
(He mosIesKaT KOPPEKTHPOBKE) (Pexxum: BO3BpAIIICHHE) (Pesxxum: amanrars)
CTa0HIbHOCTD (0000) (0001)
CTPAaTernYecKux ueJiei YKU3HECTOHKOCTD Kupyuectn
OpraHusauuu (Pesxum: BobkuBaHue) | (PexxuM: POTHBOICHCTBHE)
Hecrabunsusie (1) (0010) (0011)

(mojutexaT KOppeKTHPOBKE)

Puc. 2. Knaccucpukayusi eudoe HadéxHocmu opaaHuzayuu [21].

OCHOBHBIX OJIOKOB MPHUHIIUIIOB YHpPaBICHUS
opraHmzaien (puc. 1) sBIsSeTCS OCHOBOW IS
OTIPEAEIIECHNUS KQKIOTO MPUHIIUIA YIPABICHHS
B OTACIBHOCTH, TO €CTh KaXKABIH M3 YETHIPEX
OJIOKOB MOKET OBITH pa3/ieiéH, Kak MHHUMYM,
Ha 4eThIpEe TPHHIIIA YIIPaBICHNUS.

JlarHble puc. | MO3BOJSIOT yCTAaHOBUTH T10-
CIe0BAaTEIbHOCTh MCIOJB30BaHUS OIOKOB
MPUHINIIOB YIpPaBICHHUs OpraHM3anuei Ha
MIPAKTHUKE: CO3AHHBIIN MOTEHINAI (CTpaTernye-
CKHI acTeKT ACSTEeIbHOCTH OPTaHMU3ALNH),
mmdp «11», MomKeH TMO3BONATE OPTaHU3AINT
Hanbomnee 3(pPeKTHBHBIM CITOCOOOM YCTPaHATh
HEIOCTaTOYHOCTH YETO-TH00 Ha pBIHKE (MapKe-
TUHTOBBIN acmekt), mupp «01», obecrmednBas
TP 3TOM HaIEKHOCTh OpraHu3aiHy (YIpaBiIeH-
yeckuii acriekT), mmdpp «00», oCHOBaHHYIO Ha
OPTaHM3AMOHHON KYIBTYpe (COIMOKYITETY PHBII
acmexr), mudp «11».

Paccmorpum conepxanne puc. 1 6onee mo-
ZIpoOHO.

1. CoueTaHne TUXOTOMHUH «ITOATOTOBKAY (KOJT
«0») Ka4eCTBEHHOTO MPU3HAKA «CTaAUs yIpaB-
JICHYECKOTO PEHICHUS» M «OTPaHUYEHa» (KOX
«0») Ka4eCTBEHHOTO TPHU3HAKA «BO3MOXXHOCTH
BHEAPEHUSI NHHOBAIMH B Pa3ndHbIC C(HEepsl
TIESTETFHOCTH OpTaHU3aum» (pucC. 2) mMpenmo-
JaraeT BBIJICJICHHE TAKOTO OJIOKA MPHHIIUIIOB,
KaK «yTpaBlIeHHE HaI&KHOCTHIO OPTaHU3aIAI)
(mm¢p «00»), KOTOPEIN B manpHEWIIEM OymeT
CTPYKTYPHpPOBaH Ha KOMIIOHECHTHI, B HAIlleM
Cllydae NMPHUHIHUIIBI YIPABICHHS, KOTOPBIX IO
pe3ynbraraM IpOeKTHPOBAHNUS BOIIPEKH MHEHHIO
A. Qaifons [1] OynmeT He YeTHIPHAANATD, a IIECT-
Hamare (24 = 16).

ITockonbKy naHHBIE IPUHIUITE pa3paldaTsiBa-
I0TCSL B PAMKaX CTPATETHIeCKOro BUICHUS Opra-
HH3aIAH, TO €CTh Ha JIUTEIbHYIO TIEPCIIEKTHBY,
TO TapaHTHPOBATh HAIEKHYIO pabOTy OpraHu3a-
MY [IPAKTUYECKH HEBO3MOXHO. B 3aBncumocTn
0T (akTOpPOB BHEIIHEH M BHYTPEHHEH Cpembl

Vi) \ [ N2 )$

OpTaHM3aIIX HEOOXOIUMO pa3padboTaTh 6a30BEIC
BapHUAHTHI [TOBEJEHMS B TOW WJIM NHOW yIpaBIICH-
YEeCKOM CHTyalllM B 3aBHCHMOCTH OT PE3yJbTa-
THBHOCTH WJIM CTETICHN AOCTIKEHHA e€ cTpare-
rudeckux reseit. Takum 00pa3oM MOKHO ClieNaTh
BBIBOJI, UTO TIEPBBIM KauEeCTBEHHBIM ITPU3HAKOM
HaAE&KHOCTH OPTaHM3AIUK SIBISICTCS MPHU3HAK
«CTaOMIIBHOCTD CTPATETNYECKHX LeJIeH OpraHu-
3auu», KOTOPBIM, KaK HETPYAHO AOTanaThCs,
HMEET TUXOTOMUH «CTaOMITbHBIE TIeTT (Ko7 «0))
U «HeCTaOMIbHBIE e (KOI «1») Wiu 1eny,
NoJyIeKaIe KOPPEKTUPOBKE. DAKTOPBI BHEILIHEN
1 BHYTPEHHEH CPEIbl MOTYT CYIIIECTBEHHO BIIHATD
Ha [OTEHIHAI OpraHU3alNH, KOTOPBIH IO PE3yIlh-
TaTraM BO3/IEHCTBUS ATHX (HaKTOPOB MOKET JINOO
BOCCTaHABIMBAThCS (Ko «0») MM gaxke yBeH-
YUBATKCS, THOO HE BOCCTAHABIMBATHCS (KO « 1))
WIN JaXXe YMEHbIIAThCs. /laHHBIE ANXOTOMHUH
COOTBETCTBYIOT BTOPOMY Ka4eCTBEHHOMY ITPU3HA-
Ky HaI&KHOCTH OPTaHU3AII|H, TO €CTh €€ CII0Co0-
HOCTH JOCTUTATh MOCTABJICHHBIX LIEJICH B 3aBHU-
CHMOCTH OT ()aKTOPOB BHEIITHEH WITH BHYTPEHHEH
cpensl (puc. 1), TakoMy Kak «TE€H/ICHITIH H3MCHe-
HUS TIOTEHIMATAa OPraHU3alUy 110 Pe3ylbraraM
HETaTHBHOTO BO37IeHcTBHS Ha Heéy». CoBMECTHOE
HCTIONB30BAHMUE MTPEICTABICHHBIX BBIIIE IPH3HA-
KOB U IUXOTOMHI TIO3BOJHIIO aBTopy [21] mpen-
JIOKUTH YETHIPE BapHaHTa HA/I&KHOCTH OpTaHH-
3aIIUH: KYCTOHIMBOCTEY (PEKIM (PyHKIIMOHUPO-
BaHMS OPTAaHM3AINH «BO3BpALICHHUE», MHUPP
«0000»), «rHOKOCTE» (peKUM (YHKIIHOHUPOBA-
HUS OpTaHM3aIld «agantanys, mmpp «0001»),
<OKI3HECTOMKOCTEY (PEKUM (PyHKITHOHHPOBAHUS
OpraHW3alNK «BBDKHBaHHE», MHUPP «0010»)
1 (©KUBYYECTB» (PeXHUM (PyHKIHOHUPOBAHUS
OPTaHM3AIUN IIPOTHBOACHCTBHE», MHUDD
«0011») (puc. 2). 3amMeTnuM, 9TO TIEpPBEIC JBE
mUQpBI geThIpéx3HaTHOTO IH(pa «00» 03HAYAIOT
«HAIE&KHOCTB OpraHu3anum» (puc. 1).
O00ocHOBaHHBIE BHIIIE BApHAHTHI HaIEKHO-
cTH (puc. 2) 3aKJIaBIBAIOT OCHOBY IPOEKTHPO-
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[oTpeduTenbckue cBOMCTBA NPOAYKINH

VYeroituussie (0)
CBoiicTBa (mapamMeTpbI)
crpoca norpeduTes
He ycroitumsbie (1)

U/WIN yClIyr

Tumnossie (0) Vauxansusie (1)
Hyxna IIpusbruxa
(0100) (0101)

Ilotpe6HOCTH Lennocth
(0110) (0111)

Puc. 3. Knaccugpukayusi HedocmamoyHocmu Yezo-1u6o y nompe6umens npodykyuu u/unu ycnye [22].

BaHMs MPUHIMIIOB YIPABJICHHUs OpraHu3alnei
Ha YpOBHE HAa4YaJIbHUKOB OTJ/EJIOB OJHUM M3
(YHKLIMOHAIBHBIX JUPEKTOPOB OpraHU3aIUM,
MOAYMHSIOMINMCS €€ TeHEPaIbHOMY TUPEKTOPY.

2. CoueraHue JMXOTOMUH «II0ATOTOBKa (KOJL
«0») KaueCTBEHHOTO MPU3HAKA «CTa/Us yIpaB-
JICHYECKOT'0 PEIICHUS» U «HE OrpaHudeHa» (KOj
«1») Ka4eCTBEHHOTO MPH3HAKA «BO3MOXXHOCTb
BHEJPEHHUs] MHHOBAIMH B pa3iuyHble cepsl
JeSTeIbHOCTH opranusanum» (puc. 1) npenmo-
JaraeT BBIJACICHHE TAKOro OJIOKa MPHUHIUIIOB
MapKeTHHIa OpraHu3alyy, KaK «yHnpaBieHHE
HEJIOCTATOYHOCThIO YET0-JIU00 Ha pPHIHKE»
(umdp «01»), KOTOPBIH B NAJILHEWIIEM TaKkKe
OyZeT CTPYKTYPHUpPOBAaH Ha KOMIIOHEHTBI.

OnHuM U3 (HaKTopoB, MPEIOIPEIEIISIOIINX
Ha/I&KHOCTh OpraHU3aliH, SIBJISETCS OBEICHHE
MOTpeOuUTEIs, KOTOPBIN, HAIPUMED, B 3aBUCUMO-
CTH OT IIaTEXKECIIOCOOHOCTH MOXKET PE3KO
CHIKATh KOJIMYECTBO M KauecTBO NpHoOOperae-
MBIX ITPOTYKLUH U/UITH YCIIYT WX %K€ Ha000poT,
YBEJIMYMBATh UX KOJIMYECTBO U KA4ECTBO, OLILY-
masi Ipu 3TOM HEAOCTaTOYHOCTh 4ero-ndo
B pa3HO00pa3HbIX €€ Gopmax. B naHHbIX ycio-
BHSIX OpPraHU3alysi, Kak IPaBUIIO, CTPEMHUTCS
JMBEPCUPHUIIUPOBATH ACCOPTHUMEHT ITPOLYKIIUH
W/ yCITYT, BIUIOTB JI0 BBIJICJICHUS B TIPOM3BO/I-
CTBEHHOW M OPraHU3allMOHHON CTPYKTYpax co-
OTBETCTBYIOLIMX ITOpa3/ieieHui. 3a1a4a Bbljie-
JICHUSI OCHOBHBIX BapUAaHTOB HEJOCTATOUHOCTH
4ero-j1u00 y moTpeOuTesnss NpoIyKIMK W/WIH
yCIIyT B 3aBUCUMOCTH OT €ro IOBEJCHHS Ha
peiake pemieHa A. I1. Tanyxuneim u E. A. Tapa-
ceHko [22] (puc. 3) Ha OCHOBE CIEYIONIHX Ka-
YECTBEHHBIX ITPU3HAKOB U MX JIUXOTOMUIL: «I10-
TpEOUTENbCKHE CBOMCTBA MPOAYKIUHMH H/WIH
YCIYID»: «THIOBBIE» (Ko «0») M «yHHKaJIbHBICY
(xox «1»); «cBo¥icTBa (MTapaMeTpbl U XapaKTepu-
CTHKH) CIIpOCa MOTPEOUTENS Ha MPOAYKIHIO 1/
WIN yCIyTU»: «yCTOW4YMBBIe» (Ko «0») U «He-
ycToH4nBBIE» (KO «1»).

Kak cnenyer u3 puc. 3, ueHHocrts (mudp
«0111») ormuuaercst oT noTpedHOCTH (MUPp

VI] A | [ NY » D

«0110») yHMKaIbHBIMHU MOTPEOUTENBCKUMHU
CBOMCTBAaMH MPOYKINH U/UIIH YCIIYT, @ OT IIPH-
BoIYKH (1dp «0101») HEyCTOHYMBOCTHIO CBOH-
CTB (I1apamMeTpoB M XapaKTEPUCTHK) CIIpoca Ha
MPOYKIHIO W/Hau yciyrd [22]. 3ameTnm, 4to
nepBbie JiBe HU(QPbI YeThIPEX3HAUYHOTO MHdpa
«01» 03HA4YAIOT «HEIOCTATOYHOCTH YEro-auoo
y moTpeduTens MpOAYKIUH W/UIN YCIyT»
(puc. 1). O60CHOBaHHEIE BbIIIE BAPHAHTHI HE/I0-
craToyHoCTH (pUC. 3) 3aKIaJbIBAIOT OCHOBY
MIPOEKTHPOBAHUSI TPUHIIMIIOB YIIPAaBJIEHHs Opra-
HU3alMeld Ha ypOBHE HAuyaJbHUKOB OT/EIIOB
BTOPOTO (PYHKIIMOHAJILHOTO TUPEKTOPa OpraHu-
3alMK WK AUPEKTOpa 110 MapKEeTUHTY, MOAYH-
HSIOLIETOCS TeHEPAIbHOMY JTUPEKTOPY.

3. Coueranue IMXOTOMUHN «BHEAPEHUE» (KO
«1») Ka4eCTBEHHOI'0 MPU3HAKA «CTa/Usl yIpaB-
JICHYECKOTO PELICHUsD M «OTpaHu4eHa» (KOx
«0») Ka4eCTBEHHOTO NPH3HAKA «BO3MOXHOCTh
BHEJIPEHUs] NHHOBALMK B pasyinyHble cheps
JIeSITeIIbHOCTH opranuzauum» (puc. 1) npenmno-
JlaraeT BbIJICJIEHHE TAKOro OJIOKa MPHUHIMIIOB,
KaK «yIlpaBlIeHUE OPTaHU3ALHOHHOU KYJIbTY-
poit» (mmdp «10»).

[TockonbKy pedb B JaHHOW crarbe UAET 00
YCTOHYMBOCTH M YCTOHYMBOM Pa3BUTHH, Opra-
HU3AIMOHHAs KyJIbTYpa JOJDKHA OLEHWBAThCS
C MO3UIMH, KAK MUHUMYM, TPEX €€ 0a30BbIX
ACMEKTOB: PKOHOMUYECKOI'0, COI[UATIBHOTO U KO-
jorudyeckoro. ABTop Oepér Ha cebsi CMeIoCTh
YTBEPXKJIaTh, YTO [1EPEUUCIICHHBIE BBIIIE aCIECK-
TBI MOT'YT OBITH 000CHOBAHBI HECKOJIBKO IPYTUM
crocoOoM, 4eM paHee, a UMEHHO C IOMOLIbIO
TaKMX KaueCTBEHHBIX NPU3HAKOB IPHHIIUIIOB
yIpaBJIEHUsI OpraHu3aluel U JUXOTOMHUH, KakK
«THUII PECypCOB, PUBJICKAEMBIX U MepepadaThl-
BaEeMBIX OpraHHU3aLMeN»: «IIPUPOAHBIE (MaTepH-
anbHble)» (Koxt «0») 1 «uenoBeueckue (MHPOP-
MalroHHbIE)» (Kof «1»); «IPHOPUTETHI OpraHu-
3alMOHHOM KYJBTYPBI»: «3aKpeIIeHue M I0-
JIep’KaHUEe JOCTUTHYTHIX PE3yJbTaToBy (kox «0»)
U «CO3JJaHUE TMPEIIOCHIJIOK JIOJITOCPOYHOIO
pasBuTHs» (kox «1») (puc. 4).
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3akperieHue U nojyiepKaHue
JIOCTUTHYTBIX pe3ynbratoB (0)
IIpuoputers!
OPraHu3alMOHHON KYJIbTYPbI
Cos/lanue mpejnochlIok
JIosrocpovHoro passutus (1)

Tun pecypcoB opranu3anuu

TIpupoxusie
(marepuaibhsie) (0)

Yenopeueckue
(uudopmarmonnsie) (1)

DKOHOMHYECKUIT
acriekt (1000)

CornpmanbHbIi
acniekt (1001)

DKOJIOrn4ecKuit
acniext (1010)

WureiexryanbHbI
acmexr (1011)

Puc. 4. Knaccudpukayusi acnekmoe opaaHu3ayuoHHol KynbmypbI [pazpabomaHa aemopom].

Tun pecypcoB opranusanuu

Tpuposmbie Yenopeueckue
(MaTepHasbHEIE) (nndopMaLHOHHEIE)
pecypesi (0) pecypesi (1)
Cospanue u Hapauusanye (0) Texuosnoruueckuii | VIHHOBaLMOHHBIH
Cranusi GopMupoBaHuUs (1100) (1101)
1 PasBUTHsI IOTEHIIMAIA Jloructuueckuit | MapkeTUHIOBbIi
OpraHM3ANAH (1110) (1111)

Hcnonb3oBanune u pacrpocrpanenue (1)

Puc. 5. Knaccugpukayusi nomeHyuana op2aHusayuu [paspabomara aemopom].

Kak cnenyer u3 coneprkanus puc. 4, HoMAMO
9KOHOMHYECKOTO, COI[MAIEHOTO ¥ HKOIIOTHYECKO-
IO ACMEKTOB OPTaHU3AIMOHHON KYJIBTYpHI,
MOKHO BBIICITUTH €€ MHTEIICKTYaJIbHBII aCTIEKT,
KOTOPBIH KacaeTcsl, B IEPBYIO 0YEPE/ib, CO3TAHNS
IIEHHOCTH JJIs1 KOHEYHOTO MOTPEOUTEIS IPOIYK-
IIUH W/WTH YCIyT (pHc. 3), a Takoke 00ecTIedeHUs
JKMBYYECTH OpraHu3anu (puc. 2). 3aMeTnM, 4To
nepBbIe J1B€ MHU(PBI YETHIPEX3HAYHOTO MH(ppa
«10» o3HAUAIOT «OpraHMU3AIMOHHAS KYJIBTypa»
(puc. 1). OG0cHOBaHHBIC BHIIIIC BAPUAHTHI OpTa-
HU3aIMOHHOH KyJIbTYpHI (pHc. 4) 3aKiIa/(bIBatOT
OCHOBY JUIsl TIPOCKTHPOBAHMS IPHHIIATIOB YTIPaB-
JICHUSI OpraHu3alne Ha ypOBHE HAYaJIbHUKOB
OT/IEJIOB TPETHETO (PYHKIIMOHAIBHOTO TUPEKTO-
pa OpraHM3aIiH, MTOJYHHSIONIETOCS TeHepallb-
HOMY JTUPEKTODY.

4. CodeTaHne TUXOTOMHH «BHEIPEHHE) (KO
«1») KaueCTBEHHOTO MPU3HAKA «CTA/ANS YIpaB-
JICHYECKOTO PEIICHHUS» U «HE OrpaHndeHa» (KOx
«1») Ka4ecTBEHHOTO TPHU3HAKA «BO3MOXXHOCTH
BHEIPEHUS] NHHOBAIMH B Pa3JIndIHBIC CHEephl
JIeSITEIFHOCTH OpraHu3anum» (puc. 1) mpenrmo-
JlaraeT BBIZCICHHE TAKOTO OJIOKA NMPHHIUIIOB
yTpaBIeHUS] OpTaHMU3aINeH, KaK «yIpaBIeHUE
MOTEHIHAJIOM OpraHm3anum» (mudp «11»),
KOTOPBIH B JAJIbHEHIIIEM TaKXke OyJIeT CTPYKTY-
PHPOBaH Ha KOMITOHEHTHI.

Ecnm B34Th 32 OCHOBY NPaKTHIECKH JIFOOYIO
OpTaHM3aINIO0, OPHEHTHPOBAHHYIO HA U3BJICUC-
HHE MPUOBIIH 1 HE TOJIBKO, B €€ PON3BO/ICTBEH-
HOHM CTPYKTYpE MOXKHO BBIJIECIHTH ITOApa3/ielie-
HUsI, BBITIOJHSIOMME pa3andHble QYyHKIUN
1 pEIaroIIye TOIBKO UM MPUCYIIHUE 33a9d. DTO
TaKKe OTHOCHUTCSI, HAITPUMEP, U K TPAHCIIOPTHO-

VIV | i NO 9

JIOTUCTHYECKAM OpraHHU3alusM. JJaHHBIHA acTieKT
HCCIICIOBAHUS MPEATIONIaraeT CTPYKTYPH3ALHIO
MPUHIMIIOB YIIPABICHHUS 110 THITY HCIIOJIb3yeMO-
TO OJPa3ICIICHISMH OPTaHU3aL[MH TOTCHIHAIA.
[1pu 3TOM ciIeyeT YIUTHIBaTh, YTO OCNIabICHUEe
MOTEHIINAJIA OJTHOTO MOIPA3/ICIICHUS OKa3bIBaCT
BIIMSIHUE Ha PE3YIIBTaThl JCATSIbHOCTH OpraHu-
3aIMu B 1eJI0M. VIMEHHO 03TOMY HEOOXOIHMMO
YIIpaBJICHHE YCTOHYMBBIM Pa3BUTHEM ITOTCHIINA-
J1a, KOHTPOJIMPYEMOE TeHEePaIbHBIM TUPEKTOPOM
1 (yHKIHOHAIBHBIMH JJUPEKTOPAMH OpraHn3a-
LML

JU71st TOTO 4TOOBI ONIPEECTUTD (OYHKIIMOHAb-
HBIC BUJIBI ITOTCHIMANIA OPTAaHNU3ALUH, [IEJIeCO-
00pa3HO UCIIOIB30BATh CIEAYIONIHE Ka9eCTBEH-
HBIC TIPU3HAKH: «THUIT PECYPCOB, IPUBICKACMBIX
U TepepadaThIBaCMbIX OpPraHU3alMei»: «IpH-
pomHbIe (MaTepHuaibHbIC)» (Ko «0») 1 «uermoBe-
gyeckre (MHPOPMAITMOHHEIC)» (KO « 1»); «cTamust
(bOopMHpPOBaHHS M pa3BHUTHS MOTCHIMANIA Opra-
HU3ALHN»: «CO3/IaHHe W HapauluBaHHE» (KOX
«0») M «HCHONB30BAHUE U PACHIPOCTPAHCHUE
(xoxx «1»). CoBMECTHOE UCTIONIB30BAHHE TAHHBIX
MIPU3HAKOB ¥ TUXOTOMHH MO3BOJISICT BBIICIUTD
YeThIPE TUIIA IIOTEHIHAaIa OPraHH3alH1: TEXHO-
nmoruueckuil (mudpp «00»), THHOBAITHOHHBIN
(mmdp «01»), moructuaeckuii (mupp «10»)
1 MapKeTHHTOBBIN (mudp «11») (puc. 5).

Kak cienyer u3 comepkaHust puc. 5, HHHOBa-
nuoHHBIH ToTeHIman (mudpp «1101») cesa3an
C MHTEJUICKTYaIbHBIM acTieKToM (mudp «1011»)
OpraHM3aLOHHON KYIBTYphI (puc. 4), a Mapke-
TUHTOBBIN oTeHTwat (tmudp «1111») mpemgompe-
nensiet 9pHEeKTHBHOCTD MPUHIIUIIOB YIPABIICHHS
HEIIOCTaTOYHOCTRIO YeTO-TTH00 Ha PBIHKE (pHC. 3).
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Taoauna 1

OGocHOBaHHE COAEPKAHUS IPUHLUIIOB YIIPABJIEHHS YCTOHYHUBOCTHIO OPraHU3aLUU
Ha OCHOBe cofep:kaHusl puc. 2—6 [pazpadoraHo aBTopom]|

HIndp | Komnonenr

| [TpyHIMT ynpaBieHus yCTOHYMBOCTEIO

Bnox npuHnmnoB «HanéxHOCTh OpraHu3anum» >

0000 VYCTOWYHBOCTD MOHHUTOPHHT ¥ aHTUKPH3UCHOE yIPaBICHUE

0001 I'nbkocThb JluBepcuduKanus U pa3BUTHE KOHKYPEHTHBIX PEUMYILECTB

0010 JKusnecrolikocTh PectpykTypuzanus OM3Heca H yIpaBlIeHHE IPOOIeMHBIMI
AKTHBAMU

0011 Kusyuectb I'mo6abHOE TAPTHEPCTBO M CTPATETMYECKHI MEHEDKMEHT

Bok npuHImnos «HexocTatoyHOCTh 4ero-inho Ha PHIHKEY

0100 Hyxna VYnosierBopeHue 6a30BbIX MOTPEOHOCTEH YeToBeKa

0101 [puBbruka Co3nanue 61aronpusTHON cpelibl MOTPEOICHUS POLYKIHN
W/WIH yCITyT

0110 ITorpe6HOCTD ObecneueHne 61arocOCTOSIHIS YEI0BEKa

0111 Iennocth OpueHTanuus Ha OLIYIIEHHUS, BHEYATICHHS 1 OIIBIT OTpeOuTes

Biiox TIPUHITUIIOB «OpraHmauMonHas{ KYJIbTYpa»

1000 DOKOHOMHYECKHIT YrpapieHue 3aTpaTaMi U BDEMEHEM B LIEISAX CO3JAHUS
aCIIeKT LICHHOCTH

1001 ConyraibHbII ColpiaJibHOE TApTHEPCTBO U YIPABJICHHE KOH(QINKTaMU
aCIIEKT

1010 DKonoruyecKuit CoxpaHeHHEe OKPYKarOIIEi CPeJIbl M SKOTOTNUECKHit
QACIIEKT MEHE/UKMCHT

1011 WHTennekTyaabHbli acrekT OOyueH#e U CTUMYIUPOBAHIE HHUIIHATHBBI

" KpEaTUBHOCTHU

Bbnox npuniunos «IloTeHnuan opraHu3anum»

1100 TexHonoruyeckuit ArperarHoe IJIaHUPOBAHUE ITPOU3BOJICTBA C NIEPEMEHHBIM
TIOTEHIHAII PHUTMOM U U3MEHSIONIEICs] YUCIEHHOCTHI0 pabodanx

1101 VIHHOBAIIMOHHBIH Co3anne HOBUHOK, Pa3pabd0OTKa HOBBIX TEXHOJIOT Uit
TIOTEHIHAII 1 MaTepuaioB, OCBOCHHE HOBBIX PHIHKOB

1110 Jlorucrnueckuit VYerpanenue Mex(QyHKIMOHAIBHBIX 0apbepoB, YIIpaBICHUE
MOTEHIHAIT MOTOKAMH €IHHUYHBIX M3/ICITHI

1111 MapKeTHHIOBBIH ObecriedeHne JOCTYITHOCTH TPOIYKIUH, YCIYT
MOTEHIHAIT 1 MO CIIETIPOAAKHOTO 00CITY)KUBAHHUS

*BIIOKY IPHHIUIIOB YIIPABICHHs OPTaHU3aIHeH, IPeICTaBICHB! Ha puc. 1.

3aMeTUM, YTO MEepBEIE IBE MU (PBI YeTHIPEX3HAY-
Horo 1mudpa «11» 03HaYaIT «IOTEHIHA Opra-
Hu3armm» (puc. 1). OG0CHOBaHHBIC BHIIIC BapH-
AHTBI MOTEHIMANA OpraHu3alKH (pUc. 5) 3aKia-
IBIBAIOT OCHOBY MPOCKTHPOBAHHS NPHHIUIIOB
yIIpaBIICHHs OpraHu3ankeil Ha ypOBHE HauaIbHHU-
KOB OTJICTIOB YeTBEPTOTO (€CITH 3TO HEOOXOIMMO)
(YHKIIMOHAIBHOTO JAMPEKTOpA OpTaHU3allHy,
MOTYMHSOIICTOCS TEHEPAIBHOMY AUPEKTOPY.

Takum 00pazoM, MOXKHO CJIeTaTh BBIBOJI, YTO
TeHEePAJIbHBIA IUPEKTOP OTBEYALT 3a BCE IPHH-
LUITBI YIIPABICHUS YCTOYMBOCTBIO OpraHHU3a-
1H; QyHKIMOHATBHEIE TUPEKTOpa 00eCIIeuBa-
10T 3(ppeKTHBHOCTH OIOKOB TIPHUHITAIIOB YIIPaB-
aeHus (puc. 1); HaYaTbHUKH OTICNIOB KYPUPYIOT
OCHOBHBIC IIPHHIIMIIBI YIIPABICHUS YCTOHYHBO-
CTBIO OpraHM3alny, GOpMUPYEMbIe Ha OCHOBE
puc. 2-5, conepkaHue KOTOPBIX MO3BOJISIET TIe-
PEUTH OT KOMIIOHEHTOB OJIOKOB K KOHKPETHBIM
MIPUHIUIIAM yIIpaBlIeHHs. Pelenne qaHHoOM 3a-
Jlaq OTpakeHo B Tad. 1.

VINTE AH 2 NO 1) D

ANYXVHIA AHOVTIBTY TTIPABITEH NS WY NaVBt

Wudopmarust tabn. 1 ocHOBaHa Ha JIOTHKE
JIOCTIDKEHHS XapaKTEPUCTHK KOMITOHEHTOB 0J10-
KOB yIpaBieHus (puc. 2) TOCPEICTBOM KOHKpE-
TH3AINH COJIEP)KAHNS HE TOIBKO JOKAIBHBIX, HO
1 TII00ATBHBIX YIIPaBIEHUECKHX BO3ACHCTBHN Ha
OPTaHM3AINIO B COOTBETCTBUH C KOMIICTCHIIUS-
MU Ha4aJbHUKOB OTAEIOB, ()YHKIMOHAIHHBIX
JIMPEKTOPOB M TEHEPAITBLHOTO JUPEKTOpa Opra-
Hu3anuu. st Toro 9To0BI c(OpMUpPOBATH I1e-
JIOCTHOE BIEYATIICHHUE O MPUMEHECHUH MPE/ICTaB-
JEHHBIX B Taba. | NMPUHIMIIOB YNPaBICHUS
YCTOWYMBOCTBIO OpPraHM3aliN, IIeIec000pa3HO
00paTUTBCS K COZIEPIKAHHIO PHUC. 6.

Ha naHHOM prCyHKE ITPE/ICTaBICHO HE TOIb-
KO COJIepKaHHe CITPOEKTHPOBAHHBIX PHHIIUIIOB,
HO W TTOKa3aHbl B3aMMOCBSI3M ITOJTHOMOYHI Ha-
JaJbHUKOB OT/ENOB U ()YHKINOHAIBHBIX TUPEK-
TOPOB, 00ECTICUNBAIONINX YCTOHYMBOCTD OpTa-
HU3aIMM HA MX OCHOBe. B kadecTBe mpumepa,
OTPAXAIOIIETO JaHHBIH ACHEKT MCCICAOBAHUS,
BO3bMEM TipuHIHT ¢ mHdpom «1100» — «Arpe-

ARV Sdinn
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Baox npuaiunos A (0000) Baox npunnunos B (0100)
«HanéxHoCTb OpraHu3alum» «HenocTaToYHOCTh 4ero-nmnbo»
TenaeH UM U3MEHEHHS .
NOTEeHIMANA OPTAHM3ALMH IoTpeduTeanckue cBoiicTBa
110 pe3yJIbTaTaM HeraTHBHBIX pecypeos
BO3/IEHCTBHSIX HA Heé U3BHE Tunosbie YHUKanbHbIE
Boccranasim- He Boccra-
BaeTCs HABIMBACTCS
“ Jlusepcudu- Cosnanune
o e (2}
§ 2 Monurtopusr u Kanus V noBierBo- GnaronpusTHO 2
M
9 3 AHTH- M pasBHTHC peHne 6a30BBIX Cpeaibl = =
= = KPU3HCHOE KOHKY- norpedHoOCTEH notpebaei 5 ié
g § ‘S PEHTHBIX nponykumu u/um | S =]
$2 E yIIpaBJICHHE YesoBeKa yeyr 5 o
g © (0000) flpefhy et (0100) > S
S= (0001) (0110) s
z =y
SE ES
=
ﬁ g 2 e < =
2= E PCCTPYGKTYP"' I'no6ansHoe ObecrieueHne OpuenTanus 2 gs
z S i ?;:luﬁxa;;s;lelgg HapTHEPCTBO 671arocoCTOSIHASL | Ha OLLYIICHHS, g 28
g z \,: npzﬁg OMHBIMMI H cTpare- 4eroBeKa BIICUATICHHUS ’E S
< 5 aKTHBaAMU THYCCKUI (0110) M OTBIT EREN )
5 £ (0010) MEHE/IKMEHT norpeduTess £
(0011) (0111)
° Vupasnenue ArperatHoe Cozpnanne
o5x 3aTpatamMu CounanbHoe [UIaHUPOBAHHC HOBHHOK, =2 E
a
. EEE W Bpemeriem HapTHECTBO [POM3BOACTBA paspaborka 9E E
Z 23z C TIEPEMECHHBIM HOBBIX E2 B=
B E5E s IeMsX CO3/[aHusA | U YIpaBIeHHE PHTMOM TEXHONOMHE 1 g § 8%
5 &55 LeHHOCTH KOHDIHKTAMH M3MeHsIoeics MaTepHaos, 28 &F
E 85§ (1000) (1001) YHCIIEHHOCTBIO | ocBoeHme HOBRIX | O & =&
-
2 g = pabounx (1100) | psiukos (1101) gE
L= ==
== < g
E_E g CoxpaHenue OGyuenue Vcrpanenue OGecreuenue 2 ot
= o
e g Zo OKpYKaroLeH M CTUMYJIHPO- MeXyHKIH- JIOCTYIHOCTH ] §'§
Q
E-E g 3 = cpenpl BaHHE HaJIbHBIX TIPOAYKIIMH, 8 § E-E
==
2 & 5] u MHULHATHBbI Gapbepos, yeryr S g -S-E
. Q
E E‘&E 9KOIOT HIECKHIt u yIpaBICHHE U TI0CIIe- 2 % =5
E 2 E g MEHEDKMEHT KpeaTHuBHOCTH TIOTOKaMH TIPOAKHOTO 5 & E( =
5 Eg (1010) (1011) EMHUYHBIX 00CITy)KUBaHUS 5 2 E
2 n3zenmit (1111) e 0
o (1110)
TIpuponsbie Yenoseueckue Tpupoanbie YenoBeueckne
(matepnanbupie)  (MHpoOpManm- (matepuanbhbie)  (undopmarm-
OHHBbIE) OHHbIE)

Tun pecypcoB opranuzanuu

Tun pecypcoB opranuzanuu

Buiok npunumnos D (1000)
«Opraiu3aloHHas KyJIbTypa»

Biiok npunuunos C (1100)
«IToTeHmam opraHu3annm»

Puc. 6. Knaccugpukayusi npuryunoe ynpaeneHusi opzaHu3sayuell [paspabomaHa aemopom].

raTHOE IJIAHMPOBAHKE IIPOM3BOJICTBA C IEPEMEH-
HBIM PUTMOM M U3MEHSFOIEHCS YUCIEHHOCThIO
pabounx». Ha puc. 6 BUIHO, 4TO JaHHBINA MPUH-
LMIT peaqnu3yeTcsi COBMECTHO C MPHUHIIUIIOM
¢ mmmdpom «1110» — «YerpaneHue Mex(pyHK-
LIHOHAJIbHBIX 0aphepOB, YIIPABICHUE TOTOKAMU
SIMHUYHBIX H3JICJINI», MOCKOJIbKY O0LIUM
OPHEHTHPOM JUIS IAHHBIX TIPUHIIUIIOB SIBIISIETCS
KaueCTBEHHbII NPU3HAK U JUXOTOMHS: «THII
pecypcoB OpraHu3aluu: MPUPOIHbIE (MaTepu-
aJbHBIC)».

OnHOBpeMeHHO MpUHIH ¢ mrudpom « 1100
JIOJDKEH BBITIOJIHSITHCS] COBMECTHO C IPUHIIUIIOM
¢ mudppom «1101» — «Co3nanue HOBHHOK, pas-
paboTKa HOBBIX TEXHOJOTHH M MaTepuajoB,
OCBOEHHE HOBBIX PBIHKOB», MOCKOJbKY U TOT,
W JIPYTOi MPUHIKII TIPEATNOJIaraoT TaKyl CcTa-

Vi) \ [ N2 )$

Iuio (OPMHUPOBAHUS U PAa3BUTHS MOTCHIIMAIA
OpraHU3aINH, KaK «CO3/IaHNE U HAPAIIUBAHNE)
win 1uxotoMuio. To jke caMoe MOXKHO CKa3aTh
1 B OTHOIIICHUH NPUHIUTIOB ¢ mmudpamu « 1101,
«1110» m «1111» Gnoka «YmpaBieHue MOTEH-
[MAJIOM OPTaHU3ALUN», 38 KOTOPBIl OTBEYaeT
(hyHKITMOHATILHBINA TUPEKTOP, TOTIUHSIOIIHANACS
TeHEPATBHOMY AUPEKTOPY.

AHaJIOTUYHBIM 00Pa30M MOTYT OBITH MpE.-
CTaBJICHBI B3aUMOCBS3U (DYHKIIMOHAIBHBIX JTH-
PEKTOPOB OpraHu3anuu. J{JIs UX yCTaHOBICHUS
HE00X0IMMO 00PATUTHCS K COIEPIKaHUIO puc. 1.
Ha nanHOM prCyHKe BUJIHO, YTO (pyHKIIMOHAIb-
HBII AUPEKTOP, OTBEYAIONIHMH 32 OJIOK MPUHITH-
OB yTIpaBiIeHus ¢ mudpom «11» — «YmpaBnerne
TTOTEHITMAJIOM OPTaHN3AIUID B3aNMOJICHCTBYET
¢ QyHKIHOHAIBHBIM TUPEKTOPOM, OTBEUAFOIIIM

nn



Tabauna 2
CpaBHenue 1eeii ycroiiunsoro pa3sutusi (OOH) u npuHIMNOB yNpaBiaeHUs
opranm3anueii [pazpaéorano apTopom|

Tucp Iemu ycroitamBoro pazsutus (OOH) IIpuHLIUIIBI yIIpaBIeHNs OpraHu3aei
1 2 B
0000 ObecrieueHne OTKPEITOCTH, 6€30MacHOCTH, JKH3HECTOMKOCTH MOHHUTOPHHT ¥ aHTHKPH3HUCHOE
1 DKOJIOTHYECKOI yCTOMYMBOCTH FOPOJOB U HACENICHHBIX yHpaBjieHHE OpraHu3anuen
IIyHKTOB
0001 - JluBepcudukanus u pa3BuTHe
KOHKYPEHTHBIX NIPEUMYILCCTB
OpraHM3aIyH
0010 - PecTpykTypusarust OusHeca
1 yIpaBieHHe IPOOIEeMHBIMHI aKTHBAMHU
OpraHu3aIyu
0011 VYKpernieHne CpeicTB JOCTIKEHHS yCTONINBOTO Pa3BUTHS I'mobanbHOE MAPTHEPCTBO
M aKTHBH3a1Hs Pa0OTHI MEXaHU3MOB [NI00ATFHOTO MAPTHEPCTBA | M CTPATETHYECKUIT MCHEKMEHT
OpraHu3aLuu
0100 JIukBuIanuys rojoaa, 0oecredeHne Ipo0BOILCTBEHHOI VYnosieTBopeHHe 6a30BBIX
0€30MacHOCTH, YIIy4IlIeHUE ITUTAHUS U COACHCTBUE YCTOMYMBOMY | MOTPEOHOCTEH YesloBeKa OpraHu3anuei
Pa3BUTHUIO CEIBCKOTO XO3sIHCTBA
0101 ObecrieueHne nepexosa K pauuoHaIbHbIM MOAEIAM Co3nanue 6IaronpusTHON Cpesbl
HOTPEOICHNUS M TIPOM3BOJICTBA MOTpeOIeHUs IPOYKIMH H/UITH YCIyT
0110 ObecrieueHune 30poOBOro 00pasa KH3HU U COJCUCTBUE ObecrnieueHne 61aroCOCTOSIHUS YETOBEKa
0J1aronoy4uto Ui BCeX B JII00OM BO3pacTe
0111 - OpueHTanys Ha OLlylIeHHU,
BIICUATIICHHS U OMBIT OTPEONTEIIS
1000 CopeifcTBIE MOCTYNATEILHOMY, BCCOXBATHOMY M YCTOHYMBOMY | YIIpaBieHHE 3aTpaTaMu U BpEeMEHEM
SKOHOMHYECKOMY POCTY, TIOJHOI ¥ IIPOM3BOAUTEIILHOM B IIEIISIX CO3JAaHMs IEHHOCTH
3aHATOCTH M JIOCTONHOM padote must Beex; ObecneueHne
BCEOOIIIEro IOCTyIIa K HEJOPOT UM, HaJIEKHBIM, yCTONIMBEIM
U COBPEMCHHBIM MCTOYHHKAM SHEPIUH JUIS BCEX
1001 CokpallleHHe HEPABEHCTBA BHYTPH CTPAH U MEXK/Y HUMMU; ConuasibHOE ApTHEPCTBO M YIIPABICHNUE
CopelicTBIE IOCTPOCHUIO MUPOIIOOHBOTO M OTKPBITOTO KOH(IIKTaMI
o0LIecTBa B MHTEpecax yCTOMYUBOIO Pa3BHUTHsI, 00CCIIeUCHHE
JIOCTyIa K IPaBOCYIHIO UL BCEX H co3AaHue d(Q(HEeKTHBHEIX,
HOJOTYETHBIX M OCHOBAHHBIX HA IIMPOKOM YYaCTHH YUPEKIACHHI
Ha BceX ypoBHsX; ObeclieueHne TeHAePHOTO PaBeHCTBA
U pacUIMpEeHUe MPpaB U BOBMOXKHOCTEH BCEX KEHILMH 1 J€BOYEK)
1010 TIpunsTue cpoyHsIX Mep 1o 60psOe ¢ U3MEHEHHEM KiInMara CoxpaHeHHe OKpyXKaroleil cpejibl
u ero nocneacTBusiMu; CoOXpaHeHHE U PallMOHAIBHOE 1 SKOJIOTHYECKUH MEHEDKMEHT
HCIIOJIb30BAaHHE OKEaHOB, MOPEIl 1 MOPCKUX PECypCoB
B HHTEPECAX yCTOHYMBOTO Pa3BUTHSL; 3alUTa U BOCCTAHOBIICHHE
9KOCHCTEM CYIIH ¥ COACHCTBHE UX PALIMOHAIEHOMY
UCTIOJIb30BAHUIO, PAlIMOHAIILHOE JIECOONIB30BaHKE, O0phOa
C OIYCTBIHMBAHKEM, IIPEKPAIleHNe 1 00palleHHe BCISITh
mporecca Jerpagauy 3eMelib i MPeKpalieHne mporecca yTparsl
6ropasHoobpasus
1011 ObecreueHne BCEOXBATHOTO U CIPABEUIMBOTO KaYECTBEHHOTO OOyueHue U CTHMYINPOBAHHE
00pa3oBaHusl U MOOLIPEHUE BO3MOKHOCTH 00y4eHHs Ha MHULUATHBBI 1 KPEaTHBHOCTH
[POTSDKCHHN BCEH JKU3HHU TSl BCEX [epCoHalIa OPraHN3aLuK
1100 OoecrneueHune nepexosa K palnoHaIbHbIM MOAEIAM ArperarHoe IJIaHUPOBAHNE
notpebneHust 1 npou3BozacTBa; Co3anue CTOHKOM MIPOU3BOJCTBA C IEPEMEHHBIM PUTMOM
uH(PACTPYKTYPBI, COACHCTBIE BCEOXBATHON M YCTOWYNBOI U U3MCHSIONICHCS YNCIEHHOCThIO
MHIYCTPHAIU3ALMI U HHHOBALMSIM pabounx
1101 Co3znanue cToiikoil HHGPACTPYKTYpEL, conelicTBHE BceoxBaTHOU | Co3qaHne HOBHHOK, pa3padoTKa HOBBIX
U YCTOMYMBOI MHJIyCTPHAIN3ALMH 1 MHHOBALIHAM TEXHOJIOT il ¥ MaTepHaJioB, OCBOCHHE
HOBBIX PBIHKOB
1110 - Yerpanenue Mex(QyHKIHOHAIBHBIX
6apbepoB, YIpaBJICHIE TOTOKAMU
CIMHUYHBIX U3JCIHI
1111 Cosnianne cToiiKoit HH(pPACTPYKTYpEI, COAEHCTBIE BceoxBaTHOH | ObecriedeHune J0CTymTHOCTH
U YCTOMYMBOI HH/IYCTPHAIN3ALMH 1 HHHOBALIHSIM MPOYKIHH, YCIYT U MOCIEIPOAAKHOTO
00CITy)KMBaHHS

DAH ur:t 4 {0} \[4 1) D

B PUTHONTTETYWTIPABITCANA Y NYNBOCTBTO D]
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3a 050k ¢ mudpom «01» — «YpapieHue HEO0-
CTaTOYHOCTBIO YEro-JIn00», OPUEHTHPYSCh Ha
KaueCTBEHHBIN MPU3HAK U AUXOTOMHIO «BO3MOXK-
HOCTh BHEAPEHHS MHHOBALUNA B pa3n4YHbIE
cepsl AesATeIBHOCTH OPraHU3aluK: HE OTPaHu-
geHa». To ke caMoe MOXKHO CKa3aThb U O €ro
B3aUMOJICHCTBHH C (PYyHKIIMOHAJIBHBIM JAUPEKTO-
POM, OTBEYaIOIIUM 3a 00K ¢ mudpom «10» —
«YIpaBlleHUE OPTaHU3aLUOHHON KYJIBTYpPOil»,
OOIIMM [T KOTOPBIX SBJISETCS KaueCTBEHHBII
MPU3HAK U AUXOTOMUS: «CTaaus yIpaBieHUe-
CKOTO PEUICHUS: BHEIPEHUE WIN pa3paboTKa,
COITIACOBaHME U BHITIOJIHEHHUEY.

Hcxons U3 3TOro, MOXKHO KOHCTaTHPOBATh,
YTO CIIPOEKTUPOBAHHBIC TPUHLIUIIBI YIIPABICHHS
YCTOHYMBOCTBIO aJaNTUPOBAHbI MO THUIIOBYIO
Hepapxu4ecky yBA3aHHYIO CUCTEMY yTIPABICHHS
opraHu3zalueii, B KOTopoil 000CHOBaHbBI HE TOJIb-
KO 3JIEMEHTBI, KaK B IPOTOTUIIAX PAHEE CO3/1aH-
HBIX IIPUHIIUIIOB YIIPABJICHUS, HO U B3aUMOCBS-
3M MeXay HUMHU. HBIME clioBamu, mpejiarae-
Masg METOJAMKa MPOEKTUPOBAHUS MPUHIIUIIOB
YIpaBJICHUs JOJDKHA 00ECHEUNUTh JOCTHIKEHUE
CHHEPreTH4eCcKoro 3¢ eKTa oT B3auMOICHCTBUS
JIOJDKHOCTHBIX JIUI] M UX MTOAYMHEHHBIX B PaMKax
OTBEJACHHBIX UM KOMIIETEHLIUHM 1 TIOJTHOMOYUH.
JlaHHas MeTOAMKa MperonaraeT UCKIIOYeHHUe
CyOBEKTHBHOIO MO/IX0/1a K 000CHOBaHHIO BBIBO-
JIOB U PEKOMEHAlNH B CIIydasx, KOraa KoJinde-
CTBEHHBIE TIapaMeTpbl 00BbEKTa UCCIIECOBAHMS
U3MEPUTH U OIICHUTh HEBO3MOYKHO U IIPUXOAUT-
Cs1 ONIEpUPOBATh KaueCTBEHHBIMU XapaKTEePUCTHU-
KaM{ JJaHHOTO O0OBEKTa M MX JUXOTOMHSIMH,
B TOM 4YHCJIE IPHU CTPYKTypH3alMH 00beKTa,
€CJIM ATO BXOAUT B 3a/1aull UCCIIEOBAHMS.

Amnanuz conepkanusi Talsl. 2 MOKa3bIBAET,
YTO BCE CEMHAALATh IIefIei 1 3a/1a4, pa3paboTaH-
HbIX OOH [7], yuTeHsl ipu 000CHOBaHHUH COJIEP-
JKaHWS peAsiaraeMbIX IPUHIUIIOB YIIPaBICHUSA
YCTOWUMBBIM pa3BUTUEM opraHusauuu. IIpu
9TOM YeThIpe MPUHIUIA, XOTS HANpsIMYIO U He
CBS3aHbI C JAHHBIMM LIETSAMH M 3a7adaMH, HO
B IIEJIOM UM HE MIPOTHBOPEUAT, yUUTHIBAs Mpel-
MOYTEHUS OPraHU3alluU B YCIOBUAX KOHKYPEH-
IIUH Ha PBIHKE.

ITonBoas UTOTHM HCCIIEAOBaHUSA, MOXKHO OT-
METUTh XapaKTepHbIE YEPThl MPETOKESHHBIX
ABTOPOM TPUHIIUIIOB yNpPaBJIEHUS yCTOWYIHBO-
CTBIO OpraHM3alllM, TAKHE KakK: M30uparesb-
HOCTh B 3aBUCHMOCTH OT (DaKTOPOB BHELIHEU
U BHYTpPEHHEH cpesl opraHu3ally; coderae-
MOCTb NPH UX PeaTu3aliy MOIpa3IeIeHUIMI
OpraHu3aliK; HePAPXUUHOCTh; B3aUMOCBSA3aH-
HOCTb; YHUBEPCAJIBHOCTh; TOTOBHOCTH K I (PO-

VI | | NO )

BU3ALIUHY, & TAKIKE K CTPYKTYpPHU3aLUU U COIACO-
BAHUIO 1O YPOBHSAM YNPaBICHUS U MEXKIY
3BEHBSIMU JIOTUCTUYECKOU Lienu. B ToM ciyuae,
KOTJ[a 4aCTh UCIOIb30BAaHHBIX aKTyalbHBIX Ka-
YECTBEHHBIX TPU3HAKOB OKAXKETCS HEBOCTPEOO-
BaHHOI{, MOTYT OBITh BHISIBIICHBI HOBBIE aKTyallb-
HbI€ KaYeCTBEHHBIC TPU3HAKU U UX AUXOTOMUH,
Ha OCHOBE KOTOPBIX MOXKHO CIIPOCKTHPOBAaTh
HOBBIM BapUaHT MPUHIUIIOB yIPaBJIE€HUs, KOTO-
pble OyayT MOHATHBI U JOCTYIHBI JJISl peaan3a-
1Y JTMLAMH, IPUHUMAIOLIMMHU PELIeHUs, U JIU-
[[aMH, UX BBITOJHSAIONUMH, YTO, IO MHEHHUIO
aBTOpA, CYNIECTBEHHO CMATYHUT Npoliemy
oOecrie4eHHs YCTOMUNBOCTH U YCTOWYHBOTO
pa3BUTHsI OpraHU3alMy Ha BCEX €€ YPOBHSX.

BblBOAbI

[TpuHIMMBL yIIpaBIeHUs SIBISIFOTCS BAKHBIM
KOMIIOHEHTOM CHUCTEMBI YIIPaBJIE€HUs OpraHu3a-
LMEW U OTHUM U3 UHCTPYMEHTOB €€ CTpaTeruu.
JunamuuHOE M3MEHEHHE (PAKTOPOB BHEIIHEH
Y BHYTpPEHHEHN Cpelibl OpraHu3aliu, B 4aCTHO-
CTH, OIPAHUYEHUS, CBSI3aHHbIE C NIPOTUBOEH-
ctBueM nangemuu COVID-19, mocTosiHHO
MIPOBOLIMPYIOT UX KOPPEKTUPOBKY, 3aMEHY WU
npoextupoBanue. [Ipu 3ToOM Bo3MOKHA ympas-
JIEHYeCcKasi CUTyaluus, Korjga opraHu3anus
BBIHY’K/IE€HA HCII0JIb30BaTh IPUHIUIIBI YIIpaBIIe-
HUSI, KOTOPBIC, Ka3aJl0Ch Obl, MepecTaiu ObITh
akTyanbHbIMUA. OIHUM U3 BOXHEHIIHUX (PaKTo-
POB, MpPENONpPEAEA0OIUX NPOEKTUPOBAHUE
HOBBIX [IPUHIIUIIOB YIIPaBJICHUS OPTaHU3AINEH,
SIBJISICTCSI OPUCHTAIIHSI MUPOBOTO COOOIIIECTBA Ha
YCTOMYMBOCTb U YCTOMYUBOE PA3BUTHUE, IIPELLY-
CMaTpPHUBAIOIIEE YIOBICTBOPCHUE MMOTPEOHOCTEH
HBIHEIIIHETO MOKOJICHHS He B yIiepO moTpeOHo-
CTSIM OyAyIIMX MOKOJICHUH. MHOIHE acreKThI
pa3pabOTKU U BHEAPCHUS HOBOTO BUICHUS MH-
pOBOTro MopsiiKa A0 CUX MOP HEMOHATHBI, HE
popaboTaHbl U MOATOMY SIBJISIIOTCSI TUCKYCCH-
OHHBIMHU. B paMKax TeMbl JTaHHOH CTaTbU BeChbMa
IUIOIOTBOPHOU MOTJIAa OBl OBITH JUCKYCCHUS IO
CJIEIYIOLIUM acCleKTaM COBEPUIEHCTBOBAHUS
CHCTEM YITIPABJICHUS OPTaHU3AIMSIMU U UX 00b-
€IMHEHUSIMHU C LICHTPAJIN30BaHHON U JIEEHTpa-
JIN30BaHHOW (hOPMAMU YIIPABIICHUS:

* pacIIMpEeHUE U JOIOJHEHHUE IOJXOJ0B
K MPOEKTUPOBAHUIO MPUHIUIIOB YNPABICHUS
OpraHu3alueil B 3aBUCUMOCTY OT CTPATErUU €€
pa3BUTHS,

* YTOUHEHHE METOJIOB COIIACOBAHUS U CTPYK-
TYPUPOBAHUS IPUHIIUIIOB YIIPABJIEHHS OpraHn3a-
IUSIMA U UX O0bEAMHEHUSIMH TI0 YPOBHSIM YIIPaB-
JICHHS1, IO €ro (hyHKIMSIM, 110 TUIIOBBIM TpeOoBa-



HHSIM KOHEYHBIX [TOTPEOUTENCH MPOLYKIIMHN H/UITH
YCIIYT; TI0 BUJIaM CTPATETHif; 110 OCHOBHBIM pasjie-
JIaM MEHE/DKMEHTa U ero BUJIaM U JIp.;

* pa3paboTKa IPUHIMUIIOB yIIPABICHUS LIeTIs-
MH M CETSIMHU CO3aHUsl LIEHHOCTEH, IIOCTaBOK
U TpeOOBaHMIA, a TAaK)Ke METOJMKH ITPOEKTUPO-
BaHMS MPHUHIUIIOB YIIPABJICHUSI UX 3BEHBSIMH,
Ha4yMHasl OT MEPBUYHOTO 3BEHA M 3aKaHYHMBas
KOHEYHBIM NOTpeOUTEeNeM MPOIYKIUH H/UIN
yeayr;

* pazpaboTKa pEKOMEHJAALMH MO OllCHKE
(G PEKTUBHOCTH U PE3YJIbTaTUBHOCTH CHUCTEM
YIIPaBJICHUs OPraHU3aHUIMU, a TAK)KE TIPUHIU-
OB YINPAaBJICHUS C LEJIbI0 CBOEBPEMEHHON MX
KOPPEKTUPOBKH, 3aMEHBI MJIM ONTHMH3aLUH;

* CO3/IaHME MPEJIIIOCHUIOK JUIsl PEIIeHHs IBYX,
Ka3ajgoch Obl, B3aMMOMCKIIIOUAIOMIMX 3ajay:
CO3/IaHUsI LICHHOCTEH JJIsi KOHEUHBIX TTOTpeOu-
TeJel M BHEAPEHUs TEOPHHU M METOIO0JIOTHU
YCTOWYMBOTO MapKeTHHTa U JIp.

BaxxHbIM BOIIpOCOM, HO yrke OoJee MpaKTH-
YeCKOTO IUIaHa, SIBJISIETCS aJlanTaiysl MpeJyio-
YKEHHOU 001IIEi MOJICIIN TPUHIIUITIOB YIIPaBJICHHS
K Crienu(uKe AesSTeIbHOCTH OTPACIEeBbIX Opra-
HU3alUH, B TOM YHUCIIE TPAHCIIOPTHOTO KOMII-
JIeKca, U UX 00beIMHEHHIA.
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OKOMNbHbIN NYTb K BbICOKOW MOOMNBHOCTM.
[nanekTnka MoOMNLHOCTH
B UCTOPUU YenoBeyecTBa

Omutpuit MAYEPET

AHHOTALINA

Llensto onucaHHo20 8 cmambe uccnedosaHus sensemcs
001120CPOYHb I aHANMU3 KOIUYECMBEHHBIX U Ka4eCmeeHHbIX napa-
Mempoe NPOCMpaHCMeeHHOL MOBUTbHOCMU HaceleHust U onpe-
OeneHue eé QanbHeluX Nepcnekmus Ha 0CHOBE UCNOMb308aHUs
duanekmuyeckozo Memoda, Memodos UCMOPUYECKO20 U cmamu-
CMuYyecKo20 aHanu3a, Ymo Heobxod0umo Ans NoHuMaHust mpebye-
MbIX HanpageHull U meMnog passumus mpaHCNOPMHbIX cUCMeM,
npu3gaHHbIX obecneyums 803MOXHOCMU 05151 Y08IeMBOPEHUS
nompebHocmeli 8 NPOCMPaHCMBEHHbIX NEPEMELEHUSIX 8 HAaCMOS-
wem u cozdaHue ycnogull 0115 nosbIeHUss MobunbHocmu 6 6ydy-
wem.

Ha ocHose cmamucmuyeckux 0aHHbIX OXapakmepu3oeaH
8bICOKULI U UMEeOWUll MeHOBHYUIO K POCMY ypOBeHb NPoCmpaH-
CcmeeHHOU MOBUMbHOCMU HaceseHus 8 COBPEeMEHHOM obuiecmee.
CdenaH 818600 0 MoM, Ymo MoObUTbBHOCMb cmana HacywHol
Heobxo0umMocmbko 8 cospemeHHoM obiecmeae, a nompebHocmb
8 nepemelyeHUU npespamusiack 8 00Hy U3 8aXHeULUX Yenose-
yeckux nompebHocmed. Packpbimo U3MeHeHue NPOCMPaHCMeeH-
HOU MOBUILHOCMU 8 UCMOPUYECKOU Pempocnekmuse, ebiseH

JImumpuit Anexcanoposuy Mauepem

Poccutickuti ynusepcumem mparncnopma, Mockea, Poccusi.
P4 macheretda@rambler.ru.

€20 HeruHelHbIl Xxapakmep, KomopbIl MOXHO paccmampueams
8 pamkax duanekmuveckol mpuadbl «me3uc — aHmume3uc —
CUHME3y.

OnpedeneHbl nepcnekmugbl pocma npocmpaHcmeeHHol
MObUTLHOCMU HaceleHuUs 8 ycrnosusix yugpposusayuu. BeedeHo
HO80€ NOHAIMUE — «NPOCMPaHCMEEHHO-yugposas Mobusb-
Hocmby, onpedeneHbl Xapakmepucmuku, KomopbIMu QOMKHbI
obnadame mpaHcnopmHble cucmembi 05151 obecneyeHust Heobxo-
OUMO20 YPOBHS NPOCMPaHCMBEHHO-ULhPO8OU MOBUILHOCMU.
LononHumenbHo apaymesmuposaHa 3Ha4umasi pors cmpoumeb-
cmea 8bICOKOCKOPOCMHbIX CYXOnymHbIX Maaucmpanel 05 pea-
nU3ayuu pacmyuwe2o Nomexyuana npocmpaHcmMeeHHoU Mo6UTb-
Hocmu HaceneHus. [IpoaHanu3uposaHbl cOOmMeemcmeyruue
napamempb! TpaHcnopmHou cmpameauu Poccutickol ®edepayuu
00 2030 200a ¢ npoeHo3om Ha nepuod do 2035 2o0da. CoenaH
8b1800 0 MOM, Ymo yenybneHue coyuanbHO-3KOHOMUYECKoU Mo-
0OepHusauyuu 6ydem conposox0ambcsi danbHelwuM NogbILeHUeM
npocmpaHcmeeHHol MoBUNbHOCMU HacenieHus, Ymo mpebyem
YCKOPEHHO20 pPa3gumusi mpaHcnopma Ha UHHOBaUUOHHOU OCHOBE.

Kiroyesble croga: npocmpaHcmeeHHas MobUMbHOCMb HAaCeneHusi, CoyuarbHO-3KOHOMUYECKOe pa3sumue, mpaHcnopm, Naccaxu-
poobopom, ModepHu3ayus, ypbaHu3ayusi, 0abHOCMb NEPEOBUKEHUSI.

Ona uumuposanus: Mayepem [. A. OkonbHbIl nymb K 6bICOKOU MobunbHocmu. Juanekmuka MobUnbHOCMU 8 ucmopuu
yenoseyecmea // Mup mpaxcnopma. 2022. T. 20. Ne 2 (99). C. 18-28. DOI: https://doi.org/10.30932/1992-3252-2022-20-2-2.

MonHbIli mekecm cmambu Ha aH2nulickoM si3bIke ny6nukyemcsi 0 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

B coBpeMeHHBIX yCIOBHSIX MPOCTPAHCTBEHHAS
MOOMIIBHOCTD HACENCHUsI JOCTHINIA KaK B MHUPE,
TaK M B HAIICH CTpaHEe BECbMa BBICOKOTO YPOBHS
1 TIPOJIOJDKAET MOBBIMIATHCS, YTO SBISETCS KaK
BaKHBIM (haKTOPOM CONMATEHO-3KOHOMHIECKOTO
Pa3BUTHSA, TAK M CEPHEHBIM BBI30BOM IS TPAHC-
TIOPTHBIX CHCTEM.

PazBuTHe TpaHcnopTa IOIKHO, C OHOW CTO-
POHBI, YIOBIIETBOPSITH BBICOKHMH CIIPOC HA ITEpeMe-
IIEHNSI KaK B KOJIMYECTBEHHOM, TaK M B KAYE€CTBEH-
HOM OTHOIIIEHWH, & C JAPYrOi — CTUMYIIUPOBATH
POCT IPOCTPAHCTBEHHOW MOOHMIEHOCTH. B cBsI3N
C 3TUM IPEACTABISIET UHTEPEC TOIATOCPOIHBIN
AHAJIN3 N3MEHEHMS! yPOBHSI M XapaKTepa MPOCTpaH-
CTBEHHOW MOOMJIBHOCTH HACEJICHHUS B KOHTEKCTE
CONMATEHO-3KOHOMHYIECKOTO PA3BUTHS U OTIpEIe-
JieHue e€ abHeWMX nepenekTus. [IpoBenenue
TaKOTO aHAJIN3a W SBISCTCS yenbl0 HACTOSIIEH
crarbu. [Ipy 5TOM HCIONIBb30BaHbI TMATEKTHIECKUI
Memoo, METOJTbI ICTOPHIECKOTO M CTATHCTHIECKO-
TO aHaJM3a.

PE3YNbTATDI

Bricokas u Bo3pacTaromasi MOOMIEHOCTE —
HEOThEMIIEMasi 4YepTa COBPEMEHHOTO O0IIIeCTBa.

CoBpeMeHHOE 00IIeCTBO — 3TO OOIIECTBO
BBICOKOI TIPOCTPAHCTBEHHON MOOMIBHOCTH. Beé
OoITbIIIee YHCITO JIFOIEH IepeMeniaeTcs Beé Jarie,
Ha OOBIIIHE PACCTOSIHUS ¥ C OOIBIIIME CKOPOCTSI-
MH.

[oka3zareTbHBI TaHHBIE O POCTE MOOMITHHOCTH
HaceneHusi Poccuiickoii @enepanuu ¢ Hayaia
HBIHETHETO cTonetus (Tadm. 1). [Taccaxmpoobdo-
POT OOIIIECTBEHHOTO TPAHCIIOPTA F COOTBETCTBYIO-
U TI0Ka3aTeh MOABMKHOCTH HaceleHus |1,
¢. 226] mo Havanma maHIeMHH KOPOHABHUpPYyCa BO3-
pocnu 6onee wem Ha 30 % (0 BIMSHUN TAHACMHAN
Ha MaccakupoobopoT OyIeT CKasaHo Hibke): 2,

B 2019 roxy Ha Ka)XIOTO KHUTEJS CTPaHBI
B CpemHeM Ipuxoamnochk Oomee yem 4300-kumo-
METPOBOE TIEPEMEIICHNE TONBKO OOIIECTBEHHBIM
TpaHCIOpTOM, O3 y4uéTa JIMIHBIX JIETKOBBIX aBTO-
MoOunei (KOTMIeCTBO KOTOPBIX COCTAaBHIIO
46,3 MITH eIHII, yBETMYHBIINCH TI0 CPABHECHUTIO
¢ 2000 romom mouTH B 2,5 paza), MOE3I0K Ha TAKCH,
KOITMYECTBO KOTOPBIX POCIIO OTIEPEKAIOIIUMHU

! Tpaucnopr B Poccun: Crar. ¢6. — M.: ['ockomcrar Pocenn,
2003. — 182 c. [DnexrponHslii pecypc]: https://rosstat.gov.
ru/storage/mediabank/TRANSP.ZIP. loctyn 03.03.2022.

2 Tpaucnopr B Poccun. 2020: Crar. ¢6. — M.: Poccrar,

2020.— 108 c. [DnexTpoHHbIii pecypc]: https://rosstat.gov.ru/
storage/mediabank/UbzIvBZj/Transport_2020.pdf. Jloctyn
03.03.2022.
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Temmnami [2, c. 44], NCHoIb30BaHMs KapIIepUHIO-
BBIX aBTOMOOMJICH M Pa3IMYHBIX MUKPOMOOMIIb-
HBIX CPEACTB, HAOMPAIOIINX MOMYIIIPHOCTb.

Kax cBumeTensCTBYET psall MCCIEAOBAHUM
[3-5], mpu aHanu3e TPaHCIOPTHOM NESTENBHOCTH
MIOKA3aTeNIbHBI CBEPX/IONTOCPOYHBIE CPAaBHEHHS,
OXBAaTHIBAIOIIME BEKOBbIE nepuoabl. CpaBHEHNE
JIOCTUTHYTOroO B Hayase XXI Beka ypoBHs IIPoO-
CTPaHCTBEHHOH MOOMJIBHOCTH C YPOBHEM, CyIlle-
CTBOBABILIUM B Hadasie XX Beka, B IIPEIBOCHHOM
1913 roxy (okomno 200 maccekm/4es. B rof), Moka-
3bIBaeT OoJiee YeM JIBa/I[aTUKPATHOE YBEINUCHUE
3a ATOT NMepUOJL. ITO BEChbMa BIEUATIIOLIUI POCT
MOOHIILHOCTH, 00ECITEUUBIII# €€ BHIXO HA Kave-
CTBEHHO HOBBII YPOBEHb.

Kak yka3aHo BbIlIe, MOOMIBHOCTD CIEAYET
OLICHMBATh HE TOJIBKO MHTEHCUBHOCTBIO TIepeMe-
IIEHUH, HO TaKKe UX CKOPOCTBIO U TAJIbHOCTHIO.

Pocr ckopocti puKcHpyeTcst 0 KOHKPETHBIM
BujaM TpaHcropra. Hampumep, ckopocTsb IBIKe-
HHA TAaCCAKUPCKUX TTOE3/I0B 3a paCCMaTPHUBAEMBII
MEepPHOA BO3pOCia B JaJbHEM CJIEIOBAaHUU Ha
13,1 %, B mpuropoHOoM coodmieHun — Ha 14,4 %.
Ha aBTOMOOMJIBHOM TpaHCIIOPTE CTpEMIICHHE
K POCTY CKOPOCTHU MPOSIBISACTCS B YITyUIIIEHUU
CKOPOCTHBIX XapaKTEePUCTHK aBTOMAIIINH, OTHAKO
HX pean3alys CAep >KUBAETCs, 0COOEHHO B Mera-
TIOJIKCAxX M arJIOMEepaIHsiX, N3-3a2 HHPPACTPYKTYp-
HBIX orpanudeHuii [6]. BooOie, HenomHoe nc-
TI0JIb30BaHUE CKOPOCTHBIX BO3MOXKHOCTEH TpaHC-
MOPTHBIX CPEJCTB, TO €CTh HU3KAasg CKOPOCTHAs
s dexTrBHOCTD [7], SABISIETCS CUCTEMHOM 1PO0-
JIEMOU TpaHCHopTa.

Haunbornee HamisiiHO pOCT CKOPOCTH MEPEBH-
KEHHSI OTPa)XkaeTcsi B U3MEHEHUHU CTPYKTYPbI
naccaxxupoobopora 1o BUJaM TPaHCIOPTa
(ta6n. 2). Ecim B npeneprn XX Beka Hanbouee
CKOPOCTHOM TPAHCIIOPT — BO3IYIIIHBIN — obecre-
yuBai juiib 11 % maccaxupoodopora, BTpoe
MEHbIIIe, YeM KaKIbIil U3 TOTJAIIHUX JIUAEPOB
(>KeN1e3HOIOPOKHBIN U aBTOMOOHUJIBHBI), TO
B 2019 roy OH BBIMOIHILT CYIIECTBEHHO OOMBIIHIA
MacCaKMUPOOOOPOT, YeM 00a OHU BMECTE B3STHIC.
OTOT KapIUHAIBHBINA CTPYKTYPHBIH C/IBUT SIBIIACT-
Cs1 OYCHb SICHOM XapaKTEPUCTUKOM CTPEMIICHHUS
COBPEMEHHOTO YeJIOBEeKa K YCKOPEHHUIO ITepeMelie-
Huil. He ciy4aiiHO MCIOJIb30BaHUE CKOPOCTHOIO
1 HE TIOJIBEPIKEHHOI'O MONaJaHUuI0 B «IIPOOKH»
BO3JIyIITHOTO TPAHCHOPTa pacCMaTPHUBAETCS Kak
OJIHO 13 BO3MOYKHBIX PELICHUI IIPOOJIEMBI YCKOpe-
HUS TIOE3/I0K B Meraronucax [8].

IIpu yBenuueHUn CKOpPOCTEH MEepeMEICHUs
MIPONOPIIOHAIBHO MM IOBBIMIAETCS U JOCTYTI-
HOCTB 0oJiee OTHAIEHHBIX TEPPUTOPHIA 33 Bpems



2

Ta6auua 1

Poct moOuabHocTH Hacesenns Poccuiickoii @enepanuu B 2000-2019 rogax
C UCII0JIb30BaHHEM 00IIECTBEHHOr0 TpaHcnopra 2

Ne | TToxaszarenn 2000 2019 Tewmn pocra, %
TTaccaxxupooOopoT TpaHCTIOPTa OOLIETro MoJIb30BaHus, Miapa | 485,9 635,2 130,7
MIACC*KM, B TOM YHCJIE:

1. JKEJIE3HOIOPOYKHOTO 167,1 133,6 80,0
2. aBTOOYCHOTO 164,4 122,5 74,5
3. TpPaMBalHOIO 25,1 3,8 15,1
4. TpoJuIei0ycHOro 28,1 4,2 14,9
5. METpO 46,9 474 101,1
6. MOPCKOTO 0,04 0,05 125,0
7. BHYTPEHHET0 BOJAHOTO 0,9 0,6 66,7
8. BO3/LYIIHOTO 53,4 323,0 604,9
TToABMKHOCTD HACEJIEHUS, TACCOKM/Uell, 3314,5 43282 130,6
B TOM YHCJIC 110 BHaM TPAHCIIOPTa:

1. HKEJIE3HOOPOKHOMY 1139,8 910,3 79,9
2. aBTOOYCHOMY 11214 834,7 74,4
3. TpaMBaliHOMY 171,2 25,9 15,1
4. TpoJuieiidycHOMY 191,7 28,6 14,9
5. METpO 319,9 323,0 101,0
6. MOPCKOMY 0,28 0,35 125,0
7. BHYTPEHHEMY BOJTHOMY 6,1 4,1 67,0
8. BO3/LYLIHOMY 364,3 2200,9 604,1

oe3KH (Kak rokazany uccirenoBanus I A. Torb-
ma [9, c. 82-121; 10, c. 263-296]), BpemenHas
JIOCTYITHOCTb TEPPUTOPHI NTPaeT KIIFOUYEBYIO POIIb
JUTSL TEPPUTOPUATIBHOTO Pa3MEICHHUS HACEICHUS
1 €ro KOMMYHHKAIIMOHHBIX BO3MOKHOCTEH, a To-
TOMY JIOJDKHA YIHUTBHIBAThCS TIPU PA3BUTHH TPAHC-
MOPTHBIX cucTeM. Kpurepuit BpeMeHHOH 10CTyTI-
HOCTH HCTIONB30BaH IPH (POPMUPOBAHUH TTEPCIIEK-
TUBHOM TONOJIOTHH BBICOKOCKOPOCTHOM Ha3€MHOM
WHHOBAITMOHHOH TPAHCTIOPTHOM ceTH B padote [11]
W TIPH OTIPEICIICHHH TIEPCIIEKTUBHBIX 33/1a4 Pa3BH-
Tust EHOM O1OpHOM TPaHCHIOPTHOM CETH B COOT-
BETCTBUM C HOBOW TpaHCIOPTHON cTpareruen
Poccwiickoit deneparmn®,

CoOTBETCTBEHHO, MOBBIIMIEHNE CKOPOCTEH
TPAHCIIOPTa CIIOCOOCTBYET POCTY €mIE OTHOTO
BaYKHOTO ITOKa3aTesIst MPOCTPaHCTBEHHON MOOHITB-
HOCTH — JTAJIbHOCTH TTOE3/IKH.

Cpennsist TadbHOCTD MOE3/IKH B PaccMaTrpH-
BaeMBIi IIepHOJT BO3pOCa Ha OOJBIIMHCTBE BUIOB
TpaHCIOpTa, HanboJIee 3HAYUTEILHO — Ha aBTO-
OycHOM U BHyTpeHHeM BomHOM (Tadim. 3). Ho
00IIMi POCT CpeaHeH TATBHOCTH TIOE3IKH — TO-
pa3ao BhINIE, YeM Ha JF0OOM W3 BHIOB TPaHC-
nopra. JTO SIBJIEHHE, KOTOPOE MOKHO OTHECTH

3 Tpancnopraast crparerust Poccuiickoit @ezepanun 10
2030 roma ¢ mporHo3om Ha nepuoxa a0 2035 roxa // YTB.
pacniopsbxenuem IlpaBurensctBa Poccuiickoit denepanun
ot 27 HostOps 2021 roma Ne 3363-p. — 285 c. — C. 88-89.
[Onexrponnslit pecype]: https://docs.cntd.ru/document/
727294161 ?marker=65COIR. Jloctyn 03.03.2022.

VINE [ NC I

viagepe' a K BHBTV /TEKIBE ROV VIt

K pa3psily CTaTUCTUICCKUX TapaIOKCOB, CBI3aHO
C BBIIIE OTMEYCHHBIM CTPYKTYPHBIM CIIBUTOM —
POCTOM JIONH TIOE3/I0K, COBEPIIACMBIX C ITOMO-
IIpI0 BO3YIIHOTO TPAHCIIOPTa, KOTOPHBIi, obec-
requBas Hanbosee BBICOKYIO CKOPOCTh, TTI03BO-
JISET Pearn30BaTh W HAWOONBIITYIO JaJbHOCTD
MMOC3/IKH.

Takum 006pa3oM, B IIPEAIICCTBYIOINI TaH Ie-
MHH JOJTOCPOUHBII TIEPHOI KIFOYEBEIC TTOKa3a-
TEITH, KOTOPBIE MOYKHO MCIIONB30BATh IS Xapak-
TEPUCTUKU MPOCTPAHCTBEHHOW MOOWMIBHOCTH,
B HaIllel CTpaHe CYIIECTBCHHO TOBBICHIIVICE.

C aroif Touku 3penus, Poccus Haxonmmnach
B pyciie NIo0abHBIX TPEHIOB POCTa MOOMITEHO-
ctu. JlaHHBIE 10 TpYyTITE U3 15 3apyOeKHBIX CTpaH,
oTpakaemble PoccTatoM B pa3pe3e OCHOBHBIX
BHJIOB MTACCAKUPCKOTO TpaHcmopTa (6e3 yuéra
BOJTHOTO TPAHCIIOPTa M TOPOICKOTO JIEKTpHUIC-
CKOTO TPaHCIIOPTa) CBUCTEIBCTBYIOT O IITHAMMIY-
HOM pPOCTE TTacCaXHUPOOOOPOTa B AOTAHACMHIA-
HBII epuon (Tadm. 4). X BakHOE OTIMYHE OT
POCCHUICKUX NOKa3aTesiel COCTOUT B BBICOKOM
JTMHAMHKE TTACCaXKUPOOOOPOTa KETICIHOMOPOK-
HOTO TPAHCIIOPTA, CYIIIECTBEHHO IPEBOCXOMAIICH
POCT MmaccaxupooOOpOTa Ha BO3IYIITHBIX JTNHHSX.
37O CBSI3aHO, TIPEIKIE BCETO, C POCTOM OOJIee ueM
B 2,3 pa3a maccaxxupooOopoTa Ha KEIEe3HBIX
nmoporax Kuras, sBistommerocss MUPOBBIM JIHAZIC-
pOM Kak B oOmmieM 00bEME HKeIe3HOMOPOKHBIX
MMaCCaXUPCKUX TIEPEBO30K, TaK U B TIAHE Pa3BH-
THSI BBICOKOCKOPOCTHBIX JKEJIE3HOTOPOKHBIX

[IVIOONJTBH| VI35 W1t OVVL



Tabauna 2
H3meHeHHne CTPYKTYPBI NaccakupoodopoTa 1o BuAaM 00111eCTBEHHOT0
TpaHcnopra B Poccuiickoii denepauuu

Ne Bujel Tpancnopra Jlons B maccaxxupoobopore, % W3menenune, MPOLEHTHBIX MYHKTOB
2000 2019
1. JKenesHomopoxxHbII 34,4 21,0 -13,4
2. ABTOOYCHBIH 33,8 19,3 -14,5
3. TpamBaiinblii 5,2 0,6 -4,6
4. TposneitOycHbii 5,8 0,7 -5,1
5. Metpo 9,7 7,5 -2,2
6. Mopckoii 0,0 0,0 0
7. BuyTpeHHuii BoaHBbII 0,2 0,1 -0,1
8. Bosnyuinsrit 11,0 50,9 +39,9
Bcero 100,0 100,0 —

HWcrounuk: [Pacuére! aBTOpal.

Taoauna 3

H3meHeHne cpeaHeil JaIbHOCTH MOE31KHU ACCAKHPOB € UCII0Jb30BAHUEM
o0mecTBeHHOro Tpancnopra B Poccuiickoii @enepanuu

No Buzsl Tpancnopra CpeJHsisi TaIbHOCTh MOE3/IKH, KM Temmn pocra, %
2000 2019

1. JKenesHomopoxxHbII 117,8 111,2 94,4
2. ABTOOYCHBI 7,5 11,5 153,3
3. TpamBaiiHblit 3,4 3,1 91,2
4. TponneitOycHpiid 32 3,7 115,6
5. Merpo 11,2 13,7 122,3
6. Mopckoii 40,0 8,3 20,8
7. BHyTpeHHUiT BOIHBIN 34,6 54,5 157,5
8. Bozayumsrit 2321,7 2465,6 106,2
Bcero 11,1 35,6 320,7

HWcrounuk: [Pacuérs! aBTOpal.

MarucTpaieid. Jpyrumu cioBamu, THHAMHKA
TTacCaKMPOOOOPOTa JKETC3HBIX IOPOT CYIIECTBCH-
HO yCKOpsIeTCsI Onaroapsi pa3BUTHIO BEICOKOCKO-
POCTHOTO COOOIIEHHS, KOTOPOE MO3BOJSIECT UM
YCIIENTHO KOHKYPHPOBATh C aBHAIlHEH B obecte-
YCHUH TIPHEMIIEMOTO BPEMEHH TIOS3/IKH Ha 1ajTb-
Hue pacctostaus [12, ¢. 52-53]. D10 cBuneTens-
CTBYET 0 BAKHOCTH COOPY’KEHHS BEICOKOCKOPOCT-
HBIX KEJIe3HOIOPOXKHBIX Maructpaiei (BCM)
B Poccun mmst obecriedeHust TOTTOTHATEIEHOTO
pocTa MOOMITLHOCTH JKUTENeH cTpaHbl. Compas-
HO-3KOHOMHUYECKast 3(Q(HEKTUBHOCTh CTPOUTEIb-
crBa BCM 000CHOBBIBasIach POCCUHCKAMH Y&~
HbIMM MHOTHE rofpl [13; 14], u BaxHO, 4TO pas-
BUTHE BBICOKOCKOPOCTHOTO JKEJIE3HOIOPOKHOTO
COOOIIEHNS TIPEAYCMOTPEeHO B TpaHCTIOPTHOM
crparerun PD3,

BaxHBIM TIOKa3aTeneM pocTa rio0aTbHON
MOOHMIFHOCTH B COBPEMEHHYIO JIIOXY SIBIISFOTCS
YCTOWYHBO BBICOKHIE TEMITHI IPHPOCTa MHPOBOTO
maccaxkupoodopota B Korre X X—Hagane X XI Be-
ka. B nepuon 19962015 ronos oHu cocTapisiu
cBoile 4 % B cpenHem 3a rop [15, c. 160], B TO
BpeMs KaK HaceJICHHEe MHpa yBEIUIHBAIOCH

npumepHo Ha 1 % B cpennem 3a rox [16, c. 300].
To ecTh cpeIHEr010BOM MPUPOCT TPAHCHOPTHOM
MOABHKHOCTHU COCTAaBIISLI OKOIO0 3 %.

YceroiiuuBocTh NOTPEOHOCTH
B MepeMelnieHuu

[Tannemus KOpoHaBHpYyca OKasaja KpaifHe
HEraTUBHOE BIMSHUE Ha MPOCTPAHCTBEHHYIO
MOOMIIBHOCTB BO BCEM Mupe. B Hameit crpane Bo
II xBaprane 2020 roga, Ha KOTOPBII NpUILENCS
TIVK QHTHTINIEMAYECKIX OTPaHIIEHNI MOOMITh-
HOCTH, MacCaXNpooOOpOT TPAHCHIOPTHOH cHC-
TEMBI B IEJIOM COKPATHJICS TIOYTH B TIATH Pa3
K YPOBHIO COOTBETCTBYIOIIETO TIEpHO/ia TIPEIbl-
JTYIIETO TO/1a, a K Ipe/imecTByonemMy | kBapramy
BMECTO OOBIKHOBEHHOTO CE30HHOTO pocta [17,
c. 6] mpomzomén Oonee yeM TPEXKPATHBIN CIIaj
(Tabm. 5).

B aT0T epumon mosiBMIIOCH MHEHHUE, UTO TTPO-
n3oulenee CHUXEHNE MOOMIBHOCTH Oyzer
JIOJITOBPEMEHHBIM, TaK KaK JIFO/IH, M3-3a OTTACCHUS
3apa3uThCs, JaKe MOCie CHATHS OTpaHWYCHHUN
TIPEJIITOYTYT OTKa3bIBATHCS OT NATBHUX MOE3/I0K,
a MHOTHE ITOE3/IKH MaJIOH TATbHOCTH, B TOM YHCIIE

AVIAJICRINRARVIOO VT IGH V135 W1 PV
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Ta6auna 4

JloIrocpoYHbIii pOCT MaccaKUPooGopoTa B rpyIie 3apydeKHbIX CTpan™

Ne Bugp! tpancnopra ITaccaxxupooOOpoT, MIIPA IACCOKM Tewmm pocra, %
2005 2018

1. KenesHonopoxxHbIit 938, 7 1796, 9 191, 4

2. ABTOMOOMIIBHBII 11140, 3 12573, 1 112,9

3. Boznymnsrii 1922,9 3352,2¢ 174, 3

Uroro 14001, 9 17722,2 126, 6

* Mcnonb30BaHbl IOKA3aTeNIn CIEAYIOIHX CTpaH: AsepOaiiukan, Apmenns, bemapycs, Benuko6puranus, ['epmanus, Ka-
3axcraH, Kuprusus, Kuraii, [Tonsia, Mongosa, CIIA, Tamkukucran, Y30ekucraH, Ykpanna, @panums.

Taoauna 5

JuHaMHKa naccaxupoo60opora TpaHcnoprTa o0uero nojb3osanus* B Poccuiickoii
®egepanuy B NpeaNaHIeMUiiHbINA NepHoA U Nocje Hayaaa nanaemuu (2019-2020 roawr)

Ton [epuon [Maccaxupoobopor, B % K
RUIDIIITACCRRM COOTBETCTBYIOIIEMY EPUOMY | TIPEBLTYLIEMY
MPOIILTOTO TOa MePHOIY

2019 I kBaprain 116,7 107, 8 93,6

L. II kBapran 143,0 108, 4 122,5

5 11 xBapran 178, 2 106, 7 124,7

4. IV kBapran 132,6 106, 4 74,4
Tox B iesiom 570, 5 107,3 —

2020 I xBapran 111, 2 95,3 83,9

5. 11 kBapTan 30, 3 21,2 27,3

2 1II xBapran 99, 1 55,6 327,1

3. IV xBapran 71,8 54,2 72,5
Ton B esiom 312,5 54,8 -

Hcrounnk: CorpanbHo-9KoHOMIYecKoe nosiokenue Pocenn 3a stuBapb—1exadps 2020 rona. — M.: Pocerar, 2020. —376 ¢. [Dnext-
poHHbIii pecypc]: https://nangs.org/analytics/download/6536 eebada54288ef7abbe5d5S5eafa67d0f7. Joctyn 03.03.2022.

* be3 y4éra ropojICKoro TpaHCIopTa.

CBSI3aHHBIC C TPYAOBOM HEATCIBHOCTHIO, OYIyT
3aMCHEHBI [IU(GPOBBIME KOMMYHHKAIHAMU. O
HAKO B HAyYHOM JUCKYpCE 3Ta [MO3ULIMS HE YCIie-
Jla YKOPCHUTHCS, TaK KaK ObLIa OMPOBEPrHyTa
sku3Hblo. B 1T kBaprane 2020 roxa, korna orpa-
HUYCHHSI MOOWJIBHOCTH OBLIM CYIICCTBEHHO
ocIalIIeHbI, TACCaXUPOOOOPOT yBEIHIHIICS 0O-
Jiee 9YeM B TpH pa3a K ypoHro Il kBapraiia BMecTo
OOBIYHOTO CE30HHOTO POCTA, COCTABISBIICTO
nopsiaka 25 %. ITo-BuaumMoMmy, IIaBHOM NPHUYMHOMN
TOTO, YTO MOOHMJIBHOCTB IIPH STOM OCTalIach Cy-
IICCTBCHHO HIDKE JNOMAHICMUHHOTO YPOBHS,
OBLTO COXPAaHCHUE 3HAYUTEIILHON YaCTH OTpaHU-
YeHUH, MPEKIC BCErO0 — HA TPAHCTPAHUIHBIC
nepemMenicHus. ECTh Bce OCHOBaHUS OXHUIATh
(u a10 3admKcupoBaHo B TpaHCIOpTHOI cTparte-
THH), 9YTO TOCJIe OKOHYATEIEHONW OTMEHBI Orpa-
HUYCHUHN IPOU30MIET OBICTPOE BOCCTAHOBIICHUC
[acCaKMUPOMOTOKOB [0 MPEAIECTBYIOIIET0O
MAHJACMHUA YPOBHS, a 3aT€M IMPOJODKUTCS UX
pocrt.

BricTpoe BoccTaHOBIEHHE TACCAKUPOIIOTO-
KOB B€3Jic, Iic OBLIU CHSITHI OFPAaHHYCHUS,
CBUJICTEIBCTBYET O TOM, YTO MOOWMIBHOCTH
cTaja HACyIIHON HEOOXOIMMOCTHIO B COBpE-

MEHHOM OOIIIeCTBE, a IOTPEOHOCTH B IIepeMe-
LICHUH MPEBPATUIACh B OJHY W3 Ba)KHCHIIIMX
YenoBeYecknx norpedHocreil. M ato He ciy-
qaitHo. [IpocTpaHcTBeHHAsT MOOUIBHOCTD SIB-
JIIETCS. HEOTHEMIIEMBIM 3JICMCHTOM MOJICPHH-
3amuu 00IIECTBA U TECHO CBsI3aHA C MOOMIIBHO-
CTBIO collanbHOM [ 16, ¢. 243-244], ona cy1ue-
CTBCHHO BJMICT Ha PacOpOCTpPaHCHHEC
WHHOBAIIMIA ¥ 3KOHOMUYCCKUN POCT, MOBKIIIIC-
HUE [ICHHOCTH YEJIOBEYCCKOT0 KanuTaa u 0Ja-
rococTosiHus obmectsa [ 18]. UMeHHO mosTomy
cB00O/Ia TIEPEIBUIKCHUS, SIBIISIONIASICSI HEOOXO-
JUMBIM YCJIOBHEM BBICOKOU H TeoTrpaduiecKu
nudhepeHIHPOBAHHON TPOCTPAHCTBEHHON
MOOWIBHOCTH [2, ¢. 45—46], cTONb BaKHA JJIs
JIIoJIeH.

[IpocTpaHcTBeHHAsST MOOMIIBHOCTh ChITpaja
Ba)XKHYIO POJIb B CTAHOBJICHUU U PA3BUTHH YEIIO-
Beueckoro obrrectsa [19, ¢. 41-44] 1 5KOHOMUKH
[18]. OmHako e€ pocT OBUT OTHIOIb HE JIMHECH.
CdoxycupoBarh BHUMaHHE Ha HEIIMHCHHOM Xa-
pakTepe W3MEHEHHsS] MOOWIEHOCTH B UCTOPUU
YEIIOBEUCCTBA MPEICTABISICTCS HEOOXOIUMBIM
Ut OoJiee TITyOOKOTO YSICHEHUsI e€ B3aUMOCBSI3U
C COLUAITBHO-IKOHOMUYECKUAM Pa3BHTUCM.



MoOH/ILHOCTD HA PAHHHUX 3TaNax
00111eCTBEHHOT0 Pa3BUTHSI

CTaHOBJIEHNE YEIOBEYECKOTO 00IIIECTBA OBIIO
TIEPHOJIOM TIPAKTHIECKH HETIPEPBIBHBIX ITEpEMe-
IICHUH HEOOJBIINX TPYIIIT COOUpaTenel M 0X0T-
HUKOB [ 16, . 39]. Ho ckopocTh MX nepeaBmkeHns
Oputa HeBenmmka — 10 25-30 kM 3a cytku [20,
c. 27], a mepemenieHns, B OCHOBHOM, OCYIIIECTB-
JISUTUCH IUKITMYHO 110 ONPENeNIEHHON TEPPUTOPUH.
W oueHb MeIIEHHO, KaK MPABUIIO, TI0J BIUSHUEM
BHEITHUX (DaKTOPOB MPOUCXOANIIA MUTPALHS HA
JIpyTHe TePPUTOPUH, KOTOPYI0 MOKHO Ha3BaTb
«muddysueit». E€ cpemHsist CkopocTb, B 3aBHCH-
MOCTH OT TI€pHOJa BPEMEHH U HAIPABJICHNUS T1e-
pemerierus, oneanBaercs ot 300-400 meTpoB 1o
JBYX KHJIOMETPOB B rof [21, c. 356; 26].

ITocnenyrommii mepexon K OCEUIOCTH U, 3a-
TeM, K IIPOU3BO/ISIIEMY XO3SHCTBY, TI0-BUANMOMY,
ObLI CBSI3aH C OCBOCHHEM YEIIOBEUECTBOM BCEX
JOCTYIHBIX JUTS JKA3HHU TeppuTopuit [18, c. 54]
1 SIBJISUICSI MEXaHU3MOM a/IaNTally K KINMaTH-
YECKUM U3MEHEHHSIM B CIIEM(PUIECKIX TIPUPOI-
HBIX yCHOBUSIX [23; 24].

3epHOBas CHEIMAIN3ALMS 1 CyKEHHE PECype-
HBIX HICTOYHUKOB Y OCEJUTBIX 3EMIIE/IENBIIEB TPe-
OoBany pacupeHusi 0OMeHa, YTOObI MOTyvaTh
MHBIE PECYPCHI U3 APYTHX, HEPEAKO YAaIEHHBIX,
peruoHoB [24; 25, c. 231-232] (B coBpeMEHHBIX
YCIIOBUSIX ZIOCTaBKa TOBAPOB TAKKE CTAJIA ABTEP-
HaTHBOW JIMYHBIM TTOE3IKaM 3a HUMH, 4TO OCO-
OEHHO TPOSBIIIOCH TIPH OTPAHIMYCHUH MOOWMITB-
HOCTH B MIEPHO TAHAEMHUH).

JlanbHue IepeBO3KH MaTepHalIbHbIX OJar mo
BOJHBIM M KapaBaHHBIM IMyTSIM HpPEBpaIIaiCh
B CIIEIIMAITM3UPOBAHHYIO JIESTEIIbHOCTD. 3aHUMaB-
IIAECST ITOW AEATENBHOCTHIO JIFOH IIepeMeniia-
JIFICh Ha MHOTHE COTHHU KHJIOMETPOB [25, ¢. 232—
233]. Takum oGpa3zom, MpH OOIIEM CHIDKSHUH
TTOBCEHEBHON MacCOBOW MOOWMIBHOCTH JTIOZICH
B pe3ynbTaTe Mepexona K OCEATIOCTH H, 3aTeM,
K MPOU3BOAAIIEMY XO3SICTBY, YBEJINUMBAIach
MOOMJIBPHOCTh MaTepHaJIbHBIX Olar M TeX, KTO
3aHUMAJICSl UX MEPEMENICHUEM, UTO ABISETCS
OZIHUM 13 IIPUMEPOB TNATEKTHKH MOOMIIBHOCTH.
IIpnuém, o Mepe pa3BUTUS SKOHOMHUKH, BO3pa-
CTau Kak 00bEMBI MepeMeIacMbIX MaTepHallb-
HBIX OJ1ar, Tak ¥ JAJIbHOCTh UX TEPEMEICHUSL.

Ilo cymecTBy, mepexos K OCEAIO0CTH O3HaYaI
HE 0TKa3 OT MOOMIIBHOCTH, HE CHIPKEHHE MOOHITb-
HOCTH, a U3MEHEHHE €€ XapakTepa — Mepexos] OT
MOOWMIIBHOCTH MacCOBOM K MOOMITBHOCTH CITELIHAA-
JIU3UPOBAHHOM, CONPOBOXKAABIIECHCS POCTOM
JATbHOCTH COOTBETCTBYIOIIUX MEPEMENICHUH.
3TO BayKHBII BBIBOJI, TOBOPAIINIA O TOM, YTO yKe
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B JIPEBHOCTH pa3BUTHE TPeOOBAJIO KaUECTBEHHO-
T'O TIOBBIILICHUSI MOOMJIBHOCTH.

«ITapoit» ocemnbIx 3eMieAeNbuecKux 00-
IECTB CTAJIM TPOCTPAHCTBEHHO BHICOKOMOOUITh-
HbIe 00111eCTBa KOUEBHUKOB-CKOTOBOJIOB. Mexty
OCE/JIbIMU 1 KOUEBBIMU OOILECTBAMH BO3HHKAII
cuMONO03, OCHOBaHHBIH Ha B3aUMOJOTIOTHEHUU
Te€X BUJOB XO3MCTBEHHOH JEATEIbHOCTHU, HA
KOTOPBIX CIHEIMAIN3UPOBAINCh ITH OOIIECTRa,
1 pa3BUTUH OOMeHa Mex 1y HumH [24; 25].

ITocne nepexosia «OT MPUCBaMBAOILEH K ITPO-
M3BOJISIIIEH IKOHOMHUKE» PE3KO BBIPOCIH «POJIb
1 MacITadbl Murpamumii» [16, c. 227], xapakrep
KOTOPBIX T10 CPABHEHHIO C TIEPBOOBITHBIM IIEPHO-
JIOM Ka4eCTBEHHO U3MEHMIICS. DTO ObLIa YKe He
MemneHHast Auddys3us MadbIX TPy JHOAEH,
MUTPUPOBAIIH «LIEJIbIE HAPO/IBI, TPEICTABIISIOINE
c0o00ii COLMANBHO, U KYJIBTYPHO HHTEIPHPOBaH-
Hoe 1esoe» [ 16, ¢. 228], 4To MpUBOIUIIO K 3HAYH-
TEJBHBIM JeMOrpa)uuecKuM, COLHAIbHO-
9KOHOMHUYECKUM U KYJIBTYPHBIM H3MEHEHUSM.

Taxum 00pa3oM, Ha CaMbIX paHHUX dTarax
HCTOPUU YEJIOBEYECKOro OOIIeCTBa MPOCTPAH-
CTBEHHasi MOOWJILHOCTh UrpaJia KIIIOUEBYIO POJIb
HEOTBHEMJIEMOI'O JIEMEHTA XO3HCTBEHHOM [Jesi-
TEJIBHOCTH U CAMOTO CYIIECTBOBAHUSI YeTIOBEYe-
CKHUX 00mIecTB. 3areM, 110 Mepe KaueCTBEHHBIX
N3MEHEHUI YKOHOMHUKH U OOLIECTBa, Xapakrep
MOOMJIBHOCTH TaK)XK€ Ka4eCTBEHHO HM3MEHMIICS
(mpuuém BcE GOMBIIYIO PONB Urpaa MOOHIb-
HOCTh MaTepHabHbIX Oiar [18]), mpu 3Tom Mo-
OMJIBHOCTB IIPOJIOIKAJIA KIMETh KITIOYEBOE 3Haue-
HUE JJIs COLUATbHO-9KOHOMUYECKOTO PA3BUTHSL.

Poct MOOMIILHOCTH H COLHATBHO-
IKOHOMMYECKasI MOJePHU3ALMS

Benukue reorpaduueckue oTKpbITHS XV—
XVII BexoB Jjajy MOILIHBII UMITYJIbC POCTY IIPO-
CTPaHCTBCHHOW MOOMJIBHOCTH M CTAJIM BAKHBIM
(dakropom (HOPMUPOBAHUS MPEANOCHUIOK IS
[IPOMBIIIIEHHON PEBOIIOIIMK U MOJIEPHHU3AINH
9KOHOMUKH U obOiectBa [27; 28, c. 166—168].
KntoueBbIM 2JIEMEHTOM 3TOW MOAEpPHU3ALUU
CTaJI0 CO3/aHHE MHHOBAIIMOHHOTO — MEXaHW4e-
CKOT'O — TPAHCIIOPTA, IBUKUMOTO HE MYCKYJIbHOM
CHJION JKMBOTHBIX WJIM JIIOZCH, a CUJION mapa,
a 3aTeM — JIBUraTeJIIMA BHYTPEHHETO CrOpaHus
U JIeKTpudecTBOM [29].

Ve napoBoi TpaHCIIOPT CO3/1aJ1 yCIIOBUS 1S
pOCTa MPOCTPAHCTBEHHOW MOOMIILHOCTH, O0JIer-
YUB, YCKOPHB U YIEIIEBUB MEPEABIIKSHUS JTHOICH
Y TOBApOB Ha JaynbHue paccrosuus [29; 30; 31,
c. 49-88]. IToxazaTenbHBIM SIBISIETCS POCT Mac-
CaXHUPOOOOPOTA JKEJIE3HBIX JIOPOT U COOTBET-
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CTBYIOILIETO ITOKA3aTeIst MOIBIYKHOCTH HACEJICHUS
B Poccuiickoil uMIiepuu B IepUoz «MOACPHU3A-
uun Butre—Cronsimunay [32] nepen Ilepsoii
MHPOBOIi BOWHOM (Tadim. 6). 3a 13 et nmaccaxu-
poo0OpOT BO3poC B 2,3 pasa, TO €CTh CPEIAHEIO-
JIOBOM TeMIT pUPOCTa cocTanisit 6,6 %. Jluna-
MHKa [acCcakupoodbopoTa CyIIECTBEHHO OIepe-
JKajla yBEJIMYCHUE YHCICHHOCTU HaceJIeHus,
U TIO/IBMJKHOCTh HAcCeNeHUs TP NepeMeNeHuI
IO >KEeNIe3HBIM JI0poraM Bo3pocia noutu B 1,8
pasa, €€ CpeHero10BOM TEMII IPUPOCTaA COCTABUIL
4,6 %. [IpumeuaTenbHO, YTO CEPHE3HBIN Ccraj
MOABM)KHOCTH HAaCEJICHUsI, MTPOU30IIEIIINHA
B 1905 rony B ycrnoBusIX BOWHBI M COLMAIBHO-
MOJUTUYECKUX TOTPSCEHHUH, OBbUI MOIHOCTHIO
«OTBITPaH» YK€ Ha CIEAYIOLIUH Tof1, TOCIe Yero
JUHAMHUYHBIA POCT MOOMIIBHOCTH HaceJIeHHs
nponoykuics. B uccnenosanuu [18] BeLsiBIEHO
CYIIIECTBEHHOE MO3UTHBHOE BIIMSIHUE POCTa Ke-
JIE3HOJIOPO’KHOW MOOHMIBHOCTH HAaceNeHHUs Ha
MaKpO3IKOHOMHYECKHE OKa3aTeslu B paccMaTpu-
BaeMblil nepuon. Kosadduuuenr xoppensiunn
MEX/y YUCTHIM HAl[MOHAJIBHBIM MPOJYKTOM
1 YPOBHEM IOJBIKHOCTH HACENEHHs COCTaBUII
0,896.

Bonbiast mpocTpaHCTBEHHAST MOOHIBHOCTS,
obecnieunBaemasi Oyarofapst pa3BUTHIO KEJIE3HO-
JIOPOXKHON CETH U MOBBIIMICHUIO JTOCTYIMHOCTU
JKEJIC3HOIOPOKHBIX TOE310K, B TOM YHCIE Ui
JIFOZIe HEBBICOKOTO JIOCTAaTKa, paclIupsiia BO3-
MO>XHOCTH WHIMBHYaJIbHOTO BBIOOpA, MOUCKA
JIYYIIHX YCIIOBUH JUIs )KM3HHU, B TOM YHUCIIE B IPY-
T'UX, IEPCHEKTUBHBIX, PETHOHAX. TOJBKO «B IIe-
puoa ¢ 1906 o 1914 rox HaceneHue BOCTOUHOM
TMIOJIOBMHBI UIMIIEPHHU BBIPOCTIO 32 CUET MUTPALIUU
IpUMEpPHO Ha 2 MIH YenoBek (okoio 220000
YeJI0BeK exeroaHo)» [33, ¢. 331], 0oibUIMHCTBO
13 KOTOPBIX MOJTy4YHJIO BO3SMOXKHOCTB OoJiee obec-
MEYEHHOW U 0JIarornoiy4yHoN )KU3HU, YeM B POJI-
HBIX MecTax. M 310 cTasno pe3ynsraroM CHHEpTuu
MH(PACTPYyKTYPHOTO Pa3BUTHS — CTPOUTEIHCTBA
TpaHccuba — M MHCTHTYIMOHAIBHBIX IIPe0Opaszo-
BaHMH B XOJ1€ MPOBOIUMBIX MOJEPHU3AIIMOHHBIX
pedopm [32; 34].

BaxHO OTMETHUTb, YTO MOIIHBIN MUTPAIIMOH-
HBII IOTOK, YCTPEMUBIIUKCS B 3aypajlbCKUE
3eMJIH, B OTVIMYUE OT KOJUICKTUBHBIX MHIPAIUit
JIPEBHOCTH OBLJI COBOKYITHOCTBIO OTJIEIbHBIX
ceMel U MHAUBUOB, TPUHSBILIUX PEIIEHHE O T1e-
peeszie, UCXOIs U3 TIMYHBIX CTPEMIIEHHH U OLICHOK.
TeM caMbIM B Halllell CTpaHE IPOSBUIIACH IJIO-
OanbHasi TEHJACHUMS — «MHUTPALOHHBIN Tepe-
XO7I», KOTOPBII 3aK/II0YaNcs B CTAHOBJICHUH HO-
BOM, MHAMBUYaTbHOM, MOJENN MUrpanuu [16,
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C. 243-246]. Poct npocTpaHCTBEHHONH MOOHIIb-
HOCTHU B YCJIOBUAX MHCTUTYHHOHAJIbHBIX TPAHC-
(dbopmanuii criocoOCTBOBAT M3MEHEHHIO CaMUX
JIFOZIEH, POCTY JIMYHOCTHOTO Havyajia, peain3alnm
OoJiee akTHBHOM )KU3HEHHOM MO3UIIHH.

KenesnomopoxkHasi MOOHIBHOCTb CIIOCO0-
CTBOBAJIa HE TOJILKO OCBOCHHIO BOCTOYHBIX pe-
TMOHOB, HO U YpOaHH3alMH, KOTOpasi PE3KO BO3-
pociia nocne Toro, kak B 1870-e roas! ObuT J10-
CTUTHYT CYLIECTBEHHBIN HPUPOCT POCCUHCKOU
JKEJIE3HOJOPOKHOM ceTu (Oojee ueM Ha
12 TBIC. KM) M CBSI3aHHOCTH TeppuTopuii EBpo-
NEeHCKOM 4acTu CTpaHbl, a ypOBEHb HH(PACTPYK-
TYpHOIT 00eCIeYeHHOCTH HACEJICHUSI MTPEBBICUII
KPUTHYECKH BayKHBIN pyOesx 2 km/10 ThIC. yero-
Bek [34, c¢. 162]. Eciu B 1869 roay uncieHHOCTh
TOPOJICKOTO HaceneHus (¢ mpuropogaamu) B EBpo-
neiickoii yactu Poccun (0e3 yuéra Ilombiim
u OuHIAHAMM) cOCTaBisUIa 6,2 MIIH Yell., a ero
nosst — 9,5 %, to k 1914 roay sTa YMCICHHOCTD
BO3pocia Ooiee yeM BTpoe, 10 19,5 muH yerr.,
u coctaBmwia 15,3 % or o0Iell YUCIEHHOCTH
HaceneHus [35, c. 839]. DTo cOOTBETCTBOBAIO
FJ'IO68.J'I])H])IM TCHACHUUAM — B LIEJIOM B MHUPEC
JI0JIs1 TOPOJICKOTO HacesieHusl B Hauaje XX Beka
cocrasJsiia okoiio 15 %, B TO BpeMsi Kak cToJie-
THEM paHblIIe — JIMIIL HeMHOTHM Oosee 5 % [16;
29].

VYpbaHuzanusi — KIIOYEBOH JIEMEHT MOoJIep-
HU3AIUH O0IIECTBA, XaPAKTEPHBIH JUIS Pa3HbIX e&
craguii [36, c. 4]. OHa UMeeT BaKHOE 3HAYCHUE
HE TOJILKO ISl COLIAILHOTO IIpOrpecca, HO U JUTs
SKOHOMUYECKOI'O pOCTa: A0JIs TPEXCOT KPYyIIHEH-
mux ropogoB Mupa B YUCJICHHOCTU MUPOBOT'O
HaceseHus cocraBisieT okoso 20 %, a B MUPOBOM
BBII — okoio 50 % [37], uro obOecrneunBaercs
Oraromapsi arioMeparoHHbIM 3¢ dekram, dop-
MUPYEMBIM, B TOM YUCJIE, U PALJMOHAJILHOW Opra-
HHSaHHeﬁ TPaHCIOPTHBIX CUCTEM MErarojmcoB
Y TOPOJICKUX ariomeparuii [38; 5, c. 229-236].

VIMeHHO pa3BUTHE TOPOACKOTO M IIPUTOPOJ-
HOT'O TPaHCIIOpTa 00ECIeuNBaET BBICOKYIO IPO-
CTPaHCTBCHHYIO MO6I/IJ'I]>HOCTb HaceJICHUus Mera-
TOJIMCOB U arloMepariuii, Kotopas Ipuooperaet
HOBC@I[HGBHI)Iﬂ XapakTep U ABJIACTCA BaXXHBIM
(hakTOpPOM IMOJTYUCHHS BBICOKOH OT/Iaul OT CKOH-
LEHTPUPOBAHHOT'O TaM YeJIOBEUECKOTO Kaltiraia,
SBJIFOIICTOCS «IJIaBHBIM 3JICMCHTOM 6OFaTCTBa
COBPEMCHHBIX OGLLIeCTB», MPEBOCXOAAINM B pas-
BuThIX ctpaHax BBII B 10-11 pa3, a neHHOCTb
¢usuueckoro kamuraia — or 3,6 g0 7 pas [39,
c. 537].

bnaronapsi pasBUTHIO TOPOACKOTO TpaHC-
HOPTa, TOBBIIIEHUIO €r0 JIOCTYITHOCTH U TI0CTe-
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Poct MoGuibHOCTH Hacetenus Poccuiickoii MMIepuu ¢ HCnosib30BaHHEM
JKeJIe3HOIOPOKHOI0 TPAHCIIOPTA B rofibl MpeABoeHHOH MoaepHu3auuu, 1900-1913 roasl

HacCeJICHUs 1P
HepeMeIleHHH 110
JKEJIE3HBIM 10poram:
MAcC*KM/4ell. 729 [75,6 |78,1 82,7 80,1
% x 1900 romy 100,0 | 103,7 | 107,1 | 113,4 | 109,9

TToxa3zarenu 1900 | 1901 [1902 |1903 |[1904 |1905 |1906 | 1907 |1908 |1909 |1910 |1911 |1912 |1913
IMaccaxupoobopot

JKEJIE3HBIX JI0POI: MIIPI

MacC KM 9,7 10,2 |10,7 |11,5 |11,3 |10,3 |[11,7 |13,9 [14,6 [156 |17,2 |185 |20,1 |223
% x 1900 roxy 100,0 | 105,2 | 110,3 | 118,6 | 116,5 | 106,2 | 120,6 | 143,3 | 150,5 | 160,8 | 177,3 | 190,7 | 207,2 | 229,9
TloaBuxHOCTH

71,5 [80,1 |933 |954 [99.4 [1068 |112,8 |119,6 | 130.4
98,1 [109,9 | 128,0 | 130,9 | 136,4 | 146,5 | 154,7 | 164,1 | 178.9

Hcrounuk: [18].

TIEHHOMY POCTY CKOPOCTEH JABIKCHIIS, YBEITHIH-
BaJIOCh PACCTOSTHHE €KEIHEBHBIX MOE3IOK B M-
raroymcax M arioMeparusax B Mpeaeirax Toro
BpPEMEHH, KOTOPOES WHIUBHIBI CAUTAIOT BOSMOXK-
HBIM 3aTpayulBaTh Ha Takue noesaxu [9, c. 125—
129; 44].

Tem caMBIM B COBpEeMEHHOM ypOaHU3HPOBaH-
HOM 00IIIeCTBE TIPOU30IIET BO3BPAT K IIOBCETHEB-
HOW MacCOBOI MOOMIBHOCTH (TIPHUYEM S3KETHEB-
HO TIPEOJI0JICBAEMBIC PACCTOSHHUS B CPEIHEM CO-
IMOCTaBUMBI C TEMHU, KOTOPHIC MPEOIOICBAIN
TIepBOOBITHEIC COOMPATENN W OXOTHHKH), HO Ha
Ka4eCTBCHHO HOBOM YPOBHE, 00€CIICUHBaEMOM
COBPEMEHHBIMH TPAaHCIOPTHBIMU CHCTEMaMH.
OT0 — ApKUH MpUMEp IUATCKTHKH IIPOCTpaH-
CTBEHHOM MoOunIbHOCTH. [ToBCeIHEBHAST Macco-
Basi MOOMITEHOCTD — YK€ HE HHCTPYMEHT CI1a00
CTICIIATTM3UPOBAHHOTO TIPHUCBANBAIOIIETO X031~
CTBa, @ MHCTPYMCHT BBICOKOCITCIINAIN3HPOBAH-
HOU ¥ BRICOKOTIPOM3BOIUTEIEHOMH JIESITETEHOCTH.
WuanBUIEI B COBpEMEHHOM ypOAHI3HUPOBAaHHOM
00IIIeCTBE TIEPEMEIIIAIOTCSI HE CTONBKO Ty/a, TIe
B TaHHOE BpeMs OOJIbIIIE BCETO PECYPCOB,
a, TIPEKJE BCETO, Ty, TJC BBIMIC LEHATCS UX
TPYAOBBIC HABBIKH M KOMITCTCHITUH, ¥ CYIIICCTBY-
€T BO3MOXKHOCTH TOBBICHTH OTHAa4y OT CBOETO
YeII0BEUECKOTO KarmTana. Y momo6Ho ToMy, Kak
POCT LIEHHOCTH MIEPEBO3UMBIX TOBAPOB SBISCTCS
OCHOBOH (hOPMHUPOBAHUS [IECHHOCTH HCIIONb3ye-
MOH Ui WX TIepeMEIICHUS MHPPACTPYKTYPHI
U IpyTUX CpeAcTB TpaHcmopta [41, c. 133—141;
42, c. 74-75], poCcT LEHHOCTH YEJIOBEYECKOTO
KamiTana, JOCTUTaeMbIi Oraromapsi TOoe3aKaM,
OTIpeeIIsIeT IIEHHOCTh OCHOBHBIX (DOHIIOB ITacca-
JKHPCKOTO TPAHCTIOPTA.

IlepcneKTHBBI POCTPAHCTBEHHOM
MOOMJIBHOCTH

[lepcrieKTHBEI TPOCTPAHCTBEHHONH MOOHMITB-
HOCTH HACEIICHUSI CJICTyeT PACCMATPHBATh B KOH-
TEKCTE HAOMParoIIeH CKOPOCTh IN(POBOI TpaHC-
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(opmaru o01IecTBa, SKOHOMHUKA U TPAHCTIOPTA
[43; 44].

XoTs pa3BUTHE BO3MOXKHOCTEH 1H(pOBOTO
B3aUMOJICHCTBHS CO3AET aTBTEPHATUBY (PH3HIC-
CKOMY TTePEMETIICHHUIO, TIPEICTABISCTCSI 000CHO-
BaHHBIM MHCHHE UCCIIEIOBATEICH, YKA3bIBATOIIIIX
Ha TO, 9TO IM(POBU3AIMS CITOCOOCTBYET POCTY
MIPOCTPAHCTBEHHOW MOOWMIBFHOCTH HACEIICHUS,
B TOM YHCIIC — Oaroapst BOSHUKHOBEHHIO HOBBIX
(hopM MOOMIBFHOCTH Ha OCHOBE B3aHMOCBSI3H
TIPOCTPAHCTBEHHBIX ITEPEMEIICHIH U ITU(PPOBBIX
B3auMoJIeicTBH [45; 46].

Bo-miepBrIxX, 1mudpoBbIle KOMMYHUKAIHHN TI0-
3BOJISIOT IIPH TPOCTPAHCTBEHHBIX MTEPEMEIIICHHUSIX
HE TEePATH TIOCTOSTHHOH CBSI3U C POJHBIMH U OJH3-
KHMH, YTO CHUMAET OJIWH W3 CYIIECTBCHHBIX
0aphepoB TS TAKUX TICPEMEIICHIHA.

Bo-BTOpEIX, I pPOBU3ANNS YBEIHINBACT
00bEM MH(OPMAITIH 0 BOZMOJKHOCTSIX TIOBBIIIIC-
HUS () (HEKTUBHOCTH MCIION30BAHHUS YEIIOBEYC-
CKOTO KamuTajxa WHIWUBHIA, YBEIUUYCHUS €TO
LICHHOCTH Ty TEM TIPOCTPAHCTBEHHBIX ITepeMerIe-
HUH, 9TO MOXKET CTUMYJIMPOBATh reorpadude-
CKYFO0 MOOMIJIBHOCTb.

B-tperpux, Omaromaps nmdpoBU3aAIUH
«BO BpeMs MOE3IKH Ha OOMICCTBEHHOM TpaHC-
MOPTE YETOBEK MOXET COBEPINATh MOKYIKHU
B MHTEPHET-Mara3uHe WITH PeraTh padodue 3a1a-
quy [46, c. 260], yTo menmaeT aJA Hero Ooee
MIPUEMIICMBIM MOBBIIIICHUE YaCTOTHI, INTUTEINHEHO-
CTH (2 3HAYUT, ¥ JTAJTBHOCTH) TOE3JI0K, TO €CTh
CTHUMYITUPYET POCTPAHCTBEHHYIO MOOMITBHOCTB.

Ludpousamust He 3aMEHSET POCTPAHCTBEH-
HYI0 MOOWIBHOCTB, a HaéT eif HOBBIC ICIHU
1 MapIIpyThI, HATIOIHACT HOBBIM CONCPIKaHIEM.
DopmupyeTcs IpOCTPaHCTBEHHO-IH(POBast MO-
OMIIBHOCTB, KOTOPYIO MOJKHO TPaKTOBaTh Kak
BO3MOXKHOCTH OBICTPOTO TIEpEMEIICHHS (B TOM
9rcie — MYIBTHUMOAIBHOTO) U3 000N TOUKH
MIPOCTPAHCTBA B JTFOOYIO APYTYIO TOYKY U OCYIIIe-
CTBIICHUS TIPH ATOM TIOOATHHBIX IHPPOBBHIX

2
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Tabauna 7
LleneBble MHAMKATOPHI NOBBILIEHUS
TPAHCNOPTHOIi MOJBUKHOCTH HaCeJICHUS
(BKJII0YAs MOE3IKH HA JUYHOM aBTOMOOMIIE)
K ypoBHI0 6a3oBoro, 2019, roxa (%)?

2030 2035
KoncepBaTuBHBII crieHapuit 153,5 165,1
BazoBblii cueHapuit 165,1 181,4

KOMMYHHKaIMH KaK B KOHEYHBIX TOYKaX Maplil-
pyTa cieIOBaHMs, TAK 1 Ha BCEM €T0 IPOTSHKEHHUH.
[Tpu ycnoBuu obecrnieueHuns Takoit MOOMIIBHOCTH
BIIOJIHE BO3MOXKHA peaju3alus IporHosa
K. Arranu o0 yBeJMueHUH BPEMEHH, MPOBOJIHU-
MOT0 B IIyTH, ¥ €70 HACBIILIEHUH CaMbIMU Pa3HbI-
MU BUJIaMU TPYAOBOM U JOCYTOBOM A€ATEIbHOCTH
[47]. ITpakTuuecky, 3TO yKe IMPOUCXOUT.

Crnenyer OTMETHTh, YTO BO3MOXKHOCTD, OJia-
ronaps HH(POBBIM TEXHOJIOTHUSIM, IPOBOAUTH
BpeMsl B TPAHCIIOPTE C MOJb30H HE CHUXKAET
y JIIOJIel CTPEMIICHUSI K YCKOPEHHIO 1oe3aok. 00
3TOM CBUJIETEIILCTBYIOT U BBIIICHIPUBEIEHHBIC
CTaTHUCTHYECKHE JaHHbBIC, U MHTPOCIEKTHBHOE
MOHMMaHKe. B yciioBusIX nudpoBu3auy JIroam
TOTOBBI €3[JUTh Yallle ¥ Jajibliie (€CIIU 3TO IPUHO-
CUT UM aJIeKBaTHYI0 MOJb3Y), HO JJIS KaxI0H
KOHKPETHOM T0€3/IKK OHH NPEIIOYNTAI0T Ooliee
OBICTpPBIi BapraHT (0€3yCIOBHO C YYETOM CTOU-
MOCTH U KoM(opTa).

Hcxons M3 cka3aHHOTO, [Jisi o0ecredeHus
MPOCTPAHCTBEHHO-IIM(PPOBON MOOMIILHOCTH Ha-
CeJICHUSI TPAHCIIOPTHBIE CUCTEMBI JIOJKHBIL:

* TI03BOJISITH COBEPLIATH MOE3/IKU C BHICOKOU
CKOPOCTBIO;

* OBITh THOKUMH U MYJIBTHMOJIAIbHBIMH, 10~
3BOJISIS KOM(OPTHO, OBICTPO U HAJIEKHO IepeMe-
IIATHCS €OT JBEPH 0 IBEPU;

* OBITH MOJIHOCTBIO MHTEIPUPOBAHHBIMU
¢ M(POBBIMU CHCTEMaMH, YTOOBI YEJIOBEK BO
BpeMsi MIOE3/IKK HE «BBINAIal» U3 HUPPOBOTO
MPOCTPAHCTBA.

C TOYKH 3peHHSsI TIOCIISIHETO KPUTEPHS BBICO-
KOCKOPOCTHOW Ha3€MHBIH TPAaHCIOPT UMEET
3HAYMMBbIE TIPEUMYILIECTBA TIEPe]l aBUALIMECH.

CJietyeT OTMETHTb, YTO CPEAH 1ieNeil pa3Bu-
TUSL TPAHCIIOPTHOM CUCTEMBI HAlIel CTPaHbl 1O
2030 roma u Ha IporHo3HkIi nepuox 1o 2035 ro-
Jia TIPEyCMOTPEHBI KaK IOBBIIIIEHHE MOOMIIEHO-
CTH HaCeJIeHus, TaK U LUQpoBas TpaHchopmariys
orpaciu® [14, ¢. 80]. ITpu 3TOM J1ake 110 KOHCEp-
BaTHMBHOMY CLIEHAPHIO ITPOTHO3UPYETCs BBICOKAsI
JIMHAMHKA TPaHCIIOPTHOH MO/IBU’KHOCTH Hacee-
Hust (Tad. 7), a 1o 6oJiee aMOMIIHO3HOMY CIICHA-
pHI0, KOTOPBII paccMarpuBaeTcsi B KadyecTse Oa-
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30BOTr0, KOHCEPBAaTUBHBIN ypoBeHb 2035 rona
JIOJKEH OBITh TOCTUTHYT Yoke B 2030 romy, mocie
4€ro NoABUKKHOCTD MPOAOJIKHUT JOCTATOYHO AU-
HaMUYHbBIN POCT.

Ilo KOHCEpBaTUBHOMY CLICHAPUIO CPEIHETO-
JI0OBOH POCT TPAHCIIOPTHOMU NOJBU>KHOCTH Hace-
sieHust coctapisiet 3,2 %, a 1o 6azoBomy — 3,8 %,
YTO COMOCTABUMO C TMHAMHKON KEJIE3HOJOPOXK-
HOM MOOWJILHOCTH B Ha4yaJIe IPOILLIOTO CTOJICTHSL.
OTO CBUAETENBCTBYET O TOM, YTO JOCTHUTHYTHIH
B XOJIe JUIMTEIbHOW MOJEpHHU3AIMK OOIIEeCTBa,
9KOHOMHKH M TPaHCIIOPTa YPOBEHb HPOCTpPaH-
CTBEHHOU MO6I/IHI>HOCTI/I HAaCCJICHUA OTHIOAb HE
ABJIACTCA MPEACIIbHBIM, U €0 JUHAMUYHOC ITIOBBI-
1IeHHe OyJIeT MPOJOJKATCS.

Takum 00pa3om, pocT MPOCTPAHCTBEHHOU
MOOWJIBHOCTH HACEJIEHHs] HOCHT JIOJTOCPOUHBIM
XapakTep, 4YTO ABJIACTCA Cepbé3HbIM BbI3OBOM JIsA
TPAHCIOPTa, OTBET Ha KOTOPBIN JJOJDKEH 0a3upo-
BaTbCs HAa MHHOBAIIMOHHBIX PCIICHUAX U CO31da-
HHUH IIUPOKOTO CIIEKTpa aJIbTCPHATUBHBIX Bapu-
AHTOB YJIOBJICTBOPEHHUSI CIIPOCa Ha MOE3IKH, 00-
JIaJTAFOIINX BHICOKOH COITMAJIEHO-9KOHOMUUYECKON
MIEPCIIEKTUBHOCTHIO [48; 49].

3AKINIOYEHUE

CraHOBJIEHHE U Pa3BUTHE YEJIOBEUYECKOTO
o01iecTBa HEPa3phIBHO CBSI3aHO C MPOCTpaH-
CTBEHHOH MOOMJIBHOCTBIO U €€ IMOBBIIICHUEM.
[Tpu 5TOM pOCT MOOHIIBHOCTH HE OB IMHEHHBIM
nporneccom. Ckopee, OH MOXET ObITh HHTEpIIpe-
TUPOBAaH B paMKaX W3BECTHON JMaJIEKTUYECKOU
TPUAJBL: «TE3UC — AHTUTE3UC — CHHTERY.

Jist paHHHX 3TaroB 00IECTBEHHOTO Pa3BH-
TSI, B YCIIOBHSAX IPHCBANBAIOIIETO XO35HCTBA,
OblIa XapakTepHa MaccoBasi IIOBCETHEBHAsI MO-
OWJILHOCTB IIPU HU3KUX CKOPOCTSIX U HEOONIBIINX
PAaCCTOSIHUAX TIEPEMEILCHHUSI.

CTaHOBIEHUIO TPOU3BOMASAIIETO X034HCTBa
MPEALIeCTBOBAJ Mepexo]l K OCEeIOCTH, HO €ro
BeJICHHE MOTPe0OBaI0 YACTUYHOM 3aMEeHBI IPOo-
CTPAaHCTBEHHOM MOOMIIHOCTH JIFOJIEH IPOCTPaH-
CTBEHHOH MOOWJIBHOCTBIO MaTe€pHUaIbHBIX Oyar
C OJTHOBPEMEHHBIM POCTOM JIAIIbHOCTH IepeMe-
IIEHUH 1 PEeBpaIieHHEM UX B CIICIIMATN3HPOBAH-
HYIO J1eSIT€JbHOCTb.

W, HakoHel, B COBPEMEHHOM MOAEPHHU3HPO-
BAHHOM M YPOaHHU3MPOBAaHHOM OOIIIECTBE, CTABIIEM
pe3yJbTaTOM MHOTOTBICAYEIETHETO0 Pa3BUTHUSA
MPOU3BOJIAILETO XO35HCTBA U TPAHCIOPTA, O3BO-
JIMBIIETO YEIOBEUECTBY BOMTH B TIOXY COBPEMEH-
HOTO 9KOHOMHYeckoro pocta [18; 28], Ha ocHoBe
KauyeCTBEHHO HOBOTO YPOBHS KaK TEXHHKO-
TEXHOJOTHMYECKOT0, TaK M COIHAIbHO-



SKOHOMUYECKOTO PA3BUTHS ObLT IOCTUTHYT CHHTE3
TIOBCETHEBHON MaCCOBO MOOMIILHOCTH C TIEpeMe-
ICHUEM Ha OTHOCHTEIILHO HEOOJIBIIIHE PACCTOSHUSI
C JJAJIbHUMU TEePEeMEIIEHUSIMHI KaK JIIo/eH, Tak
U MaTepHajbHbIX ONar, NpUYéM UHTCHCUBHOCTS,
JTATBHOCTh M CKOPOCTh TaKUX MEpeMEIeHnH J0-
CTUIIIH KICTOPHYECKU OECIIPEIICICHTHOTO YPOBHSI.

