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NATbIN BCEMUPHbBIN KOHIFPECC MCX/,
MO XEJIESHOAOPO>XXHOMY OBY4YEHUIO

Pabare (Mapokko) 9—11 okTs16pst 2019
B rona npoiuén [sareiit BcemupHbIit KOH-

rpecc MCX]I 1o Xkene3Hog0pOXKHOMY
00y4eHH1I0, OpraHU30BaHHbIN Ha 0a3ze MHCTH-
TyTa XeJIE3HOJOPOXKHOTO O0yYeHUs, CO3IaHHO-
0 COBMECTHO HAIIMOHAIBHBIM YIIpaBICHUEM
KEJIe3HOMOPOXHOTO TpaHcIopTa MapoKKoO
1 QpaHIy3CKOM HAllMOHAJIbHOM KOMMIAaHUCH
JKEJIC3HBIX TOPOT.

B meponpugTiy mpuHsum yyactue 6omee 230
yesoBeK u3 6osee yeMm 30 cTpaH A3MATCKO-
TuxookeaHckoro pernoHa, EBporibl, biamkHero
Bocroka u Agppuku.

Ha oTKpeITUM BBICTYIIMJIA MUHUCTP TpaHC-
nopta Mapokko AbaenbKaaep AMapa, reHepaib-
HBII TUPEKTOP HAIIMOHAJIBHOIO YIIPaBICHUS
JKeJIe3HOAOPOXKHOIo TpaHcImopTa MapoKKO
u npeacenarenb Adprkanckoro pernoHa MCXK]
Moxammen Pabu Xime, nipeacenarens MCXK],
Jxannyumku Butropuo Kacrennu, pykoBoau-
TeJIb OT/IENIa PA3BUTHS TAJTAHTOB 1 KOMIICTCHITUA
MC2K]1 Hatanm AMupo, mpencenaTess Iiatdop-
MBI TajaHTOB 1 KomneteHumit MCX]I Dcrep
MapkoHM M apyTHe MPeACTaBUTEIM MEXIyHa-
POIHOTO XeJIe3HOTOPOXKHOTO COOOIIIECTRA.

®pancya /laBeHH, TeHEpaIBHBIN TUPEKTOP
MCX]I, B BumeoobdpalieH1u1 00paTi BHUMaHUE

Ha ObICTPO MEHSIIOILLYIOCS CUTYALIUIO, BIMSIOLIYIO
Ha mpodeccr M KOMIIETEHIIUN 1 TPEOYIOIIYIO
KapauHaIbHbIX UBMEHEHU I TPaIULIMOHHOM Ky Tb-
Typbl OOyUEHMSI.

B xone koHrpecca, B KOTOpOM MpPUHUMAIU
yuactue aeneranuu OAO «P2XK]I» u Poccuiickoro
YHUBEpPCUTETA TPAHCIIOPTa, OOCYKIAICS IIUPO-
KM KPYT aKTyaJdbHbIX BOIPOCOB, CBSI3aHHBIX
C Pa3BUTUEM COBPEMEHHBIX TEXHOJIOTHIA yIpaBiie-
HUSI TIepCOHAIOM, 00pa30BaHMs U OOYYEHUS TSI
noBbIlIeHUS 3¢ (HEKTUBHOCTU I€STEIbHOCTU
XKeJIe3HONOPOXKHOI OTpaciu U peaaus3aluu eé
KaJIpoBOro MOTEHIIMaNa.

Co0. und., poro MCXK]JI @

5™ EDITION OF THE UIC WORLD CONGRESS
ON RAIL TRAINING

abat (Morocco) hosted on October 9—11,

R 2019 the 5™ edition of the UIC World

Congress on Rail Training organised in

partnership with IFF (Institut de Formation

Ferroviaire — the Railway Training Institute)
jointly created by ONCF and SNCFE

The Congress brought together over 230
participants from more than 30 different
countries from Asia-Pacific, Europe, Middle
East and Africa.

The inauguration session was attended by
Abdelkader Amara, Morocco’s Transport Minister,
Mohamed Rabie Khlie, ONCF Director General
and Chairman of the UIC African Region,
Gianluigi Vittorio Castelli, UIC Chairman,
Nathalie Amirault, Head of the UIC Talent and
Expertise Development Unit, Ester Marconi,

chairwoman ofthe TEDP, and other representatives
of international railway community.

Francois Davenne, UIC Director General,
through a video message spoke about the rapidly
changing situation having an impact on the
professions and competences which call for a drastic
change in our traditional learning culture.

The Congress which was attended by the
delegations of JSC Russian Railways and of Russian
University of Transport discussed a wide range of
topical issues related to modern technology of
human resources management, education and
training, that would contribute to growing efficiency
of railways and to implementation of its human
capacity.

Own information, UIC image ®

Domo na nepeoii obnoxcke: mumpuii Yucmonpydos. Bmopoe ghomo: npecc-cayncoa Mapa u llpasumenscmea Mockevt, Eeeenuii Camapun: https://www.mos.ru/.
Front cover main photo: Dmitry G. Chistoprudov. Second photo: press-service of the Mayor and Government of Moscow city, Evgeny Samarin: https://www.mos.ru/.
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HeonpepnenéHHocTb OyayLiero
KaKk pyHaameHTanbHasa npoodsema
[ONrOCPOYHOro pa3BnTUA TPpaHCNopTa

Mockea, Poccus*.

Amutpuin MAYEPET

Crarbs ocBsLLeHa pacCMOTPEHUIO MPO6IEMbI 4OT-
roCpPOYHOIro Pa3BUTUSI TPAHCIOPTA B YCJIOBUSIX HEOMPE-
AeNEHHOCTU, aBsitoLLericss QyHAaMEHTaslbHOV XapakTe-
PUCTUKOV YCIOBUK 4E/10BEYECKOUN AEeATE/IbHOCTH.
Llenn — packpbiTb crneunpuky «agppekta koneun» B cpe-
pe TpaHcrnopTa, rnokasarb QyHAaMeHTasIbHbIVi XapakTep
npo6ieMbl HEONPEAENEHHOCTU YE/TI0BEHECKOM AESITE b
HOCTU 1 €€ 0CobYI0 3HaYNMOCTb /151 Pa3BUTUS TPAHC-
nopra, NPeaioxXnTbs MeTon0/10rM4eckyio OCHOBY AJ1s
CcMsir4eHusi npobaemMsl HeornpPeaenEHHOCTY Npu [Oro-
CPOYHOM Pas3BUTUN TPAHCOPTA.

B pamkax peanv3aumv noctaB/eHHbIX Lieaen ¢ Uc-
0J1b30BaHNEM NCTOPUYECKOIro aHaam3a rnoka3aHo, 4To
pasBuUTHE TPAHCMOPTHBIX CUCTEM POPMUPYET crieumndu-
4ecKyl pa3HOBUAHOCTb «a¢eKkTa Konen», oka3biBasi
CyLLeCTBEHHOE [0JIFOCPOYHOE BINSIHNE Ha byayLiee He
TOJ/IbKO CaMoro TpaHcropTa, HO v APYrux orpacaei
9KOHOMUWKN, Ha Pas3BUTNE AEMOrpapu4eckmx u NHbIX
00LLECTBEHHBIX MPOLECCOB.

PaameLlyeHne HaceneHusl, pa3Butmne rnpon3Bos-
CTBEHHbIX MOLLHOCTEH, BbIOOP MECT OTAbiXa npucrnocab-
JINBAIOTCS K C/IOXUBLIEVICSI TPAHCMOPTHOMW CEeTH.
TpuHSITLIE PELLEHNS MO Pa3MEeLLEHNI0 OObEKTOB TPAHC-
MOPTHOW MHGPACTPYKTYPbI, GOPMUPOBAHNIO KOHPUrY-
pauunmn TPaHCMOPTHbIX CETel, UCMOIb30BaHNIO TeX NN
WHbIX BapUaHTOB TEXHUYECKUX PELUEeHWNI OKa3biBaloT

Mauepem /Imumpuii Anexcandposuy — Poccutickuii ynueepcumem mpancnopma,

BECbMa CyLLIeCTBEHHOE BNSIHVE U Ha ByaylLiee camoro
TpaHcropTa.

OTMEeY€eHO, 4TO B CBSI3U C 3TUM XenaresibHO yMEeHb-
WnNTb HeonpenenéHHoCTb byaylero TpaHcnopTa.
HeonpenenéHHocTb — 3TO HE abCO/IOTHAs HEU3BECT-
HOCTb. XoTs1 ByayLiee Henb3s npeayranaarb TOYHO, ero
MOXHO rpesackasbiBaTb C HEKOTOPOU BEPOSITHOCTLIO.
Heobxonavmo, B nosHow Mepe noHumasi HeBO3MOXHOCTb
JAOCTVKEHUS MOJIHOM OrnpenenEHHOCTU B MPOrHo3upo-
BaHum 6yayuero, xots 6bl Ha KA4eCTBEHHOM YPOBHE
oLeHVBaTh BEPOSITHOCTb 3TUX MPOrHO30B, CTPEMUTLCS
K €€ MOBbILLEHWIO M OCYLLIECTBJISITb PA3BUTHE TPAHCMOPT-
HbIX CUCTEM C YYETOM GOJIbLLIEV NN MEHbLLEN BEPOSIT-
HOCTY TE€X WJIN NHBIX MPOrHO30B.

Jnsi aTOro pekomeHayeTcst NCrosb30Bark JI0rMKo-
aHaIMTNYeCKuii MeToL B Ka4eCTBE OCHOBbI POrHO3MpPO-
BaHWs 10IrOCPOYHOIO Pa3BUTUS, BbISIBJISITb U [IPUHUMATL
BO BHUMaHME Kak [OSIrOCPOYHbIE TEHAEHUNN Pa3BUTUS
TpaHcrnopTa, Tak v, ¢ MOMOLLbIO popcarita v npeanKTB-
HOU aHanNTUKN, — HOBbIE, TOJIbKO 3apoxAaroLmecs
TeHAeHUuun. py 3TOM BaXHbIM YC/IOBUEM SIBASIETCS
BO3MOXHOCTb BbIpabOTKU 1 peann3aunn pasanyHbix
anbTepHaTuB B Ka4ecTBe peakumu Ha BO3HuKalLme
BbI30BbI, 4TO TPEOyeT pa3BUTNST KOHKYPEHTHOM 1 MHHO-
BaLMOHHOW cpenbl Kak B cpepe TpaHcrnopTa, Tak
U1 B CMEXHbIX Chepax 9KOHOMUYECKON AESITE/IbHOCTU.

KnioyeBbie ¢/10Ba: TPAHCNOPT, UHPPACTPYKTYPa, MHBECTULNN, «3(POEKT KONIen», HEONPEeaeIEHHOCTb, NPOrpecc, A4oJ-

rOCpPoYHOE pa3BuTme.
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pelncTBa TpaHCHoOpTa, a Takxe,

1 0COOEHHO, — TpaHCIIOPTHAs UH(D-

pacTpyKTypa, XapaKTepu3yloTcs
BBICOKOH KaIMTaAJIOEMKOCTBIO U JUTUTEJIBHO-
CThIO XU3HEHHOTO MKIa. OQHUM U3 MOA-
TBEPXKIEHUI 3TOTO SIBJISIIOTCSI YCTAHOBJICH -
HbIE CPOKM UX ITOJIE3HOTO UCITOIb30BaHUS.
Hamnpumep, 11s1 3eMJISTHOTO TIOJIOTHA JKeJIe3-
HBIX 10pOT OHU cocTaBsatoT 100 net, xene3-
HOJOPOXHBIX TJIATHOPM M CKOPOCTHBIX
noe3noB — 1o 40 jget, TOKOMOTUBOB U TPy-
30BBIX BATOHOB — J10 28 JIET.

ITpu sTOoM MHBecTULIMU B chepe TpaHC-
IopTa U OCOOEHHO, OTISITh XK€, MHBECTUILINHU
B TPAHCIIOPTHYIO MH(PPACTPYKTYPY OKYIAIOT-
csI MeJUTIeHHee, YeM BO MHOTHMX IPYTMX OTpac-
Jsx. Eciu obpatuthes k npumepy Poccuu, To
TprMeYaTebHO, YTO B YCJIOBUSIX LIEHTPaAIH-
30BaHHO TUITAHUPYEMOI SKOHOMUKHU HOpMa-
TUBHBIN CPOK OKYITAEMOCTU MHBECTUIINI Ha
TpaHCIIOpTe OBbLT MPONOJIKUTEbHEE, YeM
B IIPOMBIIIUIEHHOCTH [ 1, ¢. 52]. B nanpHeliiem
3Ta mpodjieMa He TOJbKO He Mcyessia, HO
u ycyryownach. Tak, mo ouenkaM b. M. Jla-
MUayca, «XKECTKOE TOCy1apCTBEHHOE PETryu-
poBaHMe TapudOB € 3aHMKEHUEM UX UHIEK-
caliy» TIPUBEJIO K TOMY, UTO TOJIBKO 3a TIepH-
on 2000—2013 rogoB «ycjaoBUs sl OKyTae-
MOCTU MHBECTUIIMI B XeJIE3HOTOPOXHYIO
MHGPACTPYKTYPY YXYAIUIUIUCH TPUMEPHO
BABOE» [2, c. 4]. C Tex mop yaydllleHUus 3TUX
YCJIOBUU HE MPOU3O0IILIO.

B Tto Xe Bpemsi, u 3TO oOlIeMuUpoBas
3aKOHOMEPHOCTh, 9KOHOMMYECKast U COIU-
aJbHAasl 3HAYMMOCTh TPAHCITOPTHOM MHDpa-
CTPYKTYpHI OY€Hb BbICcOKA. TpaHCIopTHas
nH@pacTpyKTypa CrmocooHa TeHeprupoBaTh
CBEPXJIOJTOCPOUYHBIE, «BEKOBBIE» COIUAIb-
HO-3KOHOMMYecKue a3pdexrsl [3, c. 76—77].
KoHeuHo, TOIbKO B TOM cilyyae, €clii 2Ta
UHGPACTPYKTYpa, ¢ YUIETOM HEOOXOAUMON
MoJepHu3auuu, 0yaeT BocTpeboBaHa Ha
MPOTSIKEHUM CTOJIb TIPOAOJIKUTEIBLHOTO
nepuoja.

B HacrosmieM uccie10BaHUM MocTaBe-
HBI CJIEAYIONINE Yeau:

* PacKpHITh crieuuKy «d3PdeKTa Ko-
Jieu» B cpepe TpaHCcHoOpTa, 00YCIOBIUBAIO-
IIET0 BHICOKYIO 3HAYUMOCTb TPUHUMAEMBbIX
JIOJITOCPOUYHBIX PElIeHUI HE TOJBKO IS
caMmoit oTpaciii, HO U JIJIsI 3KOHOMUKM B 1€~
JIOM, JIJIS1 COUMAJbHOTO Pa3BUTHUS;

* MokasaTh (hyHIaMeHTaIbHBIN XapaKTep
Mpoo6eMbl HEOTIPEAEJIEHHOCTU YeloBeUe-

CKOI NesITeIbHOCTU U €€ 0COO0Yyl0 3Hauu-
MOCTb JUJISl Pa3BUTHS TPAHCIIOPTa C YYETOM
JUIUTEJIbHOM pealu3aluu KanuTaaioeMKUX
TPaHCIIOPTHBIX ITPOEKTOB U (hOPMUPOBAHUS
elré 6osiee T10JrOCPOUHBbIX 3(PPEKTOB B pe-
3yJIbTaTe UX pealu3alnu;

* MPEeAJTOXUTh METOI0JOIMYECKYI0 OC-
HOBY JIJISI CMSITYEHUS TPOOJIEeMbl HEOMpeae-
JIEHHOCTU NPU MPUHITUY peLIeHUI, Kacaro-
LIMUXCS TOJTOCPOYHOrO Pa3BUTUSI TpPaHC-
nopra.

Jtst TOCTUKEHMsI MOCTaBIEHHBIX LieJeit
MCMOJAb30BaHbl JIOTUKO-aHAJIUTUYECKU
Memod M memod NCTOPUUECKOTO aHaJIN3a;
000cHOBaHa HEOOXOAUMMOCTh COUETAHMU S
MeToA0B ¢hopcaiiTa U MPEeAUKTUBHON aHa-
JIUTUKU C TEXHUKO-2KOHOMUYECKMMU pac-
yETaMHU.

HaHHasl paboTa sIBJsIeTCS] B ONpeaesieH-
HOM Mepe JIOTUYECKUM MPOJOJKEHUEeM
1 OJHUM U3 00001IeHU I KOMIIIeKca uccie-
JIOBaHU aBTOpa, MOCBAIIEHHBIX BOIIPOCaAM
Pa3BUTUS TPAHCIIOPTA [B YaCTHOCTH, 3; 5—6;
8—9; 14; 23—-26; 37—38].

«QPDEKT KOJIEU»

IIpu ouleHKe AOJTOCPOYHOTO PA3BUTUS
TpaHCITOpTa HY>KHO YUUTEIBATh U TAKOE SIB-
JleHue, Kak «path dependence» — «a3pdexT
KoJien». DTO TEPMUH W3 WHCTUTYIIHOHAb-
HOU TEOpWH, MOAPa3yMeBaIOIINil 3aBUCH -
MOCTBH Pa3BUTHUS OOIIECTBA OT IIPOILIOTO
MMyTH, THCTUTYIIMOHAJBHYI0 UHEPLUIO [4,
c. 117]. Ho pa3Butue ob11ecTBa 1 9KOHOMU-
KM 3aBUCHUT HE TOJBKO OT «MHCTUTYIIHO-
HaJIbHOM KOJIEU», HO M OT «KOJIeW TpaHC-
MOPTHOU» — CJIOXKUBIIEUCS TEXHOJOTUU
TepeBO30K, reorpadum MmyTeit COOOIIeHNS,
PAaCITOIOKEHUS TPAHCITOPTHBIX TCPMUHAIOB
" T.1. Pa3MeleHMe HaceJICHUS, pa3BUTHE
MMPOM3BOACTBEHHBIX MOIMHOCTEI, BEIOOD
MECT OT/bIXa MPUCITOCA0TNBAIOTCS K CJIO-
KUBIIEHCS TPAHCIIOPTHOM CETH.

Vxe B r1y0oKoOIi IpeBHOCTU ropoja Kak
XO3SIMCTBEHHBIC, OOIICCTBEHHBIC U KYJIBTYP-
HBIC LICHTPHI BO3HUKAIN U pa3BUBAINCh Ha
BOJIHBIX ¥ CYXOITYTHBIX TPAHCIIOPTHBIX ITYTSIX
1 0COOCHHO Ha ITepeceUYeHNN TaKUX ITyTei
[5,c. 231].

B Cpennue Beka B 3amagHoii EBporme
B YCITOBUSIX IeTpagalliil PUMCKO TOPOKHOMN
CETH «B YIMAAOK MPUXOIUIN CYXOITYTHBIC
TOPTOBO-TPAHCIOPTHEIC Y3JIBI, YCTYIIAasI MEC-
TO pacIoJIOXXEHHBIM Ha Geperax pek» [6,



c. 229]. CooTBeTCTBEHHO, MepeKpanuBaiach
U reorpadus 3amaIHOeBPOTIEHCKUX TOPOJIOB
[7, c. 36—37]. B cBO10 OUYepenn, «0ONIbIINH-
CTBO JAPEBHEPYCCKUX TOPOIOB BO3ZHUKIIO Ha
CTpaTeTMYeCKM 3HAYMMBIX OTPe3KaxX PeUHbIX
COOOIIEHNIi, B TOM YHUCJIE — B MECTaX BOJIO-
KOB, IJie Cyda mepeTacKuBaau IO cylle
C OJIHOI1 peKHu 10 Apyroi» [6, c. 229].

[Mpokagka MMOHEePHBIX KeJIE3HBIX T0POT
B BOCTOYHBIX pernoHax Poccuu u 3anamgHbIx
peruonax CHIA B XIX u Hauane XX Beka
CYILIECTBEHHO IMOBJIMSIa HA 9KOHOMUYECKIE
U neMorpacduyeckue npouecchol. Tak, B Ha-
cTosIee BpeMsl Bce KpYITHeHIIe ropoja
Cubupu u lanpsHero BocToka pacrnooxeHbl
Ha riiaBHoM xoay TpaHccuba, a caMblii 3Ha-
YUMBIA U3 HUX — HOBOCUOUPCK — BO3HUK
Onaromapsi CTPOUTENbCTBY 3TOM CaMOU MPo-
TSKEHHOM XKeJIe3HOM0POKHON MarucTpaiu
[8]. B TO ke BpeMs Takue BaxKHbIE B IPOLI-
JIoM cubupckue ropoja, kKak TobGojbcK
u ToMcK, oKazaBlIMecs: B CTOPOHE OT Maru-
CTPaJIbHOTO XeJIE3HOAOPOXKHOTO MapIIpyTa,
yTpaTuu cBo€ GblToe 3HaueHue [9, c. 165].

B CIIIA «kaxnaas xeJjie3Has 1opora, xe-
J1ast TOBBICUTH MTPUOBUIN, CTOUMOCTD 3€MJIN
U BJIOXEHHOTO KaIruTaja Jaejiaja BCE BO3-
MOXHO€, YTOOBI TIPUBJIEYb UMMUTPAHTOB
1 00ecTieunTh 9KOHOMHUYECKOE pa3BUTHE Ha
coIpeneNbHBIX TeppUTOpUsX. M1 3TO BBI3BI-
BaJIO aKTUBHBIN OTKJIMK, JIIOJU CHUMAJIMCh
C MecTa U TepeceisiIiCh B TOpoja, MOPThI
1 Ha 3eMJIN, 00CITy>KMBaeMble KOHKYPUPYIO-
LIMMU XeJe3HbIMU noporamu» [10, c. 231].

O11eHKY, BHITTOJTHEHHBIE HOOEJIEBCKUM
JlaypeaToM 1o 3KoHoMuKe Pobdeprom Po-
rejieM, mokasajiu, 4YTO B CJIy4ae OTCYTCTBUS
B CIIA xene3HbIX JOPOT U MPU PAa3BUTUU
JIIPYTUX BUIOB TpaHCIOpTa, MpeXae Bce-
T0 — BHYTPEHHETO BOJTHOTO, peTUOHAJIbHOE
pa3MelleHne MPOU3BOAUTEIbHBIX CHJI
U HaceJICHUsI ObIJIO ObI COBEPIIEHHO MHBIM
[11;12].

Toponckue miIaHMPOBOUYHBIE pElIEHUS,
MIPUHUMABIINECS MHOTHE NECITUIETHUST Ha-
3aJl, a UHOTJA YXOIsIlIue B TJIyOb BEKOB,
TaKXe BBIHYXJIAIOT MPUCTIOCA0IUBATHCS
K HUM CETONHSIITHNE TPAHCIIOPTHBIE CPeI-
CTBa M MOJB3YIOIUXC umMu moneit. [Mpu
5TOM BO3MOXHOCTH TaKO# ajanTaiuu, Kak
MpaBUI0, OTPAHUYEHBl U HE TO3BOJISIOT
00€eCITeUYnTh BHICOKYIO CKOPOCTh U yI0OCTBO
MOJb30BaHUS TPAHCIIOPTOM, TTOPOXIas
TPaAHCITOPTHBIE «ITPOOKM», 3aBBIIIIEHUE BPe-
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MEHU MOe3[0K, U, YTO He MEHee BaXHO,
HEOMNpPeaeIEHHOCTb UX MPOAOKUTEIbHOCTU
[13; 14]. [1y6nuKyeMmblii eXeTOaHBI peii-
TUHT TOPOAOB ¢ HauboJiee 3arpy>k€HHbIMU
JIOpOraMy CBUIETEJbCTBYET O TOM, UYTO BO
MHOTHUX M3 HUX KaXIbIi BOAUTEIb TepsieT
B roj B ipodkax 6osee 100 u naxxe 200 yacos,
a CpedHss CKOPOCTb ABUXEHUS aBTOMO-
OMJIbHBIX TOTOKOB B LIEHTpPE roponaa He
npesbimaet 20 km/4gac [15].

IIpuHsTHIE pelIeHUsT IO pa3MelleHUIO
00BEKTOB TPAHCIIOPTHOM UH(MPACTPYKTYPHI,
(bopmupoBaHUlO0 KOHPUTYpallUU TPaHC-
MOPTHBIX CETeil, UCIOJb30BAHUIO TEX WU
WHBIX BApMAHTOB TEXHUUYECKUX pelIeHUN
OKa3bIBAIOT BEChbMa CYLIECTBEHHOE BIUSHUE
U Ha Oynyuiee caMoro TpaHCHopTa.

Tak, BbIOOpP MecCT JJisI CTPOUTENbCTBA
a2POITOPTOB HA MHOTHME TOAbI 00YCIOBIMBA-
€T MapIIPYThl aBUATMHUA, a PELIEHUS O pa3-
MEIIEHUU COPTUPOBOYHBIX CTAHUUI Ha
JKEJIE3HBIX JOpOrax MpeaonpeaesioT opra-
HU3AUIO MOE310TTOTOKOB.

XPOHOJOTUYECKOE ITEPBEHCTBO UCIIOIb30-
BaHUS Ha XeJIE3HbIX 1oporax aaeKTpuduka-
IIMMA Ha MOCTOSSHHOM TOKE W MPOCTOTa KOH-
CTPYKLIMU 3JIEKTPOBO30B MOCTOSIHHOTO TOKA
00yCIOBUIN €€ IUPOKOe NMPUMEHEHUE BO
MHOTHX CTpaHax, B TOM YMCJie U B Hallei
ctpase [16, c. 44]. OHO coxpaHsIeTCsI 10 CUX
op, HECMOTPSI Ha YCIIEIIIHOE pa3BUTUE BO
BTOpPOI1 Mo10BMHE XX BeKa 3eKTpUdUKaAUU
Ha TIepeMEHHOM TOKe, obJiagaouieii cyuie-
CTBEHHBIMU TEXHUKO-IKOHOMUUYECKUMU
npeumyiectBamu [17, c. 212]. Beab uamene-
HHUE CUCTEMBI 3JeKTpUudUKaluu TpeodyeT
TPOMAIHBIX KAITUTAJIOBJIOXEHUA, U 3TO OIpe-
JieJIsieT BBIOOP B MOJIb3Y MPOAOIKEHUS dKC-
TUTyaTallMi CUCTEM IMOCTOSTHHOTO TOKA U MX
MOJIEpHU3AIIN Y.

B CIIIA, roe B cuiy pa3HbIX ONPUYUH
3JIEKTPUDUKALINS KEeJIEe3HBIX JOPOT Pa3BUTUS
He MOoJyYyWia U JOMUHUPYET TeILIOBO3HAs
Tsra, He ObUIM pealM30BaHbl U CYIIECTBEH-
HbIEe 9KOHOMUYECKUE U 9KOJIOTUYECKUE 3(P-
dexThl oT anekTpudukanuu. C apyroiu
CTOPOHBI, B NEPUOJ AMHAMUYHOTO Pa3BUTUS
KOHTeHepu3aluy MepeBO30K OTCYTCTBUE
Ha CeBepOaMePUKAHCKUX XKeJIe3HBIX T0pOrax
3JIEKTPUYECKON KOHTAKTHOM CETU MO3BOJIM -
JIO TOBOJILHO JIETKO OPTaHU30BaTh [M€PEBO3-
KM KOHTEHEpOB B JiBa sipyca. DTO Kapau-
HaJIbHO CHU3UJIO Ce0eCTOMMOCTh KOHTEM -
HEPHBIX MEPEBO30K U MOBBICUIO KOHKYPEH-



TOCITIOCOOHOCTD XKeJIE3HbIX JOPOT Ha PhIHKE
TPaHCHOPTUPOBKHU BBICOKOIIEHHBIX TOBAPOB
[18,c. 7].

IToxazaTeJbHBIM MPUMEPOM SIBJISETCS
BBIOOD IIIMPUHBI XKEJTE3HOJOPOKHON KOJIEH.
ITpu cTpouTenbCTBE MEPBBIX KETE3IHBIX 10-
pOr «MaJIo KTO AyMaJs, YTO IIUPUHY KOJEeU
clenyeT BbIOMpPATh UCXOAS U3 CO3JAaHUS
€NMHOW CETU XKEJE3HBbIX TOPOT B OJHON
CTpaHe WU TeM 0oJiee Ha LIeJIbIX KOHTUHEH -
tax. Kazanock, 4To 3TO BOMpoOC Najl€KOro
oyayuero» [16, c. 73]. Pa3Hble Xene3Hble
JIOPOTU B OHOW W TOW Xe€ CTpaHe MOTIJIU
UMETh pa3Hyl0 IIUPUHY Kojen. Hanmpumep,
Ha pOJAMHE XeJe3HbIX Aopor — B Benauko-
OpUTaAaHUU — KMCMOJb30BATOCh IMATh BUAOB
mupuHbl Kosieu. Korna otnenbHble Xenes-
HOJOPOXHbBIE JIUHUMU CTAJIU COCNUHSTHCS
B €IMHBIE CETU, TaKas «pPa3HOKOJEHHOCTb»
cTajla, €CTECTBEHHO, BbI3BIBATh OOJIbIINUE
Heyaq00CTBa B OpraHU3ally MEPEBO30YHOTO
npolecca, 3aMelIsIs U yIopoxXast J0CTaBKY
TOBApOB U MOE3IKU MacCaXXUpOoB.

B BenukobpuTaHuu BOIpocC O Iepexoe
Ha eIMHYIO IIUPUHY KOJIeU ObUT PELIEH map-
JIJAaMEHTOM MPUHSATUEM CHELIUATBHOTO 3aK0-
Ha B 1846 rony. B CIIIA, rue «B koH1ie 1860-x
TOJIOB... IPUMEHSTUCH 12 BApUAHTOB LIUPU-
HbI KoJien» [ 19, ¢. 108], ynudukauus mvpu-
HbI KOJIeU ObLT1a OCylIecTBIeHa JIUIb B 1880-¢
roJibl HA OCHOBE JJIUTEJbHBIX MEPErOBOPOB
MEXIy CyObeKTaMU XKeJIe3HOAOPOXHON OT-
paci 1 3aKimoueHus « KoHBeHIINM O BBee-
HUU €IVUHOU IIUPUHBI KOJIEU KEJIE3HbIX 10-
por CIIIA» [16, c. 75]. C y4éToM TOTO, YTO
B CTpaHe K TOMY BpeMeHU Oblia co3gaHa
MacuITabHas KeJe3HOA0POXKHAs CeTh, Mepe-
IIUTh HA €IUHYIO LIIMPUHY KOJIEU MPUIILTOCh
0KOJIO 21 ThIC. KM IyTeli, 3aMEHUTb ThICSUYU
BaroHOB 1 JIOKOMOTHBOB [16; 19].