Taxkum 00pa3oM, K COBPEMEHHON BBICOKOM
MPOCTPAHCTBEHHOW MOOMIBHOCTH YEJIOBEUCCTBO
JIBUTAJIOCh HEIMHEHHO. DTO ObLI OKOJIbHBIN ITyTh,
Ha pa3HbIX 3TAax KOTOPOro MOOMIBHOCTH MEHSI-
JIaCh HE TOJIbKO KOJIMYECTBEHHO, HO U KaU€CTBEH-
HO, OJTHAKO €€ POJIb JJIsl SKOHOMUUECKOM JIesATelIb-
HOCTH U OOIICCTBEHHOW >KM3HHU BCerjga Oblia
BbICOKa. [Ip1 3TOM TOCTUTHYTHIN YPOBEHb IIPO-
CTPAHCTBCHHON MOOMJIBHOCTH OTHIOMIb HE SIBJISI-
eTCsL MPE/ICIIbHBIM. YDITyOlICHUE MOICPHHU3ALIUH
o01ecTBa TpeOyeT TaJIbHEHIIIEro pocTa MOOWITb-
HOCTH, KOTOPBIH, B CBOIO OYEpPE/lb, HYKIAETCS
B YCKOPEHUH Pa3BUTHsI TPAHCIIOPTa HA MHHOBA-
LIMOHHOM OCHOBE.
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KecTkocTb (hnaHueBbIX CTbIKOB CO CBA3AMM
pacTsKeHUsA COOPHbIX 00aeN0K TOHHENEW

Tumodpeit BAPAHOB Damup 3AMHArABVUHOB

AHHOTALINA

B cmambe paccmampusaemcs gonpoc 06 onpedenenuu
Xécmkocmu npodonbHO20 (hiaHyee020 Cmbika CO0PHbIX 060e10K
MOHHenel co ceasamu pacmsxeHrus. Xécmkocme raHuesbix
CMbIKOG 8/IUSIeM Ha KOPPEKMHOCMb onpedeneHusi pacyémHbIX
yeunuli 8 moHHenbHbIX 060enkax. B Hopmax npoekmuposarus
moHHenel ykasbigaemces Heobxodumocmb yyéma xécmkocmu
CoYneHeHull ceameHmos COOPHbIX MOHHENbHbIX 060emoK npu
pacyéme ycunull 8 HECYUWUX KOHCMPYKUUsX, 00HaKo 8onpoc 06
onpederneHuu 8enuyuHbl U Memodax y4éma smux xécmkocmel
ocmaémcesi OmKpbIMbIM.

Llensto daHHoU pabomsi sensemes uccnedosaHue pacyém-
HbIX NPednOoCbITOK U Packpbimue HeKOMopbIX Pe3ynbmamos
onpedeneHus xécmkocmell 06bI14HbIX 601MO8bIX COeOUHEHUU
Ce2MeHmMo8 COOPHbIX MOHHEMbHbIX 060€/10K, a makxe 8nusHue
amux xécmkocmel Ha ycunusi 8 obOenkax moxHened. Bonpoc
aKmyareH npu 8bINOITHEHUU NOBEPOYHbIX PacyEmoe Cyuecmsyto-
WUX COOPYXEHUL U npu NPOeKmMuUpo8aHuU HoBbIX 060en0K ¢
KEcmkumu 601MosbIMU CMblkaMu U Opy2uMU C8A3SMU pacmsixe-
HUS.

B cmambe npugodumcs aHanumuyeckoe peweHue 3adadu,
0CHO8aHHO€ Ha cosmecmHocmu dechopmayull COOPHbIX IemMeH-

Tumodpeir Muxaiinosuu Bapanog',
[Mamup Anvgppudosuy 3aiinazaoounos’

1.2 Hpkymckuil 2ocyoapcmeenmpiil yuugepcumen
nymeti coobujenus, Upkymck, Poccusi.
04 * Baranov-87@yandex.ru.

mos, nony4eHbl 3a8UCUMOCMU yena 83auMH020 Nogopoma
KECMKUX ceaMeHmMos 060esIKU MOHHENsS om u32ubaroLLx MOMEH-
mos, Npo00bHbIX CUI U 260MEMPUYECKUX pa3vepos 31eMeHmMo8
ob6denku. KoppekmHocmb 8b180008 nposepeHa npogedeHuem
CepuuU YUCEHHbIX 3KCNEPUMEHMo8, 8 pe3ysbmame KomopbIx
nosyyeHbl ymoYHéHHbIE Kpusble 3agucumocmell mex xe napa-
mMempos, a makxe onpedeneHa npocmpaHcmeeHHas paboma
YyeyHHbIX MobUH208 Ha KOHMaKme.

[Tymém peweHusi KOHMaKmMHo U (hu3uyecku HenuHelHou 3a-
0a4u pabomb! GhnaHyee020 CMbIKa Yy2yHHbIX MoBUHE08 CO CesI3s-
MU pacmsixeHus onpedeéH Habop 8 Havyarne nuHelHbIX dechopma-
Yul ghyHKyUl 3asucumocmu yena nogopoma ceameHmos om dell-
CMBYOLUX 8 HUX ycunuli 01151 KOHKPemHOU KOHGbuypayuu sieMeH-
mos. Packpbima MemoOuka npuMeHeHust pe3ybmamog uccnedo-
saHusi 05151 ModeniuposaHusi 060es10k MoHHenel 8 npozpamme
GTS NX 8 nrockoll nocmatogke. CpasHumensHoe modenuposaHue
00HOMUNHbIX MecmogbIx 3aday pabombl MOHHEMbHbIX 060eoK
KOMbLEB020 CEYEHUS NOKa3ao, Ymo 8 PasfuyHbIX 2pyHMOoebIX
yCrIosusix npu 88edeHUU napamempos XECMKOCMU CMbIKog 8 0b-
Oenkax Habnrodaemcs yeenudeHue useubarouwux MomeHmos 00 8 %
NpuU NPakmMUYecKU HeU3MeHHbIX NPOOObHBIX cunax.

Kntoyesbie cnosa: mpaHcnopm, MOHHesU, C8A3U pacmsXXeHUs, KECMKOCMb CMbIKO8, CMbIKOBbIE MOMEHMBI, MOOGJ'IUPOS&HUG

060er10k, Heynpy2oe nosedeHue.

[ns yumuposaHusi: bapaHog T. M., 3aliHazabduHos []. A. Kécmkocmb ghraHueebIx CMbIKO8 CO CBS3SIMU PACMSKEHUS COOPHbIX
060enok morHenel // Mup mparncnopma. 2022. T. 20. Ne 2 (99). C. 30-41. DOI: https://doi.org/10.30932/1992-3252-2022-20-2-3.

MonHbIli mekcm cmambU Ha aH2nulicKoM si3bIke, ny6ukyemcsi 60 8mopoli yacmu daHHO20 bInycka.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

Oco0GeHHOCTH MOAETHPOBAHUS PaOOTHI Uy-
TYHHBIX OOZICJIOK CO CBSA3SIMHU PACTSKEHNUS MEKTY
TIOOMHTaMH TIPETyCMaTpUBAIOT YUET pacIonno-
JKEHUSI ¥ BEJTMIMHBI HAYAJIBHBIX 3230POB B CThI-
Kax M MOJATIMBOCTH CTHIKOB. /lanHOE 00CTOS-
TENBCTBO yUYTeHO B TpeboBanmsax m. 5.6.5 CII
122.13330.20121, kacaromuxcst pacu€ToB KOH-
CTPYKLHMH O MEPBOM rpymnne NpeaesbHbIX CO-
CTOSTHNN. 3HAUYECHUS MOJATIMBOCTH CTHIKOB
OOBIYHO OMpENeNAIOTCSI TaK Ha3bIBAEMBIMHU
CTBIKOBBIMA MOMEHTAMH, TIPH JIOCTHKEHNH KO-
TOPBIX KECTKOCTH CTHIKA MEPEXOINUT B IIACTH-
geckyto craguio [1-3]. OmHako B Hay9HOI JH-
TepaType, NOCBAIEHHON NPOEKTUPOBAHUIO
1 pacuéTy ToHHeneH [4; 5], ICHO He yKa3bIBacT-
s, KaKOHM TOJDKHA OBITh KECTKOCTH CTaHIApT-
HOTO (hIIAHIIEBOTO OOJITOBOTO CTHIKA [T TIEPEXO-
Jla CTBIKA B IUTACTUYECKUI TAPHUD U KaKHe 3a-
BHCHMOCTH CYIIECTBYIOT y 3TOH KECTKOCTH.
B 10 e BpeMsi B COBPEMEHHBIX crocodax pac-
4y€Ta TOHHENEH NMeeTCs Macca BO3MOKHOCTEN
JUIS yTOYHEHUs XapakTepa paboThl YyTyYHHBIX
TIOOMHTOBEIX W JPYTHUX OOIEIOK TOHHENEH co
CBSI3IMH PAcTSHKEHHUS BO (DITAHIEBBIX CTHIKAX.
Tema 0coOeHHO akTyaslbHA TPU BBHITOJHEHUN
MTOBEPOYHBIX PACYETOB CYNIECTBYIONINX TOH-
HEJIBHBIX 00JIENIOK.

3HauUNTENBHBINA 00BEM UCCIIEOBAHNI BITHS-
HUSI )KECTKOCTH CTHIKOB YMCIICHHBIMU METOIaMHU
MpoBe/IEH B 3apyOekHBIX pabdorax [6; 7], B KO-
TOPBIX MPHUBEACHBI CPABHUTEIbHBIE PACUETHI
ycunuii B COOPHBIX TOHHENBHBIX 00JEIKax
B 3aBUCHIMOCTH OT ITOJYYCHHBIX KOA(PPHITIEHTOB
*KEcTrkocTh. B kagecTBe k03 HUIIEHTOB KECT-
KOCTH 3apyOerKHbIE aBTOPBI TOHUMAOT OTHOIIIE-
HHUE NedOpPMATUBHBIX CBOMCTB COUYICHECHUH

1 CIT 122.13330.2012 ToHHeH )eNe3HOA0POKHBIC U aBTO-
nopokHsle. AkryanusupoBanHas penaxiyst CHull 32-04-97
(c U3menenusimu Ne 1, 2).

CErMEHTOB OO0JIEJIOK C YKa3aHHOH JKECTKOCTHIO
K ZIe(hOpMaTHBHBIM CBOICTBAM CAMHUX CETMEHTOB
cOopHbBIX 00z1€N10K. B 3THX padorax ormedaercs
N3MEHEHHE YCHIINH B COOPHBIX 00/1eJIKaX, O/iHa-
KO K03(pHUIMEHTHI KECTKOCTH PEKOMEHYEeTCsI
MPUHUMATh NOCTOAHHBIMU BHE 3aBUCUMOCTHU OT
ycunuii B anemenTax. Onenka sxécTkocTH (ian-
LEBBIX CTHIKOB B 3aBUCUMOCTHU OT r'OPHOI'0 J1aB-
JICHUSI U CEHCMUYECKOr0 BO3JEHUCTBUS TAKKE
nccienoBana apropami [8; 9].

I]envio naHHOW PabOTHI SABJISIETCS UCCIIEI0-
BaHUC paClIéTHI)IX MPCANOCHIJIOK U PAaCKPBITHUE
HEKOTOPBIX PE3YJIBTATOB OMPENEICHUs KECTKO-
CTe# OOBIYHBIX OOJITOBBIX COCTMHCHUN CEIMEH-
TOB COOpPHBIX TOHHEJBHBIX 00JIEJIOK, & TaK¥Ke
BJIMSIHUC 3TUX KECTKOCTEH Ha YCHIIUS B 00/IeII-
KaxX TOHHeJel. B crarbe UCoab30BaHbl aHAIN-
THYECKUE U IKCIEPUMEHTAJIbHBIE Memoobvl,
a TaKoKe KOMITBIOTEPHOE MOJICTUPOBAHHUE.

PE3YINbTATDI

TroOuHTH, TPEACTaBISIFOINNE COOON JTUTHIC
W3JIENHS U3 CEPOr0 YyTYHA CO CIIMHKOMY, YeThIPh-
Ms1 GopTamu ¥ péOpamu KECTKOCTH, B TIOTICPESIHOM
K OCH TOHHEJIs1 HAIIPABIICHUHN COSIIMHSIOTCST MEXKILY
C0001, KaK IMPABUIIO, YSTHIPHMs OOJITAMH K3 OOBIU-
Holt ctanmu nuamerpom 2045 mm. Ilonepeunoe
COCAMHEHHUE BYX TIO6I/IHFOB MpeaACTaBJICHO Ha
puc. 1. B crarbe paccmarpuBaercs y3en duianie-
BOroO (IIONIEPEYHOr0) COEMHEHHUs], XOTSl B KOH-
CTPYKIUK TIOOWHTOBBIX OOJIEJIOK, KPOME 3TOTO,
TIPeyCMaTpUBAIOTCSI elE TIPOJIOJIbHBIE COEIMHE-
HHS1 KOJIEL] MeXTy COOOI — IPOI0IIbHAsI TIEPEBsI3Ka.
I[TpononbHas repeBsizka TakKe MOXKET BKITIOUATHCS
B paboTy HECYIIMX KOHCTPYKIHI, HO TIPY YCIIOBUX
3HAUUTEJIBHBIX JedopMaliuil 00/eI0K, IpeBpa-
LIAIOIIMX HECYIEe KOHCTPYKIIUH B TPYOYy, JiexKa-
IIyt0 Ha ynpyrom ocHoBanuu [10; 117.

Craruueckue pacuéTbl 00/1eJI0K, 3aKIII0Yar0-
1Mecs: B ONpe/eSIEHUH JIEHCTBYIOLMX B HECY-

Puc. 1. 3D-Modesib NoNepeyHo20 CMbIKa Yy2yHHbIX Mo6UH208 [6bINONIHeHa agmopamu].
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IMX KOHCTPYKIHSX 00JETI0K YCHIINIA, IPOBOMSIT-
Csl METOJJAMHU CTPOMUTENILHOM MEXaHUKH U MeXa-
HUKHU CIUIOIIHBIX cpex [12; 13]. M3noxkeHHble
B JINTEpaType METOJbl pacdéTa OCHOBAHBI Ha
paccMoTpeHun paboThl 0OAEIKH KaK B yIpyroi
CTaJ1H, TaK U C Y4ETOM JIMHEHHON KECTKOCTH
(ianneBbIX CTHIKOB [ 14; 15]. B neiictBurenbHO-
CTU COEIMHEHHUE IIEMEHTOB HE SIBIAETCA HU
a0COJIIOTHO KECTKUM, HU JIMHEWHO-YIPYTHM,
0COOEHHO IPY OTCYTCTBHHU IIEPEBS3KU IPOIOIb-
HBIX CTBIKOB MJIM MaJIbIX IPOAOJIbHBIX ieopma-
uusax. B atom ciyuae BciexnctBue mnporuba
TOPLIEBBIX OOPTOB M YIUIMHEHUS OOJNTOBBIX CBSI-
3eil IPOMCXOAHUT PACKPBITHE CTHIKOB MEXY
TIOOMHTaMH.

[To mepBoii rpymme npeaeabHbIX COCTOSTHUIMA
npeJiebHbIE 3HAYEHHs yCUIIMH N, ONpeaensaior
110 HOPMATHBHOMY COINPOTHUBIICHHIO OOJITOBOU
cranu R, n ¢ yuétom koddduIenTa oxHopos-
HoctH k [16]:

N,=4, *R, n /k @)

[Tpu packpbITHH CThIKA C BHYTPEHHEH CTO-
POHBI y 3aKpYIJICHHUS TOPIIa TEOOUHra 00pa3yeT-
s TJIOLIAIKA CMATHS, Yepe3 KOTOpyIo Iepena-
ércs HopMasbHas cuna N v ycuiue B 6os1tax N,
HaunOoJiee HANpPSHKEHHOTO BHYTPEHHETO psija.

Bricora TIOIaAK CMATHS:

_N+N,
2o bRp s (2)

TJIe X — BBICOTA TUIOIIAKN CMSITHS;
b — mmpuHa AIeMeHTa 00IeNIKH;
Rp — pacu€THOE CONPOTHUBIIEHUE MaTepuasa
0OIEKH.
MOoMEHT B TITACTHYECKOM IIapHUpE:

m;=N{a-3)e (-3, 3)

IJe a,, — PacCTOAHME OT TOYKH B3aHMHOTO
MOBOPOTA A0 psiga OONTOB, MOKAa3aHHOTO Ha
puc. 2.

BcenencTBue 3TOr0 MporcXouT repepacipe-
JIeTICHNE YCWIINHA B 00JIeIIKE C TTOBBIIICHHEM €&
Hecyuel cnocobnoctu. [IpenensHoe cocTosHue
T10 PACKPBITHIO CTHIKOB HACTYIIACT 3HAYUTEIHHO
paHblIe, YeM IO IPOYHOCTH CTHIKOB.

M .
Ecnu MoMeHT B cThike M < % , TO pacyér

MPOU3BOJUTCS B yHPYTOW CTaAuu, a €CIH

MM o/ v
b BO3ZHHMKACT IJIACTUYCCKUHW HIapHUDP.

[Ipuuém ynpyroe nopesieHne TUKTyeTCs He KECT-
KOCTBIO TIOOMHIa Ha M3T'H0, a JKECTKOCTHIO UMEH-
HO OOJITOBOTO COEAMHEHHSI B CThIKE TIOOMHIOB.
B ciyuae neficTBuS OTpUIATETBHBIX MOMEHTOB
TUIOIA/IKa CMSITHsI 00pasyeTcsl y YeKaHHOW KaHaB-

®  Mup TpaHcnopTa. 2022

KH, TO €CTh Ha HanOoJee MOJATIIHBON TOPIEBOH
MOBEPXHOCTH TIOOMHTa. [IpH onpeiesieHin BbICO-
THI IUTONIA/IKH CMSITHS BBOJIUTCSI HE MOJTHAS ITHPH-
Ha, & CyMMa JIOCTATOYHO KECTKUX YIACTKOB, Yepe3
KOTOpBIE MPOMCXOMUT TIepeiada YCUIHS:
b, = 2+(b,+9) @)
e b, — TONIIMHA KOJIBLEBOIO pedpa;

0 — TOJIIIIUHA TOPIIEBOTO OOpTA.

VYeunue, npuxozsieecs Ha O|H OOJIT BHYT-
pEHHEro psia:

N:zi. M_]zV(aN_r)z
m(a,—r) +(a,—r)

o(a,-r), 4)

TJIe ¥ — paJuycC 3aKpYIJICHNS Ha IPaHH 3JIEMEHTa
00ienKu.

Pemenne ypasaenunii (1)—(5), ocHOBaHHBIX
Ha aHaJu3e MPEACTbHOTO COCTOSHHS, IPUBO-
IATCS B JUTEpaType MO MPOCKTHPOBAHUIO
ToHHeneH [2; 16].

st onpenencHus XECTKOCTH OOJTOBOTO
COEIMHEHUS] PACCMOTPUM Je(hOpPMAIIMOHHYIO
CXeMy CThIKa YyTYHHOTO TIOOHMHTIa, Mpe/ICTaB-
JIeHHYTO Ha pHc. 2. CyMMa MOMEHTOB JICHCTBYIO-
IIUX B CTHIKE CHJI TIPH MOBOPOTE BOKPYT TOUKU
O wiau BOKPYT TOYEK, PACIONIOKEHHBIX MO pa-
JIMYyCy KPOMKH TIOOHMHTA, TI03BOJISIET COCTABUTh
YpaBHEHHE PABHOBECHS CHIT:
M =Neay, + (N,a,+N,a,). (6)

IIpu packpsITUM CThIKA OT JAEWUCTBUS CHII
KaXIblii 00aT (mapa 0O0JTOB, PACIIOIOKEHHBIX
B OJIHOM Psi/ly) TOJYYHUT MpPHUpAIICHHE AJIUHBI J,
KOTOpPOE MOXKET OBITh CBSI3aHO C YIJIOM TIOBOPOTa
0, BBIPXKEHHOTO B paiiaHax, 3aBUCHMOCTSIMHU:
5,,=aa,, 7

3axon ['yka, onpeaensonmi KIacCuIecKue
3aBUCHMOCTH OTHOCHUTENBHBIX JehopMannii
OOJITOB & C YCHJIMSMH PACTSDKCHUS B HHX:
N1,2 =&, Ebs ° Abl,z’ (8)
rae E, — Momynb yImpyrocTu 60ITOBOH CTamm;

A,,,— cyMMapHble IJI01aa1 601TOB, pacto-
JIOKEHHBIX B OTHOM PSLY.

W3 onpeenieHust OTHOCUTEBHOM aedopma-
1IUY ¥ COTJIACHO pHUC. 2:

sz ©)
lb

IMoncrapmnss (7)—(9) B (6) MOXKXHO TTOTyYUTH
ypaBHEHHE 3aBHCUMOCTH H3THOAIOIIETO MOMEH-
Ta B CTHIKE M yTJIa MMOBOPOTA CTHIKA BOKPYT
KPOMKH TIOOWHTA:

M=NoaN+%a(Abl~af+A“oaf). (10)
b
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Puc. 2. Cxema dechopmuposaHusi cmbika [nocmpoeHa asmopamu].

Ecnu momany Becex 4eThIpEX OONITOB B CTHI-
Ke OJIMHAKOBBIE U paBHBI A,, TO ypaBHenue (10)
MOKHO IEpEnncarh B BUJIE:
M = Nea, + keo, (11)

Ebs

lb

e k =44,—(a} +a} ) —xodddunment muneitHOH

KECTKOCTHU CThIKA.

3aiaBIINCh NpPEAEIbHBIMYA 3HAUCHUSIMU OT-
HOCHUTEJIBHBIX JIepOpMaInii, MOKHO OIIPEEITNTD
MIpeJeNIbHBIN Yol MOBOPOTa CThIKa. MoMeHTOM
MIPEJENIEHOTO COCTOSIHUSA 110 YIUTY TOBOPOTa pU
00pa3oBaHMU TUIACTHYECKOTO IIapHUpa Oyner
MOMEHT, Kory1a ie(opMalust B JaJbHEM OT TOYKH
moBopota 6onre (psga OOITOB) & JOCTHTHET
OPEJIENBHON &,
Wiy = Ejiy labf 5 (12)
a caM yroJi roBopoTa OyJeT JMHEHHO 3aBHUCETh
OT ICHCTBYIOIIUX B CTBIKE YCUJIMH U TEOMETPUU
COEIMHEHUS, TI0Ka B OJJHOM H3 psa OONTOB UX
MaTepuall He NepeiaeT B MIIACTUYECKYO CTa-
JIIO:
(x:M_kNa”. (13)

Jluneiinas 3aBucuMocTs (11) coxpansercs
JI0 TeX I0p, MOKa M3rHOAIOMNUK MOMEHT HE J10-
CTHTHET MOMEHTA Iepexo/ia B HauyalbHYIO TIa-
CTHYECKYIO0 cTaguio M — M’, Ipu 3TOM yTroi
noBopota a — a’. B ypaBuenun (10) otHOCH-
TeNbHast ieopmanius Haubosee ynanEHHOTo OT
TOYKM [0BOPOTa 60NITA &, IEPEXOIUT B ILIACTH-
4ECKYI0 30HY TeKydecTH & — ¢, [lpu aTom
OPHUHATO AOIMYIIEHHE, YTO MaTepHuan O0JITOB
paboTaer KaK YIpyromiacTH4eCKuil Marepua
1O THUIly OWIMHEHHOW nuarpammbl [IpaHaTiis.
MomeHT nepexosa OnpeaeTuTCs Kak:

VI] d| | NO J¢

E,
M':N'LZN+a’”'ST(Am.alZJrAbz.aZZ): (14)

2

a yroJ npu 3ToM Oy/IeT paBeH:
|
a'=—Leg. (15)
aZ
IIpu panpHEeNIIEM yBEJIWYEHUU MOMEHTA
M > M’ HanpsbkeHue B 6onTax AajbHETo psija
HE MEHSETCA, a 00IIas )KECTKOCTh OOITOBOTO
COCTMHEHUS MaJacT:
M= Nea,+ak’+m (16)

Ebs

lb

e k'=—+ A4, +a’ — kospduiment Heynpyroit
KECTKOCTH CTHIKA;
My = €,°E,*4,,°a, — OCTATOUHbIH MOMEHT.
Ha puc. 3 npuBenéH rpaduk, moKa3bIBATOIIIIIA
3aBHCHMOCTb yIJIa [IOBOPOTA CTHIKA OT BETMUMHBI
M3rU0AOIEr0o MOMEHTa C yUETOM ypaBHEHHUI
(10), (14) u (16). Ecnu momycTHTh pasrpys3Ky
CTBIKA ¢ MOoMeHTa M > M > M, To B CTbIKE
MOKET HaOJTIOAThCS OCTaTOYHBIN YTOJI TIOBOPO-
Ta 0 , ONPENENSIEMBIA OCTATOYHBIM MOMEHTOM
1 KECTKOCTHIO OOJITOB MEPBOTO ONMMKaMIIero
K TOYKE [TOBOPOTA pAa:

Oy =— E m)"'?/d . (17)
A
lb

Taknm 06pa3oMm, AJst KOPPEKTHOTO MOJIEITH-
POBaHMS KECTKOCTH CTHIKOBOTO COCAMHEHUS CO
CBSI3IMH PACTSDKEHHSI B COOPHBIX 00meskax
TOHHEJEH MOTyYeHBI AaHATNTHIECKUE 3aBUCHMO-
CTH JKECTKOCTH CTHIKOB M BEJTMIMHBI JICHCTBYTO-
KX B CThIKE ycumuid. O01mast ’ECTKOCT 00/1e1-
K1 ()OPMUPYETCS HE CKOITBKO N3TMOHOM KECTKO-
CTBIO IyTYHHOT'O TIOOWHTA HIIH )KEJIe300€TOHHO-
ro 0J0Ka, CKOJIBKO TOPa3J0 MeHee >KECTKUMHU
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Puc. 3. Mpacpux mu yana poma cmbika om MOMeHma [NocmpoeH aemopamu].
Taoauna 1
Marepuajbl MojIeJ U CThIKA [cocTaBjeHa aBTopamMu 1o AaHHbiM CI1.16.13330.2017%]
DieMeHT Marepuan Mozenb Marepuana ITapameTpsl MogenH
TroOuHrn Cepblii 4yryH Museca E=100TITla
CY-20-40 v=0,1
0,40~ 200 MIla
Bounter Cr3 Museca E=206TITla
v=0,2
G e 245 MIla
A, = 13,85 cm?

*CI116.13330.2017. CranbHble KOHCTpYKIMU. AKTyanu3upoBanHas peaakims CHull 11-23-81* (c usmenenusmu Ne 1, 2, 3).

Puc. 4. 06wuii eud modenu cmbika mobuHz08 [Modenb
peanusoeaxa aemopamu].

CTBIKaMH, [0 CPAaBHEHHIO C KOTOPBIMU U3THOOM
3IIEMEHTa 00JICJIKK MOXKHO TPEHEOPEYb.

JlaHHBIE 3aBUCHUMOCTH B BHJE (QyHKIHH
o(N, M) MOXHO HCTIONIb30BaTh B PacuE€THBIX
[IporpamMMmax KOHEUYHO-3JIEMEHTHOI'O aHaJlu3a
HanpsMy!o J100 ¢ yuéToM yTOUHEHHOM MeToIu-
ku. PaccmMoTpuM npumep AaHHOW 3anadu, pe-
EHHON METOJIOM KOHEUHBIX 3JIEMEHTOB C yué-
TOM (hU3NYECKOIl HEMMHEWHOCTH MaTepHalioB
1 KOHTAKTHOM HEJIMHEHHOCTH.

B nmporpamme midas FEA cmonenupoBan
CTBIK JIByX YYTI'YHHBIX TIOOMHIOB C OOJITOBBIM

Vi ] d| [ N »N)

COEIIMHEHHUEM, MTOKa3aHHbIH Ha puc. 4. B Tabn. |
MIPUBENICHBI XaPaKTEPUCTUKHA MAaTEPHATIOB B MO-
nenu. KonraktHas 3a1a4a chopMupoBaHa CTaH-
JApTHBIM METOIOM surface-to-surface contact
¢ KOO((PUIUEHTOM CTaTHYECKOTO TPEHHsI, paB-
HeM 0,4,

Harpy»xenus Mozieny IpUHSITHI TIOJIOKUTEIb-
HBIMH M OTPHIIATEIBbHBIMHU ITOCTETIEHHO BO3pa-
CTAIOLIUMU MOMEHTaMH C Pa3IUYHBIMU MPO-
JONBHBIMH CXXKHMMarmMuMu cuiamu ot 0 1o
3000 xH ¢ marom 500 xH. Cuibl IpHI0OKEHBI
K TOpIiaM pacuéTHOIl 00JacTH MOJENU PaBHO-
MEPHO I10 BCEH MJI0ITa I TOBEPXHOCTH OCPeI-
CTBOM COEIMHEHUS y3J10B KECTKON BCTABKOM.

PesynbraTsl MOETHUPOBAHUS MTOKA3BIBAIOT
3aBUCHMOCTH yTJIa MOBOPOTA JIByX TIOOMHTOB
OTHOCHTEINIBHO APYT ApyTa, HanpspKeHUH B 0071-
TaX, N3MEHEHNE TUTONIAIKH KOHTAKTa TIOOMHTOB
OT JICHCTBYIOIIMX HA TIOOMHT MOMCHTOB.

IIpu nelicTBUM MOJOKUTETBHBIX MOMEHTOB,
PacKpBIBAIOLIMX 33a30p MEXKAy TIOOMHraMH U3-
HYTPH TOHHEIS, TNIACTUYECKUH IIapHUp oOpa-
3yeTcs PU JOCTIKEHUH PacYETHOTO COMTPOTHB-
nenust 6ontoB B 006oux psanax. Ha puc. 5a moxa-
3aHO M3MEHEHHUE HaNPSHKEHUH B 00JITaX KaXK10-
ro psAlla U POCT yTIiia B3aMMHOTO TOBOPOTA

DII1A EBBIX KOE BHASHMNIPACTH KREANA



300000

250000

N
o
S
=}
s}
S

a) 150000
100000

50000

Hanpsxexue 8 6ontax, MMNa

0,025

0 50 100 150

MOMEHT B CTbiKe, KHm

300000
250000
200000
150000
6)
100000

50000

0

HanpseHus 8 6ontax, MMNa

-50000

-100000

0,02 g
<
2
0015 £
©
=
o
Q
001 Q
_ 0,0126
= 0,0005e0.0126% S
2 _ =
R*=0,9913 0,005 S
>
L) 0
200 250 300 350
0
— -0,05
o
3
01 ©
o
g
5
0,15 &
2
o
o
02 2
o
c

400 600 700.0,25

-0,3

MoMeHT B CTbIKe, KHm

—e— Psag 6ontos 1

Yron nosopota

—=e— Psg 6onToB 2

JKcnoHeHUManbHasa (Yron nosoporta)

Puc. 5. lehopmupyemocms cmbika (a — npu omcymemeuu npodosibHO20 ycunus; 6 — npu Hanuyuu cxumarouje2o npodosibHo20 ycunus)
[duazpammbi nocmpoeHbI agmopamu].

TIOOWHTOB. B KauecTBe mpuMepa MpUBEICHBI
rpad UKy IPH HYJICBOM ITPOIOTBHOM yerinu. [1o
noctkeHny MomerTa 200 kHwm etk nedopmu-
pyeTcsl THHEWHO, 3aTeM CHadaja B JaTbHEM
psAoy, a 3aTeM B ONIDKHEM K TOYKE ITOBOPOTA
Py MaTepuan OOJNTOB MEPEXOINT B TIACTHYC-
CKYIO CTaJINI0, M1 POCT YIJIa TOBOPOTA yBEIHUH-
BAeTCs COTNIACHO BBIPAKCHHOMY JKCIIOHCHIIH-
AITBEHOMY 3aKOHY.

[Ipn HAMMYWH TPOMONBHBIX CHJI 3HAYCHHC
CTBIKOBOTO MOMEHTa M yBETMYMBAETCSA, @ pac-
TIpeJIeNicHIe HAPsHKEHUH B O0NTaxX MEHSETCS.
Ha puc. 56 mokasansl rpadukn yriia moBopoTa
¥ HaTIpSDKEHUH B OONITaX MPH IEHCTBUU OTPHIIA-
TENBHBIX MOMEHTOB, PACKPBIBAIOIINX CTHIK CO
CTOPOHBI TOPHOI IMOPOJIBL. 3HAYUTENbHAS 9aCTh
rpaduka 10 MOMEHTA, KOTZA B NAJTBHEM Py
0ONTOB HAYMHACT MPOUCXOIUTH TIACTHICCKAS
nedopmarus, TakKe JTHHEHHAS.

UuclieHHOE MOJETUPOBAHNUE CTHIKOB HAaET
CXO)KHH pe3yJbTaT C aHATUTHICCKIMH PEIICHNS-
MU, TIPEJICTaBICHHBIMA Ha puc. 3. Habmromarot-
Csl HEKOTOPBIC OTIIMYHS B ITOJIOTOCTID TIOBEIC-
HHUS, KOTOpOEe OOYCIIOBICHO MOMYyIICHUECM
0 CIMHOW U KECTKO OMpeNeIEHHON TOUKEe B3a-
WMHOTO IIOBOPOTa TIOOMHTOB. UHCIIeHHOE perre-
HUE TIOKA3bIBACT, YTO MTPH HATHYHNH ITPOIOIHEHON
C)KUMAIOIIIEH CHJIBI IMSTHO KOHTAKTa TIOOMHIOB

VINTE AH [ NO )

pacmpenensieTcs HepaBHOMepHO. IIpocTpan-
CTBEHHas )KECTKOCTh TAKOBA, UTO yIACTOK MEXKILY
TIPOJOJIEHBIMH pEOPaMK TFOOMHTOB IPH OCEBOM
C)KaTWU HE CONPHUKACACTCS, & KOHTAKT TATOTEET
K p&OpaM 1 CTIMHKE 3JIEMEHTOB, KaK ITOKa3aHo Ha
puc. 6. IIpu pocte M3rndarOMmMUX MOMEHTOB
MISITHO KOHTAKTa MUTPHUPYET K CIIMHKE B CTOPOHY
Toukn O Ha CXeMe puc. 2, a mepeaBacMas 4epes
KOHTAKT CHJIa pacTéT. AHAJOTHYHAsI KapTHHA
HaOJIoIaeTCst TIPH MPUIIOKECHNH OTPUIATEIBHBIX
MOMEHTOB, T/I¢ TISITHO KOHTAaKTa PacIOJIORKEHO
IO TIPOIOTBHBIM pEOpaM TIOOMHTOB.

3aBUCHMOCTB KECTKOCTH CTHIKA OT MPOIOITh-
HOM CHJIBI 1 MOMEHTA TI0 PE3yJIbTaTaM YHCIICH-
HOTO JKCIIEpUMEHTA TPE/ICTaBlIeHa Ha pHUC. 7.
B npenenax nuHeHHBIX nedopmanuii 60ITOB
OTIINYUS B )KECTKOCTH HE3HAUUTEIBHBIE, TO €CTh
JKECTKOCTD CTHIKOB IIPAKTUYECKN HE 3aBUCHT OT
BEJIMYMHBI TIPOAOIIBLHOTO yerus. [IpomonbHble
CHJIBI BIIMSIIOT HA BEJIMYWHY CTHIKOBBIX MOMEH-
TOB, a TAK)K€ Ha KECTKOCTh CTHIKOB MPH 3HAYH-
TEJILHBIX M3THOAIONINX MOMEHTAX, TPHOIHIKAIO-
IIAXCS K CTHIKOBBIM.

PaccMmoTpuMm nuHelHbIE YacTh KECTKOCTEH,
TaK Kak OCHOBHBIC YCHIIMS B 00/ICIKaX TOHHEIJICH
TIPUXO/ISITCSI Ha YIIPyTHE 1e(OpMAIIN KOHCTPYK-
nuii. B nmamasone momentoB 200-400 xkHwm
MIPE/ICTABISCTCS BO3MOXKHBIM OIPENEIUTh JH-

[€EBBEIX KOB BH3IAMN IO HKEHWA:
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M =07 M,

M=04-M,

M=10-M,

Puc. 6. Muepayusi namHa KoHmakma e cmbIke npu pocme MoMeHma [Modenb pa3pabomara asmopamu].

Yron noBopoga, pa
3]

-0,07
MomeHT, KH

—8—0kH —@—500kH 1000 kH

1500 kH

—e—2000kH —@—2500kH —@—3000kH

Puc. 7. écmkocmb cmbika npu pa3auyHbIX NPodosbHbIX cunax [2paghuku NocMpoeHsI asmopamu].

HelHbIe pyHKIMHN yi10B ToBopoTa a(N, M), kak:
o(N) = a*M + b, (18)
rae a u b — K03 OUIMCHTH anpOKCUMAIIHH,
puBeIEHHBIC B TA0I. 2.

[TapameTp a, KOTOPBIA IMeeT HUINICCKIHA
CMBICIT IMHEWHOH >kECTKOCTH 13 ypaBHEeHu (11),
OT pocTa CHIIBI MeHsieTed B npeaenax -25 % ...
+6 %. I1pun pacuérax 00/1e/I0K TOHHETIEH COBCEM
OTCYTCTBYIOIIHE IPOIOIBHBIC CHITBI BCTPEUAIOT-
Cs1 JIOCTATOYHO PEJIKO, TIO3TOMY HaYWHAS C CHITBI
B 500 kH nnanazon Bapuanuu coctasisier -10 %
... 6 %, 9TO HaXOAMTCS B IpeJeNiax HHKEHEP-
HOM MOTPEITHOCTH PACUETOB HECYIIUX KOHCTPYK-
LIUA TOHHEIEH.

W3 naHHOTO MCCIIEOBAHMS MOXKHO CHIENIaTh
CJIC/TYTOIIE BHIBOJIBI:

1) >k€cTKOCTH OOITOBBIX TPOJIOIBHBIX CTHIKOB
CO CBAI3SIMHU PacTsDKEHHS HEe3HAYUTEIIBHO 3aBHCUT
OT BEJTMYMHBI TIPOIOJILHOM CHIIBI B CTHIKE;

Vi ] d| [ N »N)

2) B OIIpeIeIEHHBIX MpeeNax jKECTKOCTh He
MEHSETCS, a YTOJI TOBOPOTa AIIEMEHTOB O0IEITIKU
JPYT OTHOCHUTEIBHO JIpyTa M3MEHSACTCS TMHEHHO
B 3aBHCHMOCTH OT BEJIMYUHBI MOMCHTA B paiioHe
CTBIKA;

3) pu NOSBICHUY TUTACTHYECKUX Tedopma-
ui B 60sTax )KECTKOCTD CTHIKA MA/IaeT, IPHIEM
MPOJOKACT YMEHBIIATHCS TPU BO3PACTAHUU
MOMECHTA,

4) BeJIMYIHA CTHIKOBOTO MOMEHTA OTIPEIICIIs-
€TCS TIOSBJICHUEM B 0OJNITaX IMJIACTHUECKHX Je-
(hopmanuii, a mpeaenpHas BEITNIHHA yTIIa TOBO-
pOTa 3JIEMEHTOB OOIETKU OMPEHCIIIeTCs Mpe-
JenpHOU nedopMalieil Hanbonee yIanéHHOTO
OT MeCTa TOBOPOTa OOJITOB COCTMHEHUS.

[IpoBenéM TecTOBBIE PAcUETHI TOHHEIEHON
00JIeIIKH, COCTOAMICH W3 YYTYHHBIX TIOOWHTOB,
C MPUMEHEHHEM IMOIyYCHHBIX 3aBHCHMOCTEH.
Lenpro pacy€ToB SIBISACTCS OTMPEICICHUE H3Me-

DII1A EBBIX KOE BHASHMNIPACTH KREANA
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Puc. 8. JluHeliHble annpoKcumayuu xécmkocmu (a — npu omcymcmeuu npodosbHol cunbl; 6 — npu cxumarowell cune e 3000 kH)
[epagpuku nocmpoeHbI asmopamul].
Tabauua 2
IMapameTpsbl JUHeHHOI annpokcuManuu xécTrocT no gpopmyae (17)
[Tadauua cocraBiieHa aBTopaMu]|
IpomonbHas as10~ be10* Koadduument nerepmunanmu R
cxuMaromas cuina N
0 2,368 0 0,986
500 1,781 3,291 0,99
1000 1,892 10 0,963
1500 1,804 4,832 0,965
2000 1,629 14,55 0,968
2500 1,654 18 0,963
3000 1,587 20,32 0,948

HEHUsl BHYTPEHHHMX YCWJIMH B 00jenkax 0e3
yuéTa KECTKOCTU CTHIKOB AJIEMEHTOB OOEIKH
U ¢ y4€TOM 3THX KECTKocTel. Pacyér BoIONHSA-
eTcsl B IJIOCKOH MOCTAHOBKE B MPOrpaMMe Ko-
HEYHO-3JIEMEHTHOT0 MOJICTUPOBAHUS T€OTEXHU-
yeckux coopyxennit GTS NX. O6xernka BbITo-
HEHa U3 YYI'YHHBIX TIOOMHIOB BHYTPEHHHUM
nuaMeTpoMm 7,78 M, pacroioKeHHUe CTHIKOB
TIOOMHIOB TIOKa3aHO Ha pHC. 9.

I'pyHTBI, OKpyIKaroupe 00JENKy, CMOJIEIH-
pOBaHbBI C HUCMOJIB30BAaHUEM YIPYroOIUIacTUYe-
CKOM MOJIeNIM C M30TPONHBIM YNPOUHEHUEM
Hardening Soil (HS), peanu3zoBannoii B npo-

IVINP R PAHT DTN | NO JY ) i

dHLOEBBIX S5IROB’ BAHASH MWD

rpamme GTS NX. Mojenb TOYHO ONHCHIBAET
MIOBEJICHUE TPYHTA ITPU SKCKABALUK TPYHTA, TIPU
YCTpPOMCTBE MOATOPHBIX CTEH U NMPOXOAKE TOH-
Hellel, conmpoBOXKAAONIEHCS YMEHBIICHUEM
cpeaHero 3 GEKTUBHOTO HAMPSDKCHUSI U OJTHO-
BPEMEHHO MOOMJIM3alMell CONPOTHBIICHUS I10-
pon casury [17; 18].

B kauecTBe mpuMepa A TECTOBOM 3agaduu
pUMeM (H3UKO-MEXaHUUECKHIEe CBOMCTBA IPyH-
TOB TPEX THIIOB, NMpHUBEAEHHbBIC B Tabu. 3. Pac-
4y&THas 00JIaCTh MOJIEIH UMeeT pasMepbl 100 x
100 M. B neHTpe HaxoauTCs MOAKPEIUISIONEe
I'PYHTOBBIH MacCHB KOJIbI10, 00Ja1aromiee xeECT-

HKEAWH
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Puc. 9. Koncmpykyusi 060esnku xene3HodopoXHo20 moHHens u K3-modenb [cxema u usobpaxeHue nod2omoesneHbl agmopamul].

Puc. 10. Ceolicmea Heynpy2020 wapHupa [cKpuHWom okHa npozpammbl GTS NX npu pabome Ha ocHoge Modeniu aemopoe].

KOCTBIO KOJIBIIA M3 YYT'YHHBIX TIOOMHTOB IIUPHU-
noii 0,75 m. Pac4éT BBINIOJIHAETCS B IBE CTAIMH:

1) HauapHAS CTAIUS IS OTIPEIeTIeHUS ObI-
TOBOTO JIABJICHHUS M MCXOMHBIX TEpEeMEIIeHNN
TPYHTOBOTO MacCHBa;

2) BTOpas crajaus, Ha KOTOPOU MPOUCXOIAUT
9KCKaBalus TPyHTa H MOMEHTAJIFHOE MOIKPEII-
JIGHWe OTBepCTUs o0nenkoi. MuTepdericabie
AIIEMEHTHI KOHTAKTa TPYHT-00/1e/IKa He TTpUMe-
HSUTHCH.

Bun xoHeuHO-371€eMEHTHOW MOJENU Tpe-
cTaBJeH Ha puc. 9. BHenpenne )ECTKOCTH CThI-
KOB OCYIIECTBIISIETCS MyTEM Ha3HAUCHUS IIap-
HUpa Ha y3eJl KOHEYHOTO 3JIEMEHTa O0eNKH,
o0maaromero cBoiicTBamMu 1e(hOpMHPYEMOCTH,
KaK MOKa3aHO Ha puc. 7 WIM 10 JUHEHHOMY
ypaBueHHIO (18). JKEcTKOCTh CTHIKA MOAETHPY-
ercs cBoricTBoM Beam—Lumped («banka—cocpe-
JIOTOYCHHBIN mapHUpY). Heynpyroe mosenenne
OTIMCBHIBACTCS CKEIETHBIMU KPUBBIMHU, KOTOPHIE
SBIIAIOTCS YMIUPHYECKIMH THCTEPE3UCHBIMU
MozenaMu. [IpononbHas KECTKOCTh MpeAcTaB-
JIeHa TIPYKUHOM B IICHTPE IEMEHTa, a I3THOHBIC

Vi) \ [ N2 E)

KECTKOCTHU TPEICTABICHBI IPYKUHAMHU Ha KOH-
1ax 3JICMEHTOB M OIMCAHBl 3aBUCHMOCTSIMU
YCWINH OT NEPEMELIEHU.

B pacuérax BO3MO)XHO IPUMEHEHUE CIIETYIO-
[UX THUTIOB 3aBUCUMOCTEH MJTH THITOB THCTEpE-
3HUCHBIX MOJEIICH:

— Origin-oriented (MCXOOHO-OPHUEHTH-
pOBaHHAs): TOYKU pEaKIIMU MPU HaYaIbHOM
Harpy»KeHUH U TIPU Pa3Tpy3Ke ABHKYTCS BIOIb
TpEXNUHENHON ckeneTHOW KpuBoil. JlanHas
MOJIEITb MICTIONB3YETCs B TECTOBBIX pacuéTax.

— Bo3moxHO npu ganbHEHIMX HccienoBa-
HUSIX MMPUMEHEHWE MHBIX Mojaenei: Peck-
oriented, Kinematic, Takeda u uHBIX.

CormacHO pyKOBOACTBY IO paboTe ¢ mpo-
rpaMmoii? 3, CBOWCTBA HEYNPYTOTro MOBEICHHS
3amarorcs B Qyukuuu Yield Function B Buae

2 Benchmarks & Verifications Manuals. Chapter 3. Material
Nonlinearity / MIDAS IT Co,. Ltd. [DaexTpoHHBIii pe-
cypc]: https://globalsupport.midasuser.com/helpdesk/File/
Get/3848666. [loctym 28.02.2022.

8 GTS NX On-line Manual. Cripaska nipu paGote ¢ 1po-
rpamMMOH.



DusnkKo-MexaHHYecKue XapaKTEePUCTUKH

Taoauua 3
rPYHTOB NPH HCNOJIb30BaHUN Mofean HS

[TaGauna cocTaBiaeHa aBTOPaMH 1O JaHHBIM padoTsI [18]]
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En. uzm. kH/M® MlIla — — — kIla rpaf.
Vemosust Ne 1. 21,4 12 10,5 36 0,35 0,5 0,642 20 21
Cynecu nbuieBatbie
Venosust Ne 2. 15,2 26 19 110 0,3 0,8 0,426 1,0 35
ITecok
VYenosust Ne 3. 22,5 305 191 610 0,2 0,65 0,609 125 23
TInoTHBIC TIIMHBL

MTOJIOKHUTEIFHOW BETBH 3aBUCHMOCTEH yriia
noBopota Curvature (rad/m) or Mmomenra Force
(kNem) (puc. 10). [ToBeneHue mpu OTPHUIIATEITB-
HOM MOMEHTE BBIYHCIIIETCS aBTOMATHYECKH.
B mporuecce TectupoBanus paboThl QYyHKIHH
B Bepcur GTS NX 2019 v1.2 Ha npocThIX MOze-
JSIX BBISICHEHO, YTO NPH HAa3HAYCHWU CBOMCTB
HEyNpyroro ImapHUpa B INIOCKOH 3a/1a4e jkela-
TEJBHO B I0JIe KOMIOHEHTOB Hinge location
yKa3bpIBaTh HaIllpaBIIEHHWE CTEIEHH CBOOOIBI
mapHupa R u koMroHentsr [&J.

PesynbraTsl CpaBHUTENTBHOTO MOAEIMPOBA-
HUSI TIPEJICTABICHBI B BUJIE TIEpEMEIeHHH 00-
JIETIKY TOHHEJISI, IPOAOJIBHBIX CHJI U M3rHOaro-

LIMX MOMEHTOB B HEH, KaK IIOKa3aHo Ha puc. 11
JUIsl TPYHTOBBIX ycinoBuid Ne 1 (cymecn mblieBa-
ThIe). B Momemnsax ¢ yuéToM jkECTKOCTH CTHIKOB
BBEJEHBl CBOWCTBA HEYNPYTroro moBeACHUS
B MECTaxX PacCIOJIOKEHHUS CTHIKOB TIOOHWHTOB,
Mozeru 0e3 yuéTa )KECTKOCTH IOIHOCTHIO UICH-
TUYHEI IIEPBBIM 0€3 BBEJICHUS HEYIIPYTOTO ITOBE-
JICHHSI CTBIKOB.

CpaBHUTEIBHOE MOJIETUPOBAHUE TOKA3AII0,
YTO MPHU PA3TUUYHBIX TPYHTOBBIX YCIOBUSAX YUET
JKECTKOCTH CTBIKOB CJIa00 BJIHUSAET Ha OOIIHe
MepeMEIICHUS 000K U MPOJOIBHBIC CHUIIBI
B HuX. OCHOBHOE BJIMSIHHE HAOJIONAETCS B Be-
JINYMHE U3TUOArOIIMX MOMEHTOB, ¢ HATUYHE

Taoauna 4
Pe3yJIl>TaTbI CPAaBHUTEC/IBHBIX TECTOBBIX pac‘léTOB [TaﬁJII/IIIa COoCTaBJICHA aBTOpaMI/l]
PesynbraTst IIepemerienus, Mm IIpononsublie cunbl, KH Mowmentsl, KHm
I'pynToBbie | KécTkocTh B cBoze B cTenke B cBone B crenke B cBone B cTenke
YCIIOBHSI CTBIKOB
Ve Ne 1 Yuér 77,27 51,05 -2216,4 -3279,6 -507,2 +460,1
be3 yuéra 76,98 51,09 -2217,0 -3279.8 -496,1 +447.4
Pasuuna 0,4 % -0,1 % 0,0 % 0,0 % 2,2 % 2,8 %
Yeu. Ne 2 Yuér 16,07 10,8 -1208,6 -2142,2 -155,2 +142,3
bes yuéra 16,29 10,85 -1211,5 -2139.8 -144,9 +132,4
Pasnuna -1,4 % -0,5 % -0,2 % 0,1 % 6,6 % 7,0 %
Ve Ne 3 Vuér 33,40 24,47 -1670,0 -3092,1 -106,9 +105,1
be3 yuéra 33,45 24,48 -1670,1 -3091,1 -98,3 +96,3
Paznuna -0,1 % 0,0 % 0,0 % 0,0 % 8,0 % 8,4 %

VINE AH [ NG »)

BASHAMNIPd! HKEHWA:
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Ilpu yuéme srcécmrocmu cmuikos

Ilpu omcymcemeuu yuéma srcécmrxocmu
CMbIKOB

Obwue nepemewjerus

IIpooonvuvie cunvt, kKH

Momenmut, kHm

Puc. 11. Pesynsmamsi cpagHUMenbHbIX pac4émoe npu 2pyHmossix ycnosusix Ne 1 [pesynbmamsi MmodenupoeaHusi asmopamu].

HEYTIPYTUX 3JIEMEHTOB C TIOBEJICHUEM CTHIKA CO
CBSI3IMH PACTSDKCHUSI yBEJIMUMBACT M3THOAIOIIINE
MOMEHTHI Ha 2,2—-8,4 %. bonee BbIpa)keHHOE
BIIMSTHAE HAOJIOIaeTCsl IPH MEHBIIEH BETMUMHE
MOMEHTOB B IUTOTHBIX TJIMHAX.

BbIBOAbI

CoBpeMeHHBIE CTTIOCOOBI PacuéToB COOPHBIX
TOHHEIILHBIX 00EJIOK, KOHCTPYKTHBHO MMEIO-
IMNX CBSI3M PACTSDKCHUS B CTHIKAX, MO3BOJISIOT
YUUTHIBATh U3THOHYIO KECTKOCTD TTOIEPEUHBIX
CTBIKOB IIPH ONIPEACICHUH yCIIINi. AHATUTHYC-
CKH BBIBEJICHBI yPaBHEHHS KECTKOCTH IAHHOTO

VIV | i NO 9

COCIMHEHUS B 3aBUCHMOCTH OT BEJIMYUHBI U3TH-
0aroIero MOMeHTa, MPOAOIEHON CHITBI, pacIIo-
JIOKCHUST ¥ MapKH CTalll OOJTOB W TEOMETPUH
cTeika. [lomydeHHass TpEXTHMHEHHAS (YHKITHSL
OIMCHIBACT 3aBICUMOCTB yTJIa B3aMHOTO ITOBO-
poTa >IEMEHTOB OOMENKHA OT BEIMYHUHEI JCH-
CTBYFOIIX YCHITHI 1 TIOKa3bIBACT TPU OCHOBHBIX
JTama CHWKeHUs xkEctkocTu. [lepBhIif aTam 3a-
KJIIOYaeTCs B JIMHEHHOM IOBEIECHHH BCEX DIIe-
MEHTOB M HAYaJIbHOU KECTKOCTH CThIKa. BTopoii
9Tall HACTYTAaeT MPH JOCTIKCHHUH TIpeena Te-
Ky4eCTH MaTeprala JaJbHeTo OT IICHTPa ITOBO-
poTa psiia 60NTOB, XapaKTePU3yeTCsl CHIKCHIEM



JKECTKOCTU M OCTATOYHBIM YIVIOM [10BOPOTA IIPU
pasrpy3ke. Tperuii 3Tan — BO3HUKHOBEHUE I1J1a-
CTHYECKOTO IIapHHUpa.

JlaHHBIe paccyX1eHHs OBLTH ITPOBEPEHEI IPH
MOJICITUPOBAHNH CTHIKA JABYX YyTYHHBIX TIOOMH-
roB. XapakTep MOJIYyUYEHHBIX 3aBUCHUMOCTEN
COBIAJAET C aHAJTUTUUYECKUM pelieHuem. Jlo-
IMOJIHUTEJIILHO MTOJTYYCHBI JIMHEHHbBIE YpaBHCHUA
JKECTKOCTH Ha HAYaJIbHBIX CTaJIusAX HaIpyKCHUA
CTBIKOB, TIe IOKa3aHO, YTO BIMSHHE IPOIOIHHOM
CHJTBI Ha KECTKOCTH JOCTATOUHO ciIaboe BBUILY
MIPOCTPAHCTBEHHOTO MATHA KOHTAKTA TFOOMHTOB.
I'padukm HEyIIpyTOrO MOBEACHUS 110 PE3YIIbTa-
TaM KOHEYHO-3JIEMEHTHOTO MOJEIUPOBAHUS
BBEJICHBI B BUZIC (DYHKIIHI JIJIsI TECTOBBIX pacué-
TOB 00/I€TIOK TOHHENEH.

CpaBHHTEIBHBIC PACIETHI 00/ICIIOK C yUETOM
n 0e3 yuéra KECTKOCTH CTHIKOB MPH MPOYHUX
PAaBHBIX YCIOBHAX MTOKA3aIH, YTO HANHIHE YUE-
Ta KECTKOCTHU CTHIKOB BEJIET K TIOBBILICHUIO U3-
rUOArOIIMX MOMEHTOB B 001eKax 110 8,4 % npu
OIIPEACIICHHBIX IPYHTOBBIX YCI0BUsX. B TO ke
BpEMsI pa3HbIC TPYHTOBBIE YCIIOBHUS CKa3bIBAIOT-
CSl Ha YCHWJIHSIX TIO-pa3HOMY, B Ooiee TTOTHBIX
TPYHTAaX BIIFSTHUC HAJTMYHS CTHIKOB TIPH pacuaéTax
YBEITMIHBACTCS.

Takum 00pazoM, MPeTOKCHHBIA TTOIXO]
MMO3BOJISIET MOJyYaTh OoJiee TOUYHYHO KapTHHY
OILICHKH HAamNpsHKEHHO-1e()OPMUPOBAHHOTO CO-
CTOSIHUSI COOPHBIX TOHHEIBHBIX 000K CO
CBSI3MH PACTIKCHHUS.
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MexaHu3m obpa3oBaHusa U uccnegoBaHue
CBOWCTB 6enoro crnosi B BbICOKOYrnepoaucToun
penbcoBou ctanu M76
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AHHOTALIUA

BbicokoyacmomHble 8ubpayuu, 803HUKalOWUe 8 pesynbma-
me MHo2UX (hakmopos npu delicmeyouyux Haepy3kax e cucmeme
«KONECO—PeNTbCy, Okadbigalom 02POMHOE 8/1USHUE Ha CMPYKMYpy
u ceolicmea penbcosoll cmainu — 803HUKaM 3HayumerbHble
KOHMaKMHbIe HanPsXeHUs1 8 NOBEPXHOCMHOM CI10e, 8NUsoWUe
Ha NPOYHOCMHbIE XapakmepucmuKu u obuwyr ycmanocmb KOH-
CMPYKYUU Xene3Ho00poxHo20 nymu. Pe3ynbmamom makozo
8030elicmeusi, 8 YacmHocmu, siensiemcs 06pa3osaHue mak Hasbl-
8aemozo «benoeo crosi» (White Layer, WL) - ynpoynéHHoz0 criosi
Ha NO8EPXHOCMU OCHOBHO20 Mamepuarna, ycmolyugozo K Xumu-
YecKoMy mMpageHuIo U UMEIoWwe20 8bICOKYI0 meépdocms (8biwe
1000 HV) u xpynkocms.

Lenblo Hacmoswe2o uccnedogaHus A8UNOCh U3yyeHue
ocobeHHocmel MexaHu3Ma hopMuposaHusi, a makxe ceolicmea
obpasytowe2ocsi Ha nogepxHocmu mMemarnna 6en020 cnos ¢
NpUMEHeHUeM KOMNIEKCHo20 Nodxo0a, a UMEHHO: paspywaoujux
mMemo0o8 KOHmpOIA, Memodos 31eKmMPOHHOU MUKPOCKONUU,
PEHM2eHOha308020 aHanu3a, Memannoepaguyeckux memodos
U memodoe Mukpomeépdocmu.

[LlocmosepHocmb aKkcnepumeHmanbHbIX uccredosaHull 06-
ycrosieHa ucnosb308aHUeM cmaHdapmu3uposaHHbIX Memodos
ucnbimaHutl, paspabomaHHbiMu Memodamu paspywanuwux u
Hepaspywaruwux ucnbImaHuli N0 0CHOBHbLIM HanpaeeHusiM, Ha-
nuyuem akkpedumosanHol u ammecmogaHHoU nabopamopuu,
4mo 9as1o 803MOXHOCMb 8 NOSTHOM 06bEME U COoMBEeMCMaYLeM
kayecmee docmuyb NOCMaseHHbIX 3a0ay.

INo pe3ynbmamanm uccriedosaruli npedcmasneH aHasus 6eoeo
11081, hopMUpPOBaHLIE KOMOPO2O UMESO MECTO 8 8bICOKOY211epo0U-
cmoti pesiecogoli cmanu M76 nocne yuknuyecKux ucnbimarut ¢
yacmomot 20 kI'y. [JemarbHo udyyeHa Mopghonoeusi, (ha3ogbill co-
cmag U Mukpomeépdocms OaHHbIX KITYEHUL 8 CpasHeHuU ¢ 6a3o-
8bIM Memariiom. [TokazaHo, Ymo besb It crioli npedcmaernisiem coboli
8bIcOKOOUCNEPCHbIe, NnepnumoobpasHbie, 6e3NUKUE BKHYEHUUS
Gheppumo-yeMeHmUMHoL CmpyKmypb1, NPUYEM UX MUKPOMeEPAoCMb
8 3-4 pa3a ebiuie ucxodHol cmanu u cocmasnsem 1000-1200 HV.
[MpednoxeH 803MOXHbILI MexaHu3M chopmuposaHusi 6emo20 Cros:
0OpobreHue cheppuma u yemeHmuma, 8xo0sLUX 8 COCMag nepruma,
6e3 npoMexymoyHbIx ¢ha3ogbIx NpespaLeHull.

Krroyesbie crioga: xene3Hod0poxHbIl mpaHecnopm, 8bICOKoy21epoducmas cmarb, 8bICOKOYacmomHas 8Ubpayus, YUKIUYeckue
ucnbimanusi, bebIl criol, MUKpocmpykmypa, Mukpomsépdocms, dughpakmoepamma, nepaumoobpasHas cmpykmypa, pesnbehl.

Lna uumuposarus: Mpudacosa E. A., ®asunosa 3. T., Hukugpopos I1. A., KocbsHos . 0. MexaHu3m obpasosarus u uccredosaHue
ceoticme 6e02o crosi 8 8bicokoyenepoducmoll penbcosoli cmanu M76 // Mup mpaxcnopma. 2022. T. 20. Ne 2 (99). C. 42-50.
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BBEOEHUE

B cerogusmHeM MUpe KeNle3HbIE TOPOTH
CTaJI OIHOI M3 HamboJee Pa3BUTHIX U OBICTPO
Ppa3BHBaOIMXCs oTpaciiel Tpancnopra. [puuu-
HaMH SIBIISTFOTCSI: OTHOCUTEIBHO HU3KOE 3arpsi3-
HEHHE BO3/yXa B PacuéTe Ha OHOTO MACCAKHUPA
110 CPABHEHMIO C aBTOMOOWIISIMH M BBICOKHE
CKOPOCTH, JOCTUTaEMBbIE CAMBIMHI COBPEMEHHBI-
MU rtoe3gaMi. CKOPOCTH IBIKEHUS JKETIE3HOI0-
POKHOTO TPAHCIIOPTA HEMTPEPHIBHO yBEIMIHBA-
orcsa. Ecim cpaBHUTENnsHO HemaBHO 300—
350 xM/9 CYMTAINCH BBICOKOH CKOPOCTBIO, TO
ceifyac BBICOKOCKOPOCTHBIE 1T0€3/1a Pa3BUBAIOT
3a py0exoM CKopocTh 10 600 KM/4, a Ha poCCHii-
CKHX JKEJE3HBIX moporax — ypoBHA 400 km/4.
K cokanenmo, yBenmaeHne CKOPOCTH COBPEMEH-
HBIX TT0€370B BIEYET 3a coOON yBenmucHUE
YPOBHS CBSI3aHHBIX IITyMOB 1 BHOPAIIHA, KOTOpbIE
SBJIAIOTCSI 3HAYUTEILHBIMA AXKe JUTS OOBITHBIX
JKEJEe3HBIX J0por [1-6] U MOCTHTAIOT ypOBHS
yabTpa3Byka [7]. OCHOBHBIM HCTOYHHKOM BBICO-
KOYaCTOTHBIX BHOpannii BarOHOB SIBISIOTCSA
yAapbl KOJIEC Ha CTBIKAaX U HEPOBHOCTSIX PETHCOB
(TakMX Kak MIepOX0OBAaTOCTb, BOJHUCTOCTh U T.11.),
KOTOPBIE, B CBOIO OUEPE/Ih, IMEIOT Pa3HyO PH-
pony BO3HUKHOBEHUS. [Ipy 3TOM ypoBHHU U 4a-
CTOTHBIA CIIEKTp BHOpamuii MOTYT JOCTHTATh
YABTPa3BYKOBBIX 9acCTOT U JIEXKAT B JHANa30HE
10-50 xI'm.

[Tpupona BausSHNSA BBICOKOYACTOTHBIX BUOpa-
LIU{ Ha CTPYKTYPY U CBOMCTBA PENbCOBOM CTAIN
SIBJISIETCS aKTyaJbHON TEMOW M3ydeHUs s
MHOTHX HAyYHBIX KOJJIEKTHBOB Mmpa [8—12].
Bb110 BEISBIEHO, UTO CaM MPOIECC pa3pyIICHHS
1 MEXaHHYECKHE XAPAKTEPUCTHKH OOBEKTOB,
TIOIBEPKEHHBIX BHICOKOUaCTOTHBIM BHOPAIHsIM,
OTJIMYAIOTCS OT CTAHAAPTHBIX YCIOBHH.

CornacHo [13], aBapuifHBIE CXONIBI C PEITHCOB
BBICOKOCKOPOCTHBIX 110€3/10B B [ epmMannu 1 AH-
AU OBIIM CBSI3aHBI C HAKOIUICHHEM B KOJIEce
10° nuKIIOB HATPY)KEHWsI W3-3a HEPOBHOM IO~
BEPXHOCTHU penbca (HATWIHS MIePOXOBATOCTH).
IIpoBenénnble MpeBapUTEIbHBIC HCCIEIOBAHIS
TIOKA3aJTH, YTO BBICOKOYACTOTHBIE BUOPAIINH IPH
JEHCTBYIOIINX HAarpy3Kax B CHCTEME «KOJIECO—
penbcy OKa3bIBAIOT OTPOMHOE BIMSHHUE Ha
CTPYKTYpY U CBOMCTBA PEIbCOBOM CTAJIM — BO3-
HHUKAIOT 3HAYNTEIbHbIE KOHTAKTHBIE HAIpPshKe-
HUS B MTOBEPXHOCTHOM CJIO€, BIMSIOIINE Ha
MIPOYHOCTHBIE XaPAKTEPUCTUKH 1 OOIIyIO ycTa-
JIOCTb KOHCTPYKLMH. Pe3ynbsraTtom Takoro Bo3-
JEWCTBHS, B YaCTHOCTH, SIBIISIETCS] 00pa3oBaHue
Tak Ha3piBaeMoro Oemoro ciost (White Layer,
WL) — ynpodHEHHOTO CIIOS Ha MOBEPXHOCTH
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OCHOBHOTO MaTepHasa, yCTOMYMBOTO K XUMHYe-
CKOMY TPABJICHUIO U UMEIOLLETO BBICOKYO TBEP-
nocts (Beime 1000 HV) u xpynkocts [14-19].

Beunblii c100 paccMaTpuBacTCs Kak HAHOKPU-
crannnueckuit MapreHcurt [14]. CnopHbIMHU 5B-
JISIIOTCSL BOIIPOCHI O TOM, 00pa3yercst JIM STOT
MapTEHCUT B PE3yNbTaTe IPEBPAICHUS CHIILHO
ne(opMUPOBAHHOTO, HO BCE emé MMEIOIIEro
KPUCTAUIMYECKYIO CTPYKTYpY ayCTEHHTA, WM
OH — PE3yJIbTaT KPUCTAJIU3ALMH TTOJIHOCTHIO
BBIPOXKJIEHHOTO B CTPYKTYPHOM OTHOIIECHHU
(amopdHoro) marepuana. B padorax [15-17]
yTBepXkJIaercs, 4to oopazoBanuto WL npene-
CTBYIOT MEXaHUYeCKas 00paboTka, TepMooOpa-
6OTKa U Apyruc ornepanuu, BBINOJIHACMBIC BO
BpPEMA U3TOTOBJICHUA ZlETaJ'IeI‘/II 13 yIJIIEpOAUCTHIX,
JICTUPOBAHHLIX 3aKaJIMBACMbBIX CTaHeﬁ, BBICOKO-
IPOYHBIX YYI'YHOB U APYTUX cIuiaBoB. Ero
CTPYKTYpa COCTOUT M3 TOHKOUTOJIBYATOr0 Map-
TEHCUTA, OCTaTOYHOTO AyCTEHHTA M COJCPIKUT
MHOT/Ia HeOOJTBILINE KOJINYECTBA MEIIKOIHCIIEPC-
HBIX KapOHIOB, @ U3HOCOCTOMKOCTH OEJI0T0 CII0sI
BO3pacTaeT C yBEINYCHHEM COJEpKaHUs yIiie-
pona B HEM.

ITo muenuto aBTopoB [18—19], Hauboiee
4acTo UCTOYHUKOM popmupoBanust WL siBisiet-
csl MexaHndeckast oopadorka. Korya remnepary-
pa BOMM3u oOpadaThiBaEMON MOBEPXHOCTHU
NIPEBBIIIAET TEMIIEPaTypy O~y Tepexoaa, Map-
TCHCHUT, HOﬂy‘leHHbIﬁ B IIPOLICCCE TPCHUSA, MOKET
¢dopmupoBarr WL, Habit012€MBI B MUKPO-
cTpykType. B pabore [18] npuBeneHbl 3HaYCHUS
TBéproctH WL, kotopsle cocTaBistor 12,85 +
0,80 I'Tla, yTo 3HAYUTENBHO OOJIBIIIC, YEM Y HE-
OTIIYIEHHOIO0 MapTE€HCUTA, MMOJYYECHHOI'O B pe-
3yJIBTaTe PA3IMYHBIX PEKUMOB TEPMOOOPAOOTKH.
ITokazano, yto pasmep 3epHa B WL Haxoautcs
B C}’6MI/IKpOHHOM JAruara3oHe ¢ TUIINYHBIMU
3HaueHusMH oT 30 1o 500 M. DTH 1Be Xapak-
TepucTUKU WL OTiIMYaroT ero oT pa3iudyHbIX
CTPYKTYD, POPMUPYEMBIX B CTAIISIX TEPMHUIECKON
00pabOoTKOM.

Astopamu padots [20] WL Gbu1 00HapysxeH
Ha MOBEPXHOCTH JKEJIE3HOJOPOKHBIX PEJIbCOB.
OOBEKTOM HCCIIEIOBaHUS SBISUINCH 00pa3Ibl
PEIBCOB BHICOKOCKOPOCTHOM KEJIe3HOM JOpOTH,
u3roroByieHHbie u3 craneit S54 (0,6-0,8 % C,
0,8-1,3 % Mn) u UIC60 (0,55-0,75 % C, 1,3—
1,7 % Mn) MeTo10M ropsiueit mpoKaTKy C Ioce-
JIYIOUIMM OXJIaXK/IeHHEM Ha Bozayxe. Harpyska
Ha TEepPBBIHA PelibC 3a BPEMsl €ro 3KCIUTyaTaliu
cocrasmia 3,8 10° Toun, Ha Bropoit 360 10° ToHH.
BrisiBiIeHO, YTO MOBBILLIEHUE TBEPAOCTU B I0-
BepxHOCTHOM ciioe a0 10—12 I'Tla oOycioBieHo
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HaJIMYMEM YIbTPAMENIKO3EPHUCTON CTPYKTYPHI,
a Tak)Ke JeHCTBUEM TBEPIOPACTBOPHOTO U JIUC-
MEPCHOTO MEXaHMW3MOB yIpOouHeHus. B oboux
ciyyasix (POpMHUPYETCs CIOMCTasi CTPYKTypa —
WL ¢ ynpTpaMenKo3epHUCTON CTPYKTYypOH
(dheppurta co cpennum pazmepom 3EépeH 200 HM
1 LIEMEHTHUTA C BBICOKO- U MAJIOYTJIOBBIMH Pa30-
PHEHTHPOBKAMH, a TAK)Ke IPUCYTCTBYET Aedop-
MuposaHHbIi nepaut. B WL npoucxonut usme-
HeHHe MOPQOJIOTUH IIEMEHTUTA — IUIACTHUHBI
KapOuaa IpoOsITCsl Ha MEJIKKE YaCTUIIBI M HIMEET
MecTo yacTuuHoe pacteopenue Fe,C.

B pa6orte [21] 00bekTOM HcCiIe0BaHMS ObI-
Jla BbIOpaHa BBICOKOYIVIEPOANCTAs CTaNb MpPO-
MblieHHoro HazHadenust (1,0 % C). WL obpa-
30BajicA B Pe3yJIbTaTe MPOBEIEHUS UCTIBITAaHUI
Ha yAap CTaJbHBIMHU MaJa0IUMH MIapHKaMH 3a
Cc4€T CHJIBHOU MmilacTuueckoi aedopmanuu
1 paccerBaHMsA OOJIBIIOTO KOJTUYECTBA TEIUIOBOIT
9HEpPTUM BO BpeMsd yaapa. To ecTh, CUIbHa
ruactideckast qedopmarius BbI3Basia 3HaYUTEIb-
HOE TOBBIIIEHUE TeMIIepaTyphl, YTO MPHUBEIIO
K (pazoBOMY IpEeBpAILEHNIO OCTATOYHOTO ayCTe-
HUTa B MAPTEHCUT, C OTHON CTOPOHBI, 1 00pa3o-
BaHUIO HOBBIX 3EPEH ayCTEHUTa MpPH Harpene
MapTEHCUTHOU CTPYKTYPBI B [10JI€ Ay CTEHUTHOU
haspl, ¢ Apyroil. B MHKpOCTPYKType XOpOIIO
pasiauyuMa CTPYKTypa BBICOKOIHUCIIEPCHOTO
MapTeHCHTA C IPU3HAKAMU HHTEHCUBHOH Jieop-
Maluu Ha MUKpoypoBHe. BHyrpu WL Obuin
OTMEUeHbl HAHOpPa3MEepHbIE PABHOOCHBIE 3EPHA.
Ha nedopmupoBaHHBIX ydacTKax HaOIIOmaeTCs
nepexoj OT IJIACTUYECKH JIe(hOPMHUPOBAHHBIX
3epEH K PEeKPUCTAIIN30BaHHON CTPYKTYpe, Xa-
paKTepu3yIOLIeHCs OKPYTIIBIMU BEICOKOIHUCIIEPC-
HBIMU 3EpHaAMH.

L]envo HACTOSIIIIETO UCCIIEIOBAHNUS SBIIACTCS
u3ydYeHne 0coOeHHOCTel Mexann3ma(-oB) Ghop-
MHUPOBAHHUS U CBOWCTBA OEJIOTO CJI0sI PEIbCOBOU
CTaJIM B PE3yJbTaTe BHICOKOYACTOTHHIX BHOpa-
UH.

METO[bI

HccnenoBanue ocyecTBIsIIOCh HA OCHOBE
KOMIUIEKCHOTO MOAX0/1a, @ UMEHHO: pa3pyliaro-
LIMX METOJIOB KOHTPOJIsl, METO/I0B 3JIEKTPOHHOMN
MUKPOCKOIIUHU, PECHTIeHO(}A30BOTO aHAIU3a,
MeTaJIorpapuuecKux METOI0B U METOJI0B MU-
KpOTBEPAOCTH.

B wacTHOCTH, AJ1s1 JOCTHKEHUS TOCTABIIEH-
HOM L€JIN UCCIIeI0BaHNS UCIIOIb30BAIINCH:

* METOJ, YCKOPEHHBIX BbICOKOYAaCTOTHBIX
WCIIBITAHUM, KOTOPBIH, C OJTHON CTOPOHBI, UMHU-
TUPYET peajibHble YCJIOBUS 3KCILIyaTallUHU:
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UMUTALIUKO BBICOKOYACTOTHBIX Bn6pauy1171, BO3-
HUKAIOUIUX B CUCTEME KOJIECO—PEJbC MPU JABU-
JKEHUU KeJIE3HO0POKHOTO COCTaBa, U, C IPyron
CTOPOHBI, 1a€T BOBMOXKHOCTh B JIECATH pa3 Obl-
CTpeC CTAHAAPTHBIX MCTOAOB MOJYUYUTh XapakK-
TCPUCTHUKHU OOJITOBEYHOCTHU UCCICAYEMbBIX MaTe-
puanoB. OpUTHHATIBLHOCTh MPEAJIaraeMoro Me-
TOJIa 3aKJIFOYACTCS B TOM, YTO HET OOIICTIPHHS-
TOI'oO ME€TOdAa BBICOKOYACTOTHBIX I/ICHbITaHHﬁ, qTo
ACJIacT €ro YHUKAJIbHBIM,

* METOJl KOMIUIEKCHOTO CTPYKTYPHOIO aHa-
JIi3a OCHOBAH Ha AJIEKTPOHHOW MHUKPOCKOIIHH,
(ha3zoBoM aHaNM3e, METAUIOrPaGUISCKUX U Me-
XaHNYCCKUX UCCIICAOBAHUAX, KOTOPHIC ITO3BOJIA-
10T B IIOJIHOW MEpPE OLIEHUTh CTPYKTYpPHOE CO-
CTOAHUE MaTcpuaa, I/I,)leHTI/I(bI/ILII/IPOBaTb MECTa
BO3MOXXHOI'O pa3pyli€Hus, BBIABUTh O4aru pas-
pyIIeHHus U ero mpu4uHbl. OpUTHHATIBHOCTH
MpeJIaraéMoro MeTojla 3aKJIFo4aeTcsi B KOMII-
JIEKCHOM OILIEHKE CTPYKTYPBI U BBISIBICHUH (haK-
TOPOB, IPEALICCTBYIOIUX pa3pyLICHUIO, YTO
IlaéT BO3MOXHOCTDb MPOBOAWUTH UCCIICIOBAHUA HA
Pa3HbIX CTaAUAX JKCIJyaTalluu 3JICMCHTOB
BEPXHEI0 CTPOCHMS ITyTH.

JlaHHBIC MCCIICIOBAHUS TPOBOISTCS Ha 0a3e
WCIIBITATEIbHON Ta00paTopuu, akKKpeIuTOBaH-
HOM M aTTeCTOBAHHOM B cucTeMax PoctexHan3o-
pa, Pocakkpeauranuu u Poccuiickoro Mopckoro
PErucTpa CYI0X0JICTBA, YTO 00CCIICYMBACT Kaye-
CTBO BBIIIOJIHACMbIX pa60T.

AKCMNEPUMEHTbI

B kagecTBe 00BEKTOB HCCIICIOBAHMS BBIOpA-
HBI 00pas3ibl, U3TOTOBJICHHBIE U3 PEIbCOBOU
ctanu M76. IlepBblit 00bexT: pensc Ne 1 — tun
P65, Tepmoynpounénnoii kareropuu T1. Ilepe-
JIOKEH C MPSAMOTro y4acTKa IFTaBHOTO X0JIa y4acT-
ka bakoBka—OnuninoBka (MockoBckast JIM1) Ha
npuémMo-oTnpaBouHblii myTs. HapaboTka 1o
ToHHAXY — 600 MITH T. OpyTTO. BTOpOIii 00BEKT:
pensc Ne 2 —un P65, repmoynpounenue JIT350,
HapaOoTka 1o ToHHaxy — 400 MIH T. OpyTTO.
CHST cO BTOPOTO MIABHOTO MyTH y4acTka Jlos-
ronpyaselii—JIo6us (Mockosckas JIM). Xumu-
YeCKH COCTaB 00pa3IioB PesIbCOBOM cTanu M76
npescTaBieH B Taou. 1.

HcnbiTanus Ha ycTajaoCTh IPOBOIUIIUCH
C MOMOMIBIO YJIBTPa3BYKOBON YCTaHOBKH
Shimadzu USF-2000 ¢ ugactotoii 20 kI, J{st
MPOBEJICHHsI HCIIBITAHUH Ha YCTaJIOCTh PEIbCo-
BOM CTaJIM Ha TOKAPHOM CTaHKe ObUIM M3TrOTOB-
JIeHbI 00pa3ibl ¢ paboyeii YacThio B BUIE I1ECOU-
HBIX YacOB B COOTBETCTBHUHU C YEPTEKOM, Npe/-
CTaBJICHHBIM Ha puc. la.



Puc. 1. BHewHuii 8ud penbca ¢ ebideneHHol paboyell Yacmbto 07151 8bICOKOYACMOMHbIX UCNbIMaHull (a), NPOYECC 8bICOKOYacCMOMHO20

ucnbimaHus (6) (ecmaeka — eud obpa3ya 05151 ucnbimaHuti) [pomozpacghuu ebinc

1 agmopamu].

Taoauma 1

XHMHYeCKHI COCTAB CTPYKKH PesIbcoBOii cTam M76 [1aHHbIe IOTy4YeHbI aBTOpPaMH]|

DneMeHTHOe coJiep)KaHue, Bec. %o

Fe C Co Cr Cu Mn Ni P S Si A%
Penbc Ne 1 OcHoBa 0,745 10,016 [0,076 |0,125 |0,83 0,075 (0,013 |0,011 |0,31 0,04
Penbe Ne 2 OcHoBa 0,77 0,015 [0,053 [0,10 0,93 0,039 (0,015 |0,035 |0,21 -

B pesyisTare SKCIIepuMEeHTAIBHOTO BBICOKOYA-
CTOTHOTO HATPY>KEeHIS B 00pa3iax ObLT 00OHApYKEH
«OerbIii cnoiny. TpaBieHre 00pa3IoB I METAILIO-
rpad i (MAKpOIDTH(A) TPOBOIMIOCH OTPYKEHH-
€M Ha 45 MUHYT B CMeCb pacTBOPOB 2 %o camIuy-
J0BOM KUCHOTBI U 70 % 3THIIOBOTO CIUPTA.

MHUKpOCTPYKTYpPbI 00pa31ioB aHAITN3UPOBAIN
C TIOMOIIBIO HHBEPTUPOBAHHOTO METAJLTypruye-
ckoro mukpockomna Eclipse MA200 (Nikon,
SIOHMS) U CKaHUPYIOIIETO 3JIEKTPOHHOTO MH-
kpockona Ultra Plus (Carl Zeiss, ['epmanns).
CocraB (a3sl OblT MccienoBaH AuQpakunen
pentrena (XRD), ¢ ucmons3oBaHrneM nugpak-
tomerpa Bruker D8 Advance (CuKa, 2° <26 <
90°), ¢ npumeHenneM 6a3pl ganHbix [CDD
PDF2-2004 u mporpaMMHOTO OO€CIICUCHUS
CMPR [22]. MexaHuuecKkle XapaKTepUCTHKH
00pa3IoB U3ydaIn Ha aBTOMAaTHIECKOM MUKPO-
TBepaoMmepe-ucneitarene HMV-G-FA-D
(Shimadzu, Anoxus).

Jl0CTOBEpHOCTB SKCIIEPHUMEHTAIIBHBIX UCCIIE-
JOBaHUW 0OyCJIOBIIEHA TaKUM 00pa3oM Hc-
T10JTb30BaHIEM CTAH/IapPTU3NPOBAHHBIX METOIOB
WCTIBITAaHUH, Pa3pabOTaHHBIMU METOAMH pa3-
PYIIAIOINX M HEPA3PYIIAIOIINX UCTIBITAHUH 10
OCHOBHBIM HaIlPaBJICHHUSM, HAIMIHEM aKKpPEIU-
TOBaHHOU M aTTECTOBAaHHOU JTabopaTopuii, 4TO
J1aJlo BOBMOKHOCTh B IOJIHOM 00BEME M COOT-
BETCTBYIOIIEM Ka4eCTBE JJOCTHYb [TOCTABICHHBIX
3a71ad.

VI al [ No )
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PE3YNbTATbI U OBCYXXOEHUE
Oco0eHHOCTH cOCTABAa U MUKPOCTPYKTYPBI
0eJ10T0 CJI051 B BBICOKOYIVIEPOAUCTOM CTAIN

ITo pe3ynpratam NpoBeAEHHBIX UCCIIEAOBA-
HUIA BUJIHO, YTO B 000OMX CIIydasiX yCTaJOCTHAsI
JIOJITOBEYHOCTH MPH BBICOKOUYACTOTHOM HArpy-
YKEHHH MMEET MOCTOSHHYIO TEH/ICHIIMIO K CHU-
YKEHHIO. 3HAUCHUS! YCTAIOCTHBIX XapaKTEPUCTUK
HCCIICAyeMbIX 00pa3iioB ctaaun M76 HaxomsaTcs
B OIHOM JIMAaTa30HE U UMEIOT OJJMHAKOBBIN Xa-
paKTep U3MEHEHHs. YCTaOCTHAs I0JTOBEYHOCTh
B obnacti VHCF nist obonx uccnenyeMbix Ma-
TepuanioB oguHakosa (okoso 700 MITIa).

HecMoTpst Ha NOBOJBHO crelMpUUECKOEe
BO3/IEHICTBUE BBHICOKOYACTOTHBIX BUOpaIUid,
YCTaJIOCTHBIE SIBJICHUS, BO3HUKATOIIIKE B ITPOIIEC-
Ce WX BO3ICHCTBUSA, MIPHU TOCTATOYHO OOJIBIION
BEJIMYMHE U JUIUTEIBHOCTH HAarpy30K TaKHe )Ke,
Kak ITPU HU3KOUaCTOTHOM (CTaHJapTHOM) Harpy-
xeHur. OJHaKO OmNpesieNsieMble TPH BBICOKUX
(YIBTPa3BYKOBBIX ) YACTOTAX HATPYKEHUS Xapak-
TEPUCTUKHU YCTAIOCTHOM MTPOUYHOCTH, CKOPOCTHU
MIPOTEKAHUS MpoLiecca pa3pyIIeHUs U caM Mpo-
LIECC pa3pyIeHHs Pa3IngaioTcs.

Ha puc. 3, 4 npencrapieHbl pe3ynbTaThl UC-
CJIE/IOBAHUSI MUKPOCTPYKTYPBI 00pa31ioB «peiibe
Ne 1» u «penbc Ne 2» ¢ WL, oOpa3oBaHHBIM
B pe3y/bTaTe BBICOKOYACTOTHOTO HArpy>KEHHS:
obpaszen «penbe Ne 1y (ammuryna 6,= 790 Mlla,
koiauuecTBO nukioB N = 1,19¢10% mpuumna

HHOB L VIEXaHN3M d. BAAWH
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Puc. 2. 3kcnepuMeHmanbHble daHHbIe 8bICOKOYACMOMHO020
HazpyxeHusi o6pa3yoe «penbc Ne 1» u «penbc Ne 2». Cmpenkamu
0603Ha4eHbI 06pa3sybl, KOMOPbIe He pa3pywunuch npu daHHoU
amnnumyde [nony4yeHbl agmopamu].
pa3pylieHus — TpeuuHa, Ha IOBEPXHOCTH MpPHU-
CYTCTBYIOT LIBETa MoOexanocTh); odpasen
«pense Ne 2y (o, = 840 MIla, N = 1,21 *10%,
MpUYMHA pa3pyIlIeHUs] — BBIXOJ M3 pEe30HaHCa,
Ha MMOBEPXHOCTHU MPHUCYTCTBYIOT IIBETA MOOEKA-

JIOCTH).

MukpotBépaocts (puc. 5) mist obpasia
«pexnbe Ne 1» (puc. 3) m3mepsiiack B ieHTpe WL
OT HauaJla TPeUUHB! (30Ha 2) ¢ Harpy3koil
0,025 krc (245,2 mN) n marom 100 mxm. danee
n3mepenus ¢ maromM 100 MKM MpOBOAUIUCH
B cTOpOHY oOnactu 1 Ha mporspkerun 1000 MKM.
[Tpu npoBeeHUN MeTaLIOrpahUISCKUX UCCITe-
JIOBaHUH Obl1a BBISIBIICHA 30HA, OTJIMYHas oT WL
¥ OCHOBHOTO MeTajuia, — 30Ha 3. B 30He 3 Ha-

OiroIaeTCs MPOMEKYTOUHOE 3HAYCHUE MHUKPO-
TBEPJOCTH MO CPaBHEHUIO ¢ 30HamMu 2 u 1.
JlaHHbIE OTpakeHbl Ha puc. 5.

MuxpoTBEpaocTs «penbea Ne 2y (puc. 5) st
obpasia (puc. 4) uamepsuiach ¢ kpas WL B 30He 2
(Tax xak e€ MPOTSHKEHHOCTh COCTABUIJIA OKOJIO
2000 mxm) ¢ marom 100 MKM B CTOpPOHY 30HBI 1
c Harpy3koit HVO0.1 (980,7 mN) Ha mpoTshkeHun
1000 mMxm.

[To mpoBesE€HHBIM HCCIIE0BAaHUSM BHIHO,
4TO MUKPOTBEPROCTs WL OueHb BBICOKA: OHA
Haxonutcs Ha yposHe HV 10001200, yto npu-
MepHo cootBercTBYeT HRC 66 (puc. 5). OueBun-
HO, 4TO CTOJIb BBICOKasi TBEPIOCTH O0YCIIOBIEHA
BBICOKOH TIOTHOCTRIO Ie(DeKTOB B OEJI0M cJloe.
[ToBbImIEeHNE MUKPOTBEPIOCTH MMEET OYEHD
YETKYI0 JIOKaJIM3aluIo, pu yaaienun ot WL
Bcero Ha 100 MkMm juts oOpasia «pesbe Ne 2y
MHUKpPOTBEPAOCTH CHHXkaeTcs B 3—4 paza
U B OCTAJIbHOW YacTH 00pa3iia HaXOJAUTCS B Ipe-
nenax HV 250—400. 310 cooTBeTCTBYET NEpiu-
TOOOPA3HBIM CTPYKTypaM (TIepIUT-COPOUT-TPO-
OCTHT), XapaKTEePHBIM JUISI CTPYKTYPBI pellbca.
CTOUT OTMETHUTH, YTO B 30HE 3, cxoxkeit ¢ WL
(obpaserr «perbe Ne 1y, puc. 3), MUKPOTBEPIOCTH
coctaBuna 484-631 HV. BeposarHo, B qaHHOIA
o0yacTy MPOU30NIIO YaCTHYHOE JIpOoOJIeHne
KpPHCTAJUIOB (heppuTa M IIEMEHTHTA, BXOMSIINX

Puc. 3. Memannozpacguyeckue CHUMKU xapakmepHbix 30H 1-3 8 obpa3ue «penbc Ne 1», a makke eHewHuli eud mpeujuHbi 8 6C
npu yeenuyeHuu x500 [8bInonHeHbI agmopamu].

Puc. 4. Memannozpaghuyeckue CHUMKU xapakmepHbix 30H 1-3 @ o6pa3ye «penbc Ne 2», a makke eHewHull eud weliku obpa3ya
npu yeenuyeHuu x200 [ebInonHeHb! agmopamu].
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B COCTaB MepinTa. To eCTh, 3Ty CTPYKTYPY MOXK-
HO paccMaTpHBaTh KakK MPOMEXYTOUHOE 3BEHO
MEeXAy MCXOAHOU cTpykTypoid m WL. Takxum
00pa3oM, pe3Koe JIOKATLHOE OBBIIICHHE MUKPO-
TBEPAOCTH CUTHAIIM3UPYET O HadaJle IIPOIECCOB
paspymieHus, HO HU3KHE CPEIHHE 3HAUCHHS
MHUKPOTBEPIOCTH 00pasIa He SBIISIOTCS IPU3Ha-
KOM OTCYTCTBHS B HEM 04aroB pa3pylICHHsL.

Mexanu3m ¢popMHupOBaHHs 0€J10T0 CJI051
B BBICOKOYIJIEPOIUCTOI CTAIH
MPHU BBICOKOYACTOTHBIX BHOPAIMSIX

Jnst yTouHeHUs MexaHHW3Ma M3MEHEHUS
CTPYKTYpBI B 00pasie n odpazoanust WL ¢ mo-
MOIIIBIO MIIEKTPOHHOTO MUKpOCKoma (puc. 6, 7) ¢
yBenmmaeHussMu ot 5000% no 50000% OpLTH CHSI-
THI obnacTtu 1, 2 u 3 HccnenyeMbIx 00pas3IoB
«penbe Ne 1» u «penbe Ne 2.

J1s yTOuHEeHHUsI MeXaHu3Ma Pa3pyIlICHUs
1 obpazoBanust WL 10MOIHUTETBHO OBLT ITPO-
Ben€éH POA anamms 301 1, 2 u 3 (puc. 8) mis
obOpasmnoB craneir «peabc Ne 1» (puc. 8a)
n «penbe Ne 2» (puc. 80).

O6pazer cranu «penbe Ne 1» B 11e710M HMeeT

MIEPIUTHYIO CTPYKTYPY (CTPYKTYPHO CBOOOTHO-

(@

(6)

(e)

Puc. 5. lpoghunb Mukpomeépdocmu obpa3yoe «pesbc Ne 1»
u «penbc Ne 2» cmanu M76 om WL k ocHosHomy Memaniy
(puc. 3, 4) [ebinonHeHo asmopamu].

ro ¢geppura He BUIHO) (pHc. 8a). MUKpOCTPYK-
Typa 00pasiia UMeeT CIICAYIOMINE 0COOCHHOCTH:

1. B oOpa31ie ecTh HeMeTaTHIeCKIE BKITIOUC-
HYs1. BO3MOXXHO, 9T1 BKITIOUCHHS SIBIISIIOTCS CTEK-
J000pa3HeIME ITuTakamMu. OHO U3 TAKUX BKITFOUC-
HUI HaXouTCs Ha HIDKHEH rpannne WL (Beprm-
Ha TPEIIMHBI IIPOXO/IUT CKBO3b Hero). OOpa3zoBaHme
WL nMeHHO B 3TOM MeCTe MOKET OBITh CBSI3aHO
C JJaHHBIM BKJIFOUCHHEM; HAOMIOIAIOTCS YIaCTKN
C TIpU3HAKAMH APOOJICHHMS MEPINTa U Hadasla ero
TOMOTeHH3anuu. B cirydae pa3BuTHs 3THX Iporiec-

Puc. 6. COM-cHumku o6nacmeli 1 (a), 2 (6), u 3 (8) o6pasya Pensc Ne 1 [ebinonHeHb1 asmopamu].

VIMDITDAHCITOP TN U222 38 S USINCI { I D ) JUSEL 2 20 U

UPVIZACOBIE SN dSVTTOB IS 3 SiE MTRVICDOPD OB ILLEA

NOCEAHOBRI MU MV EXJHN3MIDO PA3OBAHWA]

MINCCITEN0BARNEICEONCTEIO ETTOTOCTTOH IBIBBICOKOYTITE POANCTONIDETTECOBOMNICTATTNIVI L]
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(6)

(e)

Puc. 7. COM-cHumku o6nacmeli 1 (a), 2 (6), u 3 (8) o6pa3ya Penbc Ne 2 [ebinonHeHbI aemopamu].

COB JIaHHBIE YYACTKH TAKKE MOTYT ITPEBPATUTHCS
B WL u crarh ouarom paspyuieHusi; HabmonaeTcs
UK B parioHe 20 ~ 38,5° (MEeXIUIOCKOCTHOE pac-
crostaue d ~ 0,234 M), HanboIee SIPKO BBIPAYKEH-
HBII Ha qudpakrorpamMme (puc. 8a) U MPeArono-
JKUTEIIBHO COOTBETCTBYIONHI HEMETAJUTIIECKOMY
BKJIOYEHHIO B 00pasie «perbe Ne 1».

2. Ilo mepe ymaneHus OT u3ioMa B 00pasie
«pense Ne 1» WL cTaHOBUTCS HECIUIONIHBIM,
YepeayeTcsl C HEM3MEHEHHBIMU TEPIUTHBIMH
KOJIOHMSIMH (3aTeM CTPYKTypa IOJTHOCTBIO TTepe-
XOIIUT B HEU3MCHEHHBIN (eppHuT).

3. B pe3ynbTare 3J1eKTpOHHONH MUKPOCKOTTHH
W U3MEPEHUS] MUKPOTBEPIOCTH MOXKHO YTBEp-
JKIaTh, 9TO 30Ha 3 cxoka ¢ WL. B Heit mpouso-
IUTO YaCTUYHOE IPOOICHNE KPUCTAIIOB (heppH-
Ta U IIEMEHTUTA, BXOAAILINX B COCTAB MEPIINTa,
3Ty CTPYKTYPY MOXHO pacCMaTpHUBaTh Kak
TIPOMEKYTOUHOE 3BEHO MEXKLy HCXOIHON CTPYK-
Typoit u WL.

4. Ha mudpakrorpammax obOpasia craiu
«penbe Ne 1, CHATOTO B TPEX TOUKaX, OTYETIINBO
Habmonatotes iy (110), (200), (211) deppura
(manbonee MHTCHCHBHBIC THKK IleMeHTHTa (103),
(022), (210) makmagsBarorcs Ha K (110) dep-

puta, a ik (121) nementura — Ha muk (111)
aycTeHWTa). B Tex MO3ULusIX, T/ie TOIKHBI HaX0-
muThkest muku aycrennra (111), (200), (220), (311)
1 MapTEeHCHTa, TU(PPAKTOrPaMMBI OCTAIOTCS Ha
ypoBHe QoHa. [udpakTorpaMma MapTeHCUTA
OoTIMYaeTcs OT Au(paKkTorpaMMel (peppuTa TeM,
910 BMECTO OMMHOYHBIX TrHuH (110), (200), (211)
1 (220) deppura peméTka MapTeHCHTA JaET TBOI-
Hble nuHUH, TUHUA (310) cTaHOBUTCS Haxe
TpoitHOil. UeM Oosplie yriepona B MapTCHCHUTE
(TO ecTb, UeM CHIIbHEE MEPHOJ] ¢ OTIINYAETCS OT
a), TeM IIIFPE PA3IBUTAIOTCS JIMHAH KAJKIOU TaKOH
naper’. OfHAKO YIIMPEHHUE WM PACIICIUICHUE
ITUKOB, OTHECEHHBIX K (DepPUTY, HE HaOImomaeTcs
(puc. 8a). Takum 00pa3oM, OCHOBHBIMHE (pazaMu
B 00pasie sBISFOTCS (DeppUT U EeMEHTHT. Ayc-
TEHHUT B MapTEHCUT JTHO0 OTCYTCTBYIOT, IOO MX
KOJIMYECTBA HE TPEBBIIAIOT 5 BeC. %.

5. Habmomaetcs 3HaYATENBHOE TAJI0 (TIOBBI-
IICHUE OTHOCUTEIHHO 00IIETO YPOBHS TU(paK-

* Mupkus JI. U. PeHTreHOCTPYKTYPHBINA KOHTPOJIb MaIliu-
HOCTPOUTENbHBIX MaTepuasnos: CripaBouHuk. — M.: M31-B0
MI'Y, 1976. — 140 c.; Mupxkun JI. 1. CripaBouHUK 1O
PEHTI€HOCTPYKTYPHOMY aHaJIU3y MOJIUKPUCTAIIOB. — M.:
Dusmarruz, 1961. — 863 c.

VINPEPAHCITOPTAN UZ 2 38 B URINCEZ (VY ) JUSEZ 20U

PV OCCOBAENA NP ASNTIOBA S Ml

AMRNTOOPOBILIEA'

ROCEHHOB IO MVIEXAHNSMIDOPASOBAHVH]
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TOrpaMMbl 0e3 YETKOM JIOKAIU3aliu) B palioHe
260 ~7...23°, KOTOPOE MOXKET TOBOPUTH O YACTHY-
HOI amopdu3anmy 1in, Kak MUHUMYM, BBICOKOM
HNJIOTHOCTU Je(EeKTOB B JaHHOU oOiacTu
(puc. 8a).

6. OTHETBbHO CTOUT PAaCcCMOTPETh HATUYME
nuka npu 26 ~ 38,5° (puc. 8a). M3BectHoO, 4TO
CMCIIATh MMKH B MCTaJJIaX MOT'YT HaIIPSHKCHUSA.
ITockonbKy Uit MMKOB (heppuTa CMEIICHHE HE
UMeeT MecTa, TO M MakpoHanpspkeHuit Het. On-
HOBPEMEHHO LIMPUHA MTUKa rpu 26 ~ 38,5° Heus-
BECTHOI! (pa3bl MPUMEPHO TaKas ke, Kak u 'y dep-
pUTAa, 4TO TaKKe TOBOPUT 00 OTCYTCTBHU MUKPO-
HanpspKeHUH y Hen3BecTHOH (ha3bl. OObsicHsIeTCs
9TO TE€M, YTO OPUEHTUPOBAHHBIE MUKPOHAIIPSIKE-
HHS MOTYT BbI3bIBATH CMCIICHUE IMTMKOB, HO IIPpU
OTOM BCC€ MUKPOHAIIPSY)KEHUA BbI3bIBAIOT YIINPC-
Hue NUKoB. C Ipyroii CTOPOHBI, COINIACHO aHAIIU-
3y 6ase mauHbix ICDD PDF2-2004, nanuuune
JAHHOTO THMKa COOTBETCTBYET 76 Pa3iUuHBIM
coenuHeHusM. [loaTomMy MaeHTH(UKALMS TTHKa
npu 26 ~ 38,5° 3aTpynHuUTENBHA.

O0pasetr cranu «pesibe Ne 2y UMeeT Clieayro-
1IMe 0COOEHHOCTH:

1. MukpoTpeIuHbl B JaHHOM o0pasiie oOHa-
pY’KeHbI He ObLIH; B LIeliKe 00pasiia 10 BceMy
ceyeHuto ooHapyxxen WL oOuieii mupuHoii 10
2000 MxMm.

2. MukpocTpykTypa 30H 1 u 3 coxpaHser
XapaKTepHYIO JUIs IepiuTa Mop(OoIoTHIO.

3. OcHoBHBIMH (ha3aMu B 00pasiie «peibe
Ne 2y, kak u B 00pasiie M76, sBisitorcst pepput
U LIEMEHTHT, TaKk)Ke HaOJI0IaeTCs 3HAYNTEIBHOE
raJio B paiione 26 ~ 10...23 (puc. 80).

BbIBO[ObI

PaccMoTpeHbl 0COOEHHOCTH MUKPOCTPYK-
TypHI U (a30BOro cocTana OeJIoro CJI0s B IKC-
NEePUMEHTAILHBIX 00pa3lax BEICOKOYIJIEPOIH-
CTOU penibcoBoii cramu M76, chopmupoBan-
HOTO IOCJIC HUKJIMYECKUX HCIBITAHUN C Ya-
croroi 20 kI'i. CornmacHo aaHHbIM PDA,
OCHOBHBIE (Da3bl, cocTaBigOINE Oenblid
CJIOH, — QeppUT U LIEMEHTUT. AyCTCHUT U Map-
TEHCHT JIH0O OTCYTCTBYIOT, IUOO UX KOJIHMYE-
CTBa He MpeBbIIAT 5 Bec.%. Muxporsép-
JOCTB O€JI0T0 CJI0sI 3HAYUTEIBHO (B HECKOJIBKO
pa3) BbIlIE MUKPOTBEPIOCTH UCXOITHON CTANH
u coctanisier 1000-1200 HV. Takum o6pazom,
chopMHUpOBaHHBIH OCIIbIi CIIOH MPEACTABISICT
€000l BBICOKOJIHCIIEPCHYIO, NEPINTO00pas-
HY0, OC3JIMKYI0 CTPYKTYpy. B obmacrtu, cxo-
xkeir ¢ WL (o6paszen; «penbe Ne 1», puc. 3),
MHUKPOTBEpPIOCTh cocTaBmia 484—-631 HV.
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Puc. 8. uppakmozpammbi 30H 1, 2 u 3 ons
o6pasyos cmaneii «penbe Ne 1» (a) u «penbe Ne 2»
(6) [ebInonHeHbI asmopamul.

B mamHO# o0nacTH MpPOM30MILIO YaCTHIHOE
Jpo0OieHre KpUCTaUIOB (heppuTa M IEMEHTH-
Ta, BXOJSIINX B COCTaB MEPIUTa, UX penbed
IIOCJIE TPABJICHNS BBIPAXKEH Topasno ciabee
(puc. 6B), 9eM y HCXOIHOTO IepiuTa (puc. 6a).
DTy CTPYKTYypy MOXHO paccMaTpHuBaTh Kak
MPOMEXYTOUHOE 3BEHO MEXJY HMCXOLHOMU
crpykrypoit 1 WL. Ilo npoBenqéHHOMY KOM-
IUIEKCHOMY MCCJIEZIOBAHUIO BO3MOXKHBIM SIBIISI-
eTCsl CIeAyIOmHUA MexXxaHu3M (OPMUPOBAHUS
Oerroro cios: ApodiaeHue heppuTa u EeMEHTH-
Ta, BXOASIINX B COCTaB MepiauTa, 6e3 mpome-
KYTOUHBIX (Da30BBIX MPEBPALICHHUH.
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B cmambe uccnedosarbi npobnemsi 8HedpeHus becnuiom-
HbIX mpaHcnopmHbix cpedcme (BTC) 8 mpaHcnopmHyto UHgppa-
cmpykmypy 2. CaHkm-lTemepbype, cpedu KOmopbIX OCHOBHbIMU
ABNAMCA: MEXHUYECKOe COCMOsIHUE U oCHaweHue dopoze, be3-
onacHocmb nepedayu aHHbIX, OMCYmMCmauUe mexHU4ecKou 803-
MOXHOCMU No ckopocmu nepedadu daHHbIX, omcymemeue Hop-
MamueHo-mexHuyeckol 6asbl. [posedeHa oueHKa cOCMOsHUS
dopoe, Hanu4ust QOPOXHOU pasmemku, Heobxodumol 0115 opueH-
mauyuu 6TC Ha dopoee.

[MepeyucneHbl 0CHO8HbIE napaMemphbi COCMOSHUS 00POX-
HO20 NOKPbIMus, ONSi NOMyYeHUst KOmopbIX HeobX00UMO OCHa-
cmums damyukamu QopoxHyt cucmemy. [ina obecnedyeHus
6e3onacHocmu nepedadu OaHHbIX OmpaxeHbl OCHOBHbIE Hanpag-
TIeHUST, KOmOpb e He0bX00UMbI NPU NPOEKMUPOBaHUU U cO30aHUU
cucmem, makue kak 6eaonacHocms cbopa, nepedayu u obpa-
60mku 0aHHbIX cucmemamu 6TC, aymeHmucbukayusi go0umens,
6esonacHocmb npu nepedaye 0aHHbIX OOPOXHOU UHGbpacmpyk-
mypou. Mpu u3yyeHuu npobnembi ckopocmu nepedayu 0aHHbIX
8bINOITHEH CPaBHUMENbHbIU aHanu3 napamempos mexHonoauu
4G, komopoll Ha ce200HAWHUU OeHb OCHaWeHa UHppacmpyk-
mypa onepamopos ces3u, u mexHonoauu 5G. [pogedéH aHanu3

Honoausi 5G.

Mup TpaHcnopra. 2022. T. 20. Ne 2 (99). C. 52-59

BHeapeHne 6eCNUNOTHLIX TPAHCMOPTHBIX
cpeacTB B uHpacTpykTypy Cankr-lletepbypra:
uccnegoBaHue npodnem

Jlapuca Heanosna Pozasuuene’,
Anexceit Bradumuposuu Emen?’

2 Hayuonanwrulil ucciedo8ameibCKutl yHueepcumen
UTMO, Canxm-Ilemep6ype, Poccus.
>4 ! Rogavichene@list.ru.

bapbepos eHedpeHus mexHonoeuu 5G 6 Poccuu. B pamkax us-
YYEHUS Hamuyusi HopMamugHo-mexHu4eckol 6asbl, peanameH-
mupytoweli akennyamayuto 5TC Ha dopoeax obuwje2o nonb3oea-
HUSl, 8bIsi8NEH PO OCHOBHbIX BONPOCOB, KOMOPKIE HE ype2ysu-
POBaHbI Ha ce200HsWHUL OeHb 8 3aKoHO0amernbHO-HopMamus-
Hou 6a3e.

PaccvompeHa npobnema omgemcmeeHHOCMU y4acmHUKO8
00POXHO20 O8LXKEHUS, KOMOPY0 HE0bX0AUMO pacnpocmpaHumb
He monbko Ha enadenbya bTC, HO U Ha OpyauX y4yacCmHUKO8
npoyecca (npoussodumenu bTC, damyukos u npoepammHo20
obecneyeHusi, opzaHU3ayuu no 3Kcnayamayuu mpaHcnopmHol
UHGhpacmpyKkmypbl, Npou3sodumenu 311eMeHmos mpaHcnopmHoU
UHgpacmpykmypbi u m.0.). U3yyeH gonpoc b6esonacHocmu nepe-
0ayu OaHHbIX, 8 MOM Yucne mpembUmM uyam.

MpopabomaHk! 8onpockl adanmayuu cMexHbIx ompacned,
conymcmaytowue npoueccy sHedpeHuss BTC, a makxe amuku
NPUHSMUU peweHusi npoepamMmHbiM obecneyeHuem bTC e kpu-
muyeckoll cumyayuu. CehopmynuposaHbi pexomeHdayuu no co-
8EPWEHCMBO8aHUK MPaHCNOPMHOL UHGbpacmpyKkmyps! 2opoda
Cankm-lTemepbype, HanpagneHHble Ha PEWEHUE 8bIABIEHHbIX 8
cmambe npobrem.

Knroyesbie croga: mpaHcnopmHasi uHghpacmpykmypa, UHHosayusi, GecnumomHoe mpaHcnopmHoe cpedcmeo, 8HedpeHue, mex-

3252-20-2-5.
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BBEMEHUE

Texuudyecknii mporpecc AUKTYeT HEOOXOIH-
MOCTb Pa3BUTHS M YCOBEPIIEHCTBOBAHHS TOPOJICKOH
TPAHCIIOPTHON CUCTEMBI. DKOHOMHKA TOCY/IapCTBa,
cormanbHast cepa ¥ pa3BUTHE TOCYAApPCTBA B LIETOM
HAIPSIMYIO 3aBHCAT OT PAlHOHAIBHON OpraHM3aliH
TPAHCIIOPTHBIX cucTeM. Pa3BuTne HayKH B pamMKax
Ppa3paboTOK OECIMIOTHBIX TPAHCTIOPTHBIX CPE/ICTB
(BTC) mo3BonseT MpeArnoNoKUTh MacIITaOHOE
PacIpoCTpaHEHHE 3TOTO SBICHHS B TIOBCETHEBHYIO
JKU3HB YeIIOBEKa B 0003PHMOM OY/IyIIIEM.

B Poccumn B TpaHCHOPTHON CTpaTeruu 10
2030 rozma ¢ mporro3oM Ha mepuox 10 2035 roma
paccMmarpuBaeTcs psa HampaBieHUH mudpoBoi
TpaHCchOpMAINH TPAHCTIOPTHON oTpaciy. B gacT-
HOCTH, TI0 HANpaBICHUIO IN(POBU3ALNN TPAHC-
TIOPTHBIX CPEZCTB MPEAYCMOTPEHO pa3BUTHE Oec-
MHJIOTHBIX aBTOMOOWMIIBHBIX MEPEBO30K, KOTOPOE
OyZeT, B CBOIO OYepe/ib, OCYIIECTBIATCS MO ABYM
HanpaBIeHUSIM. DTO BHEAPEHUE «aBTOMOOIIBHBIX
TPY30BBIX MEKIYTOPOJHUX MEPEBO30K IO KITFOUE-
BBIM MarucTpassiM 1 pa3BUTHE TPY30BbIX U ITacca-
KHUPCKUX TOPOJCKUX TEPEBO30K B KPYMHEHIINX
aroMepanusix». B cBoro ouepens B paMkax Harpas-
JICHUS [P POBU3AIMH TPAHCTIOPTHON HH(pacTpyK-
TYpBI, UCXO U3 TOTO, YTO «MHTEIICKTyaJIbHBIC
TPAHCHOPTHBIE CHCTEMBI TTO3BOJISTIOT MOBBICHTD
0€30IT1acCHOCTh MEPEBO30K, ONTHMU3UPOBATH MAPIII-
PYTHI, TOBBICHTH TPOBO3HYIO CIIOCOOHOCTB TPaHC-
TIOPTHO CHUCTEMBEI, ... TITAHUPOBATh KOMIIEKCHOE
Pa3BHUTHE TPAHCIIOPTHON HHPPACTPYKTYPHI, BKIIO-
Jast ”HPPACTPYKTYPy YHPABICHNS BEICOKOABTOMA-
TH3UPOBAHHBIM M aBTOHOMHBIM TPAHCIIOPTOM»,
MIPEAIONIaraeTcsl MPUMEHATh UX Ha «00BEKTaX
UH(PPACTPYKTYPHI BCEX BHIOB TPAHCIIOPTA B CIIe-
Jyomyx (opMarax B3auMOACHCTBHS IO TEXHOIO-
ruu V2X: TpaHCTIOPTHOE CPEICTBO — HH(PACTpyK-
Typa; TPAaHCIOPTHOE CPE/ICTBO — TPAHCTIOPTHOE
CPEJICTBO; TPAHCIIOPTHOE CPEZICTBO — JTIOOBIE HJTe-
MEHTHI 1 00BEKTHI, 3HAYMMBbIE JUIS LIETIEH CoBepIIIe-
HUS TIepeBO3KM». [IpexycMoTpeHo, 9To «B paMKax
9TOTO HAIPABIEeHHs OyIyT pa3paboTaHbI CTAHAAPTHI
B3aNMOZAEHCTBHA MO TexHONorun V2X B HacTH
MHTEJIEKTYaIbHBIX TPAHCIOPTHBIX CHCTEM, 00ec-
TIEYCHO PA3BUTHE CETEH Tepenadn TaHHbIX, chop-
MHPOBAHBI CTUMYJHPYIOINE MEPHI IS BHEPEHUS
1 (hOpMUPOBaHNUS HALIMOHAIBHOM CETH MHTEIIICK-
TyaJbHBIX TPAHCIIOPTHBIX cucTeM» . Takue moso-

! TpancnoprHas crparerus Poccuiickoit Mdenepaunu 10

2030 roga ¢ mporHo3om Ha repuof 10 2035 rona. YTBepike-
Ha pacriopspkenueM [ IpaBurenscrBa Poccutickoii deneparyn
ot 27 Hostopst 2021 1. Ne 3363-p. [DaekTpoHHbIi pecypc]:
http://static.government.ru/media/files/7enY F2uL5kFZ1I0O
pQhLIONUT91RjCbeR.pdf. Joctyn 13.04.2022.
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seHUs TpaHCIOPTHOM CcTpaTeruy MOATBEPKIAKOT
AKTyaJIbHOCTb UCCIEIOBaHMA MPOOIeM BHEAPEHUST
0eCIMIOTHBIX TPAHCIIOPTHBIX CPEICTB B TAKOM
Mmerarnonuce, kak Cankt-IlerepOypr, n pa3BuTHs
COILYTCTBYIOLIUX 3TOMY 3JIEMEHTOB UHTEIUIEKTY-
AJIbHBIX TPAHCIIOPTHBIX CUCTEM.

LENb N METOONOIMA UCCNEQOBAHUA
eanb, 00beKT, NpeaMeT Hcc/IeA0BAHUS

Llenv viccnenoBaHus — BBISBICHUE MTPOOIEM
BHezpenust bTC B TpaHcnopTHyo MHppacTpyK-
typy r. Cankr-IlerepOypr. O0bekTOM Hcclie0Ba-
HUS SBJISI€TCSl TPAHCHOpPTHAs MH(pacTpyKTypa
ropona Caukr-IlerepOypr. IIpedmemom uccneno-
BaHus — npoosemsl BHeApeHnsi BTC Ha aBromo-
OMJIBHOM TpaHCIIOPTE B TPAHCIOPTHYIO MH(pa-
crpykrypy ropoxa Caukr-IlerepOypr.

Jnst uccnenosanus npobdiem Buenpenust bTC
B TPAHCIOPTHYIO HHPpPAcTpyKTypy I. CaHKT-
[TerepOypr HEOOXOIMMO BBITIOJIHUTH CIESAYIOIINE
3a/1a4u:

1. Onpenenuts nepeyeHs KpUTHIECKH BaYKHBIX
HanpaBJIeHHUH, 3aTparuBaromX MpodIeMaTHKy
BHezpenust bTC B TpaHcnopTHyo MHppacTpyK-
Typy I. Cankt-IletepOypr, 1 BBIIOTHUTD aHATU3
Ka)KI0TO U3 HUX.

2. IIpu aHamu3e TEKYIIEro COCTOSHUS JOPOT
ropoza Caukt-IleTepOypr HEOOXOAUMO H3yUYHTh
JIEHCTBYIOIIYI0O HOPMAaTUBHO-TEXHUYECKYIO 0a3y,
PErIaMEeHTHPYIOLIYI0 COCTOSIHUE JIOPOT, cmamu-
cmuyecKue 0anHvle 110 COCTOSIHUIO 10por I. CaHKT-
[TerepOypr Ha TEKyIU[MH MOMEHT, BBISIBUTH TCH-
JICHITUY TI0 U3MEHEHHIO CUTYAalluU C COCTOSTHUEM
JIOPOXKHOTO MOKPHITHA. B pesynprate aHammsa
HEOOXOIMMO ONPE/IEIUTh OCHOBHBIE TPOOIIEMBI,
pelIeHre KOTOPhIX MO3BOJIHUT OCYIIECTBIATh Oe3-
onacHyto 3kciutyaranuio bTC Ha goporax obie-
TO MOJIB30BAHHUS.

3. [1pu aHanu3e npodieMaTHKK 0€30MaCHOCTH
Hepeiadn JaHHbIX HE0OXOAMMO H3yYHUTh OCHOBBI
Hepe/iadn JIaHHbIX, 0E30TIaCHOCTH MX Iepeiayy,
a Taroke crnocoOsl B3aumozeiicTeust bTC ¢ okpy-
JKAIOLIEH CPeslol, B TOM YHUCJIE C UHTEIUIEKTyallb-
HbeIMU TpaHciopTHbeIME cucTemamu (UTC). B pe-
3yJIbTaTe aHalu3a Heo0X0AUMO CHOPMYITUPOBATH
OCHOBHBIE TOJIO)KEHUSI, KOTOPBIE MTO3BOJIMIH Obl
MOBBICUTH 0E30MACHOCTD Mepe/iauy JaHHbBIX.

4. IIpu u3y4eHny TEXHUIECKUX BO3ZMOXKHOCTEH
10 CKOPOCTH TIepeiady JaHHbIX HEOOXOAUMO 13-
YUYUTh NMPUHIUIBI TOCTPOEHUS CEeTeH CBSA3M, U3-
YYUTh OCHOBHBIE MPUHIHUIIBI TIOKPBITHSI TOPOJA
COTOBOI! CBA3BIO OMEPAaTOpaMu CBA3U. Takxke He-
00X0IMMO IIPOAHATU3UPOBATH TEKYILIEE COCTOIHHIE
0 00eCHeYeHHOCTH CO CTOPOHBI OIEPaTOpPOB
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Ta6auua 1

JlaHHBIEe 10 MPOTAKEHHOCTH A0POT, TPEOYIOLIUX PEMOHTA
[cocTaBiieHO aBTOpaM MO AaHHBIM?]

Ton O6mas HopmarusHoe TpeOyror pemonta, km | Jlosst nopor,
HPOTSHKEHHOCTD, KM COCTOSIHHE, KM TpeOyIOIHMX PEMOHTa,
%
2011 3096,9 2273,1 823,8 26,6
2012 3096,9 2359,8 737,1 23,8
2013 3276,9 22283 1048,6 32,0
2014 3290,5 2171,7 1118,8 34,0
2015 3337,5 2102,6 1234,9 37,0
2016 3414,6 2253,6 1161,0 34,0
2017 3433,6 2196,9 1236,7 36,0
2018 3461,8 21844 12774 36,9
2019 3472,2 2225,7 1246,5 35,9

CBSI3M CYNIECTBYIOIIUM KOJMYECTBOM 0a30BBIX
CTaHIUIl Ha mpeIMeT UX AOCTATOYHOCTH JJIs
pa3BépThIBaHUS B ropoze TexHonornn 5SG. Heoo-
XOAUMO M3y4YHTh MPOOIEMATHKY BbIJCICHUS da-
ctoT B Poccuiickoii deaepanuu moj TEXHOJIOTHIO
5G.

5. Ilpu aHanu3e AeHCTBYIOMIEH 3aKOHOIATENb-
HOM 0a3bl HEOOXOIMMO M3YYUTH JEHCTBYIOIINE
3aKOHBI M 3aKOHOIIPOEKTHI B YaCTHU BHEAPECHHUS
u skcrnyatanuun bTC B ropoxackoit cpene. Ha
OCHOBE aHaJIN3a TeKyIeH CUTyalluy ¢ 3aKOHOAA-
TEJNBHOW W HOPMATHBHO-TEXHUYCCKOH 0a3zoil —
BBISIBUTH U PACCMOTPETH OCHOBHBIE ACTIEKTHI, HE
OTpakE€HHBIE HA JTAaHHBI MOMEHT B pPerJIaMeHTHU-
pytouux nokymenrax Poccuiickoit @enepanuu.

IIpo6sieMbl BHeApeHUS

B kagecTBe OCHOBHBIX TIPOOIEM MpH BHEAPE-
aru BTC B TpaHCcTIOpTHYIO HHPPACTPYKTYpY TO-
pona Cankr-IleTepOypr BBIAETICHBI CIETYIONIHE
[1]:

1. TexHHYECKOE COCTOSHUE U OCHAIICHHE
JIOpOT.

2. be3omacHOCTb Tepeaaun JaHHbIX.

3. OTcyTCTBHE TEXHUYECKOH BOZMOKHOCTH IO
CKOPOCTH Mepe/Iau TaHHbIX.

4. OTcyTcTBHE HOPMATUBHO-TEXHUYECKOU
6a3bl.

PE3YNbTATbI

Jl1s oucka pemeHuit Mo ycTpaHeHnto 000-
3HAYCHHBIX BBIIIC MPOOJIEM MPOBEAEH aHATHN3
TEKYIIETO COCTOSHHUS.

1. Texun4eckoe COCTOSIHHE H OCHAIICHHE
aopor

1.1 Kauecmeo 00porcHoz20 nokpvimus

B nepByto ouepenp st 6e301macHOM IKCILTya-
tanmu BTC Tpebyercs pemmts mpobiemy Kade-

CTBa JJOPOXXHOTO TIOKPBITHSI, TPUBEISI €T0 COCTOS-
HHE K HOPMAaTHBHOMY 2.

B Tabn. 1 npencraieHs! JaHHbIE OQHIHANb-
HOro cafita anmuaucTparmu r. Cankr-IlerepOyprs.

W3 nomu 1opor, TpedyroImux peMoHTa, B 00-
el NPOTSHKEHHOCTU JIOPOKHOTO HOKPBITUS 1O
rojjaM MOYKHO CJeJaTh BBIBOJ, YTO JHHAMHKa
xonmyecTBa jopor I. Cankr-IletrepOypr B Kuio-
MeTpax, TPeOyIOIMX PEMOHTA, IPAKTHYECKH He
u3MeHsiercs. B cBsI3M ¢ 9TMM HEOOX0aUM Kapiau-
HaJbHO HOBBIN MOJXOJ K PELICHUIO BOIpOCca pe-
MOHTa JIOpoXkHOTO MOKphITHS B CankT-IleTepOypre
JUISL CBEJICHUSI K HYJIO KOJUYECTBA JOPOXKHOTO
H0JI0THA, TPEOYIOIEero PeMOHTA.

1.2 Hanuuue 0oposcnoi pasmemxu

ITomMuMO HemocpeacTBEHHOTO PEMOHTA JA0-
POXKHOTO MOKPBITHSI HEOOXOIMMO HaJINYKE U IO~
CTOSHHOE IMOAJEpKaHUe B TOHKHOM COCTOSHUU
JIOPOXKHOM pa3sMeTKH, OpPUEHTAIUsA Ha KOTOPYIO
BeinonHsercs bTC mpu apuxenun. PazmeTka
JIOJDKHA OBITH HaHECeHa CIElHAbHOW CBETOOT-
pakaromiei Kpackoi A1t BO3MOYKHOCTHU CUUTBIBA-
aus eé matunkaMu bTC B mM0OBIX MOrOJHBIX
YCIOBHSX B JI000O€ BpeMs rofa. DKCITyaTalus
BTC Bo3MoOKHa TTO IOpOTaM BCexX KIaccoB (¢ yué-
TOM BO3MOXHOCTH HaHECEHMS Pa3METKH Ha JI0-
POKHOE TMOJIOTHO), OfHAKO Tpu BBeneuuu bBTC
B MH(PPACTPYKTYpy ropojia epBOHaYaIbHO Iee-
€000pa3HO UCTONB30BaTh TOPOTH | 1 2 KiaccoB*.

2 TOCT P 50597-2017 TpeGoBaHus K SKCILTyaTalHOHHOMY
COCTOSIHHIO, JIOMYCTUMOMY I10 YCIOBHUSIM OOCCreueHUs
06€30I1aCHOCTH JIOPOXKHOTO IBHKCHUSI. METOIBI KOHTPOJLSL.

3 O¢uunanbHeiii caiit agmunuctpanm 1. Cankr-IlerepOypr.
Kommurer no 6maroycrpoiictBy Cankr-IlerepOypra. [Dmnekt-
pouHBIi pecypc]: https://www.gov.spb.ru/gov/otrasl/blago/
uborka-dorog-i-trotuarov/. Jloctyn 13.04.2022.

4 TOCT P 52398-2005. Kaccuduranusi aBToMOOHIBHBIX
nopor. OCHOBHBIE TIapaMeTpbl U TPpeOOBaHMs. [DIEKTPOH-
HBI pecypc]: https://docs.cntd.ru/document/1200042582/.
Joctyn 13.04.2022.



3TO0 CHU3UT PUCK aBapUii C IPYTUMH Y9aCTHUKAMU
JBYKCHHUS, @ TAKXKE JaCT BO3MOKHOCTb BBIIBUTH
BO3MOKHBIE TPYAHOCTH JUis ucnonb3oBanus bTC
Ha OCTAJILHBIX KaTErOpUsIX JA0POT, Te B OoJbIIei
Mepe MIPOUCXOAUT B3aUMOJAEUCTBUE C APYTMMHU
YYaCTHUKAMU JIBUKECHHUS.

B Texymux peanusx ropoga Cankr-IlerepOypr
OCTPO CTOUT TPpo0IIeMa OYUCTKU AOPOT B 3UMHUH
nepuoa. [Ipu HekauecTBeHHOH yOopke jpopor
UCII0JIb30BAHUE JIOPOKHOU pa3METKHU I CUUTHI-
Banus e€ cucremamu bTC Oyner HEBO3MOXKHO.

1.3 Texnuueckoe obecneuenue 00poz

Kpome perieHust CymecTByomux mpodiem
C COCTOSIHUEM JJOPOXKHOTO MOJIOTHA, HEOOXOIUMO
obecreunts 000pPYyI0BAHHE BCErO MPOTIIKECHUS
JIOPOT TaTYMKAMU JUT CYMTBIBAHUS KOMIIBIOTEPOM
BTC unbopmanuu o COCTOSHUH JTIOPOKHOTO MO-
KpbITUS [2], yduThIBatOIIEH:

* HaJIM4YKME HEPOBHOCTEH Ha J10pOre;

* TOJIONEHYI0O OOCTAHOBKY B XOJIOAHBIE Te-
PHOTIB;

* HaIW4YUe BJIArM Ha JOpore — JIyXH, TPA3b,
cHer (ans pacuéra cuctemoit ympasnenus bTC
CKOPOCTHOTO PEKUMA M TOPMO3HOTO MyTH U T.11.);

* TeMIIepaTypHble JaHHbIe acanbTa, TaKk Kak
IIPY IIOBBILIEHHOM TEMIIEPATYPE B JIETHUH IEPUOJL
ac(hasbT CTAHOBUTCS MsTYe U CO3MAET BI3KOCTh
IPH KOHTAKTE C HUM KOJIEC aBTOMOOMIISL.

Cy1iecTBeHHON peopraHu3alu TpedyeT ocHa-
IeHHE MePeKpECTKOB AaTYMKAMM, KaMepaMu
u cBeTo(hopamH, CrIocOOHBIMH TepeaaBaTh HHPOP-
MalMI0 KaK Ha MOCT yNpaBlIeHHs JOPOXHOH 00-
CTAHOBKOH, TaK M HETIOCPEACTBEHHO KOMIIBIOTEPY
BTC nns opranuszanuu IBMKEHUS B TPAHCIIOPT-
HoM notoke [3]. HeoOxonuMo Hannune BO3MOX-
HOCTH Ilepeiaun JaHHBIX He TOJBKO C Oirkaiiiie-
0 NepeKpECTKA, HO U C OCTANBHBIX MEPEKPECTKOB,
Haxozsmmxcs Ha Mappyte cienoBanus bTC. 3to
MO3BOJHUT BHIOpATh HaMOOJIEE ONMTUMAJbHBII
MapuIpyT CIIEIOBaHHUS, TaK KaK 3aTop 4depe3 TpH
nepekpeécTka MOXKET MOBIUATH Ha BHIOpAHHBIN
paHee MapupyT.

2. Be3onacHocTh nmepexaYu JTaHHBIX
Buenpenue u sxcrmyaranus bTC npeamnona-
raeT reHepupoBaHue 0oJbIIOoro 00bEMa HHPOP-
Maliu, TaKoW Kak JJaHHbIE O MECTOIOJIOKEHUH
00BEKTOB, IEPCOHAJIBHBIC JaHHbIE N10JIb30BATEN
BTC, undopmarus o padore o0bexToB HHPpa-
CTPYKTYpBI, JaHHBIE IS TOCTYIA KaK K 00beKTaM
HH(PACTPYKTYPbI, TaK U HerlocpeacTBenHo k BTC
1 MHoroe npyroe [4]. [lns obecriedeHust kubep-
6esonacuocti bTC u uHPpacTpyKTypbl MOXKHO

VI] d| | NO J¢

B I1€JI0M BBIJIETIUTH CIEAYIOIINE BAYKHBIE BOTIPOCHI,
KOTOpbIE HEOOXOANMO y4YeCTb TIPH IPOEKTHPOBa-
HUH U CO3[aHUM CUCTEM [5]:

* bezonacHocTth cOopa, epenaun u 0opadoT-
k1 gaHHbBIX cuctemMamu BTC — Oe3omacHOCTE
JTAaHHBIX, KOTOPbIE MCIOJB3YIOTCS B PEaJbHOM
BpeMeHH BHyTpH cuctemsl bTC (narunku, 610ku
yIpaBleHUs U T.J.). B ciaydae HEeBepHO BBINON-
HEHHBIX HACTPOEK 0€301IaCHOCTH Y 3JI0YMBIIILICH-
HHUKOB MOXET MOSIBUTHCA BO3MOXKHOCTh JIOCTYyTa
K JaHHBIM 0 cocTossHuH y3710B BTC B MOMEHT ux
cunthiBanus cucremoit BTC ¢ naTunkos, 00paboT-
KH, a TAKKe [IPH Nepeiade ITUX JaHHBIX B 0010
cucremy UTC.

* AyreHTH(HUKAILNS BOAUTENS — IPH UCIIOJIb-
30BaHUH CEPBHUCOB MOJIL30BATENIO0 HEOOXOAUMO HE
TOJNBKO MPEAOCTABUTh IEPCOHAIBHBIC JTaHHBIE, HO
U IIPOUTH UX IPOBEPKY.

* BezonmacHocTh pu nepenaye TaHHBIX JOPOXK-
HOM MH(PACTPYKTYPOI — IPOTrpaMMBI, HCTIONb3Ye-
MbIe ITpH cOope 1 00paboTKe JAHHBIX C PA3IHYHBIX
BTC u anementoB UTC, a taxxe nHpopmarus
unu komaugsl UTC, cBsI3aHHBIE C yIIPaBIEHUEM,
nepenaBaemble cucteMam BTC. JlelicTBus 310-
YMBIIUIEHHUKOB, MOTYYUBIINX JOCTYH K TaKUM
JTAHHBIM, MOTYT IPUBECTH K IPUHSITHIO HEBEPHBIX
pemenuit kak UTC, tak u BTC.

3. OrcyTcTBHE TEXHHYECKO BO3MOKHOCTH
10 CKOPOCTH Mepeavu JaHHBIX

Texyuiye TEXHONIOTUN Pa3BUTHUS CETEH CBA3U
HE MO3BOJAIOT peanu3oBaTs BHeapeHue bTC
B paMKax ropojia, Tak Kak OHH He 00eCIeYnBaioT
notpebHocTH BTC npu skcmiyaranuu B ropoj-
ckoii cpene [6]. Peub unér 06 opranuzanuu mpo-
ecca KeIuTyaranuu 6obioro koaudectsa bTC
KaK eJIMHOTO JIEMEHTa TPAHCHOPTHOH MH(pa-
cTpykrypsl ropoza Cankr-IlerepOypr.

Texymas texnonorus 4G He obecreunBaeT
NOTPeOHOCTh B CKOPOCTHU IEpejayy JaHHBIX,
BPEMEHH 3aJIep)KKU Tepefaull JaHHBIX, KOJIUde-
CTBE MOJIK/IIOYAEMBIX [T0JIb30BaTeNel Ha KBapaT-
HBIN KusoMeTp. KauecTBEHHO HOBOM TEXHOJIOTH-
el B paMKax ceTeill CBS3U SABJISETCS TEXHOJIOTHUS
5G. OHa Takxe He CMOXET YJOBIETBOPHUTH MO-
TPEOHOCTH 10 00ECTICYEHHIO 10CTATOYHOTO Kade-
cTBa cBs3u [ peanusanuu bTC B monHoit Mepe,
HO Ipu 00eCleueHNH TMOKPHITUS TOPOJa CEThIO
¢ texHojorueir 5G Mo3BOJUT caenaTh MepBbIE
mraru o BHeapenuto bTC B ropojckyio TpaHc-
HOPTHYIO HHDPACTPYKTYPY.

OCHOBHBIMHU TIPEUMYINECTBAMHU TE€XHOJIOTUH
5G (pacuérHble AaHHBIE) 1O cpaBHEHHIO ¢ 4G
SBISIIOTCSA [7]:
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* [IukoBas ckopocTb TexHonoruu 5G B 20 pa3
BbIlIe, yeM y 4G, u cocrasisier 20 ['out/c. OOMeH
JIAaHHBIMH, a TaKKe Tepeada akTyaibHol HHOp-
MaliUK IPOUCXOIUT BO MHOTO pa3 ObICTpEe.

* [Tepenaua naHHbIX y TexHONOrHN 5G Mpouc-
XOJIUT C 33/IEPIKKOW B 1 MUILTHCEKYHLY, 4TO Ooliee
4eM B BOCEMb pa3 MEHbIIIE, UeM Y TeXHOIoTuH 4G.

* B rycronacenéHHbIX ropojax ¢ 00JbLION
UHTCHCHBHOCTBIO UCII0JIb30BAHUA CCTHU BaXXHBIM
KPUTEPHEM SIBISETCS KOIUYECTBO OTHOBPEMEHHO
MOJIKITIOUEHHBIX Tonb30Bareneil. Texnonorus 5G
MO3BOJISIET OJIHOBPEMEHHO 00CIyKHMBaTh | MIIH
I10J1b30BATEIIEH HA KBAJAPATHbIM KUIOMETP, YTO Ha
HECKOJIBKO MOPAJAKOB BbILIC, YEM Y TeKymeﬁ TEX-
Hosoruu 4G.

B mupoBoil mpakTuke Anana3zoH 4acTtoT n78
(3300-3800 MI'n1) cunTaeTcs ONTUMAIbHBIM JUIS
texHonoruu 5G [8]. Jlng manHOrO nuamasoHa
YaCTOT BBIITYCKACTCA 060pyaosa}me OCHOBHBIX
npoussoauteneil. B Poccun peanusanus TexHo-
noruu 5G Ha KakOM-TO 3Tare MPHOCTaHOBUIACH
u3-3a npodieM ¢ BeiaeaeHneM yactot [9]. Tocy-
JapCTBEHHOU KOMUCCHEH 110 PaguodacToram
(I'KPY) ObL10 MpeuioKeHO KCIOIb30BaHUE JIHa-
nazoHa n79 (4400-5000 MT'u). Peanuzanus
JaHHOT'0 MPEAJIOKCHUS BbIABUJIA Y ONEPATOPOB
cBs3u MaccuB rpobiem [10], Takux kax:

* OTCyTCTBHE Y OCHOBHBIX ITPOU3BOAUTENEH,
Ha 000pyI0BaHUH KOTOPBIX peannu3yercs BCs CO-
TOBasl CBSI3b OMEPATOPOB OOJBINON YETBEPKH,
obopynoBanus TexHonoruu SG i paboThI B yKa-
3aHHOM YaCTOTHOM JIHaIa30He.

» OTcyTCTBHE Yy NMOTPEOUTENST BOZMOKHOCTH
MOJIb30BaHUSA TeXHONOorueH 5G u3-3a 10CTaTouHO
OIPaHUYEHHOTO KOJIMYECTBA CMapT(QOHOB, MOJ-
JIPKUBAIOIIMX AUANa3oH yacTor n79. Y Hanboee
pacnpocTpaHE€HHBIX pou3BoauTenent SG-cMmapT-
(oubl paboTatoT B quanazoHe n78.

* Buenpenue TexHonoruu 5G B fuanazone n79
noBJeyéT 3a co0O0M yBeNMYCHHE KOJIHUeCTBa Oa-
30BBIX CTaHIIUH (B CPEHEM B JIBa pasa).

* YpesaHHas MMpPUHA OpeIaraeMoro Juamna-
30Ha N79 HE MO3BOJUT BHEIPUTH TEXHOJOTHIO
B [IOJIHOM 00BEMeE, MOCKONIBKY €€ IIMpHHA BBOE
MEHbIlIe MIUPUHBI AUana3oHa n78.

Kpowme nnamnazona 4400-5000 MI'n, oneparo-
pam CBA3U 6I)IJ'II/I TIPEJI0KEHBI HaCTOTHI AMaria3oHa
24250-29500 MI't. Y naHHOTrO 1Mamna3oHa 4acToT
IIOMUMO OCHOBHBIX HpO6ﬂCM, YKa3aHHBIX BbILIE
B KoHTeKcTe auana3zoHa 4400-5000 MI ', Bo3HuU-
KAIOT CJIOKHOCTH ¢ caMOi (hM3HMKOM Ipoliecca.
B mnamnazone 24250-29500 MI' 1 BbIIIe CUTHAI
HACTOJIbKO YyBCTBUTCJICH K MPCIIATCTBUAM (CTGHI)I
3[IaHUH, TIPOJIMBHOM 0B, A€PEBbS U T.II.), YTO

Vi) \ [ N2 )$

€ro0 MOJHOLIEHHOE HCTOIb30BAHHE BO3MOXKHO TOJIb-
KO [P OTCYTCTBUH (PU3MUECKHUX TOMEX (CTPOCHHMS,
rycras KpoHa JEpeBbeB U APyrue MpPensTCTBUSA).
[Tpu ncronp30BaHNM JAHHOTO AMAIA30HA B ITpeJie-
nax ropojckoit 3acrpoiiku Cankr-IlerepOypra
y OIEpaTopoB CBA3HM OTCYTCTBYET INIABHOE — JKO-
HOMHUYECKasi BBITO/la MPOEKTa. ITO CBA3AHO C TEM,
YTO KOJIMYECTBO 0A30BbIX CTAHIMIL, HEOOXOAUMBIX
JU1st 00€eCTIeyeHHs 30HbI TOKPBITHS, YBETHUMBACTCS
B pa3bl 110 OTHOIIEHHUIO C UX TEKYIIUM KOJIMYECTBOM
1 OKYIIaeMOCTh IIPOEKTa MEPEHOCUTCS Ha HEJOITy-
CTUMO OOJIBIION CPOK.

B pamxkax noucka pemwenuin denepanbHas
aHTHMOHomNobHAs ciyx0a (PAC) B mae 2021 ro-
Jla 3aKJI0YMIa CONNIAIICHUS O COBMECTHOH nes-
TEILHOCTH 110 MOCTPOEHUIO ceTe cranaapta 5G
C TpeMs olepaTopaMy CBSA3HM U3 TaK Ha3bIBaEMOIl
«0bonpoit yerépkmy». Komnauusimu [TAO «Me-
radon», [TAO «Pocrenekom» u [TAO «Beimmen-
Kom» 0ObII0 CO371aHO COBMECTHOE HPEANpPHUSITHE
00O «Hogsie nudpossie pemenus» [11]. B kon-
e ocenu 2021 roga I'KPY npunsana pemenue
o Beienennn OO0 «Hosble nudPOBBIE peLICHHUS
nuanasoHa yactot 4400-4990 MI' aist rectupo-
BaHUs TexHoIoruu 5G CpOKOM Ha JiBa roja.

4. OTCcyTCTBHE HOPMATHBHO-TEXHHYECKOM
0a3b1

AHanu3 IelcTBYyOIIEro 3aKoHoaaTenbeTBa > &7
MIOKA3bIBACT, YTO MPSAMOH 3alpeT Ha UCTIOIb30Ba-
HUE aBTOMATU3al1U BOXKIEHUs OTCYTCTBYET. Ipu
9TOM HHU B OJHOM U3 JTOKYMCHTOB HE€ IpOIIKMCaHa
BO3MOXKHOCTD TIOJIHOM Nepeaaun GyHKIHH BOAH-
TEJIA CUCTEMAaM aBTOMATUY€CKOTO YIIPAaBJICHUA. U3
9TOTO CIEYeT, 4TO MepBOHAYAILHO HEOOX0AUMO
BHCCTU KOPPEKTUPOBKU U JOMOJHEHUSA B OCHOB-
HBbI€ JOKyMEHTBI, Y4ETKO pa3srpaHU4UB U JaB OIpe-
JIeTIeHHsI BCEM CJIy4asM BO3MOJKHOTO IepeMele-
HUS TPAHCHIOPTHOTO CPEACTBA KaK € yIIPaBICHUEM
HETMOCPEICTBEHHO BOJUTENEM, TaK U B CIIydae
TI0JTHOT'O YIIPaBJICHUA TPAHCIIOPTHBIM CPECACTBOM
CUCTEMAaMU aBTOMAaTUYCCKOT'O YIIPaBJICHUA.

5 ®enepanbHbiil 3akoH 0T 8 HOstOpst 2007 1. Ne 259-D3
«YcraB aBTOMOGHIBHOTO TPAHCIIOPTA M TOPOJCKOrO Ha-
3eMHOTO DJIEKTPUYECKOTO TPAHCIOPTa» (C M3MCHEHUAMHU
M JIONOJIHEHHUSIMH). [DnekTpoHHbIN pecypc]: https://base.
garant.ru/12157005/. Joctyn 13.04.2022.

 Menepanbubiil 3akon ot 10 gexabps 1995 . Ne 196-®3
«O 6e30MacHOCTH JOPOKHOIO IBIKEHHS (C MU3MEHEHUSIMU
U JONOJHEHUSIMH). [DIeKkTpoHHbIH pecypc]: https://base.
garant.ru/10105643/. Joctyn 13.04.2022.

7 IlpaBuma TOpoXKHOTO ABWKeHHs Poccuiickoit Denepannu
// Tlocranosnenne CoBera Munncrpos — IlpaBurenscrsa
PO ot 23 okt6ps 1993 1. Ne 1090 «O npaBuiiax 10pOKHOTO
IBIDKEHHSD). [DIeKTpoHHBIH pecypc]: https://base.garant.
ru/1305770/. Joctyn 13.04.2022.



Ha reppuropun Poccuu ¢ 1 nexadpst 2018 ro-
na neiicreyer Ilocranosnenue IlpaBurenscraa
Poccuiickoit @eneparu ot 26 Hos16ps 2018 rona
Ne 1415 «O npoBeieHUH SKCTIEPUMEHTA IO OMBIT-
HOM 9KCIUTyaTalli Ha aBTOMOOMIIBHBIX JI0pOrax
001I1ero MoNb30BaHMs BHICOKOABTOMATH3HPOBAH-
HBIX TPAHCMOPTHBIX CPEACTB»®, B KOTOPOM HAET
pedb 0 perIaMeHTHPOBAHUU IKCIIEPHUMEHTAIBHOM
skcrutyataiuu BTC Ha noporax ob1ero mons3o-
BaHUS C 00s3aTEIbHBIM HAJIMYUEM BOJUTEIS
B CajioHe aBTOMOOWIIsl. JlaHHBIA IKCIIEPUMEHT
HPOBOAUTCS B 3aKPEIIEHHBIX B MIEPEUHE B TOKY-
MEHTE PEerlOHax CTPaHBbI.

[TapanmnenbHo ¢ BIIEyKa3aHHBIM TOCTAHOBIIE-
HHEM, He JJOKHUAsACh 3aBEPIICHHUs CPOKaA ero Jiei-
ctBus, 8 utoHst 2021 rona MUHHUCTEPCTBOM TPaHC-
nopta Poccuiickoii ®enepanuu ObuI pecTaBIeH
npoexT DeznepanbHOro 3akoHa «O BEICOKOABTOMA-
TH3MPOBAHHBIX TPAHCIIOPTHBIX CPEACTBAX U O BHE-
CEHHHU U3MEHEHUH B OT/IeTbHbIEC 3aKOHOAATEIbHBIE
akThl Poccuiickoii denepaunny.

B 1aHHOM 3aKOHOTIPOEKTE paccMaTpUBAIOTCS
npasuia skcrutyaraunu bTC Ha noporax oomiero
II0JIb30BaHUS Ha [IOCTOSIHHOM OCHOBE. B HEM JjaHbl
HEOOXO/IMMBIE OIPEIENICHNUS], CBSI3aHHBIE C aBTO-
MaTH3UPOBAHHBIM TPAHCHOPTHBIM CPEICTBOM,
CII0CO0aMHM €ro yNpaBieHHsl, OTBETCTBEHHBIMU
JUIIAMH, 3a7€HCTBOBAHHBIMU B IPOIECCE €ro
U3TOTOBIICHHUS, TEPEMEINEeHNs U yNpaBIeHHUS,
a TaKXKe JaHO OTIpe/ieIeHNe CIIeHaIbHOMY Cpejl-
CTBY perucTpauuy JeiCcTBUI aBTOMaTU3UPOBaH-
HBIM TPaHCHOPTHBIM cpeacTBOM. OTpakeHb
0053aHHOCTH BIIaJIENblIa, OIepaTopa U U3rOTOBHU-
Tels aBTOMATH3MPOBAHHOTO TPAHCIOPTHOTO
CpeICTBa.

CerozHs BetyTCs IpeiBapUTEIIbHBIE 00Cy XK 1e-
HUS 3TOTO MPOEKTa U, C YYETOM MOTY4EHHBIX
JIAHHBIX B pe3yJbTaTe IKCIEPHUMEHTANbHOM JKC-
myaranuu bTC, nmposoaumoit B pamkax Ilocra-
HosieHus [IpaBurenscrsa Poccuiickoit enepa-
1uu ot 26 HosOps 2018 . Ne 1415, B Hero OynyT
BHECEHBI OKOHYATEIbHbIC KOPPEKTUPOBKH.

[Ipenmnonaraercs, 4To NPOEKT BCTYNUT B CUITY
¢ 1 mapra 2025 roga. 3T0 CBA3aHO € TEM, YTO CPOK
neiicrBust Iloctanosnenus IlpaButenscrBa Poc-
cuiickoit ®enepanun ot 26 Hos6ps 2018 roxa
Ne 1415 «O npoBeieHUH SKCTIEPUMEHTA IO OMBIT-
HOM 9KCIUTyaTallyi Ha aBTOMOOMIIBHBIX JI0pOrax

8 ITocranosnenwue [IpaBurenscrsa Poccuiickoit deneparin
oT 26.11.2018 Ne 1415 «O mpoBeneHUN HKCIEPUMEHTA
10 OIBITHON JKCIUTyaTallii Ha aBTOMOOMJIBHBIX JIOpOrax
00II[eT0 MOIb30BaHNS BEICOKOABTOMATU3HPOBAHHBIX TPAHC-
MOPTHBIX CPEACTB». [DIeKTpOHHEIN pecypce]: https://base.
garant.ru/72113462/. loctyn 13.04.2022.

VI] d| | NO J¢

00IIIer0 MOTb30BaAHKS BHICOKOABTOMATU3HPOBAH-
HBIX TPAHCHOPTHBLIX CPCACTB» 3aKaH4YHBAJICA
1 mapra 2022 rona.

Takum 00pa3om, U3y4HB CYIICCTBYIOIIYIO
HOPMATHBHO-TIPABOBYIO 0a3y, JCHCTBYIOLIYIO Ha
Texymuii MmomeHT B Poccuiickoit @enepauuu,
MOYKHO CJ/ieJIaTh BBIBOJ, YTO OHA HEAOCTATOYHO
npopadoTaHa Jis noyiHoeHHoro BHeapenust BTC
B TPAHCIIOPTHYI0 HH)PACTPYKTYPY rOpoa.

Huxe chopmympoBaH psiji OCHOBHBIX HalpaB-
JICHUH, KOTOPbIE HEOOXOIMMO IPOPaboTaTh U 3a-
KpENuTh B 3aKOHOJIATEIbHO-HOPMAaTUBHOM 0ase.

be3onacnocmu 00poicHo20 0sudiceHus

B HOpPMaTHBHO-NPAaBOBBIX AOKyMEHTax Tpely-
€TCsI 3aKOHOATENIbHO 3aKPEMUTh OTBETCTBEHHOCTh
YYaCTHHKOB JOPOKHOTO JBIKeHus. Ha ceromms-
IIHUH JIeHb BCS BHMHA 3a JOPOXHO-TPAHCIIOPTHOE
npoucuiectsue (JATII) noxutes Ha Brazemnsia BTC.
Heo0xoaumMo, moJb3ysiCh ONMBITOM 3apyOeikHBIX
crpaH [12], 3akoHozaTeNIbHO 3aUKCHPOBATH BO3-
MOJKHOCTb CHAITHSI BUHBI ¢ Biajienbia bTC B ciyuae,
€CJI OH CMOJKET JJoKa3arh, uro npuunnoi JATII ve
SIBJISUIACH €10 AeicTBys. [IprMepoM MOKET CITyKUTh
JTII, npousowieaiiee no BUHE CTOPOHBI, OTBET-
CTBEHHOI 3a TPAaHCIOPTHYIO UH(PACTPYKTYpY,
pa3paboTynka mporpaMmmHoro obecreueHuss BTC,
cOoit B pabote narunkoB BTC u mpouee [13].

B orHowennu Oe3oracHoctr sxcrutyararmn 5TC
TaKKe HeOOXOIMMO 3aKOHOZIATEEHO PErIaMEHTHPO-
BaTh, Kak Oy/IeT IPOXOIHUTh CEPTU(UKALIMS aBTOMO-
Owuteld, HeoOXoMMasi K JIOMYCKY Ha PHIHOK Hallel
CTpaHbI, KTO U KaK Oy/IeT IIPOBOJIUTh IIEPHOMUYECKYIO
muarnoctuky bTC, ero komnonenTos u [10.

be3onacnocmo nepedauu oannvlx

Jlns nHopmanbsHoi sxcruryatauu bTC noapa-
3yMeBaeTCs UCIIOJIb30BaHKE U Nepeaya O0JIbIIo-
ro o0béMa JaHHBIX. B yacTu TeXHUUECKOU co-
CTaBisIOIeH 000pynoBaHus 1 00pabOTKU
OonpuIoro noToka MHGOpMaNUU HEOOXOAUMO
BBECTHU PENIaMEHTUPYIOIINE CTaHAAPTHI 1O c00-
py, 00paboTKe, XpaHCHUIO U Iepeaue JaHHBIX
[14]. TocynapcTBeHHBIM OpraHaM HEOOXOANMO
pa3paboTarb U BHEJPUTH TPEOOBAHUS K 3alUTE
JAaHHBIX HAa BCEX JTalax pa6OT])I C HUMHU: B MO-
MEHT cOopa, 00paboTKH, Mepeaauu, a TAKKe X
HoCJeyIoero xpanenus. Kpome yronosHoi
OTBCTCTBCHHOCTH, H606XOZLI/IMO IOPpUANYCCKU
3a(MKCHPOBATH BO3MOXKHOCTH 00pabOTKH 1 Xpa-
HCHUSA HNAHHBIX, MOJYYCHHBIX B MPOICCCE IKC-
Ilyatanuy, a Takke nepeaayd uHGopMmanuu
TPCTbUM JIMIaM, TaAKUM KaK MPaBOOXPAHUTECIIb-
HBIC OpraHbl.
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Aoanmayusa ompacneil, cooeiicmgyrouux
npouyeccy enedpenus bTC

IToMuMo BONPOCOB, KacaroIIUXCs HEMOCpen-
CTBCHHO pa3BUTHUA, BHCAPCHUA U IKCILTyaTalluu
BTC, rocynapcTBEeHHBIM HHCTUTYTaM HEOOXOIUMO
BHCCTH JIOTIOJIHCHHUSI B HOPMATHBHO-TIPABOBYO 0a3y,
PEryIUpYIOLIYIO ACATEBHOCTh CMEKHBIX OTpacieii,
3a/IeHCTBOBAHHBIX B JAHHOM Mporecce. B mepayio
odepestb HeoOX0IUMO TPOPadOTaTh BOMPOC CEPTH-
¢ukaru ocHaeHus TTC HeoOX0MMMbIME KOMITO-
HEHTaMU, TAKUMU KaK: JaTYUKH, KAMEPBL, paaapsl,
000pyIOBaHHKE TS Iepeiav U 00pabOTKH TAHHBIX,
a TaKke uxX xpaHeHus. HyxHo paspadorarsb u cep-
TI/I(I)I/IIII/lpOBaTI) CIICIMAJIBHBIC CUTHAJIbl, 3HAKU
¥ yKa3aTeJu, KOTOPbIMU HE0OX0MMO Oy/IeT 10ToN-
HUTEJIFHO OCHACTHTD JJOPOXKHYIO HHPPACTPYKTYPY
U1 HopManbHOTro (yHKimonuposanust BTC.

C yuéroM TOTO, 4TO YeJIOBEK KaK BOAUTEND
B LITaTHOM cuTyaruu npu skcruryatanuu bTC
Oynet uckmouéH, a 3a aBwkenue bTC Gyner or-
BeUaTh MporpaMMHOe oOecreueHne, cepbE3HbIe
WU3MEHCHHUs IOKHBI KOCHYThHCS c(hephl CTpaxoBa-
HUs. B cBsI3M ¢ TeM, 4TO ¢ OOJIBIION CTENEHBIO
BEPOATHOCTH IPOU30MAET YMEHBIICHUE PUCKA
Bo3uukHoBeHust [ TII u3-3a uenoBeyeckoro dak-
Topa, MoTpedyeTcs KapAuHAIbHOE U3MEHEHHE
JIOKYMEHTOB, PEIIAMEHTHPYIOIINX HACTYIUICHHE
cTpaxoBbIX ciryyaeB. HeoOxonnumo OyaeT ckoppex-
THPOBAaTh METOJHUKY pacuéTa CTOUMOCTH CTPaxo-
BaHUs C YUETOM JIPYTUX (aKTOPOB, BIHUSIONINX HA
PHUCK BO3HHKHOBEHHS CTPAXOBBIX CITy4aes.

Bonpocwt smuxu ¢ npunamuu pewienus
IToMnMO BCero BhIIIENIEPEUHCICHHOTO0, HEO0XO-
JIIMO OIIPECNUTh U 3aKOHOJATEIBHO PErNIAMEHTH-
POBaTh NPUOPUTETHOCTD B TIPUHATUM PEIICHUS UC-
KYCCTBEHHBIM HHTEIUICKTOM B KPHTHYECKOI! CUTYya-
1 [15]. HeoOxoamuMo yTBepAUTh allrOPUTM MPH-
HATUS PEIICHUIl UCKYCCTBEHHBIM HHTEIUICKTOM,
KOTOPBIH ObI MPUMEHSIICS TP TPOrpaMMHUPOBAHUI
BTC u coorBeTcTBOBa TPeOOBAHUSIM CcepTHHKA-
UM U nocienyomero gomycka I1O Ha peIHOK
CTpaHbl /Ui JanpHedmen skcruryatanun BTC.
HyXHO 0JHO3HAUHO yKa3aTh MPHOPUTETHOCTH
YYaCTHHUKOB JTOPOKHOTO JBIMKCHUS (BOAMUTEINb,
naccaxup BTC, maccaxups! u Bogurenu apyrux TC
u bBTC, nemexospl, )KUBOTHbBIE, MaTepUATbHBIN
yIep0, HAHOCHMBIH YbeMY-JTH00 UMYIIECTBY U T. 1. ).

5. PexoMeH1auuy M0 BHISABJIEHHBIM
npodaemam

Jlnst perieHust pacCMOTPEHHBIX B CTaThe MPo0-
Jem, npenarcTBytonmx BHeapenuto bTC B Tpamc-
nopTHYH HHPpacTpyKTypy ropoma CaHKT-

VI | | NO )

[TerepOypr, chopMynupoOBaHbI CISTYIOIIUE PEKO-
MEH/IalUH:

1. ObecrnieyeHne TEXHUYECKOTO COCTOSHHS
U OCHAIIEHHUS JIOPOT C TOYKM 3pPEHHs KayecTBa
JIOPOYKHOTO TOKPBITHSI, PA3METKH ¥ TEXHHYECKOTO
obecrieueHust 000py0BaHHUs, IPEAHA3HAYEHHOTO
JUISL TIOJTYYEHHMSI IAHHBIX O COCTOSTHUS JIOPOIKHOTO
MOKPBITHS, HEOOXOAUMBIX JJIsi 0€30MacHON dKC-
mryataruu BTC.

2. ObecrieyeHue 6€30MacHOCTH padoTHI ¢ OJ10-
KOM JaHHBIX, HEOOXOIMMBIX IS HKCIUTyaTaluu
BTC na noporax o0Iero mojib30BaHusL.

3. OcHaleHue TPaHCIOPTHO HHPPACTPYKTY-
psl ropona Cankr-IletepOypr texHomoruend SG
IJ1s obecrieueHnst HeoOXOqMMOH IS dKCILTyaTa-
un BTC ckopocTu nepefayyl JaHHBIX.

4. BolyienieHue iuarna3zoHa 4actoT JJIs epeia-
YW JJAHHBIX MOCPENCTBOM TexHojoruu 5G, ymo-
BJIETBOPSIOLIET0 TEXHUYECKUM TPEOOBAHHSM.

5. ®opMupoBaHUE HOPMATUBHO-TEXHUYECKON
0a3bl, pernaMeHTHPYIOIIeH NPoIecc BHEAPEHUS
n skcrutyatanun BTC B TpancropTHO# MH(ppa-
cTpykrype roposna Cankr-IleTepOypr ¢ Touku
3peHHsi 0E30MaCHOCTH JOPOXKHOIO JBHIKEHHUS,
nepeiadr JaHHbIX, STHYECKOT0 acleKTa, a TaKKe
ajanTamnus ConpspKEHHBIX OTpaciield, obecnedn-
BAIOIMX HOpMasbHOE (QyHKIHOHMpoBaHue bTC
B TPAHCIIOPTHOM HHPPACTPYKTYpe ropoya.

BbIBO[bI

B crarbe npoBengH aHalM3 OCHOBHBIX MPO0-
neM, pensTcTByromux BHeapenuto bTC B Tpanc-
HOPTHYI0O MHppacTpyKTypy ropoxa CaHkT-
[MetepOypr. M3ydeHa mpobiemMaTHKa COCTOSHUS
TOPOAICKHUX JIOPOT, HANUYHUS pa3sMeTKH Ha TOPOXK-
HOM HOKpPBITHH. PaccMOTpeH BOIPOC OCHAICHUS
JI0pOT ropojia 000py/I0BaHUEM, TIPEJHA3HAYEHHBIM
JUISL TIOJyYeHUS TTapaMeTPOB COCTOSIHUS TOPOXK-
HOTO HOKPBITHSL, KOTOpbIE OYAyT UCTIOIb30BATHCSA
cuctemamu BTC yist Ge30macHOro nepeBHKeHHs
110 JIOpOraM OOIIEro MOJIb30BaHMUSI.

B xoze paccMotpenus npo6aeM 6e3011acHOCTH
nepeayn JaHHbIX 0003Ha4YeHbI OCHOBHbIE HAIPAB-
JICHHs1, KOTOPbIE HEOOXOMMO YUeCTh IIPH MTPOEK-
THPOBAaHWH M CO3JIAHUM CHUCTEM, TaKue Kak 0e3-
OIacHOCTh cOOpa, Iepeaaur 1 00padOTKH JTaHHBIX
cucremamu bTC, ayreHrndpuxauus BoguTeNs,
0e301acHOCTb NPH Nepe/iaue JaHHbIX JJOPOXKHOH
UHPPACTPYKTYPOId.

B pesyusbrare nzyueHust npoodieMbl CKOPOCTH
nepegayn JAaHHBIX MPOBEICHO CpaBHEHHE Mapa-
MeTpoB TexHosoruit 4G u 5G. I3 nanHorO Ccpas-
HEHUS MOXKHO CJeNlaTh BBIBOJ, YTO pealu3alus
TexHosoruu 5G Mo3BOJUT ClIeNaTh MEpBbIE AT



B OpraHU3al{H [PoLecca HKCIUTyaTaluy O0JIbILIO-
ro konruyectBa BTC kak enuHOTr0 3IeMeHTa TpaHe-
nopTHOW MHPpacTpykTypsl ropona CaHKT-
[erepOypr.

B pamkax peiicTByroumeil HOpMaTUBHO-
TEXHUYECKOH 0a3bl M3y4yeHbl NEHCTBYIONIME Ha
CETO/IHSIIHMUH JIEHb JIOKYMEHTbI, C(hOPMYITHPOBAHBI
OCHOBHBIE BOIIPOCHI, KOTOPbIE HE YPETrYJIUPOBAHBI
B 3aKOHOJIaTeIbHO-HOPMATHBHOM Oa3e. PaccmoTpe-
Ha 1pobiieMa OTBETCTBEHHOCTH YYaCTHHKOB JI0-
POXKHOTO JIBHIKEHHS, KOTOPYIO HEOOXOAMMO pac-
IPOCTPaHUTh HE Toiabko Ha Biazensina bTC, HoO
U Ha JPYTUX YYaCTHUKOB IIpoLecca. M3ydeH Borpoc
0e30MacHOCTH Nepeiavy JaHHbIX, a TAKKE [epe/a-
4¥ JIaHHBIX TpeThbUM Jiniam. [Ipopaborans! Borl-
pOCHl ajanTalluyd OTpacield, CONYTCTBYIOLUX
npoueccy BHeapenust BTC, a Takke HTUKH B IpH-
HATHH PELICHUS] IIPOrPaMMHBIM O0ecreueHneM
BTC B xputnueckoii cutyanuu. IIpuBeneHsl pexo-
MEH/IALMH 110 BBISBICHHBIM ITpO0IeMaM.
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AHHOTALUA

AxkmusHoe npeobpa3ogaHue mpaHcnopmHbIx ces3eli u nepe-
pacnpederieHus 2py30nomoko8 mpebyem UHMEHCUBHO20 OC80EHUS
HOBbIX NePCNEKMUBHBIX HanPasIeHul MmpaHCNOPMUPOBKU 2py308.
Heobxodumo 3adelicmgogamb Cywiecmsyowue mpaHcnopmHo-
mexHomnoauyeckue cucmems! ¢ paspabomkoli Meponpusmud no
NOBBILEHUK NPOU3BOOUMENTBHOCMU U CHUXEHUIO HENPOU38o0-
CmeeHHbIX pacx0008. [JaHHbil nodxod npedycmampueaem nogb-
WeHue aghehekmugHOCMU hYHKULOHUPOBAHUST MPaHCNOPMHO-10-
aucmuyeckol cucmems|.

Lenbto cmambu siensromes uccnedosaHue, paspabomka u 0b-
0CHOBaHUE MpPaHCNOPMHO-MEXHOMO2UYECKUX KOMNITeKcos 1S 3ep-
HOBbIX 2PY308 U UX OMOENbHb X, HAUBONEE 3HAYUMb X 3TIEMEHMOS.

OpeaHusayusi nepeso3ok pasnu4HbIX 2py308 C y4Emom na-
pamempos NOOBLXHO20 COCMaga, Nepezpy304HO20 U cknadckoeo
o6opydosaHus umeem onpedensouiee 3HaveHue 8 onpedeneHuu
3hchekmugHOCMU MPaHCNOPMHO-MEXHOM02UYECKUX CXEM.

B cmambe paccmMampusaemcsi pa3pabomanHas mexHo-
f102us1 NPOA8UXEHUS MamepuanbHo20 NOMoKa om 2py300m-

npasumens K 2py3ononyyamento, no3gonswwas npedocma-
8UMb NoMyyamenam epy3 8 3apaHee 0603Ha4YeHHOE 8pems C
COXpaHeHUeM Ka4eCmeeHHbIX U KONTUYeCMEEHHbIX Xapakme-
pucmuk. MccnedosaHue pbiHka nepeso3ok 3epPHO8LIX 2py308
nosgonuno cdenams 3aknyeHue o saxHocmu 0na ecell
mexHonoauu onepayull no 3agpy3ke, 8bi2py3Ke U 8PEMEHHO-
My XPaHEeHUH.

[MpednoxeHa UHHOBAUUOHHas KOHCMPYKUUS Kacca byHkep-
HbIX ycmpouicms, Komopas CyWecmseeHHo pacwupsem ux ¢hyHK-
YuoHanbHoCMb, pa3pabomaHa mexHonoausi pabombi NPUMEHU-
MerbHO K 36PHOBbIM 2py3am.

BbinonHeHa paboma no usy4eHuto U MoOeuposaHuto npo-
Ueccos, NPoXOOAUX 8 NEPCNEKMUBHOL KOHCMPYKUUU OYHKEPHO-
20 ycmpoticmea ¢ y4émom ¢hu3uyecKuX U MexaHU4YecKuXx ceolicma
paccmampugaembix 2py308. OnpedesneHb! U uccnedosaHb! 0CHOS-
Hble napamempa! U ¢hakmopbI, CMeneHb UX 8USHUST Ha 3ghehek-
MUBHOCMb €20 (hyHKUUOHUPOBAHUS Ha Imanax 3aepy3Ku, XxpaHe-
HUS U 8bl2pY3KU.

Knioyesbie crioga: 36pHO8bIE 2py3bl, MPaHCNOPMHO-CKITA0CKUE KOMNTIEKChI, GYHKED, XpaHUMUWa, 382py3Ka, XDaHeHUe, pasepysKa.

lna uumuposanus: [leHucos B. B., KoHoHos . W., Tpycos M. B. YnpagneHue npoueccamu 3a2pysku, XpaHeHUsi U 8biepy3Ku
3epHO8bIX 2py308 8 MpPaHCNOPMHO-cKnadckux komnnekcax // Mup mpancnopma. 2022. T. 20. Ne 2 (99). C. 60-65. DOI: https://doi.
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MonHbIli mekecm cmambu Ha aH2nulickoM si3bIke ny6nukyemcsi 0 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

OO0BEMBI TIEpEeBO3KH CHITyYnX Tpy30B B Poc-
CHUH C KaXXJIbIM TOJIOM YBEJIWYHBAIOTCA. DTO
JOCTHTAETCS 32 CUET Pa3sBUTHUSI KOMIUIEKCHOTO
00CITy’KMBaHMS TPY300TIPABUTEINEH H ITOBBIIIIC-
HUSI Ka9eCTBA MEPEBO30K, OJHOM U3 pelIaeMbIX
TIPU 3TOM B c(hepe TPaHCIIOPTHO-TOTUCTHUYECKIX
YCIIYT 3aJa4 SBJISIETCS TAKXKE MPUBICUCHNE HO-
BBIX KJIMEHTOB. [0 mporHo3am, B Omrpkaiimiee
BpEMs TTEPEBO3KH TOJIBKO KEJIE3HOTOPOKHBIM
TpaHcriopToM yBennuarcs Ha 30 %, Hampumep,
MIEPEeBO3Ka XUMHIECKUX U MUHEPAIIBHBIX Y/100-
pernii k 2025 roxy yBennuutcst Ha 44,4 % 1o
85,5 MJIH TOHH, 3€pHOBBIX I'py30B Ha 22 % 10
140 MuH TOHH 1 .o .

Ha >xene3H010posKHBIX My TSIX OOIIETO MOJTh-
3oBanwus, Hartpumep, OAO «PXX]]», Ha rpy30BBIX
TEpMUHAJIAX TPENOCTABISAIOTCS Pa3THIHBIC
yCIyTH: apeHaa CKJAJ0B, MOTPY30YHO-
pa3rpy3o4Hble pabOTHl C TapHO-MITYYHBIMHU
Tpy3aMH, ¢ KOHTEHHEPaMH, C TSKEITOBECHBIMH,
CO IEOHEM H T. 1., O4NCTKA M IPOMBIBKA BATOHOB/
KOHTEHHEPOB, a TaK)Ke BPEMEHHOE XpaHCHHE
TOBAapOB IOl TAMOKCHHBIM KOHTposeM. Jliis
pacmmpenust cepbl KOMITTIEKCHOH TpaHCHIOpT-
HO-JIOTHCTHYECKON JESITEILHOCTH HEOOXOANMO
OCYIIECTBIIATH U IepepadOTKy 36PHOBBIX TPY30B,
JUISL 3TOTO HYKHO YCTaHOBUTH TPAaHCIOPTHO-
CKJIaJICKFIe KOMIUIEKCHI (371€BaTOPHI), B 000PYHO-
BaHME KOTOPBIX BXOIAT OyHKEPHI U CHIIOCHL.

3apyOeKHBIC HCCIIEIOBATENN TAKKE YIACTISIOT
BHUMaHHE 3TOMY BOTIPOCY, B TOM YHCJIE U B KOH-
TEKCTE JIESITEIbHOCTH BUJIOB TPAHCIIOPTA, BBIJIE-
JSIsT B PA3NWYHBIX acleKTax POJb JKENE3HOMO-
POKHBIX TIepeBo3unKoB (Hampumep? ). CGop
3EPHOBBIX I'PY30B OCYIIECTBISIETCS B OIpE/e-
JNEHHBIA NIEPUOJ BPEMEHH, a MEPEBO3SITCS OHU
Kpyriblid roa. st KpaTKOBPEMEHHOTO WU
JIOJITOCPOYHOTO XPAHEHNUS HCTIOB3YIOT OYHKEPBI
W CHJIOCHI, KOTOPBIE TOJDKHBI CTAOMIBHO (QYHK-

! Muncensxo3: BeiiiTn Kk 2025 roxy Ha 140 MuH TOHH

3epHOBBIX — BIIOJIHE peajbHas 3ajgada // Finmarket.Ru,
07.02.2020. [Onexrponnsrii pecypc]: http://www.finmarket.
ru/news/5167151. Joctyn 19.01.2022.

2 Frittelli, John V. Grain Transport: Modal Trends and
Infrastructure Implications. CRS Report for Congress,
January 5, 2005, pp. 9-10. [DnexkTpoHHBIH pecypc]:
https://www.everycrsreport.com/files/20050105 _RL32720
e3fc321b404da603d95f0e2fe799a64a9dd6d770.pdf. HJoctyn
19.01.2022.

3 Pittman, R., Jandova, M., Krol, M., Nekrasenko, L.,
Paleta, T. The Effectiveness of EC Policies to Move Freight
from Road to Rail: Evidence from CEE Grain Markets.
Research in Transportation Business & Management,
Vol. 37, December 2020, article 100482. DOI: https://doi.
org/10.1016/j.rtbm.2020.100482.

VI Al [ NO )} D D

[[HOHUPOBATh U 00ECIICYNBATH CBOCBPEMEHHYO
n OecriepeOOHHYIO OTPY3KY 3€pPHOBBIX TPY30B
B TOJIBHKHOM COCTaB?.

Jli1st 9TOr0 HEOOXOAMMO, YTOOBI CKIAACKHE
KOMIUIEKCHI (TIpU4éM He TOJIBKO TPAHCIIOPTHO-
CKITaJICKHE) OTBEYAITH OTIPEICIEHHBIM MTPABUAIAM
(mampumep® > ¢ [1]) u ycnoBusM: o6paboTka
3CPHOBBIX I'PY30B JOJKHA OBITH MOJIHOCTHIO
ABTOMATH3MPOBaHa, a TAKKe 00eCIeYnBaInCh
Ka4CCTBCHHAA U KOJIMYCCTBECHHAsA COXPAaHHOCTDb
3epPHOBOTO TPy3a, CAHUTAPHO-TUTHCHUYIECKAS
00paboTka, 3ammTa OT IPOHUKHOBEHUS IPhI3Y-
HOB ¥ ntull (Hanpumep, [2-3]).

Ha ocHoBe Tpyn0B poccuiickux u 3apy0ex-
HBIX Y4YEHBIX ObuIa pa3paboraHa cxema TpaHC-
MOPTHO-CKIIAICKAX KOMIUIEKCOB JUTsl 3€PHOBBIX
rpy3oB (puc. 1) [4; 5].

Tpancnoptro-ckinaackue komruiekces (TCK)
JUTSL 36PHOBBIX TPY30B MOAPA3ICISIOTCS Ha TPH
ypoBHs. K mepBoMy ypOBHIO OTHOCSTCS 3aT0TO-
BUTEINIbHBIC TPAHCIIOPTHO-CKIIAICKAEC KOMILICK-
cbl. Ko BTOpOMY ypOBHIO — MPOMEKYTOUYHBIE,
0asicHbIe, IepeBanouHbIe U GoHI0BbIC. K TpeTh-
€My YPOBHIO OTHOCSIT IIOPTOBBIE, PeaTn3aInoH-
HbIC U MPOHU3BOACTBCHHLIC TPAHCIHOPTHO-
CKJIQJICKHE KOMITTIEKCHI.

3aroToBUTENbHBIE TPAHCIIOPTHO-CKIIAICKHE
KOMIUIEKCHI pacrioyiaratorcst BOIM3u pepMepeKkux
XO35MCTB, I/le IPUHUMAIOT 3€PHOBbIE I'DY3bl
¢ noseld, oOpabaTbIBalOT U XpaHAT. Briocien-
CTBUU 3€PHOBBIE I'PY3bl OTIPYKAIOT HA BOJIHBIN
1 JKETIC3HOOPOJKHBIN TPAHCTIOPT U IOCTABIISIOT
B TPAHCIIOPTHO-CKIIAICKHAE KOMILICKCHI BTOPOTO
1 TPETHETO YPOBHS. 3arOTOBUTEIbHBIE KOMILIEK-
cbl o0ecrieynBaloT 00pabOTKy BCEro ypokas
Onaronapsi OOJNBIION BMECTUTEILHOCTH U IIPO-
W3BOAMUTEILHOCTH 000PY/IOBAHMSI.

BasucHbIe TPaHCTIOPTHO-CKITAICKHE KOMIUICK-
CBI PACIONATalOTCsl Ha MEPECEUCHHH BOTHBIX
1 JKEJIe3HOJIOPOXKHBIX My TEH, Ha KEeTE3HOIOPOK-

4 Cwm., Hanp.: White, B. (Kondinin Group). Grain Storage
Facilities. Planning for efficiency and Quality, A Grains
Industry Guide. GRDC, 2012. [DnekTpoHHBIN pecypc]:
https://storedgrain.com.au/grain-storage-facilities/. loctym
19.01.2022.

® National policy on handling, storage and transportation of
foodgrains. Ministry of Consumer Affairs, Food and Public
Distribution (Department of Food and Public Distribution)
New Delhi, the 4™ July 2000. No. TFC-14/99-Vol.III.
Resolution. [Dnexrpounnsiii pecypce]: https:/dfpd.gov.in/
NationalPolicy HST.htm. Toctyn 19.01.2022.

¢ Davis, R., Stafford, R. Feedlot Design and Construction,
30. Grain Storage and Handling. [DnexTpoHHbIi pecypc]:
https://www.mla.com.au/globalassets/mla-corporate/
research-and-development/program-areas/feeding-finishing-
and-nutrition/feedlot-design-manual/030-grain-storage-and-
handling-2016_04_01.pdf. loctyn 19.01.2022.
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Puc. 1. Cxema mpaHcnopmHo-ckadckux KoMnieKkcoe Osi 3epHOBbIX 2py306 [ebINoNnHeHa asmopamu].

HBIX y3JlaX U CIIy’KaT [yl IIOCTOSIHHOM Inepepa-
60TKH 3epHOBBIX Tpy30B. B Takux TCK BrImon-
HSIFOTCSI CIICAYFOIIME OTIepaly: MPUEM 1 OUUCT-
Ka 3€pPHOBBIX I'DY30B, B OCHOBHOM JJIUTEJIBHOE
XpaHeHue, CylIKa U Morpy3Ka Ha TPaHCIIOPT.

JlJist meperpys3Ku ¢ OJHOTO BU/A TPAHCIIOPTa
Ha APYTroil nperHa3HaueHbl NEpPEBATIOUYHbIC
TPAHCIIOPTHO-CKJIAJICKUE KOMIIJIEKCHI, KOTOPLIC
OCHAIIlEHbI 000PY/I0BaHUEM BBICOKOH MTPOHU3BO-
JUTEJIBHOCTH.

Pe3epB 3epHOBBIX I'Py30B 00€CIEUNBAIOT
(hOHI0BBIE TPAHCHIOPTHO-CKIIA/ICKHE KOMILJICKCHI.
Cpok XpaHEeHHs] 3€pPHOBBIX TPy30B COCTABIISIET
3—4 roma, Omaromapsi OUMCTKE, CyIIKE U COXpa-
HEHUIO KauecTBa 3epHOBOTO Tpy3a [6].

IIpou3BoaCTBEHHBIE TPAHCHOPTHO-
CKJIQJICKHE KOMIUIEKCHI PacIipe/IelIsIFoT 3epPHOBbIC
I'Py3Bl MO Pa3IUYHBIM TepepadaThIBAIOIIUM
MPEIIPUATHAM: KOMOUKOPMOBBIM, MYKOMOJIb-
HBIM U T.JI. 36pHOBBIC TPY3bI Ha TPOU3BO/ICTBEH-
HoM TCK xpansTcs 5—6 mecsues.

[TopTOBBIE TPAHCIOPTHO-CKIIAJICKUE KOM-
TUICKCHI MPE€AHA3HAYCHBI I OTIPY3KH 3CPHOBBIX
IPY30B Ha DKCHOPT. 3epPHO Ha TIOPTOBBIE dJIeBa-
TOPBI MOCTYIAET C BOJAHOTO U HKEJIE3HOIOPOIKHO-
ro Tpancrnopra. s obecniedeHns cTabUIbHOI
MOTPY3KH 3€PHOBBIX IPY30B Ha KCHOPT ITOPTO-
Bele TCK HeoOxomumo 00eceunTs HOBEUIINM
TPAHCIIOPTHO-CKJIAJCKUM 000pyaoBaHuem [7].

JI1g mocTaBKHM 3ePHOBBIX IPYy30B MOTpeOHTe-
JISIM MICTIOJTB3YOT peaii3alliOHHbIC TPAHCIIOPT-
HO-CKJIaJICKHe KoMIUTeKkehl. Kak mpaBuio, rpy3
l'IpI/I6I)IBaCT KEIJIC3HOAOPOXKHBIM TPAaHCIIOPTOM
U OTTPY’KaeTCsl Ha aBTOMOOMIIBHBINA TPAHCTIOPT.

TpaHCIIOPTHO-CKIAACKUE KOMIUIEKCHI BCEX
YPOBHE# YaCTUYHO BBINOJIHSIOT (YHKIUH JPY-
TUX TUIIOB KOMIIJICKCOB.
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OCHOBHBIMH JIEMEHTAMU TPAHCIIOPTHO-
CKJIQJICKUX KOMILIEKCOB JUIsi 3€PHOBBIX TPY30B
SIBIISIFOTCS] OYHKEPBI ¥ CUIIOCHI Pa3IMiHOrO Ha3Ha-
yeHust. [IpoOiembl, BO3HHKAIOIIME B HUX: CBOJIO-
o0pasoBaHue, cerperauys, yIIOTHEHHE, CIEKH-
BAEMOCTb U T.JT. DTH IPOOIEMbI HETaTUBHO BIUSIOT
Ha (DYHKIIMOHHPOBaHHE KOMIUIEKCOB [8; 9]. 3a-
JIepIKKa TIOZBM)KHOTO COCTaBa MPH TIOIPY30YHBIX
OTepalUsIX HAIIPSIMYO BIMSIET Ha 000POT BATOHOB.

Llenvio paboThl siBIsieTcsi pa3paboTKa KOH-
CTPYKLMHU OYHKEPHOTrO XpaHWIHIIA, KOTOpas
CMOXKeT 00eCreuuTh CTabMiIbHOE (yHKIIMOHH-
poBaHue EMKOCTH 1 TIO3BOJIUT YCTPAHUTb YILIOT-
HEeHHE 3E€PHOBOTO Ipy3a B Ipollecce 3arpy3Ku
yTEM PaBHOMEPHOTO PacIpe/IeNICHUsI ChIITY4ero
rpy3a 10 CeYCHUI0 EMKOCTH, CBECTH K MUHUMY-
My Cerperamnmio U cBojooOpa3oBaHHUE I'py3a,
o0ecreunTh paBHOMEPHOE JaBJIICHUE BHYTpPHU
€MKOCTH. DTO MMO3BOJIUT PErYJIUPOBATH BBITPY3-
Ky CBIITY4ero rpy3a, a TakxkKe YIyqIInTh Oe301ac-
HOCTb TIPOM3BOJICTBA U €0 3PPEKTUBHOCTD.

PE3YNbTATbI

Ha ocHoBe ananuza 3arpy304HbIX U BBIPY-
304HBIX YCTPOWCTB /I OYHKEPOB M CHIJIOCOB
pa3paboTaHa KOHCTPYKIUA CEKTOPHOTO MYJIBTH-
¢byHkimoHanpHoro oyukepa (puc. 2) [10].

MynbtrdyHKIMOHAIBHBIA OyHKep 1 pasne-
JIEH Ha CEKTOPA C TIOMOLIbIO ep(HOPHUPOBAHHBIX
pemér 2. Peméra ¢ mpsIMOYTOJNIBHBIMH OTBEp-
CTHUSMH PACTIONATAIOTCA MO OMpPeaeIEHHBIM
YIJIOM K TOPU30HTaJIbHOM TUI0CKOCTH. brarona-
ps MacCHBHOMY NpUBONY 4 M3MEHSACTCS yroi
yCTaHOBKM peIET. [IpsAMOyroapHbIe OTBEPCTHS
peleTa pacnoaararoTcs NepHeHIUKYISPHO IBH-
JKEHHIO 36PHOBOTO I'py3a. BrIrpykaercs 3epHo-
BOM Tpy3 depe3 BOPOHKY 3.



MynbTr(yHKIMOHAIBHBII OyHKep paboTaer
cneayroimM obpasom. [lepdopupoBanHbie pe-
ETA BBICTABIISAIOT [10]1 YIVIOM K TOPU30HTAJILHOMN
ockocTH. B riporiecce 3arpy3ku MyinbTUGYHK-
IHOHAJILHOTO OyHKepa 3epHOBOM Ipy3 BCTpeya-
€T Ha CBOEM IIyTH TIEpPBOE PELIETO, KOTOPOE Jie-
JUT 3arpy’kaeMblii MaTepuasi Ha J(Ba MOTOKa,
OJIMH U3 KOTOPBIX CXOJIUT IO PEUIETy, IpYyroi
MIPOXOAUT Y€Pe3 MPAMOYIOIbHBIE OTBEPCTHS U
1ornajaeT Ha BTOPOE PEIIETO, HaxXolslleecs
HIDKE Ha POTHBOIIOJIOKHOW CTEHKe OyHKepa U
T.J. JI0 TIOJIHOM 3arpy3Ku OyHKepa.

XpaHeHHe 3epHOBBIX TPY30B B OyHKepax H
CUJIOCAaX CONPSDKEHO C Pa3INYHBbIMU TPYAHOCTS-
MM, 4aCTh U3 KOTOPBIX YKa3aHa BhIIIE: CBOJ000-
pa3oBaHue, yIUIOTHEHHE, 3aBUCAaHUE, cerpera-
151, HApyLLIEHUE T€OMETPUH BbIITY CKHOM BOPOH-
KM €MKOCTH OT MEXaHMUYECKHX BO3JECHUCTBUUI U
T.JI. DTO HETaTHBHO BJIMSIET Ha pabOTy BCEro
TPaHCIIOPTHO-CKJIA/ICKOTO KOMIUIEKCA.

MHorue yuéHble pa3padarbiBaiv apameTpH-
YyecKre MoJiesin OyHKEpOB B Ipoliecce X (yHK-
MOHHMpOBaHuUs. Ha 0CHOBe JaHHbBIX HCCie0Ba-
HUIl pacCMOTPHUM I[apaMeTPUUECKyI0 MOJEINb
MyIBTH()YHKIIMOHAIBLHOTO OyHKepa (puc. 3).

[Ipouecc paboTsl faHHOTO OyHKEpa HE00X0-
JIIMO Pa3/IeUTh Ha (PyHKIMOHAILHbBIE OJIOKH:

1) BXOmAIMIA TOTOK 3€pHOBOTO Ipy3a (X, );

2) mpouecc pabotsl ephOpUPOBAHHOTO
peera npu 3arpyske (X ¢);

3) pabora neppopUpPOBAHHOIO pelieTa B
Mpolecce XpaHeHUs 3€pPHOBOTO Ipy3a (mex);

4) pabora nepdopupoBaHHOrO peuieTa B
TPOLECCE BBIrPY3KH 3¢pHOBOTO rpy3a (X . );

5) mapameTpbl, BIHSIOIUE HA (YHKI[HOHH-
posanue pabothl Beero Oynkepa (Y ).

OyHKIMOHMPOBaHHE MYIETH(YHKIMOHAIBHO-
ro OyHKepa MOYKHO 3aIMCaTh B CIISAYIOIIEM BUJIE:
Zn¢ = an: {Xsn’Xr{«b’Xnd)x’XndJB’ Y, nB}' 1)

PaccMoTpuM (akTopbl, BIUSIONIME HA BXO/-
HOU MOTOK 3€pHOBOIO Ipy3a:

Xnn :X{Xhm’ stm’ x}mz’ x4en’ x5zm’ x68ﬂ’ x7«n’ x&m}’ (2)
rje X, ~— IPOM3BOAUTENHHOCTH MOAAKOIIETO
yCTpOIiCTBa;

Xan — IJ1o1aab CCYCHUS IOTOKA,

— INIOTHOCTHB IIOTOKA,
— BBICOTA MAaJICHUA,
— BJIQYKHOCTb I'PYy3a;
— coliepKaHue IpUMecei;
— K09 GHULUEHT MapyCHOCTH;
— (pu3nKO-MeXaHWYECKHe CBOWCTBA TPY-

36n
4en
66n
7en

X
X
X56n
X
X
X

8en

30B.
IlepdopupoBanHOE peiieTo, HaXOsCh BHY-
Tpu OyHKepa, TaKKe BIUAET Ha 3arpy3Ky EMKO-
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Puc. 2. MynbmuchyrKkyuoHasnbHbIl 6yHKep [8bINONHEHO asmopaMmu].

oo
Xndx
OeX |<a==
Xnde
IIoB
——-4

I

Puc. 3. Cxema napamempuyeckoli Modenu [8bInosHeHa asmopamu].

crtu. Paccmorpum (akTophl, BIUSIONINE HA
(YHKLIMOHMPOBAHHE PEIIeTa B IPOLIECCE 3arpy3-
KH:

X, =X{x
Xém,[)’ Xrng? Xsngy me/)} 4 3)
I€ X, , — IPOM3BOMTENILHOCTE IIEP(OPHPOBAH-
HOTro pemiera (ueM OOJIbIIe MPOU3BOIUTEINb-
HOCTb, TEM ObICTpee 3arpyxaercsi OyHKep);

X,,, — YCTAHOBKa 1ep(OPUPOBAHHOTO pertie-
Ta (€CIIM yroJl yCTaHOBKH OOJIBILIOH, TO OCHOBHAsI
Macca rpysa CXoIuT C peliera, ecjid yroji ycra-
HOBKH HEOOJIIBINIOW, OCHOBHAs Macca rpysa
ocTagTcs Ha peliere);

Xonpp — KoH(puUrypanus NpoéMOB B pelieTe
(oKa3bIBaeT CyILIECTBEHHOE BIUSIHUE HA TIepeMe-
LIEHHEe Ipy3a, €CIH KOH(PUTYpaLusi OTBEPCTHI
nmeeT GpopMy OKpY>KHOCTH, HEOOXOAUMO BCTPsI-
XHMBaTh PEIETO, a €CM KOH(UTYypalusi OTBEp-
CTHH MMEET MpPSIMOYToJbHYI0 (OopMYy, TO TPYy3
CBOOOJIHO TIPOXOJIUT U CXOAUT I10 PELIETY);

— pa3Mephbl IPOEMOB B pELIETE;

Ingy x2m/)’ x3m[)’ x4n(ﬁ’ x5m/)’

X4m/)
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X;,4 — PA3MEpBI ICPEMBIYCK MEXKLY MPo&Ma-
MM peliera;

Xonpp ~ JIUHAMUYECKUI 110Ka3aTeNb 3aIoJHe-
HUSI IONIEPEYHOT0 CeYeHUsI OyHKepa;

X, — KOMIECTBO nepgoprpOBaHHBIX PEIIET
B OyHKepe (BJIMsET Ha TOPU30HTAILHOE 1 BEPTH-
KaJIbHOE JIaBlieHne B OyHKepe, a TaKKe Ha cerpe-
Taluio rpysa);

Xy~ K03 UIHMEHT yIoTHEHNUS (BIMSET Ha
LIEJIOCTHOCTh YaCTHI] IPy3a);

Xoupp ™~ K03 UIHEHT nCcTIoIb3yeMOoro 00bEMa
(3aBHCHUT OT pa3MepoOB MPOEMOB B pelIeTe).

PaccmoTpeB Bce (akTopbl, KOTOpbIE OKa3bl-
BAaIOT CYIIECTBEHHOE BIMSHHME HA IMPOLECC 3a-
rpy3Ku OyHKepa, HeOOXOAUMO TIOMHHUTb, YTO 3TOT
MPOLIECC BIMSET HA XPAaHEHHE ChIITyYero rpys3a.

dakTopbl, OKa3bIBAIOIIEE BIMSIHIE HA padoTy
nep(OpUPOBAHHOTO PEIIeTa B poIiecce XpaHe-
HUs:

Xnd)x = X{Xm(/;x’ sz/]x’ X3nrﬁx} > 4)
IA€ X, — KONHYEeCTBO MePYOPUPOBAHHBIX pe-
meéT B OyHKepe (BIMSET HA TOPU3OHTAIBHOE U
BEPTHKAJIBHOE JIaBJieHNE B OyHKepe, a TakxKe Ha
cerperarmio rpysa);

Xy — TCOMETPHYCCKHE PAa3MEpPbI IIEpHOpH-
POBAHHOTO pernieTa (eciau MmIomaab pemera oy-
JIeT OOoJIbIlIe YeM TI0JIOBHHA TUIONIA/IH MoTiepey-
HOTO cedeHusi OyHKepa, HO MEHbIIE IUIOIIAIH
MOTIEPEYHOTO CEUCHUs OyHKepa, TO repdopupo-
BaHHBIC PCUICTA MOTYT SABJIATHCA TOYKOM B3au-
MO}IeﬁCTBHﬂ ynpaBisA€MOro ¢BoJga U KOHCTPYK-
1uein OyHkepa, B CBS3U C ATUM MPOIIECC BBITPY3-
K1 OyieT KOHTPOJIHPYEMBIM);

X4 ~ YCTAHOBKA IIEP(OPHPOBAHHOIO peliIe-
Ta 10J] HAKJIOHOM OTHOCHTEIIHO TOPU30HTAIIH.

Kak n3BecTHO, mpoliecc 3arpy3Kku BIHsET Ha
(dyHKIIMOHMpOBaHUE Beero OyHkepa. B nporec-
Ce XpaHEeHUs ChIITY4ero rpy3a BO3HUKAIOT HeXe-
JlaTeNbHBIC SIBICHHMS, TAKHE KaK CBOJI000pa3oBa-
HUEC, 3aBUCAHUC, YIINIIOTHACMOCTD, CE€Tperanusd
celyuero rpysa [11; 12]. 3aBucanue chimydero
rpy3a 4acTo BO3HHMKAET B OyHKEpax C MpsIMO-
yrojbHbIM ceueHueM. CBo000pa3oBaHme 00pa-
3YCTCA B CBA3U C YBEJIMYCHUEM OPHU30HTAJIBHO-
IO JIaBJICHUS] BHYTpH OyHKepa. YIUIOTHSEMOCTh
U Cerperanys ChIIy4yero rpy3a MosBIsIeTCs U3-3a
MOCTOPOHHEH BuOparmu. J[aHHbIC SIBJICHUS He-
TaTUBHO BJIMAIOT Ha BBITPY3KY CBIIIYYCTO I'Py3a
n3 OyHKepa. BeIrpy3ka NpoOUCXOAUT C IMybcalu-
eil, M KauyecTBO rpy3a yXy/IlaeTcs, Tak Kak Ha-
OirofaeTcs paccioeHue rpysa, To eCTh cerpera-
s [13-16].

B mynerrdyHKIIHOHAIEHOM OyHKEpe nepdo-
pUpOBaHHbIE peléra B Mpolecce XpaHeHUs

Vi) \ [ N2 )$

CBIITY4ero rpy3a He U3BJIEKaIOTCsl, CIeA0BaATEb-
HO, OHU SIBJISIFOTCSI OTTOPOH ISt CBOA000pa3oBa-
HUSI, HO JIOCTATOYHO M3MEHHUTh HAKIIOH repdo-
PHPOBAaHHOTO pemieta Ha 1°, CBOM pa3pyIiuTes,
U BBITpy3Ka Oy/IeT MPOXOUTh paBHOMEPHO, 0e3
nynbcauuu. B nmaHHOM cityyae MOKHO Oyner
KOHTPOJMPOBATH MPOUECC BLIIPY3KU CBIITYYCTO
rpy3a [7].

PaccMmoTpuM napaMerpsl, KOTOPbIE BIMSIOT
Ha MPOIECC BBIMPY3KH C UCIIOJIB30BAaHUEM TIep-
(hopupOBaHHOTO pelieTa:

X = X{x
Xénd)B’ x7n(ﬁB’ xan‘)B’ xQnr[m’ xlOl'leB 4 (5)
raeX,,,, — TMHEHHbIE BETUYMHbI OyHKepoB (TIpsi-
MOYTOJIBHOTIO, KPYIJIOTO M KOPBITOOOpa3HOTO
CEUeHHUs);

Xy, — (POPMa HIDKHETO dlIeMeHTa OyHKepa
(BOpOHKN) (MOAETMPYET U YIPaABIIET MPOU3BO-
JIUTEJILHOCTBIO U CBOZ000Pa30BaHUEM);

X, e — YHCIIO BBITPY3HBIX OTBEPCTHH (uem
OoJibllle OTBEPCTH, TEM paBHOMEpHEH Oyzner
BBITPY3Ka);

Xonds — 00J1aCTh pa3MEIICHUS BBITPY3HOTO
OTBEPCTHUSI OTHOCUTEIBLHO OCH OyHKepa;

X5up — YOIl HHKHETO DIICMCHTA OyHKepa
(BOpOHKN);

Xémﬁe — 3aBUCUMOCTD IIOIIAA CCUCHU S 6yH-
Kepa ¥ IUIOLIAaU BBITPY3HOIO OTBEPCTHS,

X;,pe ~ WIAT YCTAHOBKM OT BBITPY3HOTO OTBEP-
CTHS 10 Havaja neppopupoBaHHOIO pelIeTa;

Xgme — PU3MKO-MEXaHHYECKHE CBOHCTBA

nge
3€pHOBOTO T'PYy3a;
X, . — MaTepHhall U3rOTOBJICHUs OYHKEPa;
6

Xj::;g — yCTaHOBKa MepGOPUPOBAHHOTO Pe-
miera (HaKJIoH nepGOpUpOBaHHOTO pelieTa
BIIMSET Ha BBITPY3KY);

Paccmotpum napaMerpsl BIMSHUS IpoLiecca
BBITPY3KHU Ha (DYHKIIMOHUPOBAHUE MYJIBTU(DYHK-
[UOHAJILHOTO OyHKEpa:

V=Y, Y, T, ©)
riae Y, — IpOM3BOJUTENILHOCTH OyHKEpa;

Y, ,— HOCTOSAHHOE MOCTYIIIEHUE B TEXHOJIO-
THYCCKYIO JIMHUIO,

Y, — xoadduuueHT paccioeHus rpysa (ce-

3ne

rperausi).

Ingpw’ xanJB’ x}ndJB’ x4n(/)B’ x5n(}m’

BbIBOAbI

Takum oOpa3oM, mocie paccMOTPEHUS U
OLIGHKH BCeX (aKTOPOB, OKa3bIBAIOLIMX BO3-
JielicTBHE Ha paboTy MyJIbTU(QYHKIMOHAIBHOTO
OyHKepa, OIpe/eeHbl OCHOBHbBIE HapaMeTphbl
Juist pyHKLIMOHUPOBaHUs OyHKepa.

bnaronaps nepdopupoBaHHbIM peléram
MOXKHO PEryJHpoBaTh U KOHTPOJIHNPOBATH IPO-



Lecc 3arpy3Ky, XpaHEHus, a, caMoe IJIaBHOE,
MpoLIeCC BBITPY3KH chlllydero rpysa. Ha npen-
JJaraeMyro0 KOHCTPYKIIMIO MOJy4YeH nareHT PP
[17].
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Omutpuit NEBUH

AHHOTALIUA

B Homepe nybnukyemcs emopasi, 3akmo4umernbHas yacms
cmambu, 8 Komopol npedcmasneHo gudeHue nodxodo8 Kk co-
30aHul0 onmumarbHbIX ycrosuil noe3dHol pabomsi, peaynu-
poBaHUI0 3a2Py3KU COPMUPOBOYHBIX CMaHyul, ux 83aumoded-
CMauIo ¢ 2py308bIMU, NnepepacnpedeneHuto 2py3080l pabomel
U npednazaromcs Umozosble 8b1800b!.

JImumpuit FOpvesuu Jleeun
AO «HUUAC», Mocksa, Poccus.

Mup tpaHcnopra. 2022. T. 20. Ne 2 (99). C. 66-76

—  YnpaBneHue noe3noodpasoBaHuem. YacTb 2

Kak ommeyarock 8 aHHOMayuu K nepeoll yacmu cmambu,
8bIHOCUMbIE Ha 0CHOBE 0606WeHUs Lenoeo psda pesyTbmamos
bornee paHHUX asmopckux uccrnedosaHuli u nybiukayull U eHoBb
cehopMmynuposaHHbIX NpedoxeHul Ha 06CyXOeHUe USMEHEHUs 8
ynpasneHuu noe3doobpa3ogaHuem No38ONIM NPUHUUNUANLHO
No-HOBOMY ONepamusHO PyKo8oOUMb NEPEBO30YHbIM NPOUECCOM.

Kntouesble criosa: xene3Has dopoza, ynpasneHue noe3doobpa3osaHuem, HopMamusHO-mexHonoauyeckue A0KyMeHMbI, Henpo-
u3800UMesbHbIe NOMEPU, ONMUMasbHbIe ycrosus pabomel, ONepamusHoe ynpasneHue Nepeso30yHbIM NPOUECCOM.

Lns yumuposanus: Jlesur []. KO. YnpasneHue noesdoobpasosaHuem. Yacms 2 // Mup mpaxcnopma. 2022. T. 20. Ne 2 (99). C. 66-76.

DOI: https://doi.org/10.30932/1992-3252-2022-20-2-7.

MonHb I mekecm cmambUu Ha aH2nulickoM si3bIke ny6nukyemcsi 0 mopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.



Co3znaHue oNTUMATBHBIX YCJIOBHIi MOE3THOM
padoThI

VYnpasieHue 1moe3000pa3oBaHUEM Tpey-
CMaTpPHUBAET CO3J[AHUE YCJIOBUH, HEOOXOIUMBIX
JUIS BBITIOJTHEHUS! TpaduiKa ABMKEHHsI, KOTOPbIE
BKJTIOYAIOT OIIEHKY HACBIIECHNS YUaCTKOB IT0E3-
JlaMu, TPOTHO3UPOBAHKE TTOIX0/1a TTOE3/I0B, pe-
IIEHHUE 331a9H 110 PETYIHNPOBAHNIO HACBIICHHS
ydacTKa [oe3/1aMu, pa3paboTKy Mep 0 HEAOITY-
IIEHNIO0 W JIMKBUIANINN 3aTOPOB B ABIMIKCHHUH
TI0E3/10B.

B xoze MozpenupoBaHus IIaHa COCTaBOOO-
Pa30BaHUsI MOSBISIETCS BO3MOXKHOCTD YUUTHIBAT
HACBIIIEHHUE YYaCTKOB [T0€371aMH B 3aBUCHMOCTH
OT peXXnMa Toe3IHON paboTs (puc. 4)1.

HopMmanpHBI pexuM Moe3nHOH paboTHI
(puc. 4, obmacts 1) xapakTepu3yeTcs BBITIOIHE-
HHEM HOPMATHBOB rpadyKa ABHKEHHS MOE3/10B.
B ontumansHOM pexxume (puc. 4, obmacts 2)
K TOMY K€ peaTu3yI0TCsl MaKCUMaJIbHBIE pa3Me-
PBI OBIDKEHHS. Y TSDKENEHHBIN pexkuM (puc. 4,
00acTh 3) XapaKTepHu3yeTcs MepeHaCHIIIEHUEM
ydacTka moesfgaMu. B Tsokénom pexnme (puc. 4,
o0acTs 4) IepeHachIIeHNE YIacTKa Moe31aMi
TIPUBOINT K JEPHUIUTY pexKrMa pabOThI TOKOMO-
TUBHBIX OpUTaj 1 HEOOXOAMMOCTH «OpOCaHMD»
M0E3/10B Ha NMPOMEKYTOUHBIX cTaHUMAX. [Ipn
aBapuitHOM pexxume (pruc. 4, 00macTsb 5) nmpexpa-
maeTcs ABMKEHHE MOE3/10B U3-3a OTKAa30B MH-
(pacTpyKTypbl U MOABMKHOTO COCTaBa HJIN
C/IBUTA IPy3a Ha OTKPHITOM ITO/IBUKHOM COCTABE.

B 3aBucHMOCTH OT pesKiMa pabOThI y4aCTKOB
B IIPOLIECCE MOJICIMPOBAHHSI COCTAaBOOOpa30Ba-
HUSI PEIIArOTCs 3a/1a4l YIPaBICHUS TOE3MHON
pabotoif mo obecreueHNIo COOMONEHUS yCcTa-
HOBJIEHHBIX HOPMAaTHBOB IpaduKa JBHKECHUS
1 TIPEIOTBPAIICHHS NT€PEHACHIIIEHHS YIaCTKOB
noe3amu. Co3aaHne 1 o/IepsKaHie ONTHMAITb-
HBIX YCIIOBHH TIO€3/THON PaOOTHI SIBISIETCS OHOMN
13 3aj7ia4 yNpaBICHUs M0€31000pa3oBaHUEM,
C MOMOIIBIO KOTOPOH OyAeT peryinupoBaThCs
HACBIIIEHNE YYaCTKOB ITOE3/IaMH.

YBenuueHue 4ucCiIa MOE3J0B HA y4acTKe
CBEPX MaKCHMAaJbHOTO rpaduka HE TOIBKO HE
CIIOCOOCTBYET YBEJIIMUEHHIO Pa3MEPOB JBHIKE-
HUSI, HO 1 HE TTO3BOJISIET BBINOIHUTH HOPMATHBBI
rpaduka 1 yXymaeT HCI0JIb30BaHHE MTPOITYCK-
HOM cniocobHoCTH y4acTka [20].

VYrpaBineHne HaCBIIIEHUEM YYacTKOB ITOE3-
JIAMH 3aKJIFOYAETCS B HEZOITY IIEHUH HAXOXK ICHHS
Ha y4JacTKe OOJBIIETO YHCiIa MOE3/0B, YeM

! Vcrnosnb3yeTcsi CKBO3HAs HyMepalsi PUCYHKOB, HadaTast
B [IEPBOI1 YaCTH CTaThU.
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MaKCHMaJIbHO OJHOBPEMEHHO JIONYyCKAeTCs.
MaxkcuManbHOE YHCIIO TI0€3/10B, KOTOPOE OTHO-
BPEMEHHO MOXKET HAXOANUTHCS HA y4acTKe, OIpe-
JIeIISIeTCsl BEPTHKAIBHBIM Pa3pe30oM MaKCHMallb-
HOTO Tpaduka ABMIKEHHs. MakcUMalbHBIM
rpa)MKOM ABMIXKEHHS HasbiBaeTcs rpaduk,
B KOTOPOM «HHUTKI TI0€3/10B MIPOJIOKEHBI C MH-
HUMAaJIbHBIMU UHTEepBaiamu [21].

Paccmorpum onpejeneHne MakCUMalibHO-
ro 4Yucia Moe3/i0B, KOTOPOe OAHOBPEMEHHO
MOJXKET HaXOJUThCS Ha ydacTKe HpH Hapas-
JeJbHOM IIByXIyTHOM rpaduke. Ha puc. 5
B IIPSIMOYTOJILHOM TPEYTOJIbHUKE abc HAKIOH
TUIIOTeHY3bI ab («HUTKa» rpaduka) xapakre-
pHU3yeT CKOPOCTH JBH)KEHHSI TI0€3/10B U OIpe-
JessieT ocTpbli yron o. Karer ac coorset-
CTBYET MEXKIIOEe3JHOMYy MHTepBaly. Karer
bc — 1o BEpTUKAIBHOTO pa3pesa, MpUX0/s-
mascs Ha oxue noesn (L,). Tpuronomerpuye-
ckast pyHKIMSI OCTPOro yrja o OTHOLICHHs
IIPOTHBOJIEKAIETO KaTreTa hc K IpuIekKalemMy
ac COOTBETCTBYET TaHreHCy fgo. PenieHue
MPSIMOYTOJILHOTO TPEYTOJIbHHUKA abc HanuuieM
B JKEJIE3HOIOPOXKHBIX 0003HAUCHUSIX:

tgo=L/IH=V,
wmm L, = I « tga,

L,= 21 « tga,

L =n"1I-tga,

. L,
n'=
Itgoc’

WA 7 :I~VX ,

e #n’ — MAaKCHUMaJIbHOE KOJIMYECTBO IMOE3I0B IS
4ETHOTO HAITPABJICHHS;
L, — miHa ydacTka (BEpTHKaIBHBIH pazpes);
1 — MUHMMAJTBbHBIH MEXKITOC3/[HOI HHTEPBAI;
V. — X0/10Bast CKOPOCTb MOE3/I0B.

Puc. 4. Pexxumbi noe3dHol pabombi:
1 - HOpManbHbIU, 2 - onMuUManbHbIU,
3 - ymakenénHbi, 4 — mskénbid,
5- asapuliiHbIli [8bIN0NHEHO agmopom].
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Beprukanssii pazpes
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Puc. 5. ®pacmenm epachuka dewxeHuss YémHbIX Noe300e U MpU2OHOMempUsi 8epMUKanbHO20 pa3pe3a [8bINOIHEHO ag8MopPoM].

PeryaupoBanue 3arpy3Ku cCOpTHPOBOYHBIX
CTaHU U

CoBpeMeHHBIH TEXHOJIIOTHYECKHUIl mpolecc
PabOThI COPTUPOBOYHOM CTAHIIMU COJICPIKUT JBE
COCTABJISIOIIHE: OCIEA0BATEIBHOCTD ONepanuii
Y HOPMBI BPEMEHH Ha MX BBITIONHEHUE. PeanbHast
oreparuBHas paboTa CyIIeCTBEHHO OTIINYACTCs
OT HOPMAaTHBHOIO CYTOYHOTO IUIaHa-rpaduka.
AmHanmi3 npuOBITHS TT0€3/10B Ha COPTUPOBOYHBIC
CTAHIMM 110 YaCOBBIM IIEPUOJAaM CBHUJIETEIb-
CTBYET O 3HAYUTEIHHON BHYTPUCYTOYHON HEPaB-
HoMmepHocTH. Hanpumep, Ha cranumu bekacoso-
Copruposounoe, OpexoBo-3yeBo u CBep/JIOBCK-
CopTHpOBOUHBII Mana3oH KojaeOaHuit mpuobI-
TUs MOT B cBOE BpeMst cocTaBisiTh oT 0 1o 10
noe3/oB B yac. K uemy sto mpusoaut? B otnens-
HBIE MIEPUOIBI N3-32 OTCYTCTBHSI COCTABOB ITPO-
CTanBaeT COPTUPOBOYHASI TOPKA M HEBOCIIOJIHH-
MO TepsieTcs repepabarbiBarolias CIoCOOHOCTb.
B npyroe Bpemsi, B CBsI3M CO CTyIIEHHBIM NPH-
OBITHEM I0E3]10B COCTAaBBl MPOCTAMBAIOT B
OXMJJAHUH POCITyCKa C COPTUPOBOYHOM TOPKH,
W YBEIIMYMBACTCS BPEMsI HAXOXK/ICHHS BaroHOB
Ha cTtaHuuu [22].

Takum 00pazoM, 4TOOBI MakCHMaJbHO HC-
TIOJIE30BATh TIEPEePadaTHIBAIOLIYIO CIIOCOOHOCTh
COPTUPOBOYHOM TOPKHM P MUHUMAaJILHOM Bpe-

Puc. 6. Pexxumbl pabombi cOpmupo8oYHoU cmaHyuu
[ebInonHeHo asmopom].

ViA] | [ N2 | D

MEHH HaXOXK/ICHHS BarOHOB HAa CTAHIIMHU, HEOO-
XOAUMO 3a0JarOBPEMEHHO COMOCTABISITh H
[IPUBOJIUTH B COOTBETCTBHE MOCTYILICHHE MTOE3-
JIOB U [IepepadaThIBAIOILYI0 CIIOCOOHOCTH TOPKH.
TeMm cambIM CO3/1aBaTh U MOJJICP)KUBATEH OTITH-
MallbHbIE YCIOBHUS PabOThl COPTHPOBOYHOU
CTaHIHH.

VYenoBust paboThl COPTUPOBOYHBIX CTAHIUIA
B K&XK/IbIii MOMEHT BPEMEHU XapaKTepU3YIOTCS
PEKUMOM, KOTOPBIN OMpeessieT KOIN4YeCTBEeH-
HBIE U KQYeCTBEHHBIE MTOKA3aTeNN Pa0OThI CTaH-
UK.

Pexxum paboThl COPTHPOBOYHOM CTAHIIMH
3aBUCHT OT 00bEMa 1epepaboTKu BaroHOB, WH-
TEHCUBHOCTH M PABHOMEPHOCTH TO/IX0/1a MT0e3-
JIOB, CBOEBPEMEHHOCTH obecriedeHus: chopMu-
POBaHHBIX COCTABOB JIOKOMOTHBAaMHU, BBIBO3a
MOe3/I0B M OMNpejesieT CBOCBPEMEHHOCTD
npuéMa 1 OTIIPABIICHHUS TIOE3/10B, HATMYHE MEXK-
OIEPAIIMOHHBIX IPOCTOEB BArOHOB.

Hopmansnsrii pexum (puc. 6, ob6macts 1)
XapaKTepU3yeTCsl YCIOBUSIMH pabOThI CTAHIINH,
MIPU KOTOPBIX OTCYTCTBYIOT 3aJIePKKH MOE3/0B
0 HENmpuéMy M MEXOTIepPAIlMOHHbIE MPOCTOU
BaroHOB, COOIOAAIOTCSI HOPMbI Ha BBIMOTHEHHE
TEXHOJIOTHYECKUX OIMEpaluii, ¥ yBEIUICHHE
00bEMa nepepabOTKH PUBOIUT K COKPAIIEHHIO
BpPEMEHH HAXOXK/ICHHMSI BATOHOB Ha cTaHIu. [1pu
HOPMAJILHOM PEKHME, B KOTOPOM HPOUCXOIUT
MOe3/IHasi, COPTUPOBOYHAS U MAHEBPOBast pabo-
Ta, BBIMOJNHIIOTCS rpadUK JBIKESHUS TOE3/I0B,
TEXHOIOTHYECKHUN MPOIEeCC paboThl CTAHIIUK U
CBOEBpPEMEHHAsl MOCTAHOBKA JIOKOMOTHBOB Ha
TEXHUYECKOE 00CTy)KUBAHHUE.

Eciu B HOpMaJIbHOM pexuMe 00ecrieunBa-
€TCsl MUHUMAJIbHOE BPEMsi HAXOXKICHHUSI BATOHOB
Ha CTaHIUU WM MHUHUMAJbHbIE dKCILTyaTald-
OHHBIE 3aTPAThl PU OTCYTCTBHUH 3aJIePIKAHHBIX
MOE3/I0B 10 HENPUEMY, TO TAKOIl PEXKUM Ha3bl-
BaeTCs ONTUMAIBHBIM (pHUC. 6, 001IacTh 2).
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VYrsoxenéHublid pexxum (puc. 6, ooaacts 3)
XapaKTePU3YETCsl YCIOBUSIMHU PaOOTHI CTAHIIHH,
KOTZIa MMEIOTCS MEXKOIEepalMOHHbIE MTPOCTOM,
KOTOPBIE MOT'YT YCYT'YOJISIThCSI HEPaBHOMEPHBIM
MIOAXO/IOM TI0€3710B, HECBOEBPEMEHHBIM 00ecTIe-
YEHUEM COCTABOB JIOKOMOTHBAMU U OTIIpaBJIC-
HHEM CO CTaHLMK. BO3HMKAIOT TIepHoMYeCcKHe
3a/ICP>KKU [10€3/10B 110 HENPUEMY. YBEIIUMUCHUE
00béMa mepepaboTKU BBI3BIBAET BO3pACTaHHE
BPEMCHHU HAXOXJICHUS BArOHOB HAa CTAaHUHU U
9KCITyaTallMOHHBIX pacxonoB. OTKIOHEHHUS
3aTrpar BPEMCHU Ha BBIIIOJIHCHUC TCXHOJIOTHUYC-
CKHUX onepaunﬁ BBI3bIBACT TPYAHOCTHU B TEKYILIEM
IJIaHUPOBAaHUHU pa60TI>I CTaHIIUU.

Tsoxénplii pexxuM (puc. 6, 061acTh 4) xapak-
TEPU3YETCS YBEIIUUYECHUEM MEXKOIIEPALIMOHHBIX
MPOCTOEB, OCTOSHHBIMU 33/IeP’KKaMU 10E3/10B
o HenpuéMy U CoiepIKaHUEeM H30bITKAa BaroH-
HOro napka. Eciiu cBoeBpeMEHHO HE JIMKBH /-
poBarh TSOKENBIA PeXUM PabOTHI CTAHIIMH, TO
Ha4HYT emé OoJIbIlle BO3pACTaTh MEKOIEPaLH-
OHHBIC TPOCTOM, KOJIUYCCTBO U MPOAOJIKUTEIIb-
HOCTb 3a/I€P>KEK I10€3/10B 110 HENIPUEMY, BO3HUK-
HCT HEXBATKa IMOC3/ITHbIX JIOKOMOTHBOB.

3ab1aroBpeMeHHO CO37aBaTh U MOIICPKHU-
BaTh ONTHUMAJIbHBIC YCIOBHUS pabOThI COPTUPO-
BOYHBIX CTAHI[MI MO3BOJISIET TAKOE YIIPABIICHUE
noe3noo0pa3oBaHUEM, KOT/la Ha CTaJAUU MOJe-
JUPOBAHUS TpoIlecca HAKOIUICHUS COCTaBOB
HPUBOSITCS B COOTBETCTBUE IOCTYIUICHUE
M0€3/10B Ha CTAaHLIMSIX Ha3HAUSHMS U Iiepepada-
THIBAIOLIAsl CIIOCOOHOCTh MX COPTHPOBOYHBIX
TOPOK.

B3anmopeiicTBHEe COPTHPOBOYHBIX
U TPY30BBIX CTAHIMIT

OrneparuBHOE yIpaBieHHe 110e31000pa3oBa-
HUEM II03BOJISIET YCTPAHHUTh CYIIECTBYIOIINE
HEJIOCTaTK! B OPraHU3alii MECTHON paboThI 1
o0ecIieyrTh CBOEBPEMEHHBIH T10/1BOJI BATOHOB K
IPY30BBIM CTaHIMSIM. MaKcHMallbHOE HCIIOJb-
30BaHUE [OTPY30YHBIX U BHITPY304HBIX COCO0-
HOCTEW IPpy30BBIX ()POHTOB TOCTUTACTCS, KOT/IA
10CJIe OKOHYaHUsI TPY30BBIX ONEPAaLfii BarOHBI
cpa3y youparoT ¢ rpy30BbIX ()POHTOB U ITOJAIOT
clietytoliye rpynsl Barono. CBOeBpeMeHHOE
HaJIMYUe Ha CTaHIMSX STHX [10/1a4 BArOHOB IS
Irpy30BbIX ()POHTOB M AOJKHO OBITH LIEJIBIO
MecTHOI paboThl. OTCYyTCTBHE BATOHOB HA CTaH-
UM K MOMEHTY I0/Iayl Ha rpy30BOH (GpoHT
HPUBOJIUT K HEBOCIIOJIHUMOH IOTEPE BBI'PY304-
HBIX BO3MOXKHOCTeil. To ecTh oneparuBHOE
yIpaBjeHue 1m0e31000pa30BaHUEM JIOJHKHO
obecrieunBarh HaJMUUe Ha CTAHIMSIX BaroHOB

VI a | NO A 0 b

CBUI \ [BJYIEHNEC - ¥ BAHVEM

JUJI1 CBOEBPEMEHHOM M MOJIHOW MOJa4M UX Ha
Ipy30BbI€ (DPOHTHL. DTH YCIOBUS XapaKTEPUIYIOT
ONTHUMAJIBHBIN PEKHUM PabOTHI IPY30BbIX (pOH-
TOB, TIPH KOTOPBIX PEATU3YIOTCSI MAKCUMAJIbHbBIE
pa3mepsl rpy30Boi padboThl [23].

B maremaTtnueckoil TOCTaHOBKE TaKylo 3a-
Jlady 1esjaecoodpasHo chopMyIupoBaTh B TEp-
MHUHAaX paclpejeseHus IOTOKOB Ha rpadax
(puc. 7). B aTom ciyuae ajgexkBaTHON marema-
TUYECKOI MOJIEIbI0 OpTaHu3ali padoThl C
MECTHBIMH BaroHaMH CJYXXKUT B3BEIICHHBIN
rpag, «BeCOM» BEPILHUH IIEPBOH 10U KOTOPOTO
SIBIISIETCS TIPOTHO3HOE BpPEMsl IIPUOBITHSI Baro-
HOB Ha cTaHuuo. [Ipy 5TOM HymMepanus BepIrH
BO3pACTaeT B TeUEHHE INIAHUPYEMOT'0 Ieproa
(Hampumep, CMEHBI, CYyTOK). «Becomy BepiinH
TpeTbei J1oau rpada sSBISeTCs BpeMsl MMoJa4qu
BaroHOB Ha IPy30BOH ()POHT, KOTOPHIH OIpee-
JISIETCS YaCTHBIM OT JAEJICHHUS MPOJOIKUTEIb-
HOCTH TUIAHUPYEMOTO MEepHOoJia Ha BPEMs BbI-
TIOJIHEHUSI TPY30BbIX orepanuii. CToxacTHyecku
CKJIaJIbIBAIOIIEECs] IPOTHO3HOE NMPHUOBITHE Ba-
TOHOB Ha CTaHIMIO, HE YBS3aHHOE C BBIMOJHE-
HUEM I'Py30BbIX Ollepaluii, He Bceraa odecre-
YHBaET MAaKCUMAJIbHOE HCIIOJIb30BAHUE BHITPY-
304HOI CIIOCOOHOCTH TPYy30BbIX (DPOHTOB, T.€.
4acTh BPEMEHH IOCIEAHHE MPOCTANBAIOT B
OXKHMJIAHUH Pa0OTHI, @ YaCTh BPEMEHH IIPHU CTY-
MIEHHOM NPHOBITHM BaroHbl MPOCTAMBAIOT B
OXHMJaHUU 1ofaqu. J{ist ceoeBpeMeHHOro obec-
neyeHus rpaduka 1mojady BaroHoB Ha rpy30BOi
(POHT CTPOST HCKOMYIO BTOPYIO JI0JIt0 Tpada,
«BECay» BEPILUH KOTOPOI XapaKTepH3yIoT HE00-
XOAMMBbIE MOMEHTBI BPEMEHH IMOCTYIUICHUS
BaroHOB Ha ctaHuuto. [locneqHne MoryT coBra-
JlaTh C MPOTHO3HBIM BPEMEHEM IPU CBOEBpE-
MEHHOM NPHUOBITHHM WM HEOOXoaumo Ooiee
paHHee pUObITHE BarOHOB Ha CTaHIIMIO. B aTOM
Clly4yae «BeC» BEPLIMH (BpeMsi IPUOBITHSI) OlIpe-
JIEJISIETCSl PAa3HOCTBIO BPEMEH I10JIa4¥ BArOHOB
Ha I'py30BOi GPOHT 1o rpaduKy 1 HEOOXOIH-
MBIM Ha BBITIOJIHEHUE TEXHOJOTHYECKUX U Ma-
HEBPOBBIX Ollepaluil.

Takum 00pa3oM, 3a/1a4a OTBICKAHUST «BECOBY
BEpIIMH BTOPOH J10J1M rpada CBOIUTCS K CHHTE-
3MPOBAHUIO JIyT, COSMHSIOIINX BEPLIMHBI pa3-
JIMYHBIX J10Jed Tpada, U BBIYUCICHUIO TIOTOKOB
Ha HHX, YTOOBI peajM30BbIBAIOCH pEIlEHHE
MEX/1y HCTOKaMH (TIPOrHO3HOE MTPUOBITHE BAro-
HOB Ha CTaHIMIO) M CTOKamu rpada (3asBKa Ha
T10/1a4y BaroHOB I10J] BEITPY3KY B IUTAHUPYEMBbIH
MIepUOJT) TPH JIOCTHXKEHUH Ha MHOKECTBE AYT
9TOro rpaga 3KkcTpeMyma QyHKIHOHAA:
F=min{M, P}, 4)
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Taonauna 3

Hcxonnbie 1aHHbIE npumMepa [COCTaBJIeHO aBTOpOM]

IIporuos OuepenHoOCTh 1 2 3 4 5 6 7 8
MPUOBITHSI pHUOBITHSE
BALOHOBIHA Bpewmst 17:30  [21:00 | 2:00 7:00 8:00 10:00 | 11:00 |12:00
CTaHIHIO

Yucao BaroHoB 30 15 10 40 15 20 50 40
Pacrniucanne Howmep nogaun 1 2 3 4 5 6
noga4n ‘famHOB Ha | Bpewmst 20:00 | 0:00 4:00 8:00 12:00 16:00
L e —— T 20 20 40 40 60

rae M — Halmdne MEeCTHBIX BarOHOB ISt KayKI0-
TO TPy30BOTO (PpOHTA;

P — BeIrpy304Hast cmocoOHOCTH TPY30BOTO
(hponTAa.

Jis peanmsanuy GpyHKIMOHANA (4) paccMOT-
PHIM aJITOPHUTM, TIPEIBAPUTEIHHO BBE/IS CIEYIO-
e obo3HaueHus: S — ucTok rpada; T — cTox
rpada; i, j, k — BepImuHBI COOTBETCTBEHHO TIEp-
BOM, BTOPOH 1 TpeTheit noneit rpada; N — motox
BAaTOHOB Ha JIyrax Mex Iy Jonsmu rpada; N —
MPOTHO3HBIN MOTOK MPUOBITHS BaroHOB Ha
cranmuio; N, — MakCMMaJbHOE YHCIIO BaTOHOB
B MOJade Ha TPY30BOW (POHT; t  — TekyIee
BpeMs HamOoJiee MO3THETO TIPUOBITHS BarOHOB
Ha CTaHIHUIO JUTS UCTIONB30BAHMS B OIIPEICIIEH-
HOM mojave Ha TPy30BOH (QpOHT; t — Bpems
TIO/IaY¥ BarOHOB Ha TPY30BOH QpOHT; t  — Tex-
HOJIOTHYECKOE BPEMsI OT MPHOBITHS BATOHOB Ha
CTAHIIHIO JI0 MOJ[a41 Ha TPy30BOH (PPOHT.

ANTOpUTM BBIIOJIHEHUS PACUETOB IPUBOIUT
B YTOPSIIOYEHHOE COCTOSIHUE TTIOTOK MPHOBITHS
BaroHOB Ha CTAHIIMIO C T€M, YTOObI 00EeCIIeUNTh
MaKCHMAaJIbHO BOBMOXKHBIN pa3Mep BBITPY3KH, 1
ompenenser TpeOyeMblid Ut dTOro rpaduk ux
noctymieHns. ONTUMaT-HOMY Tpa(HKy TOCTYTI-
JICHUs] BATOHOB Ha CTAHIIMIO COOTBETCTBYET Ha-
XOXJICHUE «BECOB)» BEPIINH BTOPOH 1o rpada.

AnTOpHTM BBIpaOOTKH TPeOOBaHMIA K TIOCTYTI-
JICHUIO MECTHBIX BATOHOB Ha CTAHIIMIO BBITPY3KH:

1. MMonoxum i =k =1,j=0.

2. Ecmu N, <N, , To unrw Kk 1. 4; ecmu N, =

N, To —Kk 1. 5; ecm, N, > N, TO — K 1I. 3.
3. Beramenmam N, = N, = N, 5 j =] +1; N; =
N t=min {t,t =t 3} k=k+1. Ecmk>k .,

TO WJTH K II. 6, HHAYe — K II. 2.

4. BLI‘I.I/ICJII/IM N, = N]KT - N j=] +.1; N"J =

N,t=min {t;t -t };i=i+1.Ecmmi>1i_,
si? 77k TEXH max
TO WJTH K II. 6, HHAYe — K II. 2.

5. Berauenmum j =j + 1; N, =N, t= min
{t.t —t.):k=k+1.Ecmk>k_,Tounru
K. 6, uHage 1 =1+ 1. Ecom 1 >1__, TO HATH K
. 6, “Ha4ye — K 1I. 2.

6. CocraBisieM rpauk TOCTYIUICHUS Baro-
HOB Ha CTAHIIMAIO ISl BCEX 3HAYeHU 1 U k, tj =
min {t;t —t }.

i’k TeXH

max’

Vi) \ [ N2 E) D

CBWI

Ipumep. OITUMU3UPOBATH IPUOBITHE Baro-
HOB Ha CTaHILMIO JJIsI TPY30BOTO (DPOHTA C BBI-
TPy309HOM CITOCOOHOCTHIO 220 BATOHOB B CYTKH
(puc. 7). Bpemst BRIIOTHEHUS TEXHOIOTHIECKAX
1 MaHEBPOBBIX OIEPALNH OT IPUOBITHS BarOHOB
Ha CTaHIUIO JIO TTOJIa4M Ha TPY30BOU (pOHT 2
gaca. B Tabmmme 3 3amaH mporHo3 mpUOBITHSL
MECTHBIX BaroHOB Ha CTAHIMIO U PACHHCAHMS
TOJjavY¥ Ha TPy30BOi (PPOHT.

OnruMu3anys peAnonaraeMoro HocTyIue-
HUSI MECTHBIX BarOHOB JUIS OT/IEIIBHBIX TPY30BBIX
(poHTOB 00001IaeTCs B TENOM IS CTAHITHA
yuacTtka. C yu€ToM mpociaejOBaHUsS MECTHBIX
BaroHOB JI0 CTAHILMH BBITPY3KH OIpeeIseTcs
HEoOX0ANMOE BpeMsI OTIIPABJICHHS UX C TEXHU-
YecKuX cTaHnui (puc. 8). BosmoxxHOCTH O0ITee
PaHHETO OTIPABJIEHHS MECTHBIX BArOHOB C TEX-
HUYECKON CTAaHIIMH 3aBUCHUT OT ITPOTHO3a BpeMe-
HU npuObITHS Ha He€. [IpoBepka 3aKiouaeTcs B
COTIOCTABJICHUH BPEMEHH, HEOOXOIMMOro Ha
BBINTOJIHEHUE TEXHOJOTMYECKUX OIllepanuii 1o
nepepaboTKe BaroHOB HAa CTAHIIMM W MMEIOIIIe-
TOCs OT MPHUOBITHS 0 OTIpaBieHuUs. B pe3yib-
Tare 3TOM MPOBEPKH BBISBIISIIOTCS] BATOHBI, KOTO-
pble MOTYT OBITH OTIPABICHBI C TEXHHMYECKOH
CTaHIIM paHbIlIe IPOTHO3HOTO BpeMeHu. Jlpy-
THMH CIIOBAaMH, BBISBIIAIOTCS CUTyalllH, KOTJa
MECTHBIE Bar'OHBI IIPOCTANBAIOT HA TEXHUUECKON
CTaHIINH, a B 3TO BPEMsI Ha IPY30BbIX CTAHIIUIX
OTCYTCTBYIOT BaroHbI JUIsl IOIau¥l HA TPY30BbIE
(bpoHTEL

B pesynbrare aBTOMaTH3anuy OepaTuBHOTO
IJIAHUPOBAaHUS MECTHOW M TPy30BOH pabOTHI
pa3pabaTbIBaeTCsl ONEPaTUBHBIN IJIaH pa3Bo3a
MECTHBIX BArOHOB 0 CTAHIMAM U OIAYH UX Ha
rpy30oBbie ppoHTHL. Takol TTaH BKIIIOYAET TeX-
HOJIOTHIO (hOpMUPOBAaHUS U TPapUK IBHKCHHUSI
MI0E3/I0B C MECTHBIMHM BarOHAMHU U TI03BOJISET
KOHTPOJINPOBATH XOJI €T0 BHINOJIHEHHS. BaroHsl,
MIOJJaHHbIC HA T'Py30BbIe ()POHTHI C MOIHBIMU
CPOKaMH Ha BBIITOJHEHHE T'PY30BBIX ONEparui
JI0 KOHIIA CMEHBI WJIN CYTOK, COCTABJISIOT IlIa-
HUPYEMBIH pa3Mep BBITPY3KH 32 COOTBETCTBYIO-
LUH 1epuoj] BpeMeHU. [[onoiHUTEeNbHO OCTY-
MAOIMe B TEYCHHE CYTOK MECTHBIC BAaroHBI
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Puc. 7. [lomokoeasi Modenib onmuMu3ayuu npubbimusi MECMHbIX 8a20HO8 Ha CMaHY UL 8bI2py3KU [8bINONHEHO agmopom].
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Puc. 8. [lomokoeas Modesib ONMuUMU3ayuu OmnpPasIeHusi MECMHbIX 8a20HO8 C MEXHUYECKOU CMaHyuu [8bINOSHEHO agmopom].

HCIIONIb3YIOTCS JIJIsl 3aIIOJIHEHUST HETIOJIHBIX I10-
Jla4 Ha TPY30BBIC (PPOHTHL.

OnepaTuBHOE YIIPaBJICHHUE [T0E31000pa30Ba-
HHEM JaCT BO3MOXKHOCTD 3HAYUTEIIHHO ITOBEICUTH
3 PEeKTUBHOCTh yNIpaBICHUS MEPEBO30UHBIM
MPOLIECCOM 3a CUET IEHCTBUTENILHOTO MEpexoia
OT HH(POPMAITUOHHBIX K YITPABJIFOIIAM aBTOMA-
TU3UPOBAHHBIM CUCTEMAaM.

CpencrBa ynpasJjieHHs
cocTaBooOpa3oBaHueM

MopaenupoBaHue Npouecca HaKOMJICHUS
COCTaBOB PA3IMYHON JUIMHBI M Beca MO3BOJISIET
PperysimpoBaTh MPOJOIKUTETLHOCTD U MOMEHTHI
3aBEpUICHHs HAKOTUICHHSI COCTaBOB.

Ha puc. 9 moka3zano BiIMsIHHE YKCIIa BATOHOB
B OPMHPYEMBIX COCTaBax Ha MapamMeTp HaKoM-
Jenusi, a Ha puc. 10 — BIUSHUE W3MEHEHUs
JUIMHBI cOCTaBa M Ha MMHHUMAJBHBIA pazmep
BaroHOIIOTOKA, KOTOPBIM BBITOIHO BBIJCIATH B
CaMOCTOSATENIbHOE Ha3HAYCHHE.

Hcronb30Banue OTKIOHEHUH OT yCTaHOB-
JICHHOW BEJMYMHBI COCTaBOB MO3BOJISIET pe-
TyJIUpoOBaTh 3aTpaThl BPEMEHH HAKOIJICHUS
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(puc. 11) m mapaMeTpsl HAKOIUIEHUS COCTABOB
(puc. 12).

[Tpu yBenm4eHn# Oy CKaeMBbIX OTKJIOHEHHUH
OT YCT@HOBJICHHOW JUIMHBI COCTABOB COKparia-
IOTCSl 3aTpaTbl BaroHO-4acoB HA HAKOILJICHHE
(puc. 13), npu4yém TeM HHTCHCUBHEE, YeM OO0JTh-
1€ OTKJIOHEHHsS. DTO CBA3aHO C yBEIHUUEHHEM B
Ipolecce HaKOIUICHMS YMClla MHTEpPBaJoOB
MEX1y HaKalIMBaeMbIMH cocTaBaMu (puc. 14)
CpeIHUMH BEJIMUMHAMU 3aMbIKatonieH (puc. 15)
n 3aBepuiatomeii (puc. 16) rpynn Baronos. Ho
COKpallleHUE 3aTpaT BaroHO-4acoB Ha HAKOILIe-
HHE TIPH YBEITMYEHHH JIOITYCKaeMBbIX OTKJIOHEHHUH
OT YCTAHOBJICHHOW JUIMHBI COCTABOB IIPHBOIUT
K pOCTY pa3MepoB IBHKEHUS 103708 (puc. 17),
a 9TO IPH BHICOKOM YPOBHE 3aIlOJHEHHS IMpPO-
ITyCKHOH CIIOCOOHOCTH HAIPaBJICHNUH IIPHUBOUT
K CHIDKCHHIO YY9aCTKOBOU CKopocTH (puc. 18).

B cBs13u ¢ n3MeHEHHEM YCIIOBUH JIBH)KCHHMS
oe3/10B Ha ydacTke (puc. 20) cTano o4eBHIHO,
YTO MPH OTPEAETICHUH JIOMYCKAaeMBIX OTKJIOHE-
HUM OT yCT@HOBJIGHHOH JUTMHBI COCTABOB IPH
(hopMUPOBaHIH MTOE30B HEOOXOMMO COITOCTAB-
JSITH COKpAILCHHE 3aTpaT BaroHO-4acoB Ha Ha-
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Puc. 9. 3agucumocms napamempa HakonnaeHus
¢ om cpedHez0 4uca 8a20H08 M & (hopMUPYeMbIX COCMasax
[ebInonHeHo asmopom].

Puc. 10. 3agucumocmb MUHUMaNbHO20 8a20HONOMOKa, 8bI200H020
0ns epideneHus 8 omdenbHoe HasHaveHue N, om cpedHeeo yucna
8a20HO8 M 8 COCMage [8bINOHEHO a8MOPOM].

Puc. 11. BnusiHue donyckaembIx OMKIOHeHUl om ycmaHoeneHHol
0nuHbI cocmaeos A Ha epemsi HaKonaeHus
t, [ebinonHeHo asmopom].

Puc. 12. Bsaumo3agucumocmb 0onyckaeMbIX OMKIIOHEHUl
om ycmaHoesieHHol OnuHbI cocmasoe A u napamempa
HaKonsneHus ¢ [8bINOTHEHO a8MOPOM].

KOIIJICHUEC C YBCJIMWYCHHUCM BAroHo-41acoB B
JBHOKCHHUHN, a4 TaKKC JIOKOMOTHUBO- U 6p1/1raz[0-
4qacCoB, HpI/IBCI[éHHBIX K CTOMMOCTH 1 BaroHo-
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Puc. 13. BnusiHue donyckaeMbIX OMKIIOHEHU(I oM yCcMaHo81eHHOl
OnuHkl cocmagoe *A Ha 3ampambl 8a20oHo-4acoe HakonneHus N,
[8bInonHeHo asmopom].

Puc. 14. Bzaumo3sasucumocms pazmepa donyckaembIX OMKMOHeHUU
om ycmaHoesieHHoll OnuHbI cocmaeoe *A u donu uHmepeanoe
Mexdy cocmasamu 8 NPoyecce HakonseHus! [8bINOIHEHO agMmopom].

Puc. 15. BnusiHue donyckaembiX OMKIOHEeHUl
om ycmaHosneHHoll AnuHbl cocmagoe A Ha cpedHIoK 8eNuYUHy
3amblikatouwjell 2pynnbi m_ [8bINOTHEHO a8MOPOM].

3am

Puc. 16. BnusiHue donyckaeMbIX OMKIOHEHU( OM ycMaHo81eHHOl
dnuHblI cocmasos A Ha cpedHHoK 8enuYUHY 3agepuwiarowell
2pynnbi m__ [8bIN0OSIHEHO a@mopom].
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rae ANt = Acm — COKpallleHHe 3aTpaT BarOHO-
4acOB Ha HAKOIIJICHUE COCTABOB;

Aty =Aqu /L yBenu4yeHne BpeMEeHH HaX0XKJIe-
HUS [IO€3/10B HA yYaCTKE;
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7 — pa3MepbI JIBIDKCHHUS MTOE3/I0B HA YIaCTKE;
m,— (haxTHYIECKOE YMCIIO0 BAarOHOB B TIOE3/1aX;
Av,, — YMEHBIICHHE y4aCTKOBOH CKOPOCTH

JBIDKEHIS TTOC3/I0B;

L — nnuna yyacrka.

Paccmotpum, HarprmMep, 1es1ecoo0pa3HOCTh
YBEJIMYCHUS JTOMYCKACMbIX OTKJIOHCHHUH OT
YCTaHOBJIEHHOW JUIMHBI cOCTaBOB 50 BaroHOB ¢
+ 1 go £3 npu 3arparax Ha HakomieHue 550
BaroHO-4acoB B CyTKH, pa3Mepax ABIKCHHS Ha
yuactke 80 nmoe3nos, anuHe yyactka 200 kM. [To
rpaduky (puc. 11) ompenemnsiem, 94To 3aTpaThl
BaroHO-4acoOB Ha HAKOIUICHHE COKpATSTCS Ha
7,7 %, unu Ha 42,35 BaroHo-yaca, pa3Mepbl
nmBIbkeHus (puc. 17) yenmuuarcs Ha 7,6 IO€37I0B,
4 9TO BBI30BET YMEHBIIICHUE YIaCTKOBOH CKOPO-
ctu (puc. 3 (2,3)) Ha 2,5 KM/4, T.€. YBEIHIUT
BpeMs HaXOXJCHHUS MOE3I0B Ha ydacTKe Ha
0,19 4. Takum 0Opa3oM, COKpaIeHHE BarOHO-
YaCcOB HAKOTICHHSI COCTAaBOB (Ha 42,35 BaroHo-4)
MIPEBBIIIACT YBEIUICHUEC BPEMECHN HAXOXKICHHUS
BAaroHOB B JIBI)KEHUU Ha 9,5 BaroHo-u. 3HaywuT,
Ha JIaHHOM YYaCTKe [IeIeCO00pa3HO YBEIUIUTh
JIOITyCKaeMbIe OTKJIIOHCHHUSI OT yCTaHOBIICHHOM
JUTMHBI COCTaBOB Ha =3 BaroHa. Eciu sxe ucrob-
30BaHUE MPOIYCKHON CIIOCOOHOCTH JOCTHUIIIO
BBICOKOTO YPOBHSI, IIEJIECO00pa3HO POPMHUPOBATH
COCTaBBI OJTHOBPEMEHHO TOJHBIC IO JJIUHE U
BeCy, YTOOBI HE BBI3BIBATH NABHEHIIICTO YBEIH-
YCHHS Pa3MEPOB JIBIKCHUS TIOE3]I0B.

[Ipu popmupoBaHH COCTABOB U3 IPYKEHBIX
BaroHOB B [IPOIIECCE HAKOTUICHUS Y9aCTBYET BECh
BaroHOIIOTOK JaHHOTO Ha3zHaueHus. OcobeH-
HOCTh (DOPMHUPOBAHUS COCTABOB M3 IOPOIKHIX
BaroHOB — U3BATHE UX B MMPOIECCE HAKOTUICHUS
JUISL TIOTPY3KH Ha CTAHIIUU M TPIIIETAFOIIHX
ydacTkax. Takum oO0pa3oM, rpy30BBIC CTAHIIHH,
KaK TIPaBHJIO, OTIIPABISIOT MEHBIIE ITOPOKHIX
BAaroHOB, YE€M BBITPYKAIOT, 2 TEXHUYCCKHAC —
MEHBIIIE, YeM MOTyJaroT. Ha rpy30BBIX cTaHIIH-
SIX TTapaMeTp HAKOIUICHUS COCTaBOB U3 MTOPOXK-
HHX BAaroHOB C, TIPH OJHOM Ha3HAYEHHH PEKO-
MEH/IOBaJIOCh MPHHUMATH paBHBIM 7. OHAKO Ha
BEJIMYHHY C, BIUSAIOT Pa3MEPBI IPy30BOH padOTHI
Ha ctaHuuu. CyTOYHBIN OPOKHUI BATOHOIIOTOK
N mpesicTaBseT co00# pasHOCTh MEKITY 00BE-
MaMH BBITPY3KH U MOTPY3KH OMPEICIEHHOTO
pona BaroHOB. [103TOMy CyTOYHBII BATOHOTIOTOK,
HanpuMmep, 50 BarOHOB MOXKHO IONyYUTh TPHU
BEITpy3ke 50 BaroHOB, a TaKKe MPHU BEITPY3KE
500 n norpy3ske 450 BaroHoB. 3aTparhl Ha HAKOII-
Jenue B 000omx ciydasx ¢ m =750 =350 aro-
HO-4. O/THAKO B TIEPBOM CIIy4ae CyTOUHBIC 3aTpa-
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Puc. 17. BausiHue donycKkaeMbIX OMKJIC (i om ycmaHc
dnuHbI cocmaeoe *A Ha yucno HakanaugaeMbIX COCMagos
[ebInonHeHo asmopom].

Puc. 18. UsmeHeHue yqacmkoeoa CKopocmu e 3asucumocmu om
pasmepos deuxeHusi 2py308bix N0e3008 [bINOTHEHO agMOpPOM].
THl HA HAKOIUICHHE (AaKTHUUYCCKH COCTABJISIOT
¢m =Nt = 50212 = 600 Barono-u, a BO BTO-
POM — MOXKHO, CKOHLIEHTPUPOBAB MOJBO/I [TOCIIE
BBITPY3KHU TPYII BarOHOB WJIM LENBIX Mapuipy-
TOB, YCKOPUTb MPOLECC HAKOIUIEHHUS B OTHEb-
HBIX CITydasx 10 MUHAMyMa — t, = 1,2 4, n Torza
3aTpaThl Ha HAKOIUICHHUE OYIyT B HECKOJIBKO pa3
MEHBIIE, YeM B MEPBOM Ciy4vae, T.e. N, mptH =

50¢1,2 = 60 BaroHo-u.
B cooTBeTcTBUY C HECOOXOIUMBIM YCIIOBHEM
JUISL MapIIPYTU3ALUK IPU 3HAUSHUH 1T0Ka3aTe-
T, + ZT,‘;” +1,,,, =6 TPUBEIEHHBIX BATOHO-Y/

BAaroOH B NEPBOM Cllydae HEIelIecoo0pa3Ho
MapuIpyTH3UPOBaTh MOPOXKHUH BaroHOIOTOK,
OCKOIBKY 5026 < 600, a BO BTOpOM I1eJ1ec000-
pasHo, Tak kak 506 > 60. CymecTBoBaBIIas
paHee MeTO/IMKa OTpeIeJICHHU 3aTPpaT Ha HAKOII-
JICHWE HE YYMTBIBaJa 3THX 0COOEHHOCTEH 00-
pa3oBaHus IIOPOXKHET0 BaroHonoToka. [Toatomy
B 000MX PACCMOTPEHHBIX CITydasix ObLIO Helle-
necoo0pa3Ho (hOpMHPOBATH MOPOKHUE MapII-
pyThl (506) < 350. CnenoBaTesbHO, BpeMs
HaKOIUICHHsI COCTaBOB M3 MOPOXHUX BAaroHOB
3aBHCHT HE TOJBKO OT BEJIMYUHBI CyTOUYHOTO
BAaroHONOTOKAa, HO U OT Pa3MepoOB TPY30BOU
paboTsl Ha cTanimsX. Ha ocHOBe nccienoBanuii
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Puc. 19. 3agucumocms napamempa HaKONJIEHUS1 COCMas 08
U3 NOPOXHUX 8a20HOE C, OM Pa3Mepos 2py3060ii paboms|
[ebInonHeHo asmopom].

0CcoOeHHOCTEH Ipoliecca HAKOTIEHHSI COCTABOB
U3 MOPOKHHUX BarOHOB OBLITA MOJTy4eHa Gpopmy-
J1a HAaKOTUICHHUSI:
2
NHbIZ - noej tH
¢, = M +0,76e
N

N,
1,338[1+ﬂ]
8bigp m,

Jiist obserueHus €€ mpakTHYECKOro MpuMe-
HeHusi, Ha puc. 19 npejcrasiena rpapuyeckas
3aBUCUMOCTb 3HAUCHUMN napamMeTpa HaKOIUICHUA
MOPOKHUX COCTABOB OT COOTHOIIICHHUS Pa3MEPOB
IPYy30BOii pPabOTHI CTAHIIUIA.

IlepepacnpenesieHue COpTUPOBOYHOIM
padoThI

[Tpu Hanu4uu AucreTyepa Mo OpraHu3aIu
BaroHOMOTOKOB MPY HECOOTBETCTBUM MHTEHCHB-
HOCTH TIOJ[BOJIA TIO€3/I0B U BO3MOYKHOCTH X T1€-
pepabOTKH MOSBUTCS BOBMOKHOCTH BPEMEHHOTO
nepepacrpeiesicHus COPTUPOBOYHOM pabOThI
MEXIY TEeXHUYECKUMHU cTaHuusaMU. [Ipuuém 3to
HECOOTBETCTBUE MOXET BO3HMKHYTH KaK U3-3a
W3MEHCHUS MHTCHCUBHOCTH TIO/IBO/IA TIOE3/I0B K
CTaHIMH, TaK U TiepepadaThIBarOIICHi CrI0COOHO-
ctu. [Tocnemnee MoXeT OBITH BBI3BAHO M3MEHE-
HHUEM YHCIIa HaXOSIIUXCS B Pab0TE COPTHUPOBOY-
HBIX ITyTeH, HECBOEBPEMEHHBIM BEIBO30M ITOE3/10B
CO CTaHIIMH, PEMOHTHBIMU paboTaMK Ha TOPKE U
1.1. [ToTpeOHOCTh Iepepacipee/ieHus: COPTUPO-
BOYHOM pabOThl BOSHUKACT MPHU COCTABICHUH U
KOPPEKTUPOBKE IIIaHa (POPMHUPOBAHHUS MTOC3/IOB,
CMEHHO-CYTOYHOM TUIAaHUPOBAHUU MOE3IHOM
paboThI, PEMOHTHO-CTPOUTEIILHBIX paboTax Ha
CTaHIMAX U IIeperoHax. MeTobl nepepacrpese-
JICHUSI BArOHOIIOTOKOB JIJIsI ATHX 33724 OJIHU U TC
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’Kke. PaccMoTpuM UX Ha ipuMepe peryJupoBaHus
3arpy3Ku TEXHUYECKHX CTaHLII/lﬂ B OII€PATHBHOM
IUIAaHUPOBAHUH MT0E3HOM padoTsl. Crieyer cpa-
3y OTMETHTB, YTO IIPEJIaraeMblii Criocod yMEeHb-
1IeHus1 00bEMa repepadoTKN BArOHOB HA OJTHOM
W3 CTAaHLIUW HE BBI3BIBAET €€ yBEJIMYEHUS Ha Ta-
KyI0 K€ BEJIMYMHY Ha APYrux craHiusax. Kax
NPaBUIIO, 9TO COIPOBOXKIACTCSI CHIKEHHEM 00-
nrero 00béma nepepaboTKH BarOHOB.

CoptupoBouHasi paboTa repepacrpeaeser-
sl 3a CU€T BBIJEJICHUS CTPYH BarOHOIIOTOKOB B
JIONIOJIHUTENbHBIE OoJiee JlalibHUE Ha3HAYCeHUs,
YeM MpeJyCMOTPEHO IIaHOM (hOpMHpOBaHMSL,
00 Tiepepacipe/ielieHs BATOHOB MEX/y Ha-
3HAYEHUSAMH 10e370B. POpMUPOBAHHUE JIOTIOJI-
HHUTENBHBIX 00JIEE JaJIbHUX Ha3HAYCHUH I10€310B
1es1eco00pa3HoO Kak MPU BO3pacTaHUM BaroHO-
noroka (N), obecrneynBaroieM MpeBbILICHNE
9KOHOMHH OT TIPOIyCKa M0e3/10B Oe3 rnepepaboT-
KM Ha TOIMYTHBIX TEXHHYECKUX cTanuusax (7 )
HaJ 3aTparaMy Ha HaKOIUJIEHHE COCTaBOB (Cm),
TaK U IIpH YBEJIMYCHUN Tax B CBA3HU C BO3pOCHINM
00BEMOM NepepabOTKU M COKpAICHUEM 3aTpar
Ha HaKOIUIEHHE COCTABOB NPH CTYIIEHHOM I1O-
CTYIIJICHUU BaroHos. N3menenus MOIIIHOCTH
Cprﬁ BaroHOIIOTOKOB WJIM HOPMATHBOB IlJIaHa
(hopMHUpOBaHUS SABJISIOTCS JOCTATOYHBIM OCHO-
BAaHUEM JJId BBIACJIICHUA JOIIOJIHUTCIIBHBIX Ha-
3HaueHui, korna NoT > cm.

M3meHeHune 3arpy3Ku COpPTHPOBOUHBIX CTaH-
LUH 32 CYET MepepacIpe/IeieHus BATOHOB MEXLY
Ha3HAUYCHHUAIMMU ITIOC310B OCHOBAHO Ha TOM, YTO
CTpYH BaroHOIOTOKOB, BbIACJICHHBIC B CAMOCTOs-
TCJIbHBIC HAa3HAYCHUA, 4aCTO 3HAYUTCIIbHO IIPEC-
BBIIIAIOT AOCTATOYHYIO AJI 3TOTO MUHUMAJIbHYTO
BCJIMYMHY. B 10 *)e BpEMs CMEKHBIM C HUMHU
00J1ee KOPOTKUM CTPYSIM JJIs 1EJIECO00Pa3HOCTH
BBIJICJICHUS B OTACJIbHBIC HA3HAYCHUA HC XBaTa-
€T He3HAuUTEJIbHOro 4Kcia BaroHoB. [loatomy
UX 00BEIUHAIOT C ellé Oosiee KOPOTKMUMU CTPYSi-
MM, ¥ BATOHOIIOTOKH JIOTIOJHUTEIIBHO Nepepada-
TBIBAIOT HAa NOIMMYTHBIX TEXHUYCCKHUX CTAHIUAX.
[Ipu HEOOXOIMMOCTH YMEHbBIIEHHS 3arpy3Ku
MOITYTHBIX TEXHUYCCKUX CTaHHI/Iﬁ TPaH3UTHOCTb
MOE37I0B MOXKET OBITh TIOBBIIIEHA MEepepacIpe-
JICJICHUEM BaroHOB MEXY CMEKHBIMU CTPYSIMHU
BaroHOIIOTOKOB OJiaroziapsi HEKOTOPOMY paszy-
KpyIHEeHHI0 OoJiee NajdbHUX Ha3HAYCHHUH JUIs
HOTOJIHEHUSI KOPOTKUX CTpyd. B obmiem Buje
1es1eco00pa3HOCTh BBIJEJICHUSI B OTACIbHBIC
Ha3HaA4YCHUs Cprﬁ BaroHOITIOTOKOB, ITOIIOJIHAC-
MBIX 32 CU€T 00JIee AaIbHEH CTPYH, OTBEUAOIIICH
JIOCTaTOYHOMY YCJIOBHUIO, OTIpENeNseTcss Hepa-
BCHCTBOM:
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rae N — CTpysi BAarOHOIOTOKA, YIOBICTBOPSIO-
11as J0CTaTOYHOMY YCJIOBUIO;

N, — pasmep cTpyH i, HONOTHAEMOH BATOHAMH
HazHayeHus N e

T, j ~ TonyuaeMas WM JUKBHAMPYeMas
NpUBeIEHHAS SKOHOMUS BATOHO-4ACOB MPHU MTPO-
nycKe BaroHOMoToka i 6e3 mepepaboTKu Ha
CTaHLIUY;

N"' — HENOCTATOK BAarOHOB B CTpye i st
BBINOJIHEHUS JOCTAaTOYHOIO YCIOBHUS;

k — 9HMCIIO JOTIOMHUTEIbHBIX Ha3HAYCHHH
MOE3/10B.

Jl1s1 MOnoNTHEeHUs. MOTYT HCIOIb30BaThCA
CTPyH BarOHOIIOTOKOB, IIEPBOHAYAIBHO YIOBIIE-
TBOPSIIONHE JOCTATOYHOMY YCIOBHIO, HO Y
KOTOPBIX M30BITOK BArOHOB MEHBIIIE HEJIOCTAT-
Ka B CMEKHOH CTpye. ITO OOBSICHICTCS TEM,
YTO YMEHBIIEHHE JaJIbHEN CTPyH BarOHONOTO-
ka N, 1 HONONHEeH!s OMKHEH cTpyH Ha N,""
B JIOCTQTOYHOM YCJIOBUH BBITOJTHOCTH BbIIENIC-
Hus N,

HEO
(N = Ny > % cm,
OZIMHAKOBO BIIMSIET HA N3MEHEHHUE BEIIMIHH TIpa-
BOH M JIEBOM YacTeil HEPABEHCTB, HE MEHsIS UX
COOTHOIIICHHSI.

ITocnenoBarebHOCTD BBINOIHEHHS PACUETOB
TP TIepepacpeeICHUH COPTHPOBOIHON pado-
TBI MEX/Ty TEXHUIECKUMH CTAHIHAMU:

1. BBISBIIAIOT CTpYH BarOHOIIOTOKOB, YJIOBJIE-
TBOPSIOIINE TOCTATOYHOMY YCIIOBHIO, BBIICIICH-
HBIC B TPAH3UTHBIC HA3HAYCHNUS TIOE3/I0B Uepes
paccMarpuBacMyIo CTAHIIHIO.

2. BBISBISIFOT CTPYH BATOHOIIOTOKOB, YIOBIIC-
TBOPSIIOIINE HEOOXOTMMOMY YCIIOBHIO, KOTOPBIC
TI0CJIe MOTIOTHEHHUS CMOTY T ITPOCIIE/IOBATh CTAH-
o 6e3 mepepabdoTKH.

3. U3 cTpy#, yIOBIETBOPSIONINX HEOOXOIH-
MOMY YCIJIOBHIO, BBIJIEIISIFOT TAKUE CMEXKHBIC, C
KOTOPBIMU OOJIeE JAINBHAE CTPYH YIOBIETBOPSIOT
JIOCTaTOYHOMY YCJIOBHIO.