I[ToHsTHO, YTO YeM OoJiee CIOXHBIMU
1 KalUTaT0EMKUMU CTAHOBUJIUCH XeJIe3HO-
JNIOpOXHasi UHPpacTpyKTypa U MOABUXHOUN
COCTaB, TEM TPYyIHEe U TOPOXKe ObLIO OCy-
IIECTBJISITh YHU(PUKALIUIO IIIUPUHBI KOJIEU.
B Hamwm nHM mpo6JieMa CTBIKOBKH KeJE3HbIX
JIOPOT C pa3HOU IIMPUHOM KOJIEU pEIIaeTCs
3a CYET UCITOJIb30BAHUS COBMEILIEHHON KO-
JIeu, TIeperpy3Ku rpy30B U3 OMHUX BArOHOB
B Ipyrue, CMEHBI TeJIeXKEK BarOHOB U TIPU-
MEHEHUS KOJECHBIX Map ¢ U3MEHSIOIEeNCs
LIUPUHOW KOJIEU.

Takum o06pa3om, pa3BUTUE TPAHCIIOPT-
HOU UH(PACTPYKTYPHI (2 3HAYUT, U MOJBUXK-

HOTO COCTaBa, KOTOPOE MOJIKHO OBITh, TaK
WIW UHaye, TAapMOHU3UPOBAHO C Pa3BUTUEM
uH@pacTpykTyphl [17]) B cuily BBICOKOA
KAaMUTaa0€MKOCTU U TJIUTEJIbHOCTU KU3-
HEHHOTro IUKJIa ¢popMupyet creuudbuye-
CKYI0 Pa3HOBUIHOCTD «3(heKTa Kojien», TO
€CTh OKa3bIBAET 3HAYMMOE JOJTOCPOYHOE
BJIMSHUE KaK Ha pa3BUTHE CAaMOTO TPaHC-
nopTa, Tak 4 Ha pa3BUTUE IPYTUX OTpacaeit
9KOHOMUKU, nemMorpadudeckue U aIpyrue
00IIeCTBEHHbIE MPOLIECCHI.

IToaTOMY BBIOOD TE€X UM UHBIX BapuUaH-
TOB COOPYXEHUS TPAaHCHOPTHOU MHbpa-
CTPYKTYpbI (keJie3Hasi 1opora, aBTogopora
WIW KaHaj), UCMOJb30BaHUS TEXHUYECKUX
peuieHU (Hanpumep, OU3eIbHBIN UIU
9JIEKTPUYECKUIA IBUTATEb) BICUET 32 COOOM
JIOJITOBPEMEHHbIE MOCAeACTBUS 1S 9 beK-
TUBHOCTU HE TOJIbKO OTPACJIeBOTO, HO U 00-
1IETO COLMATbHO-9KOHOMUYECKOTO Pa3BU-
Tus. B cuily 3TOTO Takoil BeIOOp KpaiiHe
OTBETCTBEHEH, U OBbLIO ObI BeCbMa XeJlaTe/b-
HBIM, €CJI1 Obl OH OCHOBBIBAJICS Ha JIOCTO-
BEPHOI OLIEHKE 3TUX JOJTOBPEMEHHBIX
MOCJIEACTBUM.

NPOrPECC U HEONPEQEJIEHHOCTb

OnHako, KaK ykKa3biBaJl HOOeJIeBCKU
nmaypeat ®@. A. ¢poH Xaiiek, «...ITporpecc
COCTOWT B OTKPBITUU €lIE HE TTO3HAHHOTO,
€ro TIOCJIeICTBUS 110 HEOOXOIUMOCTH JTOJTK-
HBI OBITH HEMPEICKa3yeMbIMU», OH «ITO ca-
MO cBOEi IpUpoie He MOMTAETCS TUIAaHW -
poBaHuio» [20, c. 63—64].

DTy MBICITb (DAKTUIECKU Pa3BUBACT PEK-
top PAHXuI'C npu Ilpe3unente Poccuii-
ckoit @enepanuu B. A. May: «...B Tom-TO
U COCTOUT «MpPEJeCThb»... Mporpecca, 4yTo
3apaHee MOYTHU HUYEero cka3aThb Heb3s» [21,
c. 247]. V4€Hbll MOAYEPKUBAET «OTPAHU-
YEHHOCTh BO3MOXKHOCTEH UesioBeKa JiejiaTh
OTHO3HAYHBIE BBIBOJBI CTPATETUIECKOTO
XapakTepa, OCHOBBIBasICh Ha COOCTBEHHOM
OITBITE U 3PABOM CMBICIIEe». « MBI HEe 3HaeM
U MPUHIUTIAAIBHO HE MOXEM 3HATbhb», U4TO
OKaxXeTcsl «<MCTOYHUKOM TIpOphIBa B Oymy-
meM...» [21, c. 250]. I[IpuBenEHHBIN BbIlIE
npuMep opranuzauuu B CIIIA BbicOK03(h-
(beKTUBHBIX ABYXbSIPYCHBIX TIEPEBO30K KOH-
TeMHEPOB MPU OTCYTCTBUU dJIeKTpUpUKa-
UM XEeJE3HBIX JOPOT — XOpOoIlee TOMY
noAaTBepkaeHuEe (06e3yCTOBHO, NaHHBIN
pUMep He CBUAETETBCTBYET O TPUHIIUITH -
aJIbHOU Helesecoo0pa3HOCTU IIEKTPUbU-
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Kaliu, a IUIIb MOKA3bIBAET, UTO PA3BUTHUE,
Ka3ajoch Obl, MEHEE COBEPIIEHHON, TEMJI0-
BO3HOU TSITU MOXET UMETh PE3yJbTaTOM
CTOJIb TO3UTUBHBIE, XOTSI CKOPEE BCEro He-
MnpeaHaMepeHHbIe MOCIEACTBUS).

HenpenckaszyeMocTh mporpecca, Bcex
BO3MOXHBIX TOJTOCPOYHBIX MOCIEACTBUMI
MPUHUMAEMBbIX PELIEHUN SBISETCS CIE-
cTBUEM (hyHIaMEHTaJbHOU MpoOJeMbl He-
onpenenéHHocTu oyayuero. «Heonpene-
JIEHHOCTB OYIyIIIEero yxe noapa3syMeBaeTcs
CaMUM TIOHSITUEM JIESITETbHOCTH. ...DakTOM
OCTa€TCs TO, UTO OT IEHCTBYIOIIETO YeJOBe-
Ka Oyaylee CKpPbITO. ...Mbl MOXeM MpPaKTH-
YeCKU MpeackKa3aTb paboTOCIOCOOHOCTh
MallWHbI, CKOHCTPYUPOBAHHOU IO MpaBU-
JlaM Hay4yHoU TexHoJsioruu. Ho co3zmaHue
MallWHbl — TOJBKO YacTh 00jiee MUPOKOK
MMpOTrpaMMBbl, HalleJIEHHOW Ha obecrnieyeHue
noTpeduTeneil MpoaAyKUUMN 3TOW MallMHBI.
...CTerneHb onpeae € HHOCTA OTHOCUTEbHO
TEXHOJOTMYECKOTO pe3yJbTaTa CO3MaHUs
MalllMHbI, KaKOW ObI BHICOKOI OHA HU Obla,
HE MCKJII0YaeT BBICOKOW HeompeneJeéHHO-
CTU, TIPUCYIIIE BCE NeSATebHOCTU. byny-
LIMe HYXIBI U OLIEHKU, peaklus JIoAei Ha
U3MEHEHUE 00CTOSATENbCTB, OyAylIE HAYd -
HbIE U TEXHOJIOTMYECKUE 3HAHUS ...HEBO3-
MOXHO MpeacKa3aTb MHaYe, YeM ¢ 60JIbIIei
WIA MEHbIIEW A0Jieli BEpOITHOCTU» [22,
c. 101-102].

IIpuBenénHass odmIMpHas UTaTa OYEHD
BaxkKHa U1 MOHUMaHus ipobsiembl. Heompe-
NeJIEHHOCTh — (hyHIaMeHTalbHasl XapaKTe-
pucTuka Oyayiiero, cBsg3aHHas C CaMUM
XapaKTepoM YeJOBeYECKON NesiTeIbHOCTH,
U HUKAKO€ Pa3BUTHE MAaTEMaTUYECKUX MO-
neneit, cmocob6oB U 00BEMOB MepepadboTKu
nHGbOpMaIUU HE CIIOCOOHO 3Ty Heompee-
JIEHHOCTb MOJHOCTBIO MPEOI0JIeTh, chop-
MUPOBaB BBICOKO JOCTOBEPHBIE MPOTHO3HI.

CMArYEHUE HEONPEQEJIEHHOCTHU

Ho HeomnpenenéHHOCT, — 3TO He abco-
JIIOTHAsi HEU3BECTHOCTb. bynyliee Heab3s
Tpenyragath TOUHO, HO €0 MOXHO TIpe-
CKa3bIBaTh C HEKOTOPOU («OOJblIeil nin
MEHBIIIEli») BEPOSITHOCTHIO. DTa BEPOST-
HOCTb allpUOpU TOXKE SIBJISIETCS] HEOTIpeie-
JIEHHOM, HO MTOHSITHO, YTO YeM OoJiee oTaa-
JIEHHAs TIepCIIeKTURA 1 YeM 0oJiee IUPOKUi
CTIEKTp MOCJIEJACTBUN pacCMaTpUBAIOTCS,
TEM BePOSITHOCTh TTPEIyTaibIBAHUSI MEHbIIIE.
s MacmiTaOHBIX TPOEKTOB Pa3BUTHUS

VINPML PAH A M N=ID

TPAaHCMOPTHOW WHMPACTPYKTYPHI, IS
MPUHIATINAJIBHBIX PEIIeHU, (hOPMUPYIO-
muX 60a3ucHbIe MHHOBAIIMM B 00JlacTH
TPAHCITIOPTHOMW TEXHUKHU, KOTOPBIE TTOPOXK-
Jal0T JOJATOCPOYHBIE 9KOHOMUYECKUE U CO-
IIMaJIbHBIE TTOCJIEACTBUS B CAMBIX Pa3zHBIX
00J1acTSIX, BEPOSITHOCTD TTPOTHO3MPOBAHUS
3TUX MOCJEACTBUI CKOpee MeHbIIas, 4eM
Oousbiiasg. OgHaKo, MOAYEPKHEM ellé pas,
3TO He a0COoJII0THAs HEeU3BECTHOCTh. Heoo-
XOJIMMO, B TIOJTHOW Mepe MoHMMasi HeBO3-
MOXHOCTb TOCTUXKEHUS MMOJHOU OTIPEIeSIEH -
HOCTHU B MPOTHO3MPOBAHUU OYyIIIETO:

* BO-TIEPBBIX, XOTsI OBl HA KAUECTBEHHOM
YPOBHE OIIEHUBATh BEPOSITHOCTD OCYIIIECTB-
JIEHUSI 3TUX TIPOTHO30B;

* BO-BTOPBIX, CTPEMUTHCS K IMOBBIIIE-
HUIO UX JIOCTOBEPHOCTH;

* B-TPETbUX, OCYIIECTBIISITH Pa3BUTHE
TPAHCHOOPTHBIX CUCTEM C YUYETOM OOJIbILIEH
WJIA MEHBIIIEH BEPOSITHOCTHU peain3aiiuy TexX
WJIM MHBIX TTPOTHO30B. Beab «...TOJBKO 10-
TOMY, 4YTO MBI yMeeM, U B TOI Mepe, B KaKOi
yMeeM TIpeCcKa3biBaTh COOBITUSI WJIM XOTSI
OBI OLICHUBATD UX BEPOSITHOCTD, MBI CITOCO0-
HBI JOCTUTATh Yyero-aubo» [20, c. 170].

KitoueBoe 3HaueHUe UIST CMSITYEHUS
npoOaeMbl HEOTIPEAEIEHHOCTU MOXET
WMETh UCTTOJIb30BaHUE JIOTUKO-aHATUTHYEC-
Koro Metona [23; 24| u mojiyueHue Ha ero
OCHOBE JIOTUYECKUX MTPOTHO30B JOJTOCPOY-
HOTO pa3BuUTHUs (ITpUMEP TAKOTO IMPOTHO3a
JUIST TpaHCIIOpTa MmokKa3aH B pabote [25]).
ITpu 3TOM BaXkHO, C OTHOM CTOPOHBI, BHISIB-
JIEHWEe CBEPXIOJITOCPOYHBIX TEHICHIIMA
pa3BUTUS TpaHCIIOpPTa, TAKUX KaK POCT
CKOPOCTH IEPEBO30K [26; 27] niu ux najib-
HOCTH [28], KOTOpBIE, BEPOSITHO, COXPAHSIT-
CsI M B TIEPCIIEKTUBE. A C Ipyroii, Heo0Xoau-
MO OIIEHWBATh MEPCIEKTUBHOCTh TOJHKO-
TOJIBKO 3apOXKIAIOIINXCSI HOBBIX TEHACHIIM I
U SIBJICHU, TIPEXIe BCETro B chepe TeXHUKHU
W TEeXHOJIOTUi. [Jist 3TOro, B 4aCTHOCTH,
MOXHO MCHOJb30BaTh HOpCalT, KOTOPHIA
«MpearoaraeT BbIsIBJIEHUE C1abbIX CUTHA-
JIOB Pa3BUTHUSI HOBILECTB U 00JagaeT BO3-
MOXHOCTBIO «ITPUOIMXaTh» HACTYIUICHUE
oyayuero» [29, ¢. 27], a TakxXe Hay4YHBbII
WHCTPYMEHTApUil MPeIUKTUBHOTO yIIpaBe-
Hus [30]. I[Ipu oleHKEe 3KOHOMUYECKON
MEePCIeKTUBHOCTU TPAHCTIOPTHBIX MHHOBA -
I HeoOXOAUMO OTIpeesATh, Ha KaKue
riao0anbHble COLIMATbHO-2KOHOMUYECKUE
BBI3OBBI OHM OTBEUAIOT, M KaK UX peajunsa-



IIUST CKaXKeTCsl Ha KJIIOYEBBIX TTOKa3aTessIX
JesITeIbHOCTU TpaHcropTa [31; 32].

C y4€TOM TOTO, UTO, KAK OTMEYEHO BbI-
e, Oyayliee MOXHO Mpeacka3blBaTh JUIIb
C HEKOTOPOI, OOJIbIIIEeN UM MeHbIIEH, Be-
POSITHOCTBIO, BaXXHBIM SIBJISIETCSI HaJIMYUE
MaKCHUMaJIbHOTO 4Yucia aJlbTepHATUBHBIX
BapuaHTOB OTBETa Ha BBI3OBBI, GOPMUpYE-
MbI€ KaK JOJTOCPOYHBIMU TEHICHIMSIMU
pPa3BUTHUS, TAK U BOBHUKAIOIINMU «CJIA0BIMU
CUTHaJIaMW». A JIJISI TOTO, B CBOIO OYEPE/ib,
HeoOXoauMa KaK KOHKYpPEeHIUsSI pa3padboT-
YUKOB W MPOU3BOJUTENC TPaHCTIOPTHOM
TeXHUKU M TEXHOJIOTHIA, TaK U pa3BUTHE
KOHKYPEHTHOM Cpe/ibl B CAMOM TPpaHCIIOPT-
Hoit oTpacau [33; 34]. YcnoBus nist pa3Bu-
THS TAKOU CPellbl B OyIyIlIeM 3aKJIalbIBAIOT-
Csl B TOM 4YHCJIe IPUHUMAEMbIMU CETOIHS
PEIIEHUSIMU O peaTu3aliii THPPaCTPyKTyp-
HBIX MTPOEKTOB. B CBsA3M ¢ 9TUM MOXHO
npuBectTn npuMep Poccuu, oTMETUB, 4TO
YTBEPXKIEHHBIN MTpaBUTEbCTBOM Kowmiri-
JIEKCHBIW TUIAaH Pa3BUTUSI MarucTpajbHOMI
nHGPACTPYKTYpHI [35] oXBaThIBaeT MPOEK-
THI, OTHOCSIIIIMECS K pPa3HBIM BUJaM TPaHC-
opTa, B TOM YHMCJIe JalollKe aJlbTepHATUBY
MOTPeOUTENSIM TPAHCITOPTHBIX ycayT. Ha-
IpuMep, TPpeaycCMOTpeHa KakK BBICOKOCKO-
pOCTHAas XeJe3HOAOPOXKHAass MarucTpaib
MockBa—KazaHb' ¢ IepCIIeKTUBOM ITpOIE -
Hud no ExatepuHOypra u gajnee, Tak U CKO-
pocTHas aBTomopora MockBa—HuXHuUi
Hosropon—Ka3zaHns.

[MpencraBisieTcst, YTO peaanu3alins TakKux
KPYITHBIX TIPOEKTOB Pa3BUTHS MarucTpaib-
HOU MH(PPACTPYKTYPHI TOJKHA TOTTOJHSTh-
csl pa3BUTHEM MH(PPACTPYKTYypbl MECTHOM,
YTOOBI CAeNaTh TPAHCIIOPTHBIE MarucTpain
0011IeIOCTYITHBIMU TSI pa3HbIX 9KOHOMUYE-
CKMX CYOBeKTOB. Takue TOKaabHbIC IPOEK-
THI TOJKHBI pPEeajn30BbIBATHCS CUJIAMU
YacTHOTO KaluTaja C y4acTMEM PEeTrHMOHOB
1 MYHUIIUTIAJTUTETOB, YTO TPeOYyeT pa3BUTHUSI
WHCTUTYLIMOHAJIILHOW Cpebl, YAydllleHUs
WHBECTULIMOHHOTO KJIMMAaTa ¥ paciIupeHust
(bHAHCOBBIX BO3MOXHOCTEN PETMOHOB.

OmHUM U3 BO3MOXKHBIX ITyTeil ST CHU-
JKeHUST HEOTIPeIeIEHHOCTH PacCUYUTaHHBIX
Ha JIOJITOCPOYHYIO MEePCIeKTUBY TEXHUYE-
CKMX pelIeHU MOXET CTaThb COKpallleHue

! B KoMIuieKCHOM TU1aHe TIPeyCMOTPEHO COOPYKEHME
€€ MUJIOTHOTO yyacTka: 2Kese3HonopoxXHbIi—[opoxosell,
¢ opraHuzanueil 1BukeHust oT MockBbl 10 HukHero
Hosropona.
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MIPOIOJIKUTEIILHOCTH XU3HEHHOTO IIMKJIIa
TPaHCIOPTHBIX 00BEKTOB, B TOM YUCJIE
MHOPACTPYKTYPHBIX, YTO MOTPEOYEeT COOT-
BETCTBYIOIIETO COKpAIIeHNS HOPMAaTUBHBIX
CPOKOB MX TOJIE3HOTO MCHOJb30BaAHMUS
W YBEIMYCHUS HOPM aMOPTH3alIMOHHBIX
otuucieHuii. ITogoOHBIN moaxon TpeOyeT
r’1y0o0KOil BCECTOPOHHEN TEXHUKO-IKOHO-
Mudeckoi oueHku. [Ipencrasisercs, 9To
OH JIOJIXEeH OBITh YBSI3aH C UIECH «3IKOHO-
MUKM 3aMKHYTOT'O LIMKJa», Mpearnojaram-
el «HeMPepBIBHBIN LUK MepepaboTKN
MaTepuaaoB, COCIUHSIOIIMI cTapyo U HO-
BYIO TIpoAyKIHUio» [36, c. 224—225]. BT1o
OyneT cnocoOCTBOBATH MOBBIIIEHUIO 3KOJIO-
TMYHOCTU 3KOHOMMYECKON HeSITEIBHOCTH,
a, KpOMe TOT'0, CHU3UT PUCKU pOCTa TUKBH -
TAllMOHHBIX 3aTpaT 3a 3HAYMTEJbHEIC TTe-
pUOIBl BpeMEHH B cliyyae COKpalleHHs
MIPOIOJIKUTEIILHOCTU XU3HEHHOTO IIMKJIIa
OCHOBHBIX CPEICTB TPAHCIIOPTA.

3AKJTIOMEHUE

Heonpenen€éHHOCTb Oynyliero, siBJsisICh
byHIaMEHTaTbHBIM CBOWCTBOM YeIOBEYE-
CKOW JIeITeIbHOCTU, OCOOEHHO 3HauYuMa
JIJIST JIOJITOCPOYHOTO Pa3BUTHUS TPAHCITOPTA.
JJist TOrOo 4TOOBI CMATYUTH MPOOTIEMY HE-
OTPEeNIEIEHHOCTH 1 TIOBBICUTH BEPOSITHOCTD
nmpeacka3zaHus Oymymniero TpaHcIopTa,
HE00X0INMO U3y4yeHUEe KaK 0COOCHHOCTE
MPOSIBJICHUSI HAa TPAHCITOPTE OOIIMX 3aKO-
HOB YeJIOBEYECKOMU JEeSITEeIbHOCTH, B TOM
YUCJIe — 9KOHOMUYECKUX 3aKOHOB [37], Tak
u crennpuIecKnuXx 3aKOHOB pPa3BUTUS
TpaHcriopta [38], a Takke PO BISIOIIUXCS
B paMKax 3TOT0 Pa3BUTUS IOJTOCPOUYHBIX
TeHIEHINN U «CTa0bIX CUTHATIOB», CBUJIC-
TEJILCTBYIOIINX O 3apOXIEHUN HOBBIX SIB-
JeHu# u teHaeHuuii. Ocoboe 3HaUEHUE
WMeeT BhISIBJIEHVE U U3YyUeHUEe 3aKOHOMEP-
HOCTEf ”THHOBAIIMOHHOTO Pa3BUTHUSI TPAHC-
nopta [39; 40].

IIpu 3TOM HYXHO OTHaBaTh cebe OTYET
B TOM, YTO HEOTIPEIEIEHHOCTh TAUT B cebe
HE TOJIbKO PUCKM Hepean3alni HaMeUueH-
HBIX 1IeJIefl, HO U BO3MOXHOCTHU OTKPBITUS
HOBBIX, B HACTOsIIee BpeMsI HEU3BECTHBIX
U HETIPeICKa3yeMBbIX ITyTel X TOCTIKEHUS.
J1J1s1 TOTO 4YTOOBI TU BO3MOXHOCTU HE OBLIU
YIYIIEeHbI, TPEOYIOTCSI KOHKYPEHTHAs cpelia
U OJIaTONIPUSATHBIC YCIOBUS IS CO3MaHUS
U BHEJIpEHUs M300peTeHNT 1 MHHOBAIINIA,
BKJTIOYast BO3MOXHOCTD pean3aliii Ipo-
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KOTO CIICKTpa aJIbTCpHAaTHB B cq)epe Hay4YHbIX
WCCIEeJOBAaHUN U MCIIOJIb30BaHUS HOBBIX
TEXHUYCCKUX CPECACTB U TEXHOJOTUM.
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ABSTRACT

The article is devoted to consideration of the
problem of long-term development of transport under
the conditions of uncertainty, which is a fundamental
feature of the conditions of human activity. The
objectives are to reveal the specifics of the «path
dependence» in the field of transport, to show the
fundamental nature of the problem of uncertainty of
human activity and its special significance for
developmentoftransport, to propose a methodological
basis for mitigating the problem of uncertainty in the
long-term development of transport.

While achieving the objectives, it is shown using
historical analysis that the development of transport
systems forms a specific kind of «path dependence»,
having a significant long-term impact on the future of
not only transport itself, but also on other sectors of
the economy, as well as on the development of
demographic and other social processes.

The location of the population, the development
of production capacities, the choice of places of
recreation are adapted to the existing transportation
network. The decisions regarding location of transport
infrastructure, the configuration of transport networks,

Macheret, Dmitry A., Russian University of Transport, Moscow, Russia*.

the use of various technical solutions significantly
influence the future of the transport itself.

In this regard, it is desirable to reduce the
uncertainty of the future of the transport. Uncertainty
does not mean absolute unawareness. Although the
future cannot be predicted accurately, it can be
predicted with a certain probability. It is necessary,
while fully understanding the impossibility of achieving
complete certainty in predicting the future, to assess,
at least at a qualitative level, the probability of these
forecasts, strive to increase itand to develop transport
systems considering the greater or lesser likelihood
of certain forecasts.

Hence, itis recommended to use both the logical-
analytical method as the basis for forecasting long-
term development to identify and consider long-term
trends in the development of transport, and the
foresight and predictive analytics to reveal newly
emerging trends. An important condition of success
is the ability to develop and implement various
alternative solutions in response to emerging
challenges, requiring development of a competitive
and innovative environment both in the field of
transport and in related areas of economic activity.
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ransport vehicles and particularly
14 I transport infrastructure are characterized

by high capital intensity and a long life
cycle. It is confirmed by the established useful
life of fixed assets in the transport field. For
example, the useful life of the roadbed of
railways is 100 years, for railway platforms and
high-speed trains it is up to 40 years, while for
locomotives and freight cars it isup to 28 years.

At the same time, investments in the
transport sector, and particularly, again,
investments in transport infrastructure pay off
more slowly than in many other sectors. If we
study the Russian example, it is noteworthy that
in a centrally planned economy, the normative
payback period for investments in transport was
longer than in industry [1, p. 52]. Then [with
the market restructuring], this problem did not
disappear, but worsened. Thus, according to
estimates of B. M. Lapidus, «tough state
regulation of tariffs with underestimation of
their indexation» led to the fact that only for
the period 2000—2013 «conditions for the
return on investment in railway infrastructure
deteriorated by about half» [2, p. 4]. Since then
no significant improvement in those conditions
has occurred.

Generally, and this is a world-wide trend,
the economic and social importance of
transport infrastructure is extremely high.
Transport infrastructure can generate ultra-
long-term, «secular» socio-economic effects
[3, pp. 76—77], certainly only if this
infrastructure, considering its necessary
modernization, will be in demand for such a
long period.

The objectives of this study are:

+ to reveal the specifics of the «path
dependence» in the field of transport, which
determines the extreme importance of long-
term decisions not only for the industry itself,
but also for the economy as a whole, for social
development;

* to show the fundamental nature of the
problem of uncertainty of human activity and
its special significance for development of
transport, considering long-term implemen-
tation of capital-intensive transport projects
and even more long-term effects of their
implementation;

* to propose a methodological basis for
mitigating the problem of uncertainty in
decision-making concerning the long-term
development of transport.

To achieve these goals, the logical-analytical
method and the method of historical analysis
are used, while the necessity of combining
foresight methods and predictive analytics with
feasibility studies is substantiated.

The paper is to some extent a logical
follow-up and a generalisation of a series of
author’s researches devoted to the problems of
development of transport [particularly, 3; 5—6;
8—9; 14; 23-26; 37-38].

«Path dependence»

When assessing the long-term development
of transport, one should consider such a
phenomenon as «path dependence». This is a
term primarily from the institutional theory,
implying a dependence of development of
society on the past path, institutional inertia
[4, p. 117]. But development of society and
economy depends not only on the «institutional
path», but also on the «transport path'» which
includes the prevailing transportation
technology, the geography of communications,
the location of transport terminals, etc. The
location of the population, the development of
production capacities, the choice of places of
recreation are adapted to the existing transport
network.

Already in ancient times, cities as economic,
social, and cultural centers arose and developed
along water and land transport routes, and
especially at the intersection of such routes [5,
p. 231].

In the Middle Ages in Western Europe, in
the context of degradation of the Roman road
network, «land trade and transportation hubs
fell into decay, giving way to those located on
the banks of rivers» [6, p. 229]. Accordingly,
the geography of Western European cities was
also redrawn [7, pp. 36—37]. In turn, «most of
the ancient Russian cities arose along
strategically significant sections of river
communications, including in places of
portage, where ships were dragged and carried
over land from one river to another» [6, p. 229].

The construction of pioneer railways in the
eastern regions of Russia and the western
regions of the United States in 19" and early
20t centuries significantly influenced economic

! The author in original Russian text also uses here and below
the effect of the homonymy in Russian language of the core
word in phrases «path dependence, «railway gauge», «wheel
track» that opposite to English language has the same spelling
in all cases. — ed. note.



and demographic processes. So, at present all
the largest cities of Siberia and the Far East are
located on the main course of the Trans-
Siberian Railway, and the most significant town
of Novosibirsk has arisen thanks to the
construction of this very long main line [8]. At
the same time, such Siberian cities as Tobolsk
and Tomsk, which had been important in the
past, turned out to be away from the main
railway route, and hence lost their former
significance [9, p. 165].

In the USA, «every railway, wishing to
increase profits, the cost of land and invested
capital, did everything possible to attract
immigrants and ensure economic development
in neighboring territories. And this caused an
active response, people were removed from
their places and moved to cities, ports and lands
served by competing railways» [10, p. 231].

Estimates made by the winner of the 1993
Nobel Memorial Prize in Economic Sciences
Robert W. Fogel showed that if there were no
railways in the USA and if other modes,
especially inland waterways, were developed
instead of railways, then the regional distribution
of productive forces and population would be
completely different [11; 12].

Urban planning decisions that were made
many decades, and sometimes centuries ago,
also make today’s vehicles and people adapt to
them. Moreover, those adaptive capabilities are
usually limited and do not allow for high speed
and ease of use of transport, cause traffic jams,
extra travel time, and, no less important, the
uncertainty of duration of travel [13; 14]. The
published annual ranking of cities with the
busiest streets and roads indicates that in many
of them each driver loses more than 100 or even
200 hours a year in traffic jams, and the average
speed of traffic in the city center does not
exceed 20 km/h [15].

The decisions on placement of transport
infrastructure facilities, development of
configuration of transport networks, the use of
various technical solutions have a significant
impact on the future of the transport itself.

So, the choice of places for construction of
airports for many years determines the routes
of airlines, and decisions on placement of
marshalling yards on railways predetermine
organization of train flows.

The chronological antecedence of the use
of direct current electrification on the railways
and simplicity of design of direct current

electric locomotives led to its widespread use
in many countries, including in Russia [16,
p. 44]. Its priority is still preserved, despite
successful development in the second half of
20" century of alternating current electrification,
which has significant technical and economic
advantages [17, p. 212]. After all, changing the
electrification system requires a huge invest-
ment, and this determines the choice in favor
of continuing to operate DC systems and to
further modernize them.