4. 151 cTpy# BaTOHOTIOTOKOB, BBIJICIICHHBIX
COINIACHO 1. 3, HAXOJAT HEAOCTAIOIINE BarOHBI
JUTSL BBITIOJTHEHUS! JOCTaTOYHOTO yCIOBHSL.

5. BrisiBiIeHHBIC B 1. 4 CTPYH, IOTIOTHCHHBIC
HEJIOCTAIOIINM YHCIIOM BarOHOB, IIPOBEPSIIOT Ha
BEITIOTHEHHE JOCTATOYHOTO YCIOBHA (5).
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B kadectBe nH(OpPMAIHOHHOTO Obecreye-
HHS OTIEPATHBHOTO TIepEePACTIPE/ICTICHIS COPTH-
POBOYHOHN pabOTHI MCIOJIB3YETCs 3a0JIaroBpe-
MEHHOE MOJICITUPOBAHHUE MPOIECCa HAKOTIIICHHS
cocTaBoB. PanmoHnansHoe nepepacpeiesicHue
COPTHPOBOYHON PabOTHI CIOCOOCTBYET CO3/1a-
HUIO ONITUMAJIbHBIX YCIOBUN (DYHKIIMOHUPOBA-
HUA YU4aCTKOB U CTaH].IHﬁ, IMOBBINIACT TPAH3UT-
HOCTh BaroHOmoTOKoB. Ilepepacmpenensitsh
COPTHPOBOYHYIO paboTy MEXIy CTaHIIHSIMHU
pPaccMOTPEHHBIM CIOCOOOM MOXKHO KakK MpH
pacuére u KOPPEKTHPOBKE MIaHa (OPMHUPOBa-
HUA, TaK U IIPU ONIEPATUBHOM IIJIAHUPOBAHUU
MOE3/IHO# paboThI, KOT/Ia yXKE BOZHUKIH HIIH
MPOTHO3UPYIOTCS 3aTPYAHCHUSI C TIepepabOTKOM
BaroHoB Ha HEKOTOPBLIX CTAaHLHUAX. Hepﬂou
BPEMEHH, Ha KOTOPBIH mepepacrpeaensercs
COPTHPOBOYHASI pab0Ta, 3aBUCUT OT BO3MOYKHON
NIPOJOJDKUTEIBLHOCTHU IIPOTHO3UPYEMBIX 3aTPY-
HEHUI.

BblBOAbI

[1nanupoBaHue COCTaBOOOPA30BaHUS — KO-
yeBas 3aJa4da ONepaTuBHOTO yNpaBICHUS Mepe-
BO304HBIM IpoueccoM. [loaTomy 3amena mac-
CHUBHOTO, HEYINPABIIEMOro Ipolecca HaKoILIe-
HHUS COCTABOB JUCHETUYEPCKUM YNpPaBICHUEM
10€371000pa30BaHUEeM I103BOJISET JTUKBUIAUPO-
BaTh CYIIECTBYIOILYI0 HEONPENEIEHHOCTh U
CTHUXMHHOCTB DKCIUTyaTallMOHHON PaboThI Ke-
JIE3HBIX JIOPOL.

OneparuBHOE ynpaBieHHe 10e31000pa3oBa-
HUEM T03BOJISICT 3HAYUTENIBHO PACIINPUThH Te-
pedeHb 3aia4, pelaeMbIX MIaHoM (pOpMHUpPOBa-
Hus oe3noB. Kpome ycTaHOBNEHN Ha3HAYCHUS
(OpMHUpYEMBIX 1T0€3/10B, MEPUOANIECKH HEI]-
(heKTHUBHBIX, OPraHU3aIIMs BATOHOIIOTOKOB OIle-
PaTHUBHO aJANTHPYETCs K peanbHOM IKCIUTyaTa-
IIMOHHOII 00CTaHOBKE, 3a0JIarOBPEMEHHO Pery-
JIUPYETCs BpeMs 3aBEpILEHHs] HAKOMJICHUS CO-
CTaBOB B COOTBETCTBHM C OOECIEYCHHEM HX
JIOKOMOTHBAMH M «HUTOK» Tpaduka JABHIKEHUs
M0€3/1aMH, [IPEI0CTaBIISIETCS UCXOAHAsI HH(POP-
Manus A8 ONTUMHU3AIUH HCIIOIB30BaHUs TO-
€3JIHBIX JIOKOMOTHBOB, PETyIHPYETCsl HaChIIIe-
HHUE y4acTKOB MOE€3/laMH U COAep)KaHUe BaroH-
HBIX MapKOB HA CTAHLUAX.

OrnpeneneHsl XapakKTEepUCTUKUA ONTHMAb-
HBIX YCJIOBUU padOThl Y4acTKOB M CTaHIIHIl.
[IporuosupoBaHue pesxnuma paboThl y4acTKOB U
CTAHIUIl TO3BOJSET C TOMOIIBIO YIPABICHUS
10e3/1000pa3oBaHKeM co3/1aBaTh Haubosuee -
(beKTHUBHBIE YCIIOBHS MOE3IHOM U COPTHPOBOY-
HOH paboTHI.
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Juist ynpaBieHus 1moe3goo0pa3oBaHHEM
MPELYCMOTPEHEI MEPOIIPHUATHS JUCIIETYEPCKOTO
BO3IEHCTBHS, TO3BOJISIOIINE BIUATh H OIIperie-
TATH 3G PEKTUBHOCTH IEPEBO30YHOTO ITPOIIecca.
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MaTemaTnyeckue MeToAbl NPOBEPKKU AOCTOBEPHOCTH
AaHHbIX 0 HAAEXHOCTM TOKOMOTUBOB,
WX JKCMAyaTaumu N TeXHUYECKOM 00CNyXUBaHMN

Wrops NTAKUH Bukrop MEJTbHUKOB

AHHOTALINA

Llenbto cmameu si8nisemcs onucaHue npednazaemozo asmo-
pamu memoda KOHMPOs1 00CMOBEPHOCMU UCXOOHbIX OaHHbIX Onst
ynpaesnieHus Ha0éXHOCMbi0 OKOMOMUBO8 U JIOKOMOMUBHbIM
xossticmeom & yesom. [MokasaHo, Ymo 8epOSMHOCMHO-Cmamu-
cmuyeckue MemodbI A8NSHMCS 0CHOBOL Meopuu 8apuabensHo-
cmu npednpusimus 308apda Jemurza, no3gonstowell ynpagnsms
Kkadecmeom npodykuyuu npednpusmull, 8KITKYas Ux Ha0EXHOCMb.

B npakmuke xene3Ho00poXHO20 mpaHcnopma U J10Komo-
MUBHO20 KOMNIeKca UCNonb3yemble cpedHecmamucmuyeckue
OaHHble Ha npakmuke He A8nAoMcs 00HOPOOHBIMU, YmO & no-
nNynspHbIX U30aHUAX NPUHSMO Ha3bieame «cpedHell memnepamy-
poli no bonbHuUye». OOHOPoOHOCMb OaHHbIX onpedensiemcs ux
YHUMOOaIbHOCMbI0, M.e. Hanu4uem 8 85160pKe 00H020 Npoyecca.
HeydauHoe chopmuposaHue ebibopku npusodum k eé bumodars-
Hocmu u Oaxe MynbmumodansHOCMU.

Memodom uccrnedosaHusi, npedno)eHHbIM 8 cCmambe, S6/s-
emcs NposepKa Ha yHUMOanbHOCMb UCXOOHbIX OaHHbIX Ha OCHO-
8aHuu cnedcmeus 3akoHa bonbWUX YUCES, Co2nacHo KOmopomy
npu ysenu4yeHuu Yucsa daHHbIX 00HOPOOHKIe 8bI6OPKU CMpemMsm-
s K 00HOMY U3 3aKOHO8 pacnpedeneHus cry4alHoU 8enUYUHbI:
HOPMarnbHOMY, SKCNOHEHUUanbHoMY, 1102HOPMarnbHoMY unu Opy-
20My u3gecmHomy 3akoHy. CnedosamenbHo, mobas yHuModasnb-
Hasi 8b160pka Oo/mKHa coomeemcmeogams KpUMePUIo co2nacus,
8 kayecmee Komopo2o 8 cmambe npedazaemcs UCNob308amb

Hzopv Hzopesuu Jlakun?,
Bukmop Anexcanoposuu Menvrnukos®

"AO «Tpancmawxonounzy (TMX), Mocksa, Poccusi.
2000 «Knosep I pynny, Mockea, Poccus.

04 i lakin@tmholding.ru.

04 2 Lordson@yandex.ru.

kpumeputi [upcona («xu-kea0pam», x?). YHumodanbHocmb daH-
HbIX npednazaemcs OUeHU8amMb Yepe3 8eposMHOCMb coomeem-
cmeusi ebIbpaHHOMy Onsi pacCMOMPEHUs 3aKoHy pacnpedeneHus
cny4aliHol 8enuyuHbl, cyumas docmamoyHol 8epPOSIMHOCMb
6onee 0,3 (30 %).

Ha npumepe 0aHHbIX 3KCnyamayuu 10KOMOmMUBO8 U OaHHbIX
60pmOo8bIX MUKPONPOUECCOPHBIX CUCMEM NnoKa3aHb! OaHHble,
Kkomopsle delicmaumesnbHO He Mo2ym Bbimb YHUMOOAbHBIMU, U
YKa3aHo Ha Hanuyue 0aHHbIX, MpeByoWuxX UsMeHeHUs npasun
¢hopmuposaHust 8bI60PKU 0151 AoCMUXKEHUs YHUMOOanbHOCMU.
Hanpumep, npu paccmomperuu cpedHecymoyHbIx npobe2os no-
KOMOMUBO8 N0 CepusiM N0 KOHKPemHbIM deno npunucku npu
yyacmuu 8 00HoM 8ude 0BUXEHUS (MasucmparbHoe 0BUXEHUE,
8bIB03HAsA LU MaHesposas paboma) docmueaemcs UX yHUMO-
OanbHocmb. [lonkimka ykpynHUMb OaHHble (83AMb HECKOMbKO
cepull, HECKOMbKO NOMU20HO8 U Ap.) npusodum K nomepe yHUMo-
OanbHocmu.

B cmamebe paccmompeHa yHumoOabHocmb 0aHHbIX 6opmo-
8bIX MUKPONPOLECCOpHbIX cucmem ynpasnerus MCY-TI menno-
80308 cepuu 2TI116Y. Oxudaemoe 8pems pabomsi N0 NO3ULUSM
KOHMPONépa MawuHUCMa 0Ka3anochb OMHOCAWUMCS K My/bmu-
M0odarnbHbIM OaHHbIM. HeoxudaHHO yHUMOarbHbIM OKa3arcsi Mok
MA208bIX dnekmpodeu2amenell He3agucumo om xo0080Li NO3uYuU
KOHmMponnepa MawuHucma.

Kntoyesbie crosa: xene3HoOopoxHbIL mpaHcnopm, 10KOMOMUBhkI, HaOEXHOCMb, nposepka A0CMO8EPHOCMU.

[Lna yumuposanus: Jlaku Y. U., MenbHukos B. A. Mamemamuyeckue memodsi nposepku docmosepHocmu 0aHHbIX 0 HaOEXHOCMU

JIOKOMOMUBO8, UX 3KCNnmyamayuu u mexHuyeckom obenyxusanuu // Mup mpaxcnopma. 2022. T. 20. Ne 2 (99). C. 77-82. DOI: https://

doi.org/10.30932/1992-3252-2022-20-2-8.

MonHbIl mekecm cmambUu Ha aH2nulickoM si3bIKe, ny6IuKkyemcs: 80 8mopoli Yyacmu aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

3amaua HaAy4YHOW OpraHU3AINK POU3BO-
CTBa, YIIPaBJICHHUS KAYE€CTBOM TEXHOJIOTMIECKUX
MIPOIECCOB BIIEPBBIC ObUIA pelIcHa B KOHIE
XIX — B Hauane XX BekoB Openepukom Teitno-
pom [1]. B magame XX Beka IpUHIHIEI YIIPaB-
JICHUSI Ka9€CTBOM MPOYKIUH 1 e€ cedecTONMO-
CTBIO HAyYHO U IpakTUuecku pa3sui [enpu ['ant
(manboree M3BECTHA «IUarpaMMa ['aHTa, XOTsI
3TO /IaJIEKO HE €INHCTBEHHAS M HE OCHOBHAS €10
pa3pabotka). KauecTBeHHO HOBBII 3Tam yIpaB-
JIEHUs NIPOU3BOJICTBOM B cepeauHe XX Beka
cBsi3aH ¢ MeHamu Yonrepa llyxapra u DnaBap-
na JleMuHra, KOTOpHIE BBEJIN B MEHEIKMEHT
00513aTeTBHOCTH PUMEHEHHS TPUHIINTIA TOCTO-
saHorO yiyurenus (uukia PDCA). Tpuanvas
332 OCHOBY TE3HC O TIOCTOSHHON M3MEHUYHBOCTH
MIPOM3BOACTBEHHON cuTyanuu, J. JleMuHr pas-
BUJI TEOPHUIO BapHaOEIbHOCTH TPEATIPUATHH,
C/ieNaB MPAKTUKY TPUMEHEHHUS! BEPOSITHOCTHO-
CTaTHCTHUYECKUX METOIOB B yIIPABICHUH 00s13a-
TenpHOM [1].

PazBuTHe Teopun O. JleMuHTa IPUMEHHUTEITh-
HO K OT€YECTBEHHOMY JIOKOMOTHBHOMY KOMILITEK-
Cy BO BTOpOW mojioBUHE XX BEKa BBITOIHUI
BBIJAIOIIUICS YUEHBIM, JOKTOP TEXHUYECKHUX
Hayk (n.T.H.), mpodeccop Urops IleTpoBuy
HWcaes, KOTOpBIN HE TOJIBKO aJalTUPOBAII MaTe-
MaTHYECKUH ammapar K yCJIOBUSM TPaHCIOPTa,
HO U TIPAaKTUIECKU PEATN30Baj CUCTEMY B JIOKO-
MOTUBHOM Jieno «Peioroe» [2]. W. I1. Mcaes
pa3paboTasl TEOPHIO TPUMEHEHHS BEPOSITHOCT-
HO-CTaTUCTUYECKUX METOJIOB B HCCIICIOBAHUN
Ha/I&KHOCTH JTOKOMOTHBOB, KOTOpasi pa3BUBa-
JIach €r0 yYeHWKaMH W TociemoBaresivu [3].
BeposiTHOCTHO-CTAaTHCTHYECKUE METO/BI CTAIIH
00s13aTeTHHO YacThi0 yaeOHOTO Tporecca [4].

CoBpeMEHHBIH 3Taln pa3BUTHS TEOPUU Ha-
IEKHOCTH JIOKOMOTHBOB CBSI3aH C Pa3BUTHEM
cpencTB BeMUCTUTENbHON TexHUKH (IT-TexHo-
noruii). [Tox pyxoBoacTBoM 1. T.H. Urops Kamm-
TOHOBHMYA JIakMHa CO3/1aHa aBTOMAaTH3NPOBAaHHAS
cuctema ynpasineHus (ACY) JTOKOMOTHBHEIM
xo3siicTBoM (ACVYT) [5] — ocHOBa CHCTEMBI
yIpaBJIeHUS JOKOMOTUBHBIM KoMIurekcoM OAO
«PXX». Kak passutne ACYT U. K. JlakuabIM
u ero yuaeHukamu cozgana ACY TeXHHIECKOTO
obcmyxuBanus 1 pemonTa (TOuP) mokomoTHBOB
—ACY «Ceregoii rpadux» (ACY CI') s ynpas-
neans TOWP B 85 cepBHUCHBIX TOKOMOTHBHBIX
nero rpynnel komnanui «JlokoTex» [6; 7].
B ACY CT' uHKancynupoBaHEI HaydHBIE ITOJIO-
JKeHHsI MEHEDKMeHTa KauecTsa, Lean Production,
TQM u gp. [13—15], B pe3yasTare IOATOTOBICHO

VI |

IATh KaHAWJATCKUX AUCCEPTAlMi U OfHA JIOK-
TOpCKasl.

C urons 2014 rona OAO «PX]» nepemnwno
Ha cepBHCHYIO cucteMy TOuP 10kOMOTHBOB,
IpU KOTOPOI CepBUCHBIE KOMIIAaHUM (TpesacTa-
BUTENH 3aBOJOB-U3TOTOBUTEINIEH) MONTYyUYaroT
0X0/1 (BBIPYYKY) HE 3a BBINOJHCHHBIH 00bEM
TOwuP, a 3a none3Hslii npober JOKOMOTHBOB
(py6./xm). [IpeaycMOTpEH MOHMKAFOIIUI KO3(-
(bunmenT, eciiv He o0ecIieyeH 3aaHHbIi B JI0T0-
BOPE CEPBUCHOTO OOCIY)KMBaHHsI YPOBEHb Ha-
né&xnoctu (SLA). Bee BHOBB mokynaembie OAO
«PXK]JI» noxomMoTHBBEI TIoCTaBjst0TCsS 110 KoH-
TpakTy >xu3HeHHoro nukia (KXKLI), rme ycra-
HOBJICHBI D0JIee CTpOrue TpeOOBaHUs K HaIEK-
HOCTHU JIOKOMOTUBOB. Omnpenenuts Ha 40 ner
Briepén 3arparsl Ha TOuP — Tpyanas 3amaqa.
[epexon ot GromketHOI popmbl omnarsr TOuP
k KXKL] Tpebyer npumMeHeHHs BEpPOSITHOCTHO-
CTaTUCTUYECKUX METO0B: HEOOXOIUMO ITPOTHO-
3upoBaTth 006éM TOUP kak B paMkax MIaHOBO-
npelynpeIuTebHON CUCTEeMBl, TaK U I
CBEPXLMKJIOBBIX HEMJIAHOBBIX paboT 13-3a OTKa-
30B, HEOOXOIMMOCTH MOIEPHU3AIMH U 1p. Bo3-
pacTaer poib BapHaTUBHBIX METOJOB YIIpaBie-
HUSL.

B nponecce skcmimyaTanuy J0KOMOTHBOB,
BBITIOJIHEHHAS! UMU paboTa (B T*kM, KBTeu, MiiH
KM U Jp.) Gukcupyercs B MHOOPMAIMOHHBIX
cucteMax OAO «PX» [5]. OnqHoBpeMeHHO
B OOpPTOBBIX MUKPOIIPOLIECCOPHBIX CHCTEMax
ynpagienust (MCY) nokomotnBa 1o uHpopma-
MU C JIATYUKOB PETHCTPUpPYyETCst HH(GOpMALHs
0 pexXnMax paboThl 000PY0BaHHS, IIPOM3BOHT-
Csl TEXHUYECKOE TUarHoctupoBanue [6; 7]. Dra
uH(OpMaIYsl SBISIETCS UCXOAHON VISl OpraHu-
3anun TOUP kak miiaHOBO-NIpeyIpeIUTENbHOTO
C JIEMEHTaMU NTPETUKTUBHOTO PEMOHTA (C yué-
TOM (hPaKTHYECKOTO TEXHMYECKOIO COCTOSIHUS
JIOKOMOTHBOB, BBIMIOJIHEHHON UMHU pabOTBHI).

IIpu 3axo0/1e TOKOMOTHBA B CEPBUCHOE JIOKO-
motusHoe aeno (CJII) na TOuP BemmonuseTcs
aHAJIN3 HAKOTUIEHHOH B IIPOLIECCEe IKCILTyaTalluH
uH(OpMaLUH, TPOU3BOIUTCS JIOTIOIHUTEIBHOE
JUarHOCTUPOBAHME MPHU TOMOIIH MEPEHOCHBIX
U CTAlMOHAPHBIX CHCTEM (BUOPOIMArHOCTHUPO-
BaHue, u3MepeHue npopuiis OaHnaxa, namepe-
HHUE CONPOTHUBIICHUS H30JIALUH U Ap.). Mcromns-
3YIOTCSI TAKKE PE3YJIbTaThl BU3YaJIbHOIO OCMOT-
pa, 3aMe4YaHus MAIlIMHUCTA U3 OOPTOBOTO XKyp-
Hana. Bcs mHpopmamus cobupaercs
B 3JICKTPOHHOM JIMarHOCTUYECKOU KapTe, KOTO-
past ABJIseTCS OCHOBAHHEM JJid Ha3HAuCHUS
CBEPXIMKIIOBBIX PabOT AJIsl yCTPaHEHUsI OTKA30B
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Puc. 1. llpumep pacnpedeneHusi MEXPEMOHMHO20 nNpobeza, MbIC. KM (CmMonbybl — hakmuyeckue 0aHHbIe,
2pacghuk — meopemuyeckoe pacnpedesieHue).

1 MIPENOTKA3HBIX cocTosHUN. Ha kakmyro mua-
HOBYIO M CBEPXIIMKJIOBYIO paOOTY BBIUCHIBACT-
Cs1 2JIEKTPOHHBIH Hapsil, B KOTOPOM (DPUKCHPYIOT-
Csl TPYZIO3aTPATHI, TOTYYEHHbIC CO CKJIaa MaTe-
PpHaIIBI ¥ 3aITaCHBIE YacTH, a B OY/IyIIIeM — HCTIONb-
30BaHHBIM npu TOuP wuHCTpyMeHT
n obopynoBanue. Peructpupyercst mpocToit Jo-
KOMOTHBA Ha Pa3INYHBIX orepanusix. B pesynb-
Tare B npolecce skcruryaraunn u TOuP nokomo-
THBOB (DOPMHPYETCS KOMIUIEKCHas 0a3a JaHHBIX
Ha TPOTSHKEHNH BCETO )KU3HEHHOTO IHKJIA JIOKO-
MOTHBOB 110 0€30yMaKHOH TEXHOIOTHH. BaxkHo,
YTO JTaHHBIC SIBIISIFOTCS PE3YIBTATOM ITPOLIECCOB
skcrutyaraid 1 TOuP, a He BBOISTCS BpyUHYIO.

Wndopmanust >KN3HEHHOTO IHKJIA JTOKOMO-
THBOB HY)XHA HE TOJIBKO JJISI YIPABICHHUS ITPO-
HU3BOACTBEHHbIMU Tpouieccamu TOuP, Ho u asis
a"anm3a 3 (GEeKTHBHOCTH OpraHU3aINH SKCILTya-
taiuu 1 TOuP noxomoruBoB. CoBpeMeHHas
nHTeporepadensHas cucremMa ACY KOHCTpyH-
pOBaHMsl, MPOU3BOACTBA, HKCIUTyarauuu 1 TOuP
JIOKOMOTHBOB CO3/1aET OONIBIION 00BEM JAaHHBIX
(Big Data), ananms KoToporo He BO3MOXKEH 0e3
MIPOTPaMMHUPYEMBIX allTOPUTMOB aHanu3a. Ho
ABTOMATH3MPOBaHHAs 00pabOTKA JTAHHBIX IMEET
PHCK TOITyYCHHUS JIOXKHBIX 3aKITFOUCHHH.

Mapxk TBen B kHuTe «[TaBBI MOEH Ouorpa-
(um» MponnTHPOBAI MPEMbEepP-MUHUCTpA Benn-
koOputanun «CyIecTBYIOT TPH BHJAA JIKU:
JIO’Kb, HaTJ1ast IOKb ¥ CTAaTUCTHKAY». DTO ITHUPOKO
M3BECTHOE BBIPAXKEHHE MOTIEPKUBACT HATMIHE
pHCKOB TIpY (POPMAIEHOI MaTeMaTHIeCKOH 00-
pabotke naHHBIX. OIWH U3 HUX M3BECTEH Kak
«CpEeAHss TEMIIepaTypa 1o OOJBEHHIIE): CMEIIIH-
BaHME Pa3sHOPOAHBIX AaHHBIX. Co cpenHel TeM-
rieparypoii ommoka oueBuaHa. B mpakTuke jo-
KOMOTHBHOTO KOMIIJIEKCA YacTO IOJIb3YIOTCS
yCpenHEHHBIMH 3HAYCHHUSIMH JUTS OLICHKH 3 dex-
TUBHOCTH 3Kcruryataiuu 1 TOuP 10koMOTHBOB:
y4acTKOBasi CKOPOCTb, BpeMs npoctost Ha TOuP

VIO NS

AKVAWI AV BV ETTEAVKOB IO BARIVI ATEMATNYCCKNEIVIE

AEKHY VIt ABOBMNXIOK! /araanmmn

Gl

1 €ro OXHJaHWH, MHTCHCUBHOCTH OTKAa30B IO
BHUIaM 000py0BaHus, HEOOXOTMMas IEPHOAN-
HOocTh TOUWP mo Bumam obopymoBaHuS W IIp.
ITpoBepka Ha YHUMOAAIBHOCTH NPH 3TOM HE
nponsBogutcs. [loaTomy, yenvio MPOBOIUMOTO
HCCIIEI0BaHNs PAOOTHI SIBIISIETCS ABTOMATH3AIIHS
Iporecca MPOBEPKH CTATHCTHYECKUX JTAHHBIX
Ha JJOCTOBEPHOCTb.

B kauecTBe memooa ncenaenoBanus BEIOpaHa
MIPOBEPKA PACTIPEICIICHNST UCCIIEAyEeMON BEIH-
YMHBI HA YHUMOAAJIBHOCTh, KOTOPasi BO3MOYKHA
0 CBOMCTBY 3aKoHa OONBINUX wuceln [4]: mpu
YBEIMUYCHNHT BEIOOPKH BEPOSITHOCTD TTOSBIICHUS
TOTO WJIM WHOTO 3HAYCHUS NMPUOIMKACTCA
K yCTOHYMBOMY 3HAUCHHIO.

PE3YNbTATbI

YHUMOATBHBINA TPOIECC MPHHUMACT BU]I
CTaH/IAPTHOTO PACTIPEICIICHUS CITyYaifHOW BEIH-
YUHBL: HOPMAJTBHOTO, SKCIIOHCHIINAIBHOTO, JIOT-
HOPMAJIFHOTO WU JIP.: OIICHUTH YHIMOIAITBHOCTh
MOKHO TT0 KPHUTEPHIO COTTIACHSI IPOBEPKH THITOTE3.
PaccmoTpum mpuMmep pacripeneneHus mpodera
mokomotrBa L mexxay TP-1 (puc. 1 u Tadm. 1).

CdopmMupoBaHO YeThIpe BEIOOPKH C OMHA-
KOBOI TIPOTIOPITHEN pacipeneNieHus, HO C pas3-
TUYHBIM guciioM maHHBEIX N = {100, 1000,
10000, 100 000} . Y pactipeneneHU OIHAKOBOE
MaTreMaTHIeCKOE OXKUaHNE Ln = 50,12 TBIC. KM
U TIOYTH OJIMHAKOBOE CPEIHEKBAAPATUIHOE OT-
KioHenue o, [4]:

1
L=y ML, e)
1 &
G, = 72(1’” _Lni)z ) (2)
N, T

e L, — MaTeMaTHI€ECKOE 0KMIAHUE BBIOOPKH 71
€ N = {100, 1000, 10 000, 100 000},

L,,—i-iiipoGer Be16OpKHM 11 € N= {100, 1000,
10 000, 100 000};

BEPRKW BCPDH!

NYECRKOMID0 FKNBaRNN



80

Ta6auua 1

IIpumeps! pacnipeaejeHnii Me;KPEMOHTHOTO MPodera [BbINOJIHEHA ABTOpPaMH]|

i L, O65ém BBIOOpKHN (hakTHuecknii N Teopernueckuit 066EM BbIOOPKH N,

TBIC. KM

100 (1000 |10 000 100 000 f(Li) 100 1000 |10 000 100 000

1 |43 1 10 100 1 000 0,0040 0 4 40 395
2 |44 1 10 100 1000 0,0102 1 10 102 1024
3 |45 2 20 200 2 000 0,0230 2 23 230 2298
4 |46 3 30 300 3 000 0,0446 4 45 446 4 465
5 |47 7 70 700 7000 0,0751 8 75 751 7513
6 |48 11 110 1100 11 000 0,1095 11 110 1095 10951
7 149 15 150 1500 15000 0,1382 14 138 1382 13 823
8 |50 18 180 1800 18 000 0,1511 15 151 1511 15 111
9 |51 15 150 1500 15000 0,1431 14 143 1431 14 308
10 |52 11 110 1100 11 000 0,1173 12 117 1173 11733
11 |53 7 70 700 7000 0,0833 8 83 833 8333
12 |54 4 40 400 4 000 0,0513 5 51 513 5126
13 |55 2 20 200 2 000 0,0273 3 27 273 2731
14 |56 1 10 100 1 000 0,0126 1 13 126 1260
15 |57 1 10 100 1 000 0,0050 1 5 50 503
16 |58 1 10 100 1 000 0,0017 0 2 17 174

L, 50,12 50,12 |50,12 50,12

G 2,64 2,63 2,62 2,6

Tadauna 2
BeposiTHOCTH COOTBETCTBHSI HOPMAJIBLHOMY 3aKOHY IO )? [BBINOIHEHA aBTOPaMHu|
O6BEM BBIOOPKHN (hakTHuecKnii N

N, 100 1 000 10 000 100 000
1 7 73 732 7325
P, 0,3 0 0 0

N, —MaKkCHMAaJIbHO€ YHCIIO IAHHBIX B BEIOOP-
KeneN.

[To xpureputo cormacus [Tupcona BeIIHCIS-
eTCs «XHU-KBAIpaT» x> , JUISL KQKJI0H BEIOOPKH 71
eN:

No(L, - L

XZ _ Z ‘meopi )2
n 2

i=1 ‘meopi

G3)
e LTeopi — TEOPETUYECKOE YUCIIO MTONaJaHNul B
JMana3oH AJIs1 HOPMAJIbHOTO 3aKOHA pacmpesie-
JICHUSI CITy4aifHON BETMYMHBI, BBIYUCIISIEMYIO IO
(hyHKINH TUTOTHOCTH pactpenesieHus fx [4] (cm.
Taom. 1):

xn2

Ly = [ f(x)dx.

xnl

(4)

BeposiTHOCTE COOTBETCTBHS HOPMAJIbHOMY
3aKoHy P, onpenensiercs mo tadmuue [upcona.
B Tabx. 2 mpuBeneHsl pe3yiabTaThl pacuéra:
ToibKO U1t N = 100 ecTh 3HauMMast BEPOSITHOCTh
COOTBETCTBHS HOPMAILHOMY 3aKoHy P, = 0,3.

YeTbIpe OMHAKOBBIX PACTIPEICTICHHS HMEIOT
COBEPIICHHO PA3HYI0 BEPOSTHOCTH COOTBET-
CTBHS 3aKOHY: BEPOSITHOCTh COOTBETCTBHS Kpaii-

Vi OdHY NS )

ARMTA W1 AV 38VI ETTBHNKOBID

Hd A EKH 1 KOMOTHNBOB MM XIO K /d

AWMVIdATEMATNYECKNERIVIE

ANV

HE 9yBCTBUTENbHA K 006EMY BRIOOPKH. B mpak-
THKE JIOKOMOTHBHOT'O X0351iiCTBa BBIOOPKH BCETIa
OyayT pazHOTO 00BEMa W 3aUTyMIIEHHBIE JaXKe
pu GompIINX BRIOOpKax. OpHeHTAIMsI Ha MH-
HUMAJIBHYIO W3 HUX CHH3UT O0BEM ITOJIE3HOMH
nHpopmarun. Kpurepwii [lupcona s pexrrBeH
1 4yBCTBHUTEJICH IS CTPOrO YHHMOJAIbHBIX
BBIOOPOK U 11 nHKancysimun B ACY He mox-
XOJIHT.

PaccMoTpeHHBIi TprMep NPOBEPEH 1O KPU-
teputo cornacusi Komvoropoa—CmupHoOBa, co-
ITIACHO KOTOPOMY HaJl0 HAalTH MaKCHMaJIbHOE
pasnuuue (HaKTHIECKOTo L =1 TEOPETHYECKOTO
mei pacupeneneHui:
Amax - Max(fd)i _fTi)’
e f¢>i =N,/N;

fl‘i = NTi /N, v

N, —4ucio (haKTHYECKUX MOTIaJaHu| B THA-
T1a30H I;

N — pa3Mep SMIHUPHYECKON BBIOOPKH;

N_ — 4UCII0 TEOPETHYECKUX ITONAJAHUK B
JMAma3oH i;

N, — pa3Mep KOHTPOIbHOH BeIOOpKH (N, = N).

)

o)

BEPRKN IO BEPH! AIdHABIX

CEXHNYCCROMIOOC yRNBaHV
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Puc. 2. PacnpedeneHue epemeHu pabomsi Y mennogo3a no no3uyusiM [8bINOTHEHO agmopamu].

Tabnuna 3
BeposiTHOCT COOTBETCTBHsI HOPMAJILHOMY 3aKoHy 110 D, [BbIno/IHeHa aBTOpamu]
N 100 1000 10000 100000
A, 0,029 0,029 0,029 0,029
D 0,2910 0,9139 2,8885 9,1341
P 0,9999 0,3791 0,00000018 0
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Puc. 3. Pacnpedenerue moka T3[] y mennogo3oe cepuu 2T3116Y [ebinonHeHo asmopamu].

Janee ciexyer paccuurarh rnokaszarenb D,
KOTOPBIN /TSI HOPMAJIBHOTO 3aKOHA:
D,=A,, * @W*-0,01+085/N"). (6)

B 1abn. 3 npuBeneHs! pe3yasTarhl pacuéra:
IIPY YBEITMUCHUU BBHIOOPKH BEPOSTHOCTH COOT-
BETCTBHSI yMEHBIIACTCS MEJICHHEE, YeM IO
kputeputo cortacus ITupcona: mpu BeIOOpKax
menee 1000 nmpoBepka yHumonansHocTH 1mo D 6
s deKTuBHA.

[TpoBepka yHIMOIAILHOCTH IAHHBIX BHEZIPE-
Ha aBTOPaMH B IIPAKTUKY UX padboTel. [TpuBeném
MIPUMEPHI TTOJYIEHHBIX HA TIPAKTUKE JaHHBIX.

OnuH 13 BaKHBIX IOKa3aTesei dKCILTyara-
LIUH JIOKOMOTHUBOB — CPEIHSIS y4acTKOBasl CKO-
pOCTh IBIDKCHMS. AHaJN3 TaHHBIX OOPTOBBIX
MHKPOIPOIECCOPHBIX CHUCTEM YIpaBICHUS
(MCY) nokazan HaIm4ne Kak MHUHHUMYM JBYX
NuKoB. Hampumep, y TENI0BO30B CEpUH
2T3116Y na OKTAOpHCKOH K. /1. €CTh TPH MTHKA —
B auanaszoHax 18-25 xm/4, 3441 km/4 u 50—

VINPRIPAACTIOP T UZZ 38 B URINO R MDD | ¥4

| ARMTAWI VI 3VIETTBANKOBID|

HaZCAHOCIVMEFIOROMOIVMBOBMV XIDRCIYdLdUVn

ANVIdTEMJTNSECKNCIVMETON

CEXHVHECROMIDOC

57 km/4, Ha [IpuBoImKCKO# — 1Ba: 42—49 KM/4 1
58-65 xm/4, Ha CBepATIOBCKOI K. 11.: 263 1 kM/4,
68—73 xM/4.

WHTepecHble TaHHBIE TOJyYEHBI aBTOpaMu
1o paboTe IU3eNb-TeHepaTOPHO yCTaHOBKH
TeroBo3oB cepun 2TD116Y 3a 3164 cyTok
sKcIuTyaTanuu (paccMorpeno 120 ceximi 10Ko-
MOTHBOB Ha TPEX ITOJIMTOHAX SKCIUTyaTallln).
Pacnipenenenue BpeMeHU paOOTHI 10 MO3HIHSM
0)KHJAaEMO 0Ka3aJ0Ch MYJIbTUMOJAJIbHBIM
(puc. 2), HO TP 3TOM TOK TATOBBIX AJIEKTPOIBH-
raresyei OKa3aJicsi yHUMOAAIbHBIM (puc. 3).

B 3axiroueHnH ciemyeT OTMETHTb, YTO aHAJIN3
MHPOBBIX ITyOJIMKAIMH TOKa3bIBAET, 4TO B CTATH-
CTUYECKHX MaTepHaax 1o >KeJIe3HOIOPOKHOMY
TPAHCIIOPTY YACISACTCS HEIOCTATOYHO BHUMAHUS
MIPOBEPKE YHUMOAILHOCTH JAAHHBIX, YTO CHIDKA-
€T UX JOCTOBepHOCTH [8—12]. OmHako B 1eoM
3a/1a4e MPOBEPKH JJOCTOBEPHOCTH IAHHBIX ITOCBSI-
IeHo OoJbIoe Yucio myomukanuii [ 13—15].

(BT TPOBEPRKNIIOCTOBE PHOCTNINAHHBIX

YAV BARAVN
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BbIBOAbI

1. ABTomaruzamusi mporecca ynpaBJIeHUs
JKU3HEHHBIM ITHKJIOM JIOKOMOTHBOB B IIEJIOM H
UX TEXHUYECKUM OOCITYy)KMBAaHHEM W PEMOHTOM
(TOuP) B wacTHOCTH TIO3BOJISCT HHKATICYIHPO-
BaTh B IIPOTPAMMHOE 0OeCIIeIeHIE MaTeMaTHye-
CKHE€ METOABI YNpaBIICHUS, BKIIOUasi BEPOST-
HOCTHO-CTaTUCTUYECKNE COTIIACHO TEOPHHU Ba-
puabensHOCTH DnBapaa emunra.

2. IIpu BEpOSITHOCTHO-CTATUCTHYECKON 00-
paboTKe TaHHBIX 00 IKCILTyaTaIlH TOKOMOTHBOB
n ux TOuP mepen mpuHATHEM YIPaBISAIOMINX
pemieHnii HeoOXOANMO MPOBEPHUTH JaHHBIC Ha
YHAMOJAIBHOCTh KaK IPHHAATICKAIIIE OJHOMY
npoueccy. [Tpn OuMonantbHOM MM MYJIBTHMO-
JTATBHOM TIPOIIECCE TaHHBIE CICAYET pa3/iesiuTh
Ha IPYMITBL, JOOMBIINCH TEM CAMBIM YHUMO/IAITh-
HOCTH.

3. IIpoBepKy Ha yHUMOZAIEHOCTH B aBTOMa-
TU3UPOBAHHBIX cucTeMax ympasieHus (ACY)
MIpeIaracTcsl MPOMU3BOANTE Yepe3 MPOBEPKY
COIVIacHs TUTIOTE3bI 00 YHHMOAAIBHOM pacipe-
JIETICHNH KaK HAJMYUY 3HAYMMOW BEPOSITHOCTH
COOTBETCTBHSI PACIIPE/IEICHHUs] paccMaTpHBac-
MOT0 TTapaMeTpa OJHOMY M3 3aKOHOB pacmpesie-
JIEHUS cily4aiiHOH BennuuHbl. [Ipenqnoyrurens-
HBIM SIBJISIETCS] KpuTepuii cornacusi Konmmoropo-
Ba—CMHpHOBa.

4. KoMIuteKCHBIN aHan3 JaHHBIX HKCILTya-
taruu 1 TOuP mapaMeTpoB mu3enb-reHepaTop-
HBIX YCTAaHOBOK M TSTOBBIX JIEKTPOABHUTATEICH
JIOKOMOTHBOB TTOKa3aJI, 9YTO YHUMOJIAIHOCTBIO
00naiaroT TaHHBIE OTHOM CEepUH JTOKOMOTHBOB
OIIHOTO JIETIO TPHUMUCKH NPH yJaCTHH B OJHOM
BHJIE ABIDKEHUS (MarncTpaibHOE ABIIKCHHE,
BBIBO3HAS WJIM MaHEBpOBas paboTa): MECTHEIC
YCIIOBHSI 3KCIUTyaTaIy, BECOBBIC HOPMBI, ITPO-
(bHITb M CKOPOCTHOW PEXUM HMPUBOIAT K TIOTEPE
YHUMOJATBHOCTH TPH TMOMBITKE 0000MHTH
JTaHHBIE.

5. BrisiBneHHast yHUMOJIaAbHOCTb TOKA TSTO-
BEIX Anektpoasurareneit (TII) TemmoBo30B B
PEKHMME TATH [0 COBOKYITHOCTH PaOOTHI Ha BCEX
TSATOBBIX MO3UIHUSIX AN3ENIb-TEHEPATOPHOH ycTa-
HOBKH TO3BOJISIET YYUTHIBATH 3TOT (akT MpH
koHCTpyHpoBaHuu TI/I.
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Bonpochkl uHTerpaummn TpaHCKOpencKoun
N KOHTUHEHTaNbHOW Xene3HbIX Aopor

Tak Enr A Poman KOPOJlb

AHHOTALINA

B nepuod ¢ 1990-x 2odog [lpasumenscmeo Pecnybnuku
Kopesi npogoduino nnaHoMepHyto nonumuky no 06beduHeHuro
xene3Hblx 0opoe Kopelickozo nomyocmposa 0 opeaHu3ayuu
mpaHcKopelicko2o Xene3Hod0POXHO20 COOBWEHUS C 8bIXOOOM
Ha KOHMUHEHMaIbHYI Xene3HO00POXHYK Cemb, HO maK U He
docmuerio peanuaayuu 3mozo npoekma. Pasnuyusi 8 KOHOMUYe-
cKux cucmemax U uHgbpacmpykmype 08yx cmpaH S8nsmes
cOepxusatowumu chakmopamu ckopeliwell opeaHusayuu TpaHc-
Kopetickoli xene3Hol dopoeu.

B pabome paccMompeHb1 0CHOBHbIe UCMOpUYecKUe nepuodsbl,
ompaxarouyue amank180ccoeduHeHus TpaHckopelickoll xene3Hou
00po2U C 803MOXHOCMbH Op2aHU3ayULU MPaHCKOHMUHEHMAIbHO-
20 xe1e3H000poxKHO20 coobuieHus. Pecnybruke Kopesi nosieneHue
mpaHcKopelickoeo U KOHMUHEHManbHO20 Xene3HOO0POXH020
coobuwjeHus n038oIUM NepeopUEHMUPO8amb KOHMeLUHePONOMoK
C MOPCKO20 U a8MmoMOobUITbHO20 MPaHCNopma Ha Xerne3Hyro 00po-
2y 8 HanpasneHuu «A3usi — Eeponay, 4mo 3Ha4umerbHo yckopum
u cOenaem 6onee cmabusbHol docmasky mosapos. [1poeHo3upye-
Mbili 0b6bem koHmeliHeponomoka k 2040 200y mexdy Kopeeli

Trx Ene Jlu ', Poman I'puzopvesuu Kopons?

1.2 lanbnesocmounwlil 20CyO0apcmeenbiil yHugepcument
nymeti cooowenus, Xabaposck, Poccus.
04 2 kingkhv27@mail.ru.

u Espasueli moxem docmuyb 300 mbicsiy KoHMeliHepos 8 200.
Llenbto 0aHHO20 uccrnedosaHus A8MISiemces aHanu3 CoCMOosHUS,
npobnem u meHdeHyull opeaHusayuu TpaHckopelickoll xene3Houl
0opoau ¢ nepcnekmusHbIM 8b1X000M Ha MPaHCNOPMHY0 Cemb
a3uamcKo-muX00KeaHCKo20 peauoHa. B daHHom uccnedosaHuu
npumeHsiomes Memodb! aHarnu3a, CUHMe3a U CPABHEHUSI.

Bo3mMoxHble peweHus no uHmezpayuu TpaHckopelickol u
KOHMUHeHmanbHoU xenesHbix dopoe npedcmasneHbl 8 namu
acnekmax. [JoneocpoyHol nonumuke u nnaHam, cocCmagneHHbIM
Ha 0CHO8e KOHCYNbmauuli pykogodcmea 08yx KOpelicKUX cmpaH,
Heobxoduma noddepxka, Yepe3 ycmaHogneHue UHMepecos
mex0yHapoOHbIX opeaHu3ayuli u cocedHUX cmpaH. YcuneHue u
passumue xene3HodopoxHoUl uHgpacmpykmypbl KHLP eo3mox-
HO € NOMOWbI0 COBMECMHBIX npoekmog ¢ Pecnybrniukoli Kopesi u
epaHudawumu cmpaHamu. Co3daHue mpaHCKOHMUHeHManbHoU
XenesHol dopoeu U paspabomka MexHOMo2uU yCKOPEHHO20
maMOXeHHO20 nponycka KoHmelHepog nozsonum cmpaHam Ko-
pelicko2o hoyocmposa 8bIUMuU Ha HO8bIl ypo8eHb nonumuye-
CK020 U 3KOHOMUYECK020 CompyOHUYecmea.

Kniouesble criosa: TpaHckopelickasi XenesHas dopoea, KOHMUHeHManbHasi xenea+asi dopoza, mpaHcnopmHasi UHgpacmpykmypa

KHAP u Pecnybnuku Kopes.

[ns uumupogarus: Jlu T. E., Kopons P. I. Bonpocs! uimezpayuu TpaHckopelickol u KoHmuHeHmanbHoU xenesHbix dopoe // Mup
mpaHcnopma. 2022. T. 20. Ne 2 (99). C. 83-92. DOI: https://doi.org/10.30932/1992-3252-2022-20-2-9.

MonHbIl mekecm cmambUu Ha aH2nuiickoM si3bike ny6nukyemcsi o 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

Tpanckopeiickas xene3Hast Jopora Ha Kopeid-
CKOM TIOJTyOCTPOBE MMEET JIONTYIO HCTOPHIO Pa3-
BUTHS ¥ CTAHOBJICHNSI, BKJTFOUAsI IEPHOJ] KOJIOHHA-
mmMa. Jlopora Opu1a HeoOXomUMa IJIst OpraHu3a-
IIUM MACCAXKUPCKUX MEepeBO30K B Poccuro mmm
Kuraii. XKenesnomopokHoe coobimieHne ObII0
IIPEPBAHO 75 JeT Ha3a/] U3-32 BOCHHBIX JICHCTBUI,
WTOTOM BOMHBI CTAJIO pa3JeNieHue CTpaHbl Ha Pec-
myomuky Kopest u KHZP. C 1990-x romos Pecrry©-
mvka Kopest mpoBo/wia pasinyHbIe CTpaTeTHye-
CKHE CECCHU C IENbI0 MOIYyYeHHs BHIXOAA HA
KOHTHHEHTAJIbHYIO JKEJIE3HYIO JOPOTy dYepes
TPAHCKOPEHCKOE YKETIE3HOIOPOKHOE COODIICHHE.
CeroziHs 3TOT TPOEKT HE PEaM30BaH, TOMHUMO
Pa3NIUYHBIX TEXHUYECKUX W MHPPACTPYKTYPHBIX
po0IIEM, MOIUTHIECKAS! CUTYalHs SIBIISCTCSI Han-
Oornee BayKHOM JacThIO BO30OOHOBIICHHUS TPAHCKO-
PpeficKoro YKeNe3HOMOPOYKHOTO coo0tIeH s B mrore
2021 roma mpe3uneHT Pecnyomuku Kopest Myn
Wx» U u ipencenarens ['ocynapcTBEHHOTO coBe-
ta KH/IP Kum Yer blu goroBopumick BO300HO-
BUTH pa0OTy TIPSMOM JIMHAH CBS3U MKy Ceyrmom
u [IxeHbsHOM, a TaKXKe yCIOBHINCH CIIOCOOCTBO-
BaTh BOCCTAHOBJICHHIO JOBEPHUS U YKPEIICHHIO
JIBYCTOPOHHMX OTHOILLEHHUH. Ecnu nonurnueckas
curtyanus Ha Kopeiickom momyocTpoBe cTaOmim-
3UPYETCsI M OTHOIICHUS JIBYX CTpPaH MPOMOIKAT
YITydIIaThCsl, 00bEANHEHNE KOPEHCKIX JKETE3HBIX
JIOPOT' MOYKET MIPOU30HTH B JIFOOOE BPEMs, X BO3-
MOJKHA MHTETPaLis ¢ KOHTHHEHTAIBHOH KeIe3HO-
JIOPO’KHOH CETBIO0, TIO3TOMY TTOATOTOBKA MH(ppa-
CTPYKTYPBI ¥ pa3pabOTKa TEXHOJIOTUH SBIISIOTCS
00s13aTeITFHBIM YCIIOBHEM pa3BHUTHS TpaHCKopei-
CKoIi Jkemie3Ho# noporn [1].

Takum 00pazoM, yenbio TaHHOTO HCCIEI0Ba-
HUSI SIBJISICTCSI aHAJIM3 COCTOSTHHSA, MPoOiIeM n
TEHJAEHIUIN pa3BUTHs TpaHCKOpENHCKOM Kenes-
HOW JIOPOTH C MEPCIEKTHBHBIM BBIXOJOM Ha
TPAHCTIOPTHYIO CETh A3MaTCKO-THXOOKEAHCKOTO
pernoHa.

PE3YNbTATHI
AHaJIN3 MOJMTHYECKHUX pelleHu
10 BONIPOCY BOCCOeTHHEHUS
TpaHckopeiicKoi skeJie3HOM 10poru
U OPraHM3aluH TPAHCKOHTHHEHTAJbHOTO
7KeJIe3HOIOPOKHOI0 COO0IIeH s

1990-e romp! cunTAIOTCS HAYaI0M HHTETPAITIN
TpaHckopeickoi 1 KOHTUHEHTAJIbHOM JKEJE3HbIX
Jopor. Pa3maHbIe TMCKYCCHH BEITICH O COSTMHE-
Hun TpaHcKopelckol skene3Hoi noporu B 1970-x
n 80-x romax, HO ¢ 1990-x TOmOB TpH y9acTUH
Poccun 1 MeXIyHapoOJHOTO COOOIIECTBA Hada-
JIOCh O0CYX/IEHUE pean3alii MPOeKTa KOHTH-
HEHTAJILHOW JKENIE3HOM TOPOTH IMyTEM COEIMHE-
Husi ¢ TpaHCKOPENCKOM KeIe3HON T0pOrou.

Togsr mpasnenus agmunuctpanuu Kum 13
Wxyna 1 X&na (2000-2008 rT.) CBsI3aHBI € TIPO-
TPECCOM B PEIIEHHUU BOIpOca OOBEANHEHUS
TpaHckopeHcKol XKeJe3HOM T0pOry U UHTETpa-
LIUM C KOHTUHEHTAIbHOM >KeJIe3HOM AOpOroi.
braromapst akTHBHOMY COTPYITHHYECTBY MEXKILY
npasutenbeTBamu Pecryoniku Kopes m KH/IP
OBIIO TOCTUTHYTO COTPYAHNYECTBO JIBYX CTPAaH
TI0 PA3INYHBIM TPAHCIIOPTHBIM 00JIACTSIM, BKITIO-
qasi aBTOMOOMIIbHOE, MOPCKOE, BO3IYIIHOE U
TPaHCKOPEHCKOE JKENE3HOJOPOKHOE COOOIIICHHE.

Aamunuctpauusa Kum [> UYxyna
(1998—2003 rr.) B3auMozeHCcTBOBaNA C PYKO-
BozacteoM KHJIP 1o pasznuuHeIM BOoIpocam Io-
JIUTHKY O0BENHEHNS M CTapasiach He MPEPhIBaTh
muanor. 15 urors 2000 . mpesunent Pecmy0Omm-
ku Kopes Kum 15 Yxyn u npencenarens [ocy-
napcteenHoro copeta KHJP Kum Yen Up
MIPEACTAaBUIN COBMECTHYIO JEKJIapamnuio Ha
TIEPBOM MEKKOPEHCKOM CaMMHTE, COCTOSIBIIIEM-
cs B [IxenbsiHe. [IpsMoe ynomMmuHaHue o pa3Bu-
THH TPAHCIIOPTHOTO CEKTOPa OTCYTCTBOBAIIO, HO
OBIIO TOCTUTHYTO COTJIAIICHNE 00 3KOHOMHYE-
CKOM COTPYAHUYECTBE MEXKTY ABYMs CTOPOHAMHU
[4]. DTO MO3BONMIO MPOAOIKHUTE ATbHEHIIINE
TIEPETOBOPHI.

Taéauna 1

OCHOBHBIE 3TANBI OPrAHU3ANHHA TPAHCKOPEHCKOr0 H KOHTHHEHTAJIbHOTO
JKeJIe3HOA0POoKHOTro coo01enus B 1990-e roanl

Tox Y4acTByIOIINE CTPAHBL OCHOBHOE COJIepIKaHNE
1991 Pecny6iuka Kopes u Poccust Tloanucan NpOTOKOI O COTPYAHUUYECTBE B 00JIACTH MEXKyHAPOIHBIX
MYJITUMOJAIBHBIX MOPCKUX U XKEJIE3HOJOPOKHBIX ePEBO30K MKy
Pecny6nukoii Kopest u Poccueii [2]
1992 Pecny6muka Kopest u KH/IP IIpunsaTHE cornameHnii 1 NpunaraeMbIX K HUM JIOTOBOPEHHOCTEH
0 IPUMHPEHUH, HEIPHKOCHOBEHHOCTH, OOMEHE H COTPYIHHYECTBE.
CoeiMHEHNE KeNe3HOI0POKHON IMHNK «KEHTH» 1 aBTOJ0POrH MEXKTy
Myncanom u Kaconom
1996 Koundepenmus 2CKATO Ycunus HanpaBlIeHbI Ha BOCCTaHOBIICHHE XKEJIE3HBIX 10por B PecmyOnuke
(Oxonommueckas u connanbHas | Kopes u KH/IP ust co3nanus ceBepHOTO MapIIpyTa TpaHCa3HATCKOH
KOMMCCHS JUIsl CTpaH A3uu JKene3Hoi poporu [3]
u Tuxoro oxeana)

VIV | i NO 9




Taoauna 2

OcCHOBHbIE 3Tanbl OPraHU3aIM1 TPAHCKOPEHCKOro 1 KOHTHHEHTAJIBLHOTO
JKeJ1e3HOA0poKkHOro coodmenns B 2000-2008-e roas [2]

Ton VYuactByrommue OcHOBHOE cojiepKaHNe
CTpaHbI
2000 Pecny6nnka Kopest | B pamkax Mexkopeiickoro cammura 1 CoBMeCTHOI fexnaparuu Pecy6inka
n KH/IP Kopest 1 KH/IP 10roBopHiInch akTHBU3UPOBATh OOMEHBI U COTPYIHHYECTBO B
9KOHOMHYECKOH chepe Mexay ABYMs CTOPOHAMH
Pesynbrarom [lepBeix 1 BTOpEIX MeXXKOPEHCKIX BCTped Ha yPOBHE MUHUCTPOB CTAJIO
nozanucanyre CoriamieHus o Keae3HO0I0P0KHOM U aBTOMOOHIBHOM COCAUHEHUH
JuHuH «KEHrm»
2001 PecnyOnuka Kopest | CornacoBaH mpoekT «JKene3Hblii ENKOBBIN Iy Th», KOTOPBIi coeanHseT EBpory 1
u Poccust Asuto yepes Kopeiickuit noiayocrpos
2002 Pecnyomuxa Kopest | @opmaiu3aryst BEIIOJIHEHUS IPOESKTA 110 JIMHUH «J[0HX9»
u KHZP Hauano ctpourenbcTsa Kene3HOA0POKHON THHUN «JIOHX9»
2003 Pecny6nuka Kopest | Cornamienne o COBMECTHBIX HCCleqoBaHmsIX Mexxay Pecryomukoit Kopest, KHJIP u
u Poccust Poccueit
2004 PecnyOnuka Kopest, | [IpoBeieHO TpeXCTOPOHHEE COBEIIAHUE KETE3HOJOPOKHBIX HKCIIEpTOB PecmyOnuku
KHJP u Kopest, KHIP u Poccun
Poccus
2005 Pecnyonuka Kopest | 3aBepiiieHbl pecTaBpalioOHHbIC pabOThI OHOIYTHOMU JKEIE3HOW J0pOru
2007 u KH/IP HcnbITaTensHOE ABMKEHHE MToe3/1a Mex 1y YekuHoM 1 KeiMrancanom u
opraHusaius rpy3oBoro coobmenuns Mmexay Pecryonukoit Kopest u KH/IP Ha
JKEJIE3HOJOPOXKHOM TMHUN «KEHTM»
CoBMecTHast JeKIapanus 0 IPY30BBIX JKEIe3HOJOPOKHBIX MEPEBO3KaX MEXIY
MyHcanoM u bonrionrom. O6¢yxieHne BOIIPOCOB PEKOHCTPYKIMH JKeJIE3HON
noporu Kacon—CHHBIAIKY U CKOpPOCTHOH aBToMarucTpanu Kocon-IIxeHbsn
JUISl COBMECTHOTO HCIIOJIB30BaHUs

Puc. 1. llpoekm «Eepa3utickas uHuyuamueay [5].

B nepuon npasnenust agMmuHucTpanuii Kum
> Yxyna m Ho My XéHa OblITO TpOBEIEHO
13 MeXKOpeHCKHUX BCTped Ha BBICIIIEM YPOBHE
1 TOCIEIYIOIMUX 3aCeIaHui pabounx TPyl
npexacrasuteneii Pecryonuku Kopes m KH/IP,
10 meperoBOpoB B BOCHHOM cekTope, 11
BCTpEU, MOCBSIIEHHBIX 3KOHOMHUYECKOMY CO-
TPYAHUIECTBY, 5 pab0oUmX BCTPEU M0 Pa3BUTHIO
JKEJIE3HOIOPO’KHBIX ¥ aBTOMOOMIIBHBIX JOPOT,
MPOBOIIIHCH |3 COBEMAaHN IT0 OPTaHU3AIINN

KEIEe3HOIOPOKHOTO X aBTOMOOHUIIEHOTO CO00-
IIEHUH.

2008-2017 rompl. DTO MEPHOA TPABICHUAS
agmunuctpauuit JIu Mén baka u ITak Kein Xe,
KOTOPBI MOJKHO OXapaKTepH30BaTh MEPUOIOM
«3aCTOSD» B BOTIPOCE COCIMHEHMSI TPAHCKOpEii-
CKHX KEJIE3HBIX JOPOT, MPUYNHAMH SIBUJINCH
MOJIUTHYECKUE PA3HOTIACHS W BOCHHBIE YCIIO-
BUSI, TIOATOMY OOCYXKJICHHE MEKKOPEHCKNX OT-
HOIIEHUH ObIIO TPHOCTAHOBIIEHO.
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Puc. 2. lpoekm «Hoeas akoHoMu4eckast kapma Kopelickozo noyocmposa» [6].

B 2013 roay B nporpaMMHOM BBICTYIIJIEHUH
Ha MexnyHapoaHoii koHpepeHn «EBpazms»
HoBast anmuHUcTpanwys [Tak Kera Xe odurnais-
HO TIpemiokmia « EBpasuiickyro MHHIIUATHBY»,
HAIpaBJICHHYIO Ha JOCTIKeHNE Mupa Ha Kopeii-
CKOM TIONTyOCTPOBE MyTEM 0ObenuHeHHs EBp-
431U, KaK eIMHOTO KOHTHHEHTA. bBUTo aKIeHTH-
POBaHO BHUMaHHE Ha HEOOXOIUMOCTH CO3IaHHUS
SHEpPreTHIecKux cereil (puc. 1), razo- u HeTE-
MIPOBOJIOB, MyTEM pEaTU3aIiy IMPOCKTa «IKC-
npecc IllenkoBOro myTH», KOTOPBIA ITPOXOTUT
yepe3 [lycan—KH/IP-Poccus—Kurain—llen-
TpanbHast A3usi—EBpona.

2017 roga — Hacrosiuiee Bpemst. B 2017 rony
Opu1a chopMupoBana anmMuHACTpanus MyH Wxd
Wna, xotopast nmpemnoxmia npoekt «Hosas sko-
HOMMYECKas KapTa KopelcKoro moiyocTpoBay 1
«HoBast ceBepHasi TIONIMTHKA», OCHOBBIBAsICH Ha
coTpyaHnIecTBe ctpan Kopeiickoro momyoctposa
U CEBEPHBIX PETHOHOB B 00JIACTH TPAHCIIOPTA U
noructukd. «HoBast ceBepHast OTMTHKAY HAIPaB-
JICHA Ha YKPEIUICHHE ITPOCKTOB COTPYAHUICCTBRA,
B KOTOPBIX YYUTBIBAIOTCS MPOMBIIIJICHHBIC U
9KOHOMHUYECKHE Bo3MOkHOCTH 14 ctpan Cesepo-
Bocrounoii A3un, Bkimrodast Poccuto, Morrommio,
Kuraii (Tpu ceBepo-BOCTOYHBIC MPOBUHIINH) U
ctpansl CHI.

«HoBas sxonomuueckas kapra Kopelickoro
MOIyOCTpOBa» (pUC. 2) MpeAcTaBIsIeT co00i
SKOHOMHYECKYI0 WHTETPALHIO C CEBEPHBIMU
PETHOHAMH ITOITYOCTPOBA, ITyTEM (OPMHUPOBAHUS
TPEX MOSICOB — Ha BOCTOYHOM TT0OEPEeKbe, 3arma-
HOM TIOOEpEKbE U JIEMIIINTAPU30BAHHON 30HE
[7]. «HoBas sxonomuueckas nauuuarusa Ko-
PEHCKOTO TIOIyOCTpOBay HarpaBlicHa Ha oOec-

Vi) \ [ N2 )$

[e4YeHNe HOBBIX JABMrareneil pocra Ha Kopeii-
CKOM MOJIyOCTPOBE M COBMECTHOE 3KOHOMHYE-
CKOE Pa3BHUTHE C CEBEPHBIMH PErMOHAMH, I10-
CPEACTBOM CO3JNaHHUSA TPEX OCHOBHBIX
9KOHOMUYECKHUX M0sicoB. Hannume skeneznono-
POXHOTO coobmeHus Mex Ty Pecmyomukoit Ko-
pes u KHJIP no3Bonsier paccmarpuBarh pa3Bu-
THE €BPa3UIICKOTO COTPYIHHYECTBA, KOTOPOE
npocTupaercs 3a npeznenst Kopeiickoro moiy-
octpoBa B Poccuto u EBporny.

Ha Bocrounom skoHomuueckoM (opyme,
MIPOXOAMBIIEM BO BiaguBocToke B ceHTIOpe
2017 rona, npe3unent Myn Yxs Mn npencrasuin
CTpareruio «9 MOCTOBY, KOTOpast BKIIOYACT Jie-
BATH HAIpaBICHUH (pUC. 3) COTpyAHHUYECTBA
Mexay Kopeeit u Poccuetit [9].

B siuBape 2018 roga cocTosuinck MEKKOpe-
CKHE IIEpEroBOphl Ha BBICIIEM YPOBHE, 3TO
BOCCTAHOBMJIO HAaCTPOCHHE NPUMHUPCHUS Ha
Kopeiickom roiryocTpose, 1 IOSBHIACH BO3MOXK-
HOCTb HauaJla IMajiora MeKy IByMsI CTpaHAMHU.

ITo Mepe yimyumeHHs MEKKOPEHCKUX OTHO-
IIEHUH, OCYyIIeCTBUIACh BO3MOXXHOCTh IPHCO-
enunenust Pecriyoimkn Kopest k OCXKII. Kpome
TOTO, F0XKHOKOpeickui npe3uneHT MyH Yxo 1u
MIPEATIOKUI co3aTh «BocTouno-A3znarckoe
KEJIE3HOJJOPO’KHOE COOOIIECTBO» — OpraHu3a-
LU0 COTPYIHMYECTBA MEX/IY CTpaHaMH, BKIIIO-
yast CIIA, ¢ yuactuem mectu crpan CeBepo-
Bocrounoit Asun (Pecmybmuka Kopes, KH/P,
KHP, Poccusi, Monromius u Snonus). «Bocrou-
HO-A3HaTCKOE KEJIE3HOIOPOKHOE COOOIIIECTBOY
CTaJI0 OBl MEXTyHAPOIHBIM COBETOM, KOTOPBIN
peann3yeT MHBECTUIMOHHBIC TPOEKTHI MO pas-
BUTHIO HHPPACTPYKTYPbl ¥ 3KOHOMHUYECKOMY



Axsaropas Cesepaoro Mopcekoro Ilyta
238z

: - 2
A1 N

PoiGonoBcTBO
S

I\rIopcxgp mopT E

p =4 E -]
y

g 2]
n /./ o -
gl Q gg
TMocTpolika cymHA
CebcRoe X038HCTBO
HPUM]:II]IJ]CHHB(E KOMILIEKC

Puc. 3. Cmpamezausi «9 mocmoe» [8].

COTPYIHUYECTBY Ha JKEJIE3HOAOPOKHOM TPaHC-
nopte BocTtounoit Azuu [7].

1o uroram MeKKOpPEICKOro caMMuTa, CoCTo-
siBiierocst B ceHTsiope 2018 roza, npu moaaepx-
ke CIIIA, ObLH MpoBEICHBI COBMECTHBIE HCCIIE-
noBanust TpaHCKOPEHCKOM JKeNe3HOM 10pOTr Ha
yaactke KH/IP, mpoBenieHa nepeMoHus 3akiai-
k1 pyHIaMenTa TMHuH «KEHrn» v munun «/1oH-
x9». B TeueHue oqHOTO IHS OBLT MCCIIEIOBAaH
yaacTok Kacon—Cunbiimxy nuaun «KEnrm»
(411,3 kM) 1 fecaTh JHEH MPOXOIUIIO UCCIIEAO0-
BaHHe y4yacTtka KeimMrancan—J/lymaHran JUHUH
«Jlouxo» (783,4 xm).

B nexa6pe 2007 roaa mpoBOIUIIOCH MTOJIEBOE
uccnenoBanue yyactka Kacon—CuHsiiaxy nu-
Hun «Kéurm», u 3a mpomenume aecsTh JeT
MPOU30IUTH UHPPACTPYKTYpHBIE U3MEHEHHS,
YTO MOTPEOYET JTOMOITHUTENILHBIX HHBECTUIIMOH-
HBIX BJIOKEHHH Ha MOZIEpHU3AIMIO THHNH «KEH-
ri». Yuactok KeiMrancan—/lymanran Ha TMHUU
«JloHX?» UMeeT cepbE3HOE TPAHCIIOPTHO-JIOTH-
CTUYECKOE 3HAYCHUE, BIIEPBbIEC [1OCIIE pa3jierie-

HUsI 110 HEMY OCYILIECTBIISIOTCSA KEIE3HOI0POK-
HBIE TIEPEBO3KH.

AHAaJIN3 COCTOSTHUS TPAHCTIOPTHOI
HHQPACTPYKTYPbI

KH/IP reorpaduuecky rpaHu4uT Ha fore ¢
Pecnyonukoit Kopest, Ha ceBepe ¢ Poccueit u
Kuraewm, nostomy coeaunenue TpaHckopeickoii
JKEJIE3HOM I0POTr'Y ¢ KOHTUHEHTAJIbHOM JKeJe3HON
noporoii (Tpanccubupckas keyie3Has 10pora,
Tpanckuraiickas xene3Has Jopora 1 Mansawxyp-
CKas ’KeJIe3Has JOpora) 3aBUCUT OT COCTOSHUS U
TMIPOITYCKHOM CIIOCOOHOCTH TpaHCOpTHOW MH(ppa-
crpykrypel KH/IP. B otimnune ot PecryOmuku
Kopes, rie rpy30BbIe IEPEBO3KH COCPEIOTOUCHBI
Ha aBToMoOmIBHOM Tpancnopre, B KH/IP nepe-
BO3KHU I'PY30B OCYILECTBIISIFOTCS JKEJIE3HON0POXK-
HBIM TPAHCIIOPTOM, @ aBTOMOOMJIbHBIN TPAHCIIOPT
SIBIISIETCs BcliomoraresnbHbIM. Ha pasButue
TpancnopTHoi cuctembl KH/IP nosmnwusinm, B Tom
YHUCJIE U NPUPOJHBIE YCIOBUSA C MHOXKECTBOM
TOPHBIX Y4aCTKOB [7].

Taoauma 3

OcHOBHbBIE ITANBI OPraHU3ANNH TPAHCKOPEHCKOr0 1 KOHTHHEHTAJIBHOTO
2KeJIe3HO0POKHOro coodenus ¢ 2017 roga no HacTosiliee BpeMsi

Ton VYuactBytonue OCHOBHOE coziepKaHNe
CTpaHBI
2017 Pecniy6nuka Kopess | Mnuumarusa «HoBast ceBepHas noiautuka» u «Hopas S5koHOMUUecKas KapTa
Kopetickoro nomxyoctposa» [9]
PecniyGnuka Kopest 00bsBIIsIeT 0 cTpaTeru «9 MOCTOBY, HAIIPABJICHHYO
Ha pean3alnio COBMECTHbIX 1poekTos ¢ Poccueit [9]
2018 OCXK[ Pecny6muka Kopest — crpana-yuactauna OCXJ{

Ilects cTpan
Cesepo-Bocrounoit
Aszuu u CIHA

coo0recTBay

Ipennoxxenue 06 opranuszaiu «BocTouHO-A3HATCKOTO KEIE3HOIOPOKHOTO

Pecny6nika Kopest u | Tpu BcTpeun Ha MEKKOPEHCKOM CaMMUTE

KH/IP

COBMECTHOE HMCCIICIOBAaHUE KEJIC3HOIOPOKHOM 1 aBTOMOOHIBHOM
MH(PACTPYKTYPhI HA CEBEPOKOPEHCKOM ydacTke JTUHUN «Jouxm» n « KEurm»

Lepemonust 3aknanku GpyHIaMeHTa ULl )KEIE3HOIOPOKHOTO U aBTOMOOHIIEHOTO
coeanHeHUs THHUHA «J{oHX?» 1 «KEHTm»

VIV] dH ¢ [ NS ») o )
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Puc. 4. llpoexmbI MexKopelicko2zo mpaHcNopmHo20 compydHuYecmea, coeniacosaHHble e 2018 2ody [7].

[TpoTssk€HHOCTH AaBTOMOOMIIBHEIX JOPOT
KH/P cocrapmsina 26196 km [9]. Tonorpadus
JIOPOT U3-3a TOPUCTON MECTHOCTH 3aTpyAHSET
JIBIDKCHHE aBTOMOOMIICH CO CKOPOCTHIO Ooiee 50
KM/, 32 UCKITIOYEHHEM HEKOTOPBIX CKOPOCTHBIX
mocce. JlopoxxHas undpacrpykrypa KH/IP sims-
€TCsl JIOTIOTHUTELHBIM HHCTPYMEHTOM OpraHm3a-
LMY JKEJIE3HOIOPOXKHBIX TIEPEBO30K, aBTOMOOHITb-
HbIE IEPEBO3KH, B OCHOBHOM OCYILIECTBIISIFOTCS HA
KOpOoTKHe paccTosnus (B mpenenax 150-200 km) u
COCPEIOTOYEHBI Ha MEKPETHOHAIBHBIX TIEPEBO3-
Kax. ABTOMOOWIIBHBII TPAaHCIIOPT OCYILECTBIISET
JIOCTaBKY TPY30B MEKIY JKEJIE3HOIOPOKHBIMH
CTAHIIMSIMU M PETHOHAMH, TJIE OTCYTCTBYET JKele3-
Hasl JIOpora, TakKe 00eCIeYnBaeT TypHCTHIECKHIE
Y BOEHHBIE MEPEBO3KH [9].

OOmast MPOTSHKEHHOCTH JKEJIE3HBIX JIOPOT
KHJP cocrasinsier 5295 kM, uto npumepHo B 1,3
pasa 6onbire, uem B Pecmyonuke Kopes [9].
Bonbmas yacts sxene3nsix qopor KHJ/IP ucnons-
3yeT kosero 1435 MM, Ha HEKOTOPBIX JIMHUSX B
TOPHOM MECTHOCTH UCHONb3yeTCs Koses IUPU-
HoM 762 MM. Kpome Toro, Ha ydactke TymaHn-
ran—Ha/kuH, Te OCYyLeCTBIsAETCs IBUKEHUE
POCCHICKUX TOE3/I0B, yCTAHOBJIEHA KOJIEs IIH-
punoit 1520 mm u 1435 mm [10]. B KHIP, B
COOTBETCTBHH C PSIJIOM ITyOJIMKAIMiA, B OCHOB-
HOM, OJTHOITyTHAsl JKEJIE3HOJOPOXKHASI CUCTEMA,
MIPOITYCKHAsl CIIOCOOHOCTh MH(PACTPYKTYPHI
HepocTaTouHa. B HexoTopsix paiionax KHJP
HCIIONB3YIOTCS JIEPEBSIHHBIC LIMANbL, U B Oyay-
IIIeM OHHM MOTYT CTaTh (DAKTOPOM, TIPETISI TCTBYIO-

Taonuna 4
XapakTepucTHKA TPaHCHOPTHOI HHPpacTpyKTypsl Pecnydnnkn Kopes n KHIP
XapakTepucTuKa 1o BUIAy TPAHCIIOPTa Pecny6nuka Kopes KHAP
XKenesHonopoxHblii | O0mmas NPoTKEHHOCTD, KM 4148,1 5295,0
TpaHcHopt Jlorst aeKTpHHIPOBAaHHBIX 73,2 81,2
nuaHui, %
Jlonst ABYXITYyTHBIX yYacTKOB OT 63,5 3,0
o01ei npoTsHKEHHOCTH, %o
Iupuna Konen, MM 1435 mm — 100,0% 762 MM — 9,8 %
1435 mm — 87,7 %
1520 mm — 2,5 %
Hanpsixenue cetn ITepemennslii Tok 25 kKB IMocrosHubIi Tok 3 KB
CBs3b aBTOMaTHYeCcKast 10JTyaBTOMaTHIECKast
CpenHsisi CKOpOCTb ABWKeHHUs, km/4 | 70~100 15~50
ABTOI0OPOKHBII OO1ast IpoTSHKEHHOCTD, KM 111314,0 26196,0
TPaHCTIOpT TIpoTsKEHHOCTH aBTOCTPAJL, KM 4767,0 658,0
Jlo1s 1OpOKHBIX TTOKPBITHIA 93,2 Menee 10
(6e3 aBroctpan), %

NMIMNIKOHTVHEHTAJTIGHOV



Puc. 5. Kapma cocmosiHusi xene3HodopoxHoli uHgppacmpykmypsl Pecnybnuku Kopest u KHOP
8 pamkax co3daHusi TpaHckopelickoll xenesHol dopoau [12].

M YBEINYCHUIO CKOPOCTH IBIKCHHS TIOE3/10B.
Muorue TyHHENnH OBIIM MOCTPOCHBI BO BPEMs
SIMOHCKOTO KOJOHHMAJIbHOTO MepHoaa
(1910—1940-e Tompl) 1 OCTaBaNHCh 0€3 TEXHH-
YECKOTO 00CITyKMBaHUSI, UTO PUBEIIO K CHITBHOM
Kxoppo3uu 0eToHa [7]. CHCTEMBI CBSI3U U CUTHA-
JW3aI1H, B OCHOBHOM, TI0JIyaBTOMaTHYECKUE U
TpeOyroT MonepHu3armm [11].

Ha puc. 5 npencraieHsl ele3HbIE TOPOTH
Pecny6mmxu Kopest 1 KHJIP, kotopsie o0pa3zytor
TpaHCKOPENCKYIO JKENE3HYIO TOPOTY.

C nexabpst 2007 roma muHus «KEHTMY, coemu-
Hatowmas craniuio Myncan B FOxnoit Kopee u
cranuuto [Tanmyn B CeBepHoit Kopee, npenna-
3HAYAIACh JUIS TPY30BBIX MEPEBO30K IPOMBIII-
JIEHHOTO KoMIuIekca KacoH, KOTOpbIi ObIT 3aKpBIT
B HOsi0pe 2008 roma. B Hacrosmmee Bpems Ha
THIN Mex Ty MyHcanom u JlopacaHoM BeyTcs
NEKTPOMOHTAKHBIE pAa0OTHI HA YIACTKE JUTHHOH
9,7 KM, ¥ TOJIbKO HEKOTOPBIE YYACTKH OTKPBITHI
Jutst IBYDKeHUs. Ha 3amagHom mobepexbe moity-
ocrposa, muHus «Kéurm» coenraena ¢ Ceynom n
CTOJINYHOM 30HOW, MPU TOM CYIIECTBYIOIIAS
TIPOITYCKHAs CIIOCOOHOCTH JIMHUM CBSI3aHA C JIU-
nueit «Kénody», KoTopast y’ke He IMeeT pe3epBa
MIPOITyCKHOW criocoOHocTH. [loaTomy, BemyTcs
TIPAaBUTEIbCTBEHHBIE TTEPETOBOPHI O CTPOUTEIIh-
CTBE BBICOKOCKOPOCTHOMW JKEIE3HOW J0pOoTH
Mexay Ceymom it CHHBIHIKY, YTOOBI yIOBICTBO-
PHTH CIIPOC Ha MACCAXUPCKUE TIEPEBO3KH.

BoccranoBuTebHEIE PA0OTH Ha JWHUH
«Kénson», Mexay crannmsmu [I>kmarowku n
Bons1mKoHHH, B HACTOSIIIEE BPEMsI TPHOCTaHOB-
JICHBI, CTPOHUTEIIFHBIE PAOOTHI TTO BOCCTAHOBIIC-
HUIO y4acTKa 70 craHimu IIx&nran ocraiorcs

VI ] Al | \ Y » 3 }

TUTAHOM B JIOJITOCPOYHOH epenekTise. Ceroaus
BOCCTaHOBJICHUE TMHUH «KbIMraHcam» mpooi-
JKaeTCsl, HO MPUOPHUTET OCTACTCS 32 TPOEKTOM
COCIMHEHUS JKENIe3HOIOPOKHBIX JIMHUN «KEH-
m» 1 «JoHXI».

JIunusa «JloHX?» BKJIOUAET IBYXITYTHBIN
NeKTpUPUIHPOBAHHBIN ydacTok «Ilycan—
[Txoxam» M OBYXITyTHBIH 3JIEKTPUPHUINPOBAH-
HbI yyacTok «Camuek—KaHHBIH», a Takxke
OJTHOMYTHBIH 3IEKTPUPHUINPOBAHHBIA yIaCTOK
«[Txoxan—CaMuXOK» U B CTaJJM CTPOUTEIHCTBA
HaXOJUTCSI OAHOMYTHBIH ydacTok «KaHHBIH—
Yemxuny.

Kenesnonopoxxusie muHuN «IIXeHBTHY,
«XamOyk» 1 «MaHITX0» NMEIOT BBIXOJ Ha Ke-
ne3nsle foporu Kuras, muaust «[Ixénna» coenn-
HEHa C POCCHHCKUMHU >KEIJIE3HBIMU JIOPOTaMH.

B 2013 romy Ob11 3aBepIicHa MOJICPHU3AIIHS
KEJIE3HOAOPOKHOTO ydacTka XacaH—Hamxua
(54 kM), COCTMHSIONIECTO CEBEPOKOPEHCKHUHA TOPT
Ha/oknH 1 poCCHICKYIO TIOTPaHUIHYIO XKEJIe3-
HOZIOPOXKHYIO CTAHIMIO XacaH.

Kwrail 3amHTEpecoBaH B pa3BUTHU TpPaHC-
MOPTHOW MH(PACTPYKTYPHl B paiioOHE CeBEpo-
BOCTOYHOMU I'PaHUIIBI, 3TO OTPAXKEHO B IMIPOEKTAX
«PazButue cesepo-Boctoka KHP» n «Onun
mosic, onuH TyTh» [14]. B despane 2014 roma
Kuraii copmupoBan MexxIyHapOIHBII KOHCOP-
IINyM, TIPEJCTABISIOMNNA TOCY/1apCTBCHHBIC
npennpusThs. B paMkax aesTeaIpHOCTH KOHCOP-
IIyMa OBUT TTOJNMCAaH MEMOPAHIYM O B3aHMO-
nonnMannu (MOU) ipu ocymiecTBICHNH BBICO-
KOCKOPOCTHBIX JKEJIE3HOJOPOKHBIX MEPEBO30K
Ha HanpasieHun «Kacon—IIxenbssH—CuHBIIH-
oKy» [15].
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Puc. 6. Kapma xene3Hbix dopoz KHAP [13].

NPEONOXEHNA U PELLEHNA

1. CraOunm3arys MeKKOPEHCKIX OTHOIICHHUH.
HeobxonuMo ycTaHOBIEHHE OITOCPOYHBIX OT-
HOLLEHUA MeXTy ABymsl cTpaHamu Kopeiickoro
TIOJTyOCTPOBA, YTO OY/IET SBISITHCS OCHOBOM JUTS
TUTAHUPOBAHUS PA3BUTHUS TPAHCIIOPTHOH CETH
noyocTtpoBa. B Pecriyommke Kopest mpu cmene
AJIMIUHHUCTPANNi, MEHSETCS ¥ TIOJIUTHKA 110 00b-
SIMHEHNUIO JKEJIE3HBIX JIOPOTax ¢ MOCIeIyIomen
MHTETpanuel ¢ KOHTHHEHTAIBHBIMH JKEJe3HBIMA
JoporaMu. B HacTosimiee Bpemst HeT BO3MOKHOCTH
BECTH N3BICKAHMS ¥ TIOJIPOOHBIIN aHAIIN3 COCTOS-
HUS JKEJIC3HOAOPOKHON MH(PACTPYKTYPHI, Clle-
JIOBaTeNIbHO, SKOHOMUYECKasl oleHKa [16] opra-
HU3alUU TPAHCKOPEHUCKOHN KEJIEe3HOIOPOKHON
MarucTpajy He MOJHAs U B Oy/IyIIeM, OTpasnuTcs
Ha YBEIIMUECHUH CPOKOB M CTOMMOCTH 00beINHE-
HUS JKeJIe3HBIX Topor Kopen.

2. HeoOxomMoCTh MEXKTyHapOTHOTO COITHAITb-
HOTO coTpynHnuecTBa. PecrryOmika Kopest Hyxma-
eTCsl B 3KOHOMHYECKOM M TPaHCTIOPTHOM COTpY/I-
HWYECTBE C COCEJHUMH CTpaHamy. B ommume ot
KH/IP, xoTopast IMeeT KeIe3HOIOPOKHOE CO00-
menue ¢ Poccueir u Kuraem, Kopest ne umeer
OITBITA MEX/TYHAPOIHBIX JKEJIE3HOJOPOKHBIX TTe-
peBozok. C Touku 3peHust Pecyomuku Kopes,
JKEJIE3HOZIOPOXKHOE COOOIIEHNE — 3TO HE TOJIBKO
MyTh 9KOHOMHYECKOTO PA3BHUTHSI, TO MHUPHBIC
B3aMMOOTHOIIICHUSI JIByX CTPAaH W BO3MOXKHOCTB
obosemuHeHNs Kopelickoro momyocTposa.

3. MozaepHu3alus 1 pa3BUTHE TPAHCIOPTHOM
nHppacTpykTypsl. [IpnopureTHOE pa3BuTHE
MHPPACTPYKTYPHI KEIEZHOTOPOKHOTO TPAHC-
ropra 000CHOBAaHO coeMHEHNEM TpaHCKOpe-
CKOM JKEJIE3HON JJOPOTH C a3UaTCKOM TpaHCIOPT-
HOH CETBHIO TSl OPraHU3aIMN KOHTHHEHTAIBHBIX

Vi) \ [ N2 )$

MapIIpyTOB. AKTyaJIbHBIM BOIIPOCOM SIBIISETCS
CTPOUTENIBCTBO BTOPOU JIMHUU KEJIE3HOLOPOXK-
HBIX IYTEH JJIs CyLECTBYIOLIEH OIHOIYTHOMH
noporu B KHJIP. JIByxmyTHasi MarucTpajib 3TO
Ba)XKHOE KOHKYPEHTHOE MPEUMYIIECTBO B JIOTH-
CTHKE M TACCAXHUPCKUX MepeBo3kax. CTpouTes-
CTBO BTOPBIX IMyTEH JOJKHO OCYIIECTBIATHCS
MO3TaNHO ¢ y4€ToM (PMHAHCOBOIl HArpy3KH,
HPOITYCKHOW CIIOCOOHOCTH JIMHUH, a TAKXe Cy-
IECTBYIOLINX U IPOTHO3UPYEMBIX ITOE310TI0TO-
KOB.

4. O0benuHeHue Keae3HbIX popor Pecy6-
nuku Kopes u KHJIP. B Hacrosiiee Bpems u3
YETBIPEX KEJIE3HOLOPOKHBIX HAIpPaBICHUU
IOxnoi# Kopen, nuuus «Kéurmy», pacronoxen-
Has Ha 3arajHoM MoOepexbe MOoIyoCTpOBa, U
nuHAS BOCTOYHOTO MOpS, CUNTAIOTCS TIPHOPH-
TeTHBIMH NpoekTamu. Jlunus «KEurm» coenu-
Hset 1okHoKopeiickuit Ceyn u IIxenssn (KH/IP),
IPU OpraHU3alXH JKEJIE3HOJOPOIKHOTO COOOIIIe-
HUS, CIIPOC HA IPY30BbIE U IIACCAKUPCKUE IIEPE-
BO3KH Oyner BbicOkMM. [loaTomy HeoOxoanmo
CTPOUTEIILCTBO ACCAKUPCKOU BBICOKOCKOPOCT-
HOH JKEJIE3HOW OpOru, Ipy30BbI€ NEPEBO3KU
Oy/lyT OCYIIECTBIISITHCS 110 JKEJIE3HBIM J0pOraM
00LIero Moib30BaHMUS C COOTBETCTBYIOLIMMHU
MyHKTaMu rpy3omnepepaborku. Ceyn sBiseTcs
cronunel Pecrybnuku Kopes, meramonucom,
KOTOPbIN UMEET Pa3BETBIEHHYIO CETh CTOJIMYHO-
r0 METPO, MHOYKECTBO NMPHUTOPOTHBIX BETOK U
BBICOKOCKOPOCTHBIX JIMHUH. B Takux ycinoBusx
OpraHu3alys IPy30BOT0 IBIKCHUS HEBO3MO)KHA,
B [IEPCIEKTUBE HEOOXOIMMO OPraHU30BaTh TPY-
30BbI€ TEPMHUHAJIbI B CEBEPHON U F0KHOW YacTH
Ceyina, kotopbie OyayT (PYHKIIMOHUPOBATh, KaK
MYHKTBI UMIIOPTHO-3KCIIOPTHBIX KOHTEHHEPOB



Taoauma 5

IIporno3 00beMOB KOHTEIfHEPHBIX KeJIe3HO0POKHBIX NepeBo30k Mexay Kopelickum
noiayocrposom u Espasueii (teic. TEU, %) [15]

Hamnpagnenue 2020 . 2030 2040 r. IIpoueHT yBenuueHus

20~’30 30~’40
Kopes — Epazus 10,871 54,722 198,271 17,5 13,7
EBpaszus — Kopes 5,285 26,603 96,388 17,5 13,7
Bceero 16,156 81,325 294,659 17,5 13,7
«Ui-wang ICDy». Hannuune xonteiinepubix Tep- BbIBOObI

MHHAJIOB B PAa3HBIX YaCTSIX METAIOJHCa M03BO-
TuT GOPMHPOBATh KOHTECHHEPHBIC MMOE3/1a U
OCYIIECTBIIATH (prEepHBIE IEPEBO3KH, TEPMHUHAI
B ceBepHOi yacTu Ceyia OyJeT SBISATHCS orepa-
TOPOM TIO OPTAHHM3AINH TPY30BBIX JKEJIE3HOIO0-
poxubIx iepeBo3ok B KHJIP u Kuraii [17].

Jlunus «Jouxs» pacnonoxena Baoib Bo-
CTOYHOTO TTO0EPEXKDbS MOITYOCTPOBA U COCIUHSIET
10)kHOKopelckuid nopt Ilycan ¢ poccuiickoi
craHiet Xacan. B Hactosiee Bpems B Peciry0-
mmke Kopest peannzyeTcs IpoekT 1o yCHIICHHIO
KETE3HOJOPOXKHON MH(PPACTPYKTYpHI OT CTaH-
uuu Ilycan 1o neMuInTapu30BaHHOM 30HbI. DTOT
MapIIpyT TO3BOJIUT OPTaHU30BaTh TPAHCIIOPTH-
POBKy KOHTEHHEpPOB M3 MOpCKoro noprta [Tycan
yepe3 TpaHccnOUpCKyIo MarucTpalb ¢ BEIXOIOM
Ha eBponenckuil peiHOK. [Ipencrosiias 3anada
—3TO 3aMEHa Ha HEKOTOPBIX y4acTKaxX OJHOITYT-
HOW KOHCTPYKIINH ITyTH HA JIBYXITyTHYIO C yué-
TOM YKOHOMUYECKOi1 1esiecoodbpasnocTu. Cero-
JIHS [IeHa MOPCKOTO (hpaxTa W BpeMs JOCTABKH
OIIPE/IeIISTIOT KOHKYPEHTOCIIOCOOHOCTh OM3HECa,
TTO3TOMY CTPOHUTEIILCTBO IBYXITY THOH JKETIE3HO-
JIOPOXKHOM JINHNH «J]OHX3» — OJTHO M3 OCHOBHBIX
BEKTOPOB PA3BUTHS SKOHOMHUKH CTPAHBI.

5. Opranusaiys NpUrpaHIIHOTO COOOIIEHNS
Mexay crpanamu. KOHKypeHTOCTIOCOOHOCTD
JKEJIE3HOJOPOKHOTO TPAHCTIOPTA B A3HH 3aBUCUT
OT CKOPOCTH CHCTEMbI TaMOXEHHOTO O(hopmIIe-
Hus. B EBponeiickoM coro3e TpaHCHnopT U rpy3bl
CBOOOZIHO TIEPECEKaIOT TPAHMIIBI, OPTaHU30BaTh
MOI00HYIO CHUCTEMY JUIsl TIEpEMEIICHHS TPY30B
Mexay Kuraem, Poccueit, KHIP u PecmryGmmkoit
Kopest Ha jaHHBIIT MOMEHT HE TPECTaBISIETCS
BO3MOXKHBIM. [ Ip1 3TOM HEOOXOMMO MTOCTENEHHO
COKpAIaTh BPeMs TAMOXKEHHOTO 0(OPMIICHUS 32
CUYET COBEPIIICHCTBOBAHMS CHCTEMBI M B3aMOJICH-
CTBUS MOTPAHUYHBIX OPTAHOB yYaCTBYIOLINX
ctpan. B Oymymiem Oyner BocTpeboBaHa TpaHC-
TIOPTHUPOBKA KOHTEHHEPOB, TIPH KOTOPOH Tamo-
KEHHBIH JTOCMOTP Tpy3a OCYIIECTBISETCS B
mopty [lycan (PK), u 310 mo3BomuT cienoBarh
KOHTelHepy Tpan3utoM uepe3 Hamxua (KHP)
u XacaH (P®).

VI al [ No )

Tpanckopeiickas xene3nas qopora (TKR), kak
TIPOEKT COEIMHEHNSI )KeJIe3HbIX Iopor PecryOrmkn
Kopes u KH/IP, Oyziet 3aBepiii€H mytém HHTerpaiyu
C KOHTUHEHTAJIbHOM JKeJie3HoM foporoil. Hecmotpst
Ha YCHJIMSI MEK/TyHapOJHOTO COOOILIECTRa, JKese3-
Hast fopora Ha KopelickoM 1oiryocTpoBe HaxoauTest
JIMILIB HAa YPOBHE 00CY>K/IEHHS TAHHOTO MpoekTa. B
PecnyOnuke Kopest npu cMeHe HpaBHUTEIILCTBA,
MCHSICTCA U ITIOJIMTHUKA 10 OGI)CD,I/IHCHI/IIO JKCJIE3HbIX
JIOpOT JIBYX CTPaH, M03TOMY HEOOXOIUMO oOecrie-
YUTH [NOCTOSTHHOE COTPYAHUYECTBO PAaOOUHX IPYIIIT
U YTBEPAUTD JOJITOCPOUHYIO IPOrPAMMY Pa3BUTHUS
TpaHCKOPENCKOH 7KEeJIE3HOU IOPOry.

ITo mpenBapuTensHbIM nporHo3aM, k 2040
rOJly CIIpOC Ha Tpy30BbIe TiepeBo3ku ¢ Kopeii-
CKoTO IosiyocTpoBa B EBpony cocTaBuT 10
300 000 xonreiinepoB roj (tadm. 5). UroOs
obpabareiBark 200 000 KOHTEHHEPOB C IKCIIOPT-
HBIM I'Py30M HEOOXOIMMO KaX(ble CyTKU OTIIPaB-
116 B EBpony o 7-8 moesnos, coctaBom u3 50
BaroHoB. M3-3a aucnponopuuu UMIIOPTHBIX U
9KCIIOPTHBIX KOHTEHHEPOB BO3HHMKAET ITOTPEO-
HOCTb B IIOPOXXHUX KOHTEWHepax, Mperoara-
€TCsl, YTO BO3BPAT IIOPOKHUX KOHTEWHEPOB OyieT
OCYIIECTBIATHCSI MOPCKHM TPaHCIIOPTOM C
HU3KOU cTaBKo# (paxrta [18].

Pecny6nika Kopest He uMeeT oribiTa Opranu-
3aU MEXKIAYHApPOAHBIX KEJIC3HOAOPOKHBIX
MIEPEBO30K, MOATOMY TpeOyeTcsl IpHUBJICUCHHE
POCCUICKUX U KUTAMCKUX KCIIEPTOB JKEJIE3HO-
JIOPOKHOTO TPAHCIIOPTa, OpraHM3aLst 00yYEeHUsI
1 00MeHa CIeUaICTOB TPAHCIIOPTHBIX KOMIIa-
nuii Kopen, Taxoke HE00X0ANMO COTPYIHUYECTBO
u nogaepxka OOH u OCXK/I.

[TpoekT o0beqHEHHMs KEJIE3HBIX JOPOr Ha
Kopetickom mosyocTpoBe ¢ MocIeayromnei nare-
rpaimeil B a3MaTcKyro TPaHCIIOPTHYIO CETh HEBO3-
MOyKeH Oe3 00CIIe/IOBaH sl 1 MOJICPHH3AIMH JKeJIe3-
HOIOPOXXHOHW MH(PACTPYKTYphl y4aCTBYIOIINX
crpaH. Pa3paboTka TeXHOJIOrMH YCKOPEHHOTO TaMO-
YKEHHOTO IPOITYCKa TPAH3UTHOTO KOHTEHHEPOIIOTO-
ka mexay Pecrnyonukoit Kopest u cocennumu
CTpaHamy TO3BOJIMT [EPEOPUEHTUPOBATH 3HAYH-
TeJIbHbIE 00BbEMBI IEPEBO30K C MOPCKOTO M aBTOMO-
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OMJILHOTO TPAHCIIOPTA HA HKEJIEe3HOIOPOXKHBIN
TPaHCHOPT.

JlanbHelye uccaea0BaHys Pa3BUTHsI KeJes3-
HOJIOPOKHOM MH(PPACTPYKTYPHl U IOPTOBBIX
MorrHoctel Pecryomiku Kopest ¢ yaérom yBenu-
YEeHHs] KOHTEHHEPOIIOTOKAa MOTYT OBbITh HaIpaB-
JICHBI Ha CO3/laHHME MMHUTALMOHHOW MOJEIH 3a-
TPY3KH CyIIECTBYIOIICH TPAHCIIOPTHON CHCTEMBI
W TIPH PA3IUMYHBIX BapHaHTaX Pa3sBUTHS TPaHC-
MOpTHON MH(PACTPYKTYpHI. [laHHBIE MMUTAIHN-
OHHOTO MOJICTIMPOBAHMS TTO3BOJIAT pa3padoTaTh
pEeLIeHHs IO ATAITHOCTU U 3(PEKTUBHOCTH pea-
JIM3aIMA MEPOTIPUSITHI, HAIIPABJICHHBIX HA yCH-
JICHHE MPOIYCKHOW U TiepepalaThIBaloIIeH cIo-
COOHOCTH TPAHCTIOPTHBIX y3710B [19].
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sumke. Kpamkas ucmopus udeu
napoakKkymynsmopHo20 0KoMomuga

U e CO8PEMEHHbIE BONTOUEHUSI.

KONECO UCTOPUU

3ABbIThIE
[IOPOTK 100
|
[My6nukyembIi mamepuan

pacckasbigaem o cyObbe 08yx
Kene3Hbix dopoe. OHU, HaBepHOE,

He BbInu yHUKabHbIMU U 8psid U
obnadasnu ucmopuyeckuMu
namsmHuKamu, Komopsle Hyx0aomces
8 80CCMaHOBMEHUU, HO KDONOMIUGOE
uccnedosaHue amux edga 3aMeMHbIX
8 macwmabax cmpaHbl 06beKmMo8
nokasbleaem, kak mecHo nepensenach
ucmopus eocydapcmea, odel

U XenesHbix dopoe.

NPECC-APXUB 108
|
AKmyaribHble 80NpOCkI ynpaseHus
XKeneaHbIMu 0opo2amu, Kak OHU
sudenuck 112 nem Hasad. OKoHYaHUE
nybnukayuu Ooknada

H. 1. Bepxosckozo.



OB30PHAA CTATbA
Y[IK 658.286:629.422.1
DOI: https://doi.org/10.30932/1992-3252-2022-20-2-10

Mup tpaHcnopra. 2022. T. 20. Ne 2 (99). C. 94-99

TennoTexHnyeckue OCHOBbI CO3AaHUA
NaPOaKKyMYNATOPHbLIX JIOKOMOTUBOB

BanenTuH BAJTABUH Anekceit CEPBYIOB

AHHOTALINA

B cmambe paccmompeHbi 3manbi co30aHus U NPUMEHeHUs
Ha NPOMbIWITEHHbIX NPeONPUSIMUSIX MenaoakKyMynsmopHbIX
(napoakKymynsimopHbIx) TOKOMOMUB08, Uesu ux co30aHus 00 Cux
nop akmyarbHbl — 3Mo pa3pabomka u 8HeAPEHUEe IKOHOMUYHbIX
U 3K0/102U4ECKU YUCMbIX ToKomMomugoe O No0be30HbIX nymel
HeobLe20 Nosb308aHUS.

BeinonHeHue MaHesposbix pabom paccmampueaemcs Kak
camocmosmernbHbIl pod OesmenbHocmu npednpusmud, He ces-
3aHHbIX C UX OCHO8HOU OesimenbHOCMbIO. [TpuMeHsiemMble Ce200Hs
0nst amoli yenu oKOMOmU8k! MPaHCNOPMHbIX Uexos npednpusmuti
pacxodytom du3ernibHOe Monmnuso, 4mo 3aMemHo NogbIaem no2u-
CMUYECKY0 CMOUMOCMb 2PY308 U CHUXaem KOHEYHYH0 npubbyTb.

B cmambe paccmMompeHo 00HO U3 HanpageHull ucnons30-
8aHust mensosoll 3Hepauu (napa), udywell Ha mexHonoauyeckue
Uesnu, KomopyK MOXHO ymunuauposams 0115 8bINONHEHUs UHOU
pabomsl, Ymo ¢ 3HEP203KOHOMUYECKOU MOYKU 3peHusi bydem
8bIN0ITHEHO 6ECNNIAMHO, MaK Kak CrMOUMOCL NOMYYeHUs 3Hepauu
yKe NoKpbIma CMouMOCMbHO 8binyckaemoli NPOOYKYUU.

CneyuarbHo dnsi npednpusimull u Nodbe30HbIX nymel K HuM
pa3pabomaH napoakkymynsimopHbIi okomomus ¢ cuioli mseu 8
90 kH (9 m). OH He Hyxdaemcsi 8 monnuse, a pabomaem Ha mex-

Banenmun Hukonaesuu Banabun?,
Anexceit FOpvesuu Cepoynog?

t Poccutickutl ynusepcumem mpancnopma, Mocksa,
Poccus.

2 000 «bencneynecmawy, I'omens, Benapyce.

04 Y vbbn2347@gmail.com.

HOMO2UYECKOM Nnape, KOMopkIli NOCMynaem om cmayuo-HapHsIX
Kkomiioe npednpusmutl u akkyMysTupyemcs 8 pe3epeyape 8bICOK020
OaerieHus ¢ mensousonayued.

Tlokomomus 6bin cnpoekmuposaH Ha base Modenu maHk-
napogosa 91 muna 0-3-0, komopbIli UCNONL308asCs paHbLIe.
Komén u monka 6bi1u 3aMeHeHb! KOmIoM ¢ napoHakonumenem
(3aKpbImbIl YunuHOPUYECKUL pe3epayap C 8bICOKOU CMEeNeHbio
mepmousonayuu). PacuémHoe epemsi pabomb| MalwuHb! Ha 00HOU
3apsidke — 6-8 u. MakcumarbHas pacyémras Macca cocmasa Ha
npsMom yyacmke nymu npu ckopocmu 30 km/4 u cune msee
83 kHem cocmaensem 3000 m.

[NpumeHeHUe mako2o muna fI0KoMomuga No380Msiem: 3KOHO-
mumb OuserieHoe monnugo 8 Koriudecmee 0,75-1,0 m/cym, cHU3UMb
3ampame! Ha pemoHm Ha 90 % no cpasHeHUK ¢ Menmaoso3omM,
YMeHbLUMb 3ampambl Ha 0BCAY)USaIOUWUL NepCoHar, nomy4ums
803MOXHOCMb UCNOMb308aHUsT Ha npednpusimusix, npedbABSIOUUX
no8bIWieHHbIe mpebogaHUsi N0 83PbIBO- U NOXap0be30nacHoCMU..

[aH npumep pacyéma npumeHeHus ecmu oKoMOmusos Ha
HegbmenepepabambBarowem 3a8ode, Ymo dacm 20008y IKOHOMUIO
0usenbHo20 monsnuga 1444 m, npu cpoke OKynaemocmu camoz0
nokomomusa 3,2 200a.

Knroyesble cnosa: napoeasi 3Hepaemuka, napogou aKKyMyﬂﬂmOprllj JI0KOMOMU8, NPOMBILUSIEHHBIU MPpaHcnopm, 3KOHOMUYECKoe

cpagHeHue.

Una uumuposanus: banabut B. H., Cepbynos A. fO. TennomexHu4yeckue 0CHO8bI co30aHUs NapoakkyMy/smopHbIX TOKOMOMUBOS
// Mup mpaxcnopma. 2022. T. 20. Ne 2 (99). C. 94-99. DOI: https://doi.org/10.30932/1992-3252-2022-20-2-10.

MonHbIli mekcm cmambU Ha aH2nulicKoM si3bike ny6uKyemcsi 0 mopoli Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

Ha macTosmmuii MOMEHT BBIIIOJTHEHHE Ma-
HEBPOBBIX PabOT Ha JKEIE3HOIOPOKHOM IIPO-
MBIIIUIEHHOM TPaHCTIOPTE PacCMaTPHUBASTCS KaK
CaMOCTOSITENbHBIN poj AesiTeNbHOCTH. [Tpume-
HSIEMBIE [T 9TOH 1IEJTH JIOKOMOTHBBI TPAHCIIOPT-
HBIX TIEXOB MPEIIPUATHN PACXOMYIOT JH3EITHHOE
TOIUIMBO, YTO 3aMETHO ITOBBIIIACT JOTHCTHYE-
CKYIO CTOMMOCTbH TPYy30B M CHIKAaeT KOHECUHYIO
puOBLIE. JKenaTensHo yCTPaHUTh INIITHAE He-
MIPOU3BOIUTEIHHBIC PACXOIBI Ha MPOBEICHUE
MaHEBPOBBIX ONEPALINU.

[IpenenpHBIC 3HAUCHUS pacxo/a AU3eIHHOTO
TOTUTHBA TEITOBO3aMH B paifone 198—220 r/kBreu
CHIDKAIOTCS KpaifHe MEIIEHHO M MPAaKTUICCKI
JIOCTHUTIIN CBOETO IKCIDTYaTaI[HOHHOTO MHHUMY-
Ma. TakuM 00pa3oMm, MCKaTh pelIeHIE B paMKax
CYIICCTBYIOIIEH CHCTEMBI OECCMBICIEHHO, He-
obxommMa JpyTasi CHCTEMa, B KOTOPOH 3a CUéT
TTOJTHOM SHEPTOCBA3U IEMEHTOB MEXTy COOOH,
TIPOUCXOTUT MUHUMH3AIINS BCeX pacxonoB. [1pn
9TOM JKENaTeTFHO, YTOOBI CHCTEeMa TOTpedsia
TOJIKO OJIMH BMJI SHEPTUU — HaWBBITOJHEN NN
C DKOHOMHUYECKOH TOUKH 3PEHIS.

NCTOPUA

OCHOBHBIE TTPHUHITUIIBI CO3AHUS MTOJOOHBIX
cucTeM OBIIM HM3ITO0XEHBI Mpodeccopom
B. B. Imutpuessim emé B 1927 romy B pabore
«CoBpeMeHHBIE TOCTIKECHHUS B 00JIaCTH YHEpTe-
THYECKOTO X035HCTBa B MPON3BOJCTBAX C OOJTb-
IIFM PacXolIOM TeIUla Ha eIUHHILy 00padaThI-
BaeMoro mpoaykra» [1].

B atoii paboTte ykazaHO, 9YTO OTPEOHOCTH
MPOU3BOJICTBA B AJNEKTPUUYECKON U TEMJIOBOU
SHEPTUH AAI0T BO3MOKHOCTH PACTIONIOKUTH HX
B 0CO0OM, C TOUKH 3pEHHS SJHEPTETUKH, TOPSAKE,
TaK KaK HOPMBI PacXo/ia 3TUX BUI0B SHEPTUH HA
€IMHHAILY TIPOU3BOANMOTrO TPOAYKTA YK€ yCTa-
HOBMJIMCh M MOTYT NIPUHHUMATHCS 3a 0azy [uis
pacuéra.

IIpodeccop JMuTpreB BBOAUT MOHSATHE
«K03((HUIINEHT IHEPTETHICCKON MPOITOPIIHO-
HanpHOCTH (KDII)», mOKa3pIBarONIUi COOTHO-
IIEHUE MEX/ly BHIaM1 SHEPTUH IPH MPONU3BOJ-
CTBE €IMHUIIBI ITPOIYKTA.

J11s1 OOBIIMHCTBA MTPOU3BOACTB (B TOM UHCIIC
JUTST METAJUTYypPTUUECKUX, HEPTEXUMHUIECKUX
u MHOTUX npyrux) KOII 6oree 10, gto roBoput
0 IPEUMYIIIECTBEHHOM HCTIOb30BaHHH TETIOBOH
SHEPTUH, HampuMep, B Bume mapa [2]. Hamee
yKa3aHO, 9TO €CJIU 3TOT Map, HAYIMH Ha TEXHO-
JIOTWYeCKHe e, OyIeT TeM HITH HHBIM 00pa3oM
YTHIIM3UPOBAH ISl BBITIOJHEHUST HHOW paloTBhI,
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TO paboTa 3Ta C IHEPrOIKOHOMHUYECKON TOUYKH
3peHust OyJeT BBINOIHEHA OCCIUIaTHO, TaK Kak
CTOMMOCTb Tapa y’Ke MOKPhITa CTOUMOCTBIO BBI-
IIyCKAEMOM IIPOLYKIMH.

[IprMeHNTETHHO K IPOMBIIIICHHOMY JKeJle3-
HOZOPOXKHOMY TPAaHCHOPTY MOYKHO CKa3aTh, 4To,
€CJIM DHEPIrHIO Napa HallPaBUTh Ha BBIIOJIHEHNE
MaHEBPOBOH paboThI M YOpaTh HEIIPOU3BOANTEIIb-
HbIE TEIJIOBO3BI C JU3EIbHBIMU JBUTATEISIMU
(coBpeMeHHbIE MOAXO/IbI TAKXKE MPUHUMAIOT BO
BHHMAaHHE UX «Y[JIEPOIHBIH CIIe/»), TO CTOUMOCTh
SHEPIrUU OyJIeT CTPEMUTHCS K HYIIIO.

DroT nmoaxox B Havyae XX Beka ObLT OcyIile-
cTBIIEH B ['epManuu 1 an pesyssTarsl CTOJb Bbl-
JTAFOLIUECS], YTO MIPUMEHSIETCS 10 CUX 0P C HEU3-
MEHHBIM ycriexoM. OH CBfI3aH, B IEPBYIO OUepeb,
¢ pa3palboTKOW MapoakKyMylsiTopoB Pyrca s
BbIpAaBHUBAHMUs I'Ppa)MKOB HArpy3KH IapoBbIX
KOTJIOB IIPU KOJICOJTIOIEMCS TTIOTPeOIeHHH Tapa.
Eciu B 3a110JIHEHHYIO BOIOH 3aKPBITYIO0 EMKOCTb
BBOJIMTH I1ap, TO OH OyJeT KOHJICHCUPOBATHCS,
OJTHOBPEMEHHO MOBBIIIIast TeMIIeparypy Bojsl. Kax
TOJBKO TEMITIepaTypa BOABI JOCTUTHET TEMIIepaTy-
PBI HACBIIIIEHHOTO TIapa IPY 33/1aHHOM JaBIICHUH,
HOCTyIIEHUE Iapa npekparurcsa. Eciau nocne
9TOTO MOHU3UTH JaBJICHHE B EMKOCTH, TO BOJA
3aKUIUT U OTAACT CJICIYIOLLYIO IIOPLUIO AKKyMY-
JIMPOBAaHHOTO napa. KonnyecTBo oTmanHOrO napa
MPAKTUYECKHU PABHO KOJIMYECTBY IOCTYIHBILIETO.
[Tpu 5TOM OTOMpPaEMBIii ITap MOXKET ObITh HCTIONb-
30BaH 7151 IPOM3BO/ICTBA MEXaHUUECKOM PaOOTHI.

Ecnu Takoit mapoakKyMysTOp yCTaHOBUTH
Ha JKEeJIEe3HOJOPOKHBIH AKUIAX C TPUBOJOM OT
HU3BECTHOW NapOBOM MalIUHBI, TO IOJIYy4YUM
apoakKyMyJnsaTopHbli okomotruB (Dampf-
speicherlokomotive). Ota mamHa Oyzmer co-
BepIaTh padboTy 3a CU€T dHEpruu OecruIaTHo-
ro nmapa. I[Ipu 3TOM 3aTpaTel Ha MaHEBPOBYIO
pabory OyayT MpakTHYECKH HUYTOXHBI MPH
BBICOKOM HaJI€KHOCTHU U JOJITOBEYHOCTH JIOKO-
MOTHBA (Cpok 10 70 JIeT — MO CYILIECTBYIOUTUM
JIaHHBIM HEMELKUX UCTOYHUKOB [2]). Dddek-
TUBHOCTH TAKUX JIOKOMOTHBOB CTOJIb BBICOKA,
4yTO B ['epMaHuy B CBOE BpeMs HACUUTHIBAJIOCH
cBbie 1600 equHHUIl OECTOMOYHBIX JIOKOMO-
THUBOB, B T.4. U pacCCMaTpPUBAaE€MOTO THIIA.

MHoroneTHel npakrtukoid B I'epmMaHuu BbI-
paboTaH THII MaHEBPOBOIO APOAKKYMYJISITOP-
HOTO JIOKOMOTHBA' CO CITETYOIIIMH XapaKTepH-
CTHKaMHU:

! TTapoBoii TpaHcropt Buepa u cerojusi Ban TpoxuH, HH-
sxeHep. 2019 ron. [DnexkrponHsblii pecypc]: https://perevozki-
stolitsa.ru/parovoj-transport-vchera-i-segodnya/. Jloctyn
18.03.2022.
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Puc. 1. JaHHble u3 6powitopsi ¢ onucaHuem sokomomuea [MAJ1 911 [paspabomaHa aemopamu].

Puc. 2. Cxema u 2abapumHble pa3mepsi 1okomomuea [1AJ1-911:
1- 6ydka ynpaeneHusi; 2 - cyxonapHuk; 3 - necoyHuya; 4 — npedoxpaHumernbHbIli KnanaH 5 - Komén-napoakKymynsimop; 6 — IKUNUPOBOYHbIU
nampy6ok; 7 - pama lokoMomuea; 8 - deuxywuli MexaHu3m; 9 - napoeol yunuHdp; 10 - asmocyenka [pa3pabomaHo asmopamu].

Puc. 3. BapuaHm meHdepHozo siokomomusa [MA/Im-9/1:
1-1AN1-911; 2 - coeduHumenbHbIi naponpoeod; 3 — meHdep [pa3pabomaHo aemopamu].
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TexHUYeCKUe XapaKTepPUCTUKH JJOKOMOTUBA (cooTBeTcTBYIOT THIY 5 TOCT 22339-88*
radapura 1-BM, 02-BM no 'OCT 9238-83)

Kouest, mm 1524
O06béM Ko, M3 21,0
Jasinenue napa, MIla (krc/cm?) 2 (20)
Macca 10KOMOTHBa B paboyeM COCTOSHUH, T 56,5
Cuna saru pabouast, kH 90
Cuuta Ty npu TporaHuu ¢ mecra, KH 125
Cwuna Tsiru MEHAMaTbHast, KH 83
MaxkcumabHast CKOPOCTb, KM/4 30
MaxkcHMalbHBIH Macca cocTaBa Ha IpsMoit ipu ckopocty 30 km/4 1 cuie tsre 83 xkH, T 3000
JlyiiHa 110 OCSIM aBTOCIENOK, MM 9820
Huametp xojiéc, MM 1050
MunuManbHbli pagunyc KpUBOH, M 40

* TOCT 22339-88 TemioBo3bl MAaHEBPOBBIEC H IPOMBIILICHHbIE. THITBI 1 OCHOBHBIE MTapaMeTpbL. [ DISKTPOHHbIH pecypc]:
https://docs.cntd.ru/document/1200011008. Joctym 21.04.2022.

* oceBas popmyma — 0-3-0;

* pabouas (cremHas) Mmacca — 55 T;

* BEITIONTHsIEMast paboTa Ha OJTHOI mapo3apsii-
ke — 6000 T°kM;

* MaKCHMaJbHAsI MacCa COCTaBa Ha MPSMOM,
ropu3oHTagbHoM yTH — 3000 T.

DTOT TOKOMOTHB MOKET UCTIONIE30BaThCS Ha
MMOABE3IHBIX MyTSIX HEOOIIETO IMOIb30BAHUS
1 SIBIIICTCS STUHBIM MAaHEBPOBBIM JIOKOMOTHBOM,
YTO YOPOIIAET er0 U3TOTOBIICHHE, OOCTYKHBa-
HHUE U dKCIUTyaTanuio [3; 4].

Cucrema, cocTosIas U3 MapoBOTO KOTIA,
TEXHOJIOTHUYECKOTO MOTPEOUTENS mapa U mapo-
AKKyMYJIITOPHOTO JIOKOMOTHBA (MM HECKOIb-
KHX), Ha3bIBACTCS TPAHCIIOPTHO-YHEPTETHUCCKAM
Y3JI0M ¥ I3MEHSIET CTaThH 3aTpart IPH BBHITIOTHE-
HUH X.JI. MAHEBPOBBIX OTICPAITHIA.

Kpowme 3toro, mosBrsieTcss BOSMOKHOCTB TOU-
HOTO Y4E€Ta BBIITOTHIEMON MaHEBPOBOI pabOTHL.
[TapoakKyMyISTOPHBIH JTOKOMOTHB PACXOIYET
0,37 xr mapa Ha 1 T°kM [5], IpU 3TOM pacxoxn
Tapa IpHy CTOSTHKE JIOKOMOTHBA OTCYTCTBYET. 3Has
KOJIMYECTBO M3PACXOOBAHHOTO IMapa MOXKHO
TOYHO OTPEICITUTE BBHITIOTHEHHYTO Pa0OTY B T*KM,
a HEe B JIOKOMOTHBO-YacaX, KOTOPbIE HE MOTYT
SIBIIATHCS SMHULIAMA PAOOTHI (MCTOPUIECKH YUET
paboTHI B IOKOMOTHBO-9acaX BOCXOIHUT K MaHe-
BpPOBBIM IApOBO3aM, KOTEN KOTOPBIX, paboTas
HETIPEPBIBHO, TOTPEOIISLT OMpeieNIiEHHOE KOTYIec-
TBO (7o 80 kT) TorumBa B yac. TakuM oOpazom,
B T€ TOIBI JOCTUTAJCS yUET MOTPEOIEHHOTO JI0-
KOMOTHBaMH TOILTHBA).

B 1954 rony Mypomckuii u KonomeHckuit
3aBOJIBI CIIPOCKTUPOBAIN M TOCTPOMIN OecTo-
mouHbIi mapoBo3 BII1-01 [5, c. 522-523].

VIV] dH ¢ [ NS ») L)

Jlis yMEHBIIEHHUS pacxoa Tapa M3 KoTia
1apoBO3 UMeEJ TIABHBIE Pe3epByaphl OOJBIIETO
00BEMa, KOTOPBIE 3aPSHKAITICH CKATBIM BO3IYXOM
napaaiaeilbHO TMPH 3alOIHEHUHM KOTIa-
aKKyMyssiTopa mapoM. Ha 3apsaxy 3arpaunBa-
sock 3040 mMuH.

[{uxsimaHOCTh pabOTHI JTOKOMOTHBA MEXKIY
3ampaBKaMy [TapOM COCTaBIIsUIA 4—6 4acoB B 3a-
BHCHMOCTH OT MaHEBPOBOH 3arpy3ku. CornacHo
OTIBITaM 3TOT TAPOBO3 MOT BE3TH COCTAB MacCOU
325 T co CKOPOCTEIO OKOJIO 15 KM/4 Ha paccTosi-
Hue 10 30 kM [6].

CambIM TOCIIEIHUM O€CTOITOYHBIM MTapOBO-
3oMm ObuT BIT1-02, xoTOpEIil eTom 1955 Toma
MIOKa3aJl OTIMYHBIC Pe3ynbTaThl. Bo Bpems nc-
MBITAaHUH OH ¢ MecTa Opain coctaBsl B 1700 T,
a caM MOT JIBUTaThCsl IPU JABICHHU B KOTIE
B 1 Krc/cMm2,

nAn 9N
TexHnuyeckne XapaKTepHUCTHKH

UroOBl CHU3UTH PAcXo/bl HA MaHEBPOBYIO
paboTy Ha MOIBE3IHBIX ITYTSIX HEOOIIETO TOJIb-
30BaHUS (METalNypruiecKkue, TOPHO-
oboraTuTeNbHBIC U JIepeBOOOpadaThIBAIONINE
KOMOWHATHI, He(hTerrepepadaThIBarOIINe 3aBOIHI,
3aBOJIbI XMMHUECKON IPOMBIIIUICHHOCTH, TETLIO-
BEIC DNIEKTPOCTAHIINHU | T.1I.), OBIT pa3paboTaH
mapoakKyMyIsTopHbIi TokoMotuB (ITAJ]) ¢ cu-
soit Taru B 90 xH (9 T). DTOT JTIOKOMOTHB HE
HYKJJaeTCsl HA B KAKOM TOIUIUBE, OH UCTIONB3YET
UCKJIFOUYUTEIBHO TEXHOJIOTHUECKUH Tap, KOTo-
pBI coOmMpaercst cO CTAIMOHAPHBIX KOTIOB
MIPEANIPUSTHIN 1 KOITUTCS B PE3€PBYape BHICOKO-
TO JJaBJICHUS C TEIUION3OJISIINCH.
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Puc. 4. IMapoakkymynsamopHbIl nokomomus. ®omo ¢ caiima komnaHuu DLM AG. [nekmpoHHbIl pecypc]:
https://dim-ag.ch/wp-content/uploads/2020/10/2020-10-07_Energy-Steam-and-Fireless-Technology-homepage.pdf].

ITAJI-9I1 6511 co3maH Ha 0a3e MOJEIN TaHK-
naposo3a 9I1 tuna 0-3—-0. 3MeHenus He koc-
HYJIUCh 3KHUITaKHOM YaCTH ¥ TAPOBOW MAIlIUHBI.
Korén ¢ tonkoil 3aMeHUIN KOTIOM-NapOHAKO-
MUTEJIEM B BUJIE IINHAPUUECKOIO pe3epByapa
C BBICOKOH CTeneHbl0 TepMousomsiuuu. Cxema
u rabapuTHbIe pa3Mepsl Jokomotusa [TAJI-911,
pa3paboTaHHBIC aBTOpaMH CTaThH, IIPE/CTaBIIC-
HBI Ha pHcC. 2.

Bapuant tenaeproro nokomorusa [TAJIT-911
C Y/IBOGHHBIM 3aIiacoM padouero napa rokasaH
Ha puc. 3.

Becronounble TIOKOMOTHBBI IPAKTHYECKH HE
TpeOyroT 00CITy)KMBaHHSI X PEMOHTA, IIPH 3TOM
caM JIOKOMOTHB OOCITY’KUBAETCS OJTHUM Mallli-
HHUCTOM.

I'maBHBIM HEOCTATKOM 3TOTO THUIIA JIOKOMO-
TUBOB MOXKHO HAa3BaTh OTPAHUYEHHBIN paguyc
JieficTBUSI.

Bapuant pacuéra 3¢ppexTuBHOCTH
Joxomorusa ITAJI 9IT na
HedTenepepadarsiBalomem 3asoae (HII3)
Tpanuuuonno HII3 sBnsercs kpynHbIM 10-
TpeOUTEIEM TEIIOBOM SHEPrHH, B YACTHOCTH
napa BBICOKMX HapameTpoB. OTAenbHO map
pacxomyercst Ha COOCTBEHHBIE YHEPreTHUECKHUE
HYXJIbl — B Kau€CTBE MPHUBOJA JUIsI HAapOBBIX
HAaCOCOB U KoMIIpeccopoB. I1ap MpOMBIIIIEHHBIX

Vi) \ [ N2 )$

napameTpoB (maBienuem 0,8-3,5 MIla) mocry-
MaeT U3 BHEIIHUX UCTOUHUKOB 10 MarucTpaib-
HBIM T1aponpoBozaM. J{ist oGecrieuenns norpe-
oureel mapoM pa3HOro JABIICHUSI B IICHTPAJIb-
HOM TEIIOBOM ITYHKT€E pa3MeIeHbl PeAyKIUOH-
Hasi WJIU PEAYKIUOHHO-OXJAJHUTEIbHAS
YCTaHOBKH.

Ocnosuble xapakrepuctuxu HIT3 [7; 8]:

* 006EM mepepaboTku — 12 MITH TOHH He(pTH
B FOJ;

* TEXHOJIOTHYECKUX 00BheKTOB — Ooiee 30;

* [JIOLIAAb NpeAnpusTUs — 286 ra.

T'onoBoii Bec nepemeriaeMoro rpysa ¢ y4éTom
Taps! nuctepH — 1,4 x 12000 000 = 16800 000 T.

CyTouHBII Bec ImepeMelaeMoro rpysa —
16800 000 / 365 =46027,4 .

CpenHuil yTh MepeMeInaeMoro Mo 3aBogy
rpys3a— 3 Km.

CyrouHast paboTa I10 IIepeMeneHHUIO Tpy3a —
3x46027,4=138082,2 T°kMm.

DHepro3arparhl Ha 1 T*KM IpU UCIIOIb30Ba-
Huu TermyoBo3Hou Taru ¢ KIIJ 13 % —
0,35 xBtu/T*KM.

OHeproéMKOCTb | KT I13€1bHOI0 TOILINBA IIPU
terutonpomsBoauTenbHoctd 10500 kr — Kaw/Kr
cocraisier 10500 / 860 = 12,21 kBTeu.

Brimonnsiemast pabora 1o mnepemMerieHnto
rpy3a Ha | Xr mu3rtorumBa coctaBisier 12,21 /
0,35 =34,9 Texm.



OO01mmii pacxoy TOIJIMBA TEINIOBO3aMH B CYT-
KU ¢ y4€TOoM paboThI TU3eIIsl Ha XOJIOCTOM X0y
cocraBut 138082,2 /34,9 = 3956,5 xr.

Heobxoaumoe urciio tokomotreos [TAJI-9T1
IIPYU 4ETHIPEX NAapO3apsiIKax B CyTKU U BbINOJI-
HsieMol paboTe Ha ojHOI rTapo3apsiike 6000 Tekm
unu 24000 TexM B cyTku (3aTparsl mapa — 0,37
x 24000 = 8880 kr = 8,88 T/cyT) cocraBUT
138082,2/24000=5,75, mpUHATO IIECTh JIOKO-
MOTHBOB.

OO0wmuii pacxoa TEXHOJOTHYECKOTO Mapa
nasiernem 20 kre/em?— 6 x 8, 88 = 53,3 1/cyT.

T'omoBast skoHOMHSI AU3TOTIMBA — 365 X
3,9565=14442 1.

1 xr gu3tomuuBa ctout 51,85 x 1,25 =
64, 81 pyO. (L1eHBI YKa3aHBbI 32 JIUTD).

T'onoBas sxoHOMUSA NTpu KcTionb30oBaHuK [TAJ]
9I1 cocrasur 1444 200 x 64, 81 =93 600 000 pyo.
i 93,6 MiH pyo.

OpUEeHTUPOBOYHASI CTOUMOCTh JIOKOMOTHBA
Ha Tekymuid momeHT — 50000 000 py0., cpok
OKYMaeMOCTH IIeCTU JIOKOMOTHUBOB — 6 X
50000 000/93602 212, 5 = 3,2 rona (3 roxa 3
Mec.) Ipu cpoke kcrayaranun 60—70 ner.

UCTOPUA NPOOOIMKAETCA

TTombITKY CO3aHUsI COBPEMEHHBIX TAPOAKKY-
MYJISITOPHBIX JIOKOMOTHBOB [IPEANPUHUMAIOTCS U
3a pyOesxom (Hanpumep, >*). Ha puc. 4 nmokasan
npHUMEp TaKOTrO JIOKOMOTHBAS,

BbIBO[ObI

B pesynsrate npumenenus ITAJI-9I1 Bos-
MOKHO JTOCTHIKEHHUE CIEAYIOIIUX MOJIOKUTENb-
HBIX PE3yJIbTaTOB:

1. ITAJI-9IT >KOHOMHUT AM3ENBHOE TOIUIMBO
B konuuecte 0,75—1,0 T/cyT Ha OHY MaIIHHY
(1aHHBIE IPUBOJATCS B CPAaBHEHUU C TETIOBO-
3aMH, pabOTaIOIIMMH Ha JM3EIbHOM TOILIMBE).

2 Caiit komnannu Dampflokwerk Meiningen (Meiningen
Steam Locomotive Works). [Dnekrponnsiit pecypc]: https://
www.dampflokwerk.de/en/. Jloctyn 24.03.2022.

3 Technology of fireless steam locomotives. Steam storage
technology uses the ability of water to store large amounts of
energy under pressure. Caiit komnanuun DLM AG. [DnexT-
ponHbIi pecype]: https://dlm-ag.ch/en/fireless-technology/.
Joctyn 24.03.2022.

2. CHuxeHue 3arpaTr Ha peMoHTH Ha 90 %
10 CPABHEHHIO C TEIJIOBO30M.

3. CHuxeHHe 3aTpaT Ha 00CITy)KUBAIOLIHHA
nepconan (MamuHa OOCIYKUBACTCS OIHUM
MAIIMHUCTOM 0€3 MOMOIIHHKA).

4. JIokOMOTHB BO3MOYKHO HCIIOJIb30BaTh (03
CHIDKEHUS pecypca) B 3albUIEHHBIX U 3arpsA3HEH-
HBIX YCIIOBHSIX.

5. CyuiecTByeT BO3MOXKHOCTb HUCIIOJIb30BaTh
Ha MPEPHUITHSIX, TPSOYFOIINX 0COOBIX YCIOBHUS
T10 B3PBIBO- U M10KapO0E30MacHOCTH.

6. DKOJIOTHYHOCTH (BBIXJION — TOJIBLKO BOJIS-
HOM map).
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UHopmayus oli} asmopax:

banabux BaneHmux Hukonaesuy — 00kmop MeXHUYECKUX HayK, npogheccop Pocculickoeo yHugepcumema mpaHcnopma,

Mockea, Poccusi, vbbn2347@gmail.com.

Cep6ynoe Anexceli FOpbesuy - enasHbili koHempykmop OO0 «bencneynecmaw», Momens, benapycs, asrb@inbox.ru.
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Ha kpato Mewepbl. McTopusi necHbIx aopor.
HekoTopble thakTbl 06 MCTOPUM CTPOUTENLCTBA
Kene3HOA0POXHbIX NMHUN KpnBaHanHO-PA3aHOBKa
un CasoHoBo-llunéso. Yactb 1

Mup TpaHcnopra. 2022. T. 20. Ne 2 (99). C. 100-107

Anexceit Heopeeuu Dedsanun

Poccutickuii ynusepcumem mpancnopma, Mockea, Poccusi.
04 lekha.fedianin@yandex.ru.

Anekceit PEOAHUH

AHHOTALIUA

B cmambe ¢ npusneyeHuem apxusHbIx u Opyaux paHee He
nybnuKosaswuxcs Mamepuasnog paccMampusaemcs Ucmopus
NPOEKMUPOBaHUs U CMPOUMenbcmea Xene3Ho00POXHbIX 1u-
Hull KpugaHduHo—PsasaHoska u CasoHoso—[1unéso, omHocus-
wuxcsi Kk Mockoscko-PsasaHckomy omdeneHuro Mockogckoll
xenesHol dopoau. Lenbio HanucaHus cmamsu Aensemcs
8bIICHEHUE 0DCMOAMEbCME NPOEKMUPO8aHUS, CMPOUMenb-
cmea U aKkcnyamayuu ykasaHHbIX IUHUU, & Make 8bIA8MNEHUE
npuyuH, npugedwux K ux ynadky u 3akpbimuiko 8 cepeduHe
2000-x 20008. [ns docmuxeHus nocmasneHHol yenu bbinu
npoaHanu3uposaHs! U3geCmHble nybiukayuu 8 neyamu u cemu
«MHmepHem». Kpome ucnonb308aHust 0aHHbIX U3 yKa3aHHbIX
UCMOYHUKO8 bbina 8bINoTHeHa paboma no NOUCKY NUCbMEHHBIX
UCMOYHUKO8 No uccriedyemMomy 80NpOCy 8 apXUsHbIX yypexde-
Husix 2. Mockebl. Hekomopblie 00KkyMeHmbI nybaukyromes
anepssble.

Pe3yrnemamom eceli nposedéHHoL pabombl cmarno ycmaHos-
neHue credyrowux paHee bbIBLILX HEU3BECMHBIMU LU nodsep-
2aBLILXCA COMHEHUIO (hakmos: Kene3HoOopoxHas nuHus KpugaH-
OuHo—PszaHoska nocmpoeHa 6 1943-1944 2odax, yyacmok Ca-
30H0BO—Psi3aH08Ka NOCMPOeH no3xe ocmarbHoU NUHUU. HasHa-
yeHue nuHuu KpusaHOuHo—-PsisaHoska no npoekmy u 8 nepeble
200b/ €6 cywjecmeosaHusi — nepesoska 0pos O OmonieHus
Mockesl. [Jama npuéma nuHuu Ca3oHoeo—[1unéeo 8 nosmHom
obwvéme Ha obenyxusaHue Kyposckol ducmaHyuu nymu — 1 gH-
saps 1978 200a. Om cegepHoli 20pno8uHbI cmaHyuu [Tunéeo
nodwbe30HoU nyms omxodun k cmpotideopy mopchonpednpusimusi
«Mewépckoey. [o OaHHbIM Kyposckol OucmaHyuu nymu, nepe-
2py30yHas cmaHyus wupokol koneu mopgonpednpusmus
«Mewépckoe» Hasbiganacb TopehsiHas.

Mepsas yacmb cmambu. [IpodonxeHue nnaHupyemces K
nybnukayuu 8 credyrowem Homepe.

Kmouesnle crosa: xenesHodopoxHas nuHusi, KpusaHduro, PsisaHoska, Ca3oHoso, [Tunéso, mopgonpednpusmue, Benukas

OmeyecmeeHHas 80lHa, mpaHCnopmHoe cmpoumesibcmeo.

bnazodapHocmu: Aemop ebipaxaem 6nazodapHocmes cocmasumensam kHueu «Mewepckas maeucmparnby 3a UHMepecHoe

npousgedeHue, cmasuiee UCMOYHUKOM 800XHO8eHUs i pabomb| u u4HO Badumy MupoHogy 3a peueH3uposarue u npedocmagneHHble
¢homozepachuu; asmopy HeOOHOKPamHO ynoMUHasWuXxcs ucmoyHukos [2-4] — «Catima o xene3Hol dopoee» C. []. bonaweHko 3a
no3HasameribHbIii pecypc ¢ Maccoli hakmoe 06 uccre008aHHbIX TUHUSIX, HEKOMOPbIe U3 KOMOPbIX Makke NOCAYXUU Kamanusamopamu
0nsi Hacmoswel pabombi, U xenaem eMy m@opyeckux cus; uccredosamenio y3KoKonelHbIx xenesHbix 0opoe C. B. Kocmbieosy
3a Xugoe onucaHue y3kokoneliHoll xenesHol dopozu mopghonpednpusimuli «PasaHosckoe» u «Padosuukuti Mox» (Kocmbleos C.B
MpowaHue ¢ PsasaHoskol. [OnekmpoHHbIl pecypc]: http://www.pereyezd.ru/readarticle.php?article_id=124. Jocmyn 28.03.2020.)
U eblpaxaem Hadexdy, Ymo koe0a-HubyOb OH ece Xe onybrukyem nomHylo eé ucmopuro, a Hacmoswuli Mamepuasn 6ydem e amom
yeM-mo none3eH; 3agedyrouiemy kachedpoli «Qnekmponoesda u mokomomusbin PYT (MUNT) npogpeccopy O. E. [Tydosukosy 3a nomowjb
8 cocmasneHuu 3anpoca k pykogodcmay Mockosckoll xene3Hol dopoeu 0 npedocmasseHuu Heobxodumbix dokymeHmos, criyxbe nymu
Mockosckoli xene3Hol 0opoau U IUYHO HayarbHUKy cryxbbi . A. KopeHbkogy, 2nasHomy urxerepy [1. 0. boedaHosy 3a nposieneHHbIi
uHmepec Kk meme uccredogaHus u npedocmasneHue docmyna k apxueHbiM Mamepuanam dopoau; MBY «LI'A Mockebi» 3a coxpaHeHue
saxHeliwux AOKyMEHMOB N0 LUCMOPUU PACCMOMPEHHBIX JIUHUL; 0COBEHHO Xomenock 6bl omMemumb CompyOHUKO8 YumarbHo20 3aa
OmAdena xpaHeHusi Hay4HO-mexHuYecKol 0KyMeHmayuu, Uux 8bICOKUL NPoheccUOHasu3mM, PE8HOCMHOE UCNOIHEHUE A0MKHOCMHBIX
o6s3aHHocmell u cos0aHue koMghopmHol ammoccheps npu pabome ¢ AoKyMeHmamu.

[Jna uumuposarusi; ®edsHuH A. W. Ha kpato Mewéps1. Vicmopusi necHbix dopoe. Hexkomopsle hakmbi 06 ucmopuu cmpoumenscmea
Kene3Ho0opOxXHbIX NuHUl KpusaHduHo—PssaHoska u CasoHogo-[lunéso. Yacme 1 // Mup mpaHcnopma. 2022. T. 20. Ne 2 (99).
C. 100-107. DOI: https://doi.org/10.30932/1992-3252-2-11.

MonHbIli mekecm cmambu Ha aH2nulickoM si3bIke ny6nukyemcsi 0 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

[TyOnukanmu 00 MCTOPHUH CO3TAHUS Mao-
NeSTETBHBIX JIMHUH B IEYaTH MPAKTHICCKH HE
BCTPEUAIOTCS, UTO JIETKO OOBSCHUTH TaKE CAMUM
TEPMHUHOM, 0003HAYAIOMINM XapakTep padoTHI
STHUX JTUHUH — MaJIOIESATENBHBIN, TO €CTH HEOOJIb-
IIIOH.

Ha BocTtoke MOCKOBCKOM 00IacTH OT CTaH-
unu KpuBanaumHo MarucrtpanbHoro xona Mo-
ckBa—MypOoM Ha FOT OTXOANT JKEIEe3HOJOPOKHAS
JIFHUS, KOTOpas repecekaeT EropbeBckoe mocce
W TIPUXOMUT K TIOCENKY TOPOJICKOTO THIa Ps3a-
HOBCKUM M ctaHimu Psa3anoska. HemHoro ne
JIOXOJIS1 1O KOHEYHOTO MYHKTA, BO3JIe HACEIEH-
HOTO yHKTa Ca30HOBO, OT TMHUHU OTXOUT eIIé
OITHa — KPYTO BIIPABO, Ha FOTO-BOCTOK. DTa TMHUS
moaxoanT K ctarnuu CopoxoBoit bop y mocenka
PanoBunkuii, 0T KOTOpPOI MOBOPAUMBAET K CEBE-
Py, ornbas IOCeyoK, a 3aTeM CHOBa Ha BOCTOK U
3aKkaHuMBaeTcsa Ha craHuuu Ilmiéso yxe B Ps-
3aHCKOU 00macTi. OMHCcaHHYI0 KapTHHY MOXKHO
YBUJICTH TOJBKO Ha KapTax Beimycka 2000-x ro-
JIOB ¥ paHee, Ha COBPEMEHHBIX e TIPE/ICTABICH
ToJBKO yuyacTok KpuBananno—Ps3anoBka.

M3Becten aumib OaWH MeYaTHBIN HCTOYHUK,
B KOTOPOM YIIOMHHAIOTCS paccMaTpUBacMbIe
maAn [ 1]. OH TOCBAIIEH Y3KOKOTICHHOM Kee3-
HOH nopore Psazanp—Bnaaumup, B HEM conep-

JKATCs CIEAYIOLIME CBEACHUS: «Y3KOKOJIEHKa
CBeJa 3TU J[BE CTOPOHBI UCTOPHH Kpast, ¢ 1952
ro/la 3arpoMbIXajii TOPQSIHBIE [10€3/1a 10 MOCTaM
HaJl kaHasoM JKusnHckoro. 3anexu Topda oka-
3aJIUCh HACTOJIBKO MOIITHBIMH, YTO KPOME y3KO-
KOJICMHBIX JIMHUM, JOCTUTABIIMX JJIUHBI OKOJIO
200 kM, croga B 1974 rony Oblna mpoJioskeHa
BeTKa oT KpuBaHauHO 17151 IepeBO3KU Topda Ha
Marypekyro I'POCy» [1, ctp. 140]. Takum obpa-
30M, Ha3HAuCHUE OJHOMN U3 JIMHUI — epeBo3Ka
TOp(da, 4TO MOKHO HPEIOIIOKUTH U PO IPYTYIO
JINHUIO, IPOXOJIAILEH HETIOAAIEKY.

B cetu Mutepuer umeercs UCTOYHUK [2],
B KOTOpOM Ha cTpaHuile «KenesHomopoxHas
nunaus Kpuauauao—Psi3anoBkay [3] cooOiaet-
ca cnenyrouiee: «IIpoTsHKEHHOCTD KeIe3HON0-
poxxHolt tuanu KpuBananHo—Ps3anoBka cocTas-
nseT 53 xunomertpa. JKene3HoopoKHAS TUHUSA
rposieraet 1o reppuropuu llarypckoro u Erops-
€BCKOTo paiioHoB MockoBckoii obmactu. Ha
cranuuu Ca3oHoBo k nuHuM KpuBanauHo—Ps-
3aHOBKa ¢ 1976 rona nmo 2008 rox mpuMbIkana
JielficTByIOIIas JKeJIe3Ho0poxkHas muHus Cazo-
HoBo-IInnégo. ITo coctosnuto Ha koHer 2009 ro-
na nuHust CazonoBo—IIunéBo 3akoHCEpBUPOBa-
Ha, eé Oynymee HescHo. [lo cocrosiHuIO Ha
2019 rox oHa MOJIHOCTHIO pa3obOpana. Perenne
0 CTPOUTEIHCTBE ITON KENE3HOAOPOKHOMN IMHUU

Puc. 1. Xene3HodopoxHble nuHuu KpueaHduHo-PsizaHoeka u Ca3oHogo-ITunéeo Ha kapme 1987 20da [3].
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Obut0 TpuHATO B 1943 rony (mocraHoBiIeHHE
T'ocynapcrBenHoro komurera 060pons: Ne 3599
ot 17 uronst 1943 roga «O cTpoUTENBCTBE HKe-
Ne3HoopokHOM nuHuu KpuBanauno—Panosu-
uel») (PTACIIA ®@. I1-68, om. 2, 1.7, 1. 20). o
Benukoit OteuecTBEHHON BOWHBI CTPOUTENBCTBO
JIAHHOUW JIMHUHU HE 3HAYMJIOCH B OJMKAHIIMX
IJlaHaX, Ha 4YTO YKa3bIBA€T, B YaCTHOCTHU, TOT
(baxT, uTo Ha TOrOrpadUUECKOI KapTe MacIiTa-
6a 1:100000, nznanuoit B 1941 rony, orcyr-
CTByeT 0003HAYEHUE CTPOSIIEHCS HITH IIPOEKTHU-
pPYEeMOH #kKelle3HOW JOPOTH, BEAYILEH OT CTAHLIUU
KpuBannuHo B 10kHOM HampasieHuu. O Tom,
HACKOJIBKO Ba)KHOH ObliIa 3Ta CTPOIKa, TOBOPHUT
CIEAYIONIMN (BaKT: Il CKOPEHIIEro OCyIecTB-
JICHUSA CTPOUTECIILCTBA JIMHUU Kpl/IBaHI[I/IHO—Pﬂ-
3aHOBKa OBLIO PELICHO Pa30o0paTh JKEJIC3HOI0-
poxxHyto iuHMI0 Bepounkn—bosnpias Bonra. Ha
yuactke KpuBananHo—Ca30HOBO Kelle3HOIO-
pPOXHad JIUHUA 6])1.1'18. cAaHa B IMOCTOAHHYIO
skcrutyaranuio B coctaBe HKIIC B 1944 rony
(cormacHO cmpaBOYHHUKY <« Kene3HOZOPOXKHbIE
craniuu CCCPx»!, m3mannomy B 1981 romy).
Jlata BBOJa B MOCTOSIHHYIO 3KCIUTyaTallHIO
yuacTtka Ca3zoHoBo—Ps3anoBka (PamoBuisr)
C TOYHOCTBIO He ycTaHoBleHa (0T 1948 roxa j0
1951 roma). Oto He o3Hauaert, 4to yyacTtok Ca-
30HOBO—Ps13aHOBKA OBLII TOCTPOEH MO3KE — AaTa
BBOJIa B MOCTOSIHHYIO 3KCIUTyaTaI[UI0 MOXET
S3HAYUTCJIBbHO OTIMYATLCA OT AAaTbl OTKPBLITHUA
BPEMEHHOIO JIBU)KEHHUsA. B nepBble HECKOIBKO
JIeT paboThI KEJIE3HOJ0POXKHOM TMHuK KprBaH-
nuHO—Psi3aHoBKa €€ MPOTSIKEHHOCTh Oblla
MIPUMEPHO Ha ISITh KWJIOMETPOB 00JIbIIe — JIeH-
CTBOBAJI YYaCTOK OT HbIHEIIHEN cTtaHuuu Ps3a-
HOBKa 710 cena Panosunel. CTpOUTENbCTBO MO-
cénkay cesa PajoBulibl Ha4an0Ch, OIHAKO 3aTEM
6]:-[.]10 MIPUHATO PCHICHUE O €TI0 IEPEHOCE Ha ITATh
KHJIOMETpOB ceBepHee. Ha aToM Mecte Obui
[IOCTPOEH LIEHTPaIbHbIN MOCENOK, U3BECTHBIN
HBIHE 11071 Ha3BaHUeM Psi3aHoBKa (oduirasbHOe
Ha3BaHue — Ps3aHoBckuit). Cranius BOIU3U
cena PajioBuIIbI, CKOpee BCero, HOCUIIa Ha3BaHUE
Ps3aHOBKA — Kak U HBIHE CYILIECTBYIOIAs CTaH-
usi. He mo3nuee 1952 rona Obu10 HPUHSITO pe-
IIEHUE 0 IepeHoce CTaHIMK Pa3aHoBKa Ha MATh
KHJIOMETPOB CEBEpHEE. YHUaCTOK OT «CTapoi»
craniuu PszanoBka (y cena PayioBuiist) 10 «Ho-
BOI» CTaHIMM (Ha HBIHELIHEM MecTe) Mocie
sToro ObL1 pazobpan. B 1950-x nmu6o 1960-x
rojiax ObLJI IOCTPOEH BEJJOMCTBEHHBIH TTOJIBE3/1-

! Apxanrensckuii A. C., Apxanrensckuii B. A. XKenesno-
noposkubie ctanimu CCCP. — M.: Tpancnopt, 1981. —380 c.
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HOM My Th mHUpOKoH Kosen Ca3zoHoBo—PanoBuil-
kuit Mox. B 1976 rony Obuia OTKpbITa JIMHHS
o6mero nmons3oBanus CazonoBo—IIunéso, yac-
TUYHO NPOJOXKEHHas Ha MECTE IMOIBE3IHOI0
nytu CazonoBo—PanoBuiikuit Mox. OCHOBHBIM
TPy30M Ha KeJIe3HOJO0POKHOU nHuu KpuBan-
JIMHO—Ps13aHOBKA C MOMEHTa €€ OTKPBITUS U J10
2009 roxa 661 TOpd. Maccosas norpy3ska Topga
Bejach Ha craHuMsax Ps3anoBka u [Iunépo, rae
HaxXoAnJIMCh MOIIHBIC, IMTOJJHOCTBIO MEXaHU3UPO-
BaHHbIE TOp(doneperpy30uHble KOMIIJIEKCHI.
HewmexanusupoBaHHas mnorpyska topga ocy-
HIECTBIIsIaCh Takxke Ha cTaHIUuU COpOKOBOI
Bop. o Havana 1970-x romos norpyska Topga
Benachk Ha cTaHuuu OcaHoBO.

B ToM ke ucrounuke Ha ctpanuue «XKemnes-
HonmopoxHas nuHus CazoHoBo—IIunésox» [4]
umeercst cieytomas nadopmanust: «IIpotskén-
HOCTb keJe3HOA0pokHOU TMHUU CazoHoBo—] [u-
néBo cocrainsier 33 kunomertpa. XKenezHono-
poOKHas JTUHMS IIpoiieraet 1o teppuropuu Ila-
Typckoro paiiona MockoBckoii odnactu u Kie-
IIMKOBCKOTo paiiona Psizanckoit obnactu. K rory
oT craHuuu [Iun€Bo HAXOAUTCS KOPOTKUHU
MOJIBE3HOM Iy Th /10 CTaHLIMK Melgpa, mpuHaI-
nexarieir Memépckomy TophOonpeanpusITHIO
(mpoTsxk€HHOCTE — oKosi0 1500 metpoB). Ilo
coctogHuio Ha 2006 rop, *Kele3HOJOPOKHAS
JINHUSI OTHOCUTCS K MockoBcKo-Psi3aHckomy
OTZEJICHUI0 MOCKOBCKOH KEJI€3HOW JOpPOTH.
JKenesnonopoxxHasi TUHUS Ha BCEM NPOTXKEHUU
OJIHOITYTHAs1, HUTJIE HE dIeKTpuduposana. Ha
JIMHUU €CTh OJHa MPOMEXKYTOUYHAsA CTaHUUA —
CopoxoBoit bop. HauanbHbIM MyHKT AUHUHA —
ctanuus Ca30HOBO, PACHOJIOKEHHAs HA JIMHUU
KpuBannuno—Ps3anoBka. Vctopust TuHUM Ha-
Yajach CO CTPOUTENBCTBA MOABE3AHOTO IyTH OT
craniuu Ca30HOBO 10 mocénka PamoBuikuii
Mox. On 6b11 mocTpoeH B 1950-x mu6o 1960-x
ronax. Jluaus CazonoBo—PanoBunkuii Mox
Obl1a BeJOMCTBEHHOW. Bianenen nuHuu He
BbIsICHeH. OCHOBHOE Ha3Ha4YeHUE JIMHUM — 00-
CIIy)KMBaHHE JIepeBo00padaThIBAIOLIETO 3aBO/IA
U JIpyTux HNpeanpusTuil nocénka PagoBuukuit
Mox. B 1970-x rogax ObUIO HIPUHSTO PEIICHUE
o crpoutenscTBe MuHUU CazoHoBO—TIHnERO ¢
UCTIONb30BaHueM yacTu auHun Ca3oHoBO—Pa-
noBulkuii Mox. B Tom MecTte, OT KOTOpOro Jin-
Hust CazoHoBo—IImI€BO MCMONb30BaIa HOBYIO
Tpaccy (BMECTO HCIOIb30BaHus THHUK Ca30HO-
Bo—PanoBuikuit Mox), Obl1a MOCTpoeHa CTaH-
nust CopokxoBoii bop. Panee mocTpoeHHBIl
yuaacTok ot Ca3oH0BO 10 CopoxoBoro bopa Obu1
pexkoHcTpyupoBaH. PanoBunkuii Mox npespa-



THJICSI B KOHEUHBIH MTyHKT HEOOJBILIOIO OTBET-
BiieHus. JKene3HomopokHast JIMHUSL ObuIa T10-
CTPOCHA IIaBHBIM 00pa3oM Ui BbIBO3a Topda,
no0bIToro Memgépckum TophonpenpusiTueM.
Memépckoe TopdoIpeanpusTue HaXOqUTCs B
nocénke bosons, BOmm3u cranuuu [Tunéso. Co-
IJIaCHO CTIPABOYHUKY «KeTe3HOIOPOXKHBIE CTaH-
uun CCCP» (u3nman B 1981 rony), nara BBona B
skcrTyaranuio cranuuii Copokosoit bop u Ilu-
néBo (mupokoit kosen) — 1976 rom. YHuKaib-
HocTh TuHUK Ca3zoHoBO—[IMIEBO coCTOMIIA B TOM,
yro craniums [Tunépo pakrryeckn Obuia «Bpe3a-
Ha» B CylIecTBOBaBIYIO ¢ 1899 rona omHOMMEH-
HYIO CTAaHIMIO Y3KOKOJIEHHOH 2K€JIe3HOM A0pOru
obmiero nonk3oBanus (Pszancko-Bnaaumupckoid
Y3KOKOJICHHOM JKeJIe3HOMN TOPOTN)».

K nepBoii nuTare xorenock 65l JaTh HEKOTO-
pble KoMMeHTapuu. Bo-nepBuix, B Tekcre Ilo-
cra"oBieHus ' KO roBopurcs o ToMm, 4To JTHHUS
CTPOUTCS JUIsl CHaOXeHHss MOCKBBI ApOBaMHU U
opraHusaiuu 100b14u Topda, TO €CTh yTBEPK-
JICHHE aBTOPa NCTOYHMKA [2] 0 ToM, 4TO «OCHOB-
HBIM T'PY30M Ha JKEJIE3HOAOPONKHON JTHUHUU
KpuBanauno—Ps3aHoBKa ¢ MOMEHTa €€ OTKpBI-
Ui (evi0eneno asmopom) u 1o 2009 roga ObuI
Topd» HEe coBceM BepHO. Hike OyneT naHo Tomy
MOATBEPIKICHHUE.

Bo-BTOpPBIX, B MOJTHOM TEKCTE MOCTAHOBIIE-
Hust 'KO, nocTynHOM 1O CCBUIKE B UCTOUHUKE
[2], MmoxxHO TIpouecTh cienyroinee: «B memsax
obecrieyenus apoamu r. Mocksbl u3 PanoBuir-
KOTO JIECHOI'O MacCHBa U JIECOB MECTHOIO 3Ha-
yeHus B paiione lllarypa—PanoBuubl 1 opranu-
3anuu J100bYK Topda u3 TopdsHOro maccusa
«PanoBunkuit Mox» ['ocynapcTBeHHbII KOMUTET
00OpOHBI TOCTAHOBIISCT:

a) MOCTPOUTH KEIE3HOJOPOKHYIO JTHHUIO
Kpusanauno—PanoBuiiel npotsukenueM S0 Ku-
JIOMETPOB ¢ HEOOXOAUMBIMHU pa3be31aMu, CTaH-
IIMOHHBIMH U TIOTPY304HBIMH ITy TSIMHU, BOZIOCHA0-
JKEHUEM, IYTEBBIMU 3[aHUSMU U Teje(oHHOU
CBSI3bI0, C PacYETOM MpoIycKa § map Moes310B B
CYTKH;

0) Tpaccy KeJIe3HOJOPOKHOH JINHUU BECTH
[0 HAIMpPAaBJICHHIO, 00ECIEeUNBAIONIEMY MaKCH-
MaJIbHOE OCBOEHHE BCEX JIECOB, PACTIOIOKEHHBIX
mexay Ilarypoit u PapoBuriamu. Ctpoutens-
CTBO JKEJIE3HON JOpPOrM Ha4daTh B MIOHE M OT-
KPBITh pabouee JBIKEHUE [T0E3]I0B B CEHTSIOpe
1943 rona;

B) BECTH CTPOUTENIBCTBO yKa3aHHOI! jkenes-
HOZIOPOYKHOM JIMHUH 110 00JICrYEHHBIM TEXHUYC-
CKUM YCJIOBUSIM, 0€3 yTBEPKJIEHHOTO TEXHUYE-
CKOTO NPOEKTa U CMeET.
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...3. O6s13aTe MocoobmucronkoMm (1. Tapacosa),
Psi3anckuii oonucnoskom (T. MamonoBa) u Moc-
ropucronkoM (T. [Tponnna) modumzosars ¢ 20
ntoHsa 1943 . Ha BpeMs CTPOUTEILCTBA JKEJIe3HO-
nopoxkHOU BeTku KpuBanamHo—PamoBuiiel mo
MockoBckoit oomactu — 3000 pabouunx u 500
BO3YHKOB C JIOIIAIbMHU, 110 Psi3anckoii — 750 pabo-
yux ¥ 200 Bo3uHKoB, B ropoae Mockse — 1500
pabouux. YCTaHOBUTb, YTO KOJIXO3HUKH, MOOWITH-
30BaHHbIC Ha YKa3aHHOE CTPOUTEIIBCTBO, C 15 aB-
rycra 1943 r. ocBoOOXIa0TCS OT paboThl Ha
CTPOUTEIILCTBE /IS [IPOBENICHHS YOOPOUHBIX PaOOT.

4. O6sa3are Komurter no [lenam Bricmieit
[ xose pu CoBrapkome CCCP (1. Kadranosa)
COBMECTHO C COOTBETCTBYIOIIMMH HApKOMaTaMu
HanpaBuTh He mo3aHee 15 wmronsg 1943 r. Ha
CTPOUTEIBCTBO HKEJIE3HOIOPOKHOM JTnHNYN Kpu-
BaHAMHO—PanoBuIs! cpokoM Ha 2 mecsina 5000
ctyneHToB, u3 Hux 2000 3a cy€T KOIMUYECTBa,
npeaycmorperHoro Ilocranosnennem 'OKO
(Tax B IOKyMEHTE — npum. agmopa) ot 24 mapra
1943 . Ne 3073 1 3000 1ONONTHUTENBHO.

5. YcraHOBHTH, 4TO 32 PAOOYMMU U CITyKa-
MU, MOOMJIM30BaHHBIMHU Ha CTPOUTECIILCTBO
KeJe3HOJopoKkHOM BeTkn Kpusanauno—Pamo-
BHUIIBI U PabOYUX MOCENKOB B COOTBETCTBUHU C
HaCTOs UM HOCTaHOBHeHHeM, COXpPaHACTCA 110
MECTY MX IIOCTOSIHHO# paboThI 3apaboTHAas T11a-
Ta B cienyrommx pasmepax: 80 % 3apaboTHoi
IUTaThl — 3@ PAa0OTHUKAMHU, UMECIOIIMX Ha CBOEM
MXXKIUBCHUHU Hepr}lOCHOCO6HbIX YJICHOB CEMbU
1 40 % 3apaOOTHOM MJIaThI 32 BCEMHU OCTAJIbHBI-
MU pa6oq1/1M1/1 1 CJIyKallluMU.

CoxpaHuThb 32 CTY/IEHTaMH, HAPABJIIEMbIMU
Ha CTPOMTENIBCTBO JKEJIE3HOJOPOKHON JTMHUN
KpuBanauno—PanoBuiibl, Ha BeCh CPOK UX pa-
6OTI)I Ha CTPOUTEJILCTBC MMOJYy4Ya€MbIC UMH CTH-
IICHIHU.

...7. Pazpenmts HKIIC npumeHnsTs Ha cTpou-
TEJILCTBE JKEJIE3HOIOPOXKHOM TnHMY KpuBaniu-
HO—PasioBUIIBI aKKOPAHO-TIPEMUATIBHYIO (TaK B
JIOKyMEHTE — NpUM. d8Mopd) CUCTEMY OILIATHI
Tpyzaa B coorBercTBuu ¢ IlocranosnenueM lo-
CYIapCTBEHHOI'0 KOMUTETa 00OPOHBI OT 3 sIHBa-
ps 1942 . Ne 1095¢. <...>

...11. O6s3ats HKIIC (1. JI. M. KaranoBuua)
BBIACTIUTD IJId CTPOUTEIIBLCTBA KCIJIC3HOAOPOK-
Ho muHuu Kpusanauno—Panosuust 40 kumo-
METPOB PEJIbCOB CO CKPEIUICHUSIMH U CTPEJIOY-
HBIMH TIepeBoamH, Jitst uero paspeuints HKIIC
pa3o0parh Kene3HO0POKHY0 JIHHIO0 BepOuii-
ku—bonbas Bonra.

12. O6s3ars Hapkomnec (1. CantsikoBa)
OTrpy3uTh B HIOHE 1943 . Ha CTPOUTENHCTBO
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JKeNe3HOoJopokHOM TuHNuM KpuBananno—Pano-
BuIb! 10 KHIIOMETPOB PEIBHCOB CO CKPETUICHUAMU
3a cu€T paz0OpPKHU JIECOBO3HBIX IyTEH U BblJle-
JIUTH 8§ TPAKTOPOBY.

Kak BuiHO 13 3TOM LUTATHI, K CTPOUTEIILCTRY
ObLIO PHBIICYEHO 3HAYUTEITLHOE YKCIIO TPaK/IaH-
CKHX JIMLI, pabOTaBIINX HE OECIUIaTHO.

W3 ncrounuka [4] o4eBHIHO, YTO UCTOPUSA
J)kene3HonopoxkHor nmuHun CazoHoBo—IIunéBo
HayaJlach CO CTPOUTEIHCTBA MOIBE3AHOTO MY TH
Jio nocenka PagoBunknit Mox st o0ciykuBa-
HUSL IEPEBO0OPa0aTHIBAIOLIETO 3aBO/Ia U APYTUX
npeanpusaTuid. OnHAKO U3 TOTO K€ HCTOYHHUKA
CJIE/IyET, YTO 3TOT MOCENIOK CTPOMIICS Kak pado-
YUl 711 TOPQOIIPEAIIPUSATHS, YTO MTPEACTaBIIS-
€TCsl HEJIOTUYHBIM. B CBsI31 ¢ 3THM OBLIO HE0O-
XOJMMO HAMTH JIpyTue CBEIEHHUs O paccMaTpu-
BAeMBbIX JTMHUSAX.

Ob6parnienre B apxuB MOCKOBCKOHU Kelie3-
HOMW JIOPOTH MO3BOJIMJIO YCTAHOBUTH (akT Ie-
penadu Bcex UCTOpUYECKUX MarepuaiioB B I'BY
«lleHTpanbHbIil TOCYAaPCTBEHHBIN apXUB) I'0-
pona Mockssl (I'BY «III'A» Mockssr). B xone
paboThI B IaHHOHM OpraHU3alMK YIAI0Ch HAUTH
HEKOTOpBIE CBEACHHS MO paccMaTpUBACMbIM
JIUHUAM, KOTOPbIE MPEACTABICHBI HUXKE.

Hauano. Boennsbie roabt

Kak yxe oTMedanocsk, >kene3HOI0POKHAs
nunus KpuBanauHo—Ps3aHoBKa mocTtpoeHa B
cootBeTcTBHH ¢ IocTanoBienueM ' KO, kotopoe,
B UKCJIC IPOYCTO, IMPEANNCHIBAJIO BECTU CTPOU-
TEIBCTBO 0€3 TEXHUYECKOTOo npoekta. OmaHaKo,
TaKOH ITPOEKT BCE-TAaKM ObLJI COCTABIICH U COXpa-
HUJICA 10 HAIIMX JTHEeH — « TexHu4eckuil mpoexT
k.. BeTku KpuBanguno—PanoBuis» [5]. U3
HETO CIEIyeT cleayloliee:

B coorBerctBum ¢ nynkrom «Ha3HaueHnue
JIUHUWNY, KEIIe3HOJAOPOKHAS TUHUS TpeHa3HAa-
qaeTcs IS «...00ecmedeHus: ApoBaMu Top.
MockBbl U3 PagoBULIKOTO JIECHOTO MaccuBa U
JIECOB MECTHOTO 3HaueHus B paiione lllarypa—
PanoBuibl u opranmu3aruu 100b14u Topda u3
TopdsiHoro maccuBa «PamoBuinkuii Mox»
(I'BY «II'A Mocksb» @. T. 51 om. 62 1. 232 1. 5)
(3neck u nanee opdorpadus U MyHKTyaLHUs CO-
XpaHEHbI — IPUM. aBTOPA).

B nynkre «OCHOBHBIE TEXHUYECKHE YCIIO-
BHS, IPUHSATHIE IIPU IMIPOECKTUPOBAHUM BETBH
gutaeMm: «KeneznogopoxkHasi BeTBb KpuBanau-
HO—PaoBuLbl NPOEKTUPYETCsl 110 OJUH IIyTh
HOpMaJ’IbHOﬁ KOJICU 1O TEXHUYECCKHUM YCIIOBUAM
MIPOEKTUPOBAHMSI JKEJIE3HBIX IOPOT 00IeT4EHHO-
ro tuia, ¢ MIPUMEHCHUEM NUHCTPYKIIUU 110 IIPO-
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DENTANA AN ‘Paroyvieeporav iba

€KTHPOBAHUIO JK.J. B YCIOBHUSIX BOEHHOIO Bpe-
Menu. JnuHa BeTBH — 50 kM. PykoBomsmuii
yKIO0H — 12 %o B 00oux HampapieHusax. Pa3me-
IIEHUE Pa3JeNbHBIX IYHKTOB NMPOU3BEICHO Ha
3a1aHHYIO0 POITYCKHYIO CIIOCOOHOCTB, C OTPY3-
KOH JIpOB, B IIEPBBIE TO/IbI AKCIIITyaTallil BETBH,
Ha MeperoHax Ha BCEM MPOTSIKEHUU JIMHUM.
Bepxnee cTpoeHue My TH: PeNIbCHI — CTAPOTOIHBIE
Pa3HBIX TUIIOB; 0AJLIACT — [ECYAHBIH, TOJIIINHOM
nox mmaioi 0,15 M Ha CTAaHIIMOHHBIX MyTAX —
0,10 m; mmansl — Henponutanuele 1440 mt. Ha
KM Ha KpuBbIX paanyca 300 m — 1600 mT. Oc-
HOBHBIE TOJIOXKEHUS IS IPOEKTHUPOBAHUS K. 1.
BeTBH KpuBanauno—PanoBuisl, yrBepxIEHHbIE
I'maBubiM unxenepom CTII 1. EdpumoBsiM 1
yka3aHusa COI03TPaHCIPOEKTa MO MPOEKTHPOBa-
HUIO HCKYCCTBEHHBIX COOPYXEHMH IO BETBH,
MPUIOKEHBI K HACTOSIIEH 3amucke B MpUIIOKe-
HusX NeNe 2 u 3» (I'BY «II'A Mocksb» @. T.
51 om. 62 1.232 1. 9).

KacatenpHO HanpaBieHHsI CTPOUTENLCTBA B
MpoeKTe [S] TOBOPUTCS CIEAYIOIIEE:

«4. Be160p OCHOBHOTO HAITPABJICHUSI.

PanoBunkuii 1€CHOM MaccuB SIBJISIETCSL OC-
HOBHBIM ITYHKTOM, Ky/a TIOIBOJUTCS )K.J. BETBb
Kpuannuno—PanoBuiisl.

OJHOBPEMEHHO C 3TUM, MOIYTHO, B CBOEH
CPEAMHHON YacTH, MPOSKTUpyeMast IUHUS MPo-
JIOKEHA MO HAIPaBJICHHIO, 00ECIIeYnBAIOIIEMY
MaKCHMaJIbHOE OCBOEHHE BCEX JIECOB, PACIOIO0-
skeHHbIX Mexay Llarypoil u Pagosuukum jiec-
HBIM MaCCHBOM.

IIpoexT ocBoeHus PapoBuikoro necHoro
MacCHBa, a TaKXKe BCEX JIECHbIX MaCCHBOB, pac-
10JI0keHHbIX Mexy HUM U [larypoii, cocras-
ngercs TpectoM «Mocnectipom» Hapkomiieca, ¢
KOTOPBIM U ITPOU3BEICHO COITIaCOBAaHHE HAIpaB-
JICHUSI TMHUH «...» OKcrmyaranus [IpynoBckoit
JIeCHOM nayu PajoBULIKOrO JIECHOTO MaccHUBa
00CITy’KMBaeMOIl KOHEUYHBIM Yy4YaCTKOM TPacChl
(42-50 kM) oprueHTHPOBOYHO HcuucigeTcs Moc-
JIECTIPOMOM B 2—3 rojia, Mocje 4ero BO3HUKAET
HEe00XOJMMOCTb COOPYKEHHUSI HOBOTO «ycay,
HarfpaBJieHHe KOTOporo MociecnpoMoM ompe-
JIEJIEHO B CTOpOHY kBapTaia Ne 102.

OTO0 BTOpOE HampaBJIeHUE JTUHUH, HAMH 00-
CJIEZIOBAHO B HaType ¢ pa30MBKOW Tpacchl Ha
MECTHOCTH, HO CTPOUTEIHCTBOM B HACTOSIIEE
BpeMsI HE OCYIIECTBIISIETCS U OTHOCHUTCS Ha
nepcnektuBy» (I'BY «I'A Mockse» @. T. 51
om. 62 1.232 11. 9).

U3 «IIporokona coBenianus Mpu INIaBHOM
uHxeHepe tpecra Mocuecnpoma HKJleca
PC®CP no BompocaMm BbIOOpa OCHOBHOIO Ha-



Puc. 2. lnax mpaccsi x.0. eemeu KpuearHduHo-Padoeuysi (FBY «LjrA Mockebi» . T. 51 on. 62 0. 232 n.8. [ly6nukyemcs enepeble).

TIpaBJICHUS IPOCKTHPYeMOoir MOCTpaHCTIPOSKTOM
HKIIC x.1. Betku» (I'BY «III'A MoCKBBI»
@. T. 51 om. 62 1. 232 11. 72) cnemyer, 9T0 00BEM
UMEIOIIeHcs ApeBECHHEI B PagoBuIIKOM JTecHOM
MaccuBe cocTaiseT pumMepro 410 Teic. M2,
Jis iuTIoCTpau IpHUBEIEHHBIX (pparMeH-
TOB O3HAKOMHUMCSI CO CXEMOW MPOEKTUPYEMOH
JKeINe3HOMOpokHON nuHUH (puc. 2). U3 Hero
ciemyert, 9to (pakTudeckas Tpacca paccMaTpH-
BaeMo¥ uHUM 110 ctaniuu Ca3oHoBo (JlecHas)
COOTBETCTBYET TaKOBOI B IpoekTe. B cooTBer-
CTBUU C TIPOCKTOM, CTpPOIfKa MPOIOIHKACTCS B
FOTO-BOCTOYHOM HampaBiIeHUU A0 50-T0 KHUIIO-
MeTpa, a IPOIOJHKEHHE B FOT0-3aITaJHOM HaIIpaB-
JICHWW B CTOPOHY JIEpeBHU PamoBHIIEI, TO eCTh
Tyna, TIIe T03JHEe Pa3BePHETCS CTPOUTEITHCTBO
TopdornpennpusaTus «Pa3aHOBCKOEY, KOTHOCHT-
sl Ha TepCIIeKTHBY». CIenoBaTenbHO, YTBEPK-
JIEHUE aBTOPa UCTOYHHKA [3] «...DTO HE 03Haya-
eT, uTo ydacTok CazoHoBO—Ps3aHOBKa OBIN
MMOCTPOCH MO3KE — JIaTa BBOJA B IIOCTOSTHHYIO
IKCILTyaTaIHI0 MOXKET 3HAYUTEIHHO OTITNIATh-
Csl OT AaThl OTKPBITHS BPEMEHHOTO JIBIKCHUS
MO)XHO CYUTATh ONMPOBEPTHYTHIM B YacCTH He-
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OJTHOBPEMEHHOCTH CTPOMTEIHCTBA YYACTKOB
Kpusannnno—Cazonoso u CazonoBo—Ps3aHoB-
Ka.

Takxe, MOXHO yTBEpKJaTh, 4TO, IO MEHb-
et Mepe, epBble KIWIOMETph! THHNN Ca30HO-
Bo—[TmnéBo ObIIH MOCTPOCHH! HEe B 50—60-X TO-
J1ax, Kak yTBepxkaaercs B [4], a panblue, B 1943
TOxy.

VY4uThIBas Mocienyomnee pa3BUuTHE B paiio-
He PanoBui ToppsHOW MPOMBIIIIEHHOCTH,
BCTAET BOMPOC: IITAHUPOBAIOCH JIM TIPH MTPOCK-
TupoBaHnn JuHUM KpnBananao—PamoBuib
UCTIONB30BATh €€ B TaTbHEHIIIEM IS TIEPEBO30K
Topda?

Otser copepxurcs B [Ipoexre [5]:

«5. Bomnpoc 0 nanpHeHIIeM HanpaBieHUU
JTUHUY K PasoBuItkoMy Top(ssHOMY MaccHBY.

[Tpoextupyemast .1. BeTBb KpuBananHo—
PanoBuiel, kpome ocBoeHus PamgoBUIIKOTO
JIECHOTO MAacCHBa M JICCOB, PACIOJIOKEHHBIX B
paifoHe Tpacchl, MOXKET U I0JKHA OBITH HCTIOJb-
30BaHa TaKKe ISl OPTaHU3AINH 100N Topda
n3 PagoBunkoro TopgsiHoro maccusa «PamoBuil-
K1t MoX», pacIioioKeHHOTO HEMOCPEACTBEHHO
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3a PagoBHUIIKUM JIECHBIM MacCHBOM, IOXKHEe
MIOCIIETHETO.

OpHaKo, 3TOT BOIIPOC K HACTOSIIEMY BpeMe-
HU He pa3padotan u ['unporopd cBoux coodpa-
JKEHMH. .. COOOIINUTh OTKa3aJICs.

BBuay n3noxkeHHOro Bbll€, JajbHEHIAs
pa3paboTka BOIpoca O MPOJODKSHUH JIMHUU K
PanoBuukomMy TOopQsitHOMY MaccHBY Ha 3TOM
IIpeKpaleHa.

o

Haanexut oTMETHUTB, YTO MIPU COCTABICHUU
reHepalbHOW CXeMbl OcBoeHus PagoBuiikoro
necHoro maccuBa Pocnecipoexrom Hapkomieca
6 1938—1939 2. noonumancs éonpoc o coopy-
orcenuy PajloBULIKON Y3KOKOJIEHHOM K. . HA KO-
onepuposannvix Hadyarax Hapkomiueca ¢ [aB-
HBIM YTIpaBiieHuEeM TOPQSIHOM TPOMBIIILICHHO-
CTH, HO, B KOHEUHOM CUETe, He MOJTyYHIT KaKOTO-
7100 pa3penieHus, BBUY OTCYTCTBHsI OoJiee 1K
MeHee ONpeIesIEHHBIX HAMETOK M COO0pakeHHI
B ['unporopde o MecropacmnosioxeHnu Topdo-
OPEANPUITHH, Oa3UpPYIOWUXcs Ha paspadomke
mop@sanoeo maccuea «PajoBULKHIA MOX», a
TaK)Ke BBHJY YTOYHEHHs HallpaBICHUH OCHOB-
HBIX IPy30I0TOKOB TOp(a 1 ero padpuKaToB...»
(I'bBY «IT’'A Mockse @. T. 51 om. 62 1. 232 1.
10).

IIpuBeném Texct nucema U3 MHCTUTYTA ['H-
npoTopd 10 OBOY CTPOUTENLCTBA TOPhOpe-
npusTHiA Ha Toppomaccrse «PagoBurikiii Mox»:

«HauanpHuKy 3xcniequimu MocrpaHcnpoek-
Ta ToB. Kyunny.

Ha Barue mucemo ot 29/VII c.r. 3a Ne 49 co-
obwaem, umo npoeKm opeanu3ayuLu mopgponpeo-
npusimusi Ha baze TophomaccuBa «PamoBuiikuit
Mox» B HacTosilliee BpeMs HE COCTaBIseTcs, a
MO3TOMY yKa3aThb HAIMPaBJICHHE MPOJOIKEHUSI
yuHun Kpusanauno—JlecHas 10 KOHEUHOH TOp-
(hsTHO CTaHIMK HEBO3MOXKHO. J[J1s COCTaBIICHUS
CO00paykeHUH MPOCUM IMPEICTaBUTH ITJIaH TPACCHI
macmraba 1:100000.

2 aseycma 1943 2o0a.

[T/n Yupasnsitonmii ['unporopdom — Bapra-
MOB. [ 1aBHbIi nmxenep ['unporopda — Hukois-
ckuit» (I'BY «LII'A Mockse» @. T. 51 om. 62 n.
232 1. 73).

OpHako B MPOEKTEe UMEETCS U MHUChMO Clie-
JIYIOIIETO COEPKAHUS:

«15.X1.39

I'maBropd coobIaeT, 4To Mo MpeaBapuTeIib-
HoMmy 1utany /] nsarunerku Ha 6aze Topdomaccu-
BoB «Panosunkuiit Mox» u «Ps3anoBka» npeny-
CMAaTpPUBAETCS] CTPOUTENIBCTBO 3-71a HCKYCCTBEH-
HOro 00e3BOXHMBaHHs TOp(]a C MPOEKT. MOLIH.

Vi) \ [ N2 )$

300 mm. 6 200 u moppodbpukemnozo 3-0a ¢
npoexm. MOIH. 300 mm. 6purxemos 6 200.

B 1940 . Hame4eHO NPUCTYIHUTH K COCTaBIIE-
HUIO MPOEKTHBIX 3aJlauy: M TeX. IPOEKTOB IO
YKa3aHHBIM 3-1aM U CBIPhEBOIl 6a3e.

HanpagieHuss OCHOBHBIX T'PY30IIOTOKOB C
yKa3aHHBIX TOP(HOMACCHBOB OKOHYATEIILHO €Ié
HE YCTaHOBJICHBI.

[Toaromy I'maBrop¢ He cumrTaeT ans ceds
BO3MOXKHBIM HPUHSTH Y4acTHE B COBMECTHOM
nocrpoiike PaioBHIIKoi /KON K. 1. 00 OKOHYaHUs
mex. npoeKkmog u 00 YMOUHEHUs HANpasieHull
OCHOGHBIX 2PY30NO0MOKOB.

1l/n u.o. nauanvnuxa I'nasropda — CaMCOHOBY
(I'BY «UI'A Mocksb» @. T. 51 om. 62 1. 232 1.
73. OGopoTHast CTOPOHA).

CrienioBarenbHO, yTBEPIKICHHE aBTOpa UCTOY-
HHKa [2] 0 TOM, 4TO OCHOBHBIM I'Py30M Ha JTMHUH
KpuBananHo—Ps3aHoBKa ¢ MOMEHTa TOCTPOHKHU
ObL1 TOP], MOXKHO CUUTATH 0OOCHOBAHHO OIIPO-
BEPTHYTHIM.

O TexHonoruu padots auHuK KprBananHo—
Pagosuisr [Ipoekt [S] cooOlaer criemyromiee:
«O0cTy)XuBaHHE CaMOW JIMHUH TTPOU3BOUTCS
naposo3amu cepun OF, npunucanHvimu maroice K
deno cm. Yepycmu.

Ha BeTBU npenycmarprBaeTcs 1Ba MaHEBPO-
BBIX paifoHa: OJIMH paifoH ot cT. KpuBananHo 10
cT. [loxxora u Bropoii paiion ot cr. Iloxora 1o
ct. JlecHas, BKiIIO4ast MPOJIOJKEHNE BETBH JI0
50 kM. KaxipIit MaHEBpPOBBIH paioH IMEET CBOI
NapoBO3 C COCTABUTEIBCKOM OpUTaIon.

[TocTyruieHre MOPOKHUX BaroHOB JUJISL T1O-
IPY3KH Ha BETBH IIPELyCMaTPUBACTCSI CO CTOPOHBI
MOCKBBI 1IEJTbHOCOCTABHBIMH MTOE3/IaMHU WIIH
OT/IETIbHBIMU I'PYIIIIAMU CO COOPHBIMH MOE3/1aMH,
NpHEM ITUX 1T0E3/10B Ha cT. KpuBaHauHO npemy-
CMaTpHBaeTCs ITPOU3BOIUTH Ha JIOTOJHUTEIBHO
yKJIaAbIBaeMbIi myTh Ne 4.

[Tocne oTHEKH MOPOYKHUX BarOHOB, UX TEX-
HUYECKOr0 0CMOTpa M odopmileHUs Tpuéma 1
clla4u, royia4ya TmoJy orpy3Ky Ha BETBb IIPOM3BO-
JIUTCSI BETOYHBIM I1aPOBO30M IEPBOTO MaHEBPO-
BOI'0 palioHa.

[TapoB03 3aX0AUT B rOJIOBY IIOPOXKHETO CO-
CTaBa, OTLEIUIAIOT 38 YCIIOBHBIX JIBYXOCHBIX Ba-
TOHOB, YTO COOTBETCTBYET JIBYM I'PYXEHBIM CO-
CTaBaM, KypCHPYIOLIMM MO BeTBU /no 19 6/ u,
napoeosom enepéo, omnpasiaem ux na cm. Ilo-
arcoza. 30ecv oH npoussooUm omyenky écex 6a-
20H08, a cam 6o3epawaemcs Ha cm. Kpueanouro
3a C1e0yIOuUMU BA2OHAMU.

OuepenHOM clien, B KOIMYECTBE Takke 38
YCJIOBHBIX JIByXOCHBIX BAarOHOB, [TAPOBO3 OCAXKH-



BAaeT Ha neperox 1o ctr. Iloxora, nnu 1o nocnen-
HEll TOYKH — MOTPY3KH 3TOTO paiioHa, OTKyaa
00paTHBIM PEeicoM MPOU3BOAUT PACCTAHOBKY
BaroHOB TI0 MeCTaM TOTPY3KH.

ITo paccraHoBKe BaroHOB, TapOBO3 BO3BpAIIIa-
eTcs Ha cT. KpuBaHANHO U Ha 3alIpOeKTHPOBAH-
HoM Tyruke Ne 13, ou1aeT OKOHUaHUS TTOTPY3KH.

Tem BpemeHeM mapoBO3 BTOPOro pailioHa,
TaKUM kK€ MOPSIIKOM, BBIBOIUT MOPOXKHAK CO
cT. Iloxora Ha cT. JIecHas, yacTh U3 HUX Oca-
JKMBAaeTCsl Ha BETBHU, a OCTABIIYIOCA YacTh,
00paTHBIM peHCcOM, paccTaBiIsieT MO IMyHKTaM
norpy3ku Ha neperone [loxora—Jlecnas. Cam
BO3Bpamaercs Ha cT. [loxxora u oxunaeT KoH-
1A OTPY3KH.

I[To okoHUaHUM OTPY3KH 002 MAPOBO3a, KaXK-
JIblii HA CBOEM Yy4acTKe, IIyTEM I10CJIE0BaTEllb-
HOTO OCQ)KMBAaHHUS M CLENKH cobupator mo 19
BaroHOB U JIByMs pelicaMM BBIBOJIAT HAa CTAHLIUH:
nepBbIit Ha cT. KpuBanauHo, Bropoit — Ha cT. I1o-
JKOTa.

ITocne BbIBOA ABYX I'pyKEHBIX COCTABOB Ha
ct. KpuBaHauHO W 0CBOOOXEHUS NEperoHa
Kpusananno—Iloxora, nepBslii mapoBO3 YXOAUT
Ha cT. [ loxxora 17151 3KUIMpoBKH, a BTOPOil 1apoBO3
OTBO3UT OJIMH U3 CBOMX JIBYX FOTOBBIX COCTaBOB
Ha cT. KpuBananHo, mocie 4ero BO3BpalaeTcs
Ha cT. [Toxxora. A mepBblii TapoBO3, PO K-
MHUPOBKY, BO3BpaIaercs Ha c¢T. KpuBanauHO ¢
OCTaBIIUMCA TPYKEHBIM COCTABOM.

OcraBmmecsa Ha cT. KpuBaHauHO Hemorpy-
JKEHHBIE YETHIPE YCIOBHBIX BaroHa CTaBsITCS
MEepPBBIM MAPOBO30M MO MOTPY3Ky Ha MEPEeroH
Kpusanauno—Iloxora 1 o OKOHYaHUH MOTPY3KU
BBIBOJISITCSA Ha cT. KpuBananHo.

OTHUM 3aKaHYMBAETCS TOJTHBIN [IUKII CyTOYHBIX
MaHEBPOBBIX OIepalnuii, MPOAOKUTEIBHOCTBIO,
B 0011Iel CITOKHOCTH, 0KO0J10 20 4acoB.

Juist obecriedeHus: 3aJJaHHON HPOIYCKHOM
CIOCOOHOCTH BOCBMH T1ap TOE3/10B B CYTKHU, MECTa
MOTPY3KHU C IEPETOHOB MEPEHOCSTCS Ha pa3/ielib-
HBIE ITYHKTBI, I7I€ ITyTE€BOE Pa3BUTHE PaCIIUpPsIET-
Cs1 10 TIPe/IeIOB YKA3aHHBIX Ha YepTexKe.

IIpuém rpyxE€HbIX COCTABOB C BETBU Ha
cT. KpuBaHuHO Npou3BOAUTCS HA HOBBIHM My Th
Ne 5, re, ¢ moMoIIbIO apaJIeNbHBIX ChE3/0B,
MIPOU3BOAUTCS MOCIEA0BATEIbHOE HAKOIUIEHUE
BETOYHBIX COCTaBOB BecoM 110 570 T 710 MOJIHOTO
roesja riaBHoi nuHun, BecoM 1800 T.

Kak BUIHO U3 COOTHOILICHHSI BECOBBIX HOPM
I0€3/I0B, TPH BETOYHBIX COCTaBa 00pa3yIoT OIUH
TOJTHOBECHBIN MO€3]] TJITaBHOM JINHUU.

Ha noxro mepBoro MaHeBpOBOTO ITapoBO3a
JIOKHUTCSI TaK)Ke MaHEeBpOBasi paboTa W Ha
cT. KpuBauanHo, KOTOpasi COCTOUT H3:

* a) BO3MOXKHOW COPTHPOBKH MTOPOKHHX Ba-
TOHOB Ha KPBITHIC U IJIaT(OPMEI;

* 0) hopMHpOBaHUE TIOC3/1a HA3HAYCHUCM Ha
Mocky /mo60p 1o Becy/;

* B) BBIKUJIKA OTJICIbHBIX BATOHOB /0OJIBHBIX
1 MECTHOH MOTPY3KU-BBITPY3KH.

Jlnst oToii nenu Ha cr. KpuBanauno npeay-
CMOTpPEHA BBITSHKKA M TYTIHK [T BRIKUAKHI Baro-
HOB.

ITo roTOBHOCTH IOJIHOIO COCTaBa BBICHLIA-
©TCsI TOE3IHOM MapoBo3 co CT. YepycTH, ¢ KOTO-
PBIM U OTTIpaBisieTcs moe3n Ha MOCKBY.

OO01m1as peryanpoBKa pacIpe/IeICHHs TOPOXK-
HSKa JIIS TI0/Ia9d K MECTaM TIOTPY3KH B yOopka
IpyEHBIX BarOHOB Ha CT. KpuBanauHo, ocytie-
CTBIISICTCS IUCIIETYCPOM BETBH, HAXOIIIINMCS
Ha cT. [Toxxora, mocpenacTBoM Tene(hOHHOM CBsI-
3u» (I'BY «IIT'A Mocksbi» @. T. 51 om. 62 1. 232
1. 17-18. O6opoTHast CTOpOHA).
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O kHure H. I1. BepxoBckoro
«Xene3HogopoxHas Hepa3bepuxa». Yactb 3

Ilpecc-apxue

IIpooondicenue nyonuxayuti 8 08yxX npeobloyuux HoMepax.

Hanomuum, umo ¢ 1910 200y onvimubwiii pykogooumeins dcenesHvix dopoe Huxonail
Ilemposuu Bepxosckuii npedcmasnsin 6 VIII Omoene HUmnepamopckozo Poccutickozo
Texnuueckoeo Obujecmea Hanucanuylo um knuey «Kenesnodopooicnas nepaszoepuxa,
NOCBAWEHHYIO KOMNIEKCHOMY PeUeHUIo WUpoKo2o Kpyed HACYUJHbIX 80NPOCO8
opeanuzayuu pabomul JicenesHbix 0opoe.

B nybnuxyemoil  5mom Homepe mpemyell Yachmu akyeHm coelan Ha pabonty cosemos npu
YIPABTAIOWUX 00PO2AMU, PO CLYHCObL OBUICEHUSL 8 OESIMENbHOCMU JCENLe3HbIX 00PO2,
a makaice Ha 6opbOy ¢ xuwjenusmu. He 0060ti0eHbl ObLiU U, BbIPANCAACH COBPEMEHHBIM
SA3ZbIKOM, OP2AHUZAYUOHHO-WMAMHbIE BONPOCHL. B KoHye 0okiada Ovliu nodsedeHvl
UmMo2u 8blCMynJieHusl.

B mexcme MakcumanbHo CoXpanervl NyHKmMyayus u 1eKCuka asmopa.

Omoii nybnuxayueit mexcm 0oxknaoa H. I1. Bepxoeckoeo ucuepnuviéaemcs. OOHaKo 8 00HOM
U3 CLeOYIOUUX HOMEPOB NILAHUDYEMCs PA3MECIUNb 8bl0EPIHCKU U3 NOCIe0068aBULel 30 HUM
OUCKYCCUU, HEKOMOPbLe ACNEeKNMbL KOMOPOU, X0msi Obl 6 Yacmu NOCMAHOBKU B0NPOCOS,

aAKmyaivbHbl U NOHBIHE.

Knroyesble crioga: ucmopusi, poccutickue Xesne3Hble OOPOZU, oﬁpasoeaHue, ynpasrnexue, MeHedKMeHm, nepcoHarl.

CreHorpaguyeckuii oTYET MO JOKJIATY
H. I1. BepxoBckoro u 6eceae B VIII OTaede
N. P. Texnuuyeckoro O0mecTBa 2-ro e
ka0ps 1910 roga, noja npeacenarejabcTBOM
A. H. I'opuakosa.

Ilpeocedamens. — MunoctuBbie Tocyaapu!
IIporpamma noknaga Hukonas IlerpoBuua no-
MellleHa B moBecTke. Kak BBl BUaNUTE, OHA OYEHb
o01mMpHa, o KpaitHel Mepe, 10 YUCITy CTPOYEK,
KOTOPBIE OHA 3aHUMAET.

Lns uumupogarus: O kHuee H. 1. Bepxogckoeo «)Kene3HoO0opoxHasi Hepasbepuxay. Yacmb 3 // Mup mpaHcnopma. 2022. T. 20.
Ne 2 (99). C. 108-118. DOI: https://doi.org/10.30932/1992-3252-2022-20-2-12.

bnazodapHocme. Pedakyusi 8bipaxaem npusHamessHocmb compyOHukam bubruomexu Pocculicko2o yHueepcumema mpaHcnopma

3a nomoub 8 No020moske Mamepuarna.

MonHbIl mekecm apxueHoU cmambU Ha aH2/1UliCKOM si3bike ny6rukyemcsi 80 8mopoll Yyacmu aHHO20 ebInycka.
The full text of the article in English is published in the second part of the issue.



OpraHuzanust ynpaJjieHHUs
7KeJIe3HOIOPOKHBIM /1eJI0M

Opzanusayus MecmHuuix Co8emos ynpaesie-
nutl. — «He-Texank» ceryer Ha COBET MECTHBIX
YTIpaBIIEHUH JTOPOT, B KOTOPBIX MPEICTaBUTEIN
TocynapcrBennoro Kontposns u Munucrtepcrsa
@DUHAHCOB MAPATU3YIOT SHEPTUIO HadaJIbHUKA
JIOPOTH 1 JIMMIAIOT €r0 HA/UIeKAIEeH MpaKTuye-
CKOM MPOU3BOIUTENBLHOCTH.

«[TosTOMY, — TOBOPHUT OH, — ONFDKAHIIIEH LIeTTBI0
MECTHOH pehOpMBI JKEeNIE3HBIX IOPOT TOIHKHO OBITh
CO3/IaHNE TaKHX YCIIOBUH IESTEIBHOCTH Hadallb-
HHKa IOPOTH, TIPH KOTOPOii OH IEUCTBUTEIHEHO OBLT
051 CBOOOJICH M CAMOCTOSITENICH B CBOMX PacIiopsi-
KEHHAX, TOIBKO TOTAA MOJKHO C JOCTaTOUHBIM
OCHOBAHHEM IPEIBSBIISATH K HEMY CaMbl€ IIIPOKHE
TpeOOBaHMS U JIENaTh OTBETCTBEHHBIM 32 HEY/I0-
BJICTBOPUTEIIHOE MX BBITOIHEHHE).

C TakuM 3aKIIFOIEHHEM 51 HECOTIIACEH.

Mnenue asmopa o cosemax. — J1omxeH oro-
BOPHTKCS, UTO, BOOOIIIE, BO MHEHHH 00 yTHIIUTAP-
HOCTH M HEOOXOIMMOCTH COBETOB, TI0 KpaifHei
Mepe, B JAaHHOE BPEMSI, 51 COBEPIIICHHO PaCXOXKYCh
Kak ¢ «He-TeXHUKOMY, Tak ¥ CO BCEMH BBICIINMHU
KEJIE3HOAOPOKHBIMU MHKEHEPAMHU, a TaKXKe
u ¢ komuccuei l'oc. Jlymsl.

He cmymasch HCKITIOUUTENTBHOCTBIO U U301 -
POBAHHOCTBIO MOETO B3IVIANA, MIyIIas Bpa3pes
M3ITIOO0NICHHBIM MEUTaM HadaJIbHUKOB I0POT, Oepy
Ha ce0s HeOmaromapHsIi TPy — A0Ka3aTh Hepa-
LIMOHAIBHOCTh OTMEHBI YUPEKICHUS COBETOB.

CoBeT He MOXET MapaIn30BaTh IHEPTUIO Ha-
YaJbHHUKA JJOPOTH, €CIIU TOJIBKO OHA y HEro MMe-
eTcsl. DHePTUYHbIH, NeATeNbHBIN, CTIOCOOHBII
1 aBTOPUTETHBIH HaYaJIbHUK JOPOTH, 00Iaaaro-
M TyXOBHOIO MOIIIBIO, BCET/Ia CyMEET J10Ka3aTh
COBETY PalMOHAIBHOCTH CBOMX TPEOOBAHHMA.
TonbKo NUILEHHBIA HPABCTBEHHOM CHIIBI, MaJIO-
CTIOCOOHBII W HE aBTOPUTETHBIN HAYaIbHUK, FITH
€CIIM OH 1 He 00/1a/1aeT TaKMMH OTPHLATEIbHBIMU
KaueCTBaMH, a TOJBKO ClIa00XapaKTePHBIi, — MO-
JKET TIOTEPSITh HPAaBCTBEHHOE BIIMSHUE HA MPE[-
CTaBHUTENEH ITOCTOPOHHUX BEIOMCTB U HE CyMeeT
nmroHnposats uM. IlocneHue Tem jerde Haka-
JBIBAIOT CBOE veto Ha TpeOOBaHMs HaualbHUKA
JIOPOTH, YeM OH IMOJIaTIINBEE U YeM HecephE3Hee
3alUIIAeT CBOM HpetoxkeHns. CepbE3HOCTD
MIPOTECTa Ha9aJIbHUKA JOPOTH Napan3yeT B3IIIs-
IIBI TIpENICTaBUTENEH; OHMH, JJIs1 OCOOBIX MHEHHIA,
KOTOPBIMH 00513aHBI MOTHBHPOBATH HECOTTIACHS
C HayaJIbHUKaMM JTOPOTH, HE HAMIyT cepbE3HBIX
OCHOBAHUH JUIsl OTKA30B U BO3JIEPIKATCSI OT HUX.

HavansHuKN 1OpoT, Kak MpeicejaTeNn coBe-
TOB, UMEIOT TaKue OOIIMPHBIEC MPaBa, KOTOPbIE
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NPEIOCTABIISIIOT UM, B CIIydasix HECOIJIACHsI C CO-
BETOM, IPaBO NPUOCTAHABJIMBATh MCIIOJIHEHHE
nocranoBneHust CoBeTa 1 00)KaloBaTh €ro Nepest
KOMHUTETOM YIIPABIICHUS], & B SKCTPEHHBIX CITyda-
SIX OHH MMEIOT MPaBO PACX0J0BaTh CYyMMBbI 0]
JIMYHYIO CBOIO OTBETCTBEHHOCTH. B Takux ciryya-
SIX, KOHEYHO, TpeOyeTCsl JOCTaTOUHBIH 3anac
IPa)JaHCKOT'O MY>KECTBa H YBEPEHHOCTH B CBOEH
npaBoTe. Bonpock! ToNbKo pemarTcest KoJUIeru-
QJIbHO, TTPUBOJISITCS )K€ OHHM B MCIOJIIHEHHE €11~
HOJIMYHOIO BJIACTHIO HaYaJIbHUKA JIOPOTH.

Komnemenyus Cosemos. — Co BpeMeHHU yU-
pexenyss COBETOB, s CITY>KHII C IECThIO Havallb-
HHUKaMH JIOpOT, M3 HUX JIBOE JACHCTBUTEIBHO aB-
TOpUTETHBIE JHIa Bceraa npusoanian Coser
K COIVIALIICHHUIO, XOTSI HEPEJKO IOCIe JOJITUX
criopoB. «C’est la force morale qui gagne les
batailles» — rosopui HarmosneoH.

CoBeT BelaeT X03HCTBEHHBIMU M SKOHOMH-
YECKMMH BOIIPOCaMH, KOTOPbIE, 32 BECbMa PEIKUM
UCKITFOYEHHEM, HE TPEOYIOT CIIELIHOCTH: K TOMY
e MX BCErJa MOKHO CHSTH C IPOrpaMMbl JUIst
JIOTIOJTHEHHSI ¥ M3MEHEHUsI M TIEPEHECTH Ha Clle-
nytroriee 3acenanue. OH opUIHUATBEHBIN OTFOCTH-
TEJIb SKOHOMHU U XO3SHCTBEHHOCTH BEJCHHS
Jiena.

Borpocamu TEXHUYECKOTO JBMXKEHUSI U aJl-
MHHHCTPATHBHBIMH PACHIOPSDKEHUSIMH BEIAET CaM
HavaJIbHUK JIopory 6e3 yuactuss CoBETOB.

B cmete 1909 rona 6b11 puBeAEH pacxon Ha
9KCIUTyaTalMI0 BCEX Ka3&HHBIX JIOPOI' B CyMMe
434 MUIIITMOHOB, U3 KOMX Ha OJTHY HOBBIE Pa0OTHI
accurionad 41 mumnoH. Kak-1o naxke HelnoBKo
OJIHUM JIMLIaM Opath Ha ceOsl eJMHOIMYHO pellie-
HHE KPYITHBIX JICHE)KHBIX BOIIPOCOB HE TOJIBKO BO
n30ekaHue ook, HO TaKe HAPEKaHWHU — B BO3-
MOXKHOM TIPUCTPACTHH.

Jlo yupexnenuss COBETOB MOCTOSIHHO ObUIH
CIIBIILIHBI HAPEKAHKS Ha Pa3HbIe HEITPABUILHOCTH
IPU c/1ade TMOJPSIOB U JlayKe ObLIM OOBUHEHHS
B HeloOpocoBecTHOCTH. Beé 310, ¢ yupekaeHineM
COBETOB IPEKPATHIIOCH, TAK KaK JJIs1 KOHTPAreHTOB
BCSIKOTO pOJia KOJUIETHalIbHOE PEIleHUE UX JIel
NIPE/ICTABIISICT 3HAYUTENILHO OOJIbLINE TapaHThI
OecrpucTpacTyst U ClIpaBeUIMBOCTH, YeM €JMHO-
JIMYHOE — OJTHUM Ha4aJIbHUKOM JIOPOTH IO J0KJIa-
Jly Ha4aJIbHHKA CITy KOBI. JIeroBast pa3HOCTOPOHHSISE
KPUTUKA, KOTOPOU [IOABEPratoTCs XO3HCTBEHHbIE
Bonpockl B CoBere, Orpak/iaeT ux OT PUCKA CKO-
POCTIENBIX U CyOBEKTHBHBIX PELLICHHUI.

CoBeTbI CIIac)IM HAYaJIbHUKOB JIOPOT OT Hape-
KaHUI U 10/103peHHH B HEI0OPOCOBECTHOCTH.

Bo Bcex moutu BepoMcTBax (PMHAHCOBBIE,
HKOHOMHYECKHUE U XO35HCTBEHHBIE BOIIPOCHI pe-
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arTCd B NPpUCYTCTBUAX, B COCTAaBE€ MHOTHUX
YMHOBHHKOB U IIPHU YYaCTHUH MPCACTaBUTEIIA To-
cynapctBeHHOro Konrpons. [Touemy sxe st Be-
nomcta Ilyteli CooOlieHus: Hajo Clenarh Uc-
KJIFOYCHHE.

Coser 0e3 ydacTus IpejcTaBUTeNel Be-
JOMCTB — 3TO OJAHAaA q)HKLlI/IH, HC UMCromasa
HHKAKOTI'0O 3HAUYCHU A, TaK KaK HH OJIMH HAYaJIbHUK
CIIy’KObI HE TIOCMEET BO3paXKaTh aBTOPUTETHOMY
Ha4YaJIbHUKY JOPOTH, €CIIU OH MOXeTaeT pelaTh
Jiena 0 CBOEMY JIMYHOMY YCMOTPEHHUIO U T10J
JaBiieHueM cBoeil depynbl. Takol cemeiHbIi
CoBer ObLI ObI CMEXOTBOPHBIM OyTaopcKUM
YUpexKICHUEM.

Bonpoc 06 ynpazonenuu Cosemos. — B npoi-
nom roay B Toc. Jlyme ObUT MOAHAT BOHPOC 00
yrupazgHEeHUN COBCTOB, N UX OTCTOAJIN TOJIBKO
Oriaroziapst HaCTOMYKMBBIM JIOKa3aTelbCTBaM Mu-
HucTpa (uHaHCcOB. M3 MX cocTaBa yrpasiHWIN
TOJIBKO OZIHOIO wieHa oT MuHucrepersa IyTel
COOOIIEHNS], TaK KaK MUHHUCTP ITyTel COOOIICHHs
U €T0 TOBapHIL HE CyMeJTH OTCTOSITh CBOE ICTHIIIE,
XOTSI U CTapanCh.

K coxanenmuto, I'oc. Jlyma He BHUKIA B CyIII-
HOCTh (pyHKIIMH COBETOB, OTOXIACCTBUB UX
C 06bIKHOBeHHbIMI/I COBeTaMl/I, UMCIOIIHUMHA
TOJIBKO COBEIIATeNIbHbIC PyHKIMU. B e€ xxe 3amax
pa3aaBalich Pe3KHe OT3bIBBI M MOpUIaHKe adco-
JIFOTH3Ma OIOpPOKpATHH, U PEKOMEHI0BAJIACh UJIest
KOJIJIETHAJIBHOTO BEJEHUS Jeja, MEeXAy TeM
B 9TOM BOIIPOCE OHA cama, I0-BUANMOMY, Oecco-
3HATENILHO TIOKPOBUTEJILCTBOBAJIA A0COIFOTU3MY
U ChITpajia B PyKy CTPEMJICHHIO K CAaMOBJIACTHIO
Ha4YaJIbHUKOB JIOPOT.

Jlyma cTpemMuiach K ynopsJoueHHIO U COKpa-
IIEHUIO PACXOJ0B JKEJE3HbIX JOpPOT U Hadaja
C TOTO, YTO XOTeNa YHpa3IHUTh KOJUIETHAIbHOE
yupexJeHue, QyHKIHUsI KOTOPOTO M COCTOMT,
IJIaBHBIM 00Pa30M B Y/IEPIKaHHUH JKEJIE3HBIX I0POT
OT HETIPOM3BOAUTECIIbHBIX PaCX010B, B OTCTaUuBa-
HHH HIMPOKUX HHTEPECOB (PHCKA, IPOTHUB MPUTSI-
3aHUS K MIPOBEACHUIO Y3KUX MHTEPECOB BEIOM-
CTBa IyTEH COOOIIICHUSL.

Crpemsich K 0XpaHe Ka3¢HHOTO CyH/IyKa, OHa
XOTeJla CHATh C HETO YacOBBIX.

Henpemennuii unen om Munucmepcmea ny-
meti coobujenust. — Iloka COKpaTuIIi OJHOTO He-
[IPEMEHHOI0 wieHa oT MuHUCTEpCTBa IyTeH
COOOIIIEHHS, YTO C/IENAaHO HEMPaBUIBHO, TAK KaK
TEM CaMbIM OCJIa0JIEHO BEJJOMCTBO ITyTei c000-
meHud U NpeACTAaBUTCIILCTBO €0 HHTCPECOB
B CoBete ynpasneHus. QyHKIMA HEITPEMEHHOTO
yjeHa B camoM CoBere ObuIa MOYTH MUCKIIOYH-
TEJIbHO YMUPOTBOPSIOLLAs, U €MY, KaK HEUTpaJlb-
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HOMY JIUILY, He TPUHA UIeKaIIeMy K COCTaBY JIMII,
pacxoayrommx Ka3EHHbIC CYMMBI, IIPEACTABUTEIIN
BepuIM OOJIblE, YeM YIIPABICHHUIO, U, TAKHUM
00pa3oM, HauaJIbHUKY JIOPOTH TIPH MOMOIIH He-
NPEMEHHOI'0 4JIeHa Jierye ObUIO BECTH jelia
U OTCTauBaTh UHTEpeCh! poporu. Hakonen, Mu-
HHUCTp IIyTell COOOIIEHUS 4acTo JaBajl CBOMM
HETIPEMEHHBIM WISCHaM MOPYyUYeHHs 110 paccieso-
BaHUAM pa3HOTO poaa, U MHOI'MC HETIPEMEHHBIC
YJICHBI TPECTABISIN 00CTOSTENbHBIC UCCIEO-
BaHU MOJIOKCHUA PA3JIMYHBIX OPT: aHmaum‘/i Ha
JIOporax M Jaxe AeNanu HayqdHble paccieIOBaHNs
SKOHOMMYECKOTO MOJIOKEHUS Kpas TeX JIOpor,
B COCTaB YIIpaBJICHUSA KOTOPLIX OHU BXOAWJIU.
Csou 6000 oHM BO MHOTHX CJTy4asix 3apadarbiBa-
JIX TOOPOCOBECTHO.

Ilo ynpa3aHeHHIO KpeanuTa Ha CoJep)kaHue
HETIPEMEHHBIX YJICHOB U OCTaBJICHUIO UMU CBOUX
JOJDKHOCTEH, oTcyTcTBre X B CoBeTe ObLIO
4acTo o4eHb 3aMeTHO. /laxxe HauanpbHuK Hukona-
€BCKOM JTOPOTH MPOCUI OCTaBUTb MPEICTABUTENS
MuHuCcTepCeTBa Iy Tel COOOIEHUS /IS HCTIONHE-
HHS UM CBOUX OOsI3aHHOCTEH 0e3 coleprkaHus
BBUJIy TOTO, 4TO HempeMeHHbIH uieH CoBeTa
HukomnaeBckoii goporu obecredeH kajoBaHbeM
MO JPYro# MOMKHOCTH, OH OXOTHO COINIACHJIICS
npoJ0JDKaTh CBOE cityxenue B CoBere, 4To U Obl-
J10 pa3zpenieHo MUHHUCTPOM U He IPOTHUBOPEUHIIO
pewenuto Toc. /IyMbl, Tak Kak e YHUUTOXKEHBI
KPEIUTHI, HO JODKHOCTH OCTaBIICHBI.

Yuuumootcenue Cosemos. — CoeT — yupexie-
HHME MoJI010€; (DYHKLMH ero HaJlo ObLIO pa3BH-
BaTb, UBMCHATDH U IOIOJIHATH, 4 HC YHUUYTOXKATh
caMble OCHOBBI €T0 CyIllecTBOBaHuUs. Boomyes-
JIEHHBIN UJEEeH COKPALLECHHS PACXO0B, BHYIIIEH-
Ho#t Toc. Jlymoii, noknaauuk e€ He oOnagan Hu
3HAHUSAMU, HU TAJITAHTOM, KOTOPBIC JaJIn 6bl ceMy
BO3MOKHOCTb HalTH IEHUCTBUTENBHO CKOJIBKO-
HI/l6yILI) 3HAYUTECIIbHBIC CTAaTbU IJIsI COKpALlICHU,
U3-32 KOTOPBIX CTOMJIO ObI yTpyskaars [oc. [lymy
" JIOMAaTh KOIIbS C HyTeﬁCKHM BCAOMCTBOM. On
OIr'paHUYMJICAd BBIXBATHIBAHUEM U3 061_116171 Opra-
HHU3aluu yqpemﬂe}mﬁ BCAOMCTB HCCKOJIbBKHX
JIOJDKHOCTEH, He BBISICHUB UX ITOJIE3HOCIIOCOOHO-
CTH.

E1é coxpaliieHre pacxoioB 110 OIUIaTe 10JK-
HOCTEH, COCTaBJISIBLIMX JIOTIOJIHUTENBHBIN 3apabo-
TOK YMHOBHHKOB, XUBYIIHMX B [letepOypre u mo-
JIydaBIIMX MO COBMECTUTCILCTBY ﬂBOﬂHble
Y TPOIHBIE OKJIa]Ibl, UMEJIO CBOIi raison d’etre, HO
COKpalllEHUE HEITPEMEHHBIX YWIEHOB 0T MUHUCTEp-
CTBa IyTel cooOIeHus, T0 ecth 120 ThiCsY B TO-
JIYMUJUTHAP/IHOM OIO/KETE, — 3TO ITyCTSIK B (PUHAH-
COBBIX ycIleXaX, Kak OyITo ocsi3aTelIbHBIN, HO,



B CYIIIHOCTH, IPHHOCSIINIA 3HAYUTEIIHHO OOJIbIINE
YOBITKH, HE TIO[UICIKAIIHE JIETKOMY yUETY.

B camoii T'oc. Jlyme pasgaBanuch rojioca
0 TAaKMX HHUYTOXHBIX COKpAICHUAX, KOTOPLIC
CBOEH HE3HAUUTEIbHOCTHIO KOMIIPOMETUPYIOT
CEpPbE3ZHOCTh MEPONPUATUNM, BHOCUMBIX €U
B u3Hb (wieHn ['oc. lymbr Hekpacos).

Yanuroxxennem camux COBETOB, WM JlaXKe
OJIHUIX TIPE/ICTABUTEIICH BEOMCTBA Iy Teil C000-
IICHUS], IOKJIa/IYMK, KaK HHXKEHep Iy Tei coolriie-
HUSI, ChIFPaj B PyKy CBOMM COTOBapHIlaM MO
KaHTY, TEM CaMbIM COTOBApHUILIAaM, KOTOPBIX OH XKe
TPOMMII 32 UX OECXO3sICTBEHHOCTD, OECCHCTEM-
HOCTb U 3JI0YTIOTPEOICHUSL.

Heobvsicrumbiii napadoke. — B 3ToM Bompoce
3amMeyaeTcsl KakoW-To HeOOBSICHUMBIN TapajioKc.
OOBUHSIIOT MECTHBIE YITPABJICHHS KEJIE3HBIX JIOPOT
B 0eCX03511ICTBEHHOCTH U 3JI0YTIOTPEOJICHHSIX M KaK
JIOT HHCCKHﬁ, SIKO6I)I BBIXO/I 13 TAKOI'O ITOJIOXKCHU A,
B ['oc. [lyme pexomenayercs ynpasnHenue Cose-
TOB, KaK YUpeKIEHHBIX, OYTO ObI, CBOEH OMEKOI0
HaJl yIpaBJICHHUEM, MCHIAIONIUX MPaBUIbHOMY
BeZieHuIo Jiell. [lo Moemy KpaiiHeMy pa3yMeHHIO
TaKkoW BBIBOJI JAJIEK OT JIOTMKU. EAMHCTBEHHBIN
JIOTUYECKHUI BBIBO/] — 9TO OTBICKaHHUC U YCTAHOB-
JIEHHE HEKOTOPBIX Je(heKTOB B OPraHU3alluK TOrO
U JIPYTOro y4Ypex/JeHHUs, TO €CTh B OpraHe pacro-
PAAUTCIIBHOM U OpraHe ONCKH. Bezu) YKa3aHHbIC
HEHOPMAJILHOCTH B BEJICHUH JIENT B OOJIee pe3KoM
HPOSIBIICHUH CYIIIECTBOBAIN 1 10 COBETOB, TJIE e
rapaHTHAa B TOM, YTO OTMEHA TaKOI'0 YUPCIKICHUA
Y BO3BpAIllEHHE K CTAPOMY PEKHMY OKa)keT Oa-
TOJIETETbHOE BIUSHUE Ha J1e50?

Oona u3 yenei yupeocoenus Cosemos. —
VYupexnenne CoBera, MKy MPOUYUM, UMEIIO
LEJBI0 CONMM3UTH MEXKITY COOO0H CITy>KOBI M OT/IEIBI
B JIMIIE HAYaJIbHUKOB CITYXKO U OT/IEJI0B, B3aUMHO
O3HAKOMJIATh UX C ACATCIIBHOCTBIO HMX KOJIJICT,
4TOOBI BCE PYKOBOJIUTEIIH Jiej1a ObLIN B Kypce Al
JPYTuX Cityx0, JOCTHrasi TakKuM 00pa3zom o0mI-
HOCTU U COJIMJAPHOCTYU JEHCTBUI BCErO COCTaBa
yHrpaBJI€HUsA, IO O6LeJII/lH)IIOH11/IM U JOMHHU-
PYIOIIUM BIIMSIHUEM HaYaIbHUKA JIOPOTH, 00pasys
Kak ObI 110/1001e KaOMHETa B MUHHUATIOPE, C Ipe-
MbEpOM-Ha4aJIbHUKOM JI0OPOTH BO TJIaBe.

IIpoexm noeoti opeanuzayuu eedovcmea. —I1o
CllyXaMm, B ITPOEKTEe HOBOW OpPraHU3alliH BEIOM-
cTBa myTel cooOuieHusi, COBEThI OCTaBJICHBI
C Y4acTHEM IJIaBHOTO KOHTPOJIEpA M 4EHa OT
Mus. punancoB. Eciu onu ipoiiayt B Toc. [Iyme,
C OpraHu3alyeil mpejcTaBuTeNeii BEIOMCTB HEe
B CMbICJIE OIOPOKPATHYECKHX IUPM, & B CMbICIIE
(axkTHueckux AesiTeneii, To Borpoc 00 ux HeooO-
XOAUMOCTH Oy/IeT peII€H OKOHYATEIIBHO.
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Ecin xe npencrasutenn [ocynapcTBeHHOTO
KOHTpOJIE 1 MuHucTepcTBa (GpuHaHCOB OyayT
JIMLIEHBI TpaBa veto u OytyT noib3oBarbest B Co-
BETE TOJILKO COBEIIATENIbHBIM I'0JIOCOM, 3TO OyIyT
4yucTo MaprapuHoBbie COBETBI, JIMIIEHHBIE BCS-
KOT'O KOJUIETHAJIbHOTO 3HAYEHHSI.

Haspsan nu T'ocynapcTBeHHBIH KOHTPOJIED
n MUHHCTP (QHUHAHCOB COMIACSTCS Ha TaKylo
HUYTOXKHYIO POJIb CBOMX ITIPEJCTaBHUTEINCH, PO-
HSFOLIMX TPECTHXK ITHX BEIOMCTB, HE MPUBBIK-
X K Oyragopuu.

[pencraBuTeny 3THX BEIOMCTB BBICOKO JIEp-
JKaT CBOE 3HaMS U MPHUBBIKIN ObITH BCErya Jei-
CTBUTENBHBIMHU TIPEICTABUTEIISIMU, C KOTOPHIMU
HAaJI0 CUUTATHCSI, 3 HE MapTUHAJIAMHU.

B nacrosimiee Bpemsi, HadyaJIbHUK JOPOTH
1 HaYaJIbHUK CITY>KOBI M OT/IEIIOB JIOJDKHBI CePb-
€3HOI aprymMeHTaluel 1 J10BOJaMM I0J1y4yaTh
coryiacue MnpeacTaBuTelNei BEIOMCTB Ha BHOCH-
MbIie UMU B COBET MEpOIPUATHS, U YTOOBI UX
veto He 3aropmosuiio Obl nerno. [Ipu ormene
veto MX COBelIaTelIbHbIE T0JI0Ca MOTEPSIOT
BCSIKMH CMBICI U 3HaY€HUE, OHU OyIyT Ii1acoM
BOIMIONIETO B IYCTBIHE — M JaXKe XyXKe, MX
OyayT cilyliaTh, HO KOHKPETHO MOKa3bIBaTh,
HACKOJIBKO UX UTHOPUPYIOT, KaKk OBl MCTS 3a
npexHow cuiy. [lonoxenue Oyner cmenrHoe
1 O0M/IHOE U YK€ BO BCSIKOM CITydae HE3aBUIHOE
JUISL TeX, KOTOPBIM NPHUAETCS OBITh TAaKUMH
MPEICTABUTEIISIMU.

Yuacmue ¢ Cosemax npedcedamerneti nopati-
OHHBIX KoMUmemog. — IIpoeKToM mpe/ronaraeT-
cs BBezieHne B COBETHI yIpaBIIeHHUs IIpe/iceiare-
JIel IOPalilOHHBIX KOMUTETOB, MEPOIPUATHE I10-
4T (UKTHBHOE, TaK KaK (paKTUUECKU OHU HE
B COCTOSIHUM WCIIOJIHUTBH BO3JIaraeMyr0 Ha HUX
o6s3aHHOCTh. B Mockse Tpu, B [letepOypre nsa
MECTHBIX yIPaBJIeHUs Ka3EHHBIX JIOPOT, CIIe/10Ba-
TEINIBHO, MPEJICEAaTENI0 TIOPaiOHHOTO KOMUTETa
IpUIETCS TEPSATh MUHUMYM 2—3 JIHS B HENEIIO,
nocasimas ux 3ausaTusiM CoBera, 4yero, KOHEUHo,
OH 0e3 ymiep0a JUIsi KOMUTETCKOTO JIeJia BBIIIOJ-
HHUTb HE MOXKET.

BocTouHblil KOMUTET, UMEIOIINI CBOIO PE3H-
neHnuio B Camape, OTCTOMT OT yIpaBJIeHHH JIOPOT,
BXOJUSILIMX B €r0 PAfoH, CIMIIKOM JajieKo, — All-
xabay Ha 3358 Bépcr, Tomck Ha 2559 Bépcr, [Tepmb
Ha 1639 Bépct. CrenoBarenbHO, HA OJUH MPOE3]T
B 3TH TPHU YIPABICHUS] HEOOXOIUMO YIOTPEOUTH
uesblid Mecsn. O4eBHIHO, Npe/ceaTeb MOKET
nocetuth COBETHI ATUX YIIpaBlIeHUH He Oojee
OJIHOTO paza B rojl, & TaKOe MOCEIICHHUE, IS ITPH-
HSTHSL YYacTHs B JIeflaX, HUKAKoro JEJIOBOIO 3Ha-
YEHHUSI UMETh HE MOXKET.



Yuacmue npedcmasumeneii. — [purnaiienue
HaYaJIbHUKOM JIOPOT, KaK MpPEeAIoiaraeT IpoekKT,
K y4acTuio B 3acefanuax CoBeTa npecTaBuTeneit
Pa3ITUYHBIX OOIIECTBEHHBIX YUPEKICHUH, C ITpa-
BOM COBEIIATEIILHOTO I0JI0Cca, TI0 MOEMY MHEHHIO,
HE MOXET OKa3aTh PELINTEIFHO HU MaJleHIIero
BIIMSHUA Ha YCIICIIHOCTh XO/a /eyl YIpaBICHNUS.
OueBHIHO, HAYATIBLHUK JOPOTH Oy/IeT MpUIvIaIaTh
B CoBeTHI CBOMX XOPOIINX 3HAKOMBIX, KOTOPBIE
OynyT BocIieBaTh €My MAaHETHPHUKU M HUYETO Cy-
IIIECTBEHHOTO B XO3SIICTBO JOPOTM HE BHECYT.
Jluna, koTopble MOIIH ObI yKa3aTh Ha Ne(eKThI
B YNPaBJICHUH JOPOTOH, MPUIVIAIIEHB! HE OyIyT.
BooOie BBeieHre B COBETHI yyacTHs pejice/ia-
Tesel NOpalloHHbIX KOMUTETOB, U IOCTOPOHHUX
JIIL, TIO0 TPOU3BOJILHOMY NPUIVIAIICHUIO Havyalb-
HHUKOB JIOPOT, IO MOEMY MHEHHIO, TJIOXasi KOM-
TIeHCAIMs — OTHATHUSA IpaBa veto OT IpeICTaBUTe-
Jiel BeZIOMCTB U U3bsITHS 13 COBETOB HENIPEMEH-
HBIX WICHOB OT MuHHCTepCcTBa MyTeil cooOre-
HUSL.

Hcemopus sonpoca. — UtoObl BBISICHUTH cebe
JICCTBUTETIFHOE TIOJIOKEHUE JIea, He MEIIaeT
OpOCUTBH PETPOCIEKTUBHBIN B3MIA] U HEMHOTO
3aIVISIHYTh B ICTOPHUIO JKEJIE3HOIOPOXKHOTO JeTIa,
KOTOPYIO MPUIIOMHIO 37IeCh B KPAaTKOM H3JI0XKe-
HUMH.

Uncnexyus. — B mobpoe ctapoe BpeMsi, Korma
JIOpOTH OBLIM eIl YacTHBIE M CyIIEeCTBOBaja
MHCTICKIIUSI, KOTOpasi TOXKEe Mellajia yIpaBIsio-
UM foporamu (?), A€o 110 HOPA0YHO; ove-
My? — cka3atb TpyaHo. Ho, 1o Bceii BeposTHOCTH,
caMmo JIeJ10 ObUIO 3HAYMTEINBHO MPOIIE, M BO TJIaBe
JIOPOT CTOSUIN JIFOJH, BHIIBUHYBIIHECS IO CBOUM
OPraHU3aTOPCKUM CIIOCOOHOCTSIM.

WHCTIeKI1I0 OTMEHIITH, TPEA0CTABUB YIIPaB-
JISIFOLIIEMY MHCIIEKTOPCKHE (yHKIMU HaJl pacio-
pslIUTENeM, WM HaJl CaMUM COOOI0, pa3Bs3ally
€My PYKH; HO TOIIIJIO JIX OT 3TOro JIydIiie 1ey1o?

Yeonvnuti komumem. — Yxe B BOCBMUAECSTBIX
roJIax 3aTPyHEHH B IEPEBO3KE KAMEHHOTO YIS,
C KOTOPBIM HE MOIJIH CTIPABUTHCS CAMOCTOSITEIb-
HBIE YIIPABIISAIOIINE T0POT, BEIHYIMI0 MUHHCTpa
MyTel COOOIIeHHs X01aTaiicTBOBaTh O Ha3Haye-
HHUM 0c000T0 HHKeHepa ¢ Bricowaiiimmu mosHo-
MOYMSAMH ISl YPEryIUPOBaHUS MEPEBO3KU YIS
B KAMEHHOYTOJILBHOM paifoHe. DTUM MHKXEHEPOM
(B. M. BepxoBckuM) OblIa ynopsijioueHa mnepe-
BO3Ka YIVIsl U OPraHU30BaH XapbKOBCKUI KOMUTET,
CTaBIIN BIOCIEACTBUN IIPOTOTHIIOM HBIHEIITHUX
[OPAOHHBIX KOMUTETOB.

Obesnuuenue noosuNCHO20 cocmasa. —
Mexay MpOYuM, ITUM K€ HHKEHEPOM, B CUITY
JTAaHHBIX €My TTOJTHOMOUHH, BBEZICHO 00e31HIeHNe
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BaroHHOTO TOJIBI)KHOTO COCTaBa BCEX PYCCKUX
HIMPOKOKOJIEHHBIX JOPOT, M JIOPOTH M30aBIIEHBI,
HaKOHell, OT [Ieperpy3KHu I'Py30B Ha BCEX Tepejia-
TOYHBIX ITyHKTaX, [IPEJCTABIIABILEH KpaliHee 3a-
TpPY/IHEHHE B CKOPOCTH MIEPEBO3KU I'PY30B U Mac-
Cy Hey/100CTB, KOTOPBIE ABHO YK€ ObUTH CO3HAHBI
BceMH Jioporamu. Ho mpaBieHust pa3HbIx J10por
U YIPaBJISIIOIIUE HE MOIIA MEXIy COOO00 CTOI-
KOBAThCSl M HE PEIlaICh HA TaKylo 0OLIernones-
HYIO Mepy, HEOOXOAMMOCTb KOTOPOM IpH3HaBa-
nach Bcemu. Hy)kHa Obliia e IMHOIMYHAs BlIaCTHAS
PpyKa, 4To0BI pa3oM pa3pyouTs 3tot [opzees y3ei,
TYTO 3aTSHHYThI OT)KUBLIMMH U BPEAHBIMU Tpa-
JLISIMH.

Takasi mocTaHOBKa JKUBOTPEIEIIYIIUX BOII-
POCOB HE JI0Ka3bIBa€T CAMOCTOSITEIIBHOCTH yIIpaB-
JISIIOIIMX TOPOTaMU M YMEHbS UX JIOOUBATHCS
COJIIMAAPHOCTH MEX/Ty COOOIO B PELIIEHNH BaXKHBIX
OCHOBHBIX BOIIPOCOB M YKa3bIBa€T Ha HEOOXO/IH-
MOCTb HE OCTaBJISATh UX 0€3 aBTOPUTETHBIX CO-
TPYAHUKOB (HSHEK).

Obwuii ycmas. — ITOM KOMHUCCHEN BbIpaboTaH
OOmwit ycras, BBeAGHHBIH B ielicTBue B 1885 ro-
J1y, IOJIO)KUBIIHMI OCHOBaHUE ISl PENJIAMEHTHPO-
BaHMS1 JKEJIE3HOIOPOKHOTO JIejIa U YCTaHOBHBIINIA
NPaBOBbIE OTHOILECHHMS KEJIE3HBIX JOPOI' K MX
KJIMEHTaM, T.€. IIaCCAXKUPaM M IPy30X03sieBaM.
KimeHTtam 0por npesocTaBieHo MMpaBo 3aKOH-
HBIM 00pa3oM uepe3 MOCPENCTBO Cy/la MCKaTh
CBOM YOBITKM B Clly4ae HapylICHHs JOpOramMu
NPaBUJI TIEPEBO3KU M CPOKOB JIOCTaBKU T'PY30B,
ycTaHoBJIEHHBIX OOIIUM yCTaBOM, CTaBILIUM 3a-
KOHOM.

Pacnpedenumenvhvie 6ropo. — Yxe B 1894 ro-
1y o0pa3oBaHKE MMOCTOSHHBIX 3aKyIOPHBAaHHMA
CT@HILIMK M 3arPOMOXK/ICHHE BarOHAMH JIaXKe Lie-
JIBIX JIOPOT BBI3BAJIO HEOOXOAMMOCTD YUPEKICHUSI
pacrpeenuTelIbHbIX OI0po, KOTOPbIE ObLIN HE 110
BKYCY Ha4aJbHUKaM JIOPOT M YHPaBJISIOLIMM.
HexoTopble 13 HUX HE JKeJaln ke UCTIOIHSTh
Hapsi/ibl, 1aBaeMble 3aBEAYIOIIMMH PACIIPEACIIU-
TEeJIBHBIMH OIOPO, O HAIIPABJICHUH BarOHOB K T10-
IPaHUYHBIM CTaHIHSIM.

Ho eciut Ob1 10pory caMy MOTIIH CTOJIKOBATh-
Csl MeXIly COOOI0 O IITAHOMEPHOCTH JIBHIKESHHS
IPY’KEHBIX BAarOHOB, TO HE MPUIILIOCH Obl H300pe-
Tarh 0co0bIe Otopo. OUEBUITHO, CYIIIECTBOBABILINE
nedeKThI B IepeBo3Kax, KOTOPhIE CAMOCTOSITEIIb-
HbIC HAYJILHUKY U YIPABJISIONINE JOpOraMu He
OBLIM B CHJIaX YCTPAHUTB COJIMIAPHOCTHIO CBOUX
JIEMCTBUU U paCIOPSKEHUMN, — BBI3BAJIA OPIaHU-
3a1MI0, BTOPraBUIYIOCS B X KOMIIETEHIIHIO.

Hncempyrkyus nosepenneix. — OK0JIO KOHIIA
BOCBMUJIECSTBIX F'OJI0OB MUHUCTPOM ITyTei C000-



IIeHNs ObUTa YTBEPIKA€HA HHCTPYKIIUS AJIs [TOBE-
PEHHBIX IO Cy/IeOHBIM JIeJlaM Ka3€HHBIX Kee3-
HBIX JIOPOT, BBIpaOOTaHHAas yIpaBICHUEM JKele3-
HBIX JIOPOT, KOTOpasi CTaBUJIA IOPHCKOHCYIIBTOB
MECTHBIX YIPaBJICHUH OYTH B HE3aBUCUMOE OT
Ha4YaJIbHUKOB JJOPOT NojokeHne. OueBHIHO, ITO
ClIeJIaHO OBUIO TOJILKO MOTOMY, YTO HAaYaJbHUKH
JIOPOT, B CHJIy Pa3BUTOTO y HHUX CaMOJYPCTBa,
MPOSIBJISIN TEHICHIIMH He IPU3HABATh 3aKOHOIO-
JIOKEHHE U HE CUUTAThCS C MHEHHEM U 3aKJIIode-
HHUEM CIIEIIUAINCTOB IOPHUCTOB.

Takoe MepomnpusiTHe HE MOINIO HE HAaHECTU
yuiep0a MpecTiKy HavyajlbHUKA JIOPOT, HO OHO
OBLIO BBI3BAHO, C OJJHOW CTOPOHBI, HETAKTUYHBIM
MPOSIBIICHUEM CAMOYPCTBA HHXKEHEPOB, CUUTAIO-
X ce0st yHUBEPCaIbHO 00Pa30BaHHBIMU U KOM-
NETEHTHBIMU B PEIICHHUU JIAXKe CyIeOHBIX e,
a ¢ Ipyrou, — I MOAHATHUSA aBTOpUTETa IOpHC-
KOHCYJIbCTBA B IVIa3aX HAYaJIbHUKOB IOPOL.

Tem BpemeHeM JiepUIMTBI, OECOPSAKY LT
KpELLEHIO.

Tocydapcmeennviil KOHMPOTb, cO8emMbl U 00-
wue npucymcemeus. — Hakonen yupenunu rocy-
JTApCTBEHHBIN KOHTPOJIb, CHaYaIa MOCIE Ty FOIIHH,
a TIOTOM U TIpeBapuTeibHbIi. [ToHaT00MIHCH
CoBeTsl, 00IIME TPUCYTCTBUS U HAKOHEL], B TIO-
ClIeiHeH CTaauu, — MOpPaiOHHbIE KOMUTETBI.

Ilopationnvie komumemul. — Ilocnenuee
yupesxieHne oonee Besikoro CoBera cBsi3alio Ha-
YaJIbHUKOB JIOPOT, a TAKXKE U YIIPABIIAIOIINX, YTO
Ha3bIBAETCS, 10 PyKaM M HOTaM, M, YTO BCEro
BKHEE, CBSI3aJI0 HE B XO3SIMCTBEHHBIX (DYHKIIHSIX,
a B YHUCTO PACHOPAIUTEIIBHBIX.

BBu1y HOBHU3HBI 3TOrO KpaiiHe MOIe3HOTO
yupexKJIeHus, 0COO0H CUMIATUU K HEMY CaMo-
ro Munucrpa u YipasieHus 5KeJe3HbIX 10POT,
CIpaBE/IMBO BO3JIAralONIMX Ha HETro OOJbIINe
HAJEXKBI, TOKa elé HE PUCKYIOT KaloBaThCs
Ha CTeCHEHHE UMH CaMOAIEATEIbHOCTH Hauyajlb-
HUKOB JIOPOT; HO YTO OHO JEHCTBUTEIBHO Ma-
panu30Baio CaMOCTOSITEILHOCTD UX, TaK 3TO HE
TpeOyeT J10Ka3aTeIbCTB 110 CBOEH 0Y4EBUIHOCTH.
K ToMy ke KOMUTETBI TPEOYIOT OT JOPOT MacChl
pabotsl, a COBETHI TOJBKO KOIHMH JIOKJIAJIO0B,
KOTOpBIE M€YaTaloTCA Ha MalIMHKE B HECKOJIb-
KHX 3K3eMIUIIpax U He AAroT JUIIHEro Tpysa.

Xoszsiticmeo wacmuelx dopoe. — B oOmeit
U CHELMAJIBHON Ipecce MOCTOSIHHO Pas3iarorcs
royI0ca, yTBEPKAAIOIINE O JTy4IlIeM BEICHUH XO-
3siiCTBa Ha YAaCTHBIX JOpPOTax IO CPaBHEHUIO
¢ Ka3éHHbIMU. Eciu 3TO AEHCTBUTENBHO TaK, TO
HE [IOTOMY JIM, YTO YIIPaBJIIOLIUI YaCTHOU J10-
pOroii UMeeT HECPaBHEHHO MEHEE CaMOCTOATENTb-
HOCTH, YeM Had. Ioporu. Bce 3aka3pl, MOKyIKH

VI a | NO A .

U JIOTOBOPBI ¢ KOHTPAareHTaMU COBEPILIAKOTCS
IIPABJIEHUEM, KOTOPOE TOXKE KOJUIETHAJIBHOE yupe-
JKIEHUE U3 TPEX-YETBIPEX TUPEKTOPOB.

IIpaBnenue, uMest B CBOEM BEJACHUU OJHY
JIOpOrY, YCTaHABJIMBACT IIOCTOSIHHOE U HENOCPEI-
CTBEHHOE OOIIEHHE C YIPaBICHHEM U HAXOANUTCS
B Kypce Bcex JeJ A0pOrd, U YIPaBJIIomuni 000
BCEM COBETYETCs C IIPABJICHUEM U MCIIPALLIUBACT
ero paspeweHnus. HazHaueHue Bcex BBICIIMX
U JJaXK€ CPEIHUX areHTOB 3aBUCUT BCELEJIO OT
BOJIY NIPABJICHUS, U O€3 €ro COIIacHsl yIpaBIIsio-
AN TOPOTOW HE MOXKET YBOJIIMTh HUKOTO W3
areHTOB, HA3HAUYEHHBIX [IPABJICHUEM.

HauanbHuK 10poru — 310 yInoJIHOMOYEHHbIH
YIPaBJICHUS KEIE3HBIX JIOPOL, a YIPaBIIIOLIUH
TOJIbKO IIPUKA34UK CBOETO IIPaBIICHUSL.

VYpasieHue Ka3éHHbIX JOPOI, UMesl B CBOEM
BeaeHun 40000 BEPCT mopor; BOBCE HE MOXKET
MMETh OOLIEHNE C JIMHUSAMHU U TIOYTH HE B Kypce
BCEro, coBepluatolierocs Ha auHusxX. Poss IIpas-
JICHHS1 Ha YaCTHBIX JI0POrax, HEKOTOPbIM 00pa3om,
BXOZMT B (QyHKIMU COBETOB M HEMPEMEHHOTO
4jeHa or MUHHUCTepCTBa IyTeil COOOLIeHNs Ha
Ka3€HHBIX JI0pOrax.

Bo BcskoMm cnydae, ecnu cuutarb COBETHI
HEIPOLUCHHBIMU COIVISIIATAsIMU 3a ACSTEIIbHO-
CTBIO Ka3€HHBIX JIOPOL, TO B YaCTHBIX JOpOrax
comIsiaTacs ropaso OOoJIbIIIE.

Ecin Ge3napHOCTh HEKOTOPBIX HAYaIbHUKOB
JIOPOT JIMIIAET UX BO3MOKHOCTH OOPOTHCSI C Jie-
Hamu CoBeTa, TO yIpa3JHeHHE MOCIeTHUX MOYKHO
TIPHHSTB 33 IIOKPOBHUTENBCTBO Oe3napHocTy. Takoe
rocranoBiieHue 1 oc. JlyMbl rpeluT npoTuB ecTe-
CTBEHHOU UCTOPUKO-3KOHOMUYECKOM IBOJTIOLIUU —
TIOIVIOLIEHUSI CITA0BIX OE3KN3HEHHBIX HJIEMEHTOB —
CHJIBHBIMH )KU3HECTIOCOOHBIMU. B HEM IpOIIIsiibl-
BA€T TOJIBKO TOPIKECTBO aOCOMIOTH3MA.

HenpakTuyHO NEUCTBUTEIBHYIO XU3Hb
BTUCKUBATbh B PAMKHM JOKTPUHEPCKUX IOCTA-
HOBJIGHUH; OHa B HUX He YIsDkeTcd. S mryOboko
yOeXIEH, YTO Yepe3 HECKOJIBKO JIET HEeIPaKTHY-
HOCTh yrpazaHeHus COBETOB MpexHeN opraHu-
3al[MU BBUIBETCS PEIbe(hHO HAPYXKY U PUIETCS,
volens-nolens, — IBUraTbCs BCISTh.

TosbKO OJHO MEPONPUATHE MOXKET CIIACTH
BEJIOMCTBO OT TAKOT'O PETPOCIIEKTUBHOIO JABHKE-
HUSL — 9TO CepbE3HAs MOATOTOBKA HAYaJIbHUKOB
JIOpOr K MX TPYIHOH JEATENBHOCTU U CTPOTUU
JIeJIOBOM, BHE BCSIKOIO BIIUSIHMS CBSI3€H U PEKO-
MEeH/AIMH BEIOODP TOCTOWHBIX MHKEHEPOB U JIesi-
TeJEH, BBIIAIOIIUXCS. CBOUMU TaJlaHTaMU, YeCT-
HOCTBIO, CIIOCOOHOCTSIMHM M 3aciyraMu Iepej
BEJIOMCTBOM H JKeJIe3HOJIOPOXKHBIM JiesioM: «Da ist
der Hund begrabeny.
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Pesusuu srcenesnvix oopoe. —Paborast Ha xenes-
HBIX JIOpOTrax Ha BBICIIUX JOIDKHOCTIX 38 yeT
(c 1871-ro romga), MHE MPHIIIOCH CITYXKUTh C 5-10
yHOpasJIArOmIUMA 1 6-10 HaYaILHUKAMU aopor
U, K COXKAJICHHIO, 51 BBIHY)K/ICH ObLI PUITH K 3a-
KITIOYEHHIO, HE 0COOCHHO JIECTHOMY J1J151 OOJTBIINH-
CTBa U3 HUX.

Omnowenue K Oeny ynpasiiowux U Hauaib-
HUK08 0opoe. — B nipexkHee crapoe Bpemst yIpas-
JISIFOLIME 1I0pOraMu BENH JIENO0, WU, IO KpaiiHen
Mepe, CTapaliiCh BECTH €r0 BIOJHE MPaBUIILHO;
OTHOIICHUS UX K CITY>KalllUM OTJINYaJIMCh 6ecan-
CTPacTHEM U JAaKe OTEYECKUM YUacTHEM; BO BCEM
BUJIHO OBLITO KaK ObI CO3HAHUE CEPHEZHOCTH CBOMX
00s13aHHOCTEH, MOTYILICH OBITh OTBETCTBEHHOCTH
3a CBOU ZleﬁCTBHX, XOTs B TO BPpEMHA KUJIOCH U CITy-
JKMIJIOCH TOPA3/Io MPOLIIE ¥ CBOOOIHEE, HO 3aTO BCE
OTHOCHJIMCh KakK-TO J00pOCOBECTHEE K TPYLY
1 paboTajii HE 3a CTpax, a 3a COBECTh (I00poe
ctapoe Bpems!!!).

Pezomoyuu. — B nocneaHue rofpl 3aMeyaeTcs
TaKoe OTHOLICHHUE K JIeTy M CIyXKall[M, KOTOpOe
Kak ObI MCKJTIOUaeT BCSKYIO BOBMOYKHOCTD TOJIIe-
JKarh OTBETCTBEHHOCTH. CTOMT TOJIBKO IPOCMOTPETh
PE30JTFOLMH, HaJlaraeMble HEKOTOPhIMU Ha4aJIbHH-
KaMH JIOpor Ha Oymarax, parnoprax ¥ JOKJajax,
4TOOBI YOCIUTECS B TOM, YTO Macca MX Hajlaraercst
B IPEATIOJIOKEHNHN, YTO OHM HUKOIZIA HE YBUJIAT CBET
1 HE MONaayTCsa Ha IJ1a3a JIMIaM, BBIHICCTOAIINM
WJIY PEBU3YIOLLMM X JEATENIbHOCTD. [ Ipenmnonoxe-
HHE COBEPILIEHHO BEPHOE, TaK KaK HUKOI/IA M HUKTO
13 JIULL, BBICBUIAEMBIX U3 YIIPABIICHUsI 10por U Mu-
HHCTEPCTBA, HE 3aIVIS/bIBAET BO BHYTPECHHIOIO TIe-
PETHCKY. ITO Kak Oy/ITo IOMaIIHee JeI0, B KOTOPOM,
KakK TOBOPSIT, TyIlIa Hapacramiky, 1 37eCb-To e€ X0-
PpOLIKE U TypHBIE CTOPOHBI BCErO BHIHEE.

Cnyorcebnas nepenucka. — Mexay TeM Hau-
GoJIbIIIee KOJTMYECTBO CBOETO CITY’)KEOHOTO BpeMe-
HH BCC CTaplIuve JiMla yrnpaBJICHUSA U, KOHCYHO,
CaMi HaYaJIbHUKU JOPOT IMOCBAIIAIOT NEPETIMCKE,
1 OHA MOXKET CIIY)KUT XapakTepHbIM KPHTEPUEM
BO33pCHUA U JCATCIIbHOCTU HaYaJIbHUKa OOPOrd
1 KKJIOTO CTapIIIETO CITY’KAIlero; 3arisHy Th B He€
HE TOJIbKO HE MelllaeT, Ho U ciueayert. [lo Tex nop,
TOKa BHYTPCHHSAA NIEPCTIMCKA HaYaJIbHUKA T0POTrU
C HaYAJILHUKAMH CITY)K0 ¥ MOCIEAHUX MEXKIY CO-
0oii ¥ BHYTpEHHEE JEJIONPOU3BOJICTBO HE OyIyT
TMOJUIEXKATh KOHTPOJTIO MITH IPOCMOTPY, JI0 TEX IOp
MOpsiIKa Ha JOpOrax He OyrerT.

YV MeHs B ropTderie UMeeTcst HeMalio 00pasiioB
Pa3HBIX PE30JIIOLMH 110 BECbMa CEPbE3HBIM BOIIPO-
caM U JieniaM, BXOJISIIIMM B 00JIacTh HE TOJIBKO I10-
psiZika Ha I0porax, HO U OE30MacHOCTH JIBHIKCHHSI,
Y TOZHBIX OoJIee [UIst FOMOPUCTHUYECKHX YKy PHAJIOB,
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yeM Juis cepbe3Horo nena. Korna-HuOyap u oHM
YBUJIAT CBET M YIHUBSIT €r0 CBOCIO aOCypAHOCTHIO.
Taxast nepericka npy peBU3UH KOHKPETHO MOKaXKET
HENOATOTOBJIEHHOCTh MHOI'MX CTAPIINX CITYKallluX
1 HAYaJIbHUKOB JOPOI' K HECEHUTO BO3JIOKCHHBIX HA
HUX CEPbE3HBIX 3aa4, a ¢ APYTrod CTOPOHBI — BbI-
JIBUHET JTFONICH CIIOCOOHBIX, KOTOPBIE IIOYEMY-JIHO0
OCTaIOTCS B TEHH.

Tocmosimnvle munucmepckue peguzuu. — 4To0bl
HOJIHSITh 3aBECY TaKMX TAaWHUKOB, HEOOXOAUMA Op-
raHM3alysl, HEYTO BPOJIE CEHATOPCKUX PEBU3HH,
MPON3BOAUMBIX TICPUOIUICCKH Ha BCCX Ka3éHHBIX
Jioporax, 0e3 BCSKOro KOHKPETHOTO IOBOJIa.

3aHMMaroIIHe BHICOKUE MOCTHI wieHb! CoBeTa
MUHHUCTPOB MOITIN 6])1 HasHa4YaTbCA IJId TPOU3BO/I-
CTBA TaKUX PEBU3UIL.

Cnocob pesuszosanus. — 20 Ka3€HHBIX J0pOT
MOIJIH OBITh OOPEBU30BAHBI B YETHIPE r0fia pas, 10
ISTA Jopor B rof. Havyats peBu3nio, KOHEUHO, He-
00XOIMMO C TEeX JIOpOT, 32 KOTOPBIMH YHCIIHUTCS
MHOTO JIe()eKTOB.

B xomuccum uieHoB coBeTa JOKHBI BOUTH
CIICIIUAIUCTBI BCEX CITyXkKO, UTOOBI CHCTEMA «BTHPA-
HHUA OYKOB» HC MMEJIa MECTa U ‘1T06I)I pPEBU3UA
Oblla POM3BE/IeHa WICHAMHU JIMYHO, CO 3HAHHEM
JIeJia 1 MOJIHBIM OECIIPUCTPACTHEM.

[pencenarenem U wieHaMy PEeBU3MOHHOM KO-
MHCCHU JOJIKHBI Ha3HAYaThCs1 JIMLA C Ge3ynpequIM
HPOLIIBIM, 1a0bl HU OOIIECTBO, HU CITy)Kallue He
MOIJIH 3aI10/I03PUTh HX B OJHOCTOPOHHOCTH M TIPHU-
CTPacTUH K JIMIAM, BXOJSILIMM B c(epy PEeBHU3HU.
[Tpu 5T0M peBU3MsI I0JKHA OBITH BIIOJIHE JIEJIOBAS —
0e3 BCSKOM TEH/ICHLIMH K TOJMLIEHCKOMY CBICKY.

T e PEBU3MU MOIITH ObI pa30MpPaTh JKaJI00bI
CIIy’KallluX U YaCTHBIX JIMII Ha YTIPaBJICHUE TOPOTr.

Taxkoe yupex/IeHIe OKa3asio Obl OJ1aroeTe/IbHOS
BIIMSTHUE HA [IPUMUPEHHE O0IIIeCTBA U [IeYaTH C yKe-
JIE3HBIMH JIOPOTaMH M Ha XOJI JKEJIE3HOJIOPOYKHOTO
JIeJia, ¥ OJIHOBPEMEHHO JiaJio Obl B pyku MuHHKCTpa
MOTYUHIl KJTIOY K MCCIIE/IOBAHHIO HKEJIE3HOIOPOK-
Hoii Terra incognita, co BceM ero aTHorpadIeckum
OBITOM U €10 0COOCHHOCTSIMH.

Jlomunupyiowgee nonodicenue cysicowi ogudice-
Hust. — City»x0a IBIKCHUS — CIMHCTBEHHASI CITyK0a,
BbIPa0aThIBAIOIIAsl HKEJIC3HOJIOPOKHBIE IIEHHOCTH,
U OT TIPAaBUJILHOM MOCTAHOBKM OpraHu3aluy e
JACATCIIbHOCTU 3aBUCUT BCSL JOXOAHOCTDb JOPOTU.

OcHOBHBIE (DYHKLIUH €€ — YIOBJIETBOPEHHE
HOTPeOHOCTEH HaceIeH s B IIEPEBO3KE IaCCaKUPOB
Y TPY30B, [P HEPEMEHHOM YCIIOBUHA HAUMEHBIINX
PacxooB ¥ HAMOOJIBIIEH YTUIIM3ALMI PEIOCTaB-
JICHHOTO B €€ pacropsHKEHHH MOJIBIYKHOIO COCTABA.

3aaua TpyHas, ¥ UCTIOTHEHHE e€ BCeleo 3a-
BUCUT OT CJIECAYIOLLUX YCIIOBUIL:



1) ynauHoro noadopa JIMYHOTO COCTaBa, OT
BCPXOB 10 HU30B BKIIFOUUTEIILHO,

2) CpencTB, MPEeI0CTaBICHHBIX CITyKOe, B OT-
HOUICHUM NPUEMHOM, IIPOILYCKHOM U IIPOBO3HOU
CITIOCOOHOCTH JIOPOTH;

3) IpyKHOTO COMEHCTBUSI BCEX OCTAJIbHBIX
CIIy’k0, 0COOCHHO TEXHUYECKHX, B yCTPOWUCTBE
MOCTOSIHHBIX ¥ BDEMEHHBIX 000PYyI0BaHHUi, HEOO-
XOOUMBIX J1JI51 BBIITIOJIHCHUS U o6ner YCHU paGOTbI
CITY KOBI.

Hauanenuxu osudicenus. — Jloaroe Bpemst mo-
CThl HA4YaJIbLHNKOB Cﬂy)K6I)I JBHKCHUS 3aHUMaJIN
HCKITFOUMTEIIbHO MPAKTUKH, BBIICTIMBIITUCCS cBOEH
PacnopsAAUTENBHOCTEIO U YMEHUEM PYKOBOIUTH
JIJIOM ¥ YCIICIIHO I0JIb30BATHCS MOABHIKHBIM
COCTaBOM.

Taxum 00pa3oM, CITy»k0a ABIKCHIIS, BCIICICTBUEC
HE/IOCTATOYHOCTH ABTOPUTETA CBOMX IPUHIIMIIOB
W 3HAYUTEITHLHOMN ABTOPUTCTHOCTU Ha4YaJIbHUKOB
IyTH, KOTOPbIMU BCET/ia ObLIN MHXKEHEPHI ITyTel
COO6LIleHI/DI, a BIIOCJICICTBHMHU U HAYAJIbHUKOB TAT'H,
BO IVIaBE KOTOPOM CTAHOBUJIMCH I10 OOJIBIIIEH YacTH
VH)KEHEPbl MEXaHUKU, — OTOABUHYTA HA TPETUH
IUIaH 1 yTpaTuiia CBOE HACTOSIILIEE MECTO.

Iepemena e3ensioa na cyxcOy O8UdICEHUs. —
B nocienHee BpeMst BHOBb BO3POKAACTCS B3IVISL
Ha JIOMHUHHPYIOLIEE MOJIOKEHHE CITY>KOBI JIBHKE-
HMSI B CpEZIe APYTHX CIIYXKO, ¥ il HAUMHAIOT OTBO-
JIMTh JIOJDKHOE MECTO. DTOMY IVIaBHBIM 00pa3oM
CIIOCOOCTBYET CO3HAHME, YTO OT JOCTAaTOYHOCTH
U OT yI00CTBa 000PYIOBAHUSI, HEOOXOMUMBIX JJIsI
MpaBWIbLHOI'O BBIITOJIHEHUA (byHKL[I/lﬁ JIBUKCHUA,
U OT pacropsIUTEeIbHOCTH €€ areéHTOB 3aBUCUT
YCIEIIHOCTB JIeJ1a U JIOXOAHOCTH Jiopor. Jledurut-
HOCTB JIOPOT BBIHY/IMJIA BCEX O0PaTHTh CEphEIHOE
BHUMAaHUEC Ha MPAaBWIBHOCTH JKCILUTyaTalu, Ha
YHUYTOKECHHUEC HCTIPOU3BOAUTEIILHBIX PACXOI0B
W IJIaBHBIM O6p830M Ha MPOU3BOAUTEIIBHOCTD
npoOeroB MOJBMKHOTO COCTaBa, ero odopora
U yTWin3anuu. Yiiep0, HaHecEHHBIN rocynap-
CTBEHHOW SKOHOMHH, BBIHY/IUII B3STHCS 32 apu-
METHKY U HAyYUTHCS CYATATh, PACIIPOCTPAHSA STOT
MOJICYET HA BCE OTPACIH, IOCTYIIHbIE YUETY.

[TogusTHIO TIpEecTHXa CIyXKObI JIBUIKECHUS
MHOTO0 oMot COBETHI YIIPABIEHHUS, B KOTOPBIX
nmpeaCcTaBUTCIIN CJ'Iy)K6]>I JABUXKXCHUS SBJISIJIIUCH
PaBHBIMH B YMCIIE TPEX IIABHBIX CIIY’KO U «CTAH
CMETh CBOE CYXJICHHE UMETbY», U IIPUTOM COBEp-
IICHHO OTKpPBITO U opuLmansHo. MM npenocras-
JICHO JIaXKe TIPaBO MOJ[a491 0COOBIX MHEHHIA.

ABTOPHUTETHOE IMOJIOKEHNUE OTBOEBBIBACTCS
HavYaJIbHUKaMH ABWKCHMS ITPH JIMYHOM UX KEJTAHUN
Y SHEPrHy: HO 9TOTO MaJIo, HaJlo 3TOT BOIPOC pe-
IJIAMEHTHPOBATH U de jure OCTaBUTh HX B IOJIOXKE-
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HHe JoMuHHpytomee. CaMo 16510 U ero HHTEPEChI
HAIpaImBaloTCs Ha 3T0; HAI0 MATH MO TEYECHUIO
COBPEMEHHBIX TPEOOBaHHIT HHTEPECOB 3eMJIEIEIIHS,
MIPOMBIIIIEHHOCTU ¥ TOPTOBJIH, KOTOPBIE B TAHHOM
JIeJIe CONIMIAPHBI C MHTEPeCaMu JOPOL.

BozpméM faxe nomaniHee 110 yIpaBieHus:
y Ha4aJIbHUKa JIOPOT BCE CITY?KOBI M OT/IEIIbI HIMEIOT
JIOKJIa/Ibl OJIMH, MHOI'O JIBa Pa3a B HENEIO; OIUH
TOJIHKO HaYaIbHUK JIBUYKEHHS UMEET €KeTHEBHBIIM
00s13aTeNbHBIN JIOKJIAJ], @ B ropsidee BpeMsl, TaK
COBEIIAHUSI €r0 C HAYaJIbHUKOM JOPOTH OBIBAIOT
eIné yare ¥ NpofoDKUTeNIbHEee. 3HAUHT BCS CYTh
Jiesla B PACMOPsDKEHUAX 10 ABWXKECHUIO, M UMU
BCeEro OoJiee JI0MHKEH HHTEPEeCcoBaThCsl HauaIbHHUK
noporu. HaxoHer, Macca oOIux pacropspKeHUH
B MHTEPECaXx CIIyKObI JABHYKEHHUS JIOJDKHBI JIeJ1aTh-
Csl CaMUM HauaJIbHUKOM WM YTIPABJISAIOIIIM JI0-
POroro, a BCE OHU 3arOTOBJISIFOTCS TOJIBKO Hayallb-
HUKOM JIBUKEHHUS U €0 KOHTOPOH.

JleBATh AecaThIX Bcex 3anpocoB MuHucrep-
CTBa U YMpaBJIeHUs JOPOL, KOTOPBIMU B TOpsdee
BpeMsi OOJIBIIOTO JBIKEHHS 10 JOpore ooMoap-
JIUPYETCsl HAYaJIbHUK J0POTH, BCELIENO BHITEKAIOT
13 00JIaCTH JIESITEIBHOCTH CIY)KOBI JIBUYKEHHMS
Y OTBETHI JIAFOTCSI TEM 7K€ HAYaJIbHUKOM JIBUKEHUS,
110 COIVIALLECHUIO C HAYAJIbHUKOM JJOPOT'Y, WX 110
€r0 YKa3aHUIO.

KomaHaupoBKY ITIABHOTO MHCIIEKTOPA, CTap-
LIMX U MIIQAIIUX HHCTIEKTOPOB Ha IMHUH UMEIOT
IJIaBHBIM 00pa3oM CBOMM OOBEKTOM BOIIPOCHI,
KacarolMecs IepeBO3KU NaCCAKUPOB U IPY30B.
HakoHern, HOBasi oOmIMpHasi opraHu3anus U3
HenTpanproro u IlopalioHHBIX KOMUTETOB HUC-
KIIIOUUTENIHO CO37[aHa JUIsi OOIIMPHOTO Jiena
peryivpoBaHus MEPEBO3KHU Ipy30B Bcer Mmme-
pun. OHa UMeeT JIeN0 MOYTH UCKIIOYUTEIHHO
¢ (QYHKIUSIMH CITYKOBbI IBHIKCHUS.

Bcé 910 1oKa3bIBaeT, HACKOJIBKO BaXKHA cama
10 ce0e AeSTeNbHOCTh 3TOH CITy)KObI, HACKOJILKO
JIESTEIIBHOCTD BCEX OCTAIBHBIX CITY)KO HAXOIUTCSI
B UCKJIIOYUTENILHON 3aBUCUMOCTH OT HE€, U Ha-
CKOJIBKO OHH OOsI3aHbI CTaparbCsi, BCEMH CBOMMHU
CPEACTBAMU, CONCHCTBOBATH YCIICIIHOMY BBIIIOJI-
HEHHIO CITY>KOOIO JIBHIKEHUSI CBOMX 00513aTEIbCTB,
KOTOPBIE 3aKJIFOYAIOTCS €10 C KIIMEHTaMU JJOpOry,
Kak OT IOPUIMYECKOr0 JINIIA, U 00s3aTelIbHBI IS
HCIIOJIHEHUSL.

Xuwenus. — Teriepb paccMOTPUM BOIIPOC 00
OJTHOI M3 NIaBHBIX COBPEMEHHBIX 3B — 0 MACCOBOM
XUIICHUH.

XUIIEHUsT — CTUXUS, ThICSUEroJIoBasi TUpa,
OXBATHBIIAsA LENKUMH IIyNanblaMU BCE JKese3-
HOAOPOXKHOE JIeNI0. DTO 571, KOTOPBIH BCOCAICS
B IJIOTh M KPOBB JKEJIE3HOJJOPOKHOM Oparuu. Mbl,
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MHTEJJIMIEHTHI, K CTBIY HAIlleMY, JTUIIEHBI JaKe
BO3MO)KHOCTH CBAJIUThH BCE Ha MEHBILETO Opara.
ITocnenHue KpymHbIE XUIHUYECKUE MPOAETKH
MIOKA3bIBAIOT, YTO B YHCIIE PYKOBOIUTENEH U Op-
raHW3aTOPOB HAXOAATCS M OBIBIIME CTapline
cayxamue. CToycTas MOJNBa Ha3bIBaeT Jaxe
W JIUII, HAXOSIINXCS Ha CIIy:KOe M MPUTOM Ha
JIOBOJIBHO BBICOKHX JIOJIKHOCTSIX.