In the USA, where, for various reasons,
electrification of railways did not develop and
diesel locomotive traction dominates, the
significant economic and environmental effects
of electrification were not implemented. However,
during the period of dynamic development of
containerization of transportation, the absence
of overhead catenary on the North American
railways made it possible to proceed with two-tier
container transportation quite easily. This
dramatically reduces the cost of container
transportation and increases the competitiveness
of railways in the transportation market of high-
value goods [18, p. 7].

A case in point is the choice of gauge.
During the construction of the first railways,
«few people thought that the gauge should be
chosen based on development of a single
network of railways in a country, or even more
so through an entire continent. It seemed that
this was a matter of the distant future» [16,
p. 73]. Different railways in the same country
could have different track gauges. For example,
inthe UK, the homeland of railways, five types
of track gauge were used. When individual
railway lines began to be connected into a single
network, such a difference in gauge naturally
began to cause great inconvenience in
organization of the transportation process,
slowing down and costing the delivery of goods
and travel of passengers.

In Great Britain, the issue of switching to a
single gauge was decided by Parliament by
adoption of a special law in 1846. In the USA,
where «at the end of the 1860s ... 12 variants of
gauge were used» [19, p. 108], unification of
the gauge was carried out only in the 1880s on
the basis of lengthy negotiations between
entities of the railway industry resulted in
conclusion of the convention on introduction
of a single gauge of US railways [16, p. 75].
Considering the fact that a large-scale railway
network had been created in the country at that
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time, about 21 thousand km of tracks had to be
changed to a single gauge, followed by
replacement of thousands of cars and
locomotives [16; 19].

It is evident that the more complex and
capital-intensive the railway infrastructure and
rolling stock became, the more difficult and
more expensive it was to harmonize the gauge.
Nowadays, the problem of connecting railways
with different gauge is solved through using a
dual (mixed) gauge, transshipment of goods
from one wagon to another, change of car
bogies and the use of variable-gauge wheelsets.

Thus, development of transport infra-
structure (and hence, of rolling stock, which
must be somehow harmonized with development
of infrastructure [17]), due to high capital
intensity and duration of the life cycle, forms a
specific kind of «path dependence», i.e. it has a
significant long-term impact both on
development of transport itself and on
development of other sectors of the economy,
demographic and other social processes.

Therefore, the choice of various options
for construction of transport infrastructure
(railway, highway or canal), use of technical
solutions (for example, a diesel or electric
engine) entails long-term consequences for
the efficiency of not only the industry, but also
for general socio-economic development.
Hence, such a choice is extremely responsible,
and it would be highly desirable if it were based
on a reliable assessment of these long-term
consequences.

Progress and uncertainty

However, as Friedrich August von Hayek, the
winner of 1974 Nobel Memorial Prize in
Economic Sciences, pointed out, «progress
consists in discovery of the unknown, its
consequences must necessarily be unpredictable»,
the progress «by its very nature cannot be
planned» [20, pp. 63—64].

This thought, in fact, is being developed
by the rector of the Russian Presidential
Academy of National Economy and Public
Administration under the President of the
Russian Federation V. A. Mau: «...That’s the
«charm» of progress ...that almost nothing can
be said in advance» [21, p. 247]. This researcher
emphasizes «the limited ability of man to draw
unambiguous conclusions of a strategic nature,
based on his own experience and common
sense». «We don’t know and basically can’t

know», which will be «a source of breakthrough
inthe future...» [21, p. 250]. The above example
of organization of highly efficient two-tier
transportation of containers in the USA in the
absence of railway electrification confirms it
well (indeed, this example does not indicate
inappropriateness of electrification, but only
shows that development of seemingly less
perfect diesel locomotive traction can result in
such positive but probably unintended
consequences).

The unpredictability of the progress, of all
the possible long-term consequences of
decisions made, is a consequence of the
fundamental problem of uncertainty of the
future. «The uncertainty of the future is already
implied by the very concept of activity. ...The
fact remains that the future is hidden from the
current person. ...We can practically predict the
performance of a machine designed according
to the rules of scientific technology. But the
development of a machine is only part of a
broader program aimed at providing consumers
with the products of this machine. ...The
degree of certainty regarding the technological
result of creating a machine, no matter how
high it may be, does not exclude the high
uncertainty inherent in all activities. Future
needs and assessments, people’s reaction to
changing circumstances, future scientific and
technological knowledge ...can’t be predicted
otherwise than with a greater or lesser degree
of probability» [22, pp. 101—102].

The cited extensive quotation is particularly
important for understanding the problem.
Uncertainty is a fundamental characteristic of
the future associated with the very nature of
human activity, and no development of
mathematical models, methods and volumes
of information processed can completely
overcome this uncertainty by developing
exceptionally reliable forecasts.

Mitigating uncertainty

But uncertainty is not an absolute
unawareness. The future cannot be predicted
accurately, but it can be predicted with a certain
(«greater or lesser») probability. This probability
is also a priori uncertain, but, evidently, the
more distant prospect and the wider range of
consequences are considered, the less likely is
the prediction. For large-scale projects for
development of transport infrastructure, for
fundamental decisions that form the basis of



innovations in the field of transport technology,
which generate long-term economic and social
consequences in various fields, the probability
of predicting these consequences is rather less
than greater. However, we emphasize again that
this is not an absolute unknown. It is necessary,
fully understanding the impossibility of
achieving complete certainty in predicting the
future:

« firstly, at least on a qualitative level, to
evaluate the probability of implementation of
these forecasts;

+ secondly, to strive to increase their
probability;

+ thirdly, to carry out development of
transport systems, considering the greater or
lesser likelihood of implementation of certain
forecasts. Indeed, «only because we can, and
to the extent how we can predict events, or at
least evaluate their probability, we are able to
achieve anything» [20; p. 170].

The key to mitigating the uncertainty
problem may be the use of the logical-analytical
method [23; 24] and development on its basis
of logical forecasts of long-term development
(an example of such a forecast for transport is
shown in [25]). It is important, on the one
hand, to identify ultra-long-term trends in
development of transport, such as an increase

cdo.smolgu.ru

inspeed of transport [26; 27] or their range [28],
which are likely to remain the same also in
forecasted future. And on the other hand, it is
necessary to assess the prospects of just
emerging new trends and phenomena,
especially in the field of engineering and
technology. For this, in particular, it is possible
to use the foresight, which «involves the
identification of weak signals of development
of innovations and has the ability to
«approximate» the onset of the future» [29,
p. 27], as well as the scientific tools of predictive
management [30]. When assessing the
economic prospects of transport innovations,
it is necessary to determine which global socio-
economic challenges they meet and how their
implementation will affect key indicators of
transport activity [31; 32].

Given the fact that, as noted above, the
future can be predicted only with some, more
or less, probability, it is important to have the
maximum number of alternative options for
responding to challenges formed by both long-
term development trends and emerging «weak
signals». And for this, in turn, we need both
competition of developers and manufacturers
of transport equipment and technologies, and
development of a competitive environment in
the transport industry itself [33; 34]. Conditions
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for development of such an environment in the
future are laid down, including by decisions
adopted today on implementation of
infrastructure projects. In this regard, we can
quote the example of Russia, noting that the
Comprehensive Plan for Development of the
Main Infrastructure [35] approved by the
Russian government has covered projects for
various modes of transport, including those
providing an alternative to consumers of
transport services. For example, the above plan
envisages both Moscow—Kazan high-speed
railway? with the prospect of its extension to
Yekaterinburg and beyond, and Moscow—
Nizhny Novgorod—Kazan high-speed highway.

It seems that implementation of major
projects for development of the main
infrastructure should be complemented by
development of local infrastructure to make
public transportation lines accessible to various
economic entities. Such local projects should
be implemented by private capital with
participation of regions and municipalities,
which requires development of the institutional
environment, improving the investment
climate and expanding the financial opportu-
nities of the regions.

One of the possible ways to reduce the
uncertainty of long-term technical solutions
may be to shorten the life cycle of transport
facilities, including infrastructure, which will
require a corresponding reduction in the
standard terms of their useful life and a
corresponding increase in depreciation rates.
Suchanapproach requiresadeep comprehensive
technical and economic assessment. It seems
that it should be linked with the idea of a
«closed-loop economy», which implies a
«continuous cycle of processing materials that
connects old and new products» [36, pp. 224—
225]. This will help to increase the
environmental friendliness of economic
activity, and, in addition, will reduce the risks
of increasing closure costs over significant
periods of time if the life cycle of fixed assets is
reduced.

Conclusion

The uncertainty of the future, being a
fundamental property of human activity, is
especially significant for the long-term

2 In the Comprehensive Plan it is envisaged to construct its
pilot section: Zheleznodorozhny—Gorokhovets with traffic
from Moscow to Nizhny Novgorod.

development of transport. In order to mitigate
the problem of uncertainty and increase the
probability of predicting future transport, it is
necessary to study the features of manifestation
of general laws of human activity in transport,
including economic laws [37], specific laws of
transport development [38], as well as long-
term trends and «weak signals», indicating the
emergence of new phenomena and trends
within this development. Identification and
study of patterns of innovative development of
transport is also of importance [39; 40].

One must be also aware that uncertainty is
fraught not only with the risks of not achieving
the intended objectives, but also with the
possibility of discovering new, currently
unknown, and unpredictable ways to achieve
them. In order for these opportunities not to
be missed, a competitive environment and
favorable conditions for inventions and
innovations are required, including the
possibility of implementing a wide range of
alternatives in the field of scientific research
and development of new technical means and
technology.
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Lingposu3saumsi OTkpbIBAET HOBbIE BO3MOXHOCTY 1 CrO-
Co6bI BeieHVIsi G13Heca BO BCEX OTPACISIX SKOHOMUKW. LlaHHbIM
npoLecc He 06X0ANT CTOPOHOW M XKeI€3HOLOPOXHYIO OTPACIb.
KpnTudHoCTb LmgpoBmu3aumm 3Toi oTpac/in obbscHsIeTcs
OBCEMECTHbIM VICI0/Ib30BaHNEM XEJIE3HOAO0POXHOIO TPaHC-
ropTa, BO3pacTaroLLmMm MOTPEOHOCTSIMM B KAYECTBE 1 CKOPO-
CTV NPEenoCTaB/IeHS TDAHCTIOPTHbIX yC1yr. HacTosiLas cTatbst
noCBsiLLeHa aHan3y NPUOPUTETHbIX HAMpPaBaEHWI LMpPOBOK
TpaHcHopMaLmv Xene3HoA0POXHOM oTpacsiv. beiv Beiaene-
Hbl KJIOYEeBbIe TPEHAb! L@POBOV TpaHCHOopMaLmm, rnpuopu-
TETHbIE Harpas/eHUs1 HAY4HO-TEXHOI0MMYECKOIro PasBUTUS.

Llenbto gaHHO cTaTby SIBJISETCS ONMUCAHNE MPOBENEH-
HOro TPEXYPOBHEBOIrO NCC/IEA0BaHNS MEPCIEKTUB Hay4HO-

TEXHOJIOrNYECKOro Pas3BUTUSI XE1e3HOA0POXHOM OTpacan
B KOHTEKCTE LngpoBu3aLimm 3KOHOMUKMN Ha OCHOBE NpyMe-
HEeHUsI MeTOA0B CUCTEMHOIO aHann3a MexXayHapoaHOro
oneiTa. [lepBbii ypoOBEHb 3aK104aeTCsl B ONpeneaeHnn
MarncTpasibHbIX HanpaBieHWii pa3BuUTus LN@OPOBbLIX TEXHO-
JI0rnii, KOTOPbIE MOTYT BbITb MPUMEHEHBI K XE1€3HOL0POX-
HOMY TPaHCropTy; BTOPOV ypOBEHb Harnpas/eH Ha aHain3
cTparernyeckmx [OKyMEeHTOB Xene3HOLOPOXHOIro TPaHC-
ropTa B psiAe PEMVIOHOB C BbISIB/IEHNEM KITIOHEBbIX TEHAEHLMIA
LMpPOBOro pa3BuTus; TPETU — Ha BbisIBIeHNEe Hanbonee
2P PEKTUBHBIX MHDOPMALMOHHBIX TEXHOOMMK A1 pUMe-
HEHUsI Ha XeJ1e3HOLOPOXHOM TPAHCMoOPTE, B TOM YuCIie
B Poccurickoii ®enepavumn.
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OBPEMEHHBII 3Tar pa3BUTHST MUPOBOIA

KOHOMUKW OCHOBBIBAETCST Ha TTapaIvT -

M€ YKOPEHEHUsI TIPUHIIMIIOB HOBOTO
TEXHOJIOTMYECKOTO YKJIaia U CYIIECTBEHHOTO
TMOBBILLIEHSI 3HAUMMOCTH MH(opMaLy. Ocodoe
BHUMaHUE YAEISIeTCsT KaueCTBY aHAIN3a MMEI0-
1elicst iH(opMary, B TOM YMCJie 000TaIlIeHUIO
JAHHBIX Y BBISIBJIEHUIO 3HAYMMBIX TTPUIMHHO-
CJIE[ICTBEHHBIX CBSI3EH.

3HaHus 1 MHOOPMAIIVSI SIBJISIFOTCSI OHUMU
13 KJTIOUYEBBIX 3JIEMEHTOB 1IM(PPOBOIT SKOHOMU-
KU, KOTOpasi CETOTHST HAaXOIUT CBOE OTpaskeHMe
BO BCEX OTPAC/ISIX SKOHOMUKU U B COLTMATTBHOM
cepe. Maccosast uygpoBU3alMs 3aTparuBaeT
TIPOLIECCHl U MEXaHU3MbI (DYHKIIMOHUPOBAHUSI
COILIMATTbHO-3KOHOMUUECKMX CBSI3ei 110 00JTh-
IITMHCTBY aCIIEKTOB XU3HEAESTEIbHOCTH, B TOM
YHCITe TOCPEICTBOM (hOPMUPOBAHMST KOMITIIEKC-
HbIX IUDPOBBIX IKOCUCTEM [1].

CylecTBYeT 1LeIbIid psi onpeaeaeHui
1P POBOI SKOCUCTEMBI WJIU SKOCUCTEMBI LI (-
POBOIf 9KOHOMUKM [cM., Hatp., 2]. ®. Haxupa,
I1. Auau u A. A. Hukonau noa uudpoBoit
5KOCHCTEMO MOHMMAIOT coueTaHre MHMOpMa-
LIMOHHOM CeTH, COLMaIbHOI cepbl U CeTU 00-
MeHa 3HaHusaMH [3]. E. Yanr u M. Bect B cBOMX
PpaboTax ONpeessIvi LU(POBYIO S3KOCUCTEMY KaK
JIOMEH KJTaCTEPHOM Cpe/Tbl, BKIIIOYAIOIINIA OHO-
JIOTUIECKE, SKOHOMUYECKHE 1 TN(DPOBbIE BU-
JIbI, a TAKXKe TexHUuecKue cpeacTna [4]. X. JIoHr,
®@. K. XycceiiH paclMpyiv OHSTHE IIMGPOBOI
5KOCHCTEMBI 10 TOHATUS «IU(PPOBBIX apTedak-
TOB» M UH(PPACTPYKTYPHI Mepenauu JaHHBIX, MX
XpaHeHUs 1 00pabOTKH, MOJIb30BaTeNIel CUCTEM,
BKJTIOUMB TAKXKE COLIMATbHBIE, 9)KOHOMUYIECKHE,
TTOJTUTUYECKIE, TICUXOJIOTUIECKIE U MHbBIE (hak-
TOPBI, BIMSIONIME Ha OCYIIECTBICHNE B3aUMO-
JecTBuit [S].

B coBpeMeHHBIX peansix (P POBBIE IKOCHC-
TEeMBbI TIPE/ITIONIATaoT aKTMBHOE MCITOIb30BaHKE
TEXHOJIOTMII aBTOMAaTH3alluy U TJIaBeHCTBYIO-
IIYI0 poJib MH(OPMAIIMK, KOTOpast SIBJISIETCS
KITFOYEBBIM (haKTOPOM TPU TIPUHSITHAM YTIPaBIeH-
Yyeckux perreHnid. LrdpoBuzaimsi OTKpbIBaeT
HOBBIE BO3ZMOXKHOCTH JIJISI aHAJIM3a MH(hOpMa-
11U, €€ MoJydeHUs1 U 00pabOTKU, TO3BOJISIS
CO3/1aBaTh 00JIEe TOYHBIE TPETUKTUBHbIE MOJIEITN
Y TIOBBIIIIAsT KAYECTBO TOyJaeMbIX JaHHbBIX [6].

VYkazaHHbIe (haKThl CLIOCOOCTBYIOT TMOSIBIE-
HUIO CETeBOI 9KOHOMUKM 1 5KOHOMUKY 3HAHUIA.
LudpoBuzauus npeamnogaraeT 3aMeHy Tpaau-
IIMOHHBIX WHCTPYMEHTOB pealn3alliy pa3ind-
HBIX COIMATIbHO-9KOHOMUYECKHUX MPOIIECCOB
1IMPOBLIMU, B Pe3yJIbTaTe yero hopMUpyeTcst

MPOCTPaHCTBO LM poBbIX 3KocucTeM [7]. Heob-
XOIIMMO c/ieJIaTh OTOBOPKY, YTO HECMOTpSI Ha
aKTUBHOE paclpocTpaHeHHWe TMPUHIIMIIOB
uudpoBoit TpaHchopMali MUPOBOI 9KOHO-
MUKW U COLMAIBHOM cepbl, SMIUpUUECcKast
M MCCIieoBaTeIbcKasi 0a3a onpeaeneHus 3 dek-
TOB OT peTM3aIIMK COOTBETCTBYIOIINX «IIM(PPO-
BbIX» MHULIMATUB II0KA B 1IEJIOM HE COOTBETCTBYET
MAacCIITaOHOCTH 3a/lad KaK B SKOHOMMUYECKOM
TJ1aHe, TaK ¥ B CMbICTIe 00001IeH st chep Tpu-
MeHEeHWMsI TIMPOBBIX TEXHOJIOTHIA.

Lleavro HaCTOSIITIEH CTATHU SIBJISIETCST OTTHCA-
HUE Pe3yJIbTaTOB MPOBEAEHHOTO TPEXYPOBHEBO-
ro MCCJEJI0BaHUS TMEePCIEeKTUB HAayYHO-
TEXHOJIOTMYECKOTO PA3BUTHSI 3KEJIE3HOIOPOKHOM
0Tpaciv B KOHTEKCTeE IIM(PPOBU3ALINKN SKOHOMU-
KW Ha OCHOBE ITPUMEHEHWSI Menodoe CUCTEMHO-
TO aHaJIM3a MEXIYHAPOIHOTO OMbITa. 3aj1aya
TIEPBOTO YPOBHSI OLICHKU 3aKJTIOUYAETCsT B OITpe-
JIeJICHUM MarucTpaabHbIX HAalpaBIeHU pa3By-
TUsT TMPOBBIX TEXHOJIOTUH, TPUMEHUMBIX Ha
KeJIe3HOIOPOKHOM TpaHcropte. Bropoit ypo-
BEeHb HAlpaBJieH Ha aHaJIN3 CTPATEeTUIECKUX
JTOKYMEHTOB TEXHOJIOTMYECKOTO PAa3BUTHSI Ke-
JIE3HOIOPOKHOTO TPAHCITOPTA psilia PErOHOB
C BBISIBIEHMEM KJTIOUEBbIX TeHACHIMIA 1Mdpo-
BOTO Pa3BUTHSI, TPETHIA — HA BBISIBIICHHE HAKOO-
Jiee (pHeKTUBHBIX TH(OPMALIMOHHBIX TEXHOJIO-
TUIA.

1. MATUCTPAJIbHbIE HAMPABJIEHUA
PA3BUTUSA LLUDPOBbIX TEXHOJ1IOIMMI

Cpeny OCHOBHEBIX 1IeJieil, KOTOpPhIEe peciie-
nyeT I pOBU3ALINSI, CICAYCeT BBIACINTD TTOBBI-
11IeHYE OnepalMOHHOM 3(h(PEKTUBHOCTU pazIny-
HBIX OM3HEC-TIPOLIECCOB, BKITIOYAST:

* TIOBBIIIIEHNE CKOPOCTH, KaueCTBA 1 TOUHO-
CTH BBITIOTHSIEMBIX ITPOLICCCOB;

* MMHMMM3ALIIO KOJIMUYECTBA OLIMOOK 1 MX
3HAUMMOCTH, HUBEJIMPOBAHKUE YEJIOBEYECKOTO
dakrtopa;

* BBISIBJICHUE HOBBIX IPUYMHHO-CJICACTBEH-
HBIX CBSI3€i M 3aBUCMMOCTEN IMyTEM 00pabOTKU
OOJIBIIIX MAaCCUBOB HECTPYKTYPUPOBAHHOMN
nHGOPMAIINY 1 TIPUMEHEHUS IIPOABUHYTHIX
ITOPUTMOB aHAJIN3a TaHHBIX;

* TIepeHOC (PM3MUYECKUX W MaTepUaTbHBIX
00BEKTOB B LIM(DPOBYIO CpeILy TS ITOCTIeTyIOIIe-
'O AVCTAHLIMOHHOTO YITPABJICHIS T MOHUTOPWH-
ra B pexkrMe pealbHOro Mupa u T.1.

B Poccuiickoii @eaepaiiviv BCOOTBETCTBUU
¢ Ykazowm Ipesnnenra Poccum ot 7 mast 2018 .
No 204 «O HaUMOHAJBHBIX LIEISIX U CTpaTETU-
YyecKHX 3agauax pa3sutusi Poccuiickoit Mene-
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pauuu Ha riepuoa 10 2024 roga» (nanee — Yka3)
OIHOW W3 MPUOPUTETHBIX 3a7ay SIBJASETCS
OCYIIIeCTBJIEHUE MPOPBIBHOTO HAyYHO-
TEXHOJIOTUYECKOTO U COLIMATIbHO-2KOHOMMU-
YECKOTO Pa3BUTHS, B TOM Yucie (popMUpoBa-
HUS LUGPOBOIL SKOHOMUKH [8].

B wensx moctukeHus 3agay U LEJeBbIX
rnokasateyiell HacTosIero Ykasa obuia pas-
paboTaHa cucTeMa HallMOHAJIBHBIX IPOTPaMM
(MpOEeKTOB), BKIKOYAs HALIUOHAJIBHYIO MPO-
rpamMmy «I{udposas sxoHomuka Poccuii-
ckoii ®enepanum». Llenpio ykazaHHOI Ha-
LIMOHAJILHOU MPOTpaMMBI SIBJISIETCS 00ecre-
yeHue HeoOXOAUMBIX YCIOBUI JJIsSI OCYylle-
CTBJeHUsA HUpoBOW TpaHchopMauuu
MPUOPUTETHBIX OTpaCaeil 9KOHOMUKHU U CO-
LMaIbHOM cepbl, pa3pabOTKU U BHEAPEHUS
MepeaoBbIX OTEYECTBEHHBIX TEXHOJOTUM
U pellieHU I, CO3JaHHbIX HA 0a3€e «CKBO3HBIX»
uudpoBbiXx TexHogoruit (manee — CILT),
dopmMupoBaHUS KOMIIEKCHON IU(PPOBOWA
MHPPACTPYKTYPhl U 9KOCUCTEMBI [9].

B pamkax enepanbHoro rnpoekra «L{udppo-
BbI€ TEXHOJIOTUM» HALIMOHAJIBHO MPOTrpaMMbl
«udposas sxoHomuka Poccuiickoit Dene-
pauuu» 0coboe BHUMaHUE yAeJseTcs BOMpPo-
caMm nonepxkku pazputust CLT u ux nocie-
JTYIOILIETO BHEAPEHMS B MIPUOPUTETHBIE OTpac-
JI 5KOHOMUKHU U coMaibHOM cepbl. B kaye-
cree CHT BeIaenstroTCS:

* KBAHTOBBIE TEXHOJIOTUU;

* KOMITOHEHTbI POOOTOTEXHUKU U CEHCO-
puKa;

* HEUPOTEXHOJOTMU U UCKYCCTBEHHBIN
UHTEJUIEKT;

* HOBbIE TPOU3BOACTBEHHbIE TEXHOJIOTUH;

* CHUCTEMBI pacIpeeIEHHOIO PEecTpa;

* TEXHOJIOTUU OECITPOBOJHON CBSI3U;

* TEXHOJIOTMW BUPTYAJIbHOI U TOTIOJTHEH-
HOI peaJIbHOCTH.

ITpuoputeTHbIMU chepaMu BHEAPEHUS
JTAHHBIX TEXHOJIOTUU SBJISIIOTCS OTPaCiu, KO-
TOPbIE OKA3bIBAIOT 3HAYMTEIbHBII MYJIBTUTLIN-
KaTUBHBIN 3((eKT Ha apyrue chepbl 3KOHO-
MUKHU.

OnHoit 13 Takux otpacieit B Poccun siBis-
eTCs XXeJIe3HOMOPOoXHast oTpacib. CortacHo
Crparernv HayYHO-TEXHOJIOTMYECKOTO pa3BU-
s Poccuu [10] xxene3HomopoxHasi oTpacib
SIBJISIETCSI OMHUM U3 IJIABHBIX 2JIEMEHTOB (DYHK-
LIMOHUPOBAHUS TPAHCIIOPTHOW CUCTEMBI TOPOI-
CKHUX arjioMepauuii, od1aaaet, HEOOXOAMMbIM
WHHOBALIMOHHBIM Y HAyYHO-TEXHUYECKUM
MOTEHIIMAIOM JUIsl CHEeLIHOM L1 pOBOI TpaHC-

(opmaiy. BTomy BOIPOCY MOCBSILEHBI MHO-
TOUYMCICHHbIC UCCEIOBAHUSI, U Mbl TAKKE Ha-
MepeHbl 00paTUTHLCS K HeMy OoJiee TToapOOHO
B MOCJICAYIOIIMX ITyOIMKALISIX.

2. CTPATErMMECKUE OOKYMEHTDI
B COEPE XXEJIEBHOAOPOXXHOIO
TPAHCMOPTA U KJTIOMEBbDIE
TEHOEHUWU ULWDPOBU3ALUUA:
MEXAYHAPOOHbIN OMbIT

LndpoBuzaiius B3Keae3HOIOPOKHOM OTpac-
JIV SIBJISIETCSI CJTOSKHBIM, MHOTOT PAHHBIM ITPOIIEC-
COM, OKAa3bIBAIOIINM BJIMSTHUE Ha Pa3nIHbIC
aCIEKThbI OM3HEC-TTPOLIECCOB U ONPEICISIOIIM
HarfpaBJIeHUs] HaydHO-TEXHOJIOTMYECKOTO pa3-
BuTus. HecMoTpst Ha To, 4TO pa3paboTKa v BHEI-
peHne IU(PPOBLIX TEXHOJIOTUI 1 peIIeHNI He
SIBJISIETCST TIPOIIBHOM JIeATETbHOCTBIO TS
OOJIBIIIMHCTBA XKEeJIe3HOMOPOKHBIX KOMITAaHUIA,
pa3BUTHE HaMpaBJIeHU, HEITOCPEICTBEHHO
CBSI3aHHBIX C ITM(DPOBU3ALIMECH, CETOMHS SIBIISICT-
€SI MarMCTPATBHBIM HAYIHO-TEXHOJIOTUUCCKIM
TPUOPUTETOM Beeit oTpaciu. [TpubnvsurenbHast
OLIEHKA POCTAa IOXOIOB XKeJIE€3HOTOPOXKHBIX KOM-
MaHM1 OT BHEAPECHUS MEPEIOBbIX UHTEJICKTY-
AJIbHBIX pa3pabOTOK TOJIBKO B chepe YIIPaBICHNS
JBIDKEHMEM TTOIBIDKHOTO COCTaBa M CUTHAJIM3a-
1uu coctapisieT 19 mupa espo Bron [11].

B Hacrostiiee BpeMst 0osblIoe BIUSIHUE Ha
HayIHO-TEXHOJIOTMUECKOE Pa3BUTHE XKEJIe3HO-
JIOPOKHOM OTPaC/IM OKA3hIBAIOT PETMOHATIBHBIC
¥ MEXJTyHAPOITHbIE OPTAaHU3AIIY U ACCOITVAINMN.
JlaHHBIe OpraHM3allMi aKTUBHO ITyOJIMKYIOT
OTYETHI U beltbie KHUTK, B KOTOPhIX HAMEUAIOTCS
TIPUOPUTETHBIC HATIPABIICHUST Pa3BUTHST XKeJIe3-
HOIOPOXXHOM OTpaciiy, CTpaTeTUH HayIHO-
TEXHOJIOTUYECKOTO Pa3BUTHSI, OTMEYAIOTCST KakK
BBI30BBI, TAK M HAMOOJIEE YCTICIITHBIE ITPOITYKThI
M TeXHOJIOTUM. Takue TOKYMEHThI OKa3bIBaIOT
HETIOCPEeICTBEHHOE BITMSTHIE Ha BEKTOP Pa3BUTHS
Bcelt orpacin. Cpeay ITOTOOHBIX TOKYMEHTOB
BBIICTISIFOTCSI:

» benas xnura EBponerickoii Komuccuu
«HamyTtu K emuHOMY eBpOIIeiicCKOMY TPaHCIIOPT-
HOMY ITPOCTPAHCTBY — HABCTPEedy KOHKYPEHTHOM
U pecypcocbeperaronieii TpaHCIIOPTHOM CHUCTe-
Me» (nanee — benast kaura EC);

 benas kHura Accolanm aMepuKaHCKIX
JKeJIe3HbIX Jopor «[IpuBieyeHre TeXHOIOTHiA
K pabote. Kak Xene3HOMOPOKHEIC TPY30BEIE
MepeBO3KU OYIyT OCylIeCTBIAThC B XXI Beke»
(«Putting technology to work. How Freight Rail
Delivers the 21% Century», nanee — benast kKHura

AAXKID);



* TIporpamma B 00JaCTU pa3BUTHS KeJe3-
HomopoxkHoro TpaHcropta EC Shift2Rail (ma-
nee — [Iporpamma EC).

beaas knuea EC

B yucne K1o4eBbIX TPUOPUTETOB PA3BUTHUS
JKeJIe3HOIopOoXKHOM oTpaciu B benoii kanure EC
BBIIEJISIIOTCS CO3JaHUE €MHOTO €BPOIECKOro
TPAHCIOPTHOTO MPOCTPAHCTBA, pa3zpadoTKa
KOMIUIEKCHOTO MOAXO0/Ia U €AUHBIX CTAHIAPTOB
YIOpaBIeHNS IBMXKEHUEM MTOJBUXKHOTO COCTABa,
OpraHu3alys BBICOKOCKOPOCTHOTO MACCaXUP-
CKOTO U TPy30BOTr'0 IBUKEHUS, PA3BUTUE MYJTb-
TUMOJATbHBIX (MHTEPMOAAJbHbBIX) MEPEBO30K
[12].