Hurne B Mupe Tak He pacripoCcTpaHEHO BOPOB-
CTBO, KaK y Hac. OCOOEHHO SIPKO OHO MPOSIBIISIET-
csl B ZIByX cpepax: B MHTEHJaHTCTBE U Ha JKeJle3-
HBIX JOpOTax.

B nepBoM HenmocpeaCTBEHHO CTpasiaeT Ka3Ha
1 KOCBEHHO — HacesieHne. Bo BropoM — Ha000poT.

VYOBITKH, HAHOCUMBIE Ka3HE XMIICHHUSIMH,
CIIMIIIKOM BEJIMKH, YTOOBI CMOTPETh Ha HUX CKBO3b
Hajblbl, © HEOOXOJMMO BbIPaOOTaTh CEpPhEIHBIC
MepblI JJ1st 00pHObI C HUMU.

YBOJIBHEHHE OT CITY>KOBbI 1 TIPEiaHke CYLy, TIpU
OOIIMPHOCTH HAllIed CeTH JOpOI, CTAHOBUTCS
MEpPOTPHUATHEM TOJIBKO MECTHBIM, ITOYEMY €ro
HY’KHO PacHpOCTPaHUTh Ha BCIO CETh, 3aBEMs
0c00y10 YEPHYIO KHUT'Y, B KOTOPYIO BHOCUTb NMe-
Ha YBOJICHHBIX C OTMETKaMU 00 MX MOABUTax
1 OTIOBEIIATh O HUX BCE YIPABIICHHs, BO H30eXkaHNe
npréMa MX Ha CIIy»Oy Ha JIOpOTH, OT/IaJIEHHBIE OT
NpeKHEN apeHbl UX JeHCcTBU. TakuM cyObekTam
HE JIOJDKHO OBITh BO3BpAra Ha JKEJIe3HYIO JI0pOrY.
OHHU TaKke JOJDKHBI TEPATh MPAaBO Ha Ka3EHHBIE
TIEHCHH, €CJTH OHU HX BBICITY KW, U Ha Ka3E¢HHBIE
MPUITIATHI K CBOUM TIEHCHOHHBIM B3HOCAM.

MHe KaxeTcCs, YTO BCe MEepOIPUATHS, HaMe-
YEHHBIE MHOIO IO OTHOIIEHHUIO MOIHATUS HPaB-
CTBEHHOTO YPOBHSI M OJIArOCOCTOSIHHSI CITy KAIIIUX,
JIOJKHBI OKa3aTh COJEHCTBUE MCKOPEHEHUIO
CTPEMJICHHUS K XHUILEHUSAM B CpeJie CaMHX CITyKa-
IIMX; TOTA XUIIEHUS JOJKHBI 3HAUUTEIBHO
YMEHBIIUTHCS, 1 00pb0a ¢ HUMH CTaHET Jierye.

I'pysosvie apmenu «Cowsa Bapsey. — Ectb
OJTHO CPEACTBO U CPEACTBO KpaitHe paauKanbHOE,
HO /17151 ICTIOJIHEHUSI €70 HEOOXOIMO MHOTO TPY-
Jla, HACTOMYMBOCTH U BBLAEPKKHU ITPU HEMOCPEA-
CTBEHHOM Y4aCTHH YTIPaBJICHHUS JKeJIE3HBIX JOPOT
u naxe MuHHCTEpCTBa TyTeil coollieHus, J1a,
MOKaTyH, 1 HEKOTOPBIX IPyTUX MUHHCTEPCTB.

Moemy cocykHBILY 1O 3aKaBKa3CKUM J10-
poram, r-uy CeMsIHUIIMHY-ApaaTbeBy MpHUIILIa
B TOJIOBY CBETJIasi MBICIb 00pa3oBaTh OOLIYIO
apTesb IPy3uyMKOB KaK Ha jKeJIe3HBIX JOpOrax,
TakK U Ha mapoxonax, noxa ¢upmoii «Coro3a Ba-
psir». DTa apTesb 10JDKHA COCTOSTh U3 BCEX JIMIL,
MIPUKOCHOBEHHBIX K IPUEMY, XpaHEHHUIO, TPAHC-
MOPTUPOBKE, HArpyske, NMeperpys3ke, BhIIPY3Ke
U BbLJIau€ I'PY30B BCEX POJIOB U CKOPOCTEN.
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Taxkum oOpazom, rpy3 ¢ MOMEHTa €ro Io-
CTYIJIEHUS Ha JKEJIe3HYIO JOPOT'Y MU ITapOXOf
JOJIDKEH HaXOJUTHCS B BEACHUU U 110/ oxpaﬂoﬁ
OTBETCTBEHHOMW apTeiH, KOTOpasi, COIIaCHO J0-
TOBODY, 3AKJIFOYEHHOMY € YIIPaBICHUEM KEJIE3-
HBIX JOPOT, WK Jlaxke ¢ MUHUCTEPCTBOM Iy Tei
COOOIIIeHNs, TOTHOCTHIO OTBEYAET 3a IEJIOCTh
U COXPAHHOCTBH €TO0.

Takast 00111ast pOMa/IHAsI APTEITb, PACKUHYTast
Ha BClo Poccuro, u B3sBLIas B CBOU KpENKUE
pyKH BCE TOBapHOE JeJI0 MyTeil COOOMICHMS, —
OyzeT eAMHCTBEHHOW Pa3syMHOH U ISHCTBUTEIb-
HOW Mepol K YCTpaHEHHIO BCEX XHUILEHUM
U 3JI0yNOTPEOJICHUI 110 NIepeBO3Ke TPy30B. Ap-
TEJIM MeJIKMe OECLIeNbHbI: OHH CaMH BOPYIOT JIPYT
y Apyra.

Aprtenb, cocTosmas U3 PasHOPOIHBIX dJe-
MEHTOB U IOCTaBJIEHHAsl HA KOMMEpYECKHe Ha-
Jajia, UMEIOIIas B OCHOBE JICHEXKHYIO BBITOAY,
CyMeeT CJIEANTH 32 CBOMMHU WICHAMH, YTOO OHU
HE TOJIBKO HE PACXHUIIIAIIN TPY3bI, HO M OXPaHSIH
HX OT MOCTOPOHHUX, HCIPUYACTHBIX K apTCIn
s, Hukro ydiie cBoero sxe Opara apTesnbIiu-
Ka HE YCMOTPUT 32 LIEJOCTHIO IPy3a U 32 KayKIbIM
YIEHOM B OTJENbHOCTU. [pyr y Ipyra BOpOBaTh
HEBBIT'OJHO; JIYYIIC TOBOJLCTBOBATHCA YECTHBIM
BCACHUCM J€JIa U MOJy4YaThb IMpUYIUTaroIeCCs
BO3HArpaKJI€HUE 3a TPY/, J1a €1E TUBUEHbI U3
00I1Iero 10X0/1a MPEIPUSITHSL.

OszHakomuBIINCE ¢ TpoekToM «Coro3za Ba-
pAT» M HAlIs ero BIOJHE LeNeco00pa3HbIM
U €AUHCTBCHHBIM MCPOINPUATHUEM, KOTOPOC
MOIJIO OBl CIIACTH HE TOJBKO JIOPOTH, HO M BCE
HaceJeHHe OT MACCOBOTO XHILEHHUS, s MoJal
0 HEM 3anucKky MUHHCTDY IyTel COOOIeHHs
U HaImucal cTaTbio «I py30BbIe apTenny», KoTopast
oObuta Haneyatana B Ne 3 xyprana «[lytu Coo0-
meHus» L. Pemakiust 3Toro )ypHaa mpeaoKi-
J1la OOMEH MHEHHH 10 3TOMY BOIPOCY, HO BOT
IpouUIo yke Gojiee Mmoayroaa, a 0 CHX IOp
HUKTO el HE OTKJIMKHYJICS.

Hnepmnocmb dcene3no0opodicHol uHmeniu-
cenyuuy. — Heyxenu pycckas xKeJae3HOJOpOoXKHAs
HUHTCJUIMTI'CHIIMA HACTOJIBKO MHEPTHA, YTO HE UH-
TEPECyeTcsl TAKUM CEPbE3HBIM U JKUBOTPEIIEILLY-
UM BOIIPOCOM, KOTOPBIH, NPEICTaBIIsisE COOO0I0
rpoMajHOe YEPHOE MATHO, JIeXkKallee Ha BCEM
JKEJIE3HOOPOYKHOM MHUPE, HaJlaraeT Ha )KeJIe3HO-
JIOPO’KHOE HAaYaJIbCTBO U BCE KETE3HOJOPOKHOE
00I1IECTBO HPABCTBEHHYIO 00513aHHOCTD HE TOJIb-
KO aKTHUBHO 60pOTI)CSI C OTHUM 3JIOM, HO U U3BICKU-
BaTh BCEBO3MOXKHBIE CIIOCOOBI OOPHOBI C HUAM.

! Cwm. takxke «Keneznonopoxuoe Jleno». — 1902. — C. 157.



Pa3 takoit cmoco6 yka3zaH, HEOOXOIMMO
pazobparhb ero JeTaibHO CO BCEX CTOPOH, I10-
JIpOOHO pa3paboTarh U PEIUINTh, MOXKHO JIH €r0
IMPUBCCTU B UCITOJTHECHUE, UJIU HET. Ho ocras-
JISATH €TI0 663 BHUMAHUA, OGXO}II/IT]) MOJIHaHUEM
W HE Mpejiaratb CBOU, MOXET ObITh, Ooyice
[IPAKTUYHBIE U PA3yMHBbIE IPUEMBI, IPOCTO 110
MOEMY ITyOOKOMY yOEeKICHHIO HEMPOCTUTEb-
HO. YacTHOe yupexaeHue, Kak skypHai «[lytu
CooO1eHusy, npeaiaract cBou 0e3Bo3Me3I-
HBI€ YCIIyTH B KAYE€CTBE IMOCPEHUKA B pa3pa-
0OTKE TaKOro >KMBOTPENEUIYLIEro BONpoca,
U Ha ero crapanue — Mojuanue. Eciu oHo ecTh
3HAaK COIVIacHs, TO TEM 00JIee HAJ0 3aIBUTHL 00
ITOM.

Jlornueckuit BBIBOJ U3 TAKOTO PABHO Y-
HOTO OTHOLIEHHUS K oOuiei 3100e aHs, yrue-
Taromeil Bcex rpaxkjaH oOLIMPHOTO OoTeue-
CTBa HaAIIEro u HpI/IHOCﬂIJ_[eﬁ HCUCUUCIUMBIC
yOBITKH, — BEChMa HeJecTeH. MOTyT moay-
MaTb, YTO COBPEMEHHBIM XUUIHUYECKUU
status quo MpeacTaBJIICTCs 3aMaHYUBBIM,
BBITOAbI AJI KCJIE3HOAOPOKHOI0O MHpa, 1mo-
Y€MYy UM U HE IPUHUMAIOTCS HUKAKUE MCPbI
K ero o0y3IaHuIo.

Heyxenu Te BoHrouue momou (pardon 3a
BBIPA)KEHKE), KOTOPHIMH OOJIMBAIOT OCTOSIHHO
JKEIJIE3HOI0POXKHUKOB, HE MPEACTABISIOT eIié
JIOCTATOYHOTO CTUMYJa Ui BO30YKIESHUs
B HUX UCKPCHHETO KCJIaHUA pa6OTaTb B UHTC-
pecax ymnopsiioueHHs Jeia, He OTKJIAJbIBas
Takyw paboty ad calendas graecas.

DTO0 BONPOC TOCYNapCTBEHHON BaXKHOCTH;
MHE Ka)KETCsl, Ha HErO JI0JDKHA 00paTUTh BHH-
manue l'oc. Jlyma u okazarb cBO€ moryuee
COJICIICTBHE K €r0 MPOBEICHHIO.

XOoTs B IpOrpamMMy JI0KJ1aJia BKIIIOYEHO emlé
MHOTO BOMPOCOB, KOTOPBIC 3aTPOHYTHI MHOIO
B MOEH KHHI€, HO 3a HEJIOCTATKOM BPEMEHHU
A OrpaHUYyCh TOJBKO IEPCUUCIICHUEM UX, KaK
HaCyHUIHBIX 1 HeO6XOHl/IMI)IX.

Peopranuzarius ¢y 0b1 COOpOB, OTUETHO-
CTU MO CUETOBOACTBY, YBECIUUYCHUC IOpUIUYC-
CKHUX OTACJIOB U M3MCHCHHC JCATCIBHOCTHU
KOMMEPYECKUX OT/IEJIOB.

MeponpusiTusi 1o 00UIUM BONPOCAM

OcnabneHue aHTarOHU3Ma MEXAY CIIyXKa-
IUMH; yperylIupoBaHue OeCIUIaTHOTO Ipoe3sa
U TI0JIb30BaHKE CIYKEOHBIMU U MPOTEKIIMOH-
HbIMM BaroHamu; 0opn0a ¢ 0e30uIIeTHBIM
pOe3/I0M, YMEHbIIEHHE MepenucKku, 6opnoa
C 3aCHJIMEM HHOPOJLEB, pedopma caadu
B apCHJly CTaHLMOHHBIX Oy(eToB.
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TexHnuyeckne 000pyI10BaHUS JKeTe3HbIX
aopor

ITocTenenHast cucteMaruyeckasi epexiaaKa
CTaHIIMOHHBIX ITyTeH cO00pa3Ho (PyHKIHMAM CTaH-
N,

[Tocrenennas maHoMepHas nepecTpoika
MaKTay30B U IUIaTGOpM HArpy3KH U BBITPY3KH
TPY30B U NI3MEHEHHUE MX THIIOB.

OpraHuzanys KPyImHOTO U MEITKOTO PEMOHTA
TIOZIBPKHOTO COCTaBa Ha Oojee panruoHaIbHBIX
JUTSL CITY KO TSITH ¥ ABVMDKCHUSI OCHOBAHHSAX.

ITocTeneHHoe IAaHOMEPHOE pacIpe/ielIcHIe
Pa3HOTHITHBIX TTAPOBO30B IO JOPOTraM M YHUITO-
KEHHE THIIOB [TApOBO30B 1 BarOHOB, HE COOTBET-
CTBYIOIIIMX COBPEMEHHON TEXHHKE.

[ocTpoiika B HEOOXOTMMOM KOIMIECTBE Map-
Ka CIEIMaIbHBIX BArOHOB-PEPPHIKEPATOPOB IS
TIEPEBO3KHU Ha JTAJIbHUE PACCTOSTHUS CKOPOTIOPTSI-
IIMXCS TPY30B.

BHyTpeHHss1 opranu3anus xo3siicTea
CIIYKO

BripaboTtka 1 y3akoHEHHE ITaHOMEPHOI CHC-
TEMBI CMEHBI IIITTAJI ¥ PETbCOB, H KO PUITMESHTOB
CTOMMOCTH PEMOHTA BEPXHETO MOJIOTHA JKENE3HBIX
JIOpOT, ¥ 9Hcia pabourx Ha BEPCTY yJaCTKa.

BripaboTka crmenuanbHBIX MpaBHI yuéTa
Ope3eHTOB, IITUTOB, CKOTCKHUX PEIIETOK, BO N30e-
’KaHMe TOTePh UX 10 I0pOraM, a PaBHO U IPaBUII
UX COAEPkKAHMS U PEMOHTA.

BeipaOoTka crienuanbHbIX IPABHUII 71 PEMOH-
Ta MHBEHTAPS CITyXkKO JBHKEHUSL.

BripaboTka crienuaibHBIX MPaBHUil IIOMOH-
POBAHUsI BATOHOB.

3AKIKOYEHUE

OxaH4nBas JOKJIAJ, S HE MOTY HE CIeNaTh
00I1Ier0 3aKITIOUCHHS.

OOIIMPHOCTH U CEPBEIHOCTH JKENE3HOTOPOK-
HOTO Jella HM Ha MUHYTY HE IMO3BOJISICT MHE
CMOTpETh Ha MO0 PabOTYy, KaK Ha MCYEPITaBIIYIO
BCEe 0COOCHHOCTH M HYK/IBI €T0. 51 yKa3al TOIBKO
Ha TO, YTO 3aMEUEHO MHOIO M YTO, 10 MOEMY
JUYHOMY BO33PEHHIO, HY’KIAETCS B PEOpraHm3a-
MU ¥ ynopspodyeHuu. He comHeBaroch, 4To,
MOXET OBITh, €CTB €IIIE MHOTOE, YTO YCKOIB3HYIIO
13 MOEH MaMATH U Ha 9TO YKaXYT JPYyTHE.

Ho, Bo BcsikoM citydae To, 0 4éM s Ucai U Ha
YTO YKa3bIBAJI, CAMO IO ce0e IMOKa3bIBALT, KaKyIo
em¢ KoJIoCCalbHyI0 paboTy HAZO0 COBEPIIHTS,
YTOOBI YIIOPSIOYHTE YKEIe3HOTOPOKHOE JIENIO BO
BCcEM ero o0béMme.

Benp, coOCTBEHHO TOBOPS, HAZO CO3HATHCH,
YTO HET PEIINTEIEHO HA OTHOW OTPACIH KeJe3-
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HOZOPOKHOTO JieJia TIPO KOTOPYIO0 MOKHO OBIIIO
OBl CKa3aTh 110 COBECTH, M0JI0XKA PYKY Ha Cep-
1e, YTO OHA BIIOJIHE OPraHW30BaHa U He TPeOy-
€T KOPCHHBIX U3MEHEHUN U CYHI€CTBECHHBIX
JIOIIOJIHEHUH.

JKuzub uaét Brepén, 0COOCHHO KEIe3HOI0-
pOXHas, KaKk TeXHHYECKas, B HAIll BEK yCOBEp-
IICHCTBOBaTh U U300peTaTh ABMIKCHHUS C 0O0JIb-
1110# OBICTPOTOA, 1 B HE#l MOCTOSTHHO HEOOXO/HU-
MBI JOIIOJIHECHUA U U3MCHCHHA. HoB COBPEMCH-
HOW MOCTAaHOBKE KEJE3HOAOPOXKHOIO0 Jena
HYKHBI HC UBMCHCHUA U JOIOJHCHUSA, a BbIpa-
60TKa KOP€HHBIX OCHOB, TOYHBIX IpPaBHJ U I10-
JIO)KEHUH, 0e3 KOTOPBIX ITPABIIIBHO MPOI0IIKATH-
Csl 1e710 HE MOXKET.

Ectb Heckonmbko Jopor, Oojiee MM MeHee
YCTPOEHHBIX, C MAaCCOM MPEKPacCHBIX U BIIOJIHE
OpPraHM30BAHHBIX YUPEXKJICHUH, eCTh Macca 4a-
CTUYHBIX IMOJIC3HBIX U ITPaBUJILHO O6CTaBﬂeHHle
YCTPOWCTB Ha BCeX J0porax, Ho 4ToObl BO BCei
opraHMzanuu Oblila 3aMeTHa Kakas-Tu0o oOul-
HOCTb, KaKas-JIM00 pPyKOBOIAIIAS Hes IETbHOCTH
U COJIMJJAPHOCTH, — STOTO HE3aAMETHO.

Ha sxene3nbix poporax neno BeA€rcs Mo
pycckoll nmorosopke: «Besik Mosoznen Ha cBOM
obpaseny. BHyTpeHHHE pacriopsIIKH 110 Ka) 101
JIOpOTe CBOM, PEJIKO KTO M3 HAYalIbHUKOB CITYXKO,
NOOBIBAB HA JPYTHX JOpOrax M MOCMOTpPEB Ha
UX HOPSAKU, CTApAeTCs NIPUBUTh UX K CBOEH
Jlopore, HeCMOTPsI Ha TO, UTO MPU3HAET 32 HUMU
MPEUMYIIECTBA.

OHO 1 IOHATHO, €M OOJIBIITMHCTBO CTPEMHUT-
Cs1 3aHSTh [TOCT HaYaJIbHUKA CITy>KOBI MITH OT/IeT1a
HC U3 BJICYCHUA K OCITY, J'IIO6BI/I " NpEIJaHHOCTH
K HEMY, a TOJIbKO M3-3a BBIFOJAHOT'O ITOJIOKCHUS
B Mar¢puajbHOM OTHOIICHUU U nouéra cpeaun
CIJIy’KallluX ¥ 00IIeCTBa, U HE CTPEMHUTCS K BBe-
JICHUIO BO3MOKHBIX YIIy4LIEHUM, yIIOPSI0YUBaO-
IIMX JIeJI0 M COBEPIICHCTBYIONIHUX €ro. A U3BecCT-
HO, YTO BCSAKAsi OCTAHOBKA B Pa3BUTHUH JieJIa BEIET
K €ro perpeccy.

Hama unepTHOCTH M IpuBeNa K perpeccy,
MIPOHHUKHYBIIIEMY BO BCE OTPACIIH KEJIE3HOIOPOXK-
Horo aena. Hano pacieBenuTs 3Ty HHEPTHOCTS,
1 €CJIM Y HaYaJIbCTBA HET KEJIAaHUA ITIPOrpECCUBHO
pabotars, ¢ 1F000BBIO OTHOCSCH K JIEITY, TO TAKOE
Ha4YaJIbCTBO HE CIIETYET MOITYCKATh K JIeITy JTaKe
Ha MyLIeYHbIi BeIcTpen. S Hayan cBoro Oeceny,
BBICKa3aB CcBOE credo, 4To IJIaBHOE JIeJIO B TJIaBa-
pe, U, 3aKaH4YMBas €ro, MOATBEPXKAAI0 TOT K
B3IVISIL.

Mpi1 BUIUM, YTO BBICHIMC BJIACTU CTPEMATCA
K 9TOMY, SHEPTHYHO pabO0TaIOT; Ha10 UM IIOMOYb.
be3 coBMecTHOH AeATENbHOCTH, APYKHOU [TOMO-

Vin] | [ NS }

111, padoTa BiacT OyJeT eciu He OecCHITbHA, TO
Ha JIy4IlINi KOHEI MeHee MPOJYKTUBHA, TaK KaK
MHEPTHOE OTHOIIIEHHE K TAKOW pad0Te PaBHOCHIIb-
HO aKTHBHOMY TOPMO3Y, €CJI1 He OOHKOTY.

bnarue noxenanus HelHeHero Munucrpa
YCUIICHHO paboTaTh /ISl IPUBENICHUSI B TIOPSIJIOK
JKEJIE3HOJIOPOXKHOTO JIeNia 3aCTaBIISIIOT, B CBOIO
odepelib, NoKenarb, 4To0bl MUHHUCTEPCTBO €ro
He ObLIO KPaTKOBPEMEHHBIM.

He nuiHee ynomsiHyTh, YTO YacThle CMEHBI
MHUHHCTPOB HEBBITOJJHO OTPAXKAJIHUCh Ha XOJe
BCETO0 HKeJIe3HO0pokHOTO Jienia. He ycrieer Be-
JIOMCTBO IPUBBIKHYTh U TPUCIIOCOOUTHCS K B3IVISI-
JaM U TpeOOBaHUSM OJHOTO MHUHHUCTpA, Kak
C Ha3HAYCHHEM JIPYTOTO SIBIISIIOTCS] HOBBIE B3IVISI-
JIbI ¥ HOBBIE TPeOOBaHMSI, Yallle BCEro COBEPIICH-
HO MPOTUBOIIOJIOJKHBIE, TAK YTO IPUHOPOBUTHCS
K HUM Cpasy JA0BOJIBHO TPYIHO.

Kpome Toro, mporajgaer MHOrO BpeMEHHU
U TpyJa COBEPILICHHO HEMPOIYKTHBHO, B Iepe-
KpauBaHUHU CTAPBIX MOPSIKOB, I TOTO TOJIBKO
4TOOBI C HOBBIMU BESIHUSIMU HA4aTh HOBYIO CH3H-
¢oBy pabory.

B Teuenue cra net, ¢ 1811 mo 1909 rox nepe-
ObIBasIo 19 MUHUCTPOB ITyTel COOOIIEHHMS; U3 HUX
YIpaBIsuii MUHUCTEPCTBOM MTPOAOJDKUTEILHOE
BpeMsi Tosibko yerBepo: [Toceer 14 net, rpad
Kuneiinmuxens 12, I'epior Buprembepreknii
U KHA3b XWIKoB 110 10 seT. OcTanbHble OT OTHO-
ro rozia 110 8 siet. [11Th MUHUCTPOB 3aHUMAJIH CBOM
HIOCT TI0 OZIHOMY TOJly U MEHee Troia.

Jaxe npodeccuoHanbHbIi reHuid B Takoe
KOPOTKOE BpeMsi He MOT Obl czeiarh 4To-inbo
CepbE3HOE ISl BEIOMCTBA.

Hememnuii Munucrp yxe 1Baauarslii B Te-
YEHHE CTOJIETHErO CYIECTBOBAHMSI BEJOMCTBA;
HOKEJIaeM eMy yCIexa B JIeJie U ITPOJAOJDKUTEIb-
HOE yIPaBJIeHUE MUHHCTEPCTBOM.

Bcé€ ckazannoe MHOIO, TTOKa3bIBAET, Kakas
KoJIOCCaJIbHasl Macca TPy/a IIPEACTOUT BEIOMCTBY
MyTel COOOIEHHMs, YTOOBI, TAK WA UHAYE, [IPHU-
BECTH K OJIarornoiy4YHOMY PEIICHUEO HAOOJIEBIIINE
BOIPOCHI M BBITIOJIHUT OPraHN3alUI0, PEOpTraHu-
3aIMI0 U YJIy4IICHHE BCEro JKeJIe3HOIOPOKHOTO
XO35ICTBA.

CoBpeMEHHBIE JKEeIIE3HOAOPOIKHBIE JISSITEIH,
[0 MOEMY pa3yMEHHIO JIOJDKHBI B3SITh Ha ce0s
TPy U yecThb Takol padbotel. C Humu bor!

— Dixi et animam salvavi!!

Konen yactu 3

H. I1. BepxoBckuii
(Kene3noaopo:xxHoe 1eJ10. —
1911. — Ne 21-22. - C. 501-60n1) @
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Banenmun Bacunvesuu Cunvanos

MedicoyHapoonas accoyuayusi a8mMoMoOOUILHO20 U OOPONICHO20 0OPA30BAHUS,

Tpouuykas H. A. Hunoeayuonnslii n00X00 K npoeKmupoGanuio cucmemot
MpancnopmuposKu Kpynuo2adapummuslx maiiceno6ecHblx 2py306: Yueonux. —
M.: KHOPYC. — 2022. — 234 c. ISBN 978-5-406-09189-0.

Ilpoonemvr mpancnopmupoeKu KpynHozadapumuslxX manjiceno6ecHblx 2py3o6
OMHOCAMCA K YUCTY CTIONCHENWUX 6 MPAHCROPMHOIL chepe. Imo 00ycoseno
WUPOKUM OUANAZOHOM MACCO-2A0APUMHBIX NAPAMEMPOE NEPEEO3UMBIX 2PY306.

B ceazu c smum uzoanue yueonuxa «Mnnosayuonnslii n00xo00 K npoeKmuposanuio
cucmemvl mMPAnCnOPMUPOEKIU KPYRHO2A0APUMHBIX MAIICETI06ECHBLX ZPY306),

paspabomannozo npogeccopom Kageopuvt asmomoounvuix nepesosok MAJ/IHU,

Banentun CUNbAHOB

00okmopom mexnuyueckux Hayk Hamanuu Tpouyxoit npu yuacmuu ooyenma

MA/IH, kano. mexu. nayx. M. B. Lllunumoea aensemca aKmyaaibHuIm.

Knrodesn e crioga: nozucmuka, opaaHu3ayusi mpaHcnopmuposKu, KpynHo-2abapumHbie msxesosecHsle apy3sl, MALW, npogpec-
CUOHanbHas 0esmeniHocmb 8odumenell, HopMamueHo-npagosble Q0KyMeHMbI Orsi 0becnedeHust 6e3onacHol mpaHCcNoPMUpPOBKU.

OCHOBY y4eOHHKa ITTOJIOKEHO 0000IIeHNE

MHOTOJIETHETO OTEUYECTBEHHOTO M 3apy0ek-

HOTO OTIbITa B 00J1aCTH HAYYHBIX HCCIIE/IOBA-
HMI{, TIPOEKTUPOBAHKS ¥ OPTaHW3ALMH TPAHCIIOP-
THPOBKH KPYITHOTabapuUTHBIX TSHKEIIOBECHBIX TPY-
30B (KTT). OtpakeHb! pe3yibTaThl yqacTHs padoT-
HHUKOB Ka(erpbl « ABTOMOOMIIBHBIC TIEPEBO3KH
MAJI» B NpOEKTUPOBAHUU U pEATU3aLUU MIPO-
neccos TpancnoptupoBku KTT.

PaccMoTpeHbI TOIX0/Ib! K aHATN3Y M KJIacCH(HU-
kar KTT, MeToIBI TOCTPOCHHS U TPaHC(OpMAITIH
TPaHCHOPTHBIX CeTeH, popMUpPOBaHNE MaTepHaTb-
HOTO W MH(OPMAIMOHHOTO MOTOKOB, TPUHIIHITBI
BBIOOpa TPAHCIIOPTHBIX CPEJCTB M BO3MOKHOCTH
THIEPErpy304HOIO MPOIIECca.

B y4eOnuKe yziesieHo 601bI10e BHUMaHHE MPo-
(heccHOHATBHOM IeTeNTEHOCTH BOJUTEICH, OCYTIIe-
creistonux repeBosky KTI Ha o0rel Tpancnopt-
HOH CeTH JIOpor cTpaHbl. PaccMOTpEeHBI Takke
BO3HHUKAFOIINE PUCKH M METO/IBI NX YCTPaHCHMSL.

ConeprkaHue Tpyaa OXBaTbIBAaeT BCe HanboIee
BOKHBIE aCTICKTHI IPOSKTHPOBAHHS CUCTEMBI TPAHC-
HMOPTUPOBKH TPY30B C MO3HIMI JIOTUCTUKH U TIpe-
BEHTUBHBIX MEP Ha BO3MOYKHBIX MECTaX PUCKA.

PaccMoTpeHBl OCHOBHBIE HAIIPABIEHHUS CO3-
JaHus cucteMsl TpaHcnoptupoBku KTT ¢ yué-
TOM HX Cre(pUKN 1 0COOCHHOCTEH.

PaccMoTpeHBl TOTHCTHYECKNE MTPUHIIUIIBI
(hopMHpOBaHUS CHCTEMBI TPAHCHOPTHPOBKHU
KTT. BersBriens! cieniuuaeckie 0COOCHHOCTH
TaKHX IPy30B C yU4ETOM O TPAHUYEHUN UX Hapa-
METPOB I10 BUJaM TPAHCHIOPTA.

IIpuBenén nepeueHb HOPMATUBHO-ITPABOBBIX
JIOKyMEHTOB JJIsl oOecriedeHus! 0e301acHOn
TPaHCTIOPTHPOBKH.

BrIsSBIICHBI IPUHIMITBI alanTallid TPaHC-
MOPTHBIX CeTel MOJ KOHKPETHBIC TTapaMeTphl
9THX CHEUU(PHUECKUX I'PY30B.

Pazpaborana mMeToguka GpopMHupoBaHUS
MapuIpyTOB B FOPOJICKUX YCIOBUSX, & TAKKE MO

[na uumuposaHus: CunbsiHog B. B. YuebHuk 0 mpaHcnopmupogke kpynHozabapumHbIx msxenoeecHbix epy308 // Mup
mpaxcnopma. 2022. T. 20. Ne 2 (99). C. 120-121. DOI: https://doi.org/10.30932/1992-3252-2022-20-2-13.

MonHb1li mekcm pedakyuoHHOU cmambU Ha aH2ulICKOM si3bIKe, ny6ukyemcsi 0 emopoll yacmu daHHO20 8bINnycka.
The full text of the article editorial in English is published in the second part of the issue.



TpaccaM MEXAYrOpOJIHBIX aBTOMarucrpaiei,
BKJIFOYAsl MEXIyHApOJAHOE COOOIIEHHUE.

Oco0oe BHUMaHUE y/IelIeHO BBIOOPY crienna-
JIM3UPOBAHHOTO TOIBMYKHOTO COCTaBa ISl OT-
JIeJIbHBIX BUJOB I'py30B. [IpoaHann3upoBaHbl
MHUPOBbIE MHHOBAI[MOHHBIE TEHACHIIUU IS
CO3/IaHMs! IPUHIMIHAIBEHO HOBBIX KOHCTPYKTHB-
HBIX PEIIEeHUH M0 co37AaHui0 3P(PEKTUBHBIX,
Ha/lEXKHBIX U 0€301aCHBIX TPAHCHOPTHBIX
cpeacts nox onpenenénusie rpymnmns KTT.

Taxoke B KHUTE OTpa)KEeHbI BOIIPOCHI Oe3011ac-
HOCTH TPAHCIIOPTUPOBKH TaKHX IPy30B Ha 00-
1Ie TPaHCIIOPTHOM CETH Ha OCHOBE JIOTUCTUYE-
CKOTO TIOJIX0/1a.

ABTOpbI 00paruiau ocoboe BHHUMaHUE Ha
HEO0OXOMMOCTb Pa3pabOTKH IPEBEHTUBHBIX MEP
[0 CHW)KEHMIO CTEIIEHU PUCKOB B IIpoliecce
NPOEKTUPOBAHMS M TPAHCIIOPTUPOBKE.

Henb3st 3a0b1BaTh 0 BaYKHOW POJIM BECOBOTO
¥ radapuTHOTO KOHTPOJISI TPAHCIIOPTHOTO CPel-
CTBa C I'py30M Ha BCEM MPOTSHKEHUH MapIpyTa
HIepEBO3KH.

PaccMoTpeHbl paziiM4HbIe MOAXObI K Opra-
HU3AIUU [EePerpy30uHbIX padoT Ha OCHOBE
aHam3a HauboJee pacpocTpaHEHHBIX METOJIOB
Heperpy3KH 1 MPUBEACHBI IIPUHIUITHAIBHO HO-
BbI€ (P PEKTHBHBIC MEXaHU3MBI JJIsl TOTPY304HO-
pasrpy304HbIX padoT, MpUMEHsIEMbIe B OTeue-
CTBEHHOI1 U 3apy0eKHOM MPaKTHUKE.

[Ipencrasisier 0coObII HHTEPEC MTPEIIOKEH-
Hasi B paboTe cucTeMa OLICHKH PO eCCHOHAIb-
HBIX Ka4eCTB BOAMTEIICH CrIeIIMaIN3UPOBaHHbBIX
TPAHCIIOPTHBIX CPE/ICTB TSKEIOBO30B.

BriepBbie chopMynupoBaHbl MPUHIUIIBL OT-
0opa BoguTEICH TYyTEM aHKETHPOBAHHUSL.

[epeuncieHbl OCHOBHBIE BO3MOXKHBIE CaHK-
MM 32 HapyIlLeHWe MapuipyTa U pexxuma rnepe-
Bo3ok KTI, 3a orcyTcTBHE pa3peuieHus Ha
KOHKPETHBIH MapLIpyT WM 3a MpPEBbIIICHHE
TFEOMETPUUECKUX M BECOBBIX [1aPaMETPOB aBTO-
10e3/1a ¢ TPY30M, yKa3aHHbIX B pa3pelleHnH, Ha
BOJIMTEIIS], HA JIOJDKHOCTHOE JIMIO, OTBETCTBEH-
HOE 3a MePEeBO3KY, ¥ Ha IOPUIMYECKOE JIUIIO.

[Ipencrarnena MeToMKa yCTAHOBIICHUS PAIHO-
HAJIbHBIX PEXKXUMOB JBM>KeHus apTonoesna c KTT' B
00111eM TPAHCIIOPTHOM MOTOKE C BBISIBIICHUEM MECT
OTCTOS JUIs TIPOITYCKa «IAYKH» aBTOMOOWJICH rpH
HM3KHMX CKOPOCTSIX JIBHYKEHHS TSDKEJIOBO3A.

Ocoboe BHUMaHKE MPU TPAHCIIOPTHPOBKE
KTI" o MHEHUIO aBTOPOB JIOJKHO OBITH YJielie-

HO 0C30MAaCHOCTHU JIBMIJKCHHUS KaK OCHOBHOTO
MIPUHIIKIIA TOCTPOCHHS TPAHCIIOPTHON CHCTEMBI
Ha 001Iel ceTH AOPOT ropojia U B MEXTyTOposI-
HOM COOOIICHHH.

B yueOHuKe JaHbI pEKOMCHIAIMH 10 COBEP-
LIEHCTBOBAHUIO MPOIEcca MPOSKTUPOBAHUS U
MPaKTUYECKOW peann3aiy TPAHCTIOPTUPOBKU
KTT.

Oco0oe BHMMaHUE YJEJIEeHO CJIENyIOINM
npoOsiemMam:

* CO3/IaHUE TEXHUYECKU, YIKOHOMHUECKU U
9KOJIOTHYECKH Oe30rmacHoro 3¢p(HeKTUBHOIO
MapIuipyTa;

* 000CHOBaHME BbIOOpA CHELNATU3UPOBAH-
HOTO TIOIBUXKHOT'O COCTaBa;

* MOAEpPHM3ALMs Mpollecca OpraHu3anun
MEPerpy30uHbIX PabOT MPH MYJIBTHMOJAIBHBIX
CHUCTEMaX TPAHCIIOPTUPOBKH IPY30B;

* pacuIMpeHue 00JIaCTH BHEIPEHHUSI JIOTUCTH-
YECKUX TIOAXO0A0B C UCIIOIb30BaHHEM aBTOMATH-
3UPOBAHHBIX [IPOTPAMMHBIX KOMIUICKCOB;

* CO3/[aHKE HOBBIX HOPMATUBHBIX JIOKYMCHTOB,
PEMIAaMEHTUPYIOIINX PA3THMYHbIE aCTIEKThI Tepe-
BO304HOTO Tporiecca TpuHCnopTupoBku KTT.

VyeOuuk «MHHOBAaUMOHHBIN HOAXOM K
MPOCKTHPOBAHUIO CUCTEMbI TPAHCIIOPTUPOBKH
KPYIHOTa0apUTHBIX TAKEIOBECHBIX TPY30B»
COOTBETCTBYET BCEM COBPEMEHHBIM TpeOOBa-
HUSIM, MPEABSIBISIEMBIM K YU4eOHOH TUTEpaTy-
pe. Kuura pekomeHjoBaHa DKCIIEPTHHIM COBE-
ToM YMO B cucreme BO u CITIO B kauecTBe
yueOHMKaA JIJIsl HAIpaBJIeHUs OakalaBpuara u
Maructparypbl « CHCTEMHbBIN aHAJIU3 U YIIPaB-
JICHUE». °

Unpopmauus 0b asmope:

CunbsiHos BanenmuH Bacunbesuy — npogpeccop, AoKmop mexHuUYecKux Hayk, npesudeHm MexdyHapodHol accoyuayuu
asmomobUusbHo20 U 00poxHo20 obpasosaHusi (MAALO), Mockea, Poccus, vws@madi.ru.
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Mayur Mayur Bun Ayur. Pannonanbhbie
KOHCTPYKTHBHO-TEXHOJIOTHYeCKHe pelIeH st
BAHTOBBIX MOCTOB € ’keJ1€300eTOHHOIi 0aJ1Koi
skécTrOCTH A4 yeaoBuii Mbsinmbl / ABTOped.
JHUC... KaH/A. TexH. HayK. — M.: MAJIU, 2021. —
25c.

B nocnennue roas B MbssHME 3HAYUTENIBLHBIN
WHTEpEC YACISeTCs BONPOCY IPUMEHEHHUS BaH-
TOBBIX MOCTOB, B TOM YHCJIE C OaIKOH JKECTKOCTH
W3 JKeJIe300€TOHA, TaK KaK JaHHBIA THI BAHTO-
BBIX MOCTOB TI0 CBOMM KOHCTPYKTHBHO-TEXHO-
JIOTUYECKUM U KOHOMHYCCKHUM IOKa3aTelIsIM
SIBIISICTCS HAaNOOJIee PallHOHAIBHBIM peIIeHIEeM
JUTSL aBTOIOPOKHBIX MOCTOB CPEIHUX 1 OOJIBIITIX
IPOJIETOB.

B nacrosimee Bpemsi B MbsiHME OTCYTCTBYIOT
KOHCTPYKTHBHO-TEXHOJIOTHUECKHAE PEIICHUS
BaHTOBBIX MOCTOB C JK€JI€300€TOHHBIMHU OaJIKaMHU
éctkocT. OOOCHOBAaHHE OCHOBHBIX COOTHO-
IICHUH W TeHepaJbHBIX pa3MepOB BAaHTOBBIX
MOCTOB, C Y9ETOM KOHCTPYKTHBHO-TE€XHOJIOTH-
YeCKuX (PaKTOPOB, a TAKXKE MCCIETOBAHNE Ha-
MPsOKEHHO-IE(POPMHUPOBAHHOTO COCTOSHHS FIX
HECYIINX 3IEMEHTOB, MTO3BOJIMIIO OBl B IMTOTHON
Mepe YUHUTHIBAaTh BCE CIICIU(PIUECKUE 0COOCH-
HOCTH PaOOTHI JAHHBIX COOPY)KEHHUH I yCII0-
BUil MBSHMBI.

Lemnbto muccepTarmoHHON PaOOTHI SBIAETCS
pa3paboTKa paruoOHAIBHBIX KOHCTPYKTHBHO-
TEXHOJIOTHUECKUX PEIICHNI BAHTOBBIX MOCTOB
¢ Kene300eTOHHOH Oakol KECTKOCTH TIPUMe-
HHUTEJIBHO K yCIOBUSAM MBJIHMBI Ha OCHOBE
IIMPOKOTO MCCIIETOBAHNS HAPSHKEHHO-AE(Oop-
MHPOBAaHHOTO COCTOSHUS HECYIINX 3JIEMEHTOB
¢ yu€ToM BceX 0COOECHHOCTEH pabOThI MOCTOBO-
TO COOPY)KEHHS.

B mucceprannonHoi paboTe MOCTaBIeHBI
pEIIeHBI 33/1a9H, C WCIOJIB30BAHUEM METOIOB
KOHEYHO-3JIEMEHTHOTO aHaJHM3a U KOMIIBIOTEP-
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HOTO MOJEITHPOBAHUS C TIOMOIIBIO NTPOTPAMM-
Horo komruiekca Midas/Civil, mo pa3paboTke
panMOHANBHBIX KOHCTPYKTHBHO-TEXHOJIOTHYE-
CKHUX PELICHUH BAaHTOBBIX MOCTOB C Keine300e-
TOHHBIMHU OasTKaMu KECTKOCTH MPUMEHUTEIBHO
K ycnoBusiM MbsHMBIL. [IpensapurenbHo npose-
IEH aHamM3 HanboJiee IIMPOKO MPUMEHSEMBIX
KOHCTPYKTHBHO-TEXHOJOTUYECKUX PEIICHUN
BaHTOBBIX MOcTOB B Oro-Bocrounoit Azun n
OIIpe/IeNICHBI IAIa30Hbl TEOMETPHUUECKHX Mapa-
METPOB MOCTPOCHHBIX U 3KCIUTYaTHPYEMBbIX
MocToB. Takke mpoaHaTU3HMpPOBaHbI HanboIIee
MIPUMEHAEMbIE TEXHOJIOTHU COOPYKEHUS BAHTO-
BBIX MOCTOB B 3TOM PETHOHE.

B pabore nccnenoBano HanpsnKEHHO-1E(HOP-
MHPOBAaHHOE COCTOSIHUE BAaHTOBBIX MOCTOB C
KeNe300eTOHHO 0aTKO# KECTKOCTH B YIPYTOiH
CTaJuM OT AEHCTBUS MOCTOSIHHBIX Harpy3oK M
BPEMEHHOHN HArpy3KH, a TAK)KE TEMIIEPATypHOTO
1 BETPOBOTO BO3JEHCTBYs. BBINOIHEH TUHAMHU-
YeCKUil aHaJIN3 BAHTOBOTO MOCTA C OIPE/IETICHH-
€M TIepHo/ia COOCTBEHHBIX KOJICOAHUH, a TakKe
OLICHKA )KUBYUECTH BAHTOBOTO MOCTA ITPH 0OPBI-
BE HECKOJIBKUX BaHT. B mporiecce nccnenoBanHus
pa3paboTaHa KOHEYHO-3JIEMEHTHAsl pacdETHast
MOJIETb BAHTOBOTO MOCTA JUIS €0 AETalIbHOTO
aHaJIM3a M ONpEJeIIeHbl HanboJiee paroHaIb-
HBIC TEOMETPUYECKNE MapaMeTPbl BAHTOBBIX
MOCTOB M CXEM PACIIONIOKEHHS BAaHT HA HUX JUTA
ycnoBuid MbstHMBL. C HCTIONB30BaHAEM POCCHIA-
CKHX, aMEPUKAHCKUX U €BPONEUCKUX MOJENEH
BBINOJTHEHO HCCIICAOBAHNE BIUSHUSA JUINTEIIb-
HBIX TIPOIIECCOB B OeTOHE (YCaIKH U ITOI3YIECTH)
Ha [TOBEJICHHIE BAHTOBBIX MOCTOB ITPH PA3THIHBIX
YPOBHSIX BIAXKHOCTHU OKpYyKaroueil cpenbl. A
TaKkKe TPOBEJICHO CPABHCHNE PA3JIMUHBIX TEX-
HOJIOTHI COOpPYXCHHSI BAHTOBBIX MOCTOB U C
HCIIONIb30BAaHUEM CTaJUHHOTO KOMITBIOTEPHOTO
aHanm3a ompeneneHa Hanbonee 3ddexTuBHAS
TEXHOJIOTHSI COOPY’KEHMSI BAHTOBBIX MOCTOB B
YCIIOBUSAX MBSIHMBI.

IIpoBenénHble UCCIEIOBAHUS TO3BOJIMIIN
chOopMyIIMpOBaTh CIETYIOMINE BHIBOJIBI:

* IPUMEHEHHE PACUETHBIX MOZIETIEN Ha OCHO-
BE METOAOB KOHEYHBIX AJIEMEHTOB SIBISETCA
3¢ GEKTHBHBIM CPEICTBOM IIPOBEIACHUS HAyIHO-
TO M WHXCHEPHOTO aHaJIN3a COOPYKEHUH pas-
JIUYHBIX CHCTEM, C LIeNbI0 BeIOOpa Hamboiee
palLMOHANBHBIX JJIsI ONPENEIEHHBIX YCIOBHI
CTPOUTENBCTBA U 3KCILTyaTtanuu. CpaBHUTEIb-
HBIH aHaAJIU3 PE3yJIbTATOB pacuéTra BaHTOBBIX
MOCTOB C K€JIE300€TOHHOM OaIKON KECTKOCTH
C MPUMEHECHHEM Pa3JINYHBIX MPOrPAMMHBIX
KOMIIIEKCOB ITOKa3bIBAET, UTO PACUETHI C HCIIOIb-



30BaHUEM IpOrpaMMHOro komriuiekca Midas/
Civil nator ocrarouHo HafEKHbIE PE3YJIbTaThI;

* IPOBEIEHHBIN OOIIMPHBIH aHAIU3 CYILECT-
BYIOIIMX UCCIIEIOBAHUIN U PE3yJIbTaThl KOMIIbIO-
TEPHOTO MOJEIMPOBAHUS, TIO3BOIMIN YCTaHO-
BUTB ISl yCIIOBUiT MbsiHMBI Hanbosee panuo-
HaJIbHbIE COOTHOIIEHUS OCHOBHBIX TapaMEeTPOB
NPOJETHBIX CTPOSHHH, KeJIe300eTOHHOW OaKu
KECTKOCTH, MUIOHOB, KOTOPbIE IMPUBEIEHBI B
pabdore (COOTHOIIEHUE MEXKIY MpPOJIETAMU
LeL L= (0,45-0,5):1:(0,45—0,5), nnuna oc-
HOBHBIX naHeneit 16—20 M, BeicoTa Oaaku xKECT-
koctu (1/15-1/18) L, nmuna kpaiiHuX naHenei
{1/4—1/2) ot UINHBI OCHOBHBIX TaHEJIEH, BBICO-
Ta nunono (1/5-1/7) L );

* 111 yCJI0BUM MbSIHMBI MOKHO PEKOMEH/10-
BaTh BAHTOBBIE MOCTHI C JKeJIe300eTOHHOW Oa-
Koif xeEctrocTu nmposérom ot 100 g0 500 M, kak
HanboJiee yCTONUMBBIE K a9POJJMHAMHYECKUM U
IpyTuM BO3AcHcTBUSAM. Takike B pe3yibrare
AQHAJIN3a BO3HUKAIOIIUX YCHIHUU U C YUETOM
ACTETHYECKOTo (haKTopa YCTaHOBJIEHO, YTO «BE-
ep» sABIsieTcsl HanboJIee palnoHaIbHOM CXeMOi
pacrnonoxeHus BaHT. Kpome Toro, /711 BAHTOBBIX
MOCTOB C OJIHOW IIOCKOCTBIO BaHT LIE€JIE€CO00-
pa3HO NMPUHUMATh HKEJIe300ETOHHYIO0 OaKy
HKECTKOCTH KOPOOYATOro CEUeHUsl, a C JAByMs
IUIOCKOCTSIMM BaHT — KOpOOYaToro M IUIUTHO-
pebpucroro ceuenuid. IIpoBenéuuplii cpaBHU-
TEJIbHBII aHAJIN3 MHJIOHOB Pa3IMuHON (OPMBI
MO3BOJISIET PEKOMEHI0BATh IS KaXKIOW U3 HUX
Han0oJ1ee palMoHaIbHYI0 00JIaCTh TPUMEHEHHS;

* NPOBENEHHBIN aHAIU3 PE3YJIBTATOB KOM-
MBIOTEPHOTO MOJICTUPOBAHUS HAIPYKEHUS MO-
CTOBOTO COOPY>KEHUS IT0 POCCHUICKUM U aMepu-
KaHCKMM HOpMaM I0Ka3al, 4YTO Pe3yJbTaThbl
pacuéra JJOBOJBHO OJIM3KH APYT K JAPYTY, HO B
OOJIBIIMHCTBE CIIy4aeB, HAHOOJBIINE 3HAYCHHS
0JIy4ar0TCsl OT POCCUMCKON BpEMEHHOW Harpy3-
ku Al4;

* npu pacuére no poccuiickum (CII
35.13330.2011), eBponeiickum (CEB-FIP 1990)
u amepukaHckuM (ACI) Hopmam npH BIaKHOCTH
70 %, 80 % u 90 % 3HAYUTEIHLHO U3MEHSIIOTCS
ycuusi B 0alike )KECTKOCTH U MUIJIOHE BAHTOBOTO
MocTta. C yBeTHYEHHEM BIaXHOCTH OKpY’Karo-
el cpepl oTepsl YCUIIMK B BaHTaX HE3HAYu-
TeJIbHO yMeHbluaercs. s ycinoBuit MpsHMBbI
IPU MPOEKTUPOBAHUM PEKOMEHYETCSl MPUHU-
Marh BEJIMYMHY BIRKHOCTH He Ooinee 70 %;

* IPOBEACHHBIN aHAIN3 PE3YJIbTATOB YUCIICH-
HOTO MOJICIMPOBAHUS MOATBEPIAUI, YTO AJIS
yclioBuii MbsiHMBI Hanbosee panroHaIbHBIM
SBJISIETCS TEXHOJIOT U CTPOUTENBCTBA BAHTOBBIX
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MOCTOB € K€JIe300€TOHHBIMU OaTKaMH KECTKO-
CTHU U BAaHTaMH IO CXEME «BEEP», C MPUMEHEHH-
€M METO0/1a HABECHOI'0 YPaBHOBELIEHHOI'O MOH-
Taxa. [Ipuuém, ucnosp3oBaHue IPOrpaMMHOIO
komiuiekca Midas/Civil mo3Bossier Momenupo-
BaTh HANPsHKEHHO-IC(POPMHUPOBAHHOE COCTOS-
HHE BAHTOBBIX MOCTOB B IPOLIECCE UX COOPYIKE-
HHUSI ¢ YUYETOM HEJIMHEMHOCTU Ha BCEX CTaausAX
CTPOUTENIBLCTBA.

05.23.11 — IIpoexmuposanue u cmpoumenb-
CmMBo 00po2, MEMmponOIUNEHO8, asPOOPOMO8,
MOCMO8 U MPAHCNOPMHBIX MOHHEI L.

Paboma evinonnena u 3auuwena ¢ Mockos-
CKOM a8MOMOOUTLHO-00POICHOM 20CYOapPCMEEeH-
Hom mexHuyeckom ynugepcumeme (MAJIH).

ITapaxnenko U. JI. UccaenoBanue cui
B3aNMO/IeiiCTBHS B KOHTAKTE KKOJIeCO—PeIbe»
NPU U3MEeHEHHH TPHOOJOTHYecKOro cCoCTos-
HMS MIOBEPXHOCTH peJibcoB / ABTOped. IuC...
KaH[. TexH. Hayk. — CII6.: IIT'YIIC, 2021. —
25¢c.

IIpoTsKEHHOCTD KPUBBIX YYACTKOB HA CETH
xene3HsIx nopor Poccun cocrasnsger 33 % ot
oOmiedt JumHbI, U3 HUX 13 % npuxomuTcs Ha
paanycsl oT 400 1o 700 M. @PUKIIMOHHOE CO-
MIPOTUBIIEHHE, BOSHUKAIOIIIEE MTPH MPOXOKICHUU
HKHIIAXKEM KPUBBIX, 0COOCHHO MaJIOTO paauyca,
BBI3BIBAET POCT YHEPrONOTPEOICHNUS, HAPYILICHNE
CTaOMIILHOCTH T€OMETPHH ITyTH, HHTCHCUBHBIN
U3HOC KOJEC U PeNIbCOB. DTH MPOOIEMBI TECHO
CBSI3aHBI C MIPOJOJILHBIMH ¥ OOKOBBIMH CHJIAMH,
BO3HHUKAIOMIMMU B KOHTAKTE «KOJECO—PEIbCy.
Ha cunooe B3aumosieiicTBHE BIUSIET MHOXKECTBO
(haKTOpOB, OJTHAKO CTOMUT BBLICIUTH OCHOBHBIC
— JMHAMHYecKHe U TpuOoTexHuueckue. JluHa-
MHYECKHE 3aBUCAT OT KOHCTPYKLUHU, TeXHUYE-
CKOTO COCTOSIHUS ITyTH U TOJBHKHOTO COCTaBa
1 ycioBuil ux B3aumoneiictus. Tpuborexunye-
cKkue (PaKTOpbl MOXKHO pa3leluTh Ha TpUOOIo-
I'MYECKHUE — BeIMYMHA KOO (DULUECHTA TPEHHUS Ha
KOHTAKTHPYIOIIHUX MOBEPXHOCTIX U TEXHHUE-
CKHE — COCTOSIHHE MPOoQMIeH Hmapbl «KOJIECO—
penbey». M3mMeHeHne Tpubo1oruyeckoro cocTosi-
HUsI IOBEPXHOCTEN PEIbCOBBIX HUTEH, TO €CTh
cHIDKeHUe Koa(duirenTa TpeHus: B 30He KOH-
TaKTa KoJieca U penbea (JlyOpHKalys), ABIIETCS
OJHHM M3 OCHOBHBIX MEPONPUATHH, B paMKax
KOMIUIEKCHOM IPOrpaMMBl [0 pecypcocOepesxe-
Huto «Ilman paszsutus OAO «PX/I» no 2030
rojiay, HalpaBJICHHBIM Ha yMEHbIIIEHHE U3HOCa
Mapsl.
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[Tpumenenue pecypcocOeperaroimx TexHo-
JIOTMHA OCOOEHHO aKTyaJbHO MPH MOBBILICHUH
OCEBBIX Harpy30K M CKOPOCTEH ABIKEHMS, pe-
cypca 3JIeMEHTOB BEPXHEro CTPOeHHs 10 2,5
MJIP/I TOHH IPOITYIIEHHOTO TPy3a, OCTOSHHOM
pocTe LIeH Ha 3HEPrOHOCUTEIH, HIEMEHTHI XKe-
JIE3HOAOPOKHOTO ITyTH U KoNécHbIe mapel. CHU-
JKeHHE COMPOTUBIICHUS JBHKEHHIO MOE3J0B B
KPHBBIX, YBEJINYEHHE CTAOMIBHOCTHU JKEJIE3HO-
JIOPOKHOTO IyTH, pecypca peabcoB U KOJEC, a,
CJIeZI0BATENIbHO, M SKOHOMUS HAIIPAMYIO 3aBUCAT
OT BEJIMYMHBI U MOCTOSIHCTBA KO3 duimenra
TPEHHUs B KOHTAKTE MyTh — MOIBUKHOM COCTaB.

Onpezenenne TpuOOIOrHueCKOro COCTOSHHS
MOBEPXHOCTEH KaTaHHsi 1 OOKOBO# TOBEPXHOCTH
TOJIOBKH PENbCOB, 00€CIEYNBAIOIIEe HAWTyYIlIee
B3aUMOJIEHCTBUE KOJIEC MOJIBUKHOTO COCTaBa U
PENbCOBOM KOJNEH, CHMXKAIOIEE CUIOBOE BO3-
JIeCTBHE U TEM CaMblM O0ecrieunBaloniee
YCTOMYHUBOCTh KEJIE3HOJOPOKHOTO MyTH U
CHIDKEHHE MHTEHCUBHOCTH OOKOBOrO M3HOCA
PENbCOB B KPUBBIX Y4aCTKaX, aKTyaJbHO JJIS
BCEIl CETH KEeJIE3HBIX JOPOT.

Pa3paboTka HOBBIX MOAXOJOB K CTPaTErHH
JyOpHUKalUU 30HBI KOHTAKTa «KOJIECO—PEIICH
—BOCTPeOOBAHHOE HAMPABICHHE TOCIIETHUX JIET.
[TpencraBnsiemMast padora SIBISICTCS Pa3BUTHEM
Hay4YHBIX HMCCIe0BaHUM comtacHo «Crpareru-
YECKO IIPOrpaMMbl 00CCIICUCHUS YCTOMYHBOTO
B3aUMOJICHCTBUS B CHCTEME «KOJIECO—PEIbCH
OAO «Poccuiickue xeae3Hble T0pOTH».

Lenp quccepTaniioHHOM pabOThI — ONpe/e-
JICHUE BJIMSHUS TPUOOIOTHYECKOTO COCTOSHHS
[IOBEPXHOCTEH KaTaHUsl PEJIbCOBbIX HUTEH Ha
CHJIBI B3aUMOJICHCTBUS B KOHTAKTE «KOJIECO—
PENbCy € Pa3InYHBIMU MTapaMeTpaMH ABUKESHUS
(cxopocTh, Harpys3ka Ha OCb, PEXKHUM BeJICHUS
roe3aa) U O4epTaHusIMU Mpoduiieid KoaécHou
Tapbl U PeIbCoB.

BrInonHeHs! SKCIepUMEHTaIbHbIE U3Mepe-
HUsl K0O(PPUIIMEHTOB TpeHUs: Ha OOKOBOI I0-
BEPXHOCTHU HApPYXHOT'O penibca MU pa3IudHOM
TPUOOIOTHYECKOM COCTOSHIM PETIHCOBOI KOJIEH,
MPOU3BEAEH 3aMep Ha MOBEPXHOCTAX KaTaHUS
obeux Hureil. [lomyuensl 3Ha4eHUs KOIDPULIHU-
€HTOB TPEHHUS [IPU CYXOM COCTOSHHM PEITbCOBBIX
Hurten — 0,4 u ¢ HaHeCEHHBIM CMa30YHBIM MaTe-
puanom — 0,25.

O1eHEeHO BIUSHHUE PEXKHUMa BEIEHUS TPY30-
BOTO I0€3/1a Ha CUJIbl KOHTAKTHOTO B3aUMO/IEH-
CTBUS. YCTaHOBJIEHO, YTO JEHCTBUE CHIIBI TATH
BJIMSET Ha U3MEHEHHE MPOJONBHBIX CUII B Cpel-
HeM Ha 6 %. PasHuna 3HaueHuit OOKOBBIX CHII
cocTaBJisieT B cperHeM He 6onee 7 %.
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BBbIsSIBJICHO CyIlIECTBEHHOE BIIHMSHUE TPUOO-
JIOTUYECKOTO COCTOSHUSI TOBEPXHOCTH KaTaHUs
PENbCOBBIX HUTEH Ha MPOAOJBHBIE U OOKOBBIE
CHJIbI, BO3HMKAIOIINE B KOHTAKTE «KOJECO—
penbcy» MpH ABMKEHHMM TPY30BOTO COCTaBa ¢
Harpy3koi 23,5 u 27 T/0Ch 110 KPUBBIM y4acTKaM
JKEJIEe3HOIOPOKHOTO Iy TH.

OnpenesneHbl QyHKIIMOHATBHBIC 3aBUCHMO-
CTH CHJI B3aUMOJICHCTBUS MEXKAY KOJIECOM U
PEeNbCOM B 3aBUCHMOCTH OT TPUOOJIOIHYECKOTO
COCTOSIHMSI TIOBEPXHOCTEH PEIbCOB, CKOPOCTH
JIBIDKCHUSI TPY30BOTO COCTABa M PaJIiyca KPUBBIX
IPY HOBOM U CpPeJIHECETEeBOM Ipoduiie Tpuodo-
napsl. [TogydeHHbIe MpU TEOPETHYECKOM HCCIIe-
JIOBAaHHMH PE3yJbTaThl TOTBEPKACHBI CPAaBHEHU-
€M C DKCTIEPUMEHTAIIbHBIMU JaHHBIMU. CX01u-
MOCTh pe3yJbTaroB B mpeaenax 15 % roopur
00 aJIeKBaTHOCTH UCIIOJIb3YEMOI0 MaTeMaTHye-
CKOro ammapara.

IIpononbsHBIE CHIIBI, BO3HUKAIOLIHUE NPU
JBUXEHUHU T'PY30BOTO COCTaBa MO KPUBBIM
ydacTKaM jKeJIe3HOAOPOKHOTO Iy TH, TPH HaHe-
CEHHUH «TPEThETO TeJla» Ha MOBEPXHOCTh KaTa-
HUs 00eHX PeIbCOBBIX HUTEH CHIDKatoTCs B 1,49
pasa (1a 5,7xH) npu ckopoct V =40 km/4 1 B
2,21 paza (ua 5,6 kH) npu V = 80 km/u B KpuBOii
R =380 M. B monorux KpuBbIX CHJIa CHUKAET-
csa 1o 1,5 pa3 (mo0 4,9 kH). U3noc mpoduieit
TpHuOOIaphl BEIET K YBEIUYCHHUIO ITPOIOJIBHBIX
CHJI TIPH BCEX paccMaTpHUBAEMbIX paagnycax 110
3,3 pa3. [Ipumenenue ayOpUKalnuy Ha TOBEPX-
HOCTH BHYTPEHHEH HUTH CHHIKAET CHJIbI B
cpenHem Ha 11 % (3 xH), Ha Hapy>KHOM penbce
o 17 % (5 xH).

boxoBoe Bo3aeiicTBUE KOJIECHOU Iapbl HA
Iy Th, IPY HEN3HOIIEHHOM COCTOSIHUHU TpHOOIIa-
pel menbie B 1,37 (4,5 kH)—-1,47(8,55 xH) paza
IpYU YyMEHBUICHUU KOd((UIMEHTa TPEHUsI Ha
MOBEPXHOCTH BHYTPEHHEIO pelibca B KPUBBIX
Majioro paauyca. [IpumeHenue nyOpukanuu
MOBEPXHOCTH KaTaHUs PEIbCOBBIX HUTEH s
CHIKEHHsI OOKOBBIX CHJI B KpUBBIX R > 700 M
Heuesecoo0pasHo. 3MeHeHue npoduiiel KoH-
TaKTUPYIOHINX OBEPXHOCTEH CHIKAeT OOKOBOE
BO3ZCHCTBUE.

YcraHoBIICHO BiIHMsSHUE KOAPPHUIIMEHTA Tpe-
HUS Ha TIPOJIOJIbHBIC U TIOTIEPEUHbIE KOJIeOaHHs
skunaxa. [I[pumenenue ayOprKanny Ha IIOBEpX-
HOCTHU KaTaHWUsl BHYTPEHHEU PEIbCOBOU HUTHU
YBEINYUBACT JJIMHY HPOJOJbHONW BOJIHBI 10
30 %, monepeuHoit 10 22 %, 4To COCOOCTBYET
MOBBIIICHUIO CTAOMITBHOCTH JKEJIE3HOIOPOKHO-
rO MYTH, YMEHBILIEHNUIO BOITHOOOpa3HOro u 60-
KOBOTO M3HOCA PEIILCOBOM KOJIEH.



Pa3paborana meroarka BbIOOpa BapHaHTOB
JyOpHKaIMY OBEPXHOCTEH PEJIbCOB B 3aBUCHMOCTH
OT TIapamMeTpoB KpuBbIX. Orpe/ieNieHbl BEIMYNHBI
BO3BBIIICHHS] HAPYIKHOH PEJIbCOBOW HUTH, 0OecIIe-
YMBAIOIINE MHUHHUMAJILHOE CHJIOBOE B3aMMOJICH-
CTBHE.

Jast 000CHOBaHMSI BO3MOYKHOCTH CHYIKCHUS
K09 hHIMEHTa TPEHHUSI HA TOBEPXHOCTSIX KaTaHUsI
PENBCOB MPOBEIEH PACUET OCHOBHBIX KPUTEPHEB
0e30IacHOCTH M OecrepeOOMHOCTH JIBHXKCHUS —
YCTOMYMBOCTH KOJIECA Ha PEITbCE U JUTHHBI TOPMO3-
Horo 1yTi. CMa3bIBaHHE IOBEPXHOCTH BHYTPEHHEH
HUTH CHIDKAET BO3MOXKHOCTD «BIIOJI3aHUSD) 110 1,87
a3 B KpUBBIX MaJIOT0 pajiyca. B mosornx KpuBbIx
NpY BapyUaHTax HAaHECEHHsl CMa3KH, YCTOHYNBOCTD
KoJieca Ha pelibee yBenuunBaercs B 1,81 pasa. JIyo-
PpHKaIs yBEIIMYMBACT JJTMHY TOPMO3HOIO ITyTH Ha
nonrbeéMax B cpenHeM Ha 23 % (180 m).

Paccuntan sxoHOMHYECKU A(QPEKT OT CHIKE-
Hust Koo durpenTa TpeHust. CHIKeHHE TOILTMBHO-
SHEPreTUYECKHUX 3aTpar Ha TATY MO0€3/I0B COCTABUT
ot 110 27,95 py0. Ha | KM KPUBOJIMHEWHOTO y4acTKa
B 3aBHCUMOCTH OT CKOPOCTH JIBU>KEHUSI TIPU JTyOpH-
Karuu obeux Hureit u 10,55 py0. npu cMasbIBaHUM
BHYTPEHHEW HUTH. DKOHOMHS Ha 3aMEHY PEJIbCOB
M0 JIOCTMYKEHHUIO TIPeIeIbHOro n3Hoca — 99420
PyO./KM B TOJT PY CMa3bIBAHUHU BHYTPEHHETO PEITh-
ca u 88490 py0./KM B rofi IIpy YMEHBIIEHUH KO-
(urmeHTa TpeHUs: Ha 00EHX PEITLCOBBIX HUTSIX.

[penyiokeH BapraHT TPUOOIOTHYECKOTO CO-
CTOSIHUSI PEJIbCOBBIX HUTEH, CHUYKAIOIIMH ITPOJIOITb-
HbIE ¥ OOKOBBIE CHIIbI — JTyOpHKAIHS TIOBEPXHOCTH
KaTaHus1 BHyTPEHHEH pellbcOBOM HUTU. PexoMen1y-
ercsl IPUMEHEHHUE JIAHHOTO CII0c00a Ha 3aTSDKHBIX
noabEMax B KpUBBIX pamauycoM 10 1200 M rpu T4-
JKEJIOBECHOM JIBIDKCHUM M Ha INPSIMBIX y4acTKax
JKEJIE3HOAOPOKHOIO TTyTH, U3-3a HAJIMYHS OTCTYII-
JIHUS B TU1aHE ITPOQMIIS, VISl CHIDKEHHSI BEPOSITHO-
CTH BO3HMKHOBEHHSI KOJIEOaHMIA COCTaBa.

PaccmotpeHb! criocoObl HaHeceHust MaTepraa
Ha MOBEPXHOCTb KaTraHHs pelibca 000pyI0BaHNEM,
NPHUMEHSIEMbIM Ha MePeIBIKHBIX CPENICTBax JIyo-
pMKaIMK, U pa3pabOTaHHBIMKM CMa304HBIMU Mare-
pHaIamMu, 00eCTIeunBarOIMX KOIPPHIMEHT TPEHHUSI
0,2-0,25. [IpuMeHeH#e JAHHOTO CrIoco0a PeKOMEH-
JlyeTcs MOcie NpeaBapUTEIbHON KaueCTBEHHON
HUTM(OBKU PEJIBCOB, JUISl YCTPaHEeHUs Je(EKTOB
TMIOBEPXHOCTH PEJTLCOBBIX HUTEH, CIIOCOOCTBYIOLINX
HaKOIUICHUIO CMa304HOIO Marepuaia.

05.22.06 — JKene3nooopooicHulil nymow, u3bi-
CKaHue u npoeKmuposaHue HeeriesHvlx 0opoe.

Paboma evinonnena 6 Ypanscrkom 2ocyoap-
CMBEHHOM YHUsepcumenme nymei cooouyenus,

VI] d| | NO )

sawuwyena 6 [llemepbypeckom 20¢y0apcmeeHHom
VHugepcumeme nymeii coobwenus Umunepamopa
Anexcanopa I.

Denorenkos I. B. HecranmonapHoe koH-
TaKTHOe B3auMo/ieiicTBHe YIIPYTUX 000J1049eK
M CIJIOIIHBIX TeJ1 / ABTOped. TUC... 10KT. Ppu3-
Mmar. Hayk. — M.: MAH, 2021. — 38 c.

BricTpble TeMIbl pa3BUTUS COBPEMEHHBIX
BHUJIOB TPaHCIOPTa, adPOKOCMHUYECKOH, Cym0-
CTPOMTEIILHOMN, aBTOMOOMIIBHOM 1 aBHAITHOHHOM
oTpacJei MPOMBIIIIEHHOCTH AUKTYIOT BCE Ooriee
BBICOKHE TPeOOBaHMS K TOUHOCTH PacdyéToB
HaNpsHKEHHO-1ePOPMUPOBAHHOTO COCTOSIHUS
KOHCTPYKIIMH MIPU PA3IUYHOTO POJIa HECTAIHO-
HapHBIX BOSﬂeﬁCTBHHX B YCJIOBHUAX KOHTAKTHOT'O
B3aUMOJIeHCcTBHA. DTa 00nacTh B HACTOAIIEE
BpeMsI OTHOCUTCS K YUCITy HAaUMEHee MCCIe0-
BaHHBIX. Pemienue momoOHOTO poaa 3amady
OCIIOXKHSIETCSl HEOOXOIMMOCTBIO yu€Ta Hayallb-
HBIX YCJIOBUI, CMEIIAHHBIM U HEJIMHEHHBIM Xa-
pPaKTEepOM I'PaHUYHBIX YCIOBUM, & TAKIKE, B PSIIC
CIydaeB, HEU3BECTHOCTBIO 3apaHee 001acTu
KOHTaKTa, KOTOpas 3aBUCUT OT BpeMeHHU. [1oBBI-
LICHHBIH HHTEPEC K ATUM BOIIPOCAaM OOBSICHSIET-
Csl ¢ OJIHOM CTOPOHBI JOCTAaTOYHO LIMPOKUM
KPYTOM HX MPAaKTHYECKOTO MPHUIOXKEHHUS, a C
JIPYrOfl — OTKPBITOCTBIO MHOTHX BOIIPOCOB B
TCOPUHN KOHTAKTHBIX 3a1a4.

IensiMu pa®oThI ABJISIOTCS pa3paboTKa Ma-
TEMATHUYCCKUX MOCTAHOBOK HCCTAIIMOHAPHBIX
KOHTAKTHBIX 3aJ4a4 J1J11 TOHKUX 060.]'[0‘161( " yn-
pyrux Te€j1, IOCTPOCHNUEC METOJOB 1 MMOAXOA0B K
pelIeHuto, co3nanne u peannsanus dQPeKTus-
HBIX YHCJICHHO-aHAJIUTUYCCKUX aJITOPUTMOB
peUICHUA HOBBIX HECTAIMOHAPHBIX KOHTAKTHBIX
3aj1a4, TIOJTyYeHUE U aHAJIM3 peLlIeHN  3THX 3a/1a4
B IUIOCKOH, OCECHMMMETPUYHON U MpoCTpaH-
CTBEHHOM NMOCTaHOBKaX.

Jlana maremarnueckas MOCTaHOBKA HeCTa-
IMHUOHAPHBIX KOHTAKTHBIX 3aJdad AJis1I TOHKHX
LHWIMHIPUYECKUX U chepudecKkux 000JIoYeK ¢
3aI0JIHUTENIEM 1 03 HETO M YIIPYToro MoJyIpo-
CTPaHCTBA IIPU YUYETE MMOABUKHOCTU T'PaHUL U
MHOT'OCBSI3HOCTH 00JIaCTH KOHTAKTa.

Pa3But u 0000IIEH METON PEUICHUST TAKUX
KOHTAKTHBIX 3a1a4, OCHOBAHHBIA Ha MCIIOJIb30-
BaHWU (QyHKIUH BIUSHNS, BKITFOYAIOIINI UTepa-
TUBHBIH MpoIecc s OmpeseseHuss oomactu
KoHTakTa. Jlokazana a3(peKTHBHOCT IPUMEHSsie-
MOTO MOAXO/a K PEIICHUIO 3a CYET CYIIECTBEH-
HOT'O CHMIXXCHHUA PASMEPHOCTU HCCICAYEMBIX
3a1au.
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ITocTpoeHs! U HccnenoBaHbl HECTAIMOHAP-
HbIE IByMEPHBIE U IIPOCTPAHCTBEHHbBIE (DYHKIIMU
BIIMSTHUS JUIs] LWJTUHPUYECKUX U CHepUUECKUX
000JI04€eK C 3aroJHUTEIeM 1 0e3 Hero.

[TocTpoeHo penieHue HeCTAlLlMOHAPHBIX
JABYMCPHBIX KOHTAKTHBIX 3aJla4 ¢ IMMOABUKHBIMU
IPaHUIAMU JUISl LWJIMHJIPUYECKUX HIH CepH-
YeCKUX 000JI0YEeK M YHpPYyroro MoJyHpOCTpaH-
ctBa. [IpeanoxxeHo u peann3oBaHo /1Ba OAXO0/A,
CITpaB€IJIMBBIC HAa CBEPX3BYKOBOM U ITPOU3BOJIb-
HOM 3Talle KOHTaKTHOIo B3auMoznenctsus. IIpo-
BEJICHO CPaBHEHHE U MOKAa3aHO COBHAJCHUE
PE3YIbTATOB, MOJYYCHHBIX U HMCIOJIB30BAHUEM
9THUX MOJXOOB.

HOJ’Iy‘IeHbI peuIicHUA HECTALIMOHAPHBIX KOH-
TAKTHBIX 3a4a4 JJid ABYX HUJIUHAPUYICCKUX NI
chepuueckux 000JOUYEK C YyUETOM YIPYIroro

3anonautens. [I[poBenéH aHanu3 BIUSHUS HAJTH-
YUs 3aMO0JHUTENST Ha MPOIECC KOHTAKTHOTO
B3aUMOJICVCTBUS.

JI71st mpou3BOIBHOTO BpEMEHHOTO MHTEPBAJIa
pa3paboTaH W peayn30BaH aJITOPUTM PEIICHHUS
[IPOCTPAHCTBEHHON HECTAMOHAPHOW KOHTAKT-
HOHM 3aJlau¥l C TMOJBM)KHBIMHU T'PAHUIAMH JIJIS
[UITHHIPUYCCKOM 000JI0UKH 1 a0COFOTHO TBEP-
JIOTO yIapHUKA, OTPaHUUYEHHOTO TJIIKOH BBITYK-
JI0M TOBEPXHOCTHIO. [TomyueHbl 1 mpoaHain3u-
POBaHbI PE3YJIBTAThl PACUETOB.

01.02.04 — Mexanuxa degpopmupyemozo
meépooeo meia.

Paboma svinonnena u 3auuwena ¢ Mockos-
ckom asuayuonnom uncmumyme (Hayuonano-
HbIU UCCTE008AMENLCKULL YHUBEpCUMENT,). °

HOBBIE KHAT' O TPAHCIOPTE

Cnucok Ha aHanutickom si3bike ny6nukyemcs
80 8mopoli yacmu 0aHHO20 ebINnycka.

The list of titles in English is published
in the second part of the issue.
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OCKOBCKHH KOJJIEIX TPaHCIOpPTa

B cocTrase Pocculickoro yHuBepcure-

Ta TPAHCIOpPTA YCIEIIHO Pa3BUBAET
HUCTOPUYCCKUE TpaaAULINH, ITTaBHAsA U3 KOTO-
PBIX — OCTaBaThCs HA MEPEIOBOM pyOeKe
KEJIe3HOAOPOKHBIX TEXHOJIOTHI 1 06pa3o-
BaHUsL.

B rostemke o0yuaercs 6osiee 3,5 ThicSY
CTYACHTOB. IIlecTh OYHBIX U OZIHO 3a04YHOC
otaenenue MKT peann3yioT moaroToBKy 1o
12 cenuanbHOCTSIM.

OTKpLIBaIOTCSI HOBBIC CIICHIUAJIBHOCTU:
B 2021 . OTKpBIT HAOOP HA CHIEIMATBHOCTh
«HpOpMaIIMOHHBIE CUCTEMBI M TIPOrpaM-
MHUPOBaHHEY.

MKT — noGenurtenb 3HAYMMBIX KOHKYP-
COB ¥ YEMIIMOHATOB, UHULIMATOP PALA IPO-

® MWP TPAHCMOPTA. 2022. T. 20. Ne 2 (99)

eKTOB Ha (eZIepaTbHOM YPOBHE, OpraHm3a-
TOp MEXKAYHAPOAHBIX W HAIWMOHAJIBbHBIX
KOH(EPEHIHH.

Kak onus 13 yupeaureneii Hekommepue-
CKOM OpraHu3anuu «ACCOIHAIMS KOJIC-
kel U TEXHUKYMOB TPAHCTIOPTa, KOJUIEIHK
MIPUHUMAET YYacTHE B pa3paboOTKe cTpare-
MM PA3BUTHS CUCTEMBI cpeaHero mpodec-
CHOHAJILHOTO 00pa30BaHus [UIsi HOTPEOHO-
CTe! TPAHCIIOPTHOW OTPACIIH.

B 2019-2021 rr. B oOpa3oBaTenbHbIi
IIPOLIECC, OPUEHTUPOBAHHBIN HA MEKyHa-
POAHBIC 1 HAHMOHAJIBHBIC CTaHIaPThI, ObLIH
YCIIEIIHO BHEIPEHBI MHCTPYMEHTBI JJIEKT-
POHHOTO OOYYEHUs ¥ AUCTAHIIMOHHBIX 00-
pa3oBaTeNibHBIX TEXHOJIOTUH MO OYHOU
1 3a09HOH hopmam.
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OmHOM U3 CTPYKTYP KOJUIEIKA SIBIISCTCS
MHoOroGyHKIIMOHATBHBIA IEHTP MPUKIIAI-
HbIX kBanmudukanuit (MIIIK), xoTopsrit
peayn3yeT MONHBIA CHeKTp 00pa3oBaTeb-
HBIX TIPOTrpamMM MpoheCCHOHATBHOTO 00y4e-
HUSI BBICOKOKBTU(UIIUPOBAHHBIX PaOOUMX
(cimy»ammx) ¥ JOMOJHUTEIBHBIX Mpodec-
CHOHAJBHBIX MPOTPAMM MO O0yYEHHIO
CHEINAINCTOB M PYKOBOAUTENICH CPEIHETO
3BeHa 1t OAO «PX]I» u komnanuii, cBs-
3aHHBIX C OpraHM3anueil u odbecneyeHneM
TpaHCTIOPTHBIX MporieccoB. K koniry 2021 1.
B MUIIK npouum oby4denne okoio 92 ThI-
CSTY YETIOBEK.

® MWP TPAHCIMOPTA. 2022. T. 20. Ne 2 (99)

C 2017 . na 6a3e KoyuiemKa €KETOIHO
MPOBOJATCS BY30BCKME yeMnHoHaThl PYT
(MHUT) o cranpapram WorldSkills, koro-
pBIe cOOMparoT Ha OHOM IUIOMIAAKE TPO-
(heccroHanoB U3 pa3INIHBIX PETHOHOB PD.
Tax, ¢ 11 mo 15 anpenst 2022 roga mpomién
VI OTKpHITHII BYy30BCKHI 4eMITHOHAT IO
cranmapram WorldSkills.

YueOHblii mporiecc KosieaKa OpraHuzo-
BaH Ha COBpeMEHHOM jabopaTopHoii Oasze,
chopMupoBaHHOH, B TOM YHCIE, B paMKax
nporpammel Bzaumoaeicterst OAO «PX]I»
C YHUBEPCUTETCKUMH KOMITJICKCAMHU JKeJIe3-
HOJIOPO’KHOTO TPAHCIIOPTA. °
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of the Russian University of Transport

successfully develops historical
traditions, the main of which is to remain at
the forefront of railway technologies,
training, and education.

The college has more than 3,5 thousand
students enrolled. Six full-time and one
correspondence education departments of
the MCT provide training in 12 specialties.

The Moscow College of Transport as part

® MWP TPAHCMOPTA. 2022. T. 20. Ne 2 (99)

New specialties are being opened, e.g.,
since 2021 students can enroll in the specialty
in information systems and programming.

MCT is the winner of significant
competitions and championships, the
initiator of a number of projects at the federal
level. It organises international and national
conferences.

Being cofounder of the non-profit
organisation «Association of Colleges and
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Technical Schools of Transport», the college
takes part in the development of a strategy
for the development of the system of
secondary vocational education for the needs
of the transport industry.

In 2019-2021, e-learning tools and
distance educational technologies for full-
time and part-time education were
successfully introduced into the educational
process focused on international and national
standards.

College’s Multifunctional Center for
Applied Qualifications (MCAQ) implements
a full range of educational programs for
vocational training of highly qualified
workers (employees) and additional
professional programs for training specialists
and middle management for Russian

® MWP TPAHCIMOPTA. 2022. T. 20. Ne 2 (99)

Railways and companies involved in
organisation and support of transport
processes. By the end 0of 2021, about 92,000
people had been trained at the MCAQ.

Since 2017, the college has annually held
University championships according to
WorldSkills standards, which bring together
professionals from different regions of the
Russian Federation at a single site. Thus,
from April 11 to April 15,2022, the 6" Open
University Championship according to
WorldSkills standards was held.

The educational process of the college is
organised with the help of advanced
laboratory facilities, developed, among other
things, as part of the program of interaction
between JSC Russian Railways and
universities of railway transport. °
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PRINCIPLES

OF MANAGEMENT 128
|
Designing principles of organisational
sustainability management based

on their actual qualitative features

with the help of dichotomies followed
by development of binary matrices
allowing their digitalisation. Search

for compatibility of the management
principles with sustainable development
goals. Universality of the fundamental
approach and its adaptability to tasks
of transport organisations.

THEORY

SPATIAL

MOBILITY 140
|

Broad, dense, and carefully argued
retrospective analysis supported

by historical and modern data

invokes understanding of dialectical
character and non-linearity of evolution
of mobility. The assessment of its further
developments under current conditions
allows to introduce a new concept

that of spatial-digital mobility and

to formulate requirements for

transport systems to comply with its
implementation.
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ABSTRACT

The objective of the article is to substantiate and implement
an approach to designing the principles of sustainability
management of organisations and their associations, which ensures
digitalisation of these principles and their structuring regarding levels
of management, as well as between adjacent links in the logistics
chain.

The research used methods of classification, analysis and
synthesis, induction and deduction as research methods, and binary
matrices formed based on classification features and their
dichotomies, which make it possible to increase the objectivity of
the results obtained, as a tool.

The article substantiates the possibility of designing
organisation management principles based on their actual
qualitative features of principles and dichotomies with further
formation of binary matrices that allow for digitalisation of
management principles and their structuring regarding levels of
organisation management, as well as between adjacent links of the
logistics chain; develops an ordered set of principles for

Orenburg Branch of the Institute of Economics of the Ural Branch of the Russian
Academy of Sciences, Orenburg, Russia.

organisational sustainability management with justification for their
quantity and quality; proves the compliance of the developed
management principles with the goals and objectives developed
by the United Nations in 2015.

The implementation of the obtained results will reduce the lost
profit of organisations and their associations, the time and costs
for preparation and implementation of management decisions, will
respond in a timely manner to the unique requirements of end
consumers, and will also ensure that the parameters and
characteristics of the internal environment of organisations and
their associations correspond to the nature, duration, and volatility
of environmental factors.

The suggested approaches and solutions, being sufficiently
universal, can refer to full extent, to transport and logistics
organisations and associations, as well as to all participants in
supply chain, and are particularly relevant with the account for
accelerated adoption of digital technology in transport and logistics
activities.

Keywords: transport, supply chain, principle, management, organisation, digitalization, structuring, management level.
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INTRODUCTION

Rapid changes in political, economic,
technological conditions of external environment,
accelerated adoption of new vehicles, autonomous
and intelligent systems, processes of on-going
digitalisation significantly influence activities of
the organisations of the transport system of the
Russian Federation, predetermine the need to
improve their management systems and, first of
all, management tools.

Principles of management [1] are ranked
among the main tools of management of
organisations. Regarding scientific principles,
they are understood as «general scientific laws
which explain how something happens or works»
! The importance of management principles for
achieving the goals of an organisation was
emphasised by many researchers. Depending on
the factors of the external environment, as well
as on the threats and opportunities that have been
formed in the markets at one time or another,
several basic versions of these principles, focused
either on improving the enterprise management
system [1], or on increasing labour productivity
[2], or on improving the quality of products and/
or services [3], or on introducing a systematic
approach to management [4], have been
developed and implemented. At the same time,
the principles of management are not constant
over time, both in quantity and content.

The problem of timely detection of
inefficiency of the organisational management
principles and the need to update, radically
change or design them, is relevant for the
following reasons: a wide range of parameters
and characteristics of the factors of the external
and internal environment of the organisation, the
uniqueness of the links between them; their
continuous transformation and volatility; a
significant proportion of subjectivity in
approaches used to determine quantity and
quality of management principles; fuzzy patterns
of transformation of one version of management
principles into another; lack of methods for
designing these principles with subsequent
adjustment of approaches, methods and functions
that ensure the effective impact of the subject on
the managed object.

The above reasons largely predetermine the
results of managing an organisation in modern

1 Definition of «principle». Collins Online English Dic-
tionary. [Electronic resource]: https://www.collinsdiction-
ary.com/us/dictionary/english/principle/. Last accessed
30.03.2022.

conditions, which are characterised by a focus
on sustainability and sustainable development of
human society [5]. At the same time, many
experts point out the problems associated with
management of organisation’s sustainable
development, for example [6]. This fact, among
other things, is due to the non-efficient structuring
and coordination of the basic principles of
management of supply chains, and, consequently,
of their links (organisations).

The process of developing (designing) the
principles of managing the sustainable
development of an organisation is facilitated to
a certain extent, since today the foundations for
managing sustainability and sustainable
development, including its goals and objectives,
have been created [7]. Without questioning the
relevance and methodological recommendations
for management of sustainability and sustainable
development, it is necessary to make adjustments
to this sector of management in such areas as:
creation of prerequisites for detailed development
and subsequent adaptation of these
recommendations to the content and structure of
new or adjusted principles for managing
organisations; substantiation of the approach to
determining their quantity and quality, as well as
interrelations for the purpose of their further
digitalisation; structuring regarding levels of
organisation management and harmonisation
with the principles of management of counterparty
organisations.

LITERATURE REVIEW

The literature review has revealed several
important aspects of designing the principles of
organisation management that follow.

* Experts attach great importance to the
principles of organisation management, extending
their influence to almost all the sections of
management, for example, in [8; 9].

* The principles of management are used in
the main fields of management, such as strategic
management [10], marketing [11], innovation
management [12], supply chain management
[13], etc.

* The principles of management are primarily
aimed at a person or a group of people whose
forms of behaviour are extremely diverse and are
largely related to changes in the organisation’s
strategy, technologies used, organisational
management structures, etc. Therefore,
management principles should correspond to
these changes [14].
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* The application of one or another version
of management principles is determined, among
other things, by the level of organisational culture
[15], as well as an organisation’s ability to adapt
itself to negative external influences [16],
including its focus on sustainability and
sustainable development [17].

« It is necessary to distinguish between the
production (divisions of the organisation and
their relationships) and organisational structures
of the organisation’s management (positions,
their interrelationships, as well as a scheme for
distribution of responsibilities, rights and
obligations), each of which is characterised only
by their inherent, although interrelated, variants
of principles.

« It is expedient to design the principles of
organisation sustainability management on the
basis of seventeen goals and objectives developed
by the United Nations [7], while providing the
possibility of digitalisation of these principles
for development and application of computerised
support for management activities, on the one
hand, and providing for creation of prerequisites
for data structuring principles for different levels
of management of the organisation according to
the scheme «general director — functional
directors — heads of departments — ...»,
tracking not only vertical, but also horizontal
links between them.

* Design of management principles should
contain a theoretical substantiation of quantity
and quality of these principles, since for the vast
majority the management principles developed
earlier do not provide answers to the problems
above, reducing thus the results of their
implementation in practice due to the impossibility
of unambiguous structuring and coordination,
including with counterparty organisations,
although this aspect of management is provided
for, i.e., in management of relationships with
suppliers and consumers in supply chains [18].

METHODOLOGY

Achieving the objective described in the
article requires the use of qualitative methods for
studying objects that are complex in structure
and content [ 19]. If quantitative research methods
are distinguished by a clearly defined scale and
various tools for measuring these objects, then
qualitative methods clearly do not allow solving
this problem. Nevertheless, theory and practice
allowed to partially substantiate its solution. For
this it is necessary to:

* Develop an individual, finite series of
qualitative features of the object of the study,
which in the considered case is a set of
management principles as a component of the
organisation’s management system. The number
and sequence of application of these features is
established based on two basic methods related
to the object of study: analysis of sources and a
sociological survey of experts.

* Highlight the so-called actual qualitative
features of the given object. At this stage, it is
also necessary to select dichotomies that describe
the variants of each actual qualitative feature,
which are denoted by the codes «0» and «1»,
respectively. Dichotomies allow getting 2*
variants of the object under study, where the
number «2» reflects the number of dichotomies,
and X is the number of used qualitative features
of this object. It is easy to see that each of the
variants obtained in this case can be designated
by a binary code, which greatly facilitates
digitalisation of these objects. In fact, this means
that in the management system of an organisation,
a set of management principles will be designated
by a basic binary code or a first-level code, blocks
or groups of these principles — by a second-level
code, and, finally, each principle individually —
by a third-level code in accordance with their
hierarchy and relationships._

* To shape, based on the faceted method, main
variants of the object of study using the above
relevant qualitative features and their dichotomies.
As a result, binary matrices are formed and
studied, which are widely known among
specialists in the field of strategic management,
marketing, and other fields (see, for example
[20]).

* Qualitative features, in turn, can be used not
only in parallel, forming 2* variants of the object
of study, but also sequentially. Let us suppose
that the CEO is responsible for the management
principles which are of interest to the organisation.
The implementation of these principles involves
the building of a team of functional directors,
each of which will be responsible for a part of
the management principles, being in
interconnection with other functional directors
responsible for other management principles. It
is obvious that these relationships are supported
based on the corresponding qualitative features.
Let’s assume that there are two such signs. This
means that the CEO responsible for a particular
set of principles interacts with four functional
directors who are linked to each other. In the



Possibility of adoption of innovations
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Pic. 1. Classification of main blocks of organisation’s management principles [developed by the author].

simplest case, each functional director is
responsible for a quarter of the management
principles. Obviously, each functional director
is also able to build his own team of department
heads or alower level of management. Application
by him of at least two quality features of the
second level leads to building of a team of four
department heads subordinate to him, each of
which is responsible for one sixteenth of the
management principles, and so on. Thus, the
designed management principles, and not only
them, are almost ideally decomposed regarding
the levels of organisation management and, as
noted earlier, are easily digitised.

RESULTS

Substantiation of Quantity and Quality of
the Principles of Organisation Sustainability
Management

Management as a type of human activity is
primarily associated with justification,
formalisation, development, coordination,
adoption, structuring, implementation, and
monitoring of management decisions. The
processes listed above create the prerequisites
for determining the first qualitative sign of the
principles of managing an organisation: the
«stage of managerial decision». The sequence of
processes accompanying the stages of a
managerial decision makes it possible to choose
the dichotomies of this feature, which involve
the preparation (code «0») and implementation
(code «1») of a managerial decision.

In a dynamically changing external
environment of an organisation, management
decisions cannot be fully standardised and,
therefore, require the use of innovations, on the
one hand, and, on the other hand, provide for
some constraints when acting in this or that
manner on the object of management (human
resources). If in an area of the organisation’s
activity the possibility of introducing innovations

is desirable, but limited, then in another area it
is necessary, since it ensures the competitiveness
of this organisation. This aspect of making and
implementing management decisions involves
differentiation of the second qualitative feature
of the organisation’s management principles:
«the possibility of introducing innovations into
various areas of the organisation’s activitiesy.
This feature provides for dichotomies:
«opportunity is limited» (code «0») and
«opportunity is not limited» (code «1»). The
faceted method of qualitative research makes it
possible to form a binary matrix consisting of
four (22 = 4) blocks or groups of organisation
management principles (Pic. 1).

Note that the number of blocks of management
principles can be more than four. The use of the
third qualitative feature and its dichotomies will
make it possible to single out eight (23 = 8) such
blocks, which does not contradict the norm of
the organisation’s manageability when performers
execute only their own functions. The
classification of the main blocks of organisation
management principles (Pic. 1) is the basis for
determining each management principle
separately, that is, each of four blocks can be
divided into at least four management principles.

The data in Pic. 1 make it possible to establish
the sequence of using blocks of organisation
management principles in practice: the created
potential (strategic aspect of the organisation),
code «11», should allow the organisation to
eliminate the insufficiency of something in the
market most effectively (marketing aspect), code
«01», while ensuring the reliability of the
organisation (management aspect), code «00»,
based on organisational culture (socio-cultural
aspect), code «11».

Let’s consider the content of Pic. 1 in more
detail.

1. The combination of the dichotomies
«preparation» (code «0») of the qualitative
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Stable (0)

(not subject to adjustment)
Stability of the strategic
goals of the organisation
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Not restored (1)

Stability Flexibility
(Mode: return) (Mode: adaptation)
(0000) (0001)
Viability Survivability
(Mode: survival) (Mode: counteraction)
(0010) (0011)

Pic. 2. Classification of types of the organisation’s reliability [21].

feature «management decision stage» and
«limited» (code «0») of the qualitative feature
«the possibility of introducing innovations in
various areas of the organisation» (Pic. 2)
suggests the allocation of such block of principles
as «organisation reliability management» (code
«00»), which will be further structured into
components, in our case, management principles,
which, according to the design results, contrary
to the opinion of H. Fayol [1], will make not
fourteen, but sixteen (2* = 16) principles.

Since these principles are developed within
the framework of the strategic vision of the
organisation, that is, for the long term, it is almost
impossible to guarantee the reliable operation of
the organisation. Depending on the factors of the
external and internal environment of the
organisation, it is necessary to develop basic
options for behaviour in a particular management
situation, depending on the effectiveness or
degree of achievement of its strategic goals.
Thus, we can conclude that the first qualitative
sign of the organisation’s reliability is the sign
of «stability of the organisation’s strategic goals»,
which, as you might guess, has the dichotomy of
«stable goals» (code «0») and «unstable goals»
(code «1»), or targets to be adjusted. Factors of
the external and internal environment can
significantly affect the capacity of the
organisation, which, as a result of the impact of
these factors, can either be restored (code «0»)
or even increase, or not be restored (code «1»),
or even decrease. These dichotomies correspond
to the second qualitative sign of reliability of the
organisation, i.e., its ability to achieve its goals
depending on the factors of the external or
internal environment (Pic. 1), such as «trends in
the organisation’s capacity as a result of a
negative impact on it». The joint use of the
features and dichotomies presented above
allowed the author [21] to propose four options

for reliability of the organisation: «stability» (the
«return» mode of functioning of the organisation,
code «0000»), «flexibility» (the «adaptation»
mode of operation of the organisation, code
«0001» ), «viability» (organisation «survivaly»
mode, code «0010») and «survivability»
(organisation «counteraction» mode, code
«0011») (Pic. 2). Let us note that the first two
digits of the four-digit code «00» mean «reliability
of the organisation» (Pic. 1).

The reliability options justified above (Pic. 2)
lay the foundation for designing the principles
of managing an organisation at the level of
department heads within the responsibilities of
one of the functional directors of the organisation,
reporting, in his turn, to the general director.

2. The combination of the «preparation»
dichotomies (code «0») of the qualitative feature
«management decision stage» and «not limited»
(code «1») of the qualitative feature «the
possibility of introducing innovations in various
areas of the organisation» (Pic. 1) involves the
allocation of such a block of organisation
marketing principles as «managing the
insufficiency of something in the market» (code
«01»), which will also be further structured into
components.

One of the factors that determine the reliability
of an organisation is the behaviour of the
consumer, who, for example, depending on
solvency, can sharply reduce the quantity and
quality of purchased products and/or services, or
vice versa, increase their quantity and quality,
while feeling the lack of something in its various
forms. Under these conditions, the organisation,
as arule, seeks to diversify the range of products
and/or services, up to the allocation of relevant
departments in the production and organisational
structures. The task of identifying the main
options for insufficiency of something with the
consumer of products and/or services, depending



Consumer properties of products and/or services

Typical (0) Unique (1)
Stable (0) Necessity Habit
Properties (parameters) of (0100) (0101)
consumer’s demand Need Value
Unstable (1) (0110) (0111)

Pic. 3. Classification of lack of something as for consumer of products and/or services [22].

on its behaviour in the market, was solved by
A. P. Tyapukhin and E. A. Tarasenko [22] (Pic. 3)
based on the following qualitative features and
their dichotomies: «consumer properties of
products and/or servicesy»: «typical» (code «0»)
and «unique» (code «1»); «properties (parameters
and characteristics) of consumer demand for
products and/or services»: «stable» (code «0»)
and «unstable» (code «1»).

As follows from Pic. 3, value (code «0111»)
differs from need (code «0110») by the unique
consumer properties of products and/or services,
and from habit (code «0101») by instability of
properties (parameters and characteristics) of
demand for products and/or services [22]. Letus
note that the first two digits of the four-digit code
«01» mean «lack of something as perceived by
the consumer of products and/or services»
(Pic. 1). The insufficiency options justified above
(Pic. 3) lay the foundation for designing
organisation management principles at the level
of department heads of the second functional
director of the organisation or marketing director,
reporting respectively to the general director.

3. The combination of the «introduction»
dichotomies (code «1») of the qualitative feature
«management decision stage» and «limited»
(code «0») of the qualitative feature «the
possibility of introducing innovations in various
areas of the organisation» (Pic. 1) suggests the
allocation of such a block of principles as
«organisational culture management» (code
«10»).

Since this article focuses on sustainability
and sustainable development, organisational
culture should be evaluated from the position of
at least three of its basic aspects: economic,
social, and environmental aspects. The author
takes the liberty of asserting that the above
aspects can be substantiated in a slightly different
way than before, namely with the help of such

qualitative signs of the organisation’s management
principles and dichotomies as «the type of
resources attracted and processed by the
organisation»: «natural (material) resources»
(code «0») and «human (information) resources»
(code «1»); «priorities of organisational culture»:
«consolidation and maintenance of the achieved
results» (code «0») and «creation of prerequisites
for long-term development» (code «1») (Pic. 4).

As follows from the content of Pic. 4, in
addition to the economic, social, and
environmental aspects of organisational culture,
one can single out its intellectual aspect, which
concerns, first, creating value for the end
consumer of products and/or services (Pic. 3), as
well as ensuring survivability of the organisation
(Pic. 2). Note that the first two digits of the four-
digit code «10» mean «organisational culture»
(Pic. 1). The variants of organisational culture
justified above (Pic. 4) lay the foundation for
designing the principles of managing the
organisation at the level of department heads of
the third functional director of the organisation,
reporting respectively to the general director.

4. The combination of the «introduction»
dichotomies (code «1») of the qualitative feature
«management decision stage» and «not limited»
(code «1») of the qualitative feature «the
possibility of introducing innovations in various
areas of the organisation» (Pic. 1) suggests the
allocation of such a block of organisation
management principles as «organisation capacity
management» (code «11»), which in the future
will also be structured into components.

If we take as a basis almost any organisation
focused on making a profit and other activities,
we can distinguish in its production structure
divisions that perform various functions and
solve only their inherent tasks. This refers as well
to transport and logistics organisations. This
aspect of the study involves structuring of

133



Type of the organisation’s resources
Natural Human
(material) (0) (information) (1)

Consolidation and maintenance of the
achieved results (0)

Priorities of organisational

Economic aspect

Social aspect(1001)
(1000)

culture
Creation of prerequisites for long-term
development (1)

Environmental
aspect (1010)
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Pic. 4. Classification of aspects of organisational culture [developed by the author].

Type of the organisation’s resources

Human
(information)
resources (1)

Natural
(material)
resources (0)

Creation and growth (0)
Stage of formation and
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(1100) (1101)
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(1110) (1111)

Implementation and dissemination (1)

Pic. 5. Classification of the organisation’s potential [developed by the author].

management principles according to the type of
capacity implemented by the departments of the
organisation. At the same time, it should be borne
in mind that weakening of the capacity of a single
unit has an impact on the results of the whole
organisation. That is why sustainable capacity
development management, controlled by the
CEO and functional directors of the organisation,
is necessary.

To determine the functional types of the
organisation’s capacity, it is advisable to use the
following qualitative features: «type of resources
attracted and processed by the organisation»:
«natural (material resources)» (code «0») and
«human (information) resources» (code «1»);
«the stage of formation and development of the
organisation’s capacity»: «creation and growth»
(code «0») and «implementation and
dissemination» (code «1»). The joint use of these
features and dichotomies makes it possible to
distinguish four types of organisation capacity:
technological (code «00»), innovative (code
«01»), logistics (code «10») and marketing (code
«11») capacity (Pic. 5).

As follows from the content of Pic. 5, the
innovative potential (code «1101») is associated
with the intellectual aspect (code «1011») of
organisational culture (Pic. 4), and the marketing
potential (code «l1111») determines the
effectiveness of the principles of managing the
insufficiency of something in the market (Pic. 3).
It is to note that the first two digits of the four-
digit code «11» mean «the capacity of the

organisation» (Pic. 1). The variants of the
organisation’s capacity justified above (Pic. 5)
lay the foundation for designing the principles
of organisation management at the level of
department heads of the fourth (if necessary)
functional director of the organisation, reporting
respectively to the general director.

Thus, it can be concluded that the CEO is
responsible for all principles of managing
sustainability of the organisation; functional
directors ensure the effectiveness of blocks of
management principles (Pic. 1); heads of
departments supervise the basic principles of
managing sustainability of the organisation,
formed based on Pics. 2-5, the content of which
allows moving from the components of the
blocks to specific management principles. The
solution to this problem is reflected in Table 1.

Information in Table 1 is based on the logic
of achieving the characteristics of the components
of management blocks (Pic. 2) by defining in
detail of the content of not only local, but also
global managerial impacts on the organisation in
accordance with the competencies of the heads
of departments, functional directors, and the
general director of the organisation. To form a
holistic impression on the application of
principles of managing sustainability of the
organisation presented in Table 1, it is advisable
to refer to the content of Pic. 6.

This picture shows not only the content of
the designed principles, but also shows the
relationship of the powers of the heads of



Table 1

Substantiation of the content of the principles of managing sustainability of the
organisation based on the content of Pics. 2—6 [developed by the author]

Code Component

Principle of sustainability management

1 2 3

Block of principles «Reliability of the organisation»™*

0000 Sustainability Monitoring and crisis management

0001 Flexibility Diversification and development of competitive advantages
0010 Viability Business restructuring and distressed asset management
0011 Survivability Global partnerships and strategic management

Block of principles «Insufficiency of something in the market

0100 Necessity Satisfaction of basic human needs

0101 Habit Creating a favourable environment for consumption of products and/or
services

0110 Need Ensuring human well-being

0111 Value Focus on sensations, impressions and experience of the consumer

Block of principles «Organisational culturey»

1000 Economic aspect Cost and time management in value chains

1001 Social aspect Social partnership and conflict management

1010 Environmental aspect | Preservation of the environment and environmental management
1011 Intellectual aspect Training, encouraging initiative and creativity

Block of principles «The capacity of the organisationy»

1100 Technological potential | Aggregate production planning with a variable rhythm and a changing
number of employees

1101 Innovative potential Creation of novelties, development of new technologies and materials,
development of new markets

1110 Logistics potential Elimination of cross-functional barriers, single-piece flow management

1111 Marketing potential Ensuring availability of products, services, and after-sales service

*Blocks of organisation management principles are presented in Pic. 1.

departments and functional directors, ensuring
stability of the organisation based on those
principles. Let’s take as an example the principle
with the code «1100» («Aggregate production
planning with a variable rhythm and a changing
number of employees»). In Pic. 6 it can be seen
that this principle is implemented in conjunction
with the principle with the code «1110»
(«Elimination of interfunctional barriers,
management of the flow of single products»),
since the general guideline for these principles
is a qualitative sign and a dichotomy: «type of
organisation’s resources: natural (material)
resources».

rganisa aloustainanility

At the same time, the principle with the code
«1100» must be carried out in conjunction with
the principle with the code «1101» («Creation of
new products, development of new technologies
and materials, development of new markets»),
since both principles presuppose such a stage of
formation and development of the organisation’s
potential as «creation and extension» or
dichotomy. The same can be said about the
principles with codes «1101», «1110» and
«1111» of the block «Management of the
capacity of the organisation», for which the
functional director is responsible, reporting to
the general director.

Y ) APL o )
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Pic. 6. Classification of the principles of organisation management [developed by the author].

Relationships between the functional
directors of an organisation can be presented in
a similar way. To establish them, it is necessary
to refer to the contents of Pic. 1. This picture
shows that the functional director responsible
for the block of management principles with the

code «11» («Management of the organisation’s
capacity») interacts with the functional director
responsible for the block with the code «01»
(«Management of the insufficiency of
something»), focusing on a qualitative sign and
dichotomy «the possibility of introducing



Table 2

Comparison of Sustainable Development Goals (United Nations) and organisational
management principles [developed by the author]

Code Sustainable Development Goals(United Nations) Organisational Management principles
1 2 3
To make cities and human settlements inclusive, safe, resilient | Monitoring and anti-crisis management
0000 and sustainable of the organisation
- Diversification and development
0001 of competitive advantages of the
organisation
- Business restructuring and management
0010 of organisation’s distressed assets
To strengthen the means of implementation and revitalize the | Global partnership and strategic
0011 Global Partnership for Sustainable Development ... management of the organisation
To end hunger, achieve food security and improved nutrition | Satisfaction of basic human needs by
0100 and promote sustainable agriculture the organisation
To ensure the transition to sustainable consumption and Creation of a favourable environment
0101 production patterns for consumption of products and / or
services
To ensure healthy lifestyles and promoting well-being for all | Ensuring Human Welfare
0110 at all ages
— Focus on sensations, impressions and
0111 experience of the consumer
To promote sustained, inclusive and sustainable economic Cost and time management in value
1000 growth, full and productive employment and decent work for | chains
all. To ensure access to affordable, reliable, sustainable and
modern energy for all
To reduce inequalities within and among countries. To Social partnership and conflict
promote peaceful communities, provide access to justice for | management
1001 all and build effective, accountable, and inclusive institutions
at all levels.To achieve gender equality and empower all
women and girls
To take urgent action to combat climate change and its Environmental conservation and
impacts.To conserve and sustainably use the oceans, seas and | environmental management
1010 sources for sustainable development.To protect, restore and
promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse
land degradation and halt biodiversity loss
Quality education and lifelong learning opportunities for all | Training, encouraging of the initiative
1011 and creativity of the organisation’s
personnel
To ensure the transition to rational patterns of consumption Aggregate planning of production
1100 and production. To build resilient infrastructure, promote with a variable rhythm and a changing
inclusive and sustainable industrialization and foster number of employees
innovation
To build resilient infrastructure, promote inclusive and Creation of novelties, development
1101 sustainable industrialization and innovation of new technologies and materials,
development of new markets
- Elimination of cross-functional barriers,
1110 single-piece flow management
To build resilient infrastructure, promote inclusive and Ensuring the availability of products,
1111 sustainable industrialization and innovation services, and after-sales service
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innovations in various areas of the organisation’s
activities: unlimited». The same can be said about
his interaction with the functional director
responsible for the unit with the code «10»
(«Organisational culture management»), which
have in common a qualitative feature and a
dichotomy: «the stage of management decision:
implementation or development, coordination
and implementationy.

Based on this, it can be stated that the
designed principles of sustainability management
are adapted to a typical hierarchically linked
organisation management system, in which not
only the elements are justified, as in the
prototypes of previously created management
principles, but also the relationship between
them are also well grounded. In other words,
the proposed methodology for designing
management principles should ensure the
achievement of a synergistic effect from the
interaction of officials and their subordinates
within the framework of their competencies and
powers. This methodology involves the
exclusion of a subjective approach to sub-
stantiating conclusions and recommendations in
cases where it is impossible to measure and
evaluate the quantitative parameters of the
research object and it is necessary to operate with
the qualitative characteristics of this object and
the dichotomies, including when structuring the
object, if this is part of the research objectives.

Analysis of the content of Table 2 shows that
all seventeen goals and objectives developed by
the United Nations [7] are considered when
substantiating the content of the proposed
principles for managing sustainable development
of an organisation. At the same time, four
principles, although not directly related to these
goals and objectives, but in general do not
contradict them, considering the preferences of
the organisation in a competitive market.

Summing up the results of the study, one can
note the characteristic features of the principles
of organisation sustainability management
proposed by the author, such as: selectivity
depending on the factors of the external and
internal environment of the organisation;
compatibility in their implementation by
departments of the organisation; hierarchy;
interconnectedness; universality; readiness for
digitalisation, as well as for structuring and
harmonisation across management levels and
between links in the supply chain. In case that
some of the used relevant qualitative features

turn out to be unclaimed, new relevant qualitative
features and their dichotomies can be identified,
thus offering a possibility to design a new version
of management principles that will be
understandable and accessible for implementation
by decision makers and those responsible for
performing them, which, in author’s opinion, will
significantly mitigate the problem of ensuring
the sustainability and sustainable development
of the organisation at all its levels.

CONCLUSIONS

Management principles constitute an
important component of the organisation’s
management system and one of the tools of
implementation of its strategy. Dynamic changes
in the factors of the external and internal
environment of the organisation, in particular,
the restraints associated with countering the
COVID-19 pandemic, constantly provoke their
adjustment, replacement or design. At the same
time, a managerial situation is possible when an
organisation is forced to use management
principles that, it would seem, have ceased to be
relevant. One of the most important factors
predetermining the design of new principles of
organisation management is orientation of the
world community towards sustainability and
sustainable development, which provides for
meeting the needs of the current generation
without compromising the needs of future
generations. Many aspects of development and
implementation of a new vision of the world
order are still incomprehensible, not developed,
and therefore are debatable. Within the framework
of the topic of this article, a discussion on the
following aspects of improving management
systems of organisations and their associations
with centralised and decentralised forms of
management could be very fruitful:

» Expansion and addition of approaches to
designing of the principles of organisation
management, depending on the strategy of its
development.

* Clarification of methods for coordinating
and structuring the principles of management of
organisations and their associations regarding
levels of management, by its functions, by typical
requirements of end users of products and/or
services; by types of strategies; by the main
sections of management and its types, etc.

* Development of principles for managing
value chains and networks, supplies and
requirements, as well as a methodology for



designing principles for managing their links,
from the primary link to the end consumer of
products and/or services.

* Development of recommendations for
assessing the efficiency and effectiveness of
organisational management systems, as well as
management principles for the purpose of their
timely updating, replacement, or optimisation.

* Creation of prerequisites for solving two
seemingly mutually exclusive tasks: creating
value for end consumers and introducing the
theory and methodology of sustainable marketing,
etc.

Also important but rather practical is the issue
of adaptation of the suggested general model of
management principles to the features of activity
of organisations and associations of different
sectors of the economy and industries, including
transport.
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INTRODUCTION

In modern conditions, spatial mobility of the
population has reached a very high level both in
the world and in our country and continues to
increase, being both an important factor in socio-
economic development, and a serious challenge
for transport systems.

Transport developments should, on the one
hand, satisty the high demand for travelling, both
quantitatively and qualitatively, and, on the other
hand, stimulate the growth of spatial mobility.
Hence, relevance of a long-term analysis of
changes in the level and nature of spatial mobility
of the population in the context of socio-
economic development and revealing of its
further prospects. Carrying out such an analysis
is the objective of this article. The study engaged
the dialectical method, methods of historical and
statistical analysis.

RESULTS
High and Increasing Mobility is an Integral
Feature of Modern Society

Modern society is a society of high spatial
mobility. An increasing number of people are
moving more frequently, over longer distances
and at higher speeds.

The Table 1 shows the representative data on
the growth of mobility of the population of the
Russian Federation since the beginning of this
century. Passenger turnover of public transport
and the corresponding indicator of population
mobility [1, p. 226] before the start of the
coronavirus pandemic increased by more than
30 % (the impact of the pandemic on passenger
traffic will be discussed below)*2.

In 2019, each inhabitant of the country, on
average, travelled more than 4300 kilometres
with public transport alone, excluding personal
cars (the number of which amounted to 46,3
million units?; an increase of almost by 2,5 times
compared to 2000), trips by taxi, the number of
which grew at a faster pace [2, p. 44], carsharing
cars and various micromobility devices that are
gaining popularity.

As evidenced by a number of studies [3-5],
ultra-long-term comparisons covering secular

! Transport in Russia: Stat. collection. Moscow, Goskomstat
Rossii publ., 2003, 182 p. [Electronic resource]: https://rosstat.
gov.ru/storage/mediabank/TRANSP.ZIP. Last accessed
03.03.2022.

2 Transport in Russia. 2020: Stat. collection. Moscow, Rosstat
publ., 2020, 108 p. [Electronic resource]: https://rosstat.gov.
ru/storage/mediabank/UbzIvBZj/Transport_2020.pdf. Last
accessed 03.03.2022.

periods are most indicative in the analysis of
transport activity. Comparison of the level of
spatial mobility achieved at the beginning of 21%
century with the level that existed at the
beginning of 20™ century, in the pre-war year
1913 (about 200 passengerekm/person per year),
shows a more than twenty-fold increase over this
period. This is a very impressive increase in
mobility, which ensured its entry to a qualitatively
new level.

As stated above, mobility should be assessed
not only by intensity of movements, but also by
their speed and range.

The increase in speed is fixed for specific
modes of transport. For example, the speed of
passenger trains over the period under review
increased by 13,1 % in long-distance traffic and
by 14,4 % in suburban traffic. In road transport,
the desire to increase speed is manifested in
improvement of the speed characteristics of cars,
but their implementation is hindered, especially
in megacities and agglomerations, due to
infrastructural constraints [6]. In general,
incomplete use of speed capabilities of vehicles,
i.e., low speed efficiency [7] is a systemic
problem of transport.

The growth in the speed of travelling is most
clearly reflected in the change in the structure of
passenger turnover by modes of transport
(Table 2). If on the eve of 20" century, the fastest
transport, which is air transportation, provided
only 11 % of passenger turnover, three times less
than each of the then leaders (railway and road),
then in 2019 it performed significantly better in
terms of passenger turnover than railways and
road transport together. This cardinal structural
shift is a very clear characteristic of the desire of
a modern man to accelerate movement. It is no
coincidence that the use of high-speed and traffic-
free air transport is considered as one of possible
solutions to the problem of accelerating travel in
megacities [8].

With an increase in speed of movement,
accessibility of more distant territories during the
trip increases proportionally (as studies by
G. A. Golts [9, pp. 82—121; 10, pp. 263-296]
showed), temporal availability of territories plays
a key role for the territorial distribution of the
population and its communication capabilities,
and therefore should be considered in
development of transport systems. The criterion
of temporal availability was used in development
of a promising topology of a high-speed ground
innovative transport network in [11] and in
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Table 1

Growth of mobility of the population of the Russian Federation
in 2000-2019 using public transport -2

No. Indicators 2000 2019 Growth rate, %
Passenger turnover of public transport, bln passengerekm, 485,9 635,2 130,7
including:

1. Railway 167,1 133,6 80,0
2. Bus 164,4 122,5 74,5
3. Tram 25,1 3,8 15,1
4. Trolleybus 28,1 4,2 14,9
5. Metro 46,9 47,4 101,1
6. Sea 0,04 0,05 125,0
7. Inland water 0,9 0,6 66,7
8. Air 53,4 323,0 604,9
Mobility of population, passenger<km/person, including by 3314,5 43282 130,6
modes of transport:

1. Railway 1139,8 910,3 79,9
2. Bus 1121,4 834,7 74,4
3. Tram 171,2 25,9 15,1
4, Trolleybus 191,7 28,6 14,9
5. Metro 319,9 323,0 101,0
6. Sea 0,28 0,35 125,0
7. Inland water 6,1 4,1 67,0
8. Air 364,3 2200,9 604,1

determining the long-term tasks for development
of a Single backbone transport network in
accordance with the new Transport strategy of
the Russian Federation®.

Accordingly, an increase in transportation
speeds contributes to the growth of another
important indicator of spatial mobility which is
travel distance.

The average travel distance during the
period under review has increased for most
modes of transport, and most significantly for
buses and inland water transport (Table 3). But
the overall increase in average travel distance
is much higher than for any mode of transport.
This phenomenon, which can be attributed to
the category of statistical paradoxes, is
associated with the above-mentioned structural
shift: an increase in the share of trips made
using air transport, which, while providing the
highest speed, allows to cover the longest
travel distance.

Thus, in the long-term period preceding the
pandemic, key indicators that can be used to
characterise spatial mobility increased
significantly in the country.

3 Transport strategy of the Russian Federation until 2030 with
the forecast for the period until 2035 // Appr. by the order of
the Government of the Russian Federation dated November
27,2021 Ne 3363-r, 285 p., pp. 88—89. [Electronic resource]:
https://docs.cntd.ru/document/727294161 ?marker=65COIR.
Last accessed 03.03.2022.
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From this point of view, Russia was in line
with global trends towards the growth of
mobility. Data for a group of 15 foreign countries,
shown by Rosstat [Federal Statistic Service] in
the context of the main modes of passenger
transport (excluding water transport and urban
electric transport), indicate a dynamic growth in
passenger turnover in the pre-pandemic period
(Table 4). The important difference of those
indicators for selected countries from Russian
indicators is the high dynamics of passenger
turnover in railway transport, which significantly
exceeds the growth in passenger turnover on air
lines. This is primarily due to the more than 2,3
times increase in passenger turnover on the
railways of China, which is the world leader both
in the total volume of passenger railway traffic
and in the scale of development of high-speed
railway lines. In other words, the dynamics of
railway passenger turnover is significantly
accelerating due to development of high-speed
railroads, which allows them to successfully
compete with aviation in providing acceptable
travel time over long distances [12, pp. 52-53].
This indicates the importance of building high-
speed railway lines (HSR) in Russia to ensure
additional growth in mobility of the country’s
inhabitants. The socio-economic efficiency of
high-speed rail construction has been
substantiated by Russian scientists for many
years [13; 14], and it is important that development



Table 2

Changes in the structure of passenger turnover by modes of public
transport in the Russian Federation

No. Transport modes Share in passenger turnover, % Change, percentage points
2000 2019
1. Railway 34,4 21,0 -13.4
2. Bus 33,8 19,3 -14,5
3. Tram 52 0,6 -4,6
4. Trolleybus 5,8 0,7 -5,1
5. Metro 9,7 7,5 -2,2
6. Sea 0,0 0,0 0
7. Inland water 0,2 0,1 -0,1
8. Air 11,0 50,9 +39,9
Total 100,0 100,0 -

Source: [Author’s calculations].

of high-speed rail communication is provided for
in the Transport strategy of the Russian
Federation®.

An important indicator of the growth of
global mobility in the modern era is the steadily
high growth rate of world passenger turnover at
the end of 20"—beginning of 21" century. During
the period 19962015, their growth amounted to
over 4 % on average per year [15, p. 160], while
the world population increased by about 1 % on
average per year [ 16, p. 300]. That is, the average
annual increase in transport mobility was about
3 %.

Sustainability of the Need to Move

The coronavirus pandemic has had an
extremely negative impact on spatial mobility
around the world. In our country, in the second
quarter of 2020, which witnessed the peak of
anti-epidemic mobility restrictions, the passenger
turnover of the transport system as a whole
decreased by almost five times compared to the
corresponding period of the previous year, and

by the previous quarter, instead of an ordinary
seasonal increase [17, p. 6] there was a more than
threefold decline (Table 5).

During this period, it was believed that the
decline in mobility that occurred will be long-
term, as people, due to fear of becoming infected,
even after restrictions are cancelled, will prefer
to refuse long-distance travel, and many short-
range trips, including those related to work, will
be replaced by digital communications. However,
this position did not have time to take root in
scientific discourse, since it was refuted by life.
In the third quarter of 2020, when mobility
restrictions were significantly eased, passenger
turnover more than tripled compared to the
second quarter, instead of the usual seasonal
growth by only about 25 %. Apparently, the main
reason that mobility remained significantly below
the pre-pandemic level was the persistence of
a significant part of the restrictions, primarily on
cross-border movements. There is every reason
to expect (and this is recorded in the Transport
strategy®) that after the final cancellation of

Table 3

Change in the average travel distance of passengers using public
transport in the Russian Federation

No. Modes of transport Average travel distance, km Growth rate, %
2000 2019

1. Railway 117,8 111,2 94,4
2. Bus 7,5 11,5 153,3
3. Tram 3,4 3,1 91,2
4, Trolleybus 3,2 3,7 115,6
5. Metro 11,2 13,7 1223
6. Sea 40,0 8,3 20,8
7. Inland water 34,6 54,5 157,5
8. Air 2321,7 2465,6 106,2
Total 11,1 35,6 320,7

Source: [Author’s calculations].
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Table 4

Long-term growth in passenger turnover in a group of foreign countries*

No. Modes of transport Passenger turnover, bln passengerskm Growth rate, %
2005 2018

1. Railway 938,7 1796, 9 191, 4

2. Road 11140, 3 12573, 1 112,9

3. Air 1922, 9 3352, 21 174,3

Total 14001, 9 17722, 2 126, 6

* Indicators of the following countries were compared: Azerbaijan, Armenia, Belarus, Great Britain, Germany, Kazakhstan,
Kyrgyzstan, China, Poland, Moldova, USA, Tajikistan, Uzbekistan, Ukraine, France.

restrictions, there will be a rapid recovery of
passenger turnover to the level preceding the
pandemic, and then their growth will continue®.

The rapid recovery of passenger traffic
wherever restrictions have been cancelled
indicates that mobility has become an urgent
need in modern society, and the need to move
has become one of the most important human
needs. And this is no coincidence. Spatial
mobility is an integral element of modernisation
of any society and is closely related to social
mobility [16, pp. 243-244]. It significantly
affects the spread of innovations and economic
growth, increasing the value of human capital
and the welfare of society [18]. That is why
freedom of movement, which is a necessary
condition for high and geographically
differentiated spatial mobility [2, pp. 45-46] is
so important for people.

Spatial mobility has played an important role
in formation and development of human society
[19, pp. 41-44] and economics [18]. However,
its growth was by no means linear. It seems
necessary to focus attention on the non-linear
nature of the change in mobility in the history of

mankind for a deeper understanding of its its
relationship with socio-economic development.

Mobility during the Early Stages of Social
Development

The period of formation of human society
was a period of almost continuous movement of
small groups of gatherers and hunters [16, p. 39].
But the speed of their movement was low — up
to 25-30 km per day [20, p. 27], and the trips
were mainly carried out cyclically over a certain
territory. And very slowly, as a rule, under the
influence of external factors, there was
a migration to other territories, which can be
called «diffusiony. Its average speed, depending
on the historical period and direction of
movement, was estimated from 300-400 meters
to two kilometres per year [21, p. 356; 26].

The subsequent transition to the settled
lifestyle and then to a productive economy,
apparently, was associated with development by
mankind of all territories available for life [18,
p- 54] and was a mechanism for adaptation to
climate change under specific natural conditions
[23; 24].

Table 5

Dynamics of passenger turnover of public transport* in the Russian Federation in the pre-
pandemic period and after the start of the pandemic (2019-2020)

Year Period Passenger turnover, bln | in % to
passenger-km the corresponding period | the previous period
of the last year
2019 I quarter 116, 7 107, 8 93,6
L. 11 quarter 143,0 108, 4 122,5
% III quarter 178, 2 106, 7 124,7
4. IV quarter 132, 6 1006, 4 74, 4
Year as a whole 570, 5 107, 3 -
2020 I quarter 111,2 95,3 83,9
5. 1 quarter 30,3 21,2 27,3
g: 111 quarter 99, 1 55,6 327, 1
3 IV quarter 71,8 54,2 72,5
Year as a whole 312,5 54,8 -

Source: Socio-economic situation in Russia in January-December 2020.Moscow, Rosstat publ., 2020, 376 p. [Electronic
resource]: https://nangs.org/analytics/download/6536_eebada54288ef7abbe5d55eafa67d0f7. Last accessed 03.03.2022.

* Without taking into account urban transport.
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Grain specialisation and narrowing of
resources among settled farmers required an
expansion of exchange to obtain other resources
from other, often remote, regions [24; 25,
pp. 231-232] (in modern conditions, delivery of
goods has also become an alternative to personal
trips for them, which was especially evident
when mobility was limited during the pandemic).

Long-distance transportation of material
goods along water and caravan routes turned into
a specialised activity. People engaged in this
activity moved many hundreds of kilometres [25,
pp. 232-233]. Thus, with a general decrease in
daily mass mobility of people as a result of the
transition to settled life and then to a productive
economy, mobility of material goods and those
who were engaged in their movement increased,
which is an example of the dialectic of mobility.
Moreover, as the economy developed, both the
volume of material goods moved and the range
of their movement increased.

In essence, the transition to settled life did
not mean a renounce to mobility, nor a decrease
in mobility, but a change in its nature: a transition
from mass mobility to specialised mobility,
accompanied by an increase in the range of
travelling. This is an important conclusion,
indicating that already in antiquity, development
required a gualitative increase in mobility.

Spatially highly mobile societies of pastoral
nomads became a «pair» of settled agricultural
societies. A symbiosis arose between settled and
nomadic societies, based on the complementarity
of those types of economic activity in which these
societies specialised, and the development of
exchange between them [24; 25].