B xoHTekcTe nudpoBuzanu Keae3Hoa0-
poxHoii otpacau benast kuura EC Bbinensier
cllelylollle HalpaBJeHUs HAyYHO-TEXHO-
JIOTUYECKOTO PA3BUTHUS:

* MIpUMEHEeHME YCOBEPILIEHCTBOBAHHbBIX
WHTEJUIEKTYaJTbHBIX CUCTEM YITPABJICHUS XKeJle3-
HOIOPOXKHOM CEThIO M MH(POPMALIMOHHO CUC-
TEMOI MOOUILHOCTU TTACCAKUPOB;

* CO3JaHUE UHTEJUIEKTYaTbHONH CUCTEMBI
MpoAaKu OMJIETOB HA KOMOMHUPOBAHHBIE BUIbI
TpaHcropTa (opraHu3alus MyJIETUMOAATbHBIX
MePEBO30K);

s onTUMM3aLUS rpadrKa ABUXESHUS
U TPAHCHOPTHBIX [TOTOKOB MYTEM MPUMEHEHUS
B nHbpactpykrype cucteMbl TEN-T (TpaHCh-
€BPOIIEIICKOI TPaHCTIOPTHON CETH);

* HUCMOJb30BaHUE WHTEJIEKTYaJTbHBIX
TPAHCIOPTHBIX CUCTEM;

* pa3BEPTHIBAHUE €BPOIEMCKON r1odaib-
HOIf HAaBUTALIMOHHOM CITyTHUKOBOW CHUCTEMBI
Galileo;

* MPUMEHEHUE TeXHOJIOTUI1 OOHapyXKeHUsT
U OTCJICXKUBAHMS

* pa3paboTKa TEXHOJIOTUU 3aLUTHI KOH(bU-
JIEHIIMATbHOCTU JJUYHBIX JAHHBIX;

* pa3BUTHE TEXHOJIOTUIA 6€30MaCHOCTH.

beaas knuea AAXK]

Acconuanus aMepUKaHCKUX XeJIe3HbIX
JIOPOT yAENSIeT 3HAYUTeTbHOE BHUMAHUE MTOBbI-
IIEeHNUIO0 0€30MaCHOCTH KEJEe3HOIOPOXKHBIX
ceTeit, CHUXKEHUIO HETaTUBHOTO BO3MEHCTBUS
Ha OKPYKAIOIIYI0 Cpely U pa3padoTKe COOTBET-
CTBYIOILIMX TEXHOJIOIMSIM U BpEMEHU 3aKOHOAA~
TeabHBIX HOpM [13].

Bosbliast yacTe yKa3aHHbBIX HallpaBIeHUN
OCYLLIECTBJISIETCS TTPU ITOMOLLIY LIM(DPPOBBIX TEX-
Honoruii. Cpenu npuopuTeTHBIX cdep nudpo-
Buzauuu benas knura AAX]I Beinesnser:

* MOHUTOPUHT UH(PPACTPYKTYPHBIX O0BEK-
TOB B PEXMME PEATbHOTO BPEMEHU;
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* WICTIOJTb30BaHVE MHHOBAIIMOHHBIX TEXHO-
JIOTUA MOHUTOPUWHTA B IIEJISIX TTOBBIIIEHUS
KayecTBa 00CTy>KMBaHWsI 000PY/I0BaHMSI;

* MpenoTBpaIleHre OIMOOK, BEI3BAHHBIX
YeJIOBEUECKUM (PaKTopoM;

* BHEJIpEHUE CITEIIUAIBHOTO IIPOTPaMMHO-
ro obecrieyeHusT TI0 KOHTPOJTIO, TUTAHMPOBa-
HUIO U YYETY TOTJIMBHO-2HEPTeTUYECKUX
pacxojios;

* WCIIOJIb30BaHUE MHTEJJIEKTYaIbHBIX
JTATYMKOB B paMKax MPOLIECCOB TEXHUYECKOTO
00CITy>KMBaHUS Y PEMOHTA;

* NIPUMEHEHUE TEXHOJIOTH I OOJTBIIINX TaH-
HBIX U UCKYCCTBEHHOTO WHTEJUIEKTA;

* aBTOMAaTHU3aIUsI TPOU3BOJCTBEHHBIX
MPOLIECCOB.

Ilpoepamma EC

JOKyMEHT 0003Ha4YaeT BAXKHOCTb LIM(POBOIA
TpaHchopMaly 15T CO3MaHMST SKOHOMUYHBIX
M HaIEXHBIX TTOE370B, TPUMEHEHUST HOBBIX
XOIOBBIX MEXaHW3MOB, TOPMO3HBIX CHUCTEM,
Pa3BUTHST MOIYJIbHBIX KOMITOHEHTOB TTOE3/IOB.
Taxcke 3HaYMTEIBHOE BHUMAaHKE YIEJICHO CO-
3MAHUI0 SKOHOMUYHO, 9(P(EKTUBHOI, IKOJIO-
TMYHOM 1 HaIEXHOM MH(PPACTPYKTYPHI C BHICO-
KO MPOIMYCKHOU crTOcOOHOCTHIO [ 14].

Cpenu mpuopuTeTHbIX cdep uudpoBu3a-
1mu B [Tporpamme EC ykazaHbr:

* aBTOMaTM3WPOBAHHOE YIIPaBJICHUE IBU-
>KEHUEM TT0€3/I0B;

* TEXHOJIOTUW BUPTYaJTLHOTO CILIETICHUS
BaroHOB;

* obecrieueHue KMoepOe30nacHOCTH;

* BHE/IPEHUE «YyMHBIX» CTAaHIINI;

* BHEJPEHUE «YMHBIX» SHEPIOMOCTABOK;

* TTOBBIIIICHUE COBMECTUMOCTH PA3JIMIHBIX
CEPBUCOB;

* BHEIPEHUE TEXHOJOTUIl OTCIIeKMBAHUS
TepeMeleHUsI ITOe30B, TACCAKMUPOB U TPY30B;

* CO3MaHNe «CePBUC-TIOMOIITHUKOB» IS
MYTEIIECTBUM.

MoKHO TakKe OTMETUTh OTUET MexayHa-
POJTHOTO COI03a XeJIe3HBIX TOPOr 00 yJacTuu
COOOIIIECTBA OITEPATOPOB KEJIE3HBIX JOPOT B TIPO-
ektax EC («The Railway Operating Community
(ROC) involvement in EU projects», nanee — Ot-
yeéT MC2K]). B 1aHHOM TOKyMeHTe 0003HaueHa
BaKHOCTb Pa3BUTHSI TEXHOJIOT M My TBTUMOIA)Tb-
HBIX TIEPEBO30K M COBEPIIIEHCTBOBAHUST CCTEM
0e30IMacHOCTU. 3HAYUTETbHYIO YacTh 3aHUMAET
OMNUCaHKE Pa3BUTHS TEXHOJIOTUI SHEProadbek-
TUBHOCTU, MOBBIILIEHUS 3(DPEKTUBHOCTU CUITO-
BBIX YCTAHOBOK C HMCTIOJIb30BAHUEM TMOPUITHBIX
TEXHOJIOTUI M CUCTEM HaKOILICHUS SHEPTUU
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Taommma 1
ArperupoBaHHbIe HATIPABJICHUS
HAYYHO-TEXHOJIOTHYECKOTO Pa3BUTHS
2KeJIe3HOAOPOKHOI 0TPACIM B KOHTEKCTe
nudpoBu3anMU

No HaumeHoBaHue HaIrpaBJICHUS

1 BHCIIpeHI/IC MHHOBAIIMOHHBIX CUCTEM
aBTOMaTu3alu U MEXaHU3alK MEPEBO30YHbBIX
IIPOLIECCOB

2 VYnpasnenue pecypcamu, 6€30MacHOCTHIO,
pPHMCKaMU 1 HaIEXKHOCTBIO Ha dTarax
SKU3HEHHOTO LIUKJIa 00BEKTOB
KeJIe3HOIOPOKHOTO TPAHCTIOPTa

3 Pa3pabotka 1 BHeApeHUE MEePCIIEKTUBHBIX
TEXHUUYECKUX CPEICTB U «CKBO3HBIX» TEXHOJIOTUIA
IUTST THDPACTPYKTYPHI KeJIe3HOIOPOKHOTO
TpaHcropTa (JKeJle3HOAOPOKHO aBTOMATUKU

Y TeJIEeMEXaHUKH, JIeKTPUbUKALINN

1 3JIEKTPOCHAGXKEHMS, UTHHOBAIIMOHHBIX
MHOOPMAIIMOHHBIX U TEJIEKOMMYHUKAITMOHHBIX
TEXHOJIOTUI U JIp.)

4 Pa3zBuTHe TPAaHCIIOPTHO-TOTMCTUYECKUX CUCTEM
B €IMHOM TPAHCIIOPTHOM TIPOCTPAHCTBE

1 pa3pabOTKe KOHIICTIIINIA TITOBBIX CHCTEM CJIe-
JIyIOIIETO IoKoieHus [15].

IToMuMO yKa3aHHBIX HAIIPABJICHUIA, YITIOMH-
HaloTCs IIM(POBBIC PELICHUs B CICTYIOLINX
cepax:

* WCCJIeIOBaHNE aBTOMATU3MPOBAHHBIX,
COBMECTHIMBIX M B3aMMOCBSI3aHHBIX TIEPESIOBBIX
CHICTEM YTIPaBJICHUS TPaOHKOM;

* TIOBBIIICHHE TIPOIYCKHOM CIIOCOOHOCTH
KeJIE3HOMOPOKHOTO IyTH IMYyTEM BHEIPCHUS
ABTOMAaTU3UPOBAHHBIX CHCTEM YITPABIICHUS TI0-
e31aMu;

* COBEPIIICHCTBOBAHNE 1 ONTTUMM3ALINSI CHC-
TEM OTCJICKBAHUS TIOE3/I0B;

* pa3paboTKa 1 IIPUMEHEHE CUCTEM MOHH-
TOPUHTA U METOAOB cOOpa OOIBIIOro 00bEMa
JTAHHBIX;

* TIOBBIIIICHIE CTAHIAPTU3AIINHI 1 YHU(HKA-
MK THOOPMALIMOHHBIX CHCTEM;

* pa3pabOTKa MHTEJIEKTYaJIbHbIX TU1aT(hopM
VIIpaBJICHUST MOOMTBHOCTBIO TTACCAXKIPOB.

Benyiiue >xene3HO0pOXHbIE KOMITAHUN
EC u CIIA Takke aKTUBHO peau3yloT CO0-
CTBEHHBIC CTpaTeTUM IIM(GPOBOrO Pa3BUTHS,
ompeneIsisl pa3IMIHbBIC ITepeaoBhIe II(MPOBLIC
pa3pabOTKU B KaUeCTBE COOCTBEHHBIX TIPHOPH-
TETOB HAyYHO-TEXHOJIOTUUYCCKOTO Pa3BUTHS.
OmHAaKO CTOUT OTMETUTh, YTO YKAa3aHHBIC CTpa-
TETUM B 3HAYUTEIILHOM CTETICHH TIepeCceKatoTCs
1 KOPPEJTUPYIOT C BHIIIEYKAa3aHHBIMI TOKyMEH-
TaMM.

B Tabnuiie 1 060011IeHbI KII0YeBbIE arperu-
pOBaHHBIC HAMpaBIICHUSI HAYIHO-TEXHOJIO-

TMYECKOTO Pa3BUTHS, HEITOCPEACTBEHHO CBSI3aH-
Hble ¢ LIM(PPOBOI TpaHChOpMalLIUeit, coaepka-
IIMeCS B pACCMOTPEHHBIX BEIIIIE JOKYMEHTAX.

3. MIPUOPUTETHbLIE TEXHOJ1OITMA
B KOHTEKCTE UWMWPPOBU3ALIUA
B XXEJIEBHOAOPO)XHON OTPAC/IN

Bredpenue unmennekmyanvHoix cucmem as-
momamu3zayuu, ONMUMUZAUUYU U MEXAHU3AUUU
BHYMPEHHUX OU3HeC-Npoueccos.

B pamkax maHHOTO HampaBJICHUSI 3KeJIe3HO-
IOPOXHBIC KOMIIAHUU aKTUBHO BHEIPSIOT
HOBBIC CPEICTBA B3aMOACICTBUS C KIIMEHTA-
MU B LudpoBoM mpocTpaHcTBe. Hanboee
pacrnpocTpaHéHHBIM CIIOCOOOM LIM(PPOBOIO
B3aMOJIEMCTBHS C KITMEHTOM SIBJISICTCSI CO3/1a-
HIe MOOWITBLHBIX ITpUiIoXeHui. Ux pyHKIImOo-
HaJI TI03BOJISICT OCYIICCTBIISITh 3JIEKTPOHHYIO
TIOKYIIKY ¥ OpOHUPOBaHUE OMJIETOB, IIPOKJIA-
JIBIBaTh MApILIPYTHI «OT ABEPU JIO IBEPH» C UC-
TOJIb30BaHMEM PA3IMYHBIX KATCTOPUIT TpaHC-
nopta (aBToOYChl, KapiuepuHr) [16].

ITpumeHeHMe TMGPOBBIX TEXHOIOTHIA Ha-
MpaBJIcHO, B TOM YHCJIe, HA BHEIPCHHUE «yM-
HBIX» OMJICTOB, KOTOPEIE MOTYT XPaHUTHCS
B MOOMJIBHOM YCTPOMCTBE ITOJIb30BATEII.
[lonoOHBIE OMITETHI 00EeCTIEYNBAIOT €ANHBIN
IOCTYN K pa3IMYHBIM BUAAM TpaHCIIOpTa.
B pamkax MOOWMJIBHBIX TIPUJIOXKEHUN OCYIIIE-
CTBJISICTCSI CICTeMa OOpaTHOI CBSI3U C KIIMEH-
TaMH, KOTOpasI II03BOJIIET KOMITAHHSIM YIIpaB-
JISTH Ka4eCTBOM ITPEIOCTaBISIEMbIX YCIyT [12].

B 11e7151X TIOBEITIICHMS KayecTBa TOJIb30Ba-
TEJIbCKOTO OIbITA CO3/IAI0TCS «CEPBUC-ACCUC-
TEHTBI» (MJIN «CEPBUC-TIOMOIITHUKMI»). JJIst
MYTEIIEeCTBYIOMMNX JaHHBIC TUIAT(MOPMEI TIpe-
JMOCTABIISIIOT BO3MOXHOCTH 110 YIIPOIICHUIO
MOE3MI0K «OT ABEPU 0 ABEPU» , COTIPOBOXKICHUE
Ha MPOTSLKEHUU BCETO MYTEIIeCTBUS, YIET
JIMYHBIX IPEATIOUTCHUM, peIlicHIe HeTIPeIBI-
JIEHHBIX CUTYaIIi, OPTaHN3aIINIO B3aMOICi-
CTBUSA C Pa3TNYHBIMKM BUIAMU TPaHCIIOPTa,
3a[IeAICTBOBAHHOTO B IIPOLIECCE TIePEMEIIICHUS.
KoMmmepuecknM KOMITaHWSIM JaHHBIE TIIAT-
(opMBI HAIOT BO3MOXKHOCTh CHIKCHUS Bpe-
MEHHBIX 1 ICHEXKHBIX 3aTPaT IMyTéM (hOpMHUPO-
BaHUS HAWJIYYIIeTO MapIIpyTa IOCPEICTBOM
aHamM3a OOJIBIIIOTO0 KOJIMYECTBA IapaMeTPOB
¥ TT0100pa ONTUMATBHBIX 3HAYCHUA.

PazBuTne u BHeApeHNE TaHHBIX IUTATHOPM
TO3BOJISIET IIEPEBO3UMKAM YIIPOIIATH ITPOIIECC
HCIIOJIB30BaHUs YCIIYT KOMITAHMI 3a CUET Mpe-
JIOCTaBJE€HUST YIOOHOTO MOJIb30BaTEIbCKOTO
OITbITA ITyTEM aHAJI3a OOJIBIINX JaHHBIX, MC-



MTOJTb30BaHMS TEXHOJIOTUI MCKYCCTBEHHOTO
WHTEJIJIEKTa, MAITMHHOTO O0YYEHUST U TTPENO-
CTaBJIEHUs PEKOMEHIALMN NI KOHEUHBIX
MOJIb30BaTeNIel Ha UX OCHOBE.

OnHUM U3 BaXHEWUIIUX HaNpaBJIeHUMA
MOJIEJTMPOBAHUSI B3aUMOJIEMCTBUS C KIIMEH-
TaMu SIBJISIETCS TPEeNUKTUBHAS aHAJIUTUKA
Y CUCTEMBI ITPOTHO3MPOBAHUST ITACCAXKUPOTIO-
Toka. C MOMOIIBIO TaHHBIX IUMPOBHIX
CPENICTB CTAHOBUTCS BO3MOXHBIM IpEACKa-
3BIBaTh BEJIMYMHY CITPOCa Ha TPAHCITIOPTHBIE
YCJIyTU B KOHKPETHBIH TIEPUOJ ITyTEM UCTTOJTb-
30BaHMS TEXHOJOTUM OOJBIIUX TAHHBIX.
JlaHHasI TEXHOJIOTHSI TAKKE UCTIONB3YeTCs TTPU
BHeIpEeHUHM T1aThOPM ITMHAMUYECKOTO IIEHO-
oOpa3oBaHUsl.

OcHOBHBIMU 3(deKkTaMu OT peanu3aluuun
JTAHHOTO HarpaBIeH!s [IMbPOBU3AIIAN SIBJIS -
I0TCSI CHUDKEHUE BPeMEeHU Ha 00pabOTKy AaH-
HBIX, TIOBBIIIIEHNE OTKAa30yCTOMYMBOCTH, TTO-
BBIIIIEHUE TIPOU3BOAUTEILHOCTA U TTOTPEOU-
TEJICKOM JIOSITTBHOCTH.

Kpome aTOTO, MIpaKTUKYyeTCS aKTMBHOE
WICTIOJTb30BaHME OM3HEC-TIPMIIOKEHU T BO BHYT-
PEHHUX TIpolleccax, CBI3bIBaHUE IM(MPOBBIX
YCTPOMCTB COTPY/JHUKOB B €IMHYIO MH(bOpMa-
LIMOHHYIO CETh, UCTIOJIb30BAHUE TPOTrPAMMHO-
ro obecriedyeHus1 OU3HeC-aHATUTUKU, CTUMY-
JIMpOBaHue TpyJaa PabOTHUKOB C ITOMOIIBIO
LIM(POBBIX CPEJCTB.

B omume oT cylecTBYIOINX PeIIeHMiA,
JTAHHBIE TEXHOJIOTMUYECKIE TPEHIBI CTTOCOOHBI
00eCTIeYnTh KOMITAaHUW MaKCUMaJTbHBIM KOJTH -
4eCTBOM MH(OPMAITUK O €€ IS TETLHOCTH, UTO
TTO3BOJISIET TIOBBICUTH TTPOU3BOIUTETLHOCTD
Tpyna u 3(pheKTUBHOCTh BHYTPEHHETO B3au-
MOJIEWCTBUSI.

Ynpaesnenue pecypcamu, 6ezonacnocmoio,
DUCKAMU U HAOENCHOCMbIO HA IMANAX HCUSHEH-
HO020 YUKAA 006eKmMO8 Jcene3H000POICHO20
MPancnopma npu NOMOUU YUPPOBbIX CUCEM.

AKTUBHOE BHeIpeHUE IIUMPOBBIX TEXHO-
JIOTUI HE TOJIbKO OTKPBIBA€T HOBBIE BO3-
MOXXHOCTH ISl BeICHWST OM3Heca, HO U BJIe-
Y€T 3a cCOO0OIl HOBBIE PUCKU, CBSI3aHHbBIE
¢ KubepnpecTymHocThIo. B pamkax obecrie-
yeHUs1 UHPOPMaMOHHOW U Kubepbe3onac-
HOCTH OCYIIECTBIISIETCS MHTETpalys ndpo-
BBIX CCTEM B €IMHbIC aBTOMATU3UPOBAaHHbBIE
KOMIIJIEKChI, HETTPEPHIBHOE COBEPIIEHCTBO-
BaHUE MPOrpaMMHOTO O0ecIieueHusI, BBeIe-
HME MMPaKTUKU MOHUTOPUHTA, TEXHUIECKOTO
00CIyXMBaHUS U yAaJ€HHON HACTpOMKU
1 POBBIX CUCTEM 1 000PYIOBAHUST, UCTIOb-
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30BaHUE CPEACTB MPOTUBOIEUCTBUS KUOEp-
npectynHukam [17].

K KoHKpeTHBIM MepaM 3allUThl OTHOCSTCS
UIECHTU(DUKALNS U ayTEeHTU(DUKALIUS TTOJIb30-
BateJiell, MeXXCeTeBOe SKpaHUPOBaHUE, Pa3rpa-
HUYEHUE TOCTyIa MOJb30BaTeeid, pa3rpaHu-
YEHUE C OTKPBITBIMU CETSIMU, MM pPOBAHUE
JTAaHHBIX, IePeTaBAEMbIX 3a [IPEIEIbl KOHTPOJIb-
HOW 30HBI, MIPOTOKOJIUPOBAHUE PAOOTHI MOJIb-
30BaTesiell U NEWCTBUI alMUHUCTPATOPOB,
peryjisipHoe OOHOBJIEHUE MPOTPAMMHOTO
o0ecreyeHrs] U UCIOJAb30BaHUE OTKPBITOTO
MPOrpaMMHOTO MPOAYKTa, AHTUBUPYCHAs 3a-
UTa UHOOPMALIMOHHBIX PECYPCOB, yIIPaBJIe-
HUE CPeACTBAMU 3allUThl MUH(MOPMALINU, UC-
MOJIb30BaHUE MPUHLIMITOB MaXKOPUTUPOBAHUS
U PEe3epPBUPOBAHNS.

J1s1 CHUXKEHUST BIUSIHUSL YEJI0BEUYECKOTO
dakTopa npu BOSHUKHOBEHUU YPE3BbIYATHBIX
CUTYalIMii, a TAKXKE JUTSI CHUXKEHUSI TPaBMaTU3-
Ma Ha IIPOM3BOJICTBE UCTIONB3YIOTCS COBPEMEH-
HbI€ TEXHOJIOTUHU, B TOM UYMCJIE Pa3IUYHbIe
CHUCTEMBI HaBUTALIMU, B CBOIO OYepeib, HE0O-
XOIUMBIE I 00ecTieYeHUsI KOOPAUHATHO-
BpeMeHHO nHdOopMalreli MaHeBPOBOI aBTO-
MaTUYEeCKON JTOKOMOTUBHOU CUTHAJIU3ALUU
(MAJIC). CTouT OTMETUTh, YTO COBEPIIEH-
CTBOBaHUE CUCTEM O€30IMaCHOCTU OCHOBAHO Ha
CO3JJaHUU MHOTOYPOBHEBBIX MHOTO(DYHKIIUO-
HaJIbHBIX CUCTEM UHTEPBAJIbHOTO PETYIMPOBA-
HUS IBIZKEHUS TTOE3/10B, B3aUMOJIEHCTBYIOIINX
C HUMU CUCTEM aBTOBEJCHUS U TUATHOCTUKU
Ha [MOIBVKHOM COCTaBe, KOTOPbIE HEPA3PhIBHO
CBSI3aHBI CO CTALIMOHAPHBIMU CUCTEMaMU aB-
TOMATUKU U TeJIeMeXaHUKU U UHGhOPMaUOH-
HBIMU CUCTEMaMU.

OcylecTBisieTcsd aKTUBHOE BHEIpEeHUE
CEHCOPUKU, IU(PPOBBIX CPEICTB MOHUTOPUHTA
COCTOSTHUSI OOBEKTOB, TEXHOJOTUI Hepaspy-
1L1aI0IIEr0 KOHTPOJIs1 (0e3 BbIBoJA 00bEeKTa U3
aKcIyaTauuu). Mcnoab3oBaHUe «yMHBIX»
JIaTYUKOB, MPOJBUHYTOIO aHAIUTUYECKOTO
MPOrpPaMMHOI0 00ECIIEYeHUS U CUCTEM OOMeHa
nHbopMalen 111 MOHUTOPUHTA COCTOSTHUS
000pYI0BaHUS B PEKMME PEaTbHOTO BPEMEHU,
BHEJIPEHNE BBICOKOTOYHBIX KOOPIUHATHBIX
CHUCTEM, CUCTEM MPOEKTUPOBAHUSI MECTHOCTU
TO3BOJIUT OCYILIECTBIATh MOHUTOPUHT ABUXKE-
HUST BBICOKOCKOPOCTHBIX 1MOe310B. Takxke ocy-
LLIECTBJISIETCS pa3MEIEHUE BO3JIE XKeJIE3HONO-
POXKHOTO MOJIOTHA JIa3ePHBIX U THDPAKPACHBIX
JIETEKTOPOB, OLIEHUBAIOIIUX COCTOSTHUE OCEi
U MOAIIMAITHUKOB IBVKYIIETOCS MOe31a, U «yM-
HBIX» KaMep.
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B kauectBe cpencts obecrieueHus bezonac-
HOCTH MACCAXXUPOB HA CTAHIUSIX U B TTOE31aX
WCITOJTB3YIOTCSI JaTYMKU B3PHIBUYATHIX BEILIECTB,
CMapT-YMITbI ¥ CKaHEPHI.

LndpoBoe MoneMpoBaH1E MECTHOCTH OCY-
LIECTBJISIETCS] MYTEM AUCKPETHOTO CKaHUPOBa-
HMS 3eMHOM MOBepXHOCTU. PeaibHOe MecToHa-
XOXIEHUE 00BEKTa MOXKHO BBIMUCIUTB O1arofa-
DS BHICOKOTOYHOMY CITyTHUKOBOMY ITPUEMHUKY,
(pyHKIMOHUPYIOIIEMY B 000COOJIEHHOM PEXH-
Me, CHHXPOHU3UPYEMOMY C UHEPLIMATbHOM CHC-
Temoii. OnpenennB yIibl pa3BOpOTa U OTHOCH-
TEJIbHbIE OTKJIOHEHUSI MEXIY JIEMEHTaMU UC-
cJIelyeMOli MECTHOCTHU, MOSIBIISIETCS BO3MOXK-
HOCTb BBISIBUTH a0COJIOTHBIE KOOPAMHATHI
JII000¥i TOUKM JIA3€PHOTO OTPAXKEHNS B COOTBET-
CTBYIOLLIUX Mpeaesax.

ABTOMaTU3MPOBAHHBIN KOHTPOJIH TEXHUYE-
CKOIo 00CIyXXMBaHUS MOJBUXKHOIO COCTaBa
TTO3BOJIUT Ha PaHHEH CTaK BBISBIISITH HETIO-
JIaIK! B paboTe CUCTEM U OLIMOKM TEXHUYECKO-
r0 00C Ty kMBaHWsI. MOHUTOPUHT, TUAarHOCTUKA
U KOHTPOJIb COCTOSTHUSI MH(PPACTPYKTYPHI 11O~
3BOJISIIOT 320J1arOBPEMEHHO BBISIBJISITh MTPEIOT-
Ka3HbIE COCTOSIHUS YCTPOMCTB MyTH, DJEKTPO-
CHaOXEeHUSI, aBTOMAaTUKU U TeJIeMEeXaHUKHU,
ONpeAessATh MPUUYMHBI HercTipaBHocTel [ 18].

OcyuiectsieHue LM(POBOro MOHUTOPUHIA
KEJIe3HOMOPOXKHBIX OOBEKTOB MO3BOJISIET MO-
BBICUTB YPOBEHB 0€301TaCHOCTH, CHU3UTH CTOU-
MOCTb XKM3HEHHOTO LIMKJIa TOJIBUKHOTO COCTa-
Ba U MH(MPACTPYKTYPhl, YMEHBIITUTH TTPOCTOM
BaroHOB, OTIEPATUBHO BBISIBIISATH U YCTPAHSITD
TeXHUYeCKUe Heronaaku, 3¢ GeKTUBHee pac-
MpeesITh OOCTYKUBAIOIINI EPCOHAN, TOBbI-
CUTh SKOHOMMYECKYIO U IKCILTyaTallMOHHYIO
3((HEKTUBHOCTD 1 TPOU3BOIUTETHLHOCTD TPY/IA.

B pamkax imgpoBoii TpaHchopMaLy mpei-
JIaraeTcsl BHEAPEHUE «YMHBIX» 9HEPTOIIOCTABOK,
KOTOpPBIE Pa3BUBAIOT CUCTEMBI TJITAHUPOBAHUS,
HOPMUPOBaHUs, y4€Ta U CTUMYJIMPOBAHUS
5KOHOMUU PACX0/ia TOTUIMBHO-2HEPreTMIECKUX
PECYPCOB, a TAKKe MAaKCUMU3ALIUIO0 3D HEKTUB-
HOCTH UCITOJIb30BaHUS ToIIuBa. OcyliliecTBIie-
HMe JJaHHBIX 337124 TIPOMCXOIUT IyTEM BHEPE-
HUST U UCTIOJIb30BAaHUS CIIEIIMAIbHOTO TIPO-
rpaMMHOTO OOecrieyeHusl, MO3BOJSIONIETO
KOHTPOJUPOBATh MOTPeOIeHUE TOIIMBA Ha
OCHOBE aHaJM3a MHOXECTBa MEePEeMEHHBIX,
B YAaCTHOCTH, ToTorpachuu, U3rudoB MOJOTHA,
MAaccChl ¥ IJTMHBI ITOe311a, CKOPOCTHY BETPa, B pe-
KM€ pealbHOTO BPEMEHM.

Paspabomrka u énedpenue nepcnekmuenvix
MeXHU4eCKUX cpedcma u «CK803HbIX» YUDPOsbIX

mexHoA02ULl 0451 NOOBUIICHO20 COCMABA U UHP-
pacmpykmypol (4cene3H000POICHOU agmoma-
MUKU U mesemexanuxu, snekmpuguxkayuu
U 21eKMPOCHAOICEHUS, UHHOBAUUOHHBIX UHGOD-
MAYUOHHBIX U MeNeKOMMYHUKAUUOHHBIX MEXHO-
snoeutl u op.).

KittoueBbIMH peliieHUsIMU TAHHOTO HayIHO-
TEXHOJJOTUIECKOTO HaIpaBJICHUSI SIBJISTIOTCS
ABTOMAaTU3UPOBAHHbBIE CUCTEMBI TTOCTPOCHUS
OTIepaTUBHBIX TPA(OUKOB IBUXKEHUSI, CUCTEMbI
TJTAHUPOBAHUST MapIIPyTOB, IIM(MPOBbIE TJIaT-
(hopMbI obecrieueHNST MyJIBTUMONATBHBIX (MH-
TepMOIATbHBIX) TTEPEBO30K, IIM(POBLIE TIIAT-
(bopMmpbI yripaBiieHYST ITePEBO30YHBIMHU ITPOIIEC-
caMu, aBTOBe/IeH!e (AaBTOHOMHBII TTOIBVXKHOM
COCTaB), UHTEJUIEKTYaJIbHbIE CUCTEMBI JTUCTIET-
YepCKOTO YIPaBJIeHNsI, Oe3TIOTHbIE TEXHOJIOTUN
yIIpaBJIEHUST TIEPEBO30YHBIM TIPOIIECCOM,
BKJTIOYAsT TTPOLIECCHI TTOTPY3KH,/pas3rpy3Ku, «Ma-
IIMHHOE 3peHUE» (CErMEHT TEXHOJIOTHI MCKYC-
CTBEHHOTO MHTEJUIEKTA, CYIIIHOCTh KOTOPOTO
3aKJTI0YAETCs B TIOJYYeHUH U 00pabOTKe peatb-
HBIX U300paKEHUH C T1eJTBIO PEILICHMSI IIPUKITAJI-
HBIX 337124 03 yJacTHsI YeJI0OBEeKa).

ABTOBeNIeHHE TTO3BOJIUT YBEJIUIUTH IPO-
IyCKHYIO CITOCOOHOCTD 3a CUET YMEHBIIICHUS
MHTEPBAIIOB MEXKIY TOE3/1aMU, a TakKe TTOMO-
JKET COKPATUTh TIOTpeOIeHe SHEPTUN HA TATY
MOE€3/I0B, BCJIEJCTBUE MCITOJIH30BAHUS OTTH -
MaJIbHBIX aJITOPUTMOB M OTCYTCTBUS YeJIOBEYE-
cKoro akropa BJIMSHMS Ha YIIpaBJIeHUE TT0-
JIBVDKHBIM COCTaBOM. CTOUT OTMETUTh, UTO JUTST
aHaJIM3a CUTYyalluy UCTIONb3YIOTCS MexXHOA02UU
MawUHHO20 00y4eHus C VICTIONBh30BaHNEM JIaH-
HBIX OT TaTYMKOB. AJIBTEPHATUBHBIMU TEXHO-
JIOTUSIMU SIBJISTIOTCSI BHICOKOTOYHBIE CPENCTBA
OTIpe/IeIeHNST MECTOTIONIOXKEHMS IOKOMOTHBA
M aeKTpoHHas 3D-kapra.

CucteMbl IM(GPOBOTO UMUTAITMOHHOTO
MOJIEIMPOBAHUSI 15T MH(PPACTPYKTYPHI 3KeJie3-
HOJIOPOXHOT'O TPaHCITOPTa MPEACTaBISIOT
c000ii OIHY M3 KIIIOUEBBIX TEXHOJOTUMA IS
CO3/IaHMS XKeJIe3HOIOPOKHOI CUCTEMBI HOBO-
ro TUTA B CWJIY 3HAYUTEJIbHOTO Pa3BUTHUS
CEHCOPHBIX TEXHOJIOTUIA, KOJTMYecTBa 0Opada-
ThIBaeMOI MH(MOPMAILIMU, BHIYUCIUTETbHBIX
MOIITHOCTE KOMITBIOTEPOB. TeXHOIOTHSI CITO-
COOHa yJY4YIINUTh OINEePAIIMOHHYIO NESITeb-
HOCTb XeJIe3HOIOPOXKHOI KOMITAHUY U SIBJISI-
€TCs KJIIOYEBOI, Ha OTHOM YPOBHE C MUHTEJUIEK-
TyaJIbHBIMM CHCTEMaMU, MCITOJIb3YIOIIUMU
«MHTepHeT Beleii», 1J1s1 co3naHus 3(PheKTUB-
HOU MYJIBTUMOJAIBHOM U MHTEPMOAAIbHOMN
JIOTUCTUYECKOW CUCTEMBI.



WHTenneKkTyaibHbIe CUCTEMbI, UCTIOB3YIO-
e «MHTepHeT Beleit» B mpoliecce MOHUTO-
pUHTa COCTOSTHUSI TIOJIBUKHOTO COCTaBa U Xe-
JIE3HOIOPOXKHOM MH(PPACTPYKTYphI [ 19], mpu 1x
YCIIEIITHON UMIUIEMEHTAIIUN B OTTEPallMOHHOM
JIeSITeIbHOCTH JKeJIE3HOTOPOKHBIX KOMITAHMIA,
TTO3BOJIAT ONTUMU3MPOBATH TEXHUIECKOE 00-
CIyKrBaHue. BriociencTBuu ycrnenHasi uMIuie-
MeHTalus TexHosoruit «MHrepHeTa Belei»
MTO3BOJIUT 3HAYUTETLHO aBTOMATU3UPOBATh
TIPOLIECCHI YITPABIEHMSI TIEPEIBIKHBIM COCTa-
BOM U K€JI€3HOAOPOXKHON MH(PPACTPYKTYpOIA.

Pazeumue mpancnopmmo-aoeucmuyeckux
cucmem 8 e0UHOM MPAHCHOPMHOM U UHGOpMALU-
OHHOM NpOCMpaHcmee.

B mpotiecce pazBuTHsA TpaHCTIOPTHO-
JIOTUCTUYECKMX CUCTEM B €TMHOM TPAHCITOPT-
HOM Y MH(MOPMAIIMOHHOM TIPOCTPAHCTBE HE-
00XOIMMO BHEIpEHNE MPOJBUHYTHIX MHMOP-
MallMOHHO-KOMMYHUKAIIMOHHBIX CUCTEM.
JlaHHbIe CUCTeMBbl 3HAYUTEJIBHO YCKOPSIOT
TIPOLIECCHI B IOTMCTUIECKOM IIETIOUKE W TT03BO-
JISTIOT B PEXXKUME PeaylbHOTO BPEMEHU OTCIIEKH -
BaTh aKTyaTbHOE COCTOSTHUE JIEMEHTOB XKeJie3-
HOIOPOXXHOM CeTH.

Hcrnonbs3oBaHue MH(MOPMAIMOHHO-KOMMY-
HUKAIIMOHHBIX CUCTEM TIO3BOJISIET YIIPOCTUTH
Mpollecc KPaTKOCPOUHOTO TIJIaHUPOBAHUS
1 OpOHUPOBAHUS HUTOK Tpaduka. [JaHHbIe
TEXHOJIOTUU TTO3BOJISTIOT YCKOPUTD TTPOIIECC
TIPUHSITHS PEIICHUI orepaTopaMu U TPeno-
CTaBJICHUSI UMW MH(OOPMAILIMM OTHOCUTETHHO
pa3IMIHBIX TTapaMeTpoB. Kicrob3oBaHue UH-
(bopMaIIMoHHO-KOMMYHUKAITMOHHBIX CUCTEM
B KQUeCTBE TEXHOJIOTMYECKON XeJIe3HOAOPOXK-
HOI CBSI3M M KaHaJ1a Tiepeladyi TaHHBIX TT03BO-
JISIET peraTh MpooJIeMbl COBMECTUMOCTH 1 O€3-
OTIACHOCTH JIBVDKEHUST TTOE3[I0B Ha JKEJIE3HBIX
Jloporax.

B niporiecce BHenpeHust eqMHBIX MH(pOpMa-
LIMOHHO-KOMMYHUKAIIMOHHBIX CUCTEM TOCTH-
raloTCs MPOIIECCHl aBTOMATU3AIlMU 1 YIIPOIIIE-
HUS AUCIIETYEPCKON pabOThI, O1arogapst KOTO-
PBIM MOBBIILIAIOTCS CKOPOCTH 00pabOTKM 3aMpo-
COB, TOUYHOCTh aHalM3a MOCTyHallei
nHdOpMaIMY U 0E30MaCHOCTD YITPaBIeHMS
MpolieccaMy NepeBO30K.

ITomuMo MHOOPMAILITMOHHO-KOMMYHUKA-
LIMOHHBIX CUCTEM, OCYIIECTBIISIETCSI aKTUBHOE
BHE/IPeHME MHTEJUICKTYaTbHBIX MHTETPAIMOH-
HBIX TEXHOJIOTMYECKUX TUIAT(POpM, TIETbIO KO-
TOPBIX SIBJISIETCS CO3IaHUE ETMHOTO TPAHCTIOPT-
HOTO MH(MOPMAITMOHHOTO ITPOCTPAHCTBA, KOTO-
poe TIO3BOJIUT TIEPEBO3UMKAM MMETH MTOJTHOE

TIpeNCTaBIEHUE O TIPoLecce TIEPEBO30K, Oosee
93 ®dEKTUBHO UCIOJIb30BaTh UH(MOPMAIINIO
0 TONBVXXKHOM cocTage. B pamkax peanmzanum
JTAaHHOTO MPOCTPAHCTBA KOMIaHUU-MEPEBO3-
YUKU OYIyT UMETh JOCTYTI K LIEHTPATU30BAHHOMN
0a3e JaHHBIX C HEOOXOMUMOW TOCTYITHOW WH-
dopMarmeii, KoTopasi MOXeT UCTIONb30BaThCs
TSI TIPUHSITHS PELIEHU, TTOBBIIIEHUS 2(Pdek-
TUBHOCTH €SI TETbHOCTY TOJBUXKHOTO COCTaBa,
yIpaBJieHUs KOMIIaHUEH, BhIpaxkatolleecs
B CHIXKEHUU 3aTpaT, MOBBIIIEHUN 3Gh(HeKTUuB-
HOCTH B3aMMOJICHCTBHS TIEPCOHANA.

BbiBOAdbl

IpencraBaeHHBIE BBINIE TEHACHIIUU
1MdPOBU3ALIUY KEJIE3HOAOPOXHON OTpaciau
YIJTYOJISTIOTCS] BBUJTY TTPOLIECCOB IT100ATU3alINH,
WHTEpPHAIIMOHAIN3AIUY 1TU(GPOBBIX TPaHC-
dopmariuii B cpepe BeaeHus busHeca. 2Kemnes-
HOJOPOXHAs1 OTpacib CTAHOBUTCS BCE OoJiee
OTKPBITOI U «OectoBHON». Llndposusanus
B KEJIE3HOIOPOKHO OTPACIU OCYIIECTBIISIET-
Csl HEe TOJIbKO OJlaroiapsi BHEJAPEHUIO HOBBIX
TEXHOJIOTUIA, HO U Oyiarogapsi epeocMbICiie-
HUIO TPAAULIMOHHBIX OM3HEC-MOJIENEe, aaar-
Talnu K UpPOBOI cpefie TTOCTUHIYCTPUAITb-
HOI 5KOHOMUKH.

MOXXHO TIPOTHO3UPOBATH, YTO PE3YJIBTATHI
TIPUMEHEHMST Memo0o8 IKOHOMUYECKOTO TTPO-
THO3MPOBAHUS M CUCTEMHOTO aHaJT3a IIPOTHO-
30B POCTa JIOXOJIOB OT BHEPEHMUSI «CKBO3HBIX»
TEXHOJIOTUIi OYTyT CBUAETEILCTBOBATH O TIOJIO-
SKUTEJIBHOM IMHAMUKE Pa3BUTHST PhIHKA TEXHO-
JIOTUI 3KeJIe3HOTOPOXKHOM ceTh. OOMIMe HOBBIX
TIPOTYKTOB U PELICHU 1 Ha pPhIHKE YKa3bIBaeT HA
WHTEHCUBHYIO IM(MPOBYIO TpaHC(HOpMaIIUIO
oTpaciu. BaxHol 0COOEHHOCTBIO TTPUMEHSIE-
MBIX Y TIEPCTIEKTUBHBIX ITM(DPOBBIX TEXHOTOTU A
Ha XeJIe3HOMOPOXKHOM TPAHCIIOPTE SIBJISTIOTCS
BBICOKMI yPOBEHb CHHXPOHU3AIIMY Y B3AUMHOM
YBSI3KU JOCTVKEHUI U3 Pa3IMIHBIX 00J1acTeid,
YTO TIO3BOJISIET TOOUThCSI 3HAUUTETLHOTO CH-
HepreTuyeckoro ag@exra.

TMonasnsronias yacTb COBpEMEHHBIX LIU(PPO-
BBIX TEXHOJIOTHI yXe TIPUMEHSIETCST WX TUIa-
HUPYETCS K BHEAPEHUIO Ha KeJIE3HOIOPOXKHOM
tpaHcropte B Poccuiickoit deneparnu, 8 OAO
«P2K]1». OnHako BBUTy TMHAMUYHOTO PA3BUTHS
LIMPPOBOI chephbl KeJIe3HOAOPOKHBIM OpraHM -
3aIUsIM BCEX CTPaH MOTPEOYeTCsl TTOCTOSTHHO
aKTyaJIM3UPOBATh OLIEHKU, TIPOTHO3BI 1 TITAHBI
JIeViCTBUIA, M B 3TOM IJIaHEe HEOOXOAMMBIM YCJI0-
BUEM SIBJISIETCSI PETYJISIPHBIN aHAIN3 JIYUIINX
MUPOBBIX TTPAKTHK, BBISIBJICHUE TIPe00Ianaro-

2]
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LIVX TeHACHIIVI U TPEHIOB TSI X TaJTbHEeIIIe-
TO YY€Ta IpU pelIieHNH CBOMX CIIeI(PUIECKIX
3a7a4, OOYCIIOBIEHHBIX OCOOEHHOCTSIMU JesI-
TEJILHOCTH 1 KOPIIOPATUBHOM CTpAaTETUEA.
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he current stage of development of the
30 I world economy is based on the paradigm

of rooting the principles of a new
technological paradigm and a significant
increase in importance of information. Particular
attention is paid to the quality of analysis of
available information, including data enrichment
and identification of significant causal relation-
ships.

Knowledge and information are among key
elements of the digital economy, which is
widespread today in all the sectors of the
economy and in social sphere. Mass digitalization
affects the processes and mechanisms of
functioning of the socio-economic relations
regarding most aspects of life, including through
development of integrated digital ecosystems
[1].

There are series of different definitions of
digital ecosystem and of ecosystem of digital
economy [e.g., 2]. F. Nachira, P. Dini and
A. A. Nikolai understand as a digital ecosystem
a combination of information network, social
sphere and knowledge sharing network [3].
E. Chang and M. West in their works defined
a digital ecosystem as a domain of a cluster
environment, including biological, economic,
and digital species, as well as technical means
[4]. H. Dong, F. K. Hussain extended a
concept of a digital ecosystem to a concept of
«digital artifacts» and infrastructure of data
transmission, storage and processing, users of
systems, including social, economic, political,
psychological and other factors affecting
implementation of interaction [5].

In modern realities, digital ecosystems
involve active use of automation technologies
and dominant role of information, which is a
key factor in making managerial decisions.
Digitalization opens new possibilities for analysis
of information, its acquisition and processing,
allowing to create more accurate predictive
models and improve data quality [6].

These facts contribute to emergence of a
network economy and a knowledge economy.
Digitalization involves replacement of traditional
tools for implementing various socio-economic
processes with digital ones, because of which the
environment of digital ecosystems is being
developed [7].

It’s worth stipulating that despite the active
spread of the principles of digital transformation
of the global economy and of the social sphere,
empirical and research base allowing to assess

the effects of implementation of the correspon-
ding digital initiatives have not been equal to the
scale of the tasks, both regarding economic
aspects, and generalization of possible spheres
of implementation of digital technology.

The objective of the article is to present the
results of the three-level study of prospects for
scientific and technological development of the
railway industry in the context of digitalization
of the economy based on application of the
methods of system analysis to international
expertise and practices. The first level of the
assessment was to identify the main directions
of development of digital technologies which
can be applied to railway transport; the second
level was focused on the analysis of strategic
railway documents developed in some regions
and by some international organisations
followed by identification of key trends in digital
development; the third one made it possible to
identify the most effective information
technologies to be implemented for railways,
particularly in the Russian Federation.

1. Main directions of digital technology
development

Among main objectives pursued by
digitalization, it is worth highlighting the
increase in operational efficiency of various
business processes, including:

« increasing speed, quality and accuracy of
the processes performed;

* minimizing the number of errors and their
significance, leveling the human factor;

« identifying new cause-effect relationships
and dependencies by processing large arrays of
unstructured information and applying advanced
data analysis algorithms;

« transfer of physical and material objects
into a digital environment for subsequent remote
control and monitoring in real world, etc.

In the Russian Federation, in accordance
with the Decree of the President dated May 7,
2018 No. 204 «On national goals and
strategic tasks of development of the Russian
Federation for the period until 2024»
(hereinafter — the Decree), one of the prio-
rity tasks is implementation of breakthrough
scientific, technological and social economic
developments, including development of the
digital economy [8].

To achieve the objectives and targets set
by this Decree, a system of national programs
(projects) was developed, including the



national program «Digital economy of the
Russian Federation». The purpose of this
national program is to provide necessary
conditions for digital transformation of
priority sectors of the economy and the social
sphere, development and implementation of
advanced domestic technologies and
solutions created on the basis of «end-to-
end» digital technologies (hereinafter —
EDT), development of an integrated digital
infrastructure and ecosystem [9].

In the framework of the federal project
«Digital technologies» of the national program
«Digital economy of the Russian Federation»,
special attention is paid to supporting
development of EDT and their subsequent
implementation in priority sectors of the
economy and social sphere. The following are
distinguished as EDT:

* quantum technologies;

» components of robotics and sensorics;

* neurotechnology and artificial intelligence;

* new manufacturing technologies;

* distributed registry systems;

* wireless technology;

» virtual and augmented reality technologies.

The priority areas for implementation of
these technologies are industries that have a
significant multiplier effect on other sectors of
the economy.

One of such industries in Russia is the railway
industry. According to the Strategy for scientific
and technological development of Russia [10],
the railway industry is one of the main elements
ofthe transport system of urban agglomerations,
it has the necessary innovative and scientific and
technical potential for successful digital
transformation. There are many researches
devoted to that topic, and we also intend to
address it in more details in further publications.

2. Strategic documents in the field of railway
transport and key trends in digitalization:
international experience

Digitalization in the railway industry is a
complex, multifaceted process that affects
various aspects of business processes and
determines the direction of scientific and
technological development. Despite the fact
that development and implementation of
digital technologies and solutions is not a core
business for most railway companies,
development of areas directly related to
digitalization is today a major scientific and

technological priority for the entire industry. A
rough estimate of the growth of income of
railway companies from introduction of
advanced intelligent developments only in the
field of rolling stock traffic control and
signalling is 19 billion euros per year [11].

At present, regional and international
organisations and associations have a great
influence on scientific and technological
development of the railway industry. Those
organizations actively publish reports and White
Books, which highlight the priority areas for
development of the railway industry, strategies
for scientific and technological development,
challenges, and the most successful products and
technologies. Such documents have a direct
impact on the development vector of the entire
industry. Among those documents we can cite:

* White Book of the European Commission
«Towards a single European transport space —
towards a competitive and resource-saving
transport system» (hereinafter referred as EU
‘White Book);

* White Book of Association of American
Railways «Putting Technology to Work. How
freight Rail Delivers the 21%century» (hereinafter
referred as AAR White Book);

» EU Rail Transport Development Program
Shift2Rail (hereinafter referred as EU Program).

EU White Book

Creation of a single European transport
space, development of an integrated approach
and common standards for controlling
movement of rolling stock, organization of
high-speed passenger and freight traffic, and
development of multimodal (intermodal)
transportation are highlighted among key
priorities for development of the railway
industry in the EU White Book [12].

In the context of digitalization of the railway
industry, the EU White Book identifies the
following areas of scientific and technological
development:

» use of advanced intelligent control
systems for the railway network and passenger
mobility information system;

+ creation of an intelligent system for
selling tickets for combined modes of transport
(organization of multimodal transportation);

+ optimization of traffic schedules and
traffic flows by applying TEN-T system to
infrastructure;

« use of intelligent transport systems;

31



32

+ deployment of Galileo European global
navigation satellite system;

« use of detection and tracking technologies;

+ development of technology for protecting
confidentiality of personal data;

* security technology development.

AAR White Book

The Association of American Railways pays
considerable attention to improving safety of
railway networks, reducing the negative impact
on the environment, and developing appropriate
legislation and technology [13].

Most of these areas are provided with digital
technology. The priority areas of digitalization
highlighted by AAR White Book are:

+ real time monitoring of infrastructure
facilities;

« use of innovative monitoring technologies
to improve quality of equipment maintenance;

+ prevention of errors caused by the human
factor;

+ introduction of special software for
monitoring, planning and accounting of fuel and
energy costs;

« use of intelligent sensors as part of
maintenance and repair processes;

+ use of big data and artificial intelligence
technologies;

+ automation of production processes.

EU program

The EU program emphasizes the importance
of digital transformation for creating cost-
effective and reliable trains, the use of new
running gears, braking systems, and development
of modular train components. Considerable
attention is also paid to creating an economical,
efficient, environmentally friendly and reliable
infrastructure with high throughput capacity
[14].

The priority areas of digitalization in the EU
Program comprise:

 automated train control;

« virtual coupling technology for wagons;

* cybersecurity;

« introduction of smart stations;

* introduction of smart energy supplies;

* increasing compatibility of various services;

« introduction of tracking technologies for
movement of trains, passengers and goods;

+ creation of «service assistants» for travel.

We would like to also highlight the Report of
the International Union of Railways entitled

«The Railway Operating Community (ROC)
involvement in EU projects» (hereinafter
referred as UIC Report). The UIC Report
outlines the importance of developing
multimodal transportation technologies and
improving safety systems. A significant part of
the UIC Report refers to development of energy
efficiency technologies, increasing efficiency of
power plants using hybrid technologies and
energy storage systems and development of
concepts for traction systems of the next
generation [135].

Besides the indicated areas, the following
digital solutions are highlighted in the UIC
Report:

« research of automated, compatible and
interconnected advanced traffic management
systems;

* increasing capacity of railway by
introducing automated train control systems;

» improvement and optimization of train
tracking systems;

+ development and application of monitoring
systems and methods for collecting big data;

* increasing standardization and unification
of information systems;

» development of intelligent passenger
mobility management platforms.

Leading railway companies in the EU and
USA are also actively implementing their own
digital development strategies, identifying
various advanced digital developments as their
own priorities for scientific and technological
development. However, it is worth noting that
these strategies largely overlap and correlate with
the above strategic development.

Table 1 generalizes key aggregated areas of
scientific and technological development
directly related to the digital transformation.

3. Priority technologies in the context of
digitalization in the railway industry

Implementation of intelligent automation
systems, optimization, and mechanization of
internal business processes.

In this field, railway companies are actively
introducing new means of interacting with
customers in the digital environment. The most
common way of digital interaction with a client
is to create mobile applications. Their
functionality allows electronic purchase and
booking of tickets, laying of «door to door»
routes using various categories of transport
(buses, car sharing) [16].



Table 1

Aggregated directions of scientific and technological development of the railway industry
in the context of digitalization

No. Direction

1 Introduction of innovative systems for automation and mechanization of transportation processes

2 Resource, safety, risk and reliability management at different stages of the life cycle of railway facilities
3 Development and implementation of promising technical means and «end-to-end» technologies for

railway transport infrastructure (railway automation and telemechanics, electrification and power supply,
innovative information and telecommunication technology, etc.)

4 Development of transport and logistics systems in a single transport space

The use of digital technologies comprises
introduction of smart tickets, which can be
stored on the user’s mobile device. Such tickets
provide a single access to various modes of
transport. Within the framework of mobile
applications, a customer feedback system is
implemented that allows companies to manage
quality of the services provided [12].

To improve quality of user experience,
«service assistants» are created. For travelers,
these platforms provide opportunities to simplify
«doorto door» travel, to be escorted throughout
the trip, considering personal preferences,
solving unforeseen situations during the trip and
simplifying interaction with various modes of
transport involved in the process of travel. For
commercial companies, these platforms make
it possible to reduce time and money costs by
forming the best route by analyzing a large
number of parameters and selecting optimal
values

The development and implementation of
these platforms allows carriers to simplify the
process of using company services by providing
convenient user experience by analyzing big data,
using artificial intelligence technologies, machine
learning and providing recommendations for end
users based on them.

One of the most important areas for
modelling corporate-to-customer interaction is
associated with predictive analytics and
passenger traffic forecasting systems. Using these
digital tools, it becomes possible to predict the
magnitude of demand for transport services
during a particular period by using big data
technology. This technology is also used in
implementation of dynamic pricing platforms.

The main effects of implementation of this
area of digitalization are reduced time for data
processing, increased fault tolerance, increased
productivity and consumer loyalty.

Additional features include active use of
business applications in internal processes,

linking digital devices of employees into a
single information network, using business
intelligence software, stimulating the work of
employees using digital tools.

Unlike existing solutions, these technological
trends can provide the company with the
maximum volume of information about its
activities, which allows to increase labor
productivity and effectiveness of internal
interaction.

Resource, safety, risk, and reliability
management at the stages of the life cycle of
railway facilities using digital systems.

Active implementation of digital techno-
logies not only opens new business opportu-
nities, but also entails new risks associated
with cybercrime. As part of ensuring infor-
mation- and cyber-security, digital systems
are being integrated into integrated automated
systems, are subject to continuous software
improvement, while introduction of monito-
ring, maintenance and remote configuration
of digital systems and equipment, and use of
cybercriminal countermeasures are expanded
[17].

Specific security measures include user
identification and authentication, firewalling,
restricting user access, distinguishing between
open networks, encrypting data transferred
outside the controlled zone, logging user and
administrator actions, regularly updating
software and using an open software product,
anti-virus protection of information resources,
management of information security tools, use
of the principles of majorization and reser-
vations.

To reduce the impact of the human factor
in emergencies, as well as to reduce injuries in
production, modern technologies are used,
including various navigation systems, which,
in turn, are necessary to provide shunting
automatic locomotive signalling systems
(MALS) with shunt-time information. It is
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worth noting that improvement of traffic safety
systems is based on creation of multi-level
multifunctional systems for interval regulation
oftrain traffic, interacting systems of automatic
driving and diagnostics on rolling stock, which
are inextricably linked with stationary
automation, telemechanics, and information
systems.

The sensors, digital means for monitoring
the conditions of facilities, non-destructive
testing technologies (without decommissioning
the facility) are being actively introduced. Smart
sensors, advanced analytical software and
information exchange systems for monitoring
equipment status in real time are being
implemented. Implementation of high-precision
coordinate systems, terrain design systems will
allow monitoring the movement of high-speed
trains. Also, laser and infrared detectors are
placed near the railway track, evaluating the
condition of axes and bearings of a moving train
together with smart cameras.

Sensors to detect explosives, smart chips, and
scanners are used as a means of ensuring
passenger security at stations and in trains.

Digital terrain modeling is carried out by
discrete scanning of the earth’s surface. The real
location of the object can be calculated due to a
high-precision satellite receiver operating in a
separate mode, synchronized with an inertial
system. Having determined the rotation angles
and relative deviations between the elements of
the studied area, it becomes possible to identify
the absolute coordinates of any point of laser
reflection within the appropriate limits.

Automated monitoring of rolling stock
maintenance will allow early detection of system
malfunctionsand maintenance errors. Monitoring,
diagnostics, and monitoring the state of the
infrastructure make it possible to identify in
advance the precautionary states of track devices,
power supply, automation, and telemechanics, and
determine the causes of malfunctions [18].

Digital monitoring of railway facilities can
increase safety, reduce the cost of the life cycle
of rolling stock and infrastructure, reduce
downtime of wagons, quickly identify and fix
technical problems, distribute staff more
efficiently, and increase economic and
operational efficiency and labor productivity.

Aspart of digital transformation, introduction
of smart power supplies is proposed, which
develops systems for planning, rationing,
accounting, and stimulating the saving of fuel

and energy resources, as well as maximizing fuel
efficiency. The implementation of these tasks is
carried out by introducing and using special
software that allows to control fuel consumption
based on the real time analysis of many variables,
in particular, of topography, track geometry, train
mass and length, wind speed.

Development and implementation of advanced
technical means and «end-to-end» digital
technologies for rolling stock and infrastructure
(railway automation and telemechanics,
electrification and power supply, innovative
information, and telecommunication technology,
etc.).

The key decisions in this scientific and
technological area are automated systems for
building operational traffic schedules, route
planning systems, digital platforms for providing
multimodal (intermodal, combined) transporta-
tion, digital platforms for managing transporta-
tion processes, auto-driving (autonomous
rolling stock), intelligent dispatch control
systems, unmanned transportation control
technologies processes, including loading/
unloading processes, «machine vision»
(technology segment of artificial intelligence,
the essence of which is to obtain and process real
images in order to solve applied problems
without full-scale human involvement).

Auto driving will increase transit capacity by
reducing the intervals between trains, and will
also help reducing energy consumption by
locomotives, due to the use of optimal algorithms
and the absence of a human factor influencing
rolling stock control. It should be noted that
machine learning technologies using data from
sensors are used to analyze the situation.
Alternative technologies include high-precision
locomotive positioning detection tools and an
electronic 3D map.

Digital simulation systems for railway
infrastructure are amidst key technologies for
creating a new type of railway system due to the
significant development of sensor technologies,
the amount of processed information, and the
computing power of computers. The technology
is able to improve the operational activities of
the railway company and is a key one, on a par
with intelligent systems, that uses the Internet
of Things to create an effective multimodal and
intermodal logistics systems.

Intelligent systems using the Internet of
Things in the process of monitoring the status



of rolling stock and railway infrastructure [19],
when successfully implemented in the
operational activities of railway companies, will
optimize maintenance. Subsequently, the
successful implementation of IoT technologies
will significantly automate the processes of
rolling stock and railway infrastructure
management.