After the transition «from an appropriating
to a producing economy», the «role and scale of
migration» increased sharply [16, p. 227], the
nature of which has changed qualitatively
compared to the primitive period. It was no
longer a slow diffusion of small groups of people;
«whole peoples representing a socially and
culturally integrated whole» migrated [16,
p.- 228], which led to significant demographic,
socio-economic and cultural changes.

Thus, at the earliest stages of the history of
human society, spatial mobility played a key role
as an integral element of economic activity and
the very existence of human societies. Then, as
the economy and society changed qualitatively,
the nature of mobility also changed qualitatively
(moreover, the mobility of material goods played
an increasingly important role [18]), while

mobility continued to play a key role in
socioeconomic development.

Increased Mobility and Socio-Economic
Modernisation

The great geographical discoveries of 15%—
17" centuries gave a powerful impetus to the
growth of spatial mobility and became an
important factor in formation of the prerequisites
for the industrial revolution and modernisation
of the economy and society [27; 28, pp. 166—
168]. The key element of this modernisation was
the creation of innovative, mechanical, transport,
driven not by the muscular strength of animals
or people, but by the power of steam, and then
by internal combustion engines and electricity
[29].

Already steam transport created the conditions
for the growth of spatial mobility, facilitating,
accelerating, and reducing the cost of movement
of people and goods over long distances [29; 30;
31, pp. 49-88]. Thus, the growth in passenger
turnover of railways and the corresponding
indicator of population mobility in the Russian
Empire during the period of «modernisation of
Witte—Stolypin» [32] before the First World War
(Table 6) is more than indicative. In 13 years,
passenger turnover had increased by 2,3 times,
i.e., the average annual growth rate had attained
6,6 %. The dynamics of passenger turnover
significantly outstripped the increase in the
population, and the mobility of the population
when travelling by rail increased almost by 1,8
times, and its average annual growth rate attained
4,6 %. It is noteworthy that a serious decline in
the mobility of the population, which occurred
in 1905 under war conditions and during socio-
political upheavals, was fully «recouped» the
very next year, after which the dynamic
population growth continued. The study [18]
revealed a significant positive impact of the
growth of railway mobility of the population on
macroeconomic indicators in the period under
review. The correlation coefficient between the
net national product and the level of population
mobility was 0,896.

Greater spatial mobility provided by
development of the railway network and the
increased availability of rail travelling, including
for people of low income, expanded the
possibilities of individual choice, the search for
better living conditions, including in other
promising regions. Only «in the period from 1906
to 1914, the population of the eastern half of the
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empire grew due to migration by about 2 million
people (about 220000 people annually)» [33,
p. 331], most of whom obtained the opportunity
for a more prosperous life than in their native
places. And this was the result of the synergy of
infrastructure development, construction of the
Trans-Siberian Railway, and institutional
changes in the course of ongoing modernisation
reforms [32; 34].

It is important to note that the powerful
migration flow that rushed to the Trans-Ural
lands, in contrast to the collective migrations of
antiquity, was a totality of individual families
and individuals who made the decision to move
based on personal aspirations and assessments.
Thus, a global trend was revealed in the country,
which was the «migration transition», which
consisted in formation of a new, individual,
model of migration [16, pp. 243-246]. The
growth of spatial mobility in the context of
institutional transformations contributed to the
change in the people themselves, the growth of
the predominant personality reasons, the
implementation of a more active life position.

Railway mobility contributed not only to
development of the eastern regions, but also to
urbanisation, which increased sharply after
a significant increase in the length of Russian
railway network (by more than 12 thousand km),
while the connectivity of the territories of the
European part of the country was achieved in the
1870s, so, the level infrastructure provision of
the population exceeded the critical milestone of
2 km/10 thousand people [34, p. 162]. If in 1869
the urban population (with suburbs) in the
European part of Russia (excluding Poland and
Finland) was 6,2 million people, and its share
was 9,5 %, then by 1914 this number had more
than tripled, up to 19,5 million people, and
amounted to 15,3 % of the total population [35,
p. 839]. This was in line with global trends: in
the whole world, the share of the urban population
at the beginning of 20th century was about 15 %,
while a century earlier it was only slightly more
than 5 % [16; 29].

Urbanisation is a key element of modernisation
of society, characteristic of its different stages
[36, p. 4]. It is important not only for social
progress, but also for economic growth: the share
of the three hundred largest cities in the world in
the world population is about 20 %, while their
contribution to the world GDP is about 50 % [37],
which is ensured due to agglomeration effects
formed thanks particularly to the rational

organisation of transport systems of megacities
and urban agglomerations [38; 5, pp. 229-236].

It is the development of urban and suburban
transport that ensures high spatial mobility of the
population of megacities and agglomerations,
which becomes an everyday character and is an
important factor in obtaining a high return on
human capital concentrated there, which is the
«main element of the wealth of modern societiesy,
exceeding GDP in developed countries by 1011
times, and the value of physical capital by 3,6 to
7 times [39, p. 537].

Due to development of urban transport, its
growing availability and a gradual increase in
traffic speeds, the distance of daily trips in
megacities and agglomerations increased within
the time that individuals consider it possible to
spend on such trips [9, pp. 125-129; 44].

Thus, in a modern urbanised society, there
has been a return to everyday mass mobility
(moreover, daily distances covered are on
average comparable to those covered by
primitive gatherers and hunters), but at
a qualitatively new level provided by modern
transport systems. This is a vivid example of the
dialectic of spatial mobility. Everyday mass
mobility is no longer an instrument of a weakly
specialised appropriating economy, but an
instrument of highly specialised and highly
productive activity. Individuals in a modern
urbanised society are moving not so much to
where there are currently the most resources, but,
first, to where their work skills and competencies
are valued more, and thus there is an opportunity
to increase the return on their human capital. And
just as the growth in the value of transported
goods is the basis for the formation of the value
of the infrastructure and other means of transport
used to move them [41, pp. 133—141;42, pp. 74—
75], the growth in the value of human capital,
achieved through travel, determines the value of
fixed assets of passenger transport.

Prospects for Spatial Mobility

The prospects for spatial mobility of the
population should be considered in the context
of accelerating digital transformation of society,
the economy and transport [43; 44].

Although development of digital interaction
opportunities creates an alternative to physical
movement, the opinion of researchers indicating
that digitalisation contributes to the growth of
spatial mobility of the population, including
through the emergence of new forms of mobility



Table 6

The growth of mobility of the population of the Russian Empire with the account of railway

transportation in the years of pre-war modernisation, 1900-1913

Indicators 1900 | 1901 |[1902 |1903 (1904 |1905 |1906 |[1907 |1908 |1909 |1910 |1911 |1912 |1913
Passenger turnover

of railways: bln

passengerekm 9,7 10,2 [ 10,7 |11,5 1,3 10,3 [11,7 |13,9 [14,6 |[156 |17,2 |185 |20,1 |223
% to the year 1900 |100,0 | 105,2 | 110,3 | 118,6 | 116,5 | 106,2 | 120,6 | 143,3 | 150,5 | 160,8 | 177,3 | 190,7 |207,2 | 229,9
Mobility of the

population when

traveling by rail:

passengerekm/

person 72,9 |756 |78,1 |82,7 |80,1 |71,5 |80,1 |[933 |954 |99.4 |106,8 |112,8 |119,6 |130,4
% to the year 1900 | 100,0 | 103,7 [ 107,1 | 113,4 | 109,9 [ 98,1 |109,9 | 128,0 | 130,9 | 136,4 | 146,5 | 154,7 | 164,1 | 178,9

Source: [18].

based on the relationship of spatial movements
and digital interactions, seems reasonable [45;
46].

Firstly, digital communications make it
possible to keep in touch with relatives and
friends during spatial movements, removing thus
one of the significant barriers to such movements.

Secondly, digitalisation increases the amount
of information about the possibilities of increasing
the efficiency of using the human capital of an
individual, adding its value through spatial
movements, which can stimulate geographic
mobility.

Thirdly, due to digitalisation, «while traveling
by public transport, a person can make purchases
in an online store or solve work tasks» [46,
p- 260], which makes it more acceptable for him
to increase frequency, duration (and hence the
distance) of trips, that is, it stimulates spatial
mobility.

Digitalisation does not replace spatial
mobility, but offers it new goals and routes, fills
it with new content. Spatial-digital mobility is
being formed, which can be interpreted as the
ability to quickly move (including multimodally)
from any point in space to any other point and,
at the same time, implement global digital
communications both at the end points of the
route and throughout its entire length. Provided
that such mobility is ensured, the implementation
of J. Attali’s forecast about an increase in the time
spent on travelling and its saturation with
a variety of types of labour and leisure activities
is quite possible [47]. In practice, this is already
happening.

It should be noted that the opportunity, thanks
to digital technologies, to spend time in transport
usefully does not reduce people’s desire to speed
up travel. This is evidenced by the above statistics

Vi CILC! ) = e d | IVdy vl

and introspective understanding. In the context
of digitalisation, people are ready to travel more
often and further (if it brings them adequate
benefits), but for each specific trip they prefer
a faster option (of course, taking into account
cost and comfort).

Based on the foregoing, to ensure spatial and
digital mobility of the population, transport
systems should:

* Allow high speed travel.

* Be flexible and multimodal, allowing
comfortable, fast, and reliable movement «from
door to door».

* Be fully integrated with digital systems so
that a person does not «fall out» of the digital
space during the trip.

From the point of view of the latter criterion,
high-speed land transport has significant
advantages over aviation.

It should be noted that among the goals of
development of the transport system of our
country until 2030 and for the forecast period
until 2035, both the increase in the mobility of
the population and the digital transformation of
the industry are provided® [14, p. 80]. At the same
time, even according to the conservative
scenario, a high dynamic of the transport mobility
of the population is predicted (Table 7), and
according to a more ambitious scenario, which
is considered as a baseline, the conservative level

Table 7
Target indicators for increasing the
transport mobility of the population
(including trips by private car) to the level
of the base year, 2019 (%)?

2030 2035
Conservative scenario 153,5 165,1
Base scenario 165,1 181,4
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instead of 2035 should be reached as early as in
2030, after which the mobility will continue to
grow quite dynamically.

According to the conservative scenario, the
average annual growth in the transport mobility
of the population is to be 3,2 %, and according
to the baseline — 3,8 %, which is comparable to
the dynamics of railway mobility at the beginning
of the last century. This indicates that the level
of spatial mobility of the population achieved in
the course of a long-term modernisation of
society, of the economy and of transport is by no
means the limit, and its dynamic increase will
continue.

Thus, the growth of spatial mobility of the
population is of a long-term nature, which is
a serious challenge for transport, the answer to
which should be based on innovative solutions
and the creation of a wide range of alternative
options to meet the demand for travel, which
have high socio-economic prospects [48; 49].

CONCLUSION

The rise and development of human society
is inextricably linked with spatial mobility and
its growth. At the same time, the growth of
mobility has not been a linear process. Rather, it
can be interpreted within the framework of the
well-known dialectical triad: «thesis — antithesis —
synthesis».

The early stages of social development, under
the conditions of an appropriating pre-agrarian
economy, were characterised by mass everyday
mobility at low speeds and short travel distances.

The formation of a productive economy was
preceded by a transition to settled life, but
implementation of productive economy required

a partial replacement of the spatial mobility of
people by spatial mobility of material goods with
asimultaneous increase in the range of movements
and their transformation into a specialised
activity.

And, finally, the modern modernised and
urbanised society, which is the result of many
thousands of years of development of the
productive economy and transport, which
allowed humanity to enter the era of modern
economic growth [18; 28], based on a qualitatively
new level of both technical, technological and
socio-economic developments, has achieved
a synthesis of everyday mass mobility over
relatively short distances with long-distance
movements of both people and material goods,
and the intensity, range and speed of the mobility
has reached historically unprecedented levels.

Thus, humanity moved non-linearly towards
modern high spatial mobility. It was a roundabout
way or a detour, at different stages of which
mobility changed not only quantitatively, but also
qualitatively, but its role for economic activity
and social life has always been high. At the same
time, the achieved level of spatial mobility is by
no means the limit. Deepening the modernisation
of the society requires further growth in mobility,
which, in turn, needs to accelerate the innovative
development of transport.
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ABSTRACT

The article considers the issue of estimating rigidity of the
longitudinal flange joint of prefabricated tunnel linings with tensile
bonding. Rigidity of flange joints affects correctness of estimation of
predicted forces in tunnel linings. The tunnel design standards indicate
the need to consider rigidity of joints of segments of prefabricated
tunnel linings when calculating the forces in the load-carrying
structures, however, the question of estimating the magnitude of the
rigidity and methods for accounting for it remains open.

The objective of the research is to study design assumptions
and to reveal some results of estimation of rigidity of ordinary bolted
Jjoints of segments of prefabricated tunnel linings, as well as the effect
of the rigidiity on the forces in tunnel linings. The issue is relevant
when performing checking calculations of existing structures and
when designing new linings with rigid bolted joints and other tensile
bonding elements.

The article provides an analytical solution of the problem based
on the compatibility of deformations of prefabricated elements, and
shows the dependences obtained of the angle of mutual rotation of
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rigid segments of tunnel lining on bending moments, longitudinal
forces, and geometric dimensions of lining elements. The correctness
of the conclusions was verified by a series of numerical experiments
resulted in building of refined curves of the dependences of the same
parameters, and in estimation of the spatial operation of cast-iron
tubing in the contact area.

Solving the contact and physically nonlinear problem of operation
of a flange joint of cast-iron tubing with tensile bonding has allowed
to identify at the beginning a set of linear deformations of functions
of the dependence of the angle of rotation of the segments on the
forces acting in them for a specific configuration of elements. A
technique for applying the research results for modelling tunnel linings
as a plane problem in the GTS NX environment is disclosed.
Comparative modelling of the same type of test tasks for operation
of annular tunnel linings showed that under various soil conditions,
with introduction of joint rigidity parameters, an increase in bending
moments up to 8 % is observed in the linings while longitudinal forces
remain practically unchanged.
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INTRODUCTION

Features of modelling the operation of cast-
iron linings with tensile bonding between tubing
suppose considering the location and size of
initial gaps in joints and the compliance of joints.
This circumstance is considered in the
requirements of clause 5.6.5 of SP
122.13330.2012%, concerning calculations of
structures for the so-called first group of limit
states. The values of joint compliance are usually
determined by the so-called joint moments, upon
reaching which the stiffness of the joint passes
into the plastic stage [1-3]. However, the
scientific literature on the design and calculation
of tunnels [4; 5], does not clearly indicate what
the rigidity of a standard flanged bolted joint
should be before the transition of the joint into
a plastic hinge and what dependencies are
characteristic of this rigidity. At the same time,
modern tunnel design methods have plenty of
opportunities to clarify the nature of operation
of cast iron tubing and other tunnel linings with
tensile bonding in flange joints. The topic is
especially relevant when performing checking
calculations of existing tunnel linings.

A significant amount of research on the effect
of joint rigidity by numerical methods has been
carried out in [6; 7], that contain comparative
calculations of forces in prefabricated tunnel
linings depending on the obtained rigidity
coefficients. As rigidity coefficients, the authors
understand the ratio of deformative properties of
joints of lining segments with a specified rigidity
to deformative properties of the segments of
prefabricated linings themselves. These works
note a change in the forces in prefabricated,
however, they recommend considering the

! SP [Code of Rules] 122.13330.2012 Railway and road
tunnels. Updated version of SNiP [Construction standards
and rules] 32-04-97 (with Amendments No. 1, 2).

rigidity rates as constant, regardless of the forces
in the elements. The authors of [8; 9] studied also
estimates of the rigidity of flanged joints under
rock pressure and seismic effects.

The objective of the research is to study
design assumptions and reveal some results of
estimation of rigidity of ordinary bolted
connections of segments of prefabricated tunnel
linings, as well as the effect of the rigidity on the
forces in tunnel linings. The research has been
based on analytical and experimental methods
and computer modelling.

RESULTS

Tubing is cast product made of grey cast iron
(gray iron) with a «back», four sides and
stiffeners (stiffening ribs). Sections of tubing are
connected to each other in the direction transverse
to the axis of the tunnel, as a rule, by four bolts
made of ordinary steel with a diameter of
20-45 mm. The cross-connection of two tubing
sections is shown in Pic. 1. The paper considers
the node of the flange (transverse) connection,
although the design of tubing linings also
provides for longitudinal connection of the rings
to each other (horizontal bracing). Horizontal
bracing can also be involved in operation of
load-bearing structures, but subject to significant
deformations of the linings, which turn the load-
bearing structures into a pipe lying on an elastic
foundation [10; 11].

Static calculations of linings, which consist
in estimating the force acting in load-bearing
structures of lining, are carried out using the
methods of structural mechanics and continuum
mechanics [12; 13]. The calculation methods
described in the literature are based on considering
operation of the lining both in the elastic stage
and regarding linear rigidity of the flange joints
[14; 15]. In fact, the connection of elements is

Pic. 1. 3D model of the transverse joint of cast-iron tubing [developed by the authors].
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neither absolutely rigid nor linearly elastic,
especially in the absence of bracing of longitudinal
joints or in case of small longitudinal
deformations. In this situation, due to the
deflection of the end walls and elongation of the
bolt connections, the joints between the tubing
sections open.

For the first group of limit states, the limit
values of the forces N, are determined through
the standard resistance of the bolted steel R, ,
taking into account the uniformity coefficient &
[16]:

N,=A R, n/k (1

When the joint is opened from the inside,
a collapse zone is formed at the rounding of the
end of the tubing, through which the normal force
N and the force in the bolts N, of the most stressed
inner row are transmitted. The height of the

collapse zone is:
N+N,
X =
bR’

2

where x is the height of the collapse zone;
b — the width of a lining element;
R - design strength of the lining material.
Moment in plastic hinge:

M;:N[al—gj+Nb(a2—§), 3)

where a, ,—the distance from the point of mutual
rotation to the row of bolts shown in Pic. 2.

As aresult, there is a redistribution of forces
in the lining with an increase in its bearing
capacity. The limit state regarding the opening
of the joints occurs much earlier than the limit
state of the strength of the joints.

If the moment at the joint is M < M% , then

the calculation is performed for the elastic stage,

and if M >M% then a plastic hinge emerges.

The elastic behaviour is implied dictated not by
the bending rigidity of the tubing, but by the
rigidity of the bolted joint at the joint of the
tubing.

In the case of the action of negative moments,
the collapse zone is formed at the groove, that
is, on the most compliant end surface of the
tubing. When calculating the height of the
collapse zone, it is not the full width that is
entered, but the sum of sufficiently rigid sections
through which the force is transmitted:

b, = 2+(b,+9),
where b, is annular rib thickness;
0 —end wall thickness.
The force per one bolt of the inner row:

4)

N :i.w.(%_,),

2 2 5
m(a,-r) +(a,-r) )

where r —rounding radius on the face of the lining
element.

The solution of equations (1)—(5), based on
the analysis of the limit state, are given in the
literature on the design of tunnels [2; 16].

To determine rigidity of a bolted joint, let us
consider the deformation scheme of the joint of
a cast-iron tubing, shown in Pic. 2. The sum of
the moments of the forces acting at the joint when
turning around the point O or around the points
located along the radius of the edge of the tubing,
allows drawing up an equation for the balance
of forces:

M = Nea, + (N,*a,+N,*a,). (6)

When the joint opens under the action of
forces, each bolt (a pair of bolts located in the
same row) will receive an increment in length J,
which can be associated with the angle of rotation
a, expressed in radians, by the dependencies:
0,,=0%a,, @)

Hooke’s law, which determines the classical
dependencies of the relative deformations of
bolts ¢ with tensile forces in them is:
Ny, =& B0, ®)
where E, — modulus of elasticity of steel of
which bolts are made;

A,, , — total area of bolts located in one row.

From the definition of relative strain and
according to Pic. 2 it follows that:

S
= )

Substituting (7)—(9) into (6), one can obtain
the equation for the dependence of the bending
moment at the joint and the angle of rotation of
the joint around the edge of the tubing:

M=Nay + ’f o Aya? + 4,02, (10)
b
If the areas of all four bolts in the joint are
the same and equal to A,, then equation (10) can
be rewritten as:
M = NeaN + kea, (11)

where k=44, T”’(ﬂf +a}) is coefficient of linear
b

rigidity of the joint.

Given the limiting values of relative
deformations, it is possible to determine the
limiting angle of rotation of the joint. The
moment of the limit state in terms of the angle
of rotation during the formation of a plastic hinge
will be the moment when the deformation in the



Pic. 2. Joint deformation scheme [developed by the authors].

bolt (row of bolts) farthest from the pivot point
&, reaches the limit ¢, :
Wi = Ejim % 5 (12)
and the angle of rotation itself will linearly
depend on the forces acting at the joint and the
geometry of the connection, until in one of the
rows of bolts their material passes into the plastic
stage:
g M-Nay (13)
k

Linear dependence (11) is maintained until
the bending moment reaches the moment of
transition to the initial plastic stage M — M,
with the angle of rotation @ — a’. In equation
(10), the relative deformation of the bolt farthest
from the turning point ¢, transforms into a yield
plastic zone ¢ — ¢,. In this case, it is assumed
that the material of the bolts acts as an elastic-
plastic material according to the bilinear Prandtl
diagram. The moment of transition is defined as:

M'=N-aN+b;”"-sT(Abl-af+Ab2'azz), (14)
and the angle will be equal to:

Ly
o =ZST , (15)

With a further increase in the moment M >
M, the stress in the bolts of the far row does not
change, and the overall rigidity of the bolted
connection decreases:

M = Nea, +ak’+m_,, (16)

, E . . .
where & :T“°Ab1°a12— coefficient of inelastic
b

stiffness of the joint;

Mg = &,°E, *4,,°a, — residual moment.

Pic. 3 shows a graph demonstrating the
dependence of the angle of rotation of the joint
on the magnitude of the bending moment, taking
into account equations (10), (14) and (16). If the
unloading of the joint is allowed from the
moment M’> M >M _, then the residual angle of
rotation o can be observed in the joint,
determined by the residual moment and the
rigidity of the bolts of the first row closest to the
turning point:

Gy =g (17)
* A/)l : al

lb

Thus, analytical dependences of rigidity of
joints and the magnitude of the forces acting in
the joint were obtained for correct modelling of
rigidity of a connection joint with tensile bonding
in prefabricated tunnel linings. The overall
rigidity of the lining is formed not so much by
the bending rigidity of the cast-iron tubing or
reinforced concrete block, but by much less rigid
joints, in comparison with which the bending of
the lining element can be neglected.

These dependencies in the form of functions
o(N, M) can be used directly in finite element
analysis computational programs, or taking into
account the refined methodology. Let us
consider an example of this problem, solved by
the finite element method, taking into account
the physical nonlinearity of materials and
contact nonlinearity.

The joint of two sections of cast-iron tubing
with a bolted connection, modelled in the midas
FEA environment is shown in Pic. 4. The Table 1
shows the characteristics of the materials in the
model. The contact problem is formed by the
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Pic. 3. Graph of the dependence of the angle of rotation of the joint on the moment [developed by the authors].

Table 1

Materials of the joint model [compiled by the authors according
to the data of SP.16.13330.2017%]

Elements Material Model of the material Parameters of the model
Tubing Grey cast iron von Mises model E =100 hPa
SCh-20-40 v=0,1
6.~ 200 MPa
Bolts St3 von Mises model E =206 hPa
v=0,2
0,10 = 245 MPa
A, =13,85cm’

* SP[Code of Rules] 16.13330.2017. Steel structures. Updated edition of SNiP [Construction standards and rules] 11-23-81*

(with Amendments No. 1, 2, 3).

Pic. 4. General view of the model of the joint of sections of tubing [developed by the authors].

standard surface-to-surface contact method with
a static friction coefficient of 0,4.

The loadings of the model are taken as
positive and negative gradually increasing
moments with different longitudinal compressive
forces from 0 to 3000 kN with a step of 500 kN.
The forces are applied to the ends of the
computational domain of the model evenly over
the entire surface area by connecting the nodes
with a rigid insert.

The results of the modelling show the
dependence of the angle of rotation of two tubing

sections relative to each other, the stresses in the
bolts, the change in the contact area of the tubing
sections on the moments acting on the tubing.
Under the action of positive moments that
open the gap between the tubing sections from
inside the tunnel, a plastic hinge is formed when
the design resistance of the bolts in both rows is
reached. Pic. 5a shows the change in stresses in
the bolts of each row and the increase in the angle
of mutual rotation of tubing sections. As an
example, graphs are given at zero longitudinal
force. Upon reaching a moment of 200 kNm, the
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Pic. 5. Deformability of the joint (a - in the absence of a longitudinal force; b - in the presence of a compressive longitudinal force)
[developed by the authors].

joint deforms linearly; then first in the far row,
and then in the row closest to the turning point,
the bolt material passes into the plastic stage and
the increase in the angle of rotation increases
according to a pronounced exponential law.

In the presence of longitudinal forces, the
value of the joint moment Ms¢ increases, and the
stress distribution in the bolts changes. Pic. 5b
shows graphs of the angle of rotation and stresses
in the bolts under the action of negative moments
that open the joint from the side of the rock.
A significant part of the graph up to the moment
when plastic deformation begins to occur in the
far row of bolts is also linear.

Numerical modelling of joints gives a similar
result as compared with the analytical solutions
presented in Pic. 3. There are some differences
in the «flatness» of the behaviour, which is due
to the assumption on a single and rigidly defined
point of mutual rotation of the tubing sections.
The numerical solution shows that in the
presence of a longitudinal compressive force,
the contact area of tubing sections is distributed
unevenly. The spatial rigidity is such that the
area between the longitudinal ribs of the tubing
sections is out of contact during axial
compression, and the contact tends to the ribs
and the back of the elements, as shown in Pic. 6.

With an increase in bending moments, the
contact area migrates to the back, towards the
point O in the scheme in Pic. 2, and the force
transmitted through the contact increases.
A similar picture is observed with application
of negative moments when the contact area is
located along the longitudinal ribs of tubing
sections.

The dependence of the joint rigidity on the
longitudinal force and moment according to the
results of a numerical experiment is shown in
Pic. 7. Within the limits of linear deformations
of the bolts, the difference in rigidity is
insignificant, i.e., the rigidity of the joints is
practically independent of the magnitude of the
longitudinal force. Longitudinal forces affect the
magnitude of joint moments, as well as rigidity
of the joints at significant bending moments
approaching the joint moments.

Let us consider the linear parts of rigidity,
since the main forces in the lining of tunnels fall
on the elastic deformations of the structures.
Within the range of the moments 0of 200400 kNm,
it seems possible to determine the linear functions
of the rotation angles a(N, M), as:

o(N) = a*M + b, (18)
where a and b — approximation coefficients, given
in Table 2.
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Pic. 6. Migration of the contact area in the joint with an increase in moment [developed by the authors].

Pic. 7. Rigidity of the joint under various longitudinal forces [developed by the authors].

The parameter a, which from equation (11)
has the physical meaning of the linear rigidity,
varies in the range -25 % ... +6 % as the force
increases. When calculating the lining of tunnels,
complete absence of longitudinal forces is quite
rare, therefore, starting from a force of 500 kN,
the range of variation is -10 % ... +6 %, which
is within the engineering error of calculating the
load carrying structures of tunnels.

The following conclusions can be drawn from
this research:

1) rigidity of bolted longitudinal joints with
tension bonding slightly depends on the
magnitude of the longitudinal force in the joint;

2) within certain limits, the rigidity does not
change, and the angle of rotation of the lining
elements relative to each other changes linearly
depending on the magnitude of the moment in
the joint area;

3) with the emergence of plastic deformations
in the bolts, the rigidity of the joint drops, and
continues to decrease with increase in the
moment;

4) the value of the joint moment is determined
by the appearance of plastic deformations in the
bolts, and the limiting value of the angle of
rotation of the elements of the lining is determined
by the limiting deformation of the connection
furthest from the point of turning of the bolts.

Let’s carry out test calculations of the tunnel
lining, consisting of cast-iron tubing, using the
obtained dependencies. The objective of the
calculations is to determine the change in internal
forces in the lining without considering rigidity
of the joints of the lining elements and considering
this rigidity. The calculation is performed as
a plane problem in the GTS NX finite element
modelling environment for geotechnical
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Pic. 8. Linear approximations of rigidity (a — in the absence of a longitudinal force; b - with a compressive force of 3000 kN)
[developed by the authors].

Table 2

Parameters of linear approximation of rigidity according to the formula (17)
|developed by the authors]

Longitudinal compressive ael0’ bel10* Determination coefficient R?
force N

0 2,368 0 0,986

500 1,781 3,291 0,99

1000 1,892 10 0,963

1500 1,804 4,832 0,965

2000 1,629 14,55 0,968

2500 1,654 18 0,963

3000 1,587 20,32 0,948

structures. The lining is made of cast-iron tubing
sections with an internal diameter of 7,78 m; the
location of the tubing joints is shown in Pic. 9.

The soils surrounding the lining are modelled
using an isotropic Hardening Soil (HS) model
implemented in the GTS NX environment. The
model accurately describes the behaviour of the
soil during excavation of soil, during construction
of retaining walls and tunnelling, accompanied
by a decrease in the average effective stress and,
at the same time, by mobilisation of rock shear
resistance [17; 18].

Ddld! SRLIMOTEYAVI S diNdgdodir 4 dIMIARRI]IC

gSIWITIA ENSTIEIHONTUINT

As an example, for the test task, we will
take the physical and mechanical properties
of soils of three types, given in Table 3. The
computational area of the model has
dimensions of 100 x 100 m. In the centre,
there is a ring retaining the soil mass, which
has rigidity of a ring made of cast-iron tubing
0,75 m wide. The calculation is performed in
two stages:

1) The initial stage for determining the earth
pressure and the initial displacements of the soil
mass.

Prerapricated il e
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Pic. 9. Railway tunnel lining design and FE model [developed by the authors].

Pic. 10. Properties of an inelastic hinge [screenshot of the GTS NX software window
made during simulation process according to authors’ model].

2) The second stage, at which the soil is
excavated, and the hole is immediately reinforced
with a lining. The interface elements of the soil-
lining contact were not used.

The view of the finite element model is shown
in Pic. 9. The introduction of rigidity of the joints
is carried out by assigning a hinge to the node of
the finite element of the lining, which has the
properties of deformability, as shown in Pic. 7 or
according to the linear equation (18). The rigidity
of the joint is modelled by the Beam—Lumped
property («Beam—lumped hinge»). The inelastic
behaviour is described by skeletal curves, which
are empirical hysteresis models. Longitudinal
rigidity is represented by a spring in the centre of
the element, and bending rigidity is represented
by springs at the ends of the elements and is
described by force-displacement dependencies.

In calculations, it is possible to use the
following types of dependences or types of
hysteresis models:

— Origin-oriented dependence: reaction
points under initial loading and unloading move

along a three-linear skeletal curve. This model
is used in test calculations.

— Itis possible to use other models for further
research: Peck, Kinematic, Takeda models, and
others.

According to the GTS NX manual? 3, the
properties of inelastic behaviour are specified in
the Yield Function in the form of a positive
branch of dependences of the angle of rotation
Curvature (rad/m) on the moment Force (KNem)
(Pic. 10). The behaviour at negative moment is
calculated automatically. In the process of testing
the operation of the function in the GTS NX 2019
v1.2 version on simple models, it was found that
when assigning the properties of an inelastic
hinge in a plane problem, it is desirable to
indicate the direction of the degree of freedom

2 Benchmarks & Verifications Manuals. Chapter 3.
Material Nonlinearity. MIDAS IT Co,. Ltd. [Electronic
resource]: https://globalsupport.midasuser.com/helpdesk/
File/Get/3848666. Last accessed 28.02.2022.

¥ GTS NX On-line Manual. Help when working with the
program.



Table 3

Physical and mechanical characteristics of soils when using the HS model
[compiled by the authors according to the data of [18]]
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Condition No. 1. 21,4 12 10,5 36 0,35 0,5 0,642 20 21
Silty sandy loam
Condition No. 2. 15,2 26 19 110 0,3 0,8 0,426 1,0 35
Sand
Condition No. 3. 22,5 305 191 610 0,2 0,65 0,609 125 23
Dense clays

of the hinge R and the 1&J components in the
Hinge location component field.

The results of comparative modelling are
presented in the form of displacements of the
tunnel lining, longitudinal forces and bending
moments in it, as shown in Pic. 11 for soil
conditions No. 1 (silty sandy loam). For the
models that take into account rigidity of joints,
the properties of inelastic behaviour are
introduced at the locations of the joints of the
tubing; the models that do not consider rigidity

are completely identical to the first ones do not
introduce the inelastic behaviour of the joints.
Comparative modelling has shown that under
various soil conditions accounting for rigidity of
joints has little effect on total displacement of the
linings and the longitudinal forces in them. The
main influence is observed in the magnitude of
the bending moments, where the presence of
inelastic elements with the behaviour of the joint
with tension bonding increases the bending
moments by 2,2-8,4 %. A more pronounced

Table 4
Results of comparative test calculations [compiled by the authors]
Results Displacements, mm Longitudinal forces, kN Moments, kKNm
Soil Rigidity of In the crown | In the wall | In the In the wall In the In the wall
conditions | joints crown crown
Cond. No. 1 | Considered 77,27 51,05 -2216,4 -3279,6 -507,2 +460,1
Not 76,98 51,09 -2217,0 -3279,8 -496,1 +447.,4
considered
Difference 0,4 % -0,1 % 0,0 % 0,0 % 2,2 % 2,8 %
Cond. No. 2 | Considered 16,07 10,8 -1208,6 -2142,2 -155,2 +142,3
Not 16,29 10,85 -1211,5 -2139,8 -144.9 +132,4
considered
Difference -1,4 % -0,5 % -0,2 % 0,1 % 6,6 % 7,0 %
Cond. No. 3 | Considered 33,40 24,47 -1670,0 -3092,1 -106,9 +105,1
Not 33,45 24,48 -1670,1 -3091,1 -98,3 +96,3
considered
Difference -0,1 % 0,0 % 0,0 % 0,0 % 8,0 % 8,4 %

1) o D
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When accounting for rigidity of joints

When accounting for rigidity of joints

Total displacements

Longitudinal forces, kN

Moments, KNm

Pic. 11. Results of comparative calculations under soil conditions No. 1 [developed by the authors during simulation].

influence is observed at a smaller value of the
moments in dense clays.

CONCLUSIONS

Modern methods of calculation of
prefabricated tunnel linings, structurally having
tensile bonding in the joints, make it possible
to consider the bending rigidity of transverse
joints when determining the forces. Rigidity
equations for this joint have been analytically
derived depending on the magnitude of the
bending moment, longitudinal force, location
and steel grade of the bolts, and joint geometry.

The resulting three-linear function describes the
dependence of the angle of mutual rotation of
the lining elements on the magnitude of the
acting forces and shows three main stages of
rigidity reduction. The first stage consists in the
linear behaviour of all elements and the initial
rigidity of the joint. The second stage emerges
when the yield limit of the material of the row
of bolts farthest from the centre of rotation is
reached, characterised by a decrease in rigidity
and a residual angle of rotation during unloading.
The third stage is the emergence of a plastic
hinge.



These considerations have been verified by
modelling the joint of two cast-iron tubing
sections. The nature of the dependences obtained
coincides with the analytical solution.
Additionally, linear rigidity equations were
obtained for the initial stages of loading the
joints, where it is shown that the effect of the
longitudinal force on rigidity is rather weak due
to the spatial contact areca between tubing
sections. Graphs of inelastic behaviour based on
the results of finite element modelling are
introduced as functions for test calculations of
tunnel linings.

Comparative calculations of linings with and
without accounting for rigidity of joints, all other
elements being equal, showed that accounting
for rigidity of joints results in an increase in
bending moments in the linings by up to 8,4 %
under certain soil conditions. At the same time,
different soil conditions affect the forces in
different ways; in denser soils, the influence of
the presence of joints in the calculations
increases.

Thus, the proposed approach makes it
possible to obtain a more accurate picture of
assessment of the stress-strain state of
prefabricated tunnel linings with tensile bonding.
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ABSTRACT

High-frequency vibrations resulting from many factors under loads
existing in the wheel-rail system have a huge impact on the structure
and properties of rail steel: there are significant contact stresses in the
surface layer that affect strength characteristics and overall fatigue of
the railway track structure. Such an impact results, in particular, in the
formation of the so-called White Layer (WL): a hardened layer on the
surface of the base material, resistant to chemical etching, and having
high hardness (above 1000 HV) and brittleness.

The objective of the research was to study the features of the
formation mechanism, as well as the properties of the white layer
formed on the metal surface using an integrated approach, namely,
of destructive testing methods, electron microscopy, XRD,
metallography, and microhardness measurements.

The reliability of experimental studies is due to the use of
standardised test methods, developed methods of destructive and

non-destructive testing in the main areas, the involvement of an
accredited and certified laboratory, which makes it possible to fulfill
in full the tasks set with appropriate quality.

The results of the research allowed to present an analysis of
the white layer, the formation of which took place in high-carbon
M76 rail steel after cyclic tests with a 20 kHz frequency. The
morphology, phase composition, and microhardness of these
inclusions have been studied in detail in comparison with the base
metal. It is shown that the white layer is highly dispersed, pearlite-
like, featureless inclusions of a ferrite-cementite structure, while
their microhardness is 3—4 times higher than the original steel and
is of 1000-1200 HV. A possible explication of a mechanism of the
formation of a white layer is suggested: crushing of ferrite and
cementite, which are part of pearlite, without intermediate phase
transformations.

Keywords: railways, high carbon steel, high frequency vibrations, cyclic tests, white layer, microstructure, microhardness, diffractogram,

diffraction pattern, pearlite structure, rails.
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INTRODUCTION

Nowadays, railways are one of the most
dynamically developing transport industries
worldwide due to relatively low air pollution per
passenger as compared to cars and high velocities
attainable by modern trains. Movement speed of
railway transport is continuously increasing. If
velocity of 300-350 km/h has been considered
as high speed recently, now high-speed trains in
some countries can move at 600 km/h, while on
Russian railways the highest speed is 400 km/h.
Unfortunately, the higher is train speed, the
higher are the vibrations and noise associated
with it that are considerable even at ordinary
railways[ 1-6] and may reach the ultrasonic level
[7]. Main source of the high-frequency vibrations
is the wheel impact at junctions and irregularities
of rails (such as roughness, waving, etc.) that
respectively may have different origins. The
impact and frequency spectrum may correspond
to the ultrasound range 10-50 kHz.

The nature of the influence of the ultrasonic
vibrations on the structure and properties of rail
steel is a topical issue studied by many researchers
worldwide [8—12]. It was revealed that the
process of demolition as well as mechanical
characteristics of the object exposed to ultrasonic
vibrations are distinct from standard conditions.

According to[13], emergency derailment of
high-speed trains in Germany and England were
caused by 10° cycles of stress accumulated in
a wheel due to irregular surface of the rails
(roughness). Preliminary tests showed that high
frequency vibrations occurring under such loads
in a «wheel-rail» system impact heavily on
structure and properties of the rail steel. There
appear considerable contact stresses in the
surface layer affedting mechanical characteristics
and total fatigue of the framework. Particularly,
such an exposure leads to formation of the
so-called white layer (WL), which is
a strengthened layer on the surface of the main
material characterised by higher resistance to
chemical etching, increased hardness (above
1000 HV) and brittleness [14—19].

White layer is considered as a nanocrystalline
martensite [14]. It is still arguable, whether
largely distorted but still crystalline austenite
yields martensite or it is the result of crystallisation
of absolutely structurally degenerate (amorphous)
material. Authors in [15-17] claim that WL
formation is preceded by mechanical and thermal
treatment as well as by other operations of tool
manufacturing from carbon alloyed hardened

steel, high-strength cast iron, and from other
alloys. WL structure consists of fine martensite
needles, residual austenite, and sometimes
contain low-sized carbides with the wear-
resistance of WL increasing with carbon content
in it.

According to the authors of [ 18—19] the most
frequent cause of WL formation is mechanical
treatment. When temperature near the treated
surface exceeds the temperature of o—y transition,
martensite formed via friction can give rise to
WL observed in the microstructure. Paper [18]
reports on WL hardness ranging at 12,85 +
0,80 GPa that is considerably higher than in
untempered martensite obtained under various
thermal treatment conditions. WL grain size was
shown to lie within submicron scale spanning
from 30 to 500 nm. These two WL characteristics
make it distinguishable from a plethora of
structures formed in steels by thermal treatment.

WL was found on the surface of railway rails
as reported in [20]. Two samples of rails of high-
speed railway were object of research. They were
produced by the means of hot rolling followed by
cooling in air from respectively S54 (0,6-0,8 wt.%
C, 0,8-1,3 wt.% Mn) and UIC60 (0,55-0,75 wt.%
C, 1,3-1,7 wt.% Mn) steels. Total load on the first
and second rails was 3.810° and 360e10° tons,
respectively. Hardness of the surface layer was
revealed to increase to 10—12 GPa due to ultrafine
structure along with solid-solution and disperse
strengthening mechanisms. Both cases yielded
layered structure, namely, WL consisting of
ultrafine ferrite (mean grain size ~200 nm)
structure and cementite with low- and high-angle
grain boundary misorientation; deformed perlite
was also present. There are morphological changes
of cementite in WL: fragmentation of carbide’s
platelets down to fine particles and partial
dissolution of Fe,C.

Industrial high carbon (1,0 wt.% C) steel was
chosen as an object for study in the paper [21].
WL was formed after shock tests with falling
steel balls due to large heat dissipated on contact
and severe plastic deformation, which yielded
temperature high enough for austenite-martensite
phase transition on one hand, and formation of
new austenite grains at heating of martensite
phase in the field of austenite phase on the other.
Finely dispersed martensite featuring intensive
deformation was clearly observed on a microscale.
Nanosized equiaxial grains were found inside
WL. Distorted regions exhibit a transition from
plastically deformed grains to recrystallised
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structure with round-shape finely dispersed
grains.

The objective of this research is to study
formation mechanism and properties of white
layer occurring on rail steel as a result of high
frequency vibrations

METHODS

The research was conducted through an
integrated approach, using, namely, destructive
testing methods, electron microscopy, XRD,
metallography, and microhardness measurements.

To achieve the objective of the research, the
following methods were, particularly used:

* A method of accelerated high-frequency
tests, which, on the one hand, simulates real
operating conditions: simulation of high-
frequency vibrations that occur in the wheel-rail
system during train movement; and makes it
possible to obtain the durability characteristics
of the materials under study ten times faster than
standard method. The originality of the proposed
method lies in the fact that there is no generally
accepted method of high-frequency testing,
which makes it unique.

* A method of comprehensive structural
analysis is based on electron microscopy, phase
analysis, metallographic and mechanical studies,
which allow to fully assess the structural state of
the material, identify the places of possible
destruction, the centres of destruction and its
causes. The originality of the proposed method
lies in comprehensive assessment of the structure
and identification of factors that precede
destruction, which makes it possible to conduct
research at various stages of operation of the
elements of the track superstructure.

These studies are conducted at the facilities
of a testing laboratory accredited and certified in
the systems of the Federal Service for
Environmental, Technological, and Nuclear
Supervision, Federal Service for Accreditation
(National accrediation system), Russian Maritime
Register of Shipping, which ensures the quality
of the work performed.

EXPERIMENTS

Samples made of M 76 rail steel were selected
as objects of study. The first object: «Rail No. 1»,
type R65, heat strengthened of T1 category. It
was relaid from the straight track of the main line
of Bakovka—Odintsovka section (Moscow
region) to the receiving and departure track.
Accumulated tonnage passed by it is of

600 million gross tons. Second object: «Rail No.
2», type R65, heat strengthened by DT350
process, accumulated tonnage passed by it is of
400 million gross tons. It was removed from the
second main track of Dolgoprudny—Lobnya
section (Moscow region). The chemical
composition of M76 rail steel samples is shown
in Table 1.

Fatigue tests were carried out using Shimadzu
USF-2000 ultrasonic device at 20 kHz frequency.
Sandglass-shaped samples were prepared for
fatigue tests with the help of a metal turning lathe
as shown in Pic. la.

High-frequency load experiments revealed
white layer on the samples. Samples
(microsections) were prepared for metallography
by etching via dipping them for 4-5 min into the
mixture of 2 vol.% salicylic acid and 70 vol.%
ethanol.

The microstructures of the samples were
analysed with an Eclipse MA200 (Nikon, Japan)
inverted metallurgical microscope, and Ultra Plus
(Carl Zeiss, Germany) scanning electron
microscope The phase composition was studied
by X-ray diffraction (XRD) using an Bruker D§
Advance diffractometer (CuKa, 2°< 20 < 90°),
ICDD PDF2-2004 database, and CMPR software
[22]. Mechanical characteristics of the samples
were studied with an automatic HMV-G-FA-D
(Shimadzu, Japan) microhardness tester.

The validity of experimental studies is due to
the use of standardised testing methods as well
as of specially developed methods of destructive
and non-destructive testing for the main testing
areas, the use of facilities of an accredited and
certified laboratory, which has made it possible
to execute the taks set in full and with appropriate
quality.

RESULTS AND DISCUSSION
Features of Composition and
Microstructure of White Layer in High
Carbon Steel

Conducted experiments showed that fatigue
endurance tends constantly to reduce at high-
frequency load tests. Fatigue characteristics
values of the studied M76 steel samples are in
the same range and change in the same way.
Fatigue endurance was found to be equal (around
700 MPa) for both samples in the VHCF region.

Despite fairly specific impact of high-
frequency vibrations, fatigue phenomena
occurring during this kind of tests, at rather
high values and durations of loads are the same



Pic. 1. The external view of the rail with a working part dedicated for high-frequency testing (a), the process of high-frequency testing (b)
(insert - view of the tested sample) [photos made by the authors].

Table 1

Chemical composition of M76 rail steel turnings [data obtained by the authors]

Element content, wt. %

Fe C Co Cr Cu

Mn Ni P S Si \Y

Rail No. 1 Base 0,745 10,016 0,076 |0,125

0,83 0,075 10,013 0,011 0,31 0,04

Rail No. 2 Base 0,77 0,015 0,053 0,10

0,93 0,039 0,015 0,035 0,21 -

as the ones observed at low-frequency
(standard) loads. However, fatigue endurance,
collapse process and its rate differ during high-
frequency tests.

Pics. 3 and 4 show results of microstructural
investigations of Rail No. 1 and Rail No. 2
samples with WL found after high-frequency
loads: Rail No. 1 sample (amplitude o, =
790 MPa, number of cycles N =1.19010%, reason
for collapse is crack, colours of tarnishing are
present on the surface); Rail No. 2 sample (o, =
840 MPa, N = 1,21e10%, reason for collapse is
drop-out from resonance, colours of tarnishing
are present on the surface).

Microhardness (Pic. 5) of the Rail No. 1
sample (Pic. 3) was measured at the centre of
WL, from the beginning of the crack (zone 2) at
a load of 0,025 kgf (245,2 mN) and step size of
100 um. Then, measurements were conducted
towards zone 1 for 1000 pm with a step size of
100 pm. Metallographic investigations revealed
zone 3, which is distinct from WL and main
metal. Zone 3 reveals microhardness values
being intermediate between zones 2 and 1. Data
is given are shown in Pic. 5.

Microhardness of Rail No. 2 (Pic. 5) of the
sample (Pic. 4) was measured from the WL

(zone 2) edge (because it spans for 2000 pm)
with a step size of 100 um towards zone 1 at
HVO0.1 (980,7 mN) load for 1000 um.

Obtained results clearly show that WL
microhardness is extremely high: it reaches
1000-1200 HV, which corresponds to 66 HRC
(Pic. 5). Such a high hardness is obviously caused
by high density of defects in the white layer.
Increase in microhardness is strongly localised,
for the Rail No. 2 sample, at 100 um away from
WL microhardness drops by 3—4 times and
ranges in 25-400 HV on the rest part of the Rail
No. 2 sample. This corresponds to perlite-like
structures (perlite-sorbite-troostite) that is quite
specific for rail structure. It is noteworthy that
zone 3, which is similar to WL (Rail No. 1
sample, Pic. 3), is characterised by microhardness
ranging within 484—631 HV. This region had
probably undergone partial fragmentation of
ferrite and cementite crystals constituting perlite.
That is, this structure can be considered as an
intermediate element between original structure
and WL. Thus, drastic local increase of
microhardness indicates a start of collapse
processes, but low mean microhardness values
do not evidence absence of the initial points of
collapse.
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Pic. 2. Experimental data on high-frequency load tests of Rail No. 1 and Rail No. 2 samples. Arrows denote samples that did not collapse at
shown amplitude [obtained by the authors].

Pic. 3. Metallographic images of characteristic zones 1-3 in the Rail No. 1 sample
and layout of the crack with x500 maginification [made by the authors].

Pic 4. Metallographic images of characteristic zones 1-3 in the Rail No. 2 sample and layout of the crack
with x200 maginfication [made by the authors].

Pic. 5. Microhardness profile of M76 Rail No. 1 and Rail No. 2 samples, measured from WL towards main metal (Pics. 3, 4) [developed by the authors].



Pic. 6. SEM images of the zones 1 (a), 2 (b), and 3 (c) in the Rail No. 1 sample [made by the authors].

WL Formation Mechanism in High Carbon
Steel during High Frequency Vibrations

To define more exactly the mechanism of
structural changes in the samples and WL
formation, zones 1, 2, and 3 in the Rails No. 1
and No. 2 samples were studied with the means
of scanning electron microscopy (Pics. 6, 7) with
5000x to 50000x magnification.

To define more exactly the mechanism of
destruction and WL formation, XRD analysis of
the zones 1, 2, and 3 (Pic. 8) was done of Rail
No. 1 (Pic. 8a) and Rail No. 2 (Pic. 8b) samples.

Rail No. 1 sample possesses perlite structure
(structurally free ferrite is not observed; Pic. 8a).
Microstructure of the sample is characterised by
the following features:

1. There exist non-metallic inclusions in the
sample. Probably, these impurities are glass-like
slags. One of such inclusions are on the lower
edge of WL (a tip of the crack passes through it).
WL formation at this place can be caused by this
inclusion, there are areas featuring signs of perlite
fragmentation and of start of its homogenisation.
Ifthese processes evolve, such areas may become
WL and give a rise to collapse. There is a reflex
at 26~ 38,5° (interplanar distance d ~ 0,234 nm),
which is the most pronounced (Pic. 8a) and
presumably corresponds to nonmetallic inclusion
in the Rail No. 1 sample.

2. With longer distance from crack in the Rail
No. 1 sample, WL becomes discontinuous and
alternates with unchanged perlite colonies (then

JVOTIOIOT Al rTSPOTTENT I rANSPOTTATION A2 U22 V0T S0 MISSR2 N 99 NDD R 64 =172,
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Pic. 7. SEM images of the zones 1 (a), 2 (b), and 3 (c) in the Rail No. 2 sample [made by the authors].

the structure completely turns into unchanged
ferrite).

3. SEM and microhardness tests give ground
for statement that zone 3 is similar to WL. Partial
fragmentation of ferrite and cementite took place
there, and this structure can be considered an
intermediate one between initial structure and WL.

4. XRD patterns of Rail No. 1 sample
recorded from 3 points contain peaks of (110),
(200), (211) of ferrite (the most intensive peaks
of cementite (103), (022), (210) merges with peak
(110) of ferrite, and cementite’s peak (121)
merges with peak (111) of austenite). On the
positions, where peaks of austenite (111), (200),
(220), (311) and martensite should have been
located the patterns are at the background level.
Martensite XRD pattern is distinct from ferrite
one in the way that instead of single lines (110),
(200), (211), (220) of ferrite, the martensite
lattice gives rise to doubled lines with the line

(310) being a tripled one. Higher carbon content
is observed in martensite (i.e., the greater is the
difference between ¢ and a periods), the wider is
the gap between such paired lines®. However,
spread and splitting of the peaks referring to
ferrite were not observed (Pic. 8a). Thus, main
phases in the samples are ferrite and cementite.
Austenite and martensite are either absent or their
content does not exceed 5 wt.%.

5. Significant halo (higher signal on the XRD
pattern without clear resolution) is observed at
20 ~ 7...23° that can be attributed to partial
amorphisation or at least to high defect density
in that area (Pic. 8a).

1 Mirkin, L. I. X-ray structural control of machine-
building materials: a Handbook [Rentgenostrukturniy kontrol’
mashinostroitelnykh materialov: Spravochnik]. Moscow,
Publishing House of Moscow State University, 1976, 140 p.
Mirkin, L. I. Handbook of X-ray diffraction analysis of
polycrystals [Spravochnik po rentgenostrukturnomy analizu
polikristallov]. Moscow, Fizmatgiz publ., 1961, 863 p.
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Pic. 8. Diffraction patterns of the zones 1, 2, and 3 for Rail No. 1 (a) Rail No. 2 (b) samples [developed by the authors].

6. Special attention should be paid to the peak
at 20 ~ 38,5° (Pic. 8a). It is known that metal
peaks can be shifted by the strains. Since ferrite
peaks were not shifted, there is no macrostrains
at all. At the same time, peak width at 26 ~ 38,5°
referring to unknown phase is the same as for
ferrite one that also evidences no microstrains in
the unknown phase. It can be explained by the
assumption that oriented microstrains can cause
peak shifts, but all microstrains lead to peak
spreading. On the other hand, according to ICDD
PDF2-2004 database, this peak can be attributed
to 76 various compounds. That is why
identification of the peak at 26 ~ 38,5° is
challenging.

Rail No. 2 sample is characterised by the
following features:

1. Microcracks were not found in that sample,
WL was observed on the rail’s web throughout
the whole profile with a total width of 2000 pm.

2. Microstructure of the zones 1 and 3
preserves morphology inherent to perlite.

3. Main phases in the Rail No. 2 sample are
the same as for M76 sample: ferrite, cementite,
and a halo at 26 ~ 10...23 (Pic. 8b).

CONCLUSIONS

Study has refered to microstructure and phase
composition of the white layer formed following
cyclic tests at the frequency of 20 kHz in the
experimental samples of M76 high carbon rail
steel. XRD has shown that main phases
constituting white layer are ferrite and cementite.

Austenite and martensite are either absent or their
content does not exceed 5 wt.%. Microhardness
of the white layer is considerably (by several
times) higher than that of original steel and
reaches 1000—-1200 HV. Thus, formed white layer
is a finely dispersed, perlite-like, featureless
structure. In the area similar to WL (Rail No. 1
sample; Pic. 3), microhardness is 484—631 HV.
Partial fragmentation of ferrite and cementite
crystals constituting perlite took place there with
their relief being less pronounced after etching
(Pic. 6¢) compared to the original perlite
(Pic. 6a). That structure can be considered as an
intermediate one between the original structure
and WL. Conducted comprehensive study yields
apossible mechanism for white layer formation:
fragmentation of ferrite and cementite constituting
perlite without intermediate phase transitions.
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ABSTRACT

The article explores the problems of introducing autonomous
cars (AC) into the transport infrastructure of St. Petersburg. The
main problems among others comprise road technical condition
and road equipment, security of data transmission, lack of technical
capacity regarding data transfer rate, lack of regulation regarding
technical issues. The study contains an assessment of the technical
condition of roads as well as of presence of road markings
necessary for positioning of AC on the road.

The suggested listing of the main parameters of road
pavement condition substantiates the necessity to obtain relevant
data and to equip the road system with appropriate sensors. The
main areas important to ensure data transmission security during
the design and construction of AC systems as described comprise
security of collecting, transmitting, and processing data by AC
systems, driver authentication, security of data transmission from
road infrastructure. The study of the problem of data transfer rate
incorporated a comparative analysis of the parameters of 4G
technology, which is currently used by the infrastructure of telecom
operators, and 5G technology, followed by the brief analysis of
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the barriers to adoption of 5G technology in Russia. The
investigation of the existing regulatory and technical framework
governing the operation of AC on public roads has identified a
few key issues that are currently not governed by legislative acts
or regulations.

The consideration of the problem of responsibility of road users
has given ground to suggest that the responsibility must be extended
not only to the owners of AC, but also to other participants in the
process (manufacturers of AC, sensors, and software; organisations
responsible for maintenance of transport infrastructure,
manufacturers of the elements and structures of transport
infrastructure, etc.). The analysis of the issue of the security of data
transfer also regarded data transfer to third parties.

The study also referred to the issues of adaptation of adjacent
industries involved to the process of AC implementation, as well as
to the ethical issues in the process of decision-making by AC
software in a critical situation. The formulated recommendations
on improving the transport infrastructure of the city of St. Petersburg
are aimed at solving the problems identified in the article.
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BACKGROUND

Technological progress dictates the need to
develop and improve the urban transport system.
The economy, social sphere and the integral
development of a state directly depend on
efficient organisation of transport systems. The
research in the framework of development of
autonomous cars (AC)! suggests a large-scale
spread of this phenomenon in the daily life of
a person in the foreseeable future.

In Russia the Transport Strategy till 2030 with
the forecast for the period till 2035 provides for
a few directions of digital transformation of the
transport industry. Namely, within the area of
digitalisation of vehicles it considers development
of driverless road transportation that will be in
turn developed following two main directions.
These are adoption «of intercity road haulage
along key highways and of cargo and passenger
transportation in the largest urban
agglomerationsy». Consequently, within the area
of digitalisation of transport infrastructure, since
«intelligent transport systems allow to raise the
safety of transportation, optimise the routes,
increase transit capacity of transport system,.. to
plan comprehensive development of transport
infrastructure, including the infrastructure of
control of highly automated and autonomous
transport», it is proposed to use ITS
«at infrastructure facilities of all modes of
transport in the following formats of interfacing
with V2X technology: vehicle — infrastructure,
vehicle — vehicle, vehicle — any elements and
facilities important for the purpose of
transportation». This direction will provide for
«development of standards of interaction with
the help of V2X technology regarding intelligent
transport systems, ensuring development of the
networks of data transfer, shaping incentives for
adoption and implementation of the national
network of intelligent transport systems» 2. These

! Since there are few denominations of this type of cars,
e.g., self-driving car, autonomous car, autonomous vehicle,
driverless car, robotic car (robo-car) and the authors have not
intended to differentiate the topic of their interaction with
the road infrastructure regarding exact type of autonomous
cars, level of the autonomy (see, e.g., SAE classification)
and interface used (e. g., connected car), except for particular
cases of quoted papers, the most generic term of autonomous
car (AC) is mostly used in the article. — Ed. note for English
version.

2 Transport Strategy of the Russian Federation till 2030
with the forecast for the period till 2035. Approved bby the
decree of the Government of the Russian Federation dated
27.11.2021 No 3363-p. [Electronic resource]: http:/static.
government.ru/media/files/7enYF2uLSkFZIOOpQhLI0nU
T91RjCbeR.pdf. Last accessed 13.04.2022.

provisions of the Transport Strategy confirm the
relevance of the study on the problems of the
adoption of autonomous vehicles in the megapolis
of Saint-Petersburg and of the development of
elements of intelligent transport systems.

RESEARCH OBJECTIVE AND METHODOLOGY
Objective, Object and Subject of the
Research

The objective of the research is identification
of the problems referring to integration of
autonomous cars with the transport
infrastructure of the city of St. Petersburg.

The object of research is transport
infrastructure of the city of St. Petersburg. The
subject of the research is the problem of
integration of AC with the transport
infrastructure of the city of St. Petersburg.

To study the problems of integration of AC
with the transport infrastructure of
St. Petersburg, it is necessary to perform the
following tasks:

1. To determine a list of critically important
areas affecting AC integration with the
transport infrastructure of St. Petersburg and
to analyse each of them.

2. When analysing the current technical
condition of roads and streets in the city of
St. Petersburg, it is necessary to study the
current regulatory and technical framework
governing the technical condition of roads,
statistical data on the technical condition of
roads in St. Petersburg now, to reveal trends
in changes in the situation regarding road
pavement condition. As a result of the analysis,
it is necessary to identify the main problems,
the solution of which will allow safe operation
of AC on public roads.

3. When analysing the problems of data
transmission security, it is necessary to study
the basics of data transmission, the security of
their transmission, as well as ways of
interaction between AC and the environment,
including with intelligent transport systems
(ITS). As aresult of the analysis, it is necessary
to formulate the main provisions that would
improve data transfer security.

4. When studying the technical possibilities
regarding data transfer rate, it is necessary to
study the principles of building communication
networks, to study the basic principles of
coverage of the city with cellular
communications by telecom operators. It is
also necessary to analyse the current situation
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Table 1

Data on the length of roads requiring repair [compiled by the authors based on data‘]

Year Total length, km Technical condition Require repair, km Share of roads,
meeting regulatory requiring repair, %
requirements, km

2011 3096,9 2273,1 823,8 26,6

2012 3096,9 2359,8 737,1 23,8

2013 3276,9 22283 1048,6 32,0

2014 3290,5 2171,7 1118,8 34,0

2015 3337,5 2102,6 12349 37,0

2016 3414,6 2253,6 1161,0 34,0

2017 3433,6 2196,9 1236,7 36,0

2018 3461,8 21844 1277,4 36,9

2019 34722 22257 1246,5 359

with the provision of telecom operators with
the existing number of base stations regarding
their sufficiency for deployment of 5G
technology in the city. It is necessary to study
the issue of allocating frequencies in the
Russian Federation for 5G technology.

5. When analysing the current legislative
framework, it is necessary to study the current
laws and draft laws regarding AC adoption and
operation in the urban environment, and, based
on the analysis of the current situation with
regard to the legislative and regulatory
framework, to identify and consider the main
aspects that are not currently governed in the
country by the regulations.

Problems of AC Introduction

The following problems are identified as
the main ones for integration of AC with the
transport infrastructure of the city of St.
Petersburg [1]:

1. Technical condition and equipment of
roads.

2. Data transmission security.

3. Lack of technical capacity regarding data
transfer rate.

4. Lack of regulatory and technical
framework.

RESULTS

To find solutions to eliminate the problems
enlisted above, let us analyse the current
situation.

1. Technical Condition and Equipment
of Roads

1.1 Road pavement quality

First, for safe operation of AC, it is necessary
to solve the problem of road pavement quality,

bringing its condition to the standard one
provided for in regulatory documents?,

Table 1 presents data retrieved from the
official website of the administration of St.
Petersburg®.

From the share of roads requiring repair in
the total length of the road surface over the years,
it can be concluded that the dynamics of the
quantity of roads in St. Petersburg requiring
repair and counted in kilometres practically does
not change. In this regard, a radically new
approach is needed to address the issue of
repairing the road pavement in St. Petersburg to
reduce to zero the quantity of road pavement
requiring repair.

1.2 Availability of road markings

In addition to the direct repair of the road
pavement, it is necessary to have and constantly
keep road markings in good condition, since they
serve the as the reference point for moving AC.
The marking must be applied with a special
reflective paint so that it can be read by AC
sensors in any weather conditions at any time of
the year. The operation of AC is possible on roads
of all classes (considering the possibility of
marking the roadway), however, when integrating
AC with the infrastructure of the city, it is
advisable to use initially roads of 1 and 2 classes®.
This will reduce the risk of accidents involving

3 GOST R [Russian State Standard) 50597-2017 Automobile
roads and streets. The requirements for the maintenance
quality satisfying the traffic safety. Methods of testing

4 Official website of the administration of St. Petersburg.
Committee for City Improvement of St. Petersburg.
[Electronic resource]: https://www.gov.spb.ru/gov/otrasl/
blago/uborka-dorog-i-trotuarov/. Last accessed 13.04.2022.
® GOST R 52398-2005. Classification of roads. Main
parameters and requirements. [Electronic resource]:
https://docs.cntd.ru/document/1200042582/. Last accessed
13.03.2022.



other road users and will also provide an
opportunity to identify possible difficulties
referring to the use of AC on other categories of
roads, where there is more interaction with other
road users.

Currently, the problem of cleaning roads in
the winter is acute in the city of St. Petersburg.
In case of poor-quality road cleaning the reading
of road markings by AC will be impossible.

1.3 Road Technical Equipment

In addition to solving the existing problems
with the technical condition of pavement, it is
necessary to equip the roads along their entire
length with sensors for reading by AC computer
of the data on the road conditions [2], comprising
information on:

* Irregularities on the road.

* Ice conditions during cold periods.

* Presence of moisture on the road (puddles,
mud, snow: for calculation by AC control system
of the speed limit and braking distance, etc.).

» Asphalt pavement temperature since at
elevated temperatures in summer, asphalt
becomes softer and more viscous during the
contact with car’s wheels.

A significant reorganisation is required to
equip intersections with sensors, cameras, and
traffic lights capable of transmitting information
both to the traffic control post and directly to AC
computer to organise movement within the traffic
flow [3]. Itis necessary to provide for transmission
of data not only from the nearest intersection, but
also from other intersections located on the AC
route. This will allow choosing the most optimal
route, since a traffic jam at the fourth crossroad
from the current spot can affect the previously
selected route.

2. Data Transmission Security.

The introduction and operation of AC
involves generation of a large amount of
information, such as data on location of objects,
personal data of AC user, information about
operation of infrastructure facilities, data for
accessing both infrastructure facilities and
directly AC, and much more [4]. To ensure
cybersecurity of AC and of the entire
infrastructure, the following important issues
have been identified that must be considered
when designing and creating systems [5]:

* Security of data collection, transmission,
and processing by AC systems: security of data
used in real time within the AC system (sensors,

control units, etc.). In case of incorrectly
configured security settings, attackers may be
able to access data on the state of AC nodes at
the time they are read by the AC system from
sensors, processed, and when transferred to the
general ITS system.

* Driver authentication: when using the
services, the user needs not only to provide
personal data, but also to pass their verification.

o Security of transmission of data by road
infrastructure refers to programs used in
collection and processing of data from various
AC and ITS elements, as well as information or
commands of ITS related to control and
transmitted to AC systems. The actions of
intruders who might have obtained access to such
data can lead to making incorrect decisions by
both ITS and AC.

3. Lack of Technical Capacity Regarding
Data Transfer Rate

Current technologies of development of
communication networks do not allow
implementation of AC within the city since they
do not meet the needs of AC when operating in
an urban environment [6]. It refers to organisation
of the process of operating a large number of AC
as of asingle element of the transport infrastructure
of the city of St. Petersburg.

The current 4G technology does not satisfy
the need for data transfer rate, latency, the
number of connected users per square kilometre.
A qualitatively new technology of communication
networks is 5G technology. It will also not be
able to fully satisfy the need to ensure sufficient
communication quality for implementation of
AC in full, but when providing coverage of the
city with a network with 5G technology, it will
make it possible to take the first steps to integrate
AC with the urban transport infrastructure.

The main advantages of 5G technology
(estimated data) compared to 4G are [7]:

* Peak rate of 5G technology is 20 times faster
than 4G and is about 20 Gbps. Data exchange,
as well as transfer of relevant information, is
many times faster.

* Data transmission with 5G technology
occurs with a delay of 1 millisecond, which is
more than eight times less than that of 4G
technology.

* The number of simultaneously connected
users is an important criterion in densely
populated cities with a high intensity of network
use. 5G technology can simultaneously serve

1



1 million users per square kilometre, that is
several orders of magnitude higher than current
4G technology.

In world practices, the n78 frequency range
(3300-3800 MHz) is considered optimal for 5G
technology [8]. Equipment of major
manufacturers is produced just for this frequency
range. In Russia, implementation of 5G
technology was at a certain stage suspended due
to problems with allocation of frequencies [9].
The State Commission on Radio Frequencies
(SCRF) proposed the use of the n79 range
(4400-5000 MHz). For telecom operators, the
implementation of this solution causes a lot of
problems [10], such as:

* The main producers, whose equipment is
used for organising cellular communications by
four leading national operators, do not
manufacture the equipment intended exactly for
this frequency range.

* The end consumers are not able to use 5G
technology due to the rather limited number of
smartphones that support the n79 frequency
range. The manufacturers whose production is
most distributed do not have 5G smartphones
operating in the n78 range.

¢ Introduction of 5G technology in the n79
frequency range will entail an increase in the
number of base stations (on average, by twice).

* The truncated bandwidth of the proposed
n79 frequency range will not allow full
implementation of the technology, since its
bandwidth is half that of the n78 range.

Besides the 4400-5000 MHz range, telecom
operators were offered frequencies in the 24250—
29500 MHz range. This frequency range, in
addition to the problems indicated above in the
context of 4400-5000 MHz range, provoke
difficulties with the very physics of the process.
In the 24250-29500 MHz range and above, the
signal is so sensitive to obstacles (walls of
buildings, heavy rain, trees, etc.) that its full use
is possible only in the absence of physical
interference (buildings, dense canopy of trees
and other obstacles). Within the urban built-up
area of St. Petersburg, the telecom operators miss
the main thing which is the economic benefits of
the project. This is due to the fact that the number
of base stations required to provide the coverage
area increases many times over in relation to their
current number, and the payback of the project
is postponed for an unacceptably long period.

As part of the search for solutions, the Federal
Antimonopoly Service (FAS) in May 2021

entered into agreements on joint activities to
build 5G networks with three telecom operators
among the four leading national telecom
companies. PJSC MegaFon, PJSC Rostelecom
and PJSC VimpelCom established a joint venture
LLC New Digital Solutions [11]. At the end of
autumn 2021, the SCRF decided to allocate the
frequency range 4400-4990 MHz to LLC New
Digital Solutions for testing 5G technology for
a period of two years.

4. Lack of Regulatory and Technical
Framework

The analysis of the current legislation 78
shows that there is no direct ban on the use of
automated driving. At the same time, none of the
documents stipulates the possibility of a complete
transfer of driver functions to automatic control
systems. From this it follows that initially it is
necessary to make adjustments and additions to
the main documents, clearly distinguishing and
defining all cases of possible movement of the
vehicle, both with direct control by the driver,
and in the case of full control of the vehicle by
automatic control systems.

Since December 1, 2018, the Decree of the
Government of the Russian Federation dated
November 26, 2018 No. 1415 «On conducting
an experiment on trial operation of highly
automated vehicles on public roads»® has been
in force on the territory of Russia. It refers to
regulation of experimental operation of AC on
public roads with the mandatory presence of
adriver in the car. This experiment is carried out
in the regions listed in the document.

In parallel with the above decree, without
waiting for its completion, on June 8, 2021,
the Ministry of Transport of the Russian
Federation submitted a draft Federal Law

6 Federal Law dated November 8, 2007, No. 259-FZ
«Charter of road transport and urban ground electric
transport» (as amended and enlarged). [Electronic resource]:
https://base.garant.ru/12157005/. Last accessed 13.04.2022.

7 Federal Law dated December 10, 1995, No. 196-FZ
«On road traffic safety» (as amended and enlarged).
[Electronic resource]: https://base.garant.ru/10105643/. Last
accessed 13.04.2022.

8 Road traffic safety rules of the Russian Federation. Decree
of the Council of Ministers — Government of the Russian
Federation dated October 23, 1993, No. 1090 «On road
traffic safety rules». [Electronic resource]: https://base.garant.
ru/1305770/. Last accessed 13.04.2022.

® Decree of the Government of the Russian Federation
of November 26, 2018, No. 1415 «On conducting an
experiment on trial operation of highly automated vehicles
on public roadsy. [Electronic resource]: https://base.garant.
ru/72113462/. Last accessed 13.04.2022.



«On highly automated vehicles and on
amendments to certain legislative acts of the
Russian Federationy.

This draft law considered the rules for the
operation of AC on public roads on an ongoing
basis. It gave the necessary definitions related to
an automated vehicle, methods of its control,
responsible persons involved in the process of
its manufacture, driving and control, and defined
a special device intended to record actions by an
automated vehicle. The responsibilities of an
owner, an operator and a manufacturer of an
automated vehicle were also stipulated.

Today, this draft is subject to preliminary
discussions and, taking into account the data
obtained as a result of the experimental operation
of AC, carried out in the framework of Decree of
the Government of the Russian Federation of
November 26, 2018, No. 1415, it will undergo
amendments.

The draft is expected to come into force on
March 1, 2025. This is because the period of
validity of Decree of the Government of the
Russian Federation of November 26, 2018,
No. 1415 «On conducting an experiment on trial
operation of highly automated vehicles on public
roads» ends on March 1, 2022.

Thus, having studied the existing regulatory
and legal framework currently in force in the
Russian Federation, it was concluded that it is not
sufficiently developed for full integration of AC
with the transport infrastructure of the city. Below,
there are a few main arecas that need to be
developed and stipulated in the legislative and
regulatory framework.

Road safety

It is required to legislate on the responsibility
of road users. To date, all the blame for a road
traffic accident (RTA) falls on the owner of the
AC. Itis necessary, using the experience of foreign
countries [12], to legally fix the possibility of
exculpation of the AC owner if he can prove that
his actions were not the cause of the accident. The
examples are cases when accidents occurred due
to the fault of the party responsible for the
transport infrastructure, the AC software developer,
a malfunction of AC sensors, etc. [13].

Regarding safety of AC operation, it is also
necessary to legally regulate how certification of
cars will be carried out, which is necessary for
admission to the market of the country, as well as
who and how will carry out periodic diagnostics
of AC, its components and software.

Data transfer security

Normal operation of AC implies the use and
transmission of a large amount of data. In terms
of the technical component of equipment for
processing a large flow of information, it is
necessary to introduce regulatory standards for
collection, processing, storage, and transmission
of data [14]. Government agencies need to
develop and implement data protection
requirements at all stages of working with them:
at the time of collection, processing, transmission,
and their subsequent storage. Besides criminal
liability, it is necessary to legally stipulate the
possibility of processing and storing data
obtained during AC operation, as well as the
possibility to transfer information to third parties,
such as law enforcement agencies.

Adaptation of the industries accompanying
the AC implementation process

In addition to issues related directly to
development, implementation and operation of
AC, state institutions need to update and make
amendments to the acts that govern other
industries that are involved in this process. First,
it is necessary to consider the issue of certifying
the equipping of ITS with the necessary
components, such as sensors, cameras, radars,
equipment for data transmission and processing,
as well as their storage. It is necessary to develop
and to certify special signals, signs and indicators
that will need to be added to the road infrastructure
for normal functioning of AC.

Taking into account that a person as a driver
in a normal situation during operation of AC will
be excluded, and the software will be responsible
for driving of AC, serious changes will affect the
insurance industry. Because of a high probability
that there will be a decrease in the risk of
accidents due to the human factor, a fundamental
change in the regulations on occurrence of
insured events will be required. It will be
necessary to adjust the methodology for
calculating the cost of insurance, considering
other factors affecting the risk of insured events.

Ethical issues in decision making

Besides all the above, it is necessary to
determine and legally regulate the priority in
decision-making by artificial intelligence in
a critical situation [15]. It is necessary to approve
an artificial intelligence decision-making
algorithm that would be used when programming
the AC would meet the requirements for
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certification and subsequent admission of
software to the country’s market for further
operation of AC. It is necessary to clearly indicate
the priority of road users (driver, passenger of
AC, passengers and drivers of other vehicles and
AC, pedestrians, animals, material damage
caused to someone’s property, etc.).

5. Recommendations on the Revealed
Problems

To solve the problems discussed in the article
that impede AC integration with the transport
infrastructure of the city of St. Petersburg, the
following recommendations are formulated:

1. Ensuring the technical condition and
equipping of roads in terms of quality of the road
pavement, markings and technical equipment
designed to obtain data on the state of the road
pavement necessary for safe operation of AC.

2. Ensuring the security of operations with
the data necessary for operation of AC on public
roads.

3. Equipping the transport infrastructure of
the city of St. Petersburg with 5G technology to
ensure the data transfer rate necessary for AC
operation.

4. Allocation of a frequency range for data
transmission with the help of 5G technology that
better meets the technical requirements.

5. Development of a regulatory and technical
framework regulating the process of
implementation and operation of AC within the
transport infrastructure of the city of St. Petersburg
from the point of view of traffic safety, data
transmission, ethical aspect, as well as adaptation
of related industries that ensure the normal

functioning of AC within the transport
infrastructure of the city.

CONCLUSIONS

The article has analysed the main problems
that hinder the integration of AC with the
transport infrastructure of the city of St.
Petersburg, studied the problems of the technical
condition of urban roads, and state of markings
on the road pavement, considered the issue of
equipping the roads of the city with equipment
designed to obtain the parameters of the road
pavement condition, which will be used by the
AC systems for safe driving on public roads.

Considering the problems of data transmission
security has allowed to identify the main areas
that need to be taken into account when designing
and creating AC systems, that comprise security
of collecting, transmitting and processing data
by AC systems, driver authentication, security in
transmission of data by road infrastructure.

The study of the problem of data transfer rate
resulted in comparison of the parameters of 4G
and 5G technologies. From this comparison, it
can be concluded that implementation of 5G
technology will make it possible to take the first
steps in organising the process of operating
a large number of AC as of a single element of
the transport infrastructure of the city of St.
Petersburg.

The analysis of the current regulatory and
technical framework and acts has permitted to
formulate the main issues that are missing in the
legislative and regulatory framework. The study
of the problem of responsibility of road users has
shown that the liability must be extended not only



to the owner of AC, but also to other participants
in the process. The problem of the security of
data transmission has been studied as well as of
the transfer of data to third parties. The issue of
adaptation of the industries involved in the
process of AC implementation, as well as ethical
issues in decision-making by AC software in
a critical situation, have been considered,
allowing to formulate the recommendations on
the identified problems.
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ABSTRACT

The active transformation of transport links and redistribution of
cargo flows requires intensive development of new promising areas of
cargo transportation. It is necessary to use existing transport and
technological systems to develop measures to increase productivity
and reduce non-production costs. This approach provides for increasing
the efficiency of the transport and logistics system.

The objective of the article is to study, develop and specify
transport and technological facilities intended to handle grain cargo
and their individual, most significant elements.

The organisation of transportation of various cargoes, taking
into account the parameters of rolling stock, handling and storage
equipment, is of decisive importance in determining the efficiency
of transport and technological schemes.

The paper considers the technology developed to move
the material flow from the consignor to the consignee, which

allows to supply cargo to the recipients at a fixed time while
keeping its qualitative and quantitative characteristics. The
study of the grain cargo transportation market made it possible
to draw a conclusion about the importance of filling, discharge,
and temporary storage operations for the entire operation
chain.

A proposed innovative design of a class of bunker silos could
significantly expand their functionality together with the developed
technology of their operation to handle grain cargo.

Study on the analysis and modelling of the processes in
proposed bunker silo considered physical and mechanical
properties of the considered cargoes. The main parameters and
factors, as well as the range of their influence on the efficiency of
its operation were investigate for filling, storage and discharge
stages.
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INTRODUCTION

Volumes of bulk cargo transported in Russia
are increasing every year thanks to offering of
comprehensive transport and logistics services
for shippers and improving the quality of
transportation, thus also solving a task to attract
new customers. According to forecasts,
transportation by rail alone will soon increase by
30 %, for example, transportation of chemical
and mineral fertilisers by 2025 will increase by
44.4 % to attain 85,5 million tons, grain cargo
by 22 % to attain 140 million tons, etc.

On public railways, for example, JSC Russian
Railways provides various services at cargo
terminals: warehouse rental, loading and
unloading operations with packaged cargo,
containers, heavy loads, crushed stone, etc.,
cleaning and washing of wagons/containers, as
well as temporary storage of goods under
customs control. To expand the scope of
integrated transport and logistics business, it is
necessary to handle grain cargo as well, for this
it is necessary to build transport and storage
facilities (elevators), to equip them with silos,
and, namely, bunker silos.

Researchers in many countries also pay
attention to that issue, particularly in the context
of activity of different modes of transport,
highlighting from diverse aspects the role of
railways (e.g.?®). Harvesting of grain is
accomplished and the grains cargoes are
collected for handling in a certain period of the
year, but these cargoes are transported all year
round. The short-term or long-term storage
implies use of silos and namely bunker silos;
thus, they must function stably and ensure timely
and uninterrupted loading of grain cargo on the
rolling stock [1].

For that, it is necessary that the storage
facilities (including transport storage facilities

! Ministry of Agriculture: reaching 140 million tons of
grain by 2025 is a realistic task. Finmarket.Ru. Published
07.02.2020. Electronic resource]: http://www.finmarket.ru/
news/5167151. Last accessed 19.01.2022.

2 Frittelli, John V. Grain Transport: Modal Trends and
Infrastructure Implications. CRS Report for Congress,
January 5, 2005, pp. 9-10. [Electronic resource]: https://
www.everycrsreport.com/files/20050105 RL32720 e3fc32
1b404da603d95f0e2fe799a64a9dd6d770.pdf. Last accessed
19.01.2022.

3 Pittman, R., Jandova, M., Krol, M., Nekrasenko, L.,
Paleta, T. The Effectiveness of EC Policies to Move Freight
from Road to Rail: Evidence from CEE Grain Markets.
Research in Transportation Business & Management,
Vol. 37, December 2020, article 100482. DOI: https://doi.
org/10.1016/j.rtbm.2020.100482.

but not limiting to them) comply with rules
(e.g.*%5[1]) and meet certain conditions:
processing of grain cargoes should be fully
automated, and qualitative and quantitative safety
of the grain cargo, sanitary and hygienic
treatment, protection against the penetration of
rodents and birds should be ensured (e.g., [2-3]).

Based on the works of Russian and foreign
scientists, a scheme of transport and storage
facilities for grain cargo was developed (Pic. 1)
[4;5].

Transport and storage facilities (TSF) for
grain cargo are divided into three levels. The first
level includes procurement (or on-farm) transport
and storage facilities; the second level —
intermediate, basic, transshipment and stock
TSFs: the third level — port, sales, and production
TSFs.

Procurement transport and storage facilities
are located near farms, where grain cargoes are
received from the fields, processed, and stored.
Subsequently, grain cargoes are shipped to water
and railway transport and delivered to transport
and storage facilities of the second and third
levels. Procurement facilities ensure processing
of the entire harvest due to the large capacity and
productivity of the equipment.

Basic transport and storage facilities are
located at the intersection of water and railway
routes, at railway junctions and serve for constant
handling of grain cargo. TSFs of the kind perform
the following operations: reception and cleaning
of grain cargoes, mainly long-term storage,
drying and loading onto vehicles.

Transshipment TSFs are designed for
reloading cargo from one mode of transport to
another, they are equipped with high-performance
equipment.

Stockpiling of grain cargoes is provided by
stock TSFs. The shelf life of grain cargo is 3—4

4 See, e.g.: White, B. (Kondinin Group). Grain Storage
Facilities. Planning for efficiency and Quality, A Grains
Industry Guide. GRDC, 2012. [Electronic resource]: https://
storedgrain.com.au/grain-storage-facilities/. Last accessed
19.01.2022.

® National policy on handling, storage and transportation of
foodgrains. Ministry of Consumer Affairs, Food and Public
Distribution (Department of Food and Public Distribution)
New Delhi, the 4™ July 2000. No. TFC-14/99-Vol.III.
Resolution. [Electronic resource]: https://dfpd.gov.in/
NationalPolicy HST.htm. Last accessed 19.01.2022.

¢ Davis, R., Stafford, R. Feedlot Design and Construction,
30. Grain Storage and Handling. [Electronic resource]:
https://www.mla.com.au/globalassets/mla-corporate/
research-and-development/program-areas/feeding-finishing-
and-nutrition/feedlot-design-manual/030-grain-storage-and-
handling-2016_04 01.pdf. Last accessed 19.01.2022.
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Pic. 1. Scheme of transport and storage facilities for grain cargoes [compiled by the authors].

years due to cleaning, drying, and maintaining
the quality of grain cargo [6].

Production TSFs distribute grain cargo to
various processing enterprises: feed mills, flour
mills, etc. Grain cargoes are stored at a production
TSF for 5-6 months.

Port TSFs are intended for shipment of grain
cargo for export. Grain is supplied to the port
elevators from water and railway transport. To
ensure stable loading of grain cargo for export,
a port TSF must be provided with the latest
transport and storage equipment [7].

Sales TSFs are used for delivery of grain
cargo to consumers. Most commonly, the cargo
arrives by rail and is further shipped to road
transport.

TSFs at all levels partially perform the
functions of other types of TSFs.

The main elements of transport and storage
complexes for grain cargo are silos, namely
bunker silos, intended for various purposes.
Problems arising in them are arching, segregation,
compaction, caking, etc. These problems
negatively affect functioning of TSFs [8; 9]. The
delay of rolling stock during loading operations
directly affects the turnover of wagons.

The objective of the work is to develop
a bunker silo design that can ensure stable

operation of a tank and will eliminate compaction
of grain cargo during filling by uniformly
distributing bulk cargo over the tank section,
minimise segregation and arching of the cargo,
and ensure uniform pressure inside the tank. This
will allow to control the filling of bulk cargo into
a silo, as well as to improve safety of the process
and its efficiency.

RESULTS

Based on the analysis of filling and discharge
devices for silos, the design of a sector
multifunctional bunker silo was developed
(Pic. 2) [10].

The multifunctional bunker silo (1) is divided
into sectors by means of perforated sieves (2).
The sieves with rectangular holes are located at
a certain angle to the horizontal plane. Due to the
passive drive (4), the installation angle of the
sieve changes. Rectangular holes of the sieve are
located perpendicular to movement of the grain.
The grain cargo is filled through funnel (3).

The multifunctional bunker silo works as
follows: the perforated sieves are set at an angle
to the horizontal plane. In the process of filling
the multifunctional bunker silo, the grain load
meets the first sieve on its way, which divides
the loaded material into two streams, one of



Pic. 2. Multifunctional bunker [compiled by the authors].

which descends along the sieve, the other passes
through rectangular holes and enters the second
sieve located lower on the opposite wall of the
bunker, etc. until the bunker is fully filled.

Storage of grain cargo in silos is subject to
various difficulties, partially mentioned above:
arching, compaction, bridging, segregation,
violation of the geometry of the output funnel
due to mechanical impact, etc. This negatively
affects operation of the entire TSF.

Many scientists have developed parametric
models of the bunker silo during its operation.
Based on these studies, we will consider a
parametric model of a multifunctional bunker
silo (Pic. 3).

The process of operation of this bunker silo
must be divided into functional blocks:

1) The incoming flow of grain cargo (X,)-

2) The process of operation of a perforated
sieve during filling (X, ).

3) Operation of a perforated sieve during the
storage of grain cargo (X i)

4) Operation of a perforated sieve in the
process of discharge a grain cargo (X ).

5) Parameters affecting the operation of the
entire bunker silo X,

The functioning of the multifunctional bunker
can be written as follows:

vt ™ Zoert i e Kt Kpein T M

Pic. 3. Scheme of a parametric model [compiled by the authors].

Let us consider the factors affecting the input
flow of grain cargo:
Xy = XKy X Xy X o Xo X X Xy (2)
where X e productivity of the feeder;

Xy = cross-sectional area of the flow;

Xy = flow ds:ns1ty;

Xy~ fall height;

X,,,— moisture content of the cargo;

f

X, — content of impurities;

Xy = windage coefficient;

X, — physical and mechanical properties of
the cargo.

The perforated sieve, being inside the bunker
silo, also affects the tank filling. Let us consider
the factors affecting the functioning of the sieve
during the filling process:

X oy = X{x
Xepers? X pers” Xspers Xopers)» G)
where X e productivity of the perforated sieve
(the greater is the productivity, the faster the
bunker silo is filled);

Xpers — installation of a perforated sieve (if
the installation angle is large, then the bulk of
the cargo leaves the sieve, if the installation
angle is small, the bulk of the cargo remains on
the sieve);

Xiperg ~ configuration of openings (holes) in
the sieve (it has a significant impact on cargo
movement, if the configuration of openings is in

Iperf’ prer/’ x3pe)jf" x4pezjf ’ x5perﬁ"
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the shape of a circle, it is necessary to shake the
sieve, and if the configuration of openings is
rectangular, then the cargo passes freely and
descends along the sieve);

X gpers — dimensions of holes in the sieve;

XZ:‘f — dimensions of jumpers between
openings of the sieve;

Xy, — dynamic indicator of filling the cross
section of the bunker;

X, ..~ the number of perforated sieves in the
bunker (affects the horizontal and vertical
pressure in the bunker, as well as cargo
segregation);

Xpers ~ bulk (compaction) factor (affects the
integrity of the cargo particles);

Xy, — coefficient of the used volume
(depends on the size of openings in the sieve).

Having considered all the factors that have a
significant impact on the process of filling the
bunker silo, it must be remembered that this
process affects the storage of bulk cargo.

Factors affecting the operation of a perforated

sieve during storage:

"perfst {leerﬁw’ prer[vt’ x.?/)e/_’/&l}’ . (4)
where X et the number of perforated sieves in
the bunker silo (affects the horizontal and vertical
pressure in the bunker silo, as well as cargo
segregation);

Xpersst — geometrical dimensions of the
perforated sieve (if the sieve area is more than
half of the cross-sectional area of the bunker
silo, but less than the cross-sectional area of
the bunker silo, then the perforated sieves can
be the point of interaction between the
controlled arching and the bunker structure,
so that the discharge process will be
controlled);

Xoperss — installation of a perforated sieve at an
angle relative to the horizontal plane.

As it is known, the filling process affects the
functioning of the entire bunker silo. During the
storage of bulk cargo, undesirable phenomena
occur, such as arching, bridging, compaction,
segregation of bulk cargo [11; 12]. Bridging of
bulk cargo often occurs in bunkers with a
rectangular cross section. The arching is formed
due to the increase in horizontal pressure inside
the bunker silo. Compaction and segregation of
bulk cargo appear due to extraneous vibration.
These phenomena negatively affect the discharge
of bulk cargo from the bunker. Discharge is
followed by a pulsation, and the quality of the
cargo is deteriorating, because of the segregation
of the cargo [13-16].

In a multifunctional bunker silo, perforated
sieves are not removed during the storage of bulk
cargo, therefore, they constitute a support for
arching, but it is enough to change the inclination
of the perforated sieve by 1°, the arch will
collapse, and discharge will proceed evenly,
without pulsation. In this case, it will be possible
to control the process of discharge of the bulk
cargo [7].

Let’s consider the parameters that affect the
discharge process using a perforated sieve:
= X{x X X

Xpe/fun/ Iperfunl’ “ 2perfunl’ ~" 3perfunl’ x4pmj/iml’

X5perfun/’ Xeperfiunt® X pertiunt® Xsperfint” X operfiont * 10perfiuntS * ®)
where X perint ~ linear values of bunker silo
(rectangular, round and trough-(U-)shaped);

Xt — the shape of the lower element of the
bunker silo (funnel) (models and controls
productivity and arching);

Xt the number of discharge openings
(the more there are openings, the more uniform
the discharge will be);

X persions the area of discharge opening relative
to the axis of the bunker silo;

X et~ the angle of the lower element of the
bunker silo (funnel);

X gperfions the dependence of the cross-sectional
areca of the bunker silo and the area of the
discharge opening;

st ~ pitch from the discharge opening to
the beginning of the perforated sieve;

et — physical and mechanical properties
of grain cargo;

Xy — DUNKer silo manufacturing material;

X perfint ™~ installation of a perforated sieve (the
slope of the perforated sieve affects the discharge).

Let us consider the parameters of the
discharge process for operation of a
multifunctional bunker silo:

);a =AY Ipa Y 2pa’ Y 3pa}’ (6)
where Y e~ the capacity of the bunker silo;

Y, — constant feeding of the input;

Y, —the coefficient of cargo segregation.

3pa
CONCLUSIONS

Thus, after considering and estimating all the
factors that affect the operation of the
multifunctional bunker silo, we have determined
the main parameters of the functioning of the
bunker silo.

Due to perforated sieves, it is possible to
regulate and control the process of filling,
storage, and, most importantly, the process of
discharge of the bulk cargo. The proposed design
was patented in the Russian Federation [17].
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Creating Optimal Conditions
for Train Operation

Train formation management provides for
creation of the conditions necessary to respect
the traffic schedule, which include assessing
saturation of sections with trains, predicting the
approach of trains, solving the problem of
regulating the saturation of a section with trains,
developing measures to prevent and eliminate
congestion in train traffic.

Modelling the train formation plan, it
becomes possible to consider the saturation of
sections with trains, depending on the mode of
train operation (Pic. 4)*.

The normal mode of train operation (Pic. 4,
area 1) is characterised by respect of the norms
of the train schedule. The optimal mode (Pic. 4,
area 2) implements the maximum traffic. The
complicated mode (Pic. 4, area 3) is characterised
by oversaturation of the section with trains. In
the hard mode (Pic. 4, area 4), oversaturation of
the section with trains leads to a shortage in
operating mode of locomotive crews [there are
no extra locomotive drivers who can and is
allowed to work] and thus to the need to «drop»
trains at intermediate stations. In emergency
mode (Pic. 4, area 5), movement of trains is
stopped due to infrastructure and rolling stock
failures or cargo shifts on open wagons.

Depending on the mode of operation of the
sections, the tasks of managing train operation
to ensure compliance with the established
standards of the traffic schedule and prevent
oversaturation of the sections with trains are
solved in the process of modelling of the
formation of trains. Creating and maintaining

! The numbering of graphs, diagrams and tables continues
the numbering of pictures started in the first part of the article.

Pic. 4. Train operation modes: 1 - normal, 2 - optimal,
3 - complicated, 4 - hard, 5- emergency [compiled by the author].

optimal conditions for train operation is one of
the tasks of train formation management, which
is used to regulate saturation of sections with
trains.

An increase in the number of trains on the
section by more than the maximum provided for
in the train schedule not only does not contribute
to an increase in the volumes of traffic, but also
does not allow meeting the schedule standards
and worsens the use of the section’s capacity
[20].

Control of saturation of sections with trains
consists in preventing the presence of more trains
on the section than the maximum allowed
simultaneously. The maximum number of trains
that can simultaneously be on the section is
determined by the vertical section of the
maximum traffic schedule. The maximum traffic
schedule is a schedule in which the «threads» of
trains are laid at minimum intervals [21].

Let’s consider the definition of the maximum
number of trains that can simultaneously be on
the section with a parallel two-track schedule. In
Pic. 5, in a right-angled triangle abc, the slope

Vertical section

g O @™ >
I~

stations

m
<
\:

I=inter-train interval

_[

Pic. 5. A fragment of the even-numbered train schedule and trigonometry of the vertical section [compiled by the author].
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of the hypotenuse ab («thread» of the graph)
characterises the speed of trains and determines
the acute angle a. The leg ac corresponds to the
inter-train interval. The leg bc is the share
(length) of the vertical section per train (L,). The
trigonometric function of the acute angle o of the
ratio of the opposite leg bc to the adjacent leg ac
corresponds to the tangent fga. We write the
solution of a right-angled triangle abc in railway
notation:

tga=L/I=V,
or L, =1-1go,
L,= 21  tga,
L =n"1I-1ga,

W_ L
n'=

Itgoc’

or n'= v

where n” — the maximum number of trains for an
even direction;

Lp — the section length (vertical section);

1 — minimum inter-train interval;

V. — running speed of trains.

Regulation of the Load of Marshalling
Stations

The modern technological process of the
marshalling yard operation contains two
components: the sequence of operations and the
norms of time for their implementation. Real
operational work differs significantly from the
normative daily schedule. An analysis of arrival
of trains at marshalling yards by hourly periods
indicates a significant intraday unevenness. For
example, at Bekasovo-Sortirovochnoye,
Orekhovo-Zuyevo and Sverdlovsk-Sortirovochny
stations, the range of arrival had been from 0 to
10 trains per hour. What does this lead to? In
some periods, due to the lack of trains, the
marshalling yard is idle, and the processing

Pic. 6. Modes of operation of the marshalling yard
[compiled by the author].

capacity is irretrievably lost. At other times, due
to the dense arrival of trains, the trains stand idle
waiting for dissolution from the hump, and the
time spent by the wagons at the station increases
[22].

Thus, to maximize the use of the hump’s
processing capacity while minimising the time
spent by wagons at the station, it is necessary to
compare and align arrival of trains and the
hump’s processing capacity in advance. Thus, to
create and maintain optimal operation conditions
for the marshalling yard.

The operating conditions of marshalling
yards at each moment of time are characterised
by a mode that determines quantitative and
qualitative indicators of the station.

The mode of operation of the marshalling
yard depends on the volume of wagon processing,
the intensity and uniformity of the approach of
trains, the timeliness of providing the formed
trains with locomotives, the removal of trains
and determines the timeliness of the reception
and departure of trains, the presence of inter-
operational downtime of wagons.

Normal mode (Pic. 6, area 1) is characterised
by station operating conditions, under which
there are no train delays due to non-acceptance
and inter-operational downtime of wagons, the
time norms for performing technological
operations are observed, and an increase in the
volume of processing leads to a reduction in the
time spent by wagons at the station. In the normal
mode of train, sorting and shunting operations,
the train schedule, the technological process of
the station operation and the timely conduct of
locomotives’ maintenance are respected.

If the normal mode provides the minimum
time spent by wagons at the station or minimal
operating costs in the absence of delayed trains
due to non-reception, then this mode is called
optimal (Pic. 6, area 2).

Complicated mode (Pic. 6, area 3) is
characterised by station operating conditions,
when there is inter-operational downtime, which
can be exacerbated by the uneven approach of
trains, untimely provision of trains with
locomotives and departure from the station.
There are periodic delays of trains due to non-
acceptance. An increase in the volume of
processing causes an increase in the time spent
by wagons at the station and in operating costs.
Deviations in the time spent on the execution of
technological operations cause difficulties in the
current planning of the station.



Hard mode (Pic. 6, area 4) is characterised
by an increase in inter-operational downtime,
constant delays of trains due to non-acceptance
and the maintenance of an excess of wagon fleet.
If the hard operating mode of the station is not
eliminated in a timely manner, then inter-
operational downtime, the number and duration
of train delays due to non-acceptance will
increase even more, and there will be a shortage
of train locomotives.

It is possible to create and maintain optimal
operating conditions for marshalling yards in
advance by managing train formation, when, at
the stage of modelling accumulation of trains,
arrival of trains at destination stations and the
processing capacity of respective marshalling
humps are brought into line.

Interaction of Marshalling
and Cargo Stations

The operational management of train
formation allows eliminating the existing
shortcomings in organisation of local operations
[mainly, loading, unloading, sorting operations
within the station or adjacent stations] and
ensuring the timely supply of wagons to cargo
stations. The maximum use capacity of the
loading and unloading tracks is achieved when,
after completion of cargo operations, the wagons
are immediately removed from cargo loading/
unloading track and the next groups of wagons
are supplied. The timely availability at the
stations of these groups of wagons ready for
delivery to the loading/unloading track should
be the goal of local operations. The absence of
wagons at the station by the time of delivery to
the cargo unloading track results in an irreparable
loss of unloading capacity. That is, the operational
management of train formation should ensure
availability of wagons at the stations for their
timely and complete supply to the cargo loading/
unloading track. These conditions characterise
the optimal mode of operation of cargo loading/
unloading tracks, under which the maximum
volume of cargo operations is done [23].

In a mathematical formulation, it is advisable
to formulate such a problem in terms of
distribution of flows on graphs (Pic. 7). In this
case, a weighted graph serves as an adequate
mathematical model for organising work with
local wagons, the «weight» of the vertices of the
first part of which is the predicted time of arrival
of the wagons at the station. At the same time,
the numbering of peaks increases during the

planned period (for example, shifts, days). The
«weight» of the vertices of the third part of the
graph is the time of delivery of wagons to the
cargo loading/unloading track, which is
determined by the quotient through dividing
duration of the planned period by the time of
carrying out cargo operations. The stochastically
evolving predicted arrival of wagons at the
station, not linked to the performance of cargo
operations, does not always ensure the maximum
use of the loading/unloading capacity of cargo
loading/unloading tracks, i.c., part of the time
the latter are idle waiting for work, and part of
the time during crowded arrival the wagons are
idle waiting for delivery of wagons. To timely
respect the schedule for supplying wagons to the
cargo loading/unloading track, the desired second
part of the graph is built, the «weights» of the
vertices of which characterise the necessary
moments of time when the wagons should arrive
at the station. The latter may coincide with the
predicted time if they arrive on time, or otherwise
an earlier arrival of wagons to the station is
necessary. In this case, the «weight» of the
vertices (arrival time) is determined by the
difference in the times of delivery of wagons to
the cargo loading/unloading track according to
the schedule and the time required to perform
technological and shunting operations.

Thus, the task of finding the «weights» of the
vertices of the second part of the graph is reduced
to synthesising the arcs connecting the vertices
of different parts of the graph, and calculating
the flows on them so that a solution between the
sources (the predicted arrival of wagons at the
station) and the sinks of the graph (the application
for supply of wagons for unloading during the
planned period) should be when the extremum
of the functional is reached on the set of arcs of
this graph:

F =min{M, P}, @)
where M — availability of local wagons for each
loading/unloading track;

P — loading/unloading capacity of the
loading/unloading track.

To implement the functional (4), we consider
the algorithm, having previously introduced the
following notation: S is the source of the graph;
T is the sink of the graph; i, j, k are the vertices
of the first, second and third parts of the graph,
respectively; N is the flow of wagons on the arcs
between the shares of the graph; N is the
predicted flow of wagons arriving at the station;
N, is the maximum number of wagons that can
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Table 3

Initial data of the example [compiled by the author]

Forecast of Arrival turn 1 2 3 4 5) 6 7 8
arrival of Time 17:30 21:00 2:00 7:00 8:00 10:00 11:00 12:00
wagons atthe Iy e or 30 15 10 40 15 20 50 40
station
wagons

Schedule for | Delivery number |1 2 3 4 5 6
supply of Time 20:00 0:00 4:00 8:00 12:00 16:00
wagons fo the \r oo 40 20 20 40 40 60
cargo loading/

. wagons
unloading
track

be supplied to the loading/unloading track; L
is the current time of the latest arrival of wagons
at the station for use in a certain supply to the
cargo Loading/unloading track; t_is the time of
delivery of wagons to the cargo loading/
unloading track; ¢_, is the technological time
[necessary for sorting and manoeuvring
operations according to adopted technology]
from arrival of wagons at the station to delivery
to the cargo loading/unloading track.

The algorithm for performing calculations
leads to streamlining the flow of arrival of
wagons at the station to ensure the maximum
possible volume of loading/unloading and
determines the required schedule of their arrival.
The optimal schedule of arrival of wagons at the
station corresponds to finding the «weights» of
the vertices of the second part of the graph.

The algorithm for developing requirements
for arrival of local wagons at the unloading
station:

l.Leti=k=1,j=0.

2.If N, <N, then go to step 4; if N = N, ,
then — to step 5; if, N, > N . then — to step 3.

3.Let’scalculate N, =N _—N,;j =jtLN; =
N, t=min {t,;s —t ;k=k+1.1fk>k_,
then go to step 6, otherwise — to step 2.

4. Let’s calculate N, = N~ N j =j+1;
Nij =N, t= min {t,z, —t_ y;i=i+1LIfi>0 .
then go to step 6, otherwise — to step 2.

5. Let’s calculate j =/ + 1; N; =Nt =min
{tt, -t ); k=k+ 1. 1Ifk>k__, then go to
step 6, otherwise i =i+ 1.Ifi >i_, then go to
step 6, otherwise — to point 2.

6. We draw up a schedule for arrival of
wagons at the station for all values of i and £,
L= min {t;£, —t . }.

Example. The task is to optimise arrival of
wagons at the station to be further moved to the
cargo loading/unloading track with a loading/
unloading capacity of 220 wagons per day
(Pic. 7). The execution time of technological and
shunting operations from arrival of wagons at

the station to delivery to the cargo loading/
unloading track is 2 hours. Table 3 sets the
forecast for arrival of local wagons at the station
and the schedule for supplying them to the cargo
loading/unloading track.

The optimisation of the estimated arrival of
local wagons for individual cargo loading/
unloading tracks is generalised for the stations
of the entire section. Considering transit time of
local wagons to the unloading station, the
required time for their departure from technical
stations is determined (Pic. 8). The possibility of
earlier departure of local wagons from the
technical station depends on the forecast of the
time of arrival at it. The verification consists in
comparing the time required to perform
technological operations for the processing of
wagons at the station and the time available from
the moment of arrival to departure. As a result
of this verification, those wagons are identified
that can be sent from the technical station earlier
than the predicted time. In other words, situations
are identified when local wagons are idle at the
technical station, and at this time there are no
wagons at cargo stations for delivery to the cargo
loading/unloading tracks.

As a result of automation of the operational
planning of local and cargo operations, an
operational plan is being developed for delivery
of'local wagons to stations and their delivery to
the cargo loading/unloading tracks. Such a plan
includes the technology of train formation and
the schedule of trains with local wagons and
allows controlling the progress in its
implementation. The wagons delivered to the
cargo loading/unloading tracks within the terms
allowing performance of cargo operations
before the end of the shift or day, make up the
planned amount of unloading for the
corresponding period of time. Additional local
wagons arriving during the day are used to fill
incomplete deliveries to the cargo loading/
unloading tracks.



Forecast for arrival of
wagons at the station
station

Requirements (optimal) for
arrival of wagons at the

Schedule for supply of
wagons to the cargo
loading/unloading track

Cargo loading/
unloading track

Pic. 7. Flow model for optimising arrival of local wagons at the unloading station [compiled by the author].

Integration of the local wagons
with the departure schedule

Forecast for arrival of local
wagons at the station

Required departure sched-
ule of local wagons

Pic. 8. Flow model for optimising the departure of local wagons from the technical station [compiled by the author].

The operational management of train
formation will make it possible to significantly
increase the efficiency of management of the
transportation process due to the actual transition
from informing to managing automated systems.

Tools of Train Formation Management

Simulation of the process of accumulation of
wagons for trains of different lengths and weights
makes it possible to control the duration and
moments of completion of accumulation of
wagons.

Pic. 9 shows the influence of the number of
wagons in the trains being formed on the
accumulation parameter, and Pic. 10 demonstrates
the effect of changing the train length m on the
minimum volume of the wagon flow, which is
advantageous to allocate to an independent
destination.

The use of deviations from the set value of
the composition of trains makes it possible to
control the accumulation time (Pic. 11) and the
accumulation parameter (Pic. 12).

With an increase in the allowable deviations
from the set length of trains, the cost of wagon
hours regarding accumulation is reduced
(Pic. 13), and the more intense, the greater is the
deviation. This is due to the increase in the
process of accumulation of the number of
intervals between the accumulated trains
(Pic. 14) and average values of the closing
(Pic. 15) and final (Pic. 16) wagon groups. But
the reduction in the cost of wagon-hours for
accumulation with an increase in the allowable
deviations from the established length of the
trains leads to an increase in the volume of train
traffic (Pic. 17), and this, with a high level of
filling the throughput capacity of the segments
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Cond. wagons

Pic. 9. Dependence of the accumulation parameter c on the
average number of wagons m in the trains being formed
[compiled by the author].

Phys. wagons

Cond. wagons

Pic. 10. Dependence of the minimum wagon flow, N ., favourable

for allocation to a separate destination, on the average number of
wagons m in the train [compiled by the author].

wagons

Pic. 11. Influence of permissible deviations from the set length of
trains £A on the accumulation time t, [compiled by the author].

wagons

Pic. 12. Influence of permissible deviations from the set length of the
trains A and the accumulation parameter ¢ [compiled by the author].

of the network, leads to a decrease in the train
speed at the section (Pic. 18).

In connection with the change in the
conditions of train traffic through the section
(Pic. 20), it became obvious that when
determining the permissible deviations from the

wagons

Pic. 13. Influence of permissible deviations from the set length of
trains +A on the expenditures of wagon-hours of accumulation N,
[compiled by the author].

wagons

Pic. 14. Interdependence of the rate of permissible deviations from
the established length of trains A and the proportion of intervals
between trains in the accumulation process [compiled by the author].

M clos.
wagon
group

Pic. 15. Influence of permissible deviations from the established
length of trains £A on the average value of the closing group m
[compiled by the author].

clos

M final
wagon
group

wagons

Pic. 16. Influence of permissible deviations from the established
length of trains A on the average value of the final group m,,
[compiled by the author].

established length of trains during formation of
trains, it is necessary to compare reduction in the
expenditures of wagon-hours during accumulation
with the increase in wagon-hours in motion, as
well as locomotive- and crew-hours reduced to
the cost of 1 wagon-hour:
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where ANt, = Acm — reduction in the cost of
wagon-hours for accumulation of trains;

At = Av /L increase in the time spent by
trains on the section;

n — volume of train traffic on the section;

m, , — the actual number of wagons in trains;

Av_ —decrease in the train speed at section;

L — length of the section.

Let’s consider, for example, feasibility of
increasing the permissible deviations from the
established length of trains of 50 wagons from
+ 1 to + 3 at the expenditures for accumulation
of wagons equal to 550 wagon-hours per day, the
traffic volume on the section is 80 trains, and the
length of the section is 200 km. According to the
schedule (Pic. 11), we determine that the
expenditures of wagon-hours for accumulation
will be reduced by 7,7 %, or by 42,35 car-hours,
the traffic volume (Pic. 17) will increase by 7,6
trains, and this will cause a decrease in the section
speed (Pic. 3 (2.3)) by 2,5 km/h, i.e., will increase
the time spent by trains on the section by 0,19
hours. Thus, the reduction in wagon-hours for
accumulation of wagons for trains (by 42,35
car-hours) exceeds the increase in the time spent
by wagons in motion by 9,5 car-hours. This
means that in this section it is advisable to
increase the allowable deviations from the
established train length by +3 wagons. If the use
of the capacity has reached a high level, it is
advisable to form the trains that will be at the
same time full in length and weight, so as not to
cause a further increase in the volume of train
traffic.

When forming trains with loaded wagons, the
entire car flow intended for a given destination
is involved in the accumulation process. The
peculiarity of formation of trains with empty
wagons is their withdrawal in the process of
accumulation for loading at the station and
adjacent areas. Thus, cargo stations, as a rule,
send fewer empty wagons than they unload, and
technical ones — less than they receive. At cargo
stations, the parameter of accumulation of empty
wagons ¢ _for a single destination was
recommended to be equal to 7. However, the
value of c_ is affected by the volume of cargo
operations at the station. The daily empty wagon

wagons

Pic. 17. Influence of permissible deviations from the established
length of trains £A on the number of accumulated trains [compiled
by the author].

Pic. 18. Change in speed at section depending on the volume of
cargo trains traffic [compiled by the author].

flow N is the difference between the volumes
of unloading and loading of a certain type of
wagons. Therefore, a daily wagon flow, for
example, of 50 wagons can be obtained by
unloading 50 wagons, as well as by unloading
500 and loading 450 wagons. Accumulation costs
in both cases ¢;m = 750 = 350 wagon-hours.
However, in the first case, the daily cost of
accumulation actually amounts to ¢ m, = N ta =
5012 =600 wagon-hours, and in the second case,
it is possible, by concentrating the supply after
unloading groups of wagons or entire groups, to
accelerate the accumulation process in some
cases to a minimum — t, = 1,2 hours, and then
the cost of accumulation will be several times
less than in the first case, i.c. NemptH =501,2 =
60 wagon-hours.

In accordance with the necessary condition
for routing, with the value of > 7, + To +1 5, =6

of the reduced wagon-hour/wagon, in the first
case it is inappropriate to route an empty car flow,
since 506 < 600, in the second case it is
advisable since 506 > 60. The previously
existing method for estimating the expenditures
of accumulation did not consider these features
of formation of an empty wagon flow. Therefore,
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Pic. 19. Dependence of the parameter of accumulation of empty
wagons c, for train formation on the volume of the cargo operation
[compiled by the author].

in both considered cases, it was impractical to
form empty routes (50¢6) < 350. Consequently,
the accumulation time with empty wagons
depends not only on the amount of daily wagon
flow, but also on the volume of cargo operations
at stations. Based on studies of the features of
the process of accumulation of empty wagons
for train formation, an accumulation formula was
obtained:

(Nun[nnd - N[uad )2 ta + 0,763

1,335[1+ load

NNJ'

To facilitate its practical application, Pic. 19
shows a graphical dependence of the values of
the accumulation parameter for trains with empty
wagons on the ratio of the volume of the cargo
operations at the stations.

¢, =
N, n[aadma

ul

Redistribution of Sorting Operations

If there is a dispatcher for organisation of
wagon flows and if the intensity of supply of
trains does not match the possibility of their
processing, it will be possible to temporarily
redistribute sorting operations between technical
stations. Moreover, this discrepancy can arise
due to a change both in the intensity of supply
of trains to the station and in processing capacity.
The latter may be caused by a change in the
number of sorting tracks in operation, untimely
removal of trains from the station, repair works
on the hump, etc. The need to redistribute
marshalling work arises when drawing up and
adjusting the plan for formation of trains, shift-
daily planning of train work, repair and
construction works at stations and hauls. The
methods for redistributing wagon flows for these
tasks are the same. Let’s consider them using an

example of management of the load of technical
stations during the operational planning of train
operations. It should be noted right away that the
proposed method of reducing the volume of
wagon processing at one of the stations does not
cause its increase by the same amount at other
stations. As a rule, this is accompanied by a
decrease in the total volume of wagon processing
operations.

Sorting work is redistributed due to allocation
of streams of wagon flows to additional longer-
distance destinations than provided for by the
formation plan, or redistribution of wagons
between train destinations. The formation of
additional longer-distance train assignments is
advisable both with an increase in wagon traffic
(N), which ensures that the savings from trains
in transit without processing at passed technical
stations (7, ) exceed the costs of accumulating
wagons for train formation (c¢m), and with an
increase in 7, due to the increased volume of
processing and reducing the cost of accumulation
of wagons for trains with a condensed arrival of
wagons. Changes in the power of streams of
wagon flows or the norms of the formation plan
are sufficient grounds for allocating additional
destination assignments when N7 > ...,

The change in the load of marshalling yards
due to redistribution of wagons between train
destinations occurs since the streams of wagon
flows allocated to independent destinations often
significantly exceed the minimum value sufficient
for this. At the same time, the shorter streams
adjacent to them lack an insignificant number of
wagons for the expediency of allocation to
separate destinations. Therefore, they are
combined with even shorter streams, and the
wagon flows are additionally processed at
adjacent technical stations. If it is necessary to
reduce the load of adjacent technical stations, the
transit capacity of trains can be increased by
redistributing wagons between adjacent streams
of wagon flows due to some downscaling of more
distant destinations to replenish short streams. In
general, the expediency of separating into
separate destinations streams of wagon flows,
replenished due to a more distant stream that
meets condition of sufficiency, is determined by
the inequality:

n ! n !
2 LN 2 ;NilaCkTekj >
Ng - i Nl_lack 5)
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where N, — the stream of the wagon flow that
satisfies the sufficient condition;

N, — the volume of the stream 7 replenished
by the wagons of destination N

T, — resulting or eliminated reduced saving
of wagon-hours when wagon flow i transit the
station without being processed;

N** —1lack of wagons in stream i to meet the
sufficient condition;

k—the number of additional train assignments.

For replenishment, streams of wagon flows
can be used, initially meeting the sufficient
condition, but in which the excess of wagons is
less than the shortage in the adjacent stream. This
is explained by the fact that the decrease in the
far stream of the wagon flow N, to replenish the
nearer stream for NV,** in a sufficient condition
for profitability of allocating N, :

lack
N, - N.
(N, - N, ackyrs 2(1 2 ]cm

k
e Nl

equally affects the change in the values of the
right and left parts of the inequalities, without
changing their ratio.

The sequence of calculations when
redistributing sorting operations between
technical stations:

1. Those streams of wagon flows are identified
that satisfy the sufficient condition and that are
allocated to the transit destinations of trains
through the station in question.

2. Those streams of wagon flows are identified
that satisfy the necessary condition, and which,
after replenishment, will be able to pass through
the station without processing.

3. From the jets that satisfy the necessary
condition, such adjacent streams are distinguished,
with which the more distant streams satisfy the
sufficient condition.

4. For streams of wagon flows allocated
according to step 3, the missing wagons are found
to fulfil the sufficient condition.

5. The streams identified at step 4, replenished
with the missing number of wagons, are checked
for fulfilment of the sufficient condition (5).

Advance modelling of the wagon
accumulation process is used as information
support for operational redistribution of sorting
operations. The rational redistribution of sorting
operations contributes to creation of optimal
conditions for functioning of sections and
stations and increases the transit capacity of
wagon flows. It is possible to redistribute the
sorting operations between stations in the

considered way both when calculating and
adjusting the formation plan, and during
operational planning of train operations, when
difficulties have already arisen or are predicted
with processing of wagons at some stations. The
time over which sorting operations are reallocated
depends on the likely duration of the foreseeable
disruption.

CONCLUSIONS

Train formation planning is a key task of
operational management of the transportation
process. Therefore, replacement of the passive,
uncontrolled process of accumulation of wagons
for train formation by the dispatching control of
train formation makes it possible to eliminate the
existing uncertainty and spontaneity in the
operational work of railways.

The operational management of train
formation allows significantly expanding the list
of tasks solved by the train formation plan. In
addition to setting the destinations of trains being
formed, which is periodically inefficient,
organisation of wagon flows is quickly adapted
to the real operational situation, the time for
complete assembling of trains is regulated in
advance in accordance with the provision of
trains with locomotives and the «threads» of the
train schedule. Initial information is provided to
optimise the work of train locomotives; saturation
of sections with trains is controlled; the
maintenance of wagons at stations is also
endured.

The characteristics of optimal conditions for
operation of sections and stations are determined.
Forecasting the mode of operation of sections
and stations makes it possible to create the most
effective conditions for train and marshalling
operations using train management.

To control the train formation, the measures
of dispatching actions are provided, which make
it possible to influence and determine the
efficiency of the transportation process.
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Mathematical Methods for Validation of Data
on Reliability, Operation and Maintenance of Locomotives

Igor |. LAKIN Viktor A. MELNIKOV

ABSTRACT

The objective of the article is to describe the method proposed
by the authors and intended for validity check of initial data for
managing reliability of locomotives and the entire locomotive
facilities. It is shown that probabilistic-statistical methods which
constitute the basis of Edward Deming’s theory of enterprise
variability allowing to control the quality of enterprises’ products,
including their reliability.

The averaged statistical data used in practices of railway
transport and its locomotive economy are not homogeneous,
representing what is called in popular publications «average
temperature of hospital patients». The homogeneity of data is
determined by their unimodality, i.e., the presence of a single
process in the sample. Unsuccessful sampling leads to its bimodality
and even multimodality.

The research method proposed in the article is check for
unimodality of the initial data based on the consequence of the law
of large numbers, according to which, with an increase in the number
of data, homogeneous samples tend to one of the laws of distribution
of random variable: to normal, exponential, lognormal or other
known law. Therefore, and since any unimodal sample must meet
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a goodness-of-fit test, the article proposes to apply Pearson’s chi-
square test (x?). The unimodality of the data is suggested to be
estimated through the probability of compliance with the chosen
law of distribution of a random variable considering the probability
of more than 0,3 (30 %) to be sufficient.

Using the example of locomotive operation data and on-board
microprocessor systems data, data are shown that cannot really
be unimodal, as well as the data that require changing the sampling
rules to achieve unimodality. For example, when considering the
average daily runs of locomotives by series at specific home depots
with participation in one type of traffic (main traffic, export, or
shunting operations), their unimodality is achieved. An attempt to
enlarge the data (to consider several series, several polygons, etc.)
results in loss of unimodality.

The article considers the unimodality of data of MSU-TP
on-board microprocessor control systems for diesel locomotives of
2TE116U series. The expected operating time for the positions of
the driver’s controller turned out to be multimodal data. Surprisingly,
the current of the traction motors turned out to be unimodal,
regardless of the driving position of the driver’s controller.

For citation: Lakin, I. I., Melnikov, V. A. Mathematical Methods for Validation of Data on Reliability, Operation and Maintenance of
Locomotives. World of Transport and Transportation, 2022, Vol. 20, Iss. 2, (99), pp. 199-204. DOI: https.//doi.org/10.30932/1992-3252-

2022-20-2-8.

The text of the article originally written in Russian is published in the first part of the issue.
Tekcm cmambu Ha pyccKkoM si3bIke ny6ukyemes e nepeoll Yacmu daHHO20 8bInycKa.



200

INTRODUCTION

The task of scientific organisation of
production, quality control of technological
processes was first solved in the late 19"—early
20" centuries by Frederick Taylor [1]. At the
beginning of 20" century, the principles of
product quality and cost management were
scientifically and practically developed by Henry
Gantt (the most famous is the «Gantt charty,
although this is by no means the only one and
not his main development). A qualitatively new
stage in production management in the middle
of 20™ century is associated with the names of
Walter Shewhart and Edward Deming, who
introduced the obligatory application of the
principle of continuous improvement (PDCA
cycle) into management. Taking as a basis the
thesis of constant variability of the production
situation, E. Deming developed the theory of
enterprise variability, making the practice of
applying probabilistic-statistical methods in
management mandatory [1].

The development of the theory of E. Deming
in relation to the domestic locomotive facilities
in the second half of 20" century was carried out
by an outstanding scientist, D.Sc., Professor Igor
P. Isaev, who not only adapted the mathematical
apparatus to the transport environment, but also
practically implemented system in the Rybnoye
locomotive depot [2]. I. P. Isaev developed a
theory of application of probabilistic-statistical
methods in the study of reliability of locomotives,
which was developed by his students and
followers [3]. Probabilistic-statistical methods
have become an obligatory part of the educational
process [4].

The current stage of development of the
theory of reliability of locomotives is associated
with development of computer technology
(IT-technologies). D.Sc. (Eng) Igor K. Lakin
headed the development of an automated control
system (ACS) for locomotive facilities (ACST)
[5] which is the basis of the control system for
the locomotive divisions of JSC Russian
Railways. As a development of ACST, I. K. Lakin
and his students created ACS for maintenance
and repair (MR) of locomotives called ACS
«Network Schedule» (ACS NS) to manage MR
in 85 service locomotive depots of the LocoTech
group of companies [6; 7]. ACS NS encapsulates
the scientific provisions of quality management,
Lean Production, TQM, etc. [13—15], as aresult,
five Ph.D. theses and one doctoral dissertation
were prepared by the developers.

Since July 2014, JSC Russian Railways has
switched to a service system for MR of
locomotives, in which service companies
(representatives of manufacturers) receive
income (revenue) not for the volume of MR
performed, but for the useful mileage of
locomotives (rubles/km). A reduction factor is
provided if the reliability level (SLA) specified
in the service agreement is not met. All newly
purchased locomotives by JSC Russian Railways
are supplied under a Life Cycle Contract (LCC),
which establishes more stringent requirements
for reliability of locomotives. Estimating
maintenance costs 40 years ahead is a difficult
task. The transition from the budgetary form of
payment for maintenance and repair to the life
cycle requires the use of probabilistic and
statistical methods: it is necessary to predict the
volume of maintenance and repair both within
the framework of a preventive maintenance
system and for over-cycle unscheduled work due
to failures, the need for modernisation, etc. The
role of variable management methods is
increasing.

During the operation of locomotives, the
work performed by them (in tekm, kWeh, million
km, etc.) is recorded in the information systems
of JSC Russian Railways [5]. At the same time,
the on-board microprocessor control systems
(MCS) of the locomotive, according to
information from the sensors, records information
about the operating modes of the equipment, and
technical diagnostics are carried out [6; 7]. This
information is the starting point for organisation
of MR as a scheduled preventive maintenance
with elements of predictive repair (taking into
account the actual technical condition of the
locomotives and the work performed by them).

When a locomotive enters a service
locomotive depot (SLD), MR analyses the
information accumulated during its operation,
performs additional diagnostics using portable
and stationary systems (vibration diagnostics,
rim profile measurement, insulation resistance
measurement, etc.). The results of a visual
inspection, the driver’s comments from the
logbook are also used. All information is
collected in an electronic diagnostic card, which
is the basis for appointment of over-cycle work
to eliminate failures and pre-failure states. An
electronic work order is issued for each scheduled
and over-cycle work, which records labour costs,
materials and spare parts received from the
warehouse, and in the future, it will integrate the
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Pic. 1. An example of distribution of overhaul mileage, thousand km (columns - actual data, graph - theoretical distribution).

recordings on the tools and equipment used
during maintenance and repair. The demurrage
of a locomotive is recorded as for various
operations. As a result, during the operation, and
maintenance and repair of locomotives, a
comprehensive database is formed throughout
the entire life cycle of locomotives using
paperless technology. It is important that the data
are the result of operation and maintenance
processes, and not the information entered
manually.

Information about the life cycle of locomotives
is needed not only to manage MR production
processes, but also to analyse the effectiveness
of organisation of operation and MR of
locomotives. A modern interoperable system
ACS for design, production, operation, and
maintenance of locomotives generates a large
amount of data (Big Data), the analysis of which
is not possible without programmable analysis
algorithms. But automated data processing has
the risk of drawing false conclusions.

Mark Twain, in his book Chapters of My
Biography, quoted the British Prime Minister
«There are three kinds of lies: lies, damned
lies and statistics». This well- known expression
emphasises the presence of risks in formal
mathematical processing of data. One of them
is known as the «average temperature of
hospital patients»: mixing dissimilar data. With
an average temperature, the error is obvious.
In the practice of locomotive divisions,
averaged values are often used to assess the
efficiency of operation, and maintenance and
repair of locomotives: speed on a section,
downtime for maintenance and repair and its
waiting, failure rate by type of equipment,
required frequency of maintenance and repair
by type of equipment, etc. In this case,
unimodality is not checked.
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Therefore, the objective of the ongoing work
study is to automate the process of checking
statistical data for validity.

As a research method, verification of the
distribution of the studied quantity for unimodality
was chosen, which is possible due to the property
of the law of large numbers [4]: with an increase
in the sample, the probability of the occurrence
of a particular value approaches a stable value.

RESULTS

The unimodal process takes the form of a
standard distribution of a random variable:
normal, exponential, lognormal, or others:
unimodality can be estimated by the criterion of
goodness-of-fit for testing hypotheses. Let us
consider an example of the distribution of
locomotives’ mileage L between current repair-1
(Pic. 1 and Table 1).

Four samples were formed with the same
distribution proportion, but with a different
number of data N = {100, 1000, 10,000,
100,000}. The distributions have the same
mathematical expectation L, = 50,12 thousand
km and almost the same standard deviation ,
[4]: )

N,
anﬁ i:le' 5 (1)

n

1

o, =

(L -L), )

n-1 i=l

where L — mathematical expectation of the
sample n ¢ N = {100, 1000, 10 000, 100 000};

L ,—i-th mileage of the sample n ¢ N = {100,
1000, 10 000, 100 000};

N, —maximum quantity of data in the sample
neN.

According to Pearson’s goodness-of-fit test,
the chi-square y? is calculated for each sample
nen:
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Table 1

where L . — theoretical number of hits into the
range for normal distribution of a random
variable, calculated by the distribution density
function fx [4] (see Table 1):

xn2

Ly, = [ f(x)dx,

xnl

4)

The probability of compliance with the
normal law P is determined from the Pearson’s
table. Table 2 shows the calculation results: only
for N =100 there is a significant probability of
compliance with the normal law P, , = 0,3.

Four identical distributions have completely
different probability of fitting the law: the
probability of fitting is extremely sensitive to
sample size. In the practice of the locomotive
economy, samples will always be of different
sizes and noisy even with large samples.
Orientation to the minimum of them will reduce
the amount of useful information. The Pearson’s
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202 Examples of distributions of overhaul mileage [performed by the authors]
i L, Sample size actual N Sample size theoretical N,
thous.
km 100 1000 10 000 100 000 | f(Li) 100 1000 10 000 100 000
1 |43 1 10 100 1 000 0,0040 |0 4 40 395
2 |44 1 10 100 1000 0,0102 |1 10 102 1024
3 |45 2 20 200 2000 0,0230 |2 23 230 2298
4 46 3 30 300 3000 0,0446 4 45 446 4 465
5 47 7 70 700 7 000 0,0751 8 75 751 7513
6 48 11 110 1100 11 000 0,1095 11 110 1095 10951
7 49 15 150 1500 15 000 0,1382 14 138 1382 13 823
8 50 18 180 1800 18 000 0,1511 15 151 1511 15111
9 51 15 150 1500 15 000 0,1431 14 143 1431 14308
10 |52 11 110 1100 11 000 0,1173 12 117 1173 11733
11 53 7 70 700 7000 0,0833 8 83 833 8333
12 |54 4 40 400 4000 00513 |5 51 513 5126
13 |55 2 20 200 2 000 0,0273 3 27 273 2731
14 |56 1 10 100 1 000 0,0126 1 13 126 1260
15 |57 1 10 100 1000 0,0050 1 5 50 503
16 |58 1 10 100 1 000 0,0017 0 2 17 174
L, 50,12 50,12 50,12 50,12
[ 2,64 2,63 2,62 2,6
Table 2
Probability of compliance with the normal law in %? [performed by the authors]
Sample size actual N
. 100 1 000 10 000 100 000
1 7 73 732 7325
P, 03 0 0 0
2 (L, - L) criFerion is effective and .sensitive fpr strictly
An = Z}T ) () unimodal samples and is not suitable for

encapsulation in ACS.