Development of transport and logistics systems
in a single transport and information environment.

Introduction of advanced information and
communication systems is necessary to
implement the process of developing transport
and logistics systems in a single transport and
information environment. These systems
significantly accelerate the processes in the
supply chain and allow real-time monitoring of
the current state of the elements of the railway
network.

The use of information and communication
systems can simplify the process of short-term
planning and booking schedule threads. These
technologies make it possible to speed up the
decision-making process by operators and to
provide them with information regarding various
parameters. The use of information and
communication systems as a technological
railway communication and data transmission
channel allows to solve the problems of
compatibility and safety of train traffic on
railways.

In the process of introducing unified
information and communication systems,
processes of automation and simplification of
dispatching work are achieved, which increase
speed of processing requests, accuracy of the
analysis of incoming information and safety of
traffic management.

Besides information and communication
systems, active implementation of intelligent
integration technology platforms is also
underway. It is purposed to create a single
transport information environment that will
allow carriers to have a complete understanding
of the transportation process and make more
efficient use of information on rolling stock. As
part of implementation of this environment,
carrier companies will have access to a centralized
database with the necessary available information
that can be used to make decisions, increase the
efficiency of rolling stock operation, manage the
company, which will result in lower costs, more
efficient staff interaction.

Conclusions.

The above described digitalization trends
in the railway industry are deepening thanks
to the processes of globalization and inter-
nationalization of digital transformations in
the field of doing business. The railway
industry is becoming more open and seamless.
Digitalization in the railway industry is carried
out not only through introduction of new
technologies, but also through rethinking
traditional business models, by adaptation to
the digital environment characteristic of the
post-industrial economy.

It is possible to forecast that the results of
application of economic forecasting methods and
of a systematic analysis of forecasts of revenue
growth from introduction of seamless technologies
will witness a positive trend in development of the
railway network technology market. The
abundance of new products and solutions in the
market indicates intensive digital transformation
of the industry. An important feature of the
applied and promising railway digital technologies
is a high level of synchronization and mutual
coordination of achievements from various fields,
which allows obtaining a significant synergistic
effect.

Most of modern digital technologies are
already implemented or are scheduled to be
implemented for railway transport in Russian
Federation, and in JSC Russian Railways.
However, dynamic developments of the digital
systems will make railway organisations of all the
countries consistently upgrade their assessments,
prognostics, and action plans. So, regular
analysis of best global practices, revealing
prevailing trends, is a precondition for the
railway companies could efficiently consider
them while solving their tasks, specified by
activity features and corporate strategy.
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UccnepoBaHne reoMeTpu4yecKux
napamMeTpoB PeXyLiero UHCTPyMeHTa
penbcodpe3sepHOro noe3pa

Oner KPACHOB Auppeii HEQBAWIO

B cTarbe 13/10xeHbl MeTosbl MUCC/1Ie0BaHN
reoMeTpu4eckux napameTpoB paboyero nH-
CTPYMEHTa pesibCcoGdpe3epHoro noesaa rnocae
BbISIBJIEHVST B [IPOLIECCE MOLAKOHTPOIbHOV 9KC-
ryaraumv nocsie ppe3epoBaHus MONeEPEYHOro
npoguns pesabcos P65 ¢popmbl MHOMOYrosibHu-
Ka v HecooTBEeTCTBYS TPeOOBaHUSIM CTaHAapTa.
JlaHHbie meToab! Gblv arnpobupoBaHkb! NpUMe-
HUTEJIbHO K CJ1yHalo pesibCoppe3epHoro noesaa
P®Ir1-01. [lns ycTpaHeHvs npuymnH popMupoBa-
HWUSI HEKA4eCTBEHHOIro MonepeYyHoro rnpoguis
cneunanctamm AO «BHUKTW>» 6b11 npoBeaéH
KOMIJIEKC MCCAEeA0BaHWM MO yCTaHOB/IEHUNIO
pakTn4yeckoro npogus v NoAyKIoHKY pabo4ye-
ro MHCTpPyMeHTa (pe3epHbIX KoNEC — kacceT
cTBEPAOCIIaBHBIMU /1aCTUHaMMU. [1pon3BO/ILHO
oTObpPaHbl Mo OAHOV KaCCEeTe C Kaxaoro ¢gpe-
3€epHOro Kosieca. BbirnosiHeHo namepeHmne reo-
METPUYECKUX NapaMeTpOB KaCCeT Ha Koopau-
HarHO-M3MEPUTESIbHOV MalunHe. B pe3ysbtare
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uccaedosamenvCKuil U KOHCMpYKMopeKo-
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obnaka TOYeK Ha TPEYrosIbHUKU MPY MOMOLLM
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C vcrnosib30BaHNEM BbILLIENEPEYNCIIEHHbIX
MPUEMOB 10J1y4EHbI JINHUW PEe3aHusi KaccCer,
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npopuib peasca. JinHnum pesaHus cosmeLya-
JINCb OTHOCUTEJIbHO BEPTUKA/IbHOM OCU C MPo-
¢punem penbca P65 1o ycaoBuio AOCTUXEHUS
MWHUMAaJIbHOIO CPeAHEKBaapaTn4eckoro oT-
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COCTOY9HUE BOMPOCA
Mo PPESEPOBAHUIO PEJIbCOB
®pe3epoBaHue PEIbLCOB TPUMEHSIETCS IS
BOCCTaHOBJICHUST (POPMBI TOJIOBKU PEJTHCOB IO
TpeOyeMblii TpoUIb (Hajiee paccMaTpUBaeTCsI
cJIydJaii HOBOro peJibca Tuiia P65), ynaneHus
JUIMHHBIX Y KOPOTKKMX BOJTHOOOPa3HBIX HEPOB-
HOCTe, CHATUS Ne(PeKTHOTOo CI0s1 MeTajlla Ha
paboYMX MOBEPXHOCTSIX TOJIOBOK PEJIHCOB B ITy-
™ [1-3].

[TpuMeHUTENBHO K POCCUICKMM TpeboBa-
HMSIM KPUTEPUEM BbIOOpA BHMIA TEXHOJIOTUU
ITOBEPXHOCTHOI 00pabOTKM PEJTLCOB SIBIISICTCS
IJTyOMHa KOHTaKTHO-YCTAJIOCTHBIX e(DEKTOB:
npu ryouHe aedektoB MeHee 0,8 MM MprUMe-
HseTcs numdoBaHue, npu yorHe ot 0,8 1o
3,5 MM — (ppesepoBaHue [4].

[TyTeBble MalLIMHBI MEXaHUYECKOI 00paboT-
KU PEJIbCOB IOJDKHBI 00eCIIeuBaTh HEOOXOMM -
MBI CTaHIAPTHI ITOBEPXHOCTHOM 00pabOTKU,
B IJaHHOM CJIy4ae MpeIbsBIIIeMble K pebcaM
P65. locTikeHne TpeOyeMbIX ITapaMeTPOB P
M3TOTOBJICHMM HOBBIX 00pa3lioB XeJIe3HOIO0-
POKHOM TEXHMKH, B YaCTHOCTH, peibcodpesep-
HBIX TI0€3/I0B, COIPSDKEHO C OTJIAAKOK 000py-
noBaHus. JIia ycrpaHeHust 1e()eKTOB, BhISIBIISIC-
MBIX B xoae ucnbitanuii, AO «BHUKTU»
pa3paboTaHa MeToauKa. /]ess JaHHOM CTaTbU —
ONuCcaHue METOAMKHU UCCIIENOBAHUI TeOMETPH -
YeCKUX MapaMeTpoB paboyero MHCTPYMEHTa
peibcodpesepHoro noesaa. i WnmocTpauyy
OBLIO MCIIOIb30BAHO UCCIICIOBAHIE, CBI3aHHOE
¢ penbcodpesepHbIM noe3noM POIT-01.

PE3YJ1bTATbI

YcnoBus keiica

s peanuzauu TeXHOJIOTMY pesepoBa-
Hus peiabcoB AO «Kamyxckuii 3aBoa «Pem-
MyThMalll» B KOOMEpallMu ¢ aBCTPUUCKON

dupmoit MFL uzrotoBu peabcodpesepHblil
noe3n POII-1, KoTophlit OMHOBPEMEHHO BbI-
MOJHSIET 00pPabOTKY MOBEPXHOCTU KaTaHUS
00euX peJIbCOBBIX HUTEW Ha TAYOWHY 10
3,5 MM 3a ouH npoxoj noeszaa [S]. Pazpabo-
TaHa MHCTPYKIIUS IO (hpe3epOBAHUIO PETHCOB
B IYTU U OIBITHBIN TEXHOJOTUYECKUIA TTPO-
1ecc «PaboTa c mpuMeHeHueM pesibcoppedep-
Horo roe3na POII-1» [6; 7].

TTpu npoBeaeHUN UCTIBITAHUI pesibcodpe-
3epHoro mmoe3na PPDII-1 kak Ha ITpaBoM, Tak
U JIEBOM pEJIbcax UMeJIO MecTo (hopMUpOBa-
HUE JIOMaHOTO TIPOMUIIS C TOHUXKEHUEM T10-
BEPXHOCTU KaTaHMSI K BHEIIHEN CTOPOHE
penbcoB. [laHHasi 3aKOHOMEPHOCTh Ha0JIro1a -
Jach Ha Beex npodusix. [poucxoauno ¢pop-
MMPOBaHNE OCTPOTO yIJIa B 30HE COTIPSKEHMS
00paboTaHHOW U HEOOPabOTaHHOI MOBEPX-
HocTH [8; 9]. TuUnMYHBII TOMaHbI TPODUITHL
TOJIOBKM pejibca rnocie hpe3epoBaHUs TIpe-
craBJieH Ha puc. 1. KpacHbIM 11BeTOM (Ha co-
OTBETCTBYIOIIIYIO IMHUIO YKa3bIBACT BEPXHSIS
CTpeJiKa B JIEBOW W MPAaBOU YaCTSIX PUCYHKA)
Ha pUCYHKe 0003HaYeH HOBBIH pesibe P-65 mo
TI'OCT 51685-2013, 3e1€ HbIM (HVKHSISI CTPEI-
Ka) — npodub peabca nocie ppesepoBaHusl.

AHanM3 mornepevHoro npoduiis pebca,
(opmupyemoro rpu ppe3epoBaHUM, TTOKA3AIT
HEOOXOJMMOCTh TOTO, YTO HYXXHO YCJIOBHO
pa3ouThb MOTIepeYHbIN MPOMUIH Ha HECKOJIb-
KO 30H. [paHu1IbI 30H PUKCUPYIOTCS OYKBaMU
anganuTa.

'YcTaHOBIIEHO, UTO:

* MpoUJIM COBITAAIOT ITOJTHOCTHIO B 30HE
Ha paboueli BBIKpPYXKe OOKOBOW TI'paHU
(Ha yyacTke oT A 10 b);

* Ha BHYTpeHHEeU O0KOBOV rpaHu Mpodu-
s (paboyas rpaHb) BCel 3a BBIKPYXKOM
(ot b 1o B) BMecTO paguyca CONpsIxKEHUS

Puc. 1. Monepe4Hsbie npogunn HoBoro penbca P65 n ot¢ppesepoBaHHOro pesbca nocrse ppesepoBaHus
04HOBpPEeMeHHO ABYMS CEKLMUsIMU pesibcogppe3depHoro noesga CPH-1 + CP-2, nogyknoHka 1:20 [8; 9].

VIVIE SAH PIA ) 915
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Puc. 2. KoopamHaTHo-
namepuTenbHas MalnHa
Fusion-6 npon3BoacTea FARO.
[BnekTpoHHbINi pecypc]:
http://www.metrologi.ru/img/
flash/browyri/trexmer_kontr/
kim_faro/fusion_arm5.pdf.
Aoctyn 20.10.2019.

80 MM 0OpasyeTcst IPSIMOM YUACTOK IIMPUHOM
10,7 MM, OpMUPYIOLIHNIA ITPOIOIBHYIO ITOJIO-
Cy, ¢ TIIyouHoi#t B cpemHeit yactu 10 0,5 MMm;

* Ha ygacTke oT B 1o I, koTopslii onpene-
qsietcst paguycoMm 500 MM TOJIOBKU pefibca,
oTdpe3epoBaHHBIN TPOGIIH UMEET YIIIOBOE
CMeEIIICHUE TI0 YaCOBOM CTpeJIKe IO OTHOIIIE-
HUIO K UICXOTHOMY ITPO(UITIO, YTO BOZMOXHO
P PaCXOXKACHUHU OCel CUMMETPUU pesibca
u (ppe3epHOTO KojIeca;

* Ha BHEIITHECH IMOBEPXHOCTH TOJOBKU
penbca (Hepabodeit rpaHM) BMECTO TUTaBHOM
ITOBEPXHOCTH CUMMETPUYHOM pabodeii rpaHn
HMMEET MECTO ITOBEPXHOCTB C TIEPEIIOMOM ITPO-
¢wuna B toukax I' m 1. Ha yuactke I'—]1 o6pa-
30BaHa HAKJIOHHAs TIJIOIIAIKA C 3aHIDKEHEM
OT 3aJJaHHOTO TTPOMUIIS 10 2 MM.

Takum o6pa3om, TTonepedHbIii MPOPUIb,
dopmupyeMbIii TIpu Gpe3epoOBaHUM PEIHCO-
¢pesepHbiM moe3gom PDII-1, coBmamaer
¢ 3agaHHBIM mpoduiaeM P65 TolbKO B 30HE
paboueii BRIKPYKKH, B OCTAIBHBIX MECTaX OH
HE COOTBETCTBYET TPEOYEeMOMY OUePTAHUIO.

AJITOPUTM U METOAbI
OMNPEAENEHUA TEOMETPUYECKUX
NAPAMETPOB PEXYLUEIO
MHCTPYMEHTA ®PE3EPHbIX KOJIEC
Jlnst ycraHOBJAGHUSI MTPUYUH (POPMUPOBa-
HUS MPoduUs ¢ OTKJIOHEHUEM OT HOBOTO
npoduiist pesibca P65 BcTaia HEOOXOIUMOCTh
OIIpejieJIEHUsI TEOMETPUIECKMX TTapaMeTpOB

VI PA P M NI=

YCTaHOB/IEHHbIE B KaXK/AOM «KONIEHEY AATUMKM
A5 KOMNEHCALNM TeMNepaTypHbIX
AedopmaLinii MaTepranos KOHCTPYKLMM
«pyKM»

®yHKumA Auto Sleep oTkntoyaeT KUM npu
ANUTeNIbHOM npocToe

KOHCTpyKUMA 13 yrnennactuka u aBuaLyMoHHOTO
aNIOMNHNA

BcTpoeHHbIii ypaBHOBeLMBaOWMIA MeXaHU3M

LLynbl pasnyHbIX ANamMeTpOB, YANMHUTENM,
YrnoBble ONpaBku 1 AONONHUTENbHbIE
aKceccyapbl

TMIOBEPXHOCTEI pe3aHMs KacceT (hpe3epHBIX
Konéc penbcodpesepHoro nmoe3ga PDII-1
IJIS OIIEHK! CTETICEHU OTKJIOHEHMS Ipodu-
neii. OOBEKTOM HMCCIeIOBAaHUN SBISIINCH
YEThIPE KACCETHI, IEMOHTUPOBAHHEBIC C YETHI-
pex ¢pe3: n1Be — ¢ cekuuu ppesepHoit No 1
u OBe — ¢ cexuuu dpesepHoit Ne 2 [10].
OmnpeneeHne TeOMETPUUSCKUX ITapaMeTPOB
KacceT MPOU3BOAMIOCH C TTOMOIIBIO KOOPIH -
HaTHO-M3MepuTeabHOU MamuHel (KUM),
B HaillleM ciy4yae — Fusion-6 mpou3BoacTBa
FARO (puc. 2)".

Koncrpykumsgs KMM FARO noxoxa Ha
CTPOCHME YeJIOBEUECKOM pyKH. UMeeT mreue-
BOIi, JIOKTEBOW M KUCTEBO# cycTaBbl. Ha
TIEYEBOM CYCTaBE pacIIoiaraeTcst KpenexKHas
TUINTA, C TIOMOIIBIO0 KOTOPO#l MaIllMHa yCTa-
HaBJIMBACTCS Ha IUIOCKYIO MOBepXHOCTh. Ha
KHICTEBOM CyCTaBE MOHTHUPYETCS U3MEPUTEITb-
HBIMA LY.

B xaxmoM cycraBe MMEIOTCS TaTYUKH YT-
JIOBBIX MEpeMEIeHNI. B pexxnme peasbHOTo
BpemeHu KMM paccunTbiBaeT yriibl IOBOPO-
Ta Kaxaoro u3 12 JaTYMKOB yIjia ITOBOpOTa
¥ KOOPIMHATHI U3MEPUTEIIHHOTO IIIyTIa B IIPO-
CTpaHCTBeE.

KHMM ocyiecTsisier uaMepeHust B padbo-
yeii 30He 1800 MM ITpH TTOBTOPSIEMOCTH U3MeE-

! MoOuIbHbBIE KOOPUHATHO-U3MEPUTEIBHBIE MAITUHBI
FARO Quantum Arm. https://www.vivtech.ru/production/
kim_faro/faro_arm/.



Puc. 3. O6nako To4yek KacceT B U3BOMETPUU C BUAOM OOKOBOI MOBEPXHOCTU
KacceTtbl u noBepxHoCTu pe3auns [11].

Puc. 4. MocTpoeHHasi No AaHHbIM 06/1aKa TOYEK JIMHUSI pe3aHusl KacceTbl B niockoctu YZ [11].

perust Toukn 0,036 MM ¢ MOTrpelIHOCTHIO
JMHeRHBIX u3MepeHuii £0,051 mm.

ITpoBeaeHO MoONMHOE U3MEPEHME YETHIPEX
KacceT (ppe3epHbIX KOJIEC pesbcodpe3epHOTO
noesna POII-01.

B pesyabrate naMepeHuii mojaydeHo ooJia-
KO TOYEK ISl KaKIOl KacceThl. Pe3ynbraThl
U3MEPEHMIi 00JlaKka ToueK paboyeil MmoBepx-
HOCTH KacCeThl IIpeCcTaBIeHBI Ha puc. 3.

W3 nmosyyeHHOTro B pe3ysibTaTe U3MEePeHUit
00111er0 06J1aKa TOUYEK BblAEIEHbI 001aKa TOUEK
JIJIST KaxKA 0 U3 TBEPIOCIIaBHBIX I1acTUH. [To
KaxkmoMy 00J1aKy TOUEK C TTIOMOIIbIO MaTpUY-
HBIX TIpeoOpa3oBaHuil (CUHTYJISIPHOE pasiio-
KkeHue) [12] 1 ¢ UCroab30BaHUEM aJTOPUTMA
Henone [13; 14] (pa3bueHue obaka ToueK Ha
TPEYTOJIbHUKHN) OMPEaeISTUCh TOYKH, JIexKa-
IIM€ B TOPU3OHTAJIbHOM U BEPTUKAJIbHOU
TJIOCKOCTSIX TBEPIOCTUIABHBIX TIJIACTHH.

ITo oTOOpaHHBIM TOYKAM BBIBOAMJIACH
¢dopMya MIOCKOCTH BUIA:
xecosa+yecosb+zecosc—p=0,
rae a, b, ¢ — yrabl BeKTOpa HOpMaJIH IIOCKO-
crukocaMm X, Y, Z.

VIIE oA P A | =10

dopma TMHUY KPOMKH pPe3aHus TBEPIO-
CILIaBHOM TIJIACTMHBI OTpeaesIsiiach Kak Tie-
pecedyeHue nepeHell BEpTUKaIbHOM U TOpU-
30HTAJILHOM TUTOCKOCTEM. Bokpyr momydeH-
HOM mpsiMOii 0TOOpaHbl peajbHble TOYKU U3
HUCXOIHOTo obsiaka Touek. [TyTém coBmelle-
HUST KPOMOK pe3aHus BCeX IJIACTUH Ha Kac-
ceTe TToTyJeHa JIMHUS pe3aHUs KacCeThI, 00-
pasylomias dhakTU4eckuit GopmMupyemblit
npodub penbca (Mpohusib pe3aHusl Kacce-
ThI). Pe3yibraThl MOCTpOEHYSI TMHUY PE3aHUS
KacceThl IToOKa3aHbl Ha puc. 4.

ITo mpocTpaHCTBEHHBIM KOOpAMHATAM
o0J1aka TOYeK MOCTPOESHO N300pakeHNe Kac-
cet B uzoMerpun. [loctpoeHHOE TI0 00J1aKy
TOYEeK M300paxkeHHe TBEPIOCIUIABHBIX I1j1a-
CTUH Ha pabouell MOBEPXHOCTU KacCCEThI
MPEICTaBJICHO B U30OMETPUHU Ha pUC. 5.

JInHus pe3aHUST KacceThl, oOpasyrolas
dakTnueckuii mpoIb pejbca Mmocie oopa-
60TKH, 1 TTpoduitb pestbea P65 1o TOCT-51685-
2013 [15] coBMemaauch OTHOCUTENBHO BEP-
TUKaJbHOI OCH pelibca IO YCIOBHUIO MaKCH-
MaJIbHOTO COBMNAACHMS KOHTYPOB, TO €CTh 10

Y
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Puc. 5. lMocTpoeHHoe o AaHHbIM 06s1aka TO4YeK n306paxkeHne KacceTbl C TBEPAOCIaBHbIMU NAaCTUHAMN
B n3ometpuu B koopaunHatax XYZ [11].

Ta6umma 1
Pe3ynbsraTsl pacuéToB MOIYKJIOHKH 1O TOBEPXHOCTH pe3anus ¢pe3 [12]
Neo Howmep kaccetst ‘Yron nmoBopora, © TMonyknoHka
1 383 84 1,5 1:38
2 383 54 1,3 1:44
3 384 15 1,7 1:34
4 384 74 1,8 1:32

JIOCTVDKEHUSI MUHUMAJIBHOTO CpeTHEKBaIpa -
tuyHoro otkyioHeHUs1 (CKO). HanoxeHuem
JIMHUM pe3aHus KacceThl, 00pa3yolieii
daxkTrueckuii mpoduiab peiabca P65 mocie
00paboTku, n npodwis peibca P65 moiy-
YEeHO IOJIOXEHMEe BEepTHKaJbHOU ocu Z
KacCeThl.

ITo pesynbraTaM HalloXeHMS TTpoduieit
JIMHUM pe3aHust KacCeThl M MPOQUIIS pesibca
P65 onpenensiicst yroj Mexay OCblo CUMMET-
PUM TIOTIEPEYHOT0 MPOMUIIS pesibca U BEPTH -
KaJbHOW OChIO Z JIMHWU Pe3aHUsT KaCCeTHI,
obpasyrolleii (hakTHUeCKuii TpoduIb pebca
rocjie 00paboTKM, Ha OCHOBAaHUU KOTOPOTO
orpeelisiach (hakThdecKast MoayKIOHKaA.

ITocTpoeHHBIE B COOTBETCTBUM C METOJI -
KO#1 00pabOTKHU Pe3yIbTaTOB U3MEPEHUI JIM -
HUU pe3aHUsI COBMEILAIUCh C HOBBIM MPOpU-
JieM peJibca P65 1o mocTKeHnsT MUHUMAaJTb-
Horo CKO mexxay HakJ1aabIBaeMbIMU TTPOp -
JIsiMu. Pe3ynbraTel COBMEIIEHUS U pacyeT
MOAYKJIOHKM TTOBEPXHOCTH Pe3aHUsT Kaccer
MpeacTaBieHbl B Ta0. 1.

Takum 00pa3oM, pacCUMTaHHBIC 1O Pe-
3yJIBTaTaM U3MEPEeHUI Ha BBIOPAaHHBIX KacCe-
Tax Mo OAHOW C KaxJoil (pe3bl BETUIMHBI
MOIYKJIOHKU U3MEHSIIMCh B Tipeaesax ot 1:32
1o 1:44. [TonydyeHHbIe 3HAYEHUS TTIOAYKIOHKU
OJIM3KU K HOPMAaTUBHOMY YCTPOMCTBY €BpO-
nercKoi peabcoBoii Konen — 1:40 u He cooT-

BETCTBYET TpeOOBaHUsM [ 16], onpeaesiroimmum
JUIST POCCUMCKUX XKeJIe3HBIX TOPOT 3HAUYCHUE
noaykiaoHku 1:20.

PE3VYJ1bTATbl UBMEPEHUI
FEOMETPUU PEXYLLEIO
UHCTPYMEHTA

Pe3ynbraTel cOBMEIIeHUS TTOBEPXHOCTH
KaTaHus pejbca P65 u nuHuM pes3aHus,
TOJIYICHHOH ¢ ITOMOIIBIO M3MEPEHMI, KO-
TOpPBIC AIIITPOKCUMHUPOBAHEI IO CAMOI1 «BEI-
COKO¥1» TMHUU BBICTYIIOB HEPOBHOCTEH, TO
ecTh npoduib P65 u npoduinb, pa3BépHy-
TBI 00 (paKTUUECKOI MOBEPXHOCTU pe3a-
HUS, IS BCEX YETHIPEX KacCeT IMTOKa3alu:;

* Ipod Tk pe3aHus KacceThl Ne 1 mme-
€T IIOBEPXHOCTh, 0JIM3KYIO0 K Ipoduiiio P635;

* Ipod b pe3aHus KacceThl N 2 mme-
€T MMOBEPXHOCTH, OTIMYAIOIIYIOCS OT IIPO-
dwunst P65 6os1ee 3HaUMMO ¢ yI€TOM U3HOCA
PEXYIINX TpaHell TUIaCTHH,

* Ipod b pe3aHus KacceThl Ne 3 mme-
€T ITOBEPXHOCTD, eII¢ 00Jiee OTANIAIOIIYIO-
cs1 o1 mpoduist P65, ¢ yu€tom Gostee CUllb-
HOTO M3HOCa peXYIIMX TpaHeit TBEPIO-
CIUTABHBIX TIJIACTHH;

* IpodIh pe3aHus KacceThl Ne 4 mme-
€T MECTHBIC TOPU30HTAJIbHBIC YUACTKNA
¢ OOJTBIIMMMU BBICTYIIAMH, 00pa3yeMEbIe B pe-
3yJIbTaTe HEMPaBWJILHON HACTPOWKM ILIa-



ctuH 1 n 3 psgoa Ne 1 1 mnactuH 2 u 3 psana
Ne 2 kacceTsl.

BbiIBOAbl

1. Ing ycTaHOBJIEHUS MPUIUH DOPMU-
poBaHus npoduis peiabca P65 mocie dpe-
3epoBaHus moe3gomM PDPII-1 BbITOJIHEHBI
U3MEpPEHUS TEOMETPUUECKUX ITapaMeTpPOB
MOBEPXHOCTEN pe3aHus KacceT hpe3epHbIX
KOJIEC C MPUMEHEHNEM BBICOKOTOUYHOMN KO-
OPIMHATHO-U3MEPUTEIHLHONM MAllTUHBI.

2. Pa3zpaboTtaHa MeToaMKa OonpeaeaecHusI
TeOMETPUUCCKHUX MMapaMeTPOB PEXYIIeTo
UHCTPpyMeHTa (hpe3epHbIX KOJIEC C Mpeobpa-
30BaHMEM O0JaKa TOYEK METOIOM CHMHTY-
JISPHOTO Pa3JIOXKEHUS WM MOCTPOCHUS
3D-Moaeneli KacceT ¢ UCIOJIb30BaHMS al-
ropuTMoB JlejioHe.

3. B pe3y/bTaTe BBIITOJHEHHBIX UCCIIE0-
BaHU reOMeTPpUYECKUX ITapaMeTPOB TUHUU
pe3aHusI KacCeT YCTaHOBJICHBI MPUUUHBI
TTOBTOPSIIOIINXCST HEIOCTATKOB C(hOPMUPO-
BaHHOTO moclie ppe3depoBaHUA MPOPUI
pelnbca:

* HECOOTBETCTBUE BEJIMYMHBI (paKTUYE-
CKOI OAYKJIOHKM KacCeT HOPMaTUBHOMY
HOMUWHAaJY MOAYKJIOHKH PeJIbCOB, YCTAaHOB-
JICHHOMY Ha POCCUMCKUX XKeJIe3HBIX 10PO-
rax;

* HEeKaYeCTBEHHO MpOBenEHHAs Ha-
CTpOMKAa PeXYyIIUX I'PAaHEH IIACTUH Ha U3-
MEPUTEIILHOM CTOJIE;

* OTCYTCTBUE MPOBEPKHU Ha pagraibHOE
OueHue.

BenmmuunHBI (haKTHIeCKOM MOIYKIOHKHT
KacceT 0JJM3KK K HOPMAaTUBHOMY YCTPONCTBY
eBpoIreiickoit peabcoBoil Komeu (1:40), HO
He K poccuiickoii (1:20).

dakTuyeckas MOAYKJIOHKA Ha IMPOU3-
BOJIbHO BBIOPAHHBIX KacceTax Ha YEThIPEX
(¢ pe3epHbIX KoJIEcax uMeeT pa3opoc ot 1:32
o 1:44.

[TpousBoauTensiM perbcodpe3epHOro
rnoe3aa JaHbl COOTBETCTBYIOIINE PEKOMEH-
Talu.

[Toka3zaHHasl B cTaThe METOAMKA UCCIIE-
JMOBaHUSI TEOMETPUICCKUX ITapaMeTpoOB pe-
JKYIIETO MHCTPYMEHTA TPEICTABIISICTCS 10~
CTaTOYHO YHUBEpPCaJbHOU (IIpU amanTauuu
BBOIUMBIX IIEJICBBIX 3HAYCHUI K COOTBET-
CTBYIOIIEMY CTaHAAPTY) IJIs TIpUMEHEHUS
B YCJIOBUSIX XKEJIE3HBIX TOPOT pa3IMYHBIX
CTpaH.
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The Study of Geometric Parameters
of Cutting Tool of a Rail-Milling Train

Oleg G. KRASNOV Andrey V. NEDBAYLO

ABSTRACT

The article presents the methods of study
of geometric parameters of a working tool of
a rail-milling train after revealing after the
process of controlled operation of milling the
polygon-shaped transverse profile of R65 rails
not meeting the requirements of the standard.
Those methods were tested in the case of
rail-milling train of RFP-01 model. To eliminate
the causes of formation of a poor-quality
transverse profile, the specialists of JSC
VNIKTI conducted a series of studies to
establish the actual profile and incline of a
working tool of milling wheels which are plate-
holders with carbide plates. A plate-holder
from each milling wheel was randomly
selected. The geometric parameters of plate-
holders were measured with a coordinate
measuring machine. As a result of measure-
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ments, clouds of points of working surfaces
of plate-holders were obtained. To compress
and recognize images, a singular nx3 matrix
decomposition was used, where n is the
number of rows equal to the number of points
in the cloud, the columns are the coordinates
X, Y, Z. The next step was to split the point
cloud into triangles using the Delaunay
triangulation algorithm.