The considered example was checked with
Kolmogorov—Smirnov criterion, according to
which it is necessary to find the maximum
difference between the actual L , and theoretical

L distributions:
theori

Ama>< = Max(fai _fti)’
where fai =N, /N;
Ja =Ny /Ny
N, —number of actual hitting in the range i;
N — empirical sample size;
N, —number of theoretical hitting in the range i;
N, — control sample size (N, = N).
Next, it is necessary to calculate the indicator
D, which for the normal law is:
D,=A, *W"“-0,01+085/N"), (6)
Table 3 shows the results of the calculation:
with an increase in the sample, the probability of
compliance decreases more slowly than according
to the Pearson’s goodness-of-fit criterion: with
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Pic. 2. Distribution of operating time of diesel locomotive’s DGUs by positions [performed by the authors].

Table 3
Probability of compliance with the normal law according to D_[performed by the authors]
N 100 1000 10000 100000
A, 0,029 0,029 0,029 0,029
D 0,2910 0,9139 2,8885 9,1341
P 0,9999 0,3791 0,00000018 0

samples less than 1000, the unimodality check
by D is effective.

Checking the unimodality of data is
implemented by the authors in their practices.
Let us give examples of real data.

One of the important indicators of operation
of locomotives is the average average speed
when it is running through the section. Analysis
of data from onboard microprocessor control
systems (MCS) showed the presence of at least
two peaks. For example, diesel locomotives of
2TE116U series on Oktyabrskaya railway
showed there are three peaks — in the ranges of
18-25 km/h, 34-41 km/h and 50-57 km/h, on
Privolzhskaya — two peaks: 42-49 km/h and
58-65 km/h, on Sverdlovskaya railway: 26—
31 km/h, 68-73 km/h.

14%
12%

Interesting data were obtained by the authors
on operation of the diesel generator set of diesel
locomotives of 2TE116U series for 3164 days of
operation (120 sections of locomotives were
considered at three network segments). As
expected, distribution of operating time by
positions turned out to be multimodal (Pic. 2),
but the current of traction motors turned out to
be unimodal (Pic. 3).

In conclusion, it should be noted that the
analysis of publications world-wide shows that
in statistical materials on railway transport,
insufficient attention is paid to checking
unimodality of data, that affects the reliability
[8—12]. However, in general, a few publications
were devoted to the problem of checking data
validity (e.g., [13-15]).
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Pic. 3. TED current distribution for diesel locomotives of 2TE116U series [performed by the authors].
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CONCLUSIONS

1. Automation of the process of managing the
life cycle of locomotives in general and of their
maintenance and repair (MR) in particular makes
it possible to encapsulate mathematical control
methods, including probabilistic-statistical ones,
in software according to Edward Deming’s
theory of variability.

2. In probabilistic-statistical processing of
data on operation of locomotives and their
maintenance and repair, before making control
decisions, it is necessary to check data for
unimodality as belonging to a single process. In
a bimodal or multimodal process, data should be
divided into groups, thereby achieving
unimodality.

3. It is proposed to check for unimodality in
automated control systems (ACS) by checking
the compliance of the hypothesis of unimodal
distribution as of the presence of a significant
probability that distribution of the considered
parameter corresponds to one of the distribution
laws of a random variable. Kolmogorov—
Smirnov agreement criterion is preferable.

4. A comprehensive analysis of data on
operation and maintenance and repair of
parameters of diesel generator sets and traction
motors of locomotives showed that data of one
series of locomotives of one home depot with
participation in one type of traffic (main traffic,
export or shunting operations) have unimodality:
local operating conditions, weight norms, profile
and speed mode lead to loss of unimodality when
trying to generalise data.

5. The revealed unimodality of the current of
traction electric drives (TED) of diesel
locomotives in traction mode and according to
the totality of work at all traction positions of the
diesel generator set makes it possible to take this
fact into account when designing TED.
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ABSTRACT

Since the 1990s, the Government of the Republic of Korea
has pursued a systematic policy of connecting the railways of the
Korean Peninsula to organise a Trans-Korean railway with access
to the mainland railway network but has not achieved the
implementation of this project. Differences in economic systems
and infrastructure of two countries are deterrents to organisation
of the Trans-Korean railway.

The paper considers main historical periods, reflecting the stages
of reunification of the Trans-Korean railway with the possibility of
organising a transcontinental transportation. For the Republic of
Korea, the emergence of a Trans-Korean and continental railway
transportation will allow reorienting container flow from sea and road
transport to the railway in the Asia-Europe direction, which will
significantly speed up and make the delivery of goods more stable.
The predicted volume of container flow between Korea and Eurasia
can reach 300,000 containers per year by 2040. The objective of this
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study is to analyse the state, problems and trends in organisation of
the Trans-Korean railway with an access in future to the transport
network of the Asia-Pacific region. In this study, methods of analysis,
synthesis and comparison are used.

Possible solutions for integration of Trans-Korean and
continental railways are presented in five aspects. Long-term
policies and plans drawn up based on consultations between the
leadership of two Korean countries need support through revealing
interests of international organisations and neighbouring countries.
The strengthening and development of the railway infrastructure of
the DPRK is possible with the help of joint projects with the Republic
of Korea and neighbouring countries. The creation of a
transcontinental railway and the development of technology for
accelerated customs clearance of containers will allow the countries
of the Korean Peninsula to reach a new level of political and
economic cooperation.
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INTRODUCTION

The Trans-Korean Railway on the Korean
Peninsula has a long history of development,
including the period of colonialism. The road
was necessary for organisation of passenger
transportation to Russia or China. Railway
transportation was interrupted 75 years ago due
to hostilities, the result of the war was the
division of the country into the Republic of
Korea and the DPRK. Since the 1990s, the
Republic of Korea has held various strategic
sessions for the connection to the mainland
railway through the Trans-Korean railway. As
of today, this project has not been implemented,
in addition to various technical and
infrastructural problems, the political situation
is the most important part of resumption of the
Trans-Korean railway transportation. In July
2021, President of the Republic of Korea Moon
Jae-in and Chairman of the State Council of the
DPRK Kim Jong-un agreed to resume the direct
line of communication between Seoul and
Pyongyang, and also agreed to help restore trust
and strengthen bilateral relations. If the political
situation on the Korean peninsula stabilizes and
relations between two countries continue to
improve, the unification of Korean railways can
happen at any time, and integration with the
mainland railway network is possible, so the
preparation of infrastructure and the
development of technology is a mandatory issue
for the development of the Trans-Korean
railway [1].

Thus, the objective of this study is to analyze
the state, problems and development trends of
the Trans-Korean railway with a promising
entry into the transport network of the Asia-
Pacific region.

RESULTS
Analysis of Political Decisions
on the Issue of Reunification
of the Trans-Korean Railway
and Organization of Transcontinental
Railway Transportation

The 1990s are considered the beginning of
integration of the Trans-Korean and continental
railways. Various discussions were held about
connecting the Trans-Korean railway in the
1970s and 80s, but since the 1990s, with
participation of Russia and the international
community, discussions have begun on
implementation of the continental railway project
by connecting with the Trans-Korean railway.

The years 2000—2008 of the administration
of Kim Dae-jung and Roh Moo-hyun are
associated with progress in resolving the issue
of unification of the Trans-Korean railway and
integration with the continental railway. Due to
the active cooperation between the governments
of the Republic of Korea and the DPRK,
cooperation between two countries was achieved
in various transport areas, including road, sea,
air and Trans-Korean railway transportation.

The Kim Dae-jung administration
(1998-2003) interacted with the DPRK
leadership on various issues of unification policy
and tried not to interrupt the dialogue. On June
15,2000, President of the Republic of Korea Kim
Dae-jung and Chairman of the State Council of
the DPRK Kim Jong-il presented a joint
declaration at the first inter-Korean summit held
in Pyongyang. There was no direct mention of
development of the transport sector, but an
agreement was reached on economic cooperation
between two parties [4]. This allowed further
negotiations to continue.

During the administrations of Kim Dae-jung
and Roh Moo-hyun, there were 13 inter-Korean
summits and subsequent meetings of the working
groups of representatives of Republic of Korea
and the DPRK, 10 negotiations in the military
sector, 11 meetings on economic cooperation, 5
working meetings on development of railway
and roads, 13 meetings were held on organisation
of railway and road transportations.

2008—2017 years. This is the period of the
administrations of Lee Myung-bak and Park Geun-
hye, which can be characterized as a period of
«stagnation» in the issue of connecting the Trans-
Korean railways, the reasons were political
differences and military conditions, so the discussion
of inter-Korean relations was suspended.

In 2013, in a keynote speech at the Eurasia
International Conference, Park Geun-hye’s new
administration officially launched the «Eurasian
Initiative» aimed at bringing peace to the Korean
Peninsula by uniting Eurasia as a single continent.
Attention was focused on the need to create
energy networks (Pic. 1), gas and oil pipelines,
through the implementation of the Silk Road
Express, which runs through Busan-DPRK-—
Russia—China—Central Asia—Europe.

2017-present. In 2017, the Moon Jae-in
administration upon its formation proposed the
«New Economic Map of the Korean Peninsula»
and «New Northern Policy» projects based on
cooperation between the countries of the Korean



Table 1

The main stages of organisation of Trans-Korean and continental railway

transportation in the 1990s

Year Participating countries Main content
1991 Republic of Korea and A protocol on cooperation in the field of international multimodal sea and
Russia railway transportation between Republic of Korea and Russia was signed [2]
1992 Republic of Korea and Adoption of agreements and understandings attached to them on
DPRK reconciliation, immunity, exchange and cooperation.
Junction of Gyeonggi Railway Line and Road between Munsan and Kaesong
1996 ESCAP Conference Efforts are aimed at rebuilding railways in Republic of Korea and DPRK to
(Economic and Social create a northern route for the Trans-Asian Railway [3]
Commission for Asia and
the Pacific)
Table 2
The main stages of organisation of Trans-Korean
and continental railway transportation in 2000—-2008 [2]
Year | Participating Main content
countries
2000 | Republic of Korea Within the framework of the Inter-Korean Summit and the Joint Declaration of the
and DPRK Republic of Korea and the DPRK, they agreed to intensify exchanges and cooperation in
the economic sphere between two parties
The result of the First and Second Inter-Korean Ministerial Meetings was the signing of
the Agreement on Railway and Road Connection of the Gyeonggi Line
2001 | Repbulic of Korea Agreed on the Iron Silk Road project, which connects Europe and Asia through the
and Russia Korean Peninsula
2002 | Republic of Korea Formalization of the project implementation along the Donghae line
and DPRK Start of construction of the Donghae railway line
2003 | Republic of Korea Agreement on joint research between Republic of Korea, DPRK and Russia
and Russia
2004 | Republic of Korea, A trilateral meeting of railway experts of Republic of Korea, DPRK and Russia
DPRK and Russia
2005 | Republic of Korea Restoration work completed on a single-track railway
2007 |and DPRK Test train operation between Chongjin and Kumgangsan and organisation of cargo traffic

between Republic of Korea and the DPRK on the Gyeonggi railway line

Joint declaration for cargo railway transportation between Munsan and Bongdong.
Discussing reconstruction of the Kaesong-Sinuiju railway and the Kaesong-Pyongyang

expressway for shared use

Pic. 1. Project «Eurasian Initiative» [5].
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Pic. 2. Project «New Economic Map of the Korean Peninsula» [6].

Peninsula and the northern regions in the field of
transport and logistics. The New Northern Policy
aims to strengthen cooperation projects that take
into account the industrial and economic capacity
of 14 countries in Northeast Asia, including
Russia, Mongolia, China (three northeastern
provinces) and the CIS countries.

The «New Economic Map of the Korean
Peninsula» (Pic. 2) represents economic
integration with the northern regions of the
peninsula, through formation of three belts — on
the east coast, west coast and the demilitarized
zone [7]. The «New Economic Initiative of the
Korean Peninsulay aims to provide new growth
drivers for the Korean Peninsula and joint
economic development with the northern regions
through creation of three major economic belts.
The presence of a railway connection between
Republic of Korea and the DPRK makes it
possible to consider the development of Eurasian
cooperation, which extends beyond the Korean
Peninsula to Russia and Europe.

At the Eastern Economic Forum, held in
Vladivostok in September 2017, President Moon
Jae-in presented the 9 Bridges strategy, which
includes nine areas (Pic. 3) of cooperation
between Korea and Russia [9].

In January 2018, inter-Korean summit was
held, which restored the mood of reconciliation
on the Korean peninsula and made it possible to
start a dialogue between two countries.

As inter-Korean relations improved, it
became possible for Republic of Korea to join
the OSJD. In addition, President of Republic of
Korea Moon Jae-in proposed the creation of the
«East Asian Railway Community» — an
organisation of cooperation between countries,
including the United States, with participation of
six countries of Northeast Asia (Republic of
Korea, DPRK, China, Russia, Mongolia and
Japan). The East Asian Railway Community
might be an international council that implements
investment projects for development of
infrastructure and economic cooperation in the
railway transport of East Asia [7].

As a result of the inter-Korean summit held
in September 2018, with the support of the United
States, joint studies of the Trans-Korean railway
in the DPRK section were carried out, and the
foundation laying ceremony of the Gyeonggi line
and the Donghae line was held. The Kaesong—
Sinuiju section of the Gyeonggi Line (411,3 km)
was surveyed in a day, and the Kumgangsan—
Dumangan section of the Donghae Line (783,4
km) was surveyed for 10 days.

In December 2007, a field study was carried
out on the Kaesong—Sinuiju section of the
Gyeonggi line, and over the past 10 years there
have been infrastructural changes that will
require additional investment to upgrade the
Gyeonggi line. The Kumgangsan—Dumangang
section on the Donghae line is of great transport



Pic. 3. Strategy of «9 bridges» [8].

and logistics importance, and for the first time,
after the division, railway transportation is
carried out through it.

Analysis of the State of Transport
Infrastructure

The DPRK geographically borders the
Republic of Korea in the south, Russia and
China in the north, so the connection of the
Trans-Korean railway with a continental
railway (Trans-Siberian Railway, Trans-China
Railway and Manchurian Railway) depends on
the state and capacity of the transport
infrastructure of the DPRK. Unlike the
Republic of Korea, where cargo transportation
is concentrated on road transport, in the DPRK,
cargo transportation is carried out by railway,
and road transport is auxiliary. The development
of the transport system of the DPRK was

influenced, namely, by natural conditions with
many mountainous areas [7].

The length of roads in the DPRK is 26196 km
[9]. The topography of the roads, due to the
mountainous terrain, makes it difficult for
vehicles to travel faster than 50 km/h, except on
some highways. The road infrastructure of the
DPRK is an additional tool for organising railway
transportation, road transportation is mainly
carried out over short distances (within
150—-200 km) and is focused on interregional
transportation. Road transport delivers goods
between railway stations and regions where there
is no railway, and also provides tourist and
military transportation [9].

The total length of railways in the DPRK
is 5295 km, which is about 1,3 times more than
in the Republic of Korea [9]. Most of the
DPRK railways use 1435 mm gauge, some

Table 3

Main stages of organization of Trans-Korean and continental
railway transportation from 2017 to the present

Year | Participating countries Main content

2017 | Repbulic of Korea
Peninsula [9]

New Northern Policy Initiative and New Economic Map of the Korean

Repbulic of Korea announces «9 Bridges» strategy aimed at implementing
joint projects with Russia [9]

2018 | OSID

Republic of Korea is OSJD member country

and the USA

Six countries of Northeast Asia | Proposal for organization of the «East Asian Railway Community»

Repbulic of Korea and DPRK

Three meetings at the inter-Korean summit

Joint study of railway and road infrastructure on the DPRK section of the
Donghae and Gyeonggi lines

Groundbreaking ceremony for the railway and road connection of the
Donghae and Gyeonggi lines
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Pic. 4. Inter-Korean transport cooperation projects agreed in 2018 [7].

lines in mountainous areas use 762 mm gauge.
In addition, on the Tumangan—Rajin section,
where Russian trains operate, a gauge of
1520 mm and 1435 mm is installed [10].
According to some experts, DPRK has a
mostly single-track railway system, and
infrastructure capacity is insufficient. In some
areas of the DPRK, wooden sleepers are used,
and in the future, they could be a factor

preventing the increase in the speed of trains.
Many tunnels were built during the Japanese
colonial period (1910—1940s) and were left
without maintenance, which led to severe
corrosion of concrete [7]. Communication and
signalling systems are mostly semi-automatic
and require modernization [11].

Pic. 5 shows the railways of Republic of Korea
and DPRK, which form the Trans-Korean railway.

Table 4
Characteristics of the transport infrastructure of Republic of Korea and DPRK
Characteristics by type of transport Republic of Korea | DPRK
Railway transport Total length, km 4148,1 5295,0
Share of electrified lines, % 73,2 81,2
Share of double-track sections of the | 63,5 3,0

total length, %

Gauge width, mm

1435 mm —100,0 %

762 mm — 9,8 %
1435 mm - 87,7 %
1520 mm —2,5 %

(without motorways), %

Main voltage AC25kV DC 3 kV
Transportation automatic semi-automatic
Average speed, km/h 70~100 15~50

Road transport Total length, km 111314,0 26196,0
The length of motorways, km 4767,0 658,0
Share of road surfaces 93,2 Less than 10

NAlIWAYS




Pic. 5. Map of the state of the railway infrastructure of the Republic of Korea and the DPRK as part of creation of the Trans-Korean railway [12].

Since December 2007, the Gyeonggi Line,
which connects Munsan station in South Korea
and Panmun station in North Korea, has been
dedicated to cargo transportation of the Kaesong
Industrial Complex, which was closed in
November 2008. Currently, the line between
Munsan and Dorasan is undergoing electrical
installation work on a 9,7 km section, and only
some sections are open to traffic. On the west
coast of the peninsula, the Gyeonggi line is
connected to Seoul and the metropolitan area,
with the line’s existing capacity linked to the
Gyeongbu line, which no longer has capacity
reserve. Therefore, government negotiations are
underway to build a high-speed railway between
Seoul and Sinuiju to meet the demand for
passenger transportation.

Rehabilitation work on the Gyeongwon Line
between Baekmagoji and Wolchonni stations is
currently on hold, while construction work to
restore the section to Pyeongchang Station
remains a long-term plan. Today, the restoration
of the Kumgangsan line continues, but the
priority remains with the project to connect the
Gyeonggi and Donghae railway lines.

The Donghae line includes the Busan—
Pohang double-track electrified section and the
Samcheok—Gangneung double-track electrified
section, as well as the Pohang—Samcheok
single-track electrified section, and the

Gangneung—Chejin single-track section is under
construction.

The Pyongi, Hambuk and Manpo railway
lines have access to the Chinese railways, the
Pyeongnae line is connected to the Russian
railways.

In 2013, modernization of the Khasan—Rajin
railway section (54 km) connecting the North
Korean port of Rajin and the Russian border
railway station Khasan was completed.

China is interested in development of
transport infrastructure in the region of the
northeastern border, this is reflected in the
projects «Development of the Northeast of the
PRC» and «One Belt, One Road» [14]. In
February 2014, China formed an international
consortium representing state-owned enterprises.
As part of the activities of the consortium, a
memorandum of understanding (MOU) was
signed for implementation of high-speed rail
transportation on the Kaesong—Pyongyang—
Sinuiju direction [15].

SUGGESTION AND SOLUTIONS

1. Stabilization of inter-Korean relations. It
is necessary to establish long-term relations
between two countries of the Korean Peninsula,
which will be the basis for planning the
development of the peninsula’s transport
network. In Republic of Korea, when



Pic. 6. Map of railways of the DPRK [13].

administrations change, the policy of connecting
railways with subsequent integration with
continental railways also changes. There is no
possibility now to conduct research and a detailed
analysis of the state of the railway infrastructure,
therefore, economic assessment of organisation
of the Trans-Korean railway is not complete and
in the future will have the effect on the increase
in time and cost of connecting the Korean
railways [16].

2. The need for international social
cooperation. Republic of Korea needs economic
and transport cooperation with neighbouring
countries. Unlike the DPRK, which has rail links
with Russia and China, Republic of Korea has
no experience in international railway
transportation. From the point of view of
Republic of Korea, railway transportation is not
only a path for economic development, it is a
peaceful relationship between two countries and
an opportunity for unification of the Korean
Peninsula.

3. Modernization and development of the
transport infrastructure. The priority
development of the railway transport
infrastructure is justified by the connection of
the Trans-Korean railway with the Asian

transport network for organisation of
continental routes. An urgent issue is
construction of a second track on the existing
single-track road in the DPRK. A double-track
railroad is an important competitive advantage
in logistics and passenger transportation. The
construction of the second tracks should be
carried out in stages, considering the financial
burden, the capacity of the line, as well as
existing and forecast train flows.

4. Connectivity of railways of the Republic
of Korea and of the DPRK. Currently, of four
railway lines in South Korea, the Gyeonggi
Line, located on the West Coast of the peninsula,
and the East Sea Line, are considered priority
projects. The Gyeonggi line connects South
Korean Seoul and Pyongyang (DPRK), with
organisation of railway transportation, the
demand for cargo and passenger transportation
will be high. Therefore, it is necessary to build
a passenger high-speed railway, cargo
transportation will be carried out by public
railways with appropriate cargo handling points.
Seoul is the capital of the Republic of Korea, a
metropolis that has an extensive metropolitan
subway network, many suburban lines and high-
speed lines. Under such conditions, the



Table 5

Forecast of container railway transportation volumes between Korean Peninsula
and Eurasia (thousand TEU, %) [15]

Direction 2020 2030 2040 Increase percentage

20~°30 30~’40
Korea — Eurasia 10,871 54,722 198,271 17,5 13,7
Eurasia — Korea 5,285 26,603 96,388 17,5 13,7
Total 16,156 81,325 294,659 17,5 13,7

organisation of cargo traffic is impossible, in
the future development it is necessary to
organise cargo terminals in the northern and
southern parts of Seoul, which will function as
points for import-export containers «Ui-wang
ICD». The presence of container terminals in
different parts of the metropolis will allow
formation of container trains and feeder
transportation, the terminal in the northern part
of Seoul will be the operator for organising
cargo railway transportation to the DPRK and
China [17].

The Donghae line is located along the East
coast of the peninsula and connects the South
Korean port of Busan with the Russian Khasan
station. Currently, a project is being implemented
in Republic of Korea to strengthen the railway
infrastructure from Busan station to the
demilitarized zone. This route will allow
organising transportation of containers from the
seaport of Busan through the Trans-Siberian
Railway with access to the European market. The
task ahead is to replace in some sections of the
single-track track structure with a double-track
one, taking into account economic feasibility.
Today, the price of sea freight and delivery time
determine the competitiveness of a business, so
construction of the Donghae double-track
railway line is one of the main vectors for
development of the country’s economy.

5. Organisation of border traffic between
countries. The competitiveness of railway
transport in Asia depends on the speed of the
customs clearance system. In the European
Union, transport and goods freely cross borders;
it is currently not possible to organise such a
system for movement of goods between China,
Russia, DPRK and Republic of Korea. At the
same time, it is necessary to gradually reduce the
time of customs clearance by improving the
system and interaction between the border
authorities of the participating countries. In the
future, container transportation will be in
demand, in which the customs inspection of the
cargo is carried out in the port of Busan (RK)

and this will allow the container to follow in
transit through Rajin (DPRK) and Khasan (RF).

CONCLUSIONS

The Trans-Korean Railway (TKR), as a
project to connect the railways of the Republic
of Korea and the DPRK, will be completed
through integration with the continental railway.
Despite the efforts of the international community,
the railway on the Korean Peninsula is only at
the level of discussion of this project. In the
Republic of Korea, when the government
changes, the policy of unifying the railways of
two countries also changes, so it is necessary to
ensure constant cooperation between the working
groups and approve a long-term development
program for the Trans-Korean Railway.

According to preliminary forecasts, by 2040,
the demand for cargo transportation from Korean
Peninsula to Europe will be up to 300,000
containers per year (Table 5), in order to process
200,000 containers with export cargo, it is
necessary to send 7—8 trains to Europe every day,
consisting of 50 cars. Due to the disproportion
of import and export containers, there is a need
for empty containers, it is assumed that the return
of empty containers will be carried out by sea
transport with a low freight rate [18].

Republic of Korea has no experience in
organising international railway transportation,
so it requires the involvement of Russian and
Chinese experts in railway transport, the
organisation of training and exchange of
specialists from Korean transport companies, and
the cooperation and support of the UN and OSJD
is also necessary.

The project of unification of railways on the
Korean Peninsula with subsequent integration
into the Asian transport network is impossible
without the survey and modernization of the
railway infrastructure of participating countries.
The development of technology for accelerated
customs clearance of transit container flow
between the Republic of Korea and neighbouring
countries will allow redirecting significant
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volumes of traffic from sea and road transport to
railway transport.

Further studies of development of the railway
infrastructure and port facilities of the Republic of
Korea, taking into account the increase in container
traffic, may be aimed at creating a simulation model
for loading the existing transport system as well as
for various options of development of transport
infrastructure. Simulation data will make it possible
to develop solutions for phasing and efficiency of
implementation of measures aimed at strengthening
the throughput and processing capacity of transport
hubs [19].
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Thermotechnical Foundations for Creation
of Fireless Locomotives Run on Stored Steam

Valentin N. BALABIN Aleksey Yu. SERBULOV

ABSTRACT

The article deals with the problems of creating and using of
locomotives run on stored thermal resources (steam) and intended
for industrial enteerprises. The objectives of their development
and introduction are still relevant and consist in implementation
of economical and environmentally friendly locomotives for non-
public access roads.

Shunting operations are considered as an independent type
of enterprises’ activity that is not related to their main activity.
The locomotives of transport workshops used today for this
purpose consume diesel fuel, which significantly increases the
logistics cost of goods and reduces the final profit.

The article considers one of the possible ways to make the
thermal energy (steam) traditionally utilised for technological
purposes, to perform other work, which from an energy-economic
point of view will be done free of charge, since the cost of energy
generation is already covered by the cost of products.

For internal and access roads of enterprises, a version of
a fireless locomotive with a traction force of 90 kN (9 t) has been
developed. This machine does not need fuel but uses process
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steam obtained from stationary boilers of enterprises and
accumulated in a high-pressure tank with thermal insulation.

The locomotive was created based on the 9P type 0-3-0 tank
locomotive, which was common before. The boiler with a furnace
was replaced by a steam storage boiler, which is a closed cylindrical
tank with a high degree of thermal insulation.

The estimated time of operation of the machine on a single
charge is 6-8 hours. The maximum estimated mass of the train on
a straight section of the track at a speed of 30 km/h and a traction
force of 83 kNt is 3000 tons.

The use of this type of locomotive makes it possible to save
diesel fuel in the amount of 0,75-1,0 t/day, reduce repair costs by
90 % compared to a diesel locomotive, reduce the cost of
maintenance personnel, get the opportunity to use it in enterprises
requiring increased explosive and fire safety.

An example of calculating the use of six locomotives at an oil
refinery is given, which will give an annual saving of 1444 tons of
diesel fuel, with a payback period of the locomotive itself of 3,2
years.
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INTRODUCTION

At present, the performance of shunting
operations in railway industrial transport is
considered as an independent type of activity.
The locomotives of transport shops used for this
purpose consume diesel fuel, which significantly
increases the logistics cost of goods and reduces
the final profit. It is desirable to eliminate
unnecessary unproductive costs for shunting
operations.

The limit values of diesel fuel consumption
by diesel locomotives being in the range of
198-220 g/kWeh are decreasing extremely
slowly and have almost reached their operating
minimum. Thus, it is pointless to look for
a solution within the framework of the existing
system; another system is needed, in which,
due to the complete energy connection of the
elements among themselves, all costs are
minimised. At the same time, it is desirable
that the system consumes only one type of
energy — the most profitable from an economic
point of view.

HISTORY

The basic principles for creating such
systems were outlined by Professor
V. V. Dmitriev back in 1927 in the work
«Modern achievements in the field of energy
management in industries with high heat
consumption per unit of processed product»
[1].

This work states that the needs of
production in electrical and thermal energy
make it possible to arrange them in a special,
from the point of view of energy, order, since
the consumption rates of these types of energy
per unit of produced product have already
been established and can be taken as the basis
for calculation.

Professor Dmitriev introduced the concept
of «energy proportionality factor (EPF)»,
showing the ratio between the types of energy
in production of a unit of product.

For most industries (including metallurgical,
petrochemical and many others), EPF is more
than 10, which indicates the predominant use of
thermal energy, for example, in the form of steam
[2]. Tt is further stated that if this steam, which is
used for technological purposes, is somehow
utilised to perform other work, then this work
from an energy-economic point of view will be
done free of charge, since the cost of steam is
already covered by the cost of products.

With regard to industrial rail transport, it can
be said that if steam energy is directed to shunting
work and the unproductive diesel locomotives (in
modern terms it concerns also their «carbon
footprint») are removed, then the cost of energy
will tend to zero.

This approach was implemented in
Germany at the beginning of 20" century and
gave such outstanding results that it is still
being used with constant success. It is
associated, first of all, with development of
Roots steam accumulators for leveling the load
curves of steam boilers with fluctuating steam
consumption. If steam is introduced into
a closed container filled with water, it will
condense, simultaneously raising the
temperature of water. As soon as the water
temperature reaches the temperature of
saturated steam at a given pressure, the flow
of steam will stop. If after that the pressure in
the tank is lowered, water will boil and give
the next portion of the accumulated steam. The
amount of steam given off is almost equal to
the amount of incoming steam. In this case, the
outgoing steam can be used for production of
mechanical work.

If such a steam accumulator is installed on
arailway vehicle driven by a known steam engine,
then we get a locomotive running on a stored steam
(or stored-steam locomotive, see, e¢.g. German
term «Dampfspeicherlokomotive»). This machine
will do work due to the energy of free steam. At
the same time, the cost of shunting work will be
practically negligible with high reliability and
durability of the locomotive (up to 70 years —
according to existing data from German sources
[2]). The efficiency of such locomotives is so high
that there were at one point over 1600 of fireless
locomotives including those using steam storage.

Many years of expertise have helped to
develop in Germany a type of shunting fireless
locomotive® with the following characteristics:

* Axial formula — 0-3-0.

» Working (coupling) weight — 55 t.

» Work performed using one steam charge —
6000 tekm.

* Maximum train weight on a straight,
horizontal track — 3000 t.

This locomotive can be used on non-public
access roads and is a universal shunting

! Steam transport yesterday and today Ivan Trokhin, engineer.
2019 year. [Electronic resource]: https://perevozki-stolitsa.
ru/parovoj-transport-vchera-i-segodnya/. Last accessed
18.03.2022.

All



Pic. 1. Data from the brochure describing the locomotive PAL 9P [developed by the authors].

locomotive, which simplifies its manufacture,
maintenance and operation [3; 4].

A system consisting of a steam boiler,
a technological consumer of steam and a stored-
steam locomotive (or several) is called a transport
and energy hub and changes cost items when
performing railway shunting operations.

In addition, it becomes possible to accurately
record the shunting work performed. A stored-
steam locomotive consumes 0,37 kg of steam
per 1 tkm [5], while there is no steam consumption
when the locomotive is parked. Knowing the
amount of steam consumed, one can accurately
estimate the work done in tekm, and not in
locomotive hours, which cannot be units of work
(Historically, accounting for work in locomotive
hours goes back to shunting steam locomotives,
the boiler of which, working continuously,
consumed a certain amount (up to 80 kg) of fuel
per hour. Thus, in those years, accounting for the
fuel consumed by locomotives was achieved).

In 1954, Murom and Kolomna plants
designed and built a fireless steam locomotive
BP1-01 [5, pp. 522-523].

To reduce steam consumption from the
boiler, the locomotive had larger main tanks,
which were charged with compressed air in
parallel to filling the storage boiler with steam.
Charging took 30-40 minutes.

The cyclical operation of the locomotive
between steam fillings was 4—6 hours, depending
on the shunting load. According to experiments,
this locomotive could pull a train weighing 325
tons at a speed of about 15 km/h for a distance
of up to 30 km [6].

The latest fireless steam locomotive was that
oftype BP1-02, which showed excellent results
in the summer of 1955. During the tests, it
moved trains of 1700 tons from the start, and it
itself could move at a pressure in the boiler of
1 kgf/em?.

PAL-9P
Technical Features

To reduce the cost of shunting work on non-
public access roads (oil refineries, chemical industry
plants, metallurgical, mining and processing and
woodworking plants, thermal power plants, etc.),



Technical features
(the locomotive complies with type 5 GOST 22339-88",
size 1-VM, 02-VM according to GOST 9238-83)

Gauge, mm 1524
Boiler volume, m® 21,0
Steam pressure, MPa (kgf/cm?) 2 (20)
Mass of the locomotive in working condition, t 56,5
Traction force working, kN 90
Traction force when starting off, kN 125
Traction force, minimum, kN 83
Maximum speed, km/h 30
Maximum train mass on a straight line at a speed of 30 km/h and a traction force 3000
of 83 kN, t

Length along the axes of automatic couplers, mm 9820
Wheel diameter, mm 1050
Minimum curve radius, m 40

* GOST 22339-88 Diesel locomotives, shunting and industrial. Types and basic parameters. [Electronic resource]: https:/

docs.cntd.ru/document/1200011008. Last accessed 21.04.2022.

Pic. 2. Scheme and overall dimensions of PAL-9P locomotive:

1- control cabin; 2 - dry steamer; 3 - sandbox; 4 - safety valve 5 - steam accumulator - boiler; 6 - outfitting branch pipe; 7 - locomotive

frame; 8 - driving mechanism; 9 — steam cylinder; 10 - automatic coupler [developed by the authors].

Pic. 3. A variant of PALt-9P tender locomotive:
1- PAL-9P; 2 - connecting steam line; 3 - tender [developed by the authors].
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Pic. 4. Fireless steam storage locomotive. DLM AG
[https://dIm-ag.ch/wp-content/uploads/2020/10/2020-10-07_Energy-Steam-and-Fireless-Technology-homepage.pdf].

a version of a stored-steam locomotive (PAL, from
abbreviation in Russian) with a traction force of
90 kN (9 t). This machine does not need fuel, but
uses process steam obtained from stationary boilers
of enterprises and accumulated in a high-pressure
tank with thermal insulation.

PAL-9P was created on the basis of the
0-3-0 type tank-engine 9P, which had been
common before. The crew part and the steam
engine were used without changes. The boiler
with a furnace was replaced by a steam storage
boiler, which is a closed cylindrical tank with
a high degree of thermal insulation.

The scheme and overall dimensions of
PAL-9P locomotive, developed by the authors
of the article, are shown in Pic. 2.

A variant of PALt-9P tender locomotive with
a double supply of working steam is shown in
Pic. 3.

Fireless locomotives practically do not
require maintenance and repair, while the
locomotive itself is serviced by one driver.

The main disadvantage of this type of
locomotives is a limited range.

A variant of Estimate of the Efficiency of
PAL 9P Locomeotive Operation at an Qil
Refinery

Traditionally, the refinery is a large consumer
of thermal energy, in particular of steam of high

parameters. Separately, of steam is consumed
for its own energy needs — for steam pumps and
compressors. Steam of industrial parameters
(pressure 0,8-3,5 MPa) comes from external
sources through the main steam pipelines. To
provide consumers with steam of different
pressures, a reduction or reduction-cooling unit
is located in the central heating point.

Main characteristics of the refinery [7; 8]:

* Refining volume — 12 mln tons oil per year.

* Technological facilities — more than 30.

* Area of the enterprise — 286 hectares.

The annual weight of the transported cargo,
taking into account the tare of tanks, is 1,4 x
12000 000 = 16 800 000 t.

The daily weight of the transported cargo is
16800 000 / 365 = 46027 ,4 t.

The average path of cargo moving within
the area of the plant is 3 km.

Daily cargo work is 3 x 46027,4 =
138082,2 tekm.

Energy consumption per 1 tekm when using
diesel traction with an efficiency of 13 % —
0,35 kWeh/tekm.

The energy intensity of 1 kg of diesel fuel
with a heat output of 10500 ccal/kg is 10500 /
860 =12,21 kWeh.

The work performed on movement of cargo
per 1 kg of diesel fuel is 12,21 / 0,35 =
34,9 tekm.



The total fuel consumption of diesel
locomotives per day, taking into account the
operation of the diesel engine at idle, will be
138082,2 /34,9 =3956,5 kg.

The required number of PAL-9P
locomotives with four steam charges per day
and work performed on one steam charge
equal to 6000 tekm or 24,000 tekm per day
(steam costs — 0,37 x 24,000 = 8,880 kg =
8,88 t/day) will be 138082,2 / 24,000 =
5,75, or six locomotives.

The total consumption of process steam with
a pressure of 20 kgf/cm?-6 x 8,88 = 53,3 t/day.

Annual savings in diesel fuel is 365 x
3,9565=14442t.

1 kg of diesel fuel costs 51,85 x 1,25 =64,81
rubles (prices are per litre).

The annual savings when using PAL 9P will
amount to 1444200 x 64,81 =93,600,000 rubles
or 93,6 min rubles.

The estimated cost of the locomotive at the
current moment is 50000 000 rubles, the
payback period for six locomotives is 6 x
50,000,000/93,602,212, 5 = 3,2 years (3 years
3 months) with a service life of 60—70 years.

THE HISTORY CONTINUES

The efforts to create modern steam
locomotives applying steam storage continue
also in other countries (e.g.>?). Pic. 4 shows an
example of a stored-steam locomotive®.

CONCLUSIONS

As aresult of the use of PAL-9P, it is possible
to achieve the following positive results:

1. In comparison with locomotives running
on diesel fuel, PAL-9P allows saving diesel fuel
in the amount of 0,75—1,0 t/day per unit.

2. Repair costs reduced by 90 % compared
to a diesel locomotive.

2 Dampflokwerk Meiningen (Meiningen Steam Locomotive
Works) Website. [Electronic resource]: https://www.
dampflokwerk.de/en/. Last accessed 24.03.2022.

3 Technology of fireless steam locomotives. Steam storage
technology uses the ability of water to store large amounts
of energy under pressure. Website of DLM AG. [Electronic
resource]: https://dlm-ag.ch/en/fireless-technology/. Last
accessed 24.03.2022.

3. Reduced costs of maintenance personnel
(the machine is serviced by one driver without
an assistant).

4. Ability to use in dusty and polluted
conditions without reducing the resource.

5. Possibility of use at the enterprises
demanding high explosion and fire safety.

6. Environmental friendliness (exhaust gas
consists of water vapour only).
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ABSTRACT

The article, based on the archives and other never published
materials, discusses the history of design and construction of
Krivandino-Ryazanovka and Sazonovo-Pilevo railway lines, which
belonged to Moscow—Ryazan branch of Moscow railway. The
objective of writing the article is to clarify the circumstances of
design, construction and operation of these lines, as well as to
identify the reasons that led to their decline and closure in the
mid-2000s. To achieve this objective, well-known publications in
the press and the Internet were analyzed. In addition to using data
from these sources, work was carried out to search for written
sources on the issue under study in archival institutions in Moscow.
Some documents are published for the first time.

The result of all the work carried out was establishment of
the following previously unknown or questioned facts:

Krivandino—Ryazanovka railway line was built in 1943-1944,
Sazonovo-Ryazanovka section was built later than the rest of
the line. The purpose of Krivandino—Ryazanovka line according
to the project and in the first years of its existence was
transportation of firewood for heating of Moscow. The date of
acceptance of Sazonovo-Pilevo line in full for servicing
Kurovskaya distance of the track is January 1, 1978. From the
northern neck of Pilevo station, the access road went to the
construction yard of Meshcherskoye peat enterprise. According
to Kurovskaya distance of the track, the broad gauge
transshipment station of Meshcherskoye peat enterprise was
called Torfyanaya.

The first part of the paper. The second part is scheduled
for the next issue.
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BACKGROUND

There are practically no publications about
the history of creation of inactive lines in the
press, which is easy to explain even by the term
itself, denoting the nature of the work of these
lines — inactive, that is, small.

In the east of Moscow region, a railway line
departs south from Krivandino station of
Moscow—Murom main line, which crosses
Yegoryevskoye Highway and comes to
Ryazanovskiy urban-type settlement and
Ryazanovka station. A little before reaching the
final point, near the settlement of Sazonovo,
another one departs from the line — steeply to the
right, to the southeast. This line approaches
Sorokovoy Bor station near the village of
Radovitsky, from which it turns north, skirting
the village, and then again to the east and ends
at Pilevo station already in Ryazan region. The
described picture can be seen only on maps
issued in the 2000s and earlier, while modern
maps show only Krivandino—Ryazanovka
section.

Only one printed source is known that
mentions the considered lines [1]. It is dedicated
to Ryazan—Vladimir narrow-gauge railway, it
contains the following information: «7The
narrow-gauge railway brought these two sides

of the history of the region together, since 1952
peat trains rumbled along the bridges over
Zhilinsky Canal. The peat deposits turned out to
be so powerful that, in addition to narrow-gauge
lines reaching a length of about 200 km, a branch
from Krivandino was laid here in 1974 to
transport peat to Shaturskaya GRES» [1, p. 140].
Thus, the purpose of one of the lines is
transportation of peat, which can be assumed
about another line passing nearby.

There is a source on the Internet [2], in which
the page «Railway line Krivandino—Ryazanovka»
[3] reports the following: «The length of the
railway line Krivandino—Ryazanovka is 53
kilometers. The railway line runs through the
territory of Shatursky and Yegoryevsky districts
of Moscow region. From 1976 to 2008, the
existing Sazonovo—Pilevo railway line adjoined
Krivandino—Ryazanovka line at Sazonovo
station. As of the end of 2009, Sazonovo—Pilevo
line was mothballed, its future is unclear. As of
2019, it is completely disassembled. The decision
to build this railway line was made in 1943
(Decree of the State Defense Committee No. 3599
dated June 17, 1943 «On construction of
Krivandino—Radovitsy railway line») (RGASPI
F. P-68, op. 2, d. 7, 1. 20). Before the Great
Patriotic War, the construction of this line was

Pic. 1. Railway lines Krivandino-Ryazanovka and Sazonovo-Pilevo on the map of 1987 [3].
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not included in the immediate plans, which is
indicated, in particular, by the fact that on the
topographic map at a scale of 1:100,000,
published in 1941, there is no designation of a
railway under construction or projected, leading
from Krivandino station in a southerly direction.
The following fact speaks of how important this
construction was: for speedy implementation of
construction of Krivandino—Ryazanovka line, it
was decided to dismantle Verbilka—Bolshaya
Volga railway line. The Krivandino—Sazonovo
section was put into permanent operation as part
of the network of the People’s Commissariat of
Railways in 1944 (according to the reference
book «Railway Stations of the USSR»*, published
in 1981). The date of commissioning of
Sazonovo—Ryazanovka (Radovitsy) section into
permanent operation has not been established
with accuracy (from 1948 to 1951). This does
not mean that Sazonovo—Ryazanovka section
was built later — the date of commissioning for
permanent operation may differ significantly
from the date of opening of temporary traffic. In
the first few years of operation of Krivandino—
Ryazanovka railway line, its length was about
five kilometers longer — there was a section from
the current Ryazanovka station to the village of
Radovitsy. The construction of the village near
the village of Radovitsy began, but then it was
decided to move it five kilometers to the north.
A central settlement was built on this site, now
known as Ryazanovka (the official name is
Ryazanovskiy). The station near the village of
Radovitsy, most likely, was called Ryazanovka
— like the current station. Not later than 1952, a
decision was made to move Ryazanovka station
five kilometers to the north. The section from the
«old» Ryazanovka station (near the village of
Radovitsy) to the «new» station (at its current
location) was then dismantled. In the 1950s or
1960s, a departmental access road of the broad
gauge Sazonovo—Radovitsky Mokh was built.
In 1976, the public line Sazonovo—Pilevo was
opened, partially laid on the site of the access
road Sazonovo—Radovitsky Mokh. Peat was the
main cargo on Krivandino—Ryazanovka railway
line from the moment it was opened until 2009.
Mass loading of peat was carried out at
Ryazanovka and Pilevo stations, where powerful,
fully mechanized peat transfer complexes were
located. Non-mechanized loading of peat was

1 Arkhangelskaya, A. S., Arkhangelsky, V. A. Railway
stations of the USSR. Moscow, Transport publ., 1981, 380 p.

also carried out at Sorokovoy Bor station. Until
the early 1970s, peat was loaded at Osanovo
station».

The same source on the page «Railway line
Sazonovo—Pilevo» [4] contains the following
information: «The length of the railway line
Sazonovo—Pilevo is 33 kilometers. The railway
line runs through the territory of Shatursky
district of Moscow region and Klepikovo district
of Ryazan region. To the south of Pilevo station
there is a short access road to Meshchera station,
owned by Meshchersky peat enterprise (about
1500 meters long). As of 2006, the railway line
belongs to Moscow—Ryazan branch of Moscow
railway. The railway line is single-track
throughout, nowhere is it electrified. There is one
intermediate station on the line — Sorokovy Bor.
The starting point of the line is Sazonovo station,
located on Krivandino—Ryazanovka line. The
history of the line began with construction of an
access road from Sazonovo station to the village
of Radovitsky Mokh. It was built in the 1950s or
1960s. Sazonovo—Radovitsky Mokh line was a
departmental one. The owner of the line is
unknown. The main purpose of the line is to
service a woodworking plant and other enterprises
in the village of Radovitsky Mokh. In the 1970s,
a decision was made to build Sazonovo—Pilevo
line using part of Sazonovo—Radovitsky Mokh
line. In the place from which Sazonovo—Pilevo
line used the new alignment (instead of using
Sazonovo—Radovitsky Mokh line), Sorokovoy
Bor station was built. The previously constructed
section from Sazonovo to Sorokovoy Bor was
reconstructed. Radovitsky Mokh has become the
terminus of a small branch. The railway line was
built mainly for export of peat mined by
Meshchersky peat enterprise. Meshchersky peat
enterprise is located in the village of Bolon, near
Pilevo station. According to the reference book
«Railway Stations of the USSR» (published in
1981), the date of commissioning of the stations
Sorokovoy Bor and Pilevo (broad gauge) is 1976.
The uniqueness of Sazonovo—Pilevo line was
that Pilevo station was actually «embedded» in
the station of the same name of the narrow-gauge
public railway (Ryazan—Vladimir narrow-gauge
railway) that had existed since 1899».

I would like to make some comments on the
first quote. Firstly, the text of the State Defense
Committee Resolution says that the line is being
built to supply Moscow with firewood and
organize peat extraction, that is, the author of the
source [2] claims that «The main cargo on



Krivandino—Ryazanovka railway line since its
opening (highlighted by the author) and until
2009 there was peat» is not entirely true. This
will be confirmed below.

Secondly, in the full text of the State Defense
Committee Resolution, available at the link in
the source [2], one can read the following: «In
order to provide Moscow with firewood from
Radovitsky forest area and forests of local
importance in Shatura—Radovitsy region and
organize extraction of peat from peat of
Radovitsky Mokh massif, the State Defense
Committee decides:

a) To build a railway line Krivandino—
Radovitsy with a length of 50 kilometers with
the necessary sidings, station and loading tracks,
water supply, track buildings and telephone
communications, with the calculation of the
passage of 8 pairs of trains per day.

b) To lead the route of the railway line in the
direction that ensures the maximum development
of all forests located between Shatura and
Radovitsy. To begin railway construction in June
and to open the working train traffic in September
1943.

¢) To carry out construction of the specified
railway line according to light technical
conditions, without an approved technical design
and estimates.

... 3. To oblige Moscow Regional Executive
Committee (comrade Tarasov), Ryazan Regional
Executive Committee (comrade Mamonov) and
Moscow City Executive Committee (comrade
Pronin) to mobilize from June 20, 1943, for
duration of construction of Krivandino—
Radovitsy railway line in Moscow Region —
3,000 workers and 500 carters with horses, along
Ryazanskaya — 750 workers and 200 carters, in
the city of Moscow — 1500 workers. To establish
that the collective farmers mobilized for the
specified construction, from August 15, 1943,
are released from work on the construction site
for harvesting.

4. To oblige the Committee for Higher School
Affairs under the Council of People’s Commissars
of the USSR (comrade Kaftanov), together with
the relevant people’s commissariats, to send no
later than July 15, 1943, 5000 students for
construction of Krivandino—Radovitsy railway
line for a period of 2 months, of which 2000 at
the expense of the number provided by Resolution
of the GOKO (as in the document — author'’s
note) dated March 24, 1943 No. 3073 and 3000
additionally.

5. To establish that for workers and employees
mobilized for construction of Krivandino—
Radovitsy railway line and workers’ settlements
in accordance with this Resolution, wages are
retained at their place of permanent work in the
following amounts: 80 % of wages — for workers
who have dependent disabled family members
and 40 % of wages for all other workers and
employees.

To keep for the students sent to construction
of the railway line Krivandino—Radovitsy, the
scholarships they receive for the entire period of
their work on construction.

... 7. To permit the People’s Commissariat of
Railways to use the chord-bonus (as in the
document — author’s note) wage system in
construction of Krivandino—Radovitsy railway
line in accordance with the Resolution of the
State Defense Committee dated January 3, 1942
No. 1095s. <...>

... 11. To oblige the People’s Commissariat of
Railways (comrade L. M. Kaganovich) to allocate
40 kilometers of rails with fasteners and turnouts
for construction of Krivandino—Radovitsy railway
line, for which the People’s Commissariat of
Railways is allowed to disassemble Verbilki—
Bolshaya Volga railway line.

12. To oblige the People’s Commissariat of
Forests (comrade Saltykov) to ship in June 1943
for construction of Krivandino—Radovitsy
railway line 10 kilometers of rails with fasteners
due to the dismantling of logging tracks and to
allocate 8 tractorsy.

As can be seen from this quote, a significant
number of civilians were involved in construction,
who did not work for free.

From the source [4], it is obvious that the
history of Sazonovo—Pilevo railway line began
with construction of an access road to the village
of Radovitsky Mokh to service a woodworking
plant and other enterprises. However, from the
same source it follows that this settlement was
built as a worker’s settlement for a peat enterprise,
which seems illogical. In this regard, it was
necessary to find other information about the
lines under consideration.

An appeal to the archive of Moscow Railway
made it possible to establish the fact of transfer
of all historical materials to the State Budgetary
Institution «Central State Archive» of the city of
Moscow (SBI «CSA» of Moscow). In the course
of work in this organization, it was possible to
find some information on the lines under
consideration, which are presented below.
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The Beginnings. War years

As already noted, Krivandino—Ryazanovka
railway line was built in accordance with the
State Defense Committee Resolution, which,
among other things, ordered construction to be
carried out without a technical project. However,
such a project was nevertheless drawn up and
has survived to this day — «The technical design
of the railway branches of Krivandino—
Radovitsy» [5]. It follows from this:

In accordance with the paragraph «Destination
of the line», the railway line is intended for
«...providing firewood to Moscow from the
Radovitsky forest area and forests of local
importance in Shatura—Radovitsy region and
organization of peat extraction from Radovitsky
Mokh peat massif (SBI «CSA of Moscow» F. T.
51 op. 62 d. 232 1. 5) (Here and further spelling
and punctuation preserved — author s note).

In the paragraph «Basic technical conditions
adopted in the design of the branch» we read:
«Krivandino—Radovitsy railway branch is
designed for one normal gauge track according
to the technical specifications for design of
lightweight railways, using the railway design
instructions in wartime conditions. The length of
the branch is 50 km. The guiding slope is 12 %o
in both directions. The placement of separate
points was carried out for a given throughput,
with the loading of firewood, in the first years of
operation of the branch, on hauls along the entire
length of the line. The upper structure of the track:
rails —old-fashioned different types; ballast—sandy,
0,15 m thick under the sleeper on station tracks —
0,10 m; sleepers — untreated 1440 pcs. per km on
curves with a radius of 300 m — 1600 pcs. Basic
provisions for design of the railway branch of
Krivandino—Radovitsy, approved by the Chief
Engineer of STP comrade Efimov, and the
instructions of Soyuztransproekt on design of
artificial structures for the branch, are attached
to this note in appendices NeNe 2 and 3» (SBI
«CSA of Moscow» F. T. 51 op. 62 d. 232 1. 9).

Regarding the direction of construction, the
project [5] states the following:

«4. Choice of the main direction.

The Radovitsky forest area is the main point
where the railway branch Krivandino—Radovitsy
is brought.

At the same time, along the way, in its middle
part, the projected line is laid in the direction that
ensures the maximum development of all forests
located between Shatura and the Radovitsky
forest area.

The project for development of the Radovitsky
forest area, as well as all the forest areas located
between it and Shatura, is compiled by
Moslesprom trust of the People’s Commissariat
of Forests, with which the direction of the line
«..» was coordinated. The operation of Prudovsky
forest dacha of the Radovitsky forest area served
by the final section of the route (42-50 km) is
tentatively calculated by Moslesprom in 2-3
years, after which it becomes necessary to build
a new «mustache», the direction of which is
determined by Moslesprom towards block No.
102.

This is the second direction of the line, we
examined it in kind with a breakdown of the route
on the ground, but construction is currently not
being carried out and belongs to the future» (SBI
«CSA of Moscow» F. T. 51 op. 62 d. 232 1. 9).

From the «Minutes of the meeting under the
chief engineer of Moslesprom trust of the
People’s Commissariat of Forests of the RSFSR
on the choice of the main direction of the railway
branch projected by the People’s Commissariat
of Railways» (SBI «CSA of Moscow» F. T. 51
op. 62 d. 232 1. 72) it follows that the volume of
available wood in the Radovitsky forest area is
approximately 410 thousand m®.

To illustrate the above fragments, let’s get
acquainted with the scheme of the projected
railway line (Pic. 2). It follows from it that the
actual route of the line under consideration to
Sazonovo (Lesnaya) station corresponds to that
in the project. In accordance with the project, the
construction continues in a southeast direction
up to the 50" kilometer, and the continuation in
a southwest direction towards the village of
Radovitsy, that is, where the construction of
Ryazanovskoye peat enterprise will later unfold,
«belongs to the future». Therefore, the statement
of the author of the source [3] «...This does not
mean that Sazonovo—Ryazanovka section was
built later — the date of commissioning for
permanent operation may differ significantly
from the date of opening of temporary trafficy
can be considered refuted in terms of the non-
simultaneity of the construction of Krivandino—
Sazonovo and Sazonovo— Ryazanovka sections.

Also, it can be argued that at least the first
kilometers of Sazonovo—Pilevo line were built
not in the 50s—60s, as stated in [4], but earlier, in
1943.

Taking into account the subsequent
development of the peat industry in Radovitsy
region, the question arises: was it planned, when



Pic. 2. Plan of the route of the railway branch Krivandino-Radovitsy
(SBI «CSA of Moscow» F. T. 51 op. 62 d. 232 I. 8. Published for the first time).

designing Krivandino—Radovitsy line, to use it The projected railway branch Krivandino— 297
in the future for peat transportation? Radovitsy, in addition to developing the Radovitsky
The answer is contained in Draft [5]: forest area and forests located in the area of the

«5. The question of the further direction of  route, can and should also be used to organize the
the line to the Radovitsky peat massif- extraction of peat from the Radovitsky peat area
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«Radovitsky Mokhy, located directly behind the
Radovitsky forest area, to the south of the latter.

However; this issue has not been developed to
date, and Giprotorfrefused to give its reasons ... to
report.

Inview of the above, further development of the
question of the continuation of the line to the
Radovitsky peat massifwas terminated at this point.

€

It should be noted that when drawing up the
general scheme for development of the Radovitsky
forest area by the Roslesproekt of the People's
Commissariat for Forests in 1938—1939 the
question was raised about construction of the
Radovitskaya narrow-gauge railway on the
cooperative basis of Narkomles with the Main
Directorate of the peat industry, but, ultimately,
did not receive any permission, due to the lack
of more or less definite outlines and considerations
in Giprotorf on the location of peat enterprises
based on development of the Radovitsky Mokh
peat massif, as well as in view of clarification of
the directions of the main cargo flows of peat and
its products ...» (SBI «CSA of Moscow» F. T. 51
op. 62d.2321 10).

Here is the text of a letter from the Giprotorf
Institute regarding construction of peat enterprises
on the Radovitsky Mokh peat massif:

«To the head of the Mostransproekt
expedition, comrade Kuchin.

To your letter dated 29/VII this year No. 49,
we inform you that the project for organizing a
peat enterprise based on the Radovitsky Mokh
peat massif is not currently being drawn up, and
therefore it is impossible to indicate the direction
of the continuation of Krivandino—Lesnaya line
to the final peat station. For drawing up
considerations, please submit a plan of the route
at a scale of 1:100,000.

August 2, 1943.

P/p Manager of Giprotorf — Varlamov. The
chief engineer of Giprotorf — Nikolsky» (SBI
«CSA of Moscow» F. T. 51 op. 62d. 232 1. 73).

However, the draft also contains the following
letter:

«15.X1.39

Glavtorf reports that according to the
preliminary plan of the Il Five-Year Plan, on
the basis of the Radovitsky Mokh and Ryazanovka
peat massifs, it is planned to build a plant for
artificial peat dehydration with the projected
power of 300 t. per year and a peat briquette
plant with the projected power of 300 t. briquettes
per year.

In 1940, it is planned to start drawing up
design tasks: and technical projects for the
specified tasks and raw materials base.

The directions of the main cargo flows from
these peat massifs have not yet been finally
established.

Therefore, Glavtorf does not consider it
possible for itself to take part in the joint
construction of Radovitskaya narrow-gauge
railway until the end of technical projects and
until the directions of the main cargo flows are
clarified.

1l / n.a. head of Glavtorf— Samsonov» (SBI
«CSA of Moscow» F. T. 51 op. 62 d. 232 1. 73.
Reverse side).

Consequently, the assertion of the author of
the source [2] that the main cargo on Krivandino—
Ryazanovka line from the moment of construction
was peat can be considered reasonably refuted.

The Draft [5] reports the following on the
operation technology of Krivandino—Radovitsy
line: «The line itself is serviced by steam
locomotives of OF series, also assigned to the
depot of Cherusty station.

Two shunting areas are provided on the
branch: one area from station Krivandino to
station Pozhoga and the second district from
station Pozhoga to station Lesnaya, including
the continuation of the branch up to 50 km. Each
shunting area has its own locomotive with a
drafting brigade.

The arrival of empty cars for loading on the
branches is provided from Moscow by one-piece
trains or separate groups with combined trains,
the acceptance of these trains at the station
Krivandino is planned to be produced on the
additionally laid track No. 4.

After uncoupling of empty cars, their technical
inspection and registration of acceptance and
delivery, supply for loading onto the branch is
carried out by the branch locomotive of the first
shunting area.

The locomotive enters the head of the empty
train, 38 conditional two-axle cars are unhooked,
which corresponds to two loaded trains plying
along the branch / 19 in each / and, with the
locomotive forward, sends them to the station
Pozhoga. Here it makes an uncoupling of all the
cars, and returns to the station Krivandino
behind the next cars.

The next coupler, in the amount of also 38
conditional two-axle cars, the steam locomotive
upsets on the stage to the station Pozhoga, or to
the last point — loading of this area, from where,



on the return journey, it arranges the cars at the
places of loading.

According to arrangement of cars, the
locomotive returns to the station Krivandino and
at the designed dead end No. 13, is waiting for
completion of loading.

Meanwhile, the steam locomotive of the
second area, in the same order, displays the
empty from the station Pozhoga at the station
Lesnaya, some of them settle on the branches,
and the rest, on the return journey, arranges for
loading points on Pozhoga—Lesnaya haul. It itself
returns to station Pozhoga and waits for the end
of loading.

Atthe end of loading, both steam locomotives,
each in their area, by consistent upset and
coupling, collected 19 cars and, in two journeys,
withdrew them to the stations: the first to station
Krivandino, the second — to station Pozhoga.

After withdrawal of two loaded trains at
station Krivandino and liberation of Krivandino—
Pozhoga haul, the first locomotive leaves to the
station Pozhoga for equipment, and the second
locomotive takes one of its two ready-made trains
to station Krivandino, after which it returns to
the station Pozhoga. And the first locomotive,
having passed the equipment, returns to the
station Krivandino with the remaining laden
train.

Remaining at station Krivandino unloaded
four conditional cars are placed by the 1% steam
locomotive for loading on Krivandino—Pozhoga
haul and, upon completion of loading, they are
brought to the station Krivandino.

This completes the full cycle of daily
shunting operations, lasting, in total, about 20
hours.

To ensure a given capacity of eight pairs of
trains per day, the places of loading from hauls
are transferred to separate points, where the track
development expands to the limits indicated on
the drawing.

Reception of loaded trains from the branch
to station Krivandino is made on a new track
No. 5, where, with the help of parallel ramps, a
sequential accumulation of branch trains
weighing 570 tons is carried out up to a full train
of the main line, weighing 1800 tons.

As can be seen from the ratio of weight norms
of'trains, three branch trains form one full-weight
train of the main line.

The share of the first shunting locomotive
also falls on shunting work at station Krivandino,
which consists of:

* a) Possible sorting of empty cars into
covered cars and platforms.

e b) Formation of a train for Moscow/
selection by weight.

* ¢) Pushing off of individual cars/patients
and local loading and unloading.

For this purpose, station Krivandino is
provided with an extractor hood and a dead end
for pushing off of the cars.

When the full train is ready, a train steam
locomotive is sent from the station Cherusti, with
which the train leaves for Moscow.

General regulation of the distribution of
empty cars for supply to the places of loading
and cleaning of loaded cars at the station
Krivandino, is carried out by the branch manager
located at the station Pozhoga, by telephoney
(SBI «CSA of Moscow» F. T. 51 op. 62 d. 232 1.
17-18. Reverse side).

To be continued
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About the Book

by N. P. Verkhovsky «Railway Confusiony. Part 3

News from the archives

The final part of the article published in two previous issues.

Let us remind that in 1910 the experienced railway manager Nikolai Petrovich Verkhovsky
presented in the 8" Department of the Imperial Russian Technical Society the book
«Railway Confusion» written by him, dedicated to the comprehensive solution of a wide
range of pressing issues of organising the work of railways.

In the third part published in this issue, the emphasis is on the functions of the so-called
local government councils within the railways and under the auspices of administrators
of railways, role of the divisions of the traffic control within the railway companies and
on countering the thefts and misappropriations. The speaker also commented on the
organisation of the railway companies regarding the staff, and summed up his report
with his main thoughts about the importance of railways.

Punctuation and vocabulary of the author are preserved in the text as much as possible.
This publication exhausts the content of the report of N. P. Verkhovsky. Nevertheless, the
Journal will publish in forthcoming issues extracts from the discussion that followed the
report. Some aspects of the debates are still relevant at least from the point of view of
statement of the problems.

Keywords: history, Russian railways, education, staff, management.

Verbatim report of N. P. Verkhovsky and
the conversation in 8™ Department of
I. R. Technical Society on December 2, 1910,
under the chairmanship of A. N. Gorchakov.

Chairman. — Gracious sirs! The program of
Nikolai Petrovich’s report is placed on the
agenda. As you can see, it is very extensive, at
least in terms of the number of lines it occupies.

Organisation of railway management
Organisation of local government
councils. — «Non-technician» complains

about the Council of Local Road Admini-
strations, in which representatives of the State
Audit Office and the Ministry of Finance
paralyze the energy of the head of the road
and deprive him of proper practical perfor-
mance.

«Therefore», he says, «the immediate goal
of the local reform of the railways should be to
create such conditions for the activity of the head
of the road, under which he would really be free
and independent in his orders, only then can one
reasonably make the broadest demands on him

For citation: About the Book by N. P. Verkhovsky «Railway Confusiony. Part 3. World of Transport and Transportation, 2022, Vol. 20,
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and make him responsible for unsatisfactory
performance.

I disagree with this conclusion.

Author s opinion about the councils. — 1 must
make a reservation that, in general, in my opinion
about the utility and the need for the councils, at
least at this time, [ completely disagree with both
the «Non-Technician», and with all higher
railway engineers, as well as with the commission
of the State Duma.

Not embarrassed by the exclusivity and
isolation of my view, going against the favorite
dreams of the chiefs of roads, I take on the
thankless task of proving the irrationality of
abolishing the institution of the councils.

The council cannot paralyze the energy of the
head of the road, if only he has it. An energetic,
active, capable and authoritative head of the road,
possessing spiritual power, will always be able
to prove to the council the rationality of his
demands. Only a leader deprived of moral
strength, incapable and not authoritative, or if he
does not have such negative qualities, but only
a weak character, can lose moral influence on
representatives of outside departments and fail
to impress them. The latter the more easily
impose their veto on the demands of the head of
the road, the more pliant he is and the more
frivolously he defends his proposals. The
seriousness of the protest of the head of the road
paralyzes the views of the representatives; they,
for special opinions, with which they are obliged
to motivate disagreements with the leaders of the
road, will not find serious grounds for refusals
and refrain from them.

The chiefs of roads, as chairmen of the
councils, have such extensive powers as to give
them, in cases of disagreement with the council,
to suspend the execution of the decision of the
council and appeal against it before the
management committee, and in urgent cases they
have the right to spend sums on their own
responsibility. In such cases, of course, a sufficient
supply of civic courage and self-righteousness is
required. Questions are only decided collectively,
but they are carried out by the sole authority of
the head of the road.

The competence of the Councils. — Since the
establishment of the Counciils, I have served with
six chiefs of roads, of which two really
authoritative persons have always brought the
Council to an agreement, although often after
long disputes. «Cest la force morale qui gagne
les batailles», said Napoleon.

The Council is in charge of economic and
economic issues, which, with very rare
exceptions, do not require haste: moreover, they
can always be removed from the program for
additions and changes and transferred to the next
meeting. It is the official guardian of economy
and economic conduct of business.

The head of the road himself is in charge of
technical traffic and administrative orders
without the participation of the Councils.

In the estimate of 1909, the expenditure for
operation of all state-owned roads was given in
the amount of 434 million, of which 41 million
were allocated for new work alone. Somehow, it
is even embarrassing for some persons to take
on the sole responsibility for solving large
monetary issues, not only in order to avoid
mistakes, but even criticism — in a possible
predilection.

Before the establishment of the Councils,
complaints were constantly heard about various
irregularities in the delivery of contracts, and
there were even accusations of dishonesty. All
this, with the establishment of the Councils,
ceased, since for contractors of all kinds, the
collegial decision of their affairs represents much
greater guarantors of impartiality and justice than
the sole one — by one head of the road according
to the report of the head of the service. The
practical, many-sided criticism to which
economic questions are subjected in the Council
protects them from the risk of hasty and
subjective decisions.

The Councils saved the chiefs of roads from
complaints and suspicions of dishonesty.

In almost all departments, financial, economic
and economic issues are resolved in the presence,
in the composition of many officials and with the
participation of a representative of the State Audit
Office. Why should an exception be made for the
Department of Railways.

The Council without the participation of
representatives of departments is one fiction that
has no meaning, since not a single head of service
will dare to object to an authoritative head of the
road if he wishes to decide matters at his own
discretion and under the pressure of his ferula.
Such a family Council would be a ridiculous
sham institution.

The question of the abolition of the Councils. —
Last year in the State Duma the question of the
abolition of the Councils was raised in the Duma,
and they were defended only due to the persistent
evidence of the Minister of Finance. Of their
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composition, only one member from the Ministry
of Railways was abolished, since the Minister of
Railways and his comrade failed to defend their
offspring, although they tried.

Unfortunately, the State Duma did not delve
into the essence of the function of the Councils,
identifying them with ordinary Councils, which
have only advisory functions. In its own halls,
harsh reviews and condemnation of the
absolutism of the bureaucracy were heard, and
the idea of collegial conduct of business was
recommended, meanwhile, in this matter, it itself,
apparently, unconsciously patronized absolutism
and played into the hands of the desire for
autocracy of the chiefs of roads.

The Duma sought to streamline and reduce
the costs of the railways and began by wanting
to abolish the collegiate institution, whose
function is mainly to keep the railways from
unproductive expenses, to defend the broad
interests of the fiscal, against the claim to carry
out the narrow interests of the Department of
Railways.

In an effort to protect the state chest, it wanted
to remove sentries from it.

Permanent member of the Ministry of
Railways. — So far, one indispensable member
from the Ministry of Railways has been reduced,
which is done incorrectly, since this weakens the
Ministry of Railways and the representation of
its interests in the Management Council. The
function of an indispensable member in the
Council itself was almost exclusively pacifying,
and as a neutral person who did not belong to the
composition of those who spend public funds,
representatives believed more than in
management, and thus it was easier for the head
of the road with the help of an indispensable
member to conduct business and defend the
interests of the road. Finally, the Minister of
Railways often gave instructions to its permanent
members for investigations of various kinds, and
many permanent members presented detailed
studies on the situation of various organisations
on the roads and even made scientific
investigations of the economic situation of the
region of the roads in which they were part of
the management. In many cases they earned their
6000 in good faith.

After the abolition of the credit for
maintenance of permanent members and the
abandonment of their positions, their absence
from the Council was often very noticeable. Even
the head of the Nikolaev road asked to leave the

representative of the Ministry of Railways for
the performance of his duties without pay due to
the fact that the indispensable member of the
Council of the Nikolaev road was provided with
a salary in another position, he willingly agreed
to continue his service in the Council, which was
allowed by the Minister and did not contradict
the decision of the State Duma, since its credits
have been destroyed, but the posts have been left.

Destruction of the Councils. — The Council
is a young institution; its functions had to be
developed, changed and supplemented, and not
to destroy the very foundations of its existence.
Inspired by the idea of cost reduction inspired by
the State Duma, its speaker did not possess either
the knowledge or the talent that would enable
him to find really any significant articles for
reduction, because of which it would be worth
bothering the State Duma and break spears with
the railway department. It limited itself to
snatching out several posts from the general
organisation of departmental institutions, without
ascertaining their usefulness.

Another reduction in the cost of paying for
posts, which constituted additional earnings for
officials living in St. Petersburg and receiving
double and triple salaries in combination, had its
raison d’etre, but the reduction in permanent
members from the Ministry of Railways, that is,
120 thousand in a half-billion budget, is a trifle
in financial success, as if tangible, but, in essence,
bringing much greater losses that cannot be easily
accounted for.

In the State Duma voices were heard about
such insignificant reductions, which, by their
insignificance, compromise the seriousness of
the measures introduced into its life (member of
the State Duma Nekrasov).

By destroying the Councils themselves, or
even some representatives of the Department of
Railways, the speaker, as an engineer of railways,
played into the hands of his comrades in Kant,
the very comrades whom he also smashed for
their mismanagement, lack of system and abuse.

Inexplicable paradox. — There is some
inexplicable paradox in this question. They
accuse the local railway departments of
mismanagement and abuse, and as a logical way
out of this situation, the State Duma is
recommended to abolish the Councils, as if they
were founded, by their guardianship over the
administration, to hinder the proper conduct of
business. In my extreme understanding, such
a conclusion is far from logic. The only logical



conclusion is to find and establish some defects
in organisation of both institutions, that is, in the
administrative and guardianship bodies. After
all, the indicated abnormalities in the conduct of
business existed in a more pronounced
manifestation even before the Councils, where
is the guarantor that the abolition of such an
institution and the return to the old regime will
have a beneficial effect on business?

One of the goals of the establishment of the
Councils. — The establishment of the Council,
among other things, was intended to bring
together the services and departments in the
person of the heads of services and departments,
to mutually acquaint them with the activities of
their colleagues, so that all leaders of the case
were aware of the affairs of other services, thus
achieving commonality and solidarity in the
actions of the entire composition management,
under the unifying and dominating influence of
the head of the road, forming, as it were,
a semblance of a cabinet in miniature, with the
prime minister head of the road.

The project of the new organisation of the
department. — According to rumors, in the project
of the new organisation of the Department of
Railways, the Councils were left with the
participation of the chief controller and a member
from the Ministry of Finance. If they go to the
State Duma, with the organisation of
representatives of departments not in the sense
of bureaucratic screens, but in the sense of actual
figures, then the question of their necessity will
be finally resolved.

If, however, representatives of the State Audit
Office and the Ministry of Finance are deprived
of'the right of veto and use only an advisory vote
in the Council, these will be purely margarine
Councils, devoid of any collegiate significance.

It is unlikely that the Auditor General and the
Minister of Finance will agree to such an
insignificant role of their representatives,
dropping the prestige of these departments, not
accustomed to props.

Representatives of these departments hold
their banner high and are accustomed to always
being real representatives who must be reckoned
with, and not marginalized.

At present, the head of the road and the head
of'the service and departments must, with serious
arguments, obtain the consent of representatives
of departments to the measures they introduce to
the Council, and so that their veto would not slow
down the matter. With the abolition of the veto,

their deliberative voices will lose all meaning
and significance, they will be the voice of one
crying in the wilderness — and even worse, they
will be listened to, but concretely show how
much they are ignored, as if avenging their
former strength. The situation will be ridiculous
and insulting, and in any case unenviable for
those who will have to be such representatives.

Participation in the Councils of chairmen of
regional committees. — The project assumes the
introduction of the chairmen of regional
committees into the Management Councils, the
event is almost fictitious, since in fact they are
not able to fulfill their duty. There are three in
Moscow, and two in St. Petersburg, local
departments of state roads, therefore, the
chairman of the regional committee will have to
lose at least 2-3 days a week, devoting them to
the activities of the Council, which, of course, it
cannot do without prejudice to the committee’s
business.

The Eastern Committee, which has its
residence in Samara, is too far from the road
administrations included in its region, — Ashgabat
at 3358 versts, Tomsk at 2559 versts, Perm at
1639 versts. Therefore, for one trip to these three
departments, a whole month is required.
Obviously, the chairman can visit the Councils
of these departments no more than once a year,
and such a visit, in order to take part in business,
cannot have any business value.

Participation of representatives. — Invitation
by the head of the roads, as the project suggests,
to participate in the meetings of the Council of
representatives of various public institutions,
with the right of an advisory vote, in my opinion,
cannot decisively have the slightest influence on
the success of the management affairs. Obviously,
the head of the road will invite his good
acquaintances to the Councils, who will sing
panegyrics to him and will not contribute
anything significant to the economy of the road.
Persons who could point out defects in road
management will not be invited. In general, the
introduction of participation in the Councils of
the chairmen of regional committees, and
outsiders, at the arbitrary invitation of the chiefs
of roads, in my opinion, is a bad compensation —
the removal of the right of veto from
representatives of departments and the removal
of permanent members from the Councils from
the Ministry of Railways.

History of the question. — In order to clarify
the actual state of affairs, it does not hurt to cast
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a retrospective glance and look a little into the
history of the railway business, which I will recall
here in brief.

Inspection. — In the good old days, when the
roads were still private and there was an
inspection, which also interfered with the road
managers (?), things went decently; why? — it’s
hard to say. But, in all likelihood, the matter itself
was much simpler, and at the head of the roads
stood people who had come to the fore in their
organisational abilities.

The inspection was canceled, giving the
manager inspector functions over the manager,
or over himself, his hands were untied; but did
it get any better?

Coal Committee. — Already in the eighties,
difficulties in coal transportation, which
independent road managers could not cope with,
forced the Minister of Railways to apply for
appointment of a special engineer with the
highest authority to regulate coal transportation
inthe coal region. This engineer (V. M. Verkhovsky)
organized coal transportation and organized the
Kharkov Committee, which later became the
prototype of the current regional committees.

Depersonalisation of rolling stock. — By the
way, the same engineer, by virtue of the
authority given to him, introduced
depersonalisation of car rolling stock of all
Russian broad-gauge roads, and the roads were
finally spared from overloading goods at all
transfer points, which represented an extreme
difficulty in the speed of transporting goods and
a lot of inconveniences that have long been
recognized by all roads. But the administrations
of various roads and the governors could not
come to an agreement among themselves and
did not decide on such a generally useful
measure, the necessity of which was recognized
by all. It took a sole power hand to cut at once
this Gordeev knot, tightly tightened by obsolete
and harmful traditions.

Such a statement of burning questions does
not prove the independence of road managers
and their ability to achieve solidarity among
themselves in solving important basic issues and
indicates the need not to leave them without
authoritative employees (nannies).

General charter. — This commission
developed the General Charter, which was put
into effect in 1885, which laid the foundation for
the regulation of the railway business and
established the legal relations of the railways to
their customers, i.e. passengers and cargo

owners. Road customers have the right to legally
seek their losses through the court in case of
violation by the roads of the rules for transportation
and delivery of goods established by the General
Charter, which became law.

Distribution bureaus. — Already in 1894, the
formation of constant blockages of the station
and the clutter of cars even of entire roads
necessitated the establishment of distribution
offices, which were not to the taste of the road
chiefs and managers. Some of them did not even
want to carry out the orders given by the heads
of the distribution bureaus to send cars to the
border stations.

But if the roads themselves could agree
among themselves on the regularity of movement
of laden cars, then there would be no need to
invent special bureaus. Obviously, the existing
defects in transportation, which independent
chiefs and road managers were not able to
eliminate by the solidarity of their actions and
orders, caused an organisation that intruded into
their competence.

Attorney s instructions. — Around the end of
the eighties, the Minister of Railways approved
an instruction for attorneys for judicial affairs of
state-owned railways, developed by the railway
department, which put the legal advisers of local
departments in a position almost independent of
the chiefs of roads. Obviously, this was done only
because the chiefs of the roads, due to their
tyranny, showed a tendency not to recognize the
legal provision and not to take into account the
opinion and conclusion of legal experts.

Such an event could not but damage the
prestige of the chief of roads, but it was caused,
on the one hand, by the tactless manifestation of
tyranny of engineers who consider themselves
universally educated and competent in solving
even court cases, and on the other, to raise the
authority of the legal consulate in the eyes of the
chiefs of roads.

In the meantime, deficits, riots were
crescendoing.

State control, councils and general
assemblies. — Finally, state control was
established, first subsequent, and then preliminary.
Councils, general presences, and finally, in the
last stage, regional committees were necessary.

District committees. — The last institution,
more than any Council, tied the heads of roads,
as well as managers, as they say, hand and foot,
and, most importantly, tied them not in economic
functions, but in purely administrative ones.



In view of the novelty of this extremely
useful institution, the special sympathy for it by
the Minister himself and the Railway
Administration, who rightly place great hopes
on it, they do not yet risk complaining about the
constraint they have on the initiative of the
heads of the roads; but that it really paralyzed
their independence, so it does not require proof
in its obviousness. In addition, the committees
demand a lot of work from the roads, and the
Councils only copies of reports that are typed
in several copies on a typewriter and do not give
extra work.

Management of private roads. — There are
constant voices in the general and special press
claiming that private roads are better managed
than public ones. If this is true, is it not because
the manager of a private road has incomparably
less independence than the beginning. roads. All
orders, purchases and contracts with
counterparties are made by the board, which is
also a collegiate institution of three or four
directors.

The board, having one road in its charge,
establishes constant and direct communication
with the administration and is aware of all the
affairs of the road, and the manager consults the
board on everything and asks for its permission.
The appointment of all higher and even middle
agents depends entirely on the will of the board,
and without its consent, the manager of the road
cannot dismiss any of the agents appointed by
the board.

The head of the road is an authorised
representative of the railway department, and the
manager is only the clerk of his board.

The administration of state roads, having
40000 versts of roads in its charge, cannot
communicate with the lines at all and is almost
completely unaware of everything that happens
on the lines. The role of the Board of private
roads, in some way, is included in the functions
of the Councils and an indispensable member
from the Ministry of Railways on public roads.

In any case, if we consider the Councils as
uninvited spies on the activities of state roads,
then there are much more spies on private roads.

If the mediocrity of some road chiefs deprives
them of the opportunity to fight with the members
of the council, then the abolition of the latter can
be mistaken for the patronage of mediocrity. Such
a decision by the State Duma sins against the
natural historical and economic evolution — the
absorption of weak lifeless elements — by strong

viable ones. Only the triumph of absolutism
glimpses in it.

It is impractical to squeeze real life into the
framework of doctrinaire regulations; it won’t fit
in them. I am deeply convinced that in a few
years the impracticality of abolishing the
Councils of the former organisation will come
out in bold relief and will have to, volens-nolens,
move back.

Only one event can save the department from
such a retrospective movement — this is a serious
preparation of the chiefs of roads for their
difficult activities and strict businesslike, without
any influence of connections and
recommendations, the selection of worthy
engineers and figures who are outstanding for
their talents, honesty, abilities and merits before
the department and the railway deed: «Da ist der
Hund begrabeny.

Railway revisions. — Having worked on the
railways in the highest positions for 38 years
(since 1871), I had to serve with 5 managers and
6 chiefs of roads and, unfortunately, I had to come
to a conclusion that was not particularly flattering
for most of them.

Attitude of managers and chiefs of roads to
business. — In the old days, the roadmasters did
business, or at least tried to do it quite rightly;
their relationship to employees was distinguished
by impartiality and even fatherly participation;
in everything one could see, as it were,
a consciousness of the seriousness of one’s
duties, there could be responsibility for one’s
actions, although at that time life and service
were much simpler and freer, but on the other
hand, everyone was somehow more conscientious
about work and worked not out of fear, but for
conscience (Good Old Time!!!).

Resolutions. — In recent years, such an
attitude towards business and employees has
been noticed, which, as it were, excludes any
possibility of being liable. One has only to look
at the resolutions imposed by some road chiefs
on papers, reports and reports to be convinced
that a lot of them are imposed on the assumption
that they will never see the light of day and will
not catch the eye of those who are superior or
revise their activities. The assumption is
absolutely correct, since none of the persons
expelled from the road administration and the
Ministry ever looks into internal correspondence.
It is like a domestic affair, in which, as they say,
the soul is wide open, and here its good and bad
sides are most visible.
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Office correspondence. — Meanwhile, all
the senior officials of the administration and,
of course, the chiefs of the roads themselves
devote the greatest amount of their official time
to correspondence, and it can serve as
a characteristic criterion for the outlook and
activities of the chief of the road and every
senior employee; to look into it not only does
not interfere, but it should. As long as the
internal correspondence of the head of the road
with the heads of services and the latter among
themselves and internal office work are not
subject to control or review, until then there
will be no order on the roads.

I have in my portfolio many samples of
various resolutions on very serious issues and
cases that are not only in the field of order on
the roads, but also in traffic safety, and are more
suitable for humorous magazines than for
serious business. Someday they will see the
light and surprise it with their absurdity.
During the audit, such correspondence will
specifically show the unpreparedness of many
senior employees and chiefs of roads to carry
out the serious tasks assigned to them, and on
the other hand, it will put forward capable
people who for some reason remain in the
shadows.

Permanent ministerial audits. — To lift the
veil of such hiding places, an organisation is
needed, something like senatorial audits, carried
out periodically on all state roads, without any
specific reason. High-ranking members of the
Council of Ministers could be appointed to carry
out such audits.

Audit method. — 20 public roads could be
surveyed every four years, up to five roads per
year. Of course, it is necessary to start the revision
from those roads, behind which there are many
defects.

The commissions of council members must
include specialists from all services, so that the
system of «rubbing points» does not take place
and that the audit is carried out by the members
personally, with knowledge of the matter and
complete impartiality.

Persons with an impeccable past should be
appointed as the chairman and members of the
audit commission, so that neither society nor
employees could suspect them of one-sidedness
and predilection for persons within the scope of
the audit. At the same time, the audit should be
quite business-like — without any tendency to
a police investigation.

The same audits could deal with complaints
from employees and individuals about the road
management.

Such an institution would have a beneficial
effect on the reconciliation of society and the
press with the railways and on the course of
railway business, and at the same time would
give the Minister a powerful key to the study of
the railway Terra incognita, with all its
ethnographic life and its features.

The dominant position of the traffic control
service. — The traffic service is the only service
that generates railway values, and the entire
profitability of the road depends on the correct
organisation of its activities.

Its main functions are to meet the needs of
the population in transportation of passengers
and goods, under the indispensable condition of
the lowest costs and the greatest utilisation of
rolling stock provided at its disposal.

The task is difficult, and its fulfillment
depends entirely on the following conditions:

1) Successful selection of personnel, from the
top to the bottom inclusive.

2) Funds provided to the service in relation
to the reception, throughput and carrying
capacity of the road.

3) Friendly cooperation of all other services,
especially technical ones, in installation of
permanent and temporary equipment necessary
for performance and facilitation of the work of
the service.

Traffic administrators. — For a long time, the
positions of chiefs of the traffic service were
occupied exclusively by practitioners who stood
out for their diligence and ability to manage
business and successfully use the rolling stock.

Thus, the traffic service, due to the lack of
authority of its principles and the significant
authority of the chiefs of the track, which were
always engineers of the lines of communication,
and subsequently the chiefs of traction, which
were mostly headed by mechanical engineers,
was relegated to the background and lost its real
place.

Change of view on traffic service. —
Recently, the view of the dominant position of
the traffic service in the environment of other
services has been revived again, and it is
beginning to be given its due place. This is
mainly facilitated by the realisation that the
success of the business and profitability of the
roads depend on sufficiency and convenience
of the equipment necessary for correct



performance of the functions of movement,
and on the diligence of its agents. The scarcity
of roads forced everyone to pay serious
attention to the correct operation, to elimination
of unproductive costs, and mainly to
productivity of rolling stock runs, its turnover
and disposal. The damage caused to the state
economy forced me to take up arithmetic and
learn how to count, extending this calculation
to all sectors available for accounting.

Raising the prestige of the traffic service was
greatly helped by the Management Councils, in
which the representatives of the traffic service
were equal among three main services and
«began to dare to have their own opiniony, and,
moreover, quite openly and officially. They even
have the right to submit dissenting opinions.

An authoritative position is won back by the
heads of movement with their personal desire
and energy: but this is not enough, it is necessary
to regulate this issue and de jure put them in
a dominant position. The cause itself and its
interests beg for it; one must go with the current
demands of the interests of agriculture, industry
and trade, which in this case are in solidarity with
the interests of roads.

Let’s take even the domestic business of
management: at the head, all services and
departments have reports once, many times twice
a week; only the head of traffic has a daily
mandatory report, and in hot times, so his
meetings with the head of the road are even more
frequent and longer. This means that the whole
essence of the matter is in the orders for
movement, and the head of the road should be
most interested in them. Finally, a lot of general
orders in the interests of the traffic service must
be made by the head himself or the manager of
the road, and all of them are prepared only by
the head of traffic and his office.

Nine-tenths of all the requests of the Ministry
and the Road Administration, with which the
head of the road is bombarded during the hot
time of heavy traffic on the road, are entirely
derived from the field of activity of the traffic
service and the answers are given by the same
head of traffic, in agreement with the head of the
road, or at his direction.

The business trips of the chief inspector,
senior and junior inspectors on the line are mainly
focused on issues related to transportation of
passengers and goods. Finally, a new vast
organisation of the Central and Regional
Committees is exclusively created for the vast

business of regulating transportation of goods
throughout the Empire. It deals almost exclusively
with traffic service functions.

All this shows how important the activity of
this service is in itself, how much the activity of
all other services is exclusively dependent on it,
and how much they are obliged to try, by all their
means, to contribute to successful fulfillment by
the traffic service of its obligations that it
concludes with road customers, as from a legal
entity, and are binding.

Theft. — Now let’s consider the issue of one
of the main modern plagues — mass theft.

Theft is an element, a thousand-headed hydra,
engulfing the entire railway business with
tenacious tentacles. This is a poison that has been
absorbed into the flesh and blood of the railway
brethren. We intellectuals, to our shame, are
deprived even of the possibility of blaming
everything on our little brother. The latest major
predatory tricks show that former senior
employees are among the leaders and organizers.
Stousy rumor even names people who are in the
service and, moreover, in fairly high positions.

Nowhere in the world is theft so widespread
as it is here. It is especially pronounced in two
areas: in the commissariat and on the railways.

In the first, the treasury suffers directly and
indirectly the population. In the second — on the
contrary.

The losses inflicted on the treasury by
embezzlement are too great to be overlooked,
and serious measures must be developed to
combat them.

Dismissal from service and bringing to
justice, with the vastness of our road network,
becomes only a local event, why should it be
extended to the entire network by starting
a special black book in which to enter the names
of those dismissed with notes on their exploits
and notify all departments about them, in order
to avoid accepting them for service on roads
remote from the former arena of their actions.
Such subjects should not be returned to the
railway. They should also lose the right to state
pensions, if they have earned them, and to state
surcharges on their pension contributions.

It seems to me that all the measures I have
outlined in relation to raising the moral level and
well-being of employees should help to eradicate
the desire for theft among the employees
themselves; then the theft should be significantly
reduced, and the fight against them will become
easier.
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Freight artels of the Varyag Union. — There
is one method and an extremely radical one, but
its implementation requires a lot of work,
perseverance and endurance with the direct
participation of the Railway Administration and
even the Ministry of Railways, and, perhaps,
some other ministries.

My colleague on the Transcaucasian roads,
Mr. Semyanyshyn-Ardatiev, came up with the
bright idea to form a common artel of loaders
both on railways and on steamships, under the
firm of the Varyag Union. This artel should
consist of all persons involved in the reception,
storage, transportation, loading, reloading,
unloading and delivery of goods of all kinds and
speeds.

Thus, from the moment it enters the railway
or steamship, the cargo must be under the control
and protection of a responsible artel, which,
according to an agreement concluded with the
Railway Administration, or even with the
Ministry of Railways, is fully responsible for its
integrity and safety.

Such a huge common artel, spread over the
whole of Russia, and taking into its strong hands

the entire commodity business of means of
communication, will be the only reasonable and
real measure to eliminate all theft and abuse in
transportation of goods. Small artels are aimless:
they themselves steal from each other.

An artel, consisting of heterogeneous
elements and based on commercial principles,
based on monetary gain, will be able to monitor
its members so that they not only do not plunder
the goods, but also protect them from strangers
who are not involved in the artel. No one can see
to the integrity of the cargo and to each individual
member better than his own brother can. It is
unprofitable to steal from each other; it is better
to be content with an honest conduct of business
and receive the due remuneration for work, and
even dividends from the general income of the
enterprise.

Having familiarized myself with the project
of the «Varyag Union» and finding it quite
expedient and the only measure that could save
not only roads, but the entire population from mass
theft, I submitted a note about it to the Minister of
Railways and wrote an article «Freight artels»,
which was published in No. 3 of the journal «Ways



of Communication»!. The editorial staff of this
journal proposed an exchange of opinions on this
issue, but now more than six months have passed,
and so far no one has responded.

The inertia of the railway intelligentsia. — Is it
really that the Russian railway intelligentsia is so
inert that it is not interested in such a serious and
burning issue, which, representing a huge black
spot lying on the entire railway world, imposes on
the railway authorities and the entire railway society
a moral obligation not only to actively fight this
evil, but and find all sorts of ways to deal with it.

Once such a method is indicated, it is
necessary to disassemble it in detail from all
sides, develop it in detail and decide whether it
can be carried out or not. But to leave it
unattended, to pass over in silence and not to
offer our own, perhaps more practical and
reasonable methods, is simply unforgivable in
my deep conviction. A private institution, like
the journal «Ways of Communication», offers its
gratuitous services as an intermediary in the
development of such a burning issue, and its
efforts are silenced. If it is a sign of consent, then
all the more it is necessary to declare it.

The logical conclusion from such an
indifferent attitude to the general topic of the day,
which oppresses all citizens of our vast fatherland
and brings incalculable losses, is very unflattering.
It may be thought that the modern predatory
status quo is tempting, to the benefit of the
railway world, which is why they are not taking
any measures to curb it.

Is it possible that those stinking slops (pardon
the expression) with which railroad workers are
constantly doused do not yet represent sufficient
incentive to arouse in them a sincere desire to
work in the interests of streamlining the case,
without postponing such work ad calendas
graecas.

This is a matter of national importance;
I think the State Duma should pay attention to it
and render its powerful assistance to its
implementation.

Although the program of the report includes
many more issues that I touched upon in my
book, but due to lack of time I will limit myself
to listing them as urgent and necessary.

Reorganisation of the collection service,
accounting reporting, increase in legal
departments and change in the activities of
commercial departments.

! See also «Zheleznodorozhnoe deloy», 1902, p. 157.

General Activity

Easing antagonism between employees;
regulation of free travel and use of service and
protection cars; the fight against ticketless travel,
the reduction of correspondence, the fight against
the dominance of foreigners, the reform of the
leasing of station buffets.

Technical Equipment of Railways

Gradual systematic rearrangement of station
tracks in accordance with the functions of the
station.

Gradual systematic restructuring of
warehouses and platforms for loading and
unloading goods and changing their types.

Organisation of large and small repairs of
rolling stock on more rational grounds for
traction and traffic services.

Gradual systematic distribution of different
types of locomotives along the roads and
destruction of types of locomotives and cars that
do not correspond to modern technology.

Construction in the required quantity of
a fleet of special cars — refrigerators for
transportation of perishable goods over long
distances.

Internal Organisation of Services

Elaboration and legalisation of a systematic
system for changing sleepers and rails, and
coefficients for the cost of repairing the upper
track of railways and the number of workers per
verst of the section.

Elaboration of special rules for accounting of
tarpaulins, shields, animal bars, in order to avoid
their loss along the roads, as well as the rules for
their maintenance and repair.

Development of special rules for the repair
of inventory of traffic services.

Development of special rules for sealing cars.

CONCLUSION

Finishing the report, I cannot but make
a general conclusion.

The vastness and seriousness of the railway
business does not for a moment allow me to look
at my work as having exhausted all its features
and needs. I pointed out only what I noticed and
what, in my personal opinion, needs to be
reorganized and streamlined. I have no doubt that
there may be much more that has escaped my
memory and that others will point out.

But, in any case, what I wrote about and what
I pointed out, in itself shows what colossal work
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still needs to be done in order to streamline the
railway business in its entirety.

Indeed, in fact, it must be admitted that there
is absolutely no branch of the railway business
about which one could honestly say, hand on
heart, that it is completely organised and does
not require fundamental changes and significant
additions.

Life moves forward, especially railway life,
as a technical one, in our age to improve and
invent movements with great speed, and
additions and changes are constantly needed in
it. But in the modern formulation of the railway
business, what is needed is not changes and
additions, but the development of fundamental
foundations, precise rules and regulations,
without which the work cannot continue
correctly.

There are several roads, more or less
arranged, with a mass of excellent and well-
organized institutions, there are a lot of partial
useful and properly arranged devices on all
roads, but in order for the whole organisation
to be noticeable any commonality, some guiding
idea of integrity and solidarity, — it is
imperceptible.

On the railways, business is conducted
according to the Russian proverb: «Everyone is
done in his own way». The internal routines for
each road are different, rarely any of the chiefs
of services, having visited other roads and
looking at their orders, tries to instill them in
its own road, despite the fact that he recognizes
their advantages.

It is understandable if the majority seeks to
take the post of head of a service or department
not out of dedication to the cause, love and
devotion to it, but only because of an
advantageous position in material terms and
honor among employees and society, and does
not seek to introduce possible improvements,
ordering things and improving them. And it is
known that any stop in development of
a business leads to its regression.

Our inertia has led to a regression that has
penetrated all branches of the railway business.
It is necessary to stir up this inertia, and if the
authorities do not have the desire to work
progressively, lovingly treating the matter, then
such authorities should not be allowed to get
involved in the matter even for a cannon shot.
I began my conversation by expressing my
credo that the main thing is in the leader, and,
ending it, | confirm the same view.

We see that the highest authorities are striving
for this, are working energetically; need to help
them. Without joint activity, friendly help, the
work of the authorities will be, if not powerless,
then at least less productive, since an inert
attitude towards such work is tantamount to an
active brake, if not a boycott.

The good intentions of the current Minister
to work hard to put the railway business in order
make, in turn, to wish that his Ministry work
would not be short-lived.

It is not superfluous to mention that frequent
changes of ministers had an unfavorable effect
on the course of the entire railway business.
Before the department has time to get used to
and adapt to the views and requirements of one
minister, as with the appointment of another, new
views and new requirements appear, most often
completely opposite, so it is rather difficult to
adapt to them right away.

In addition, a lot of time and labor is
completely unproductive, in reshaping the old
order, only in order to start a new Sisyphean work
with new trends.

For a hundred years, from 1811 to 1909, there
were 19 Ministers of Railways; only four of them
managed the Ministry for a long time: Posiet for
14 years, Count Kleinmichel for 12, Duke of
Wirtemberg and Prince Khilkov for 10 years
each. The rest are from one year to 8 years. Five
ministers held office for one year or less.

Even a professional genius in such a short
time could not have done anything serious for
the department.

The current Minister is already the twentieth
in the century of existence of the department; we
wish him success in his work and continued
leadership of the ministry.

Everything I have said shows what
a colossal amount of work the Department of
Railways has to do in order, one way or
another, to lead to a successful solution of
urgent problems and to carry out the
organisation, reorganisation and improvement
of the entire railway economy.

Modern railroad leaders, in my opinion,
should take on the work and honor of such work.
God is with them!

— Dixi et animam salvavi!!

End of Part 3

N. P. Verkhovsky

(Zheleznodorozhnoe delo [Rail Business],
1911, Iss. 21-22, pp. 50d-60d) e
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Troitskaya, N. A. An innovative approach to design of a system for transporting
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The problems of transportation of oversized heavy cargo are among the most difficult
in the transport sector. This is due to a wide range of weight and size parameters of
the transported goods. In this regard, the publication of the textbook «An innovative
approach to design of a system for transporting oversized heave cargo», developed
by Professor of the Department of Automobile Transportation of MADI, D.Sc. (Eng)

Natalia Troitskaya with the participation of Associate Professor of MADI, Ph.D.

Valentin V. SILYANOV

(Eng) M. V. Shilimova is relevant.

Keywords: logistics, organization of transportation, oversized heavy cargo, MADI, professional activities of drivers, legal documents

to ensure safe transportation.

he textbook is based on a generalisation of

many years of domestic and foreign

experience in the field of scientific research,
design and organisation of transportation of
oversized heavy cargo (OHC). The results of
participation of employees of the department of
the Road transpotation of MADI in design and
implementation of the processes of transportation
of OHC are reflected.

Approaches to analysis and classification of
OHC, methods for constructing and transforming
transport networks, formation of material and
information flows, the principles for choosing
vehicles and the possibilities of the transshipment
process are considered.

The textbook pays great attention to the
professional activities of drivers transporting
OHC on the country’s general transport network
of roads. The emerging risks and methods for
their elimination are also considered.

The content of the work covers all the most
important aspects of designing a cargo
transportation system from the standpoint of
logistics and preventive measures at possible risk
sites.

The main directions of creation of OHC
transportation system are considered, taking into
account their specifics and features.

The logistic principles of formation of OHC
transportation system are considered. The
specific features of such cargoes are revealed,
taking into account the limitations of their
parameters by mode of transport.

A list of legal documents to ensure safe
transportation is given.

The principles of adaptation of transport
networks to the specific parameters of these
specific cargoes are revealed.

A methodology has been developed for
forming routes in urban conditions, as well as

For citation: Silyanov, V. V. Textbook on Transportation of Oversized Heavy Cargo. World of Transportation, 2022, Vol. 20, Iss. 2 (99),

pp. 242-243. DOI: https://doi.org/10.30932/1992-3252-2022-20-2-13.

The text of the review originally written in Russian is published in the first part of the issue.
Texkcm peyeH3uu Ha pycckoM si3bike ny6ukyemcs @ nepeoll Yacmu 0aHHO20 ebinycKa.



along intercity highways, including international
traffic.

Particular attention is paid to the choice of
specialised rolling stock for certain types of
cargo. The world innovation trends are analyzed
to create fundamentally new design solutions for
the creation of efficient, reliable and safe vehicles
for certain groups of OHC.

The book also reflects the security issues of
transportation of such goods on a common
transport network based on a logistics approach.

The authors paid particular attention to the
need to develop preventive measures to reduce
the degree of risks in design and transportation
process.

We should not forget about the important role
of weight and dimensional control of a vehicle
with cargo throughout the transportation route.

Various approaches to organization of
reloading operations are considered based on the
analysis of the most common methods of
reloading, and fundamentally new effective
mechanisms for loading and unloading operations
used in domestic and foreign practice are given.

The system proposed in the work for
assessing the professional qualities of drivers of
specialized vehicles of heavy trucks is of
particular interest.

For the first time the principles of selection
of drivers by questioning are formulated.

The main possible sanctions are listed for
violating the route and mode of transportation of
OHC, for not having a permit for a specific route,
or for exceeding the geometric and weight
parameters of a road train with a load specified
in the permit, for the driver, for the official
responsible for transportation, and for the legal
entity.

A technique for establishing rational modes
of movement of a road train with OHC in the
general traffic flow with identification of sludge
places for passing a «pack» of cars at low speeds
of a heavy truck is presented.

Attention when transporting OHC, according
to the authors, should be paid to traffic safety as
the main principle of building a transport system
on the general road network of the city and in
intercity traffic.

The textbook provides recommendations for
improving the design process and practical
implementation of OHC transportation.

Particular attention is paid to the following
issues:

* Creation of a technically, economically and
environmentally safe efficient route.

» Rationale for the choice of specialized
rolling stock.

* Modernisation of the process of organizing
transshipment operations in multimodal cargo
transportation systems.

* Expansion of the field of implementation of
logistics approaches using automated software
systems.

* Creation of new normative documents
regulating various aspects of the transportation
process of OHC transportation.

The textbook «Innovative approach to design
of a system for transporting oversized heavy cargo»
meets all modern requirements for educational
literature. The book is recommended by the Expert
Council of educational-methodological department
in the system of higher education and secondary
vocational education as a textbook for the bachelor’s
and master’s programs «System Analysis and
Management». o

Information about the author:

Silyanov, Valentin V., D.Sc. (Eng), Professor, President of the International Association of Automobile and Road Education (MAADO),

Moscow, Russia, vws@madi.ru.

Review received 28.04.2022, accepted 29.04.2022.
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SELECTED ABSTRACTS
OF D.SC. AND PH.D. THESES

SUBMITTED AT RUSSIAN UNIVERSITIES

The texts of the abstracts originally written in Russian
are published in the first part of the issue.

Tekcmbl asmopeghepamoe Ha pPyCcCKOM si3bIKe
nybnukyromcsi 8 nepgoll Yacmu 0aHHO20 8bINnycKa.

DOI: https://doi.org/10.30932/1992-3252-2022-20-2-14

Fedotenkov, G. V. Unsteady contact
interaction of elastic shells and solid bodies.
Abstract of D.Sc. (Physics and Mathematics)
thesis [Nestatsionarnoe kontaktnoe
vzaimodeistvie uprugikh obolochek i sploshnykh
tel. Avtoref. dis... doc. fiz-mat. nauk]. Moscow,
MALI publ., 2021, 38 p.

The rapid pace of development of modern
modes of transport, aerospace, shipbuilding,
automotive and aviation industries dictate
increasingly high requirements for the accuracy
of calculations of the stress-strain state of a
structure under various types of non-stationary
effects in contact interaction conditions. This
area is currently among the least explored. The
solution of such problems is complicated by the
need to take into account the initial conditions,
the mixed and nonlinear nature of the boundary
conditions, and also, in some cases, the
unknown in advance of the contact area, which
depends on time. The heightened interest in
these questions is explained, on the one hand,
by the rather wide range of their practical
application, and, on the other hand, by the
openness of many questions in the theory of
contact problems.

The objectives of the work are development
of mathematical formulations of non-stationary
contact problems for thin shells and elastic bodies,
construction of methods and approaches to
solving, creation and implementation of effective
numerical-analytical algorithms for solving new
non-stationary contact problems, obtaining and
analyzing solutions to these problems in plane,
axisymmetric and spatial formulations.

A mathematical formulation of non-stationary
contact problems is given for thin cylindrical and
spherical shells with and without a filler and an
elastic half-space, taking into account the mobility

of the boundaries and the multiply connectedness
of the contact area.

A method for solving such contact problems
based on the use of influence functions has been
developed and generalized, including an iterative
process for determining the contact area. The
effectiveness of the applied approach to the
solution is proved due to a significant reduction
in the dimension of the problems under study.

Non-stationary two-dimensional and spatial
influence functions for cylindrical and spherical
shells with and without filler are constructed and
studied.

A solution is constructed for nonstationary
two-dimensional contact problems with moving
boundaries for cylindrical or spherical shells and
an elastic half-space. Two approaches are
proposed and implemented that are valid at the
supersonic and arbitrary stages of contact
interaction. A comparison is made and the
agreement of the results obtained with the use of
these approaches is shown.

Solutions of non-stationary contact problems
for two cylindrical or spherical shells are obtained
taking into account the elastic filler. An analysis
of the influence of the presence of a filler on the
process of contact interaction was carried out.

For an arbitrary time interval, an algorithm has
been developed and implemented for solving a
spatial nonstationary contact problem with moving
boundaries for a cylindrical shell and an absolutely
rigid impactor bounded by a smooth convex
surface. The results of calculations were obtained
and analyzed.

01.02.04 — Mechanics of a deformable solid
body.

The work was performed and defended at
Moscow Aviation Institute (National Research
University).

Maung Maung Win Aung. Rational design
and technological solutions for cable-stayed
bridges with a reinforced concrete stiffening
beam for the conditions of Myanmar. Abstract
of Ph.D. (Eng) thesis [Ratsionalnie
konstruktivno-tekhnologicheskie resheniya
vantovykh mostov s zhelezobetonnoi balkoi
ghestkosti dlya uslovii Myanmy. Avtoref. dis...
kand. tekh. nauk]. Moscow, MADI publ., 2021,
25 p.

In recent years, in Myanmar, considerable
interest has been paid to the use of cable-stayed



bridges, including those with a reinforced concrete
stiffening beam, since this type of cable-stayed
bridges, in terms of its structural, technological
and economic indicators, is the most rational
solution for road bridges of medium and large
spans.

At present, there are no structural and
technological solutions for cable-stayed bridges
with reinforced concrete stiffening beams in
Myanmar. Justification of the main ratios and
general dimensions of cable-stayed bridges, taking
into account structural and technological factors,
as well as the study of the stress-strain state of
their load-bearing elements, would make it
possible to fully take into account all the specific
features of operation of these structures for
Myanmar conditions.

The objective of the thesis is to develop
rational structural and technological solutions for
cable-stayed bridges with a reinforced concrete
stiffening beam in relation to the conditions of
Myanmar based on a broad study of the stress-
strain state of load-bearing elements, taking into
account all the features of the bridge structure.

In the thesis, tasks were set and solved, using
the methods of finite element analysis and
computer modeling using the Midas/Civil
software package, to develop rational structural
and technological solutions for cable-stayed
bridges with reinforced concrete stiffening beams
in relation to the conditions of Myanmar. The
analysis of the most widely used structural and
technological solutions for cable-stayed bridges
in Southeast Asia was preliminary carried out and
the ranges of geometric parameters of constructed
and operated bridges were determined. The most
used technologies for construction of cable-stayed
bridges in this region were also analyzed.

In this paper, the stress-strain state of cable-
stayed bridges with a reinforced concrete
stiffening beam in the elastic stage from the action
of constant loads and live loads, as well as
temperature and wind effects has been studied. A
dynamic analysis of the cable-stayed bridge was
performed with determination of the period of
natural oscillations, as well as assessment of
survivability of the cable-stayed bridge in case of
abreak in several cables. In the course of the study,
a finite element design model of a cable-stayed
bridge was developed for its detailed analysis and
the most rational geometric parameters of cable-
stayed bridges and arrangements of cables on them
for Myanmar conditions were determined. Using
Russian, American and European models, a study

was made of the effect of long-term processes in
concrete (shrinkage and creep) on the behavior of
cable-stayed bridges at various levels of
environmental humidity. Also, a comparison of
various technologies for construction of cable-
stayed bridges was carried out and, using a staged
computer analysis, the most effective technology
for construction of cable-stayed bridges in
Myanmar was determined.

The conducted studies allowed us to formulate
the following conclusions:

* The use of computational models based on
finite element methods is an effective means of
conducting scientific and engineering analysis of
structures of various systems in order to select the
most rational for certain conditions of construction
and operation. Comparative analysis of the results
of calculation of cable-stayed bridges with a
reinforced concrete stiffening beam using various
software packages shows that calculations using
the Midas/Civil software package provide fairly
reliable results.

* An extensive analysis of existing studies and
the results of computer modeling, allowed to
establish for the conditions of Myanmar the most
rational ratios of the main parameters of
superstructures, reinforced concrete stiffening
beams, pylons, which are given in the work (ratio
between spans L:L,:L,=(0,45-0,5):1:(0,45-0,5),
main panel length 16—20 m, stiffening beam height
(1/15-1/18) L , edge panel length {1/4-1/2) from
the length of the main panels, the height of the
pylons (1/5=1/7) L ).

* For Myanmar conditions, cable-stayed
bridges with a reinforced concrete stiffening beam
with a span of 100 to 500 m can be recommended
as the most resistant to aerodynamic and other
influences. Also, as a result of the analysis of the
emerging forces and taking into account the
aesthetic factor, it was found that the «fan» is the
most rational layout of the cables. In addition, for
cable-stayed bridges with one plane of cables, it
is advisable to take a reinforced concrete stiffening
beam of a box-shaped section, and with two planes
of cables — box-shaped and slab-ribbed sections.
The conducted comparative analysis of pylons of
various shapes makes it possible to recommend
the most rational area of application for each of
them.

» The analysis of the results of computer
modeling of the loading of the bridge structure
according to Russian and American standards
showed that the results of the calculation are quite
close to each other, but in most cases, the largest
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values are obtained from the Russian live load
Al4,

* When calculating according to Russian (SP
35.13330.2011), European (CEB-FIP 1990) and
American (ACI) standards at 70 %, 80 % and 90 %
humidity, the forces in the stiffening beam and
cable-stayed bridge pylon change significantly.
With an increase in humidity of the environment,
the loss of forces in the shrouds slightly decreases.
For the conditions of Myanmar, when designing,
it is recommended to take a humidity value of no
more than 70 %.

» The analysis of the results of numerical
simulation confirmed that for the conditions of
Myanmar the most rational is the technology of
construction of cable-stayed bridges with
reinforced concrete stiffening beams and guys
according to the «fan» scheme, using the method
of suspended balanced installation. Moreover, the
use of the Midas/Civil software package makes it
possible to simulate the stress-strain state of cable-
stayed bridges during their construction, taking
into account nonlinearity at all stages of
construction.

05.23.11 — Design and construction of roads,
subways, airfields, bridges and transport tunnels.

The work was performed and defended at
Moscow Automobile and Road Construction State
Technical University (MADI).

Parakhnenko, I. L. Research of the
interaction forces in the «wheel—rail» contact
following changes in the tribological condition
of the rail surface. Abstract of Ph.D. (Eng)
thesis [Issledovanie sil vzaimodeistviya v
kontakte «koleso—rels» pri izmenenii
tribologicheskogo sostoyaniya poverkhnosti
relsov. Avtoref. dis... kand. tekh. nauk].
St. Petersburg, PSTU publ., 2021, 25 p.

The length of curved sections on the Russian
railway network is 33 % of the total length, of
which 13 % falls on radii from 400 to 700 m. The
friction resistance that occurs when the vehicle
passes curves, especially of small radius, causes
an increase in energy consumption, a violation of
stability of the track geometry, and intense wear
of wheels and rails. These problems are closely
related to the longitudinal and lateral forces that
arise in the «wheel—rail» contact. Force interaction
is influenced by many factors, but it is worth
highlighting the main ones — dynamic and
tribotechnical. Dynamic depend on design,

technical condition of the track and rolling stock
and the conditions of their interaction.
Tribotechnical factors can be divided into
tribological — the value of the coefficient of friction
on the contact surfaces and technical — the state
of the profiles of the «wheel—rail» set. Changing
the tribological state of the surfaces of rail threads,
that is, reducing the coefficient of friction in the
wheel-rail contact zone (lubrication), is one of the
main measures within the framework of the
comprehensive resource-saving program
«Development Plan of JSC Russian Railways until
2030», aimed at reducing wear of the set.

The use of resource-saving technologies is
especially important with an increase in axial loads
and speeds, the resource of superstructure
elements up to 2,5 billion tons of missed cargo, a
constant increase in prices for energy carriers,
railway track elements and wheel sets. Reducing
the resistance to movement of trains in curves,
increasing the stability of the railway track, the
resource of rails and wheels, and, consequently,
the savings directly depend on the magnitude and
constancy of the friction coefficient in the contact
track — rolling stock.

Determination of the tribological state of the
tread surfaces and the side surface of the rail head,
which ensures the best interaction between the
wheels of the rolling stock and the track gauge,
reduces the force effect and thereby ensures the
stability of the railway track and reduces the
intensity of lateral wear of the rails in curved
sections, is relevant for the entire railway network.

The development of new approaches to the
strategy of lubricating the «wheel-rail» contact
zone has been a popular direction in recent years.
The presented work is development of scientific
research in accordance with the Strategic
Program for Ensuring Sustainable Interaction in
the «wheel-rail» system adopted in JSC Russian
Railways.

The objective of the thesis is to determine the
influence of the tribological state of the rail tread
surfaces on the interaction forces in the «wheel—
rail» contact with various movement parameters
(speed, axle load, train driving mode) and the
outlines of the profiles of the wheel set and rails.

Experimental measurements of the friction
coefficients on the side surface of the outer rail for
different tribological states of the rail gauge were
carried out, measurements were made on the tread
surfaces of both threads. Values of friction
coefficients were obtained for the dry state of rail
threads — 0,4 and with the applied lubricant—0,25.



The effect of the mode of driving a freight train
on the forces of contact interaction is estimated.
It has been established that the action of the
traction force affects the change in longitudinal
forces by an average of 6 %. The difference in the
values of the lateral forces is on average no more
than 7 %.

A significant influence of the tribological state
of the rail tread surface on the longitudinal and
lateral forces arising in the «wheel-rail» contact
during the movement of a freight train with a load
of 23,5 and 27 t/axle along curved sections of the
railway track is revealed.

The functional dependences of the forces of
interaction between the wheel and the rail are
determined depending on the tribological state of
the rail surfaces, speed of the freight train and the
radius of the curves for the new and average
network profile of the tribopair. The results
obtained during the theoretical study are confirmed
by comparison with experimental data. The
convergence of the results within 15 % indicates
the adequacy of the mathematical apparatus used.

The longitudinal forces arising from the
movement of a freight train along curved sections
of the railway track, when applying the «third
body» to the tread surface of both rail threads,
are reduced by 1,49 times (by 5,7 kN) at a speed
of V=40 km/h and by 2,21 times (by 5,6 kN) at
V = 80 km/h in the curve R =380 m. In gentle
curves, the force decreases up to 1,5 times (up
to 4,9 kN). The wear of tribopair profiles leads
to an increase in longitudinal forces at all
considered radii up to 3,3 times. The use of
lubrication on the surface of the inner thread
reduces the forces by an average of 11 % (3 kN),
on the outer rail up to 17 % (5 kN).

The lateral impact of the wheel set on the track,
in the unworn state of the tribopair, is less by 1,37
(4,5 kN)-1,47 (8,55 kN) times with a decrease in
the friction coefficient on the surface of the inner
rail in curves of a small radius. The use of
lubricating the rolling surface of rail threads to
reduce lateral forces in curves R > 700 m is not
advisable. The lateral impact is reduced by the
change in the profiles of the contact surfaces.

The influence of the coefficient of friction on
the longitudinal and transverse vibrations of the
vehicle has been established. The use of lubrication
on the tread surface of the inner rail thread
increases the length of the longitudinal wave up
to 30 %, transverse up to 22 %, which helps to
increase the stability of the railway track, reduce
the wavy and lateral wear of the rail track.

A technique has been developed for selecting
options for lubricating rail surfaces depending on
the parameters of the curves. The values of the
elevation of the outer rail thread, which ensure the
minimum force interaction, are determined.

To substantiate the possibility of reducing the
coefficient of friction on the running surfaces of
the rails, the calculation of the main criteria for
safety and uninterrupted movement was carried
out — the stability of the wheel on the rail and the
length of the braking distance. Lubrication of the
surface of the inner thread reduces the possibility
of «crawling» up to 1,87 times in small radius
curves. In gentle curves with lubrication options,
the stability of the wheel on the rail increases by
1,81 times. Lubrication increases the braking
distance on the slopes by an average of 23 %
(180 m).

The economic effect of reducing the coefficient
of friction is calculated. The reduction in fuel and
energy costs for train traction will be from to 27,95
rubles per 1 km of the curved section, depending
on the speed of movement during the lubrication
of both threads and 10,55 rubles when lubricating
the inner thread. Savings on the replacement of
rails upon reaching the wear limit— 99420 rubles/’km
per year with lubrication of the inner rail and
88490 rubles/km per year with a decrease in the
friction coefficient on both rail threads.

A variant of the tribological state of rail threads
is proposed, which reduces the longitudinal and
lateral forces — lubrication of the rolling surface
of the inner rail thread. It is recommended to use
this method on long ascents in curves with a radius
ofup to 1200 m during heavy traffic and on straight
sections of the railway track, due to the presence
of a deviation in the profile plan, to reduce the
likelihood of train fluctuations.

Methods for applying material to the rail thread
surface by equipment used on mobile lubrication
facilities and developed lubricants providing a
friction coefficient of 0,2-0,25 are considered. The
use of this method is recommended after
preliminary high-quality polishing of the rails, in
order to eliminate defects in the surface of the rail
threads that contribute to the accumulation of
lubricant.

05.22.06 — Railway track, survey and design
of railways.

The work was performed at Ural State
University of Railway Transport, defended at
Emperor Alexander 1 St. Petersburg State
Transport University. °
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NEW BOOKS ON TRANSPORT
AND TRANSPORTATION

the list of titles in russian is published
in the first part of the issue.

CNUCOK Ha PyccKoM si3bIke ny6nukyemcs
8 nepeoll Yacmu 0aHHO20 ebInycKa.

DOI: https://doi.org/10.30932/1992-3252-2022-20-2-15

Badetsky, A. P., Korovyakovsky, E. K., Medved, O. A.
[et al]. Management of cargo and commercial work: Study
guide [Upravlenie gruzovoi I kommercheskoi rabotoi:
Ucheb. posobie]. St. Peterburg, PSTU publ., 2022, 65 p.
ISBN 978-5-7641-1796-6.

Chernova, V. V. Operation of road machines, cars and
tractors [Ekpluatatsiya dorozhnykh mashin, avtomobilei
i traktorov]. Moscow, Akademiya publ., 2022, 223 p.
ISBN 978-5-0054-0325-4.

English-Russian dictionary of terms in the field of
radio communications and telecommunications: (about
3000 terms) [Anglo-russkiy slovar terminov v oblasti
radiosvyazi i telekommunikatsii: (okolo 3000 terminov)].
Rostov-on-Don Research Institute of Radio Communica-
tions; compiled by S. A. Moskalenko. Rostov-on-Don,
RNIIRS publ., 2022, 76 p. ISBN 978-5-6047139-0-7.

Fedorovich, V. O., Kubrak, N. A., Fedorovich, T. V.
Organization and management of a private fleet of freight
cars. Economic approach: Monograph [Organizatsiya i
upravlenie privatnym parkom gruzovykh vagonov. Eko-
nomicheskiy podkhod: Monografiya]; under the general
editorship of V. O. Fedorovich. Moscow, Infra-M publ.,
2022, 172 p. ISBN 978-5-16-017546-1 (print).

Giller, A. A., Omelchenko, E. Ya., Lymar, A. B.
[et al]. Arduino sensors and actuators for mechatronics
and robotics: Study guide [Datchiki i ispolnitelnie us-
troistva Arduino dlya mekhatroniki i robototekhniki:
Ucheb. posobie]. Magnitogorsk, Magnitogorsk State
Technical University publ., 2022, 182 p. ISBN 978-5-
9967-2433-8.

Karmanov, A. V., Orlova, K. P. Fundamentals of
designing industrial safety systems (as part of the process
control system for the oil and gas industry): Study guide
[Osnovy proektirovaniya sistem promyshlennoi bezopas-
nosti (v sostave ASU TP neftegazovoi otrasli): Ucheb.
posobie]. Moscow, Gubkin Russian State University of
Oil and Gas (NRU), 2022. Electronic edition.

Korenkov, V. V., Ulyanov, S. V., Shevchenko, A. A.,
Shevchenko, A. V. Intelligent cognitive robotics: study-
methodological guide: Study guide. Moscow, KURS
publ., 2022. Part 1: Quantum cognitive computing tech-
nology, 555 p. ISBN 978-5-907352-51-3.

Krivko, E. V. Fundamentals of accounting for oil and
gas during transportation in the system of main pipelines:
Study guide [Osnovy ucheta nefii i gaza pri transpor-
tirovke v sisteme magistralnykh truboprovodov.: Ucheb.
posobie]. Khabarovsk, PNU publ., 2022, 142 p. ISBN
978-5-7389-3469-8.

Lisin, V. A., Cheboksarov, A. N. Modern car repair
technologies: Study guide [Sovremennie tekhnologii re-
monta avtomobilei: Ucheb. posobie]: [electronic re-

source]. Omsk, Siberian State Automobile and Highway
University, 2022.

Medvedev, V. M., Mironov, P. N., Simonov, V. L.,
Gavrilov, A. V. Integrated software development environ-
ment for on-board computers. Fundamentals of program-
ming and the study of the object model: Study guide
[Integrirovannaya sreda razrabotki programmnogo
obespecheniya dlya bortovykh TsVM. Osnovy program-
mirovaniya i issledovnie modeli obekta: Ucheb. posobiel].
Moscow, MALI publ., 2022, 75 p. ISBN 978-5-4316-
0932-9.

Moroz, S. M. Methodology of research in the techni-
cal operation of vehicles: Textbook for universities:
MADI [Metodologiya issledovanii v tekhnicheskoi
ekspluatatsuu avtomobilei: Uchebnik dlya vuzov: MADI].
Moscow, Yurait publ., 2022, 185 p. ISBN 978-5-534-
14089-7.

Palitsyn, A. V., Korotkov, A. N., Ivanov, I. I. Power
plants with a piston internal combustion engine [Ener-
geticheskie ustanovki s porshnevymi DVS]: under the
general editorship of Honored Worker of the Higher
School of the Russian Federation, D.Sc. (Eng), Professor
A. V. Likhanov. Vologda-Molochnoe, Vologda State Dairy
Farming Academy named after N. V. Vereshchagin, 2020;
Part 2: Theory and Practice. Part 2. V. A. Likhanov,
A. A. Loparev, A. V. Palitsyn [ef al], 2022, 283 p. ISBN
978-5-98076-359-6.

Pikovsky, Yu. I, Ismailov, N. M., Dorokhova, M. F.
Fundamentals of oil and gas geoecology: Study guide
[Osnovy neftegazovoi geoekologii: Ucheb. posobie].
Under the scientific editorship of D.Sc. (Geography),
Professor A. N. Gennadiev. 2" ed., rev. and enl. Moscow,
Infra-M publ., 2022, 412 p. ISBN 978-5-16-017124-1.

Reeves, M., Fuller, J. The Imagination Machine: How
to Spark New Ideas and Create Your Company’s Future.
Transl. from English A. Aksenova [ef al]. Moscow, Pros-
veshchenie publ., 2022, 207 p. ISBN 978-5-09-089348-0.

Smetanin, V. G. Construction and design of vehicles:
textbook: Study guide [Konstruktsiya i proektirovanie
avtotransportnykh sredstv:uchebnik: Ucheb. posobie].
Moscow, Kurs publ., 2022. Part 1: Design features of
automotive equipment [Osobennosti konstruktsii avto-
traktornoi tekhniki]. Part 1, 2022, 295 p. ISBN 978-5-
907352-44-5.

Ter-Mkrtichyan, G.G. Management of fuel vapors in
cars with gasoline engines: Study guide [Menedzhment
toplivnykh isparenii v avtomobilyakh s benzinovymi dvi-
gatelyami.: Ucheb. posobie]. Moscow, FSUE «NAMI»,
2022, 190 p. ISBN 978-5-6045988-9-4.

Vegera, Zh. G., Sleptsov, V. V. Fundamentals of the
theory of automatic control: Monograph [Osnovy teorii
avtomaticheskogo upravleniya: Monografiya). Moscow,
MIREA-Russian Technological University publ., 2022,
95 p. ISBN 978-5-7339-1610-1.

Zemenkov, Yu. D., Islamov, R. R., Kurbanov, Ya. M.
[et al]. Operation of objects of pipeline transportation of
oil and oil products: Study guide [ Ekspluatatsiya obektov
truboprovodnogo transporta nefti i nefteproduktov:
Ucheb. posobie]. Tyumen, TIU publ., 2022, Vol. 1,312 p.
ISBN 978-5-9961-2958-4.
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MILESTONES IN THE HISTORY OF THE
MOSCOW COLLEGE OF TRANSPORT

The history of the Moscow College of
Transport, which is now part of the Russian
University of Transport, dates back to the
second half of the 19" century.

1869 — a special meeting decided: to establish
a railway school; to name it after Baron Andrei
Ivanovich Delvig; to raise capital of at least one
hundred thousand rubles; upon raising the capital
to ask Baron Delvig to kindly draw up an initial
project of the institution.

1872 — opening of the classes of the Delvig
Railway School on Novaya Basmannaya Street. In
the first year, 40 people attended classes at the
school, created with charitable donations and with
the assistance of private railway companies.

1878 — start of the academic year for 58 pupils
in another new railway technical school opened in
Moscow at the insistence of Baron Delvig.

1882 — the first graduation of rail workers trained
in track facilities and artificial structures maintenance.

1920 — reorganisation of the Moscow-
Paveletskaya courses created at the beginning of
the 20" century into the Vocational School.

1925 — the successor of the Delvig Railway
School —the Moscow Railway Construction Technical
School named after A. A. Andreev conducted training
in 5 specialties (maintenance and repair of the track;
survey and construction of railways; artificial
structures; construction; water supply).

1929 — reorganisation of the Vocational
School into the Moscow Technical School of the

Steam Locomotive Facilities named after
F. E. Dzerzhinsky.

1936 —merger of the Moscow Technical School
named after A. A. Andreev with NCPS Electricity
Technical School to become the Moscow Technical
School of Railway Transport named after
A. A. Andreev, located at Kuchin Lane, 14.

194041 — transformation of the Moscow
Technical School of Steam Locomotive Facilities
into the Moscow Technical School of Railway
Transport named after F. E. Dzerzhinsky.

1949 — establishment of the All-Union Distance
Learning Technical School of Railway Transport
(later — the Moscow Economic and Technical
College of Railway Transport).

1998 — establishment of a single Moscow
College of Railway Transport, which united
a number of educational institutions.

2002 — The Moscow College of Railway
Transport named after F.E. Dzerzhinsky joins the
Moscow College of Railway Transport.

2009 — Moscow College of Railway Transport
becomes a structural subdivision of the Moscow
State University of Railway Engineering (since
2017 — the Russian University of Transport).

2019—The Moscow College of Railway Transport
was renamed into Moscow College of Transport. @

The historical review is continued with
a short story on MCT current activity on the
Journal's central spread.
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