Using the above methods, plate-holders’
cutting lines were obtained that form the
actually shaped rail profile. The cutting lines
were aligned relative to the vertical axis with
the R65 rail profile as per the condition of
achieving the minimum root-mean-square
deviation. As a result, the reasons for poor-
quality shape of R65 rail profile after milling
were established, and recommendations
were formulated for their elimination.
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Rail milling: state-of-the-art

Rail milling is used to restore the shape of
the rail head to suit the target profile (hereinafter
the case of a new R65 rail is considered), to
remove long and short wave-like irregularities,
and to remove the defective metal layer from
working surfaces of rail heads on the track
[1-3].

In case of Russia requirements, the criterion
for choosing the type of technology for surface
treatment of rails is the depth of contact fatigue
defects: grinding is used with a depth of defects
less than 0,8 mm, and milling with a depth of
0,8 to 3,5 mm [4].

Track machines of mechanical treatment of
rails should ensure compliance with the set
standards of surface treatment, in the considered
case they should comply with standards with
regard to R65 rails. Obtaining of required
parameters when new types of rail track
machines, e.g. rail-milling trains, are
manufactured, is associated with debugging.
The JSC VNIKTI has developed the set of
methods to eliminate the defaults revealed
during testing. The objective of the article is to
describe the methods of the study of geometric
parameters of a working tool of rail-milling
train. The study of RFP-01 rail-milling train
was used as the case.

Results.

Case conditions

To implement the technology of milling of
rails, JSC Kaluga Remputmash [Track Repair
Machines]| Plant together with the Austrian
company MFL manufactured the RFP-1 rail-
milling train, which simultaneously processes

the rolling surface of both rails to a depth of up
to 3,5 mm in only a single pass [5]. Instructions
were developed for milling of rails along the
route followed by the description of an
experimental technological process «Operations
using the RFP-1 rail-milling train» [6; 7].
When testing the RFP-1 rail-milling train
on both the right and left rails, a broken profile
was formed with a lowering of the rolling surface
towards the outer side of rails. This pattern was
observed on all profiles. An acute angle was
formed in the mating zone of the treated and
untreated surfaces [8; 9]. A typical broken profile
of the rail head after milling is shown in Pic. 1.
The red color (the corresponding line is also
indicated by the upper arrow in the left and right
parts of the picture) in the picture indicates the
new R65 rail in accordance with GOST [State
standard] 51685-2013, the green color (or lower
arrow) shows the rail profile after milling.

Analysis of the transverse profile of the rail
shaped during milling showed the need for
conditionally dividing the transverse profile
into several zones. The boundaries of zones are
fixed by the letters of the alphabet.

It has been established that:

« profiles coincide completely in the zone
on the working coving of the side face (in the
area from A to B);

* on the inner side face of the profile
(working face) following the coving (from B to
C) instead of the mating radius of 80 mm a
straight section of 10,7 mm wide is formed,
forming a longitudinal strip, with a depth in the
middle part of up to 0,5 mm,;

* on the section from C to D, which is
determined by a radius of 500 mm of the rail

Pic. 1. Transverse profiles of a new R65 rail and a rail milled simultaneously by two SF-1 and SF-2 sections
of the rail-milling train; incline is 1:20 [8; 9].
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Sensors installed in each «joint» to
compensate temperature deformations of
materials of «arm» design

Function Auto Sleep turns off CMM in case
of long idle time

Design made of carbon-filled plastic and
aviation aluminum

Built-in balancing mechanism

Probes of various diameters, extenders,
angular arbor and a variety of additional
accessories

Pic. 2. Fusion-6 coordinate measuring machine manufactured by FARO. [Electronic resource]:
http://www.metrologi.ru/img/flash/browyri/trexmer_kontr/kim_faro/fusion_arm5.pdf.
Last accessed 20.10.2019.

head, the milled profile has an angular shift
clockwise with respect to the original profile,
which is possible when the axes of symmetry of
the rail and the milling wheel diverge;

+ on the outer surface of the rail head (non-
working face) instead of a smooth surface of a
symmetrical working face there is a surface with
afracture of the profile at points D and E. In D—E
section, an inclined platform is formed with an
understatement from a given profile up to 2 mm.

Thus, the transverse profile formed during
milling by RFP-1 rail-milling train coincides
with the given profile R65 only in the zone of
the working coving, in other sites it does not
correspond to the required shape.

Algorithm and methods for determining
geometric parameters of a cutting tool of milling
wheels

To establish the reasons for formation of the
profile with a deviation from the new R65 rail
profile, it became necessary to determine geometric
parameters of cutting surfaces of plate-holders of
milling wheels of the RFP-1 rail-milling train to

assess the degree of profile deviation. The study
used as objects four plate-holders, dismantled from
four milling cutters: two from the milling section
No. 1 and two from the milling section No. 2 [10].
The geometric parameters of plate-holders were
determined using a coordinate measuring machine
(CMM), in our case we used CMM FARO
Fusion-6 (Pic. 2)".

The design of CMM FARO is similar to the
structure of a human hand. It has a shoulder, ulnar
and carpal joints. There is a mounting plate on
the shoulder joint, with which the machine is
mounted on a flat surface. A measuring probe is
mounted on the wrist joint.

Each joint has angular displacement
sensors. In real time, CMM calculates
rotation angles of each of 12 rotation angle
sensors and coordinates of the measuring
probe in space.

CMM performs measurements in the
working area of 1800 mm with a repeatability

"FARO Quantum Arm. https://www.vivtech.ru/
production/kim_faro/faro_arm.



Pic. 3. The cloud of points of plate-holders in isometric view of the side surface
of the plate-holder and the cutting surface [11].

Pic. 4. The cutting line of the plate in YZ plane built on the point cloud data [11].

of measuring the point of 0,036 mm with an
accuracy of linear measurements of +0,051 mm.

The complete measurement of four plate-
holders of milling wheels of the rail-milling
train RFP-01 was carried out.

As a result of measurements, a point cloud
was obtained for each plate-holder. The results
of measurements of the cloud of points of the
working surface of the plate-holder are shown
in Pic. 3.

From the common point cloud obtained as
aresult of measurements, point clouds for each
of the carbide plates are selected. For each
point cloud, using matrix transformations
(singular expansion) [12] and using the
Delaunay algorithm [13; 14] (dividing a point
cloud into triangles), points lying in the
horizontal and vertical planes of carbide plates
were determined.

Based on the selected points, a formula of
the plane of the form was derived:
xecosa+yecosb+zecosc—p=0,
where a, b, ¢ are angles of the normal vector of
the plane to the axes X, Y, Z.

The shape of the cutting edge line of the
carbide plate was defined as the intersection of

the front vertical and horizontal planes. Around
the line obtained, real points from the original
point cloud are selected. By combining the
cutting edges of all the plates on the plate-
holder, a plate-holder cutting line is obtained
that forms the actual shaped rail profile (plate-
holder cutting profile). The results of building
the cutting line of the plate-holder are shown
in Pic. 4.

Using the spatial coordinates of the point
cloud, an isometric image of plate-holders
is built. The image of carbide plates on the
working surface of the plate-holder built
from a point cloud is shown in isometry in
Pic. 5.

The cutting line of the plate-holder,
forming the actual rail profile after processing,
and the rail profile R65 according to GOST
R51685-2013 [15] were aligned relative to the
vertical axis of the rail according to the
condition of maximum coincidence of the
contours, that is, until the minimum root-
mean-square deviation (RMS) is achieved.
By superimposing the cutting line of the
plate-holder, forming the actual profile of the
rail R65 after processing, and the profile of
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Pic. 5. An image of a plate-holder with carbide plates in isometry in XYZ coordinates
built on point cloud data [11].

Table 1
The results of calculations of incline on the cutting surface of cutters [12]
No. Pate-holder number Rotation angle, ° Incline
1 383_84 1,5 1:38
2 383_54 1,3 1:44
3 384_15 1,7 1:34
4 384_74 1,8 1:32

the rail R65, the position of the vertical axis
Z of the plate-holder is obtained.

Based on the results of applying the profiles
of the cutting lines of the plate-holder and the
profile of the rail R65, the angle between the
axis of symmetry of the transverse profile of the
rail and the vertical axis Z of the cutting line of
the plate-holder, which forms the actual profile
of the rail after processing, was determined
based on which the actual incline was
determined.

The cutting lines constructed in accordance
with the procedure for processing the
measurement results were combined with the
new R65 rail profile until the minimum RMS
deviation between the superimposed profiles
was achieved. The results of the combination
and the calculation of incline of the cutting
surface of the plate-holder is presented in
Table 1.

Thus, the magnitude of the incline
calculated from the measurements on the
selected plate-holders, one from each cutter,
varied from 1:32 to 1:44. The obtained values
of the incline are close to the normative
structure of the European rail gauge (1:40) and
do not comply with the requirements [16],
which determine the value of the incline 1:20
for Russian railways.

The measurement results of the geometry of
the cutting tool

The results of combining the rolling surface
of R65 rail and the cutting line obtained by
measurements that are approximated by the
«highest» line of ledges of irregularities, that is,
R65 profile and the profile deployed to the
actual cutting surface for all four plate-holders
showed that:

« cutting profile of the plate-holder No. 1
has a surface close to the R65 profile;

« cutting profile of the plate-holder No. 2
has a surface that differs from R65 profile more
significantly, taking into account wear of the
cutting faces of the plates;

« cutting profile of the plate-holder No. 3
has a surface that is even more different from
the R65 profile, taking into account more
severe wear of the cutting faces of carbide
plates;

« cutting profile of the plate-holder No. 4
has local horizontal sections with large
protrusions resulting from improper adjustment
of plates 1 and 3 of row No. 1 and plates 2 and
3 of row No. 2 of the plate-holder.

Conclusions
1. To establish the causes of formation of
the R65 rail profile after milling by RFP-1



train, measurements were made of the
geometric parameters of the cutting surfaces of
the milling wheel of plate-holders using high-
precision coordinate measuring machine.

2. A technique has been developed for
determining the geometric parameters of the
cutting tool of milling wheels with conversion
of a point cloud by the method of singular
decomposition and for construction of 3D
models of plate-holders using Delaunay
algorithms.

3. As a result of studies of geometric
parameters of the cutting line of the plate-
holders, the causes of the repeated defects of
the rail profile shaped after milling are
established:

+ discrepancy between the value of actual
incline of the plate-holders and the standard
rail incline’s nominal value established on the
Russian railways;

* low-quality adjustment of the cutting
faces of plates on the measuring table;

* lack of radial runout test.

Values of the actual incline of the plate-
holders are close to the regulated status of the
European rail track (1:40), but not to the
Russian one (1:20).

The actual incline on randomly selected
plate-holders on four milling wheels has a
scatter from 1:32 to 1:44.

The relevant recommendations were
addressed to rail-milling train manufacturers.

The set of methods to study geometric
parameters of the cutting tool described in the
article seems to be quite universal to be used
under the conditions prevailing at railways of
different countries, once its target parameters
are adapted to relevant standards.
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YcnoBusa onpokuabiBaHNUS MOPOXXHUX
KOHTEMHEepoOB NoA BO3AEUCTBUEM
BETPOBbIX HArpy3okK

Bnapumup NOMNoB AnHa MATELLEBA
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Crartbs packpbiBaeT rnpobiems! HapyleHus 6e30nacHoCcTu
ABVDKeHUs, BO3HUKaroLme B pe3ysibTate OrpOoKuAbIBaHUS MOPOXHUX
KOHTeIZHepOB Ha BeTpo3aBnNCUMbIX y4aCTKax XeJsie3HbIX 4OPOr.

B naHHovi paboTe B kayecTse rpumepa npuseaéH pss TPaHcnopT-
HbIX l'lpOVlCLLIeCTBMI;I B pasJin4HbIX PernoHax Mmvpa, BbI3BaHHbIX CObIBOM
KOHTeﬁHEpOE PassinyHbIX TUMOB CO crieynaan3npoBaHHbIX BaroHOB-
nnar¢opm nos BO3AENCTBUEM LLKBA/IMCTOrO BETPA PasinyHO CKO-
pocTu. PocTt yncna ﬂOﬂOﬁHle TPaHCrOPTHbIX l'lpOMCLLIeCTBMI;i Aaenaer
aKTyaanoﬁ HeOﬁXOﬂMMOCTb pa3p660TKM rnopsaka opraHusaunn
6e30MacHOro Nporiycka rpy30BbiX M0e3/0B, B COCTaBe KOTOPbIX nepe-
BO3SITCS [TOPOXHNE KOHTEMHEPSHI, NPy MPOrHo3npoBaHUM onacHoro
SIBJIEHUSI MOroAbl 10 MapLUpyTy UX C/eL0BaHUS.

Lleniblo HacCToSLLEro Nccien0BaHus SIBASETCS paspaboTka nHxXe-
HEepHOro metoga onpeaeneHvs ycnosm71 OnpoKuAbIBaHWs OT BETpOBOVI
Harpy3sku rnopoxHux KOHTeﬁHepOB CO crieunasin3npoBaHHbIX XeJ1e3HO-
AOPOXHbLIX 171aTPopM. Ha OCHOBE METOLAOB TEOPETUHECKON MEXaHUKMU,
C UCr10J/1b30BaHNEM ypaBHEeHVsI MOMEHTOB CUJ1, MPUITOXXEHHbIX K KOHTE-
Hepy, OTHOCUTEJIbHO K OCY €0 BpaLLeHVIs, aBTOPamMu HaieHbl yC1oBus
OrMpPOKVAbIBAHWNSI KOHTEMHEPA OT BO3AEVCTBYSI BETPOBOM HAarpy3Kku.

Bb1710 10J1y4E€HO BbipaxeHue, Mo3BOJISIOLLee ONPeaeNTb MUHA-
MaJibHyI0 CKOPOCTb BETpa, KOTopasi NpuBOANT K ONPOKUALIBAHUIO
OPOXHero KoHTeliHepa. B ctatbe npuseneHbl pacyETbl CKOPOCTU
BeTpa, NPUBOASILLEN K OMPOKNALIBAHUIO MOPOXHUX KOHTEHHEPOB
Pa3JINYHbIX TUMOB 47151 MPSIMbIX U 1J151 KPUBbIX yH4aCTKOB My TV XXeJ1Ie3HbIX
J10pOr C YYETOM MakcuUMasibHOro MpeBbILLIEeHNs] HapYXHOro pesbca.
lMonyyeHHble pe3ynbTaTbl MOATBEPXAAIOTCS AaHHLIMU MaTeMarnye-
CKOIro MOAE/IMPOBaHMS yCTONYMBOCTY KDEMIEHWS TOPOXHUX KOHTEN -
Hepos, nposenéHHoro komnarneii OO0 «Xekca» no 3akasy [MAO
«TpaHCKOHTeNHep».

Ha ocHoBaHum kapTorpaguyeckoi nHgpopmaLmm 6bim BoisiBie-
Hbl OCHOBHbIE BETPO3aBUCUMbIE parioHbl Poccurickoii denepaumm,
rzie MOryT pou30¥TY TPAHCIOPTHbIE MPOUCLLECTBYS C ONPOKMAbIBA-
HWEM OPOXHNX KOHTEIHEPOB.

Pe3synbTatsel uccnenosaHnsi MoryT criocob6cTsoBars pa3paborke
YHUBEPCasIbHbIX AJ151 Pa3/INYHbIX PErNOHOB MUPa TEXHUYECKUX peLue-
HWI, No3BOASIOLWMX 06eCNeYnTb yCTONYNBOCTb MOPOXHEIO KOHTEM-
Hepa rpu BO3Ae/CTBIN BETPOBbLIX HArpy30K.

Kno4yesble c/ioBa: Xene3Ho[0POXHbINM TPaHCOPT, KOHTENHEePHbIE NepeBo3Ku, NOABUXHONM COCTaB, BETPOBbLIE HArpPy3Kku, HapyLLeHus 6e3-

0nacHoOCTU ABUXEHWS, TPDaHCIMOPTHbIE MPOUCLLIECTBUS.
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€JIE3HOIOPOXKHBIM TPAaHCIIOPT

HaXOJIMUTCsI B TOCTOSTHHOM B3au-

MOAEUCTBUU C OKpYyXarlleh
cpenoii, KpyrjaoCcyTouHO QYHKIIUOHUDPYS
TOJ1 OTKPBITHIM HEOOM, TTO9TOMY €0 YETKast
U 6ecrniepeboitHasi paboTa BO MHOI'OM 3aBU -
CHUT OT KJIMMaTUYECKUX YCITOBUIA.

MHoTrue SIBJIeHUsI MOTOAHBIX YCIOBUM
B OTIIEJIbHOCTH WJIM B COBOKYITHOCTH C JIpY-
TMMU TMPUBOMIST HE TOJBKO K aBapUHBIM
CUTyalUsIM TIpU IBUKEHUM MOE310B, HO
M MOTYT BPEMEHHO Tapajim30BaTh paboOTy
CTaHIIMI, Y3JI0B U Jaxe 1IeJIbIX HallpaBiie-
Huit [1].

K 3TUM IBJIeHUSIM OTHOCSITCSI METEOPO-
JIOTMYECKUE TMOTOMHbBIC SIBJICHUS, TPOSIB-
JISTIOTIECs] B BUJIE CUJIBHOTO BETpa, IIKBa-
Jla WJIM yparaHa, KOTOpble MOTYT ITIPUBECTH
K HapylIleHUs M 0e30TacCHOCTH JIBUXEHUS
noe3nos [1; 2].

Psinm mpouciiecTBuii Ha XeJae3HBIX 10-
porax Mupa MoKa3blBaeT peaJibHyI0 oTac-
HOCTb JaHHBIX PUCKOB.

Tak, Ha BETPO3aBUCUMBIX Y9acTKaX Xe-
Jie3HbIX gopor Poccuiickoit @enepannu
u crpadn CHI umen mecto psna ciydyaeB
HapylleHU 0€30MacHOCTU JABUXKEHUS,
BO3HUKIIINX B pe3yIbTaTe OMPOKUIBIBAHU S
MMOPOXKHUX KOHTEWHEPOB.

22 anpenis 2014 1. 11 KOHTEHEPOB € TPy-
30M 001IUM BecoM 20 TOHH ONPOKMHYJIO
IIKBAJMCTHIM BETPOM C I'PY30BOTO KOHTEI -
HepHoro noesna B Amano-HeHeukom aB-
TOHOMHOM oOKpyre. CKOpOCTh BeTpa Ipu
sToM pocturana 20 m/c [3].

29 nexabps 2015 . B 5 yacoB 30 MUHYT
P CUJIBHOM TTOPBIBUCTOM BeTpe Oosiee
25 M/c Ha meperoHe BumrHeBKa—AHap
KaparanauHckoro otaenenus AO «Ha-
IOHAaJIbHAS KOMITaHUS «Ka3akCTaH TeMip
JKOJIBI» C TPY30BOTO KOHTEHEPHOTO MOE3-
Jla OBLJT OITPOKUHYT OJWH MTOPOXHUI KOH-
TeliHep [4]. B pe3yabrate upe3BbliuaiiHOMN
CUTyalluu 3ajiepXaHbl 12 maccakmpcKux
MOE3/10B.

13 aBrycra 2016 1., Ha 8046 KuIoMeTpe
neperoHa JJomukaH—Apxapa 3abaiikanb-
CKO1 KeJIE3HOU TOpOTH MPOU30IIIIIO TTaae-
HUE CeMU MOPOXHUX KOHTEMHEPOB C TPY-
30Boro noesna [5]. KoHnTelitHepsl yrnaau Ha
YETHBIN MyTh W MEePEKPBUIN IBUXEHUE
BCTPEYHOMY Ipy30BOMY Moe3ny. JABrKeHne
Moe3n0B ObLIO 3a0JJOKMPOBAHO B 000UX
HaIpaBJIeHUSIX. ABapusl Cllyaujiach u3-3a

PE3KOTO YXYIIIEHUS TMOTOIHBIX YCIOBHIA:
MOPOXKHME KOHTEITHEPHI B XBOCTOBOM YaCTH
cocTaBa CHYJIO IITOPMOBEIM BETPOM.

ITonoOHBIE cUTyallUU Ha XKEJE3HBIX
Joporax, Ipu4éM He TOJIbKO B OTHOIIEHUH
KOHTEUWHEPHBIX MTOE300B, IMTPOUCXOIIT
B cTpaHax EBpornbl u CIIIA.

3 auBaps 2018 r. B [lIBeiinapun u3-3a
BO3MIEMICTBUST yparaHHOTO BETPa CO CKOPO-
cThio 60s1ee 50 M/C ¢ peIbCOB COIIEI ITOE3I.
JIIsT TIpe1oTBpaIeHUST TTOCIEACTBUIN CTU-
XUWHBIX IBJICHUN B 3TOT neHb Demepanb-
HEBIe Xeye3Hble goporu llIBeitmapun 00b-
SIBUJIN 00 OTMEHE TPAaHCIIOPTHOTO COO0IIIe-
HUS 10 TTONYJISIPHOMY TYPUCTUICCKOMY
Mapipyty FOHrdpayiiox [6].

13 mapta 2019 r. BaMepUKaHCKOM IlITa-
Te Hblo-MeKkcuko, Bo3Jjie HaCEJIEHHOTO
nyHkTa JIoraH CoLIu ¢ peJibCOB 26 BATOHOB
ToBapHOro mnoesaa. HeoOGbluHOCTH cuTya-
UM 3aKJIIoYajach B TOM, UTO BarOHBI yIIa-
JIM C MOCTa MOJ BO3ACHCTBUEM CHIJIBHOTO
Betpa [7].

B psane uccnenoBanuit [8—10] nmpoBoau-
JINCH BKCTIEPUMEHTHI, TTO3BOJISTIOIINE BBIYMC-
JINTH JIOKAJbHBIC a3pOJMHAMUYCCKIEC Ha-
IPY3KHM Ha MOIBUKHOM COCTaB, BEI3BAHHBIC
OOKOBBIM M BCTPEYHBIM BETPOBBIM BO3JICii-
ctBreM. CTOUT OTMETHUTD, YTO 3TH UCCIIEI0-
BaHWUs OBUIM HalpaBJICHBI Ha M3yYeHUE
YCTOMYIMBOCTH TSITOBOT'O BEICOKOCKOPOCTHO-
ro MOABWIKHOTO COCTaBa, B TO BpeMs Kak
MHTEePMOIATbHBIM KOHTCIHEPHBIM TTEPEBO3-
KaM He YAeJISIIOCh JOJDKHOTO BHUMAaHUS.

Pacnopsixkenuem OAO «P2XKII» [2] ObL1
YTBEPXKIEH psiJl Mep, Tpearnoiaraloinnii
CHM3UTH PUCK BOSHUKHOBEHUS TPAHCIIOPT-
HBIX NIPOUCIICCTBUIN P MepeBO3Ke I0-
POXHUX KOHTCHHEPOB Ha CITEIIMAIN3NPO-
BaHHBIX KeJIE3HOTOPOXKHBIX IIaTdopmax
B YCJIOBUSIX ITPOTHO3MPOBAHUS IO MapIil-
PYTY MX CJIeIOBAaHMS CUJIBHOTO BeTpa,
IKBaja uinu yparaHa. OHU HecyT B cebe
TOJIBKO OPTaHU3ALIMOHHYIO KOPPEKTHUPOBKY
MepEeBO30YHOTO TIpoIiecca.

Ileav HaAcCTOSIIETO UCCIeAOBaAHUS 00-
yCJIOBJIeHa HEOOXOJAMMOCThIO pa3paboOTKU
WHXXEHEPHON METOIWUKH OILIEHKU XapaKTe-
PUCTUK BETPOBBIX HATPY30K, ITPUBOISIIINIX
K OTIPOKUIBIBAHUIO ITOPOKHNX KOHTEITHE -
POB B COCTaBe TPY30BBIX MOE310B. MIcImoiab-
30BaHbI METOIBI TCOPETUIECKON MEXaHUKMH,
B TOM YMCJIC IIPUMEHEHBI YpaBHEHUS MO-
MEHTOB CHJI.
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Puc. 1. Cxema geiicTBusi cun B CPEANHHOM Ce4eHUN KOHTelHepa.

PE3YJIbTATbI

B Hacrosiiee BpeMsi B 0071aCTU UHTEP-
MOJAJIbHBIX MEPEBO30K CYIIECTBYIOT €U~
HbIe TPEOOBaHUS K TEPEBO3UMbBIM KOHTE -
HepaM, UX rabapuram, Macce U yCTPOUi-
CTBaM KpeTuieHui. DTU TpeboBaHUS peryia-
MeHTUpoBaHbl ctanmaptamu MCO [11, c. 6]
nul'OCT [12,c.5;9, c.4]. B cnyuyae TpaHc-
MOPTUPOBKU XKEJIE3HOTOPOXHBIM TpaHC-
MOPTOM KOHTEUHEp 3aKperuiseTcsl Ha Xe-
JIE3HOMOPOKHOU TiaTdhopMe 4eThIpbMS
HVDKHUMHY YTJIOBBIMU (DUTUHTAMU TTOCPE/I-
CTBOM YHMBEpPCaJbHBIX KOHYCcOB. Takoe
KpemnJeHUue JOJXKHO MPENnsATCTBOBAThH
CKOJIbXXEHUIO U OTTPOKUIBIBAHUIO MO ACH-
CTBHEM TMPOJOJIbHBIX U TIOMEPEYHBIX CHIT,
OJHAKO MPU BO3AECWUCTBUU MOIMOJHUTEb-
HBIX BETPOBBIX HArPy30K 3TO KpernjaeHue
ce0s1 He OTNpaBIbIBAET.

Haitném ycnoBus onmpoKuabIBaHWS KOH-
TeiiHepa OT BO3/IEMCTBUS BETPOBOI Harpy3-
KM U3 ypaBHEHUSI MOMEHTOB CUJI, MPUJIO-
XXKEHHBIX K KOHTEUHEpPY, OTHOCUTEJIbHO
K OCHM €ro BpalleHUS MPU HAXOXIACHUU
TPY30BOTO MTOE3/1a Ha KPUBOM yJacTKe MyTH
KeJiedHoit joporu (cm. puc. 1). IlpaBuna
TeXHUYECKOU akcrayaTtauuu B Poccuu
YCTaHaBAMBAIOT MAKCUMAJIbHYIO BETUYUHY
BO3BBIIIEHUS HAPYXKHOTO pejibCca Ha KpU-
BOM Y4YacTKe MyTH XeJIe3HOU JOpOrH B pa3-
mepe 150 mm [14, Taba. 2, 3].

OCHOBHYIO pacIpeneIEHHYIO BETPOBYIO
Harpysky W (ITa) 3aMeHUM COCpelOTOYEH-
HOI CUJION HaBJICHUS BETpa, IPUIOKEHHOMU
K T€OMETPUYECKOMY LIEHTPY ITOABETPEHHON
MOBEPXHOCTU KOHTEMHEpPA U AEUCTBYIOILEN

VINPML PAH A M N=ID

HOPMAaJIbHO K Hei. YUTEM CHITY TSDKECTH KOH-
TeitHepa F; , a TakxKe CUITy TPEHUS TTOBEPXHO-

ctn KoHTeiiHepa o dutunru F,, , neiictsyio-

1LIYIO BAOJIb ITOBEPXHOCTU TPEHUSI U BO3HU-
KAloIlyl0 OT CWJIbl IaBJI€HUS BETpAa HA KOH-
TEMHEP U HOPMAJIbHOM COCTABJISIIOLLEI CHJIbI
TSDKECTU KOHTeMHEpa K MOBEPXHOCTU TPEHUSI.

Torma ypaBHeHHME MOMEHTOB CUJI, ITPHU-
JIO)KEHHBIX K KOHTEHHEPY, OTHOCUTEIbHO
K OCH €ro BpallleHUs, OyAeT UMETb CJICAYIO-
LI BUI:

2. M, =0, (1)

1
rae M, = F,*l — npousBeneHne MOIys
cunsl F, na rutevo cuibl;

[, — KpaTyaiiiee pacCTOAHUE OT IMHUU
JIEVCTBUS CUJIbI 10 OCY BpaIlleHUSI KOHTE -
Hepa.

MOMEHT CUJIBI CYUTACTCS TTOJIOXKUTETb-
HBbIM, €CJIM OH BpalllaeT KOHTEMHEp 110 Yya-
COBOIi CTpEJIKE, B IPOTUBHOM CJIydyae MO-
MEHT CHUJIbl CYUTAETCS OTPULIATEIbHBIM.

Cubl, neiicTByIOIIMEe Ha KOHTEMHeED,
C YUYETOM CIeJTaHHBIX MPEAIOJOXKEeHUN
MOXHO 3aIucarh B CJIeAYyIOIeM BUIE:

* CUJIa JaBJIEHUS BETpa, NPpUJOXEHHAas
K TEOMETPUUYECKOMY LIEHTPY MOJABETPEHHOM
IMMOBEPXHOCTU KOHTEMHEPA U ACHCTBYIOIIAS
HOPMAaJIbHO K HE:

Fy=veS,H, )
rae S = L *h — mioliaab MoABETPEHHON’
MOBEPXHOCTH KOHTeHepa, M? (31ech L,

h — nvHa U BbICOTA KOHTEHEpa COOTBET-
CTBEHHO);



Puc. 2. Puck cunbHbIX BETPOB.

* CcHUJIa TSIXECTH KOHTeiHepa OymeT
JIefiCTBOBATh B IICHTPE MacC:
Fr=meg.H, (3)

rae m — Macca ITIOpO2KHETO KOHTGﬁHCpa;
* CHJia TpC€HUA IMOBCPXHOCTU KOHTEM-

Hepa o utunru Fy, , neiicTByoIas B1OIb

ITOBCPXHOCTU TPCHUI:
F, =k, *(F;+Fsina),H, (4)

m,

rme kTp — K03 GULMEHT TPEHUS MTOKOSI.

Ha puc. 1 6bi1a nmpencrabieHa cxema
CEepeNMHHOTO CeUeHUsI KOHTeliHepa, oKa-
3bIBAIOIasi OCHOBHbBIE CUJIBI, JEHCTBYIONINE
Ha KOHTEWHEp, MPU MPOXOXKISCHUU KPUBO-
ro yJyacTka myTH.

B cepennHHOM ceueHUU HA KOHTEIHEDP
OTHOCHUTEJILHO OCU BpallleHUs NeHCTBYIOT
CIIeTyIOIINe MOMEHTBI CHT:

h
M, =Fy 2 )
b . h
M, =-F, cosa°E+FT s1na°§; (6)

M,=-F, *b=—k, (F,+Fsina)sb. (7)

W3 ypaBHeHMs (1) ¢ yuéToM ypaBHEHUIA
(2—7) moxyuynuM ypaBHEHUE IIJISI OCHOBHOM
BETPOBOM HArpy3Ku, HPUBOISIICH K OTIPO-
KMIBIBAHWIO KOHTCIHEpa:

mege [bcosa —(h - kmpb)sinaJ
heLe(h-2k,,b)

Ma. (9)

B cootBeTcTBUM ¢ [15] HOpMaTHUBHOE
3HAYEHUE OCHOBHOW BETPOBOW HATPY3KU W
OMpeneseTcsd KaK cyMMa CpeaHel w
¥ TTyJIbCALMOHHOM W, COCTABIISIOLINX:
W=w + w,. (10)

B cBoro ouepenb, HOpMaTUBHOE 3HAUEHUE
CPEeIHEN COCTaBJISIIONIECH OCHOBHOIM BETPOBOM
Harpy3ku w, B 3aBUCUMOCTU OT SKBUBAJIEHT-
HOM BBICOTbI KOHTEHEPA 7, HAll TOBEPXHOCTHIO
3eMJIU onpeaesisieTcs mo popmyJie [15, c. 18]:
w =wk(z)c, (11)
rae w, = 0,43V? — HopMaTUBHOE 3HAaUEHME
BETPOBOTO JaBJCHUSI;

k(z,) — KO3 OUUUEHT, YIUTHIBAIOLINIA
U3MEHEHNUE BETPOBOTO JaBJCHMUS IS K-
BUBaJE€HTHON BBICOTHI Z,;

C — adpoJMHAMUYECKUI KO HUIMeHT;

V' — ckopocTbh BeTpa, M/C, Ha ypOBHE
10 M HaJ TOBEPXHOCTHIO 3EMJIU.

Torna HopMaTUBHOE 3HAYEHUE MyJbCa-
LIMOHHOM COCTaBJISIIOIIEN OCHOBHOM BETPO-
BOii HArPY3KM W, Ha S5KBUBAJICHTHO BBICO-
Te KOHTeWHepa z, OTPeAesAeTCs 0 ClIENYI0-
et popmyiie [15, c. 20]:
wp=wm'§(ze)°v, (12)
rae £(z,) — KoopGULIMEHT MyIbcalnii 1aB-
JICHUS BeTpa;
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Taouua 1

Pe3yabraTel pacuéra

Tun

KpuBoit yaacToK myTH XeJIe3HO! J0pOoru

[psiMoOit y9acTOK IyTH XKeJIe3HOU TOPOTH

KOHTelHepa
& CKopocThb

Berpa V, (M/c)

Betposas
Harpyska,
w, (ITa)

Kraccubukanus
BETPOB, [2]

CKopocThb
BeTpa Vv,
(m/c)

Berposas
Harpyska,
w, (ITa)

Knaccudbuxamus
BETPOB, [2]

TPEXTOHHBIN | 617,48
KOHTelHep,

YK-3

24,96
HIKBaJl

CuuibHBII BeTep,

724,78 27,04 CuibHBIN BeTep,

1IKBal

40-dyToBbIit 32,67
BBICOKMIA
KOHTEWHED
(High Cube)

40’ HC

1057,39

VYparan

1165 34,29 Vparau

40-cdyrosbrit | 1319,2 36,49
CTaHIapTHBINA
KOHTEWHED
(Dry Van)

40’ DV

VYparan

1435,5 38,06 Vparau

20-dyroBeiii | 1466,85
CTaHIAapPTHBIA
KOHTEWHED
(Dry Cube)
20’ DC

38,48

Yparan

1596,16 40,13 VYparan

MSITUTOHHBIA
KOHTENHEp,
YK-5

2444.,6 49,67

Yparan

2620,39 51,42 Vparan

N — K03 bULUEHT NPOCTPAaHCTBEHHOM
KOppEJSIUY TyJIbcalluil JaBJICHUs BETpa.
C yuérom ypaBHeHuit (10—12) ypaBHe-
Hue (9) nmpeactaBUM B CIEAYIOIEM BUJE
OTHOCUTEIBbHO V (M/C) — CKOPOCTHU BeTpa
Ha ypoBHe 10 M Hai MOBEPXHOCTHIO 36 MJIU:

me g+[ beosa—(h-2k,,b)sinc |
0,43k (2, )=cohels
{1+ £(a (12,0

PacuéTbl ckopocTu BeTpa, NpuBOIsIIEH
K OIPOKUIBIBAHUIO TTOPOKHUX KOHTEWHE-
POB Pa3JIMYHBIX TUTIOB, MTPOBEAEM KaK JJIsI
MPSIMBIX YYaCTKOB MYTH, TaK U JJI5I KPUBBIX
YYaCTKOB IYTU XKeJE3HBIX TOPOT C YIETOM
MaKCUMaJIbHOTO TIPEBBIIIEHUST HAPYXKHOTO
penbca B 150 Mmm.

B xauectBe reorpaduueckoro paiioHa
TPAHCTIOPTHOTO MPOUCIIECTBUS BbIOpaH
paiioH A — «OTKpPBIThIE TTOOEPEXbsSI MOPEIf,
03€p U BOMOXPAHWJIUIIL, B CEJILCKO MECT-
HOCTHU, B TOM UYMCJI€ C TTOCTPOMKAMU BbI-
coroit meHee 10 M, TTyCTbIHU, CTETIH, JTECO-
crenu, TyHapa» [15, npun. E] — kak
HaunboJIee OMacHBIM.

Ha puc. 2 npeacrasineHa Kapra pucka
CUJIBHBIX BETPOB Ha Tepputopuu Poccuii-
ckoit denepannm [16, c. 152].

V>

- (13)

PesynbraThl pacuéra ckopocTu BeTpa,
MPUBOSIIENH K ONTPOKUABIBAHUIO TTOPOXK-
HUX KOHTEMHEPOB Pa3JIMYHBIX TUIIOB,
npeacTraBiaeHbl B TabJI. 1.

[MonyyeHHbBIE pe3yabTaThI MOATBEPKAA-
IOTCSI TAaHHBIMU MAaTEMATUIECKOTO MOJICJIN -
pPOBaHUS YyCTOMYMBOCTU KPEMJIEHUS TO-
POXHUX KOHTEMHEPOB, MPOBEAEHHOTO
kommanueit OO0 «Xekca» 1o 3akazy [TAO
«TpaHckoHTeltHep» [17].

AHaJiM3 CKOPOCTHU BETpa M pUCKa €ro
BO3HUKHOBEHUSI TTOKA3bIBAET, YTO HANOOTb-
111asi TOBTOPSIEMOCTh CUJIbHBIX BETPOB HA0-
JofiaeTcs B IpuOpexHbix paitoHax Ceepa
u [lanbHero BocToka, a B KOHTUHEHTAIBHOM
yacTu ctpaHbl — B cterisix. Ha CeBepe cTpaHbl
CKOPOCTh BE€Tpa BapbUpyeTCsl B Tpeaesiax
28—35 M/c, Ha HanpHeM Boctoke — 31—
38 M/c, B crensx CeBepHoro Kaskasza —
28—31 M/c. CKkOpoCTh BeTpa B MOPHIBAX
B BTHUX paiioHax — 6ojee 40 m/c [16, c. 151].

NMeHHO 3TH paitoHbl HanboJIee OTTaCHBI
JUTST OTIPOKUIBIBAHUS TIOPOXHUX KOHTEM-
HEPOB B COCTaBe I'PY30BBIX MOE3/I0B, OCO-
OEHHO Ha KPUBBIX yUacTKaX ITyTH XKeJIe3HbIX
JIOPOT. A TPEXTOHHBIN MOPOXKHUIN KOHTEH-
Hep IUPOKO ucrnoysbdyemoro B Poccum
tuna YK-3 gaBisiercs Hanbosiee ysI3BUMbIM
JUUTSI BO3/IEMICTBUSI BETPOBBIX HATPY30K IO
CPaBHEHUIO C IPYTUMU TUTIAMU.



BaxxHOCTb BBIBOAOB UCCIE0BAaHUS BO3-
pacTaetr ¢ y4€TOM TOro, 4YTO CymMMapHas
MPOMYyCKHAasl CIIOCOOHOCTh POCCUNCKUX
KOHTEeHEepHbIX TepMuHanoB K 2020 roay
YBEJIUYUTCS U COCTaBUT 1 1—12 MUITMOHOB
DD [18, c. 53], a TakKe TCHICHIINA K yBE-
JIMYEHUI0O KOHTEWHEepOnmoTOKa MO TpaHC-
KOHTUHEHTAJIbHOMY I'PY30BOMY KOPUIOPY
EC—KHP npu TOoM, 4TO 3HaAYUTEIbHAS
JIOJISI KOHTEMHEPOB, HaMpaBJsIeMbIX MO
5TOMY MapUIPYTYy, HAXOAUTCS B TOPOXKHEM
COCTOSIHUM, U CTATUCTUKA 3TOTO HE YYUThI-
BaeT [19].

BbIBO.,

Hanuuue 6ombiiioro uncia paiionos Poc-
CHM C 3aJJaHHBIMU XapaKTEPUCTUKAMU BETPO-
BBIX HArPy30K, CITOCOOHBIX ITPUBECTU K OMPO-
KUIBIBAHUIO TIOPOKHUX KOHTEWHEPOB B CO-
CTaBe TPY30BbIX MOE3I0B, Ta€T BO3MOXHOCTb
cnenatb oOIMiA BbIBOA. M CKITIOUUTETBHO
OpTraHU3alMOHHBIE MEPOTIPUSTHS HE PEILIA0T
pOoOIeMbI OTTPOKUIBIBAHUS TOPOKHUX KOH -
telfiHepoB. Heobxonuma paspadboTka TeXHU-
YECKHUX PEIIeHU, TO3BOJISIOINX obecre-
YUTh YCTOMYUBOCTB TOPOKHETO KOHTEHEpa
NpU BO3AECWCTBUM BETPOBBIX HATPY30K, OJ-
HUM U3 KOTOPBIX MOXET OBbITh U3MEHEHUE
KOHCTPYKIIUU (DUTUHTOBOTO YIopa.

ITockonbKy UHTEpMOJaIbHBIE KOHTEH -
HEpHbIE MEPEBO3KU MCIMOJIb3YIOTCS MpaK-
TUYECKU BO BCEX CTpaHaxX Mupa, Mpeajo-
JKEHHbIE B UCCIEAOBAHUY METOIbI pacuéTa
BETPOBBIX HATPy30K, MTPUIOXKEHHBIX K IO~
POXXHUM KOHTeHEpaM pa3IMIHbBIX TUTIOB,
MOTYT OBbLJIb aIaNITUPOBAHBI O OCOOEHHO-
CTU XeJe3HOJOPOXHON Kojeu cTpaH EB-
ponsl, CeBepHolt AMepuku, bianxHero
Boctoka, CeBepHoit Adppuku, ABCTpasiuu,
Kwuras, Kopeu u npyrux ctpas.
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ABSTRACT

The article reveals the problems of traffic safety violations
resulting from the overturning of empty containers on wind-
dependent sections of railways.

The paper refers to examples of several traffic accidents
caused by detachment of containers of various types from
specialized flat wagons under the influence of a squally wind of
various speed. The increase in the number of such traffic
accidents urges development of a procedure for safe transit of
freight trains, transporting empty containers, if a dangerous
weather event may be forecasted along their route.

The objective of this study is to develop an engineering
method for determining the conditions leading to overturning of
empty containers from specialized railway wagons under the
wind load.

Based on the methods of theoretical mechanics, using
the moment of force equation as applied to the container
relative to the axis of its rotation, the authors found the

conditions that cause container overturning under the
influence of wind load.

An expression was obtained that allows one to determine
the minimum wind speed, which leads to the overturning of an
empty container. The article presents the calculation of wind
speed leading to the overturning of empty containers of various
types for straight and curved sections of the railway track,
considering the maximum superelevation (cant) of the outer rail.
The obtained results are confirmed by the mathematical
modelling of stability of fastening of empty containers by
LLC Hexa requested by PJSC Transcontainer.

Based on the cartographic information, the main wind-
dependent regions of the Russian Federation were identified
where transport accidents caused by overturning of empty
containers might occur.

The results of the study can contribute to development of
universal technical solutions for different world regions to ensure
stability of an empty container when exposed to wind loads.
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Background. Railway transport is in constant
interaction with the environment, working
around the clock in the open air, therefore, its
clear and uninterrupted operation largely
depends on climatic conditions.

Many weather phenomena, individually or
in combination with others, lead not only to
emergency situations during train movement,
but can also temporarily paralyze operation of
stations, junctions, and even entire railway
directions [1].

These phenomena include weather
meteorological phenomena, manifested in the
form of a strong wind, a flurry, or a hurricane,
which can lead to violations of safety of train
traffic [1; 2].

Accidents at world railways show real
danger of those risks.

Hence, on the wind-dependent sections of
railways of the Russian Federation and CIS
countries, there have been several cases of
traffic safety violations resulting from
overturning of empty containers.

On April 22, 2014, 11 containers with cargo
weighing 20 tons were blown away by a squalling
wind from a freight container train in the
Yamal-Nenets Autonomous District. The wind
speed reached 20 meters per second [3].

On December 29, 2015, at 5.30 a.m., with a
strong gusty wind of more than 25 meters per
second on Vishnevka—Anar section of Karaganda
area of the JSC National Company Kazakhstan
Temir Zholy, an empty container was overturned
from a freight container train [4]. As a result of
the emergency, 12 passenger trains were delayed.

On August 13,2016, at the 8046 kilometer
of Domican—Arkhara section of Zabaikalskaya
railway, seven empty containers fell from a
freight train [S5]. The containers fell on an even
track and blocked traffic to an oncoming
freight train. Train traffic was blocked in both
directions. The accident occurred due to a
sharp deterioration in weather conditions:
empty containers in the rear of the train were
blown away by a gale.

Similar situations at railways, referring to
container and other trains, occur in Europe and
the USA.

On January 3, 2018, in Switzerland a train
was derailed by a hurricane wind of a speed of
more than 50 m/s. To prevent negative impact
of natural disaster the Swiss Federal Railways
announced cancellation of transportation on
the popular tourist route Jungfraujoch [6].

On March 13, 2019 in the US state of New
Mexico, near the settlement of Logan, 26
freight train wagons derailed. The situation was
unusual as the wagons fell from the bridge under
the influence of a strong wind [7].

Several studies [8—10] included experiments
that made it possible to determine local
aerodynamic load on rolling stock caused by
lateral and headwind. It is worth noting that
these studies were aimed at studying stability
of traction high-speed rolling stock, while
intermodal container transportation did not
draw due attention.

The decree of JSC Russian Railways [2]
approved a few measures to reduce the risk of
traffic accidents when empty containers are
transported on specialized railway wagons
under conditions when strong wind, squall or
hurricane are forecasted along their route. They
are limited to organizational adjustment of the
transportation process.

The objective of the present study is
associated with the necessity to develop an
engineering methodology for assessing the
characteristics of wind load, leading to the
overturning of empty containers in freight
trains. The methods of theoretical mechanics,
comprising moment of force equations.

Results.

Currently, in the field of intermodal
transportation, there are uniform requirements
for transported containers, their overall
dimensions, weight and fastening devices.
These requirements are regulated by ISO
standards [11, p. 6] and. In Russia, by State
standard (GOST) [12, p. 5; 9, p. 4]. In case of
transportation by rail, the container is secured
to the railway flat wagon with four lower corner
fittings using universal cones. Such fastening
should prevent sliding and overturning under
the action of longitudinal and transverse forces,
however, under the influence of additional wind
load, this fastening does not justify itself.

Let us find the conditions of the container
overturning caused by influence of the wind
load based on the equation of the moments of
force applied to the container relative to the
axis of its rotation when the freight train is
moving on the curved section of the railway
track (see Pic. 1). The technical operation rules
in Russia establish the maximum superelevation
of the outer rail on the curved section of the
railway track at 150 mm [14, Table 2, 3].
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Pic. 1. Scheme of action of forces in the middle section of the container.

The main distributed wind load W (Pa) is

replaced by the concentrated force of the wind
pressure applied to the geometric center of the
leeward surface of the container and acting
normally to it. We take into account the gravity

of the container Fy , as well as the friction force

of the surface of the container along the fittings
F; , acting along the friction surface and arising

from the force of wind pressure on the container
and from the normal component of the gravity
of the container to the friction surface.

Then the equation of the moments of forces
applied to the container, relative to the axis of
its rotation, will have the following form:

2 M, 20, (1)

where M, = F, + [ is product of the force modulus
F, and of the arm force;

[ is the shortest distance from the line of
action of the force to the axis of rotation of the
container.

The moment of force is considered positive
if it rotates the container clockwise, otherwise
the moment of force is considered negative.

The forces acting on the container, taking
into account the assumptions made, can be
written as follows:

« wind pressure force applied to the
geometric center of the leeward surface of the
container and acting normally to it:
F,=weS,H, )

where § = L *h is area of the leeward surface
of the container, m? (here L, 4 are length and
height of the container, respectively).

« gravity force of the container will act in
the center of masses
F,=m+g H,
where m is weight of an empty container.
« friction force of the container on the

3)

fittings F + , acting along the friction surface
F, =k, +(F, +F;sina),H, (4)

where k_ is coefficient of static friction.

Pic. 1 above is a diagram of the middle
section of the container, showing the main
forces acting on the container when passing a
curved track section.

In the middle section the following moments
of forces act on the container relative to the axis
of rotation:

h
M, =F, 'E; (5)

M,=-F, cosa-§+FG sina°g; (6)

M,=-F, eb=—k,(F, + F;sina)*b.  (7)

From equation (1), taking into account
equations (2—7), we obtain the equation for the
main wind load, leading to overturning of the
container:

mege| bcosa—(h—k, b)sina
W al (h=k,b) ]’Pa'(9)
he Le(h-2k,b)

In accordance with [15] the normative value
of the main wind load w is defined as the sum
of the middle w and pulse w, components:
W=w + W, (10)



Pic. 2. Risk of strong winds.

In turn, the normative value of the middle
component of the main wind load w,_ depending
on the equivalent height of the container z,
above the ground is determined by the formula
[15, p. 18]:

w, =wk(z)c, (11)
where w, = 0,43)7 is normative value of wind
pressure;

k(z,) is coefficient, taking into account the
change in wind pressure for equivalent height z ;

c is aerodynamic coefficient;

Vis wind speed, m/s, at the level of 10 m
above the surface of the ground.

Then the normative value of pulse component
ofthe main wind load w_at the equivalent height
ofthe container z,is determined by the following
formula [15, p. 20]:
wp=wm'Q(zg)'v, (12)
where {(z,) is coefficient of pulsation of wind
pressure;
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Calculation results

Table 1

Container type

Curved section of railway track

Straight section of railway track

'Wind load, w,
(Pa)

Wind speed V,
(m/s)

Classification
of winds, [2]

‘Wind load, w,
(Pa)

‘Wind speed V,
(m/s)

Classification
of winds, [2]

Three-ton
container,
UK-3

617,48

24,96

Strong wind,
windsquall

724,78

27,04

Strong wind,
squall wind

40-foot high

1057,39

32,67

Hurricane

1165

34,29

Hurricane

container
(HighCube),
40’ HC

40-foot
standard
container
(Dry Van)
40’ DV

1319,2 36,49

Hurricane

1435,5 38,06 Hurricane

20-foot
standard
container,
(Dry Cube)
20’ DC

1466,85 38,48

Hurricane

1596,16 40,13 Hurricane

Five-ton
container,
UK-5

2444.6 49,67

Hurricane

2620,39 51,42 Hurricane

N is coefficient of spatial correlation of
pulsation of wind pressure.

Taking into account equations (10—12),
equation (9) can be represented in the following
form with respect to V (m/s) which is wind
speed at the level of 10 m above the surface of
the ground:

Imeg+[boosa—(h-2k,b)sina |
0,43¢k(z,)ecehels
{1 24,0

V> . (13)

We will calculate the wind speed leading
to the overturning of empty containers of
various types, both for straight sections of
the track and for curved sections of the track
of railways, taking into account the
maximum superelevation of the outer rail of
150 mm.

Region A as the most dangerous was chosen
as the geographical area of the transport
accident, its features assume «open coasts of
seas, lakes and reservoirs, in rural areas,
including those with buildings less than 10 m
high, deserts, steppes, forest-steppes, tundra»
[15, annex E]J.

The Pic. 2 shows the map of risks of strong
winds in the territory of the Russian Federation
[16, p. 152].

The results of calculating the wind speed
leading to the overturning of empty containers of
various types are presented in Table 1.

The results obtained are confirmed by the
mathematical modelling of stability of fastening
of empty containers, carried out by LLC Hexa
on the demand of PISC Transcontainer [17].

An analysis of wind speed and the risk of its
occurrence shows that the highest frequency of
strong winds is observed in the coastal regions
ofthe North and the Far East, and in the steppes
in the continental part of the country. In the
North of the country, wind speed varies between
28—35 m/s, in the Far East its range is 31—
38 m/s, in the steppes of the North Caucasus if
is of 28—31 m/s.

These areas are most dangerous as for
overturning of empty containers transported by
freight trains, especially on curved sections of the
railway track. And UK-3 three-ton empty
container is the most vulnerable to the impact of
wind load among all types of containers.

The significance of conclusions of the
research grows as the total transit capacity of
Russian container terminals will increase by 2020
andwillamount to 1 1—12million TEU [18, p. 53]
and as there is also a tendency to increase
container traffic along the transcontinental EU—
China freight corridor, while a significant share
of containers sent along this route is empty, and
statistics do not take this into account [19].



Conclusion

Since many Russian regions have predeter-
mined characteristics of wind load that can lead to
overturning of empty containers in freight trains it
is possible to draw a general conclusion.
Organizational measures solely do not solve the
problem of neutralizing risks of overturning of
empty containers. It is necessary to develop
technical solutions to ensure stability of the empty
container when exposed to wind load, one of those
solutions may be developed through a change in
the design of the fitting stop.

Since intermodal container transportation
is widely used almost worldwide, the methods
of calculating wind load applied to different
types of empty containers that are suggested in
the article, can be adapted to features of railway
track in different countries of Europe, North
America, Middle East, Northern Africa,
Australia, China, Korea, and other countries.
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TexHoNnoOrMs MalUMHHOIO 3peHus
Ha IOKOMOTUBAX Ana ngeHtudunkaumm
nyTeBbIX CUrHANIOB

Butannii MUHAKOB BanentnH ®OMEHKO

lNoBbiLLIEHME Ka4eCcTBa rpeaoCcTaB/IseMbIX TPAHC-
MOPTHBIX Y JIOFTMCTUYECKNUX YCIYI B COBPEMEHHbIX
yCJ10BUSIX CBSI3@HO C BHELPEHNEM HOBbLIX U YI1y4LLe-
HUEM CYLLECTBYIOLLNX TEXHOJIOMMIA MHpOpMaTn3aumm
n uyngposnsaunm TpaHcnopta. OaHou 13 3aagay
BHEAPEHVSs LNdPOBbIX TEXHOOMNM B TEXHOIOrN4e-
Cckue rnpoLecchl Xes1e3HOA40POXHOro TpaHcrnopTa
SIBISIETCS MOBbILIEHNE 6€30MaCHOCTU NBUXEHUS
noesnos.

AHanu3 paboT OTEYECTBEHHbIX U 3apPyOeXHbIX
aBTOPOB, MOCBSILLEHHbLIX BOMPOCaM MoBbILLIEHUS] 6e3-
0rnacHOCTY ABUXXEHVSI 10e340B, nokasas, 4yTo B Ha-
cTosiLee BpeMsi 0AHOM 13 3aaa4 SIBISIETCS BHeApe-
HWe UMPOBbIX YCTPOKCTB aHa/M3a 06 bekToB MHGpa-
CTPYKTYPbI 110 X0AY ABWXeHus1 1okomoTvea. Ocoboe
3Ha4YeHue 3T0 NPUOBPETAET MPY yBEIMHEHNN CKOPO-
cTevi cnefoBaHusi oe3a0B N HalINYm AJINTESIbHbIX
noesaok, koraa 4esa0BeKy (MaluvmHUCTYy) 6biBaeT
CJI0KHO MpaBuIIbHO OLEHUTb C/IOXUBLLYIOCS CUTYa-
LU0 Y MPUHSITb MPaBUIbHOE PeLLIEHNE.

Llenbto naHHou paboTsl aBaseTcsl pa3paboTka
crnocoba aBToOMaTn4eCKOro KOHTPOJI1 0O bEKTOB Xe-
J1€3HOLAOPOXHOM MHPPACTPYKTYPbI 3@ CYET OCHaLLe-

Munaxoeé Bumaauii Anamoaveeun — Oymcicuil
20cydapcmeentblil yHusepcumem nymei cooOueHus.
(OuI'YIIC), Omck, Poccus.

Domenko Basenmun Koncmanmunosuu — Ovcruil
20Cy0apcmeer blil yHusepcumem nymei cooOueHus.
(OmI'YIIC), Omck, Poccusi™.

HWSI JIOKOMOTUBA TEXHOJIOrNEN MaLLMHHOIO 3PeHUSs,
a IMEeHHO BO3MOXHOCTb BU3YaslbHOro KOHTPOJIS 110~
Ka3aHui CUrHaJ10B ryTeBbIX CBETO®OPOB 10 XoAY ero
cnepgoBaHus. JIOKOMOTMB OCHALLIAETCS] BUAEOMO/Y-
nem ans pukcaumm rnoTokoBoro n3obpaxeHus rno
Xo4y ero ABUXEHUS M MUKPOIPOLIECCOPHOV arnnapa-
TYpOU a1 aHanu3a rnosiy4aemMoro n3obpaxeHusl.
B kayecTBe anroputma ro pacrio3HaBaHuIo MyTeBbIX
CUrHaJ1I0B Ha PUKCUPYEMOM M306paXXeHNN MPUMEHEH
maremarn4eckui annapar, OCHOBaHHbIV HA MOLEJISIX
CBEPTOYHbIX HEVIPOHHbIX CETEN.

BbinosHeHHasi paboTa nokasasia XxopoLume pe-
3y/IbTathl 110 AeHTUGuKaLmm nyTeBbIX CUrHaa0B Ha
aHann3npyemMbix n3obpaxeHusix. OCHallleHue Taro-
BOIro rnoABMXHOIMrO cocTaBa TEXHUYECKUM 3peHnem
MO3BOJINT BbIMNOJIHSI T CBOEBPEMEHHYIO UAEHTUDUKA-
L0 MyTeBbIX CUrHaoB, 3TO 0OCOOEHHO BaxHO Ha
XKEeJIE3HOLIOPOXHBIX MYTSIX, A€ OTCYTCTBYET KOAUPOB-
Ka B peJiIbCOBOW Liernu, 4To CrioCoOCTBYET MOBbILLEHWNIO
YPOBHS1 6€30M1acHOCTU ABVIXXEHUS 10e340B. Pa3Butne
rpeacTaBieHHOM TEXHOJI0M MM CriocobCTBYET Lngpo-
BU3aLMU XXe/1e3HOLOPOXHOIro TpaHCcnopTa, 4To ge-
J712eT ero KOHKYPEeHTOCMOCOBOHbIM Ha MUPOBOM PbIHKE.

KnoyeBbie crioBa: xenes3Has 4opora, JJOKOMOTUB, MaLLUMHHOE 3peHue, curHaamsaumvs, 6e3onacHoCTb
JBVXEHUS, TEXHUYECKOEe 3PEeHNEe, CBEPTOYHbIE HEVPOHHbIE CETU.

*NHdopmanma 06 aBTopax:

MwuHakoB Butanuii AHaToNnbeBUY — KAaHONOAT TEXHUYECKNX HAYK, AOLEHT kadeapbl TOKOMOTMBOB OMCKOro
rocynapCcTBEHHOro yHuBepcuTeTa nyTteit coobueHms (OMIYTC), Omck, Poccus, vitalya_13@mail.ru.
domeHko BaneHTuH KOHCTaHTUHOBUY — KaHAMAAT TEXHUYECKNX HayK, [OLEHT kadenpsbl

NIoKOMOTMBOB OMCKOr0 rocylapCTBEHHOr0 yHMBepcuTeTa nyter coobeHuns (OMIYINC), Omck, Poccus,

fomenkovk@mail.ru.

Crartbs noctynuna B pegakumio 23.11.2019, npunaTa k nyénukaumm 29.12.2019.

For the English text of the article please see p. 68.



AlIMHHOE 3pEeHUE SIBJISIETCS OJpa3-
JIeJIOM UHXEHEPUU, & UMEHHO 00-
MM HaOOpOM METOJOB, MO3BO-

JISTIOIINX KOMITBIOTEPAM «BUJIETH» TIPU IIOMO-
1y ndpoBeIX KaMmep. CeroaHst MalllMHHOE
3peHUe SBISIETCS HEOThEMJIEMOU YacCThIO
MHOTHMX aBTOMaTM3MPOBAHHBIX MPOIIECCOB.
Ero oGyacTe nmpuMeHeHUsI Ha TpaHCITOPTE
pa3HooOpa3Ha, HampuMep, OINpeie/IeHUE aB-
TOMOOUJIBHBIX HOMEPOB WM MOACYET JII0AeH
B TpaHCTIOpTe. 3aayaMy MallTMHHOTO 3pEHMST
SIBJISIETCSl aHAIM3 U300paXKeHUI WX BUIEO-
MOTOKa.

3apyOexXHble KOMITAaHUM, TaKue, Kak
Siemens, Rio Tinto, General Electric, moxa-
3bIBAIOT OOJIBIIYIO 3aMHTEPECOBAHHOCTh
B Pa3BUTUM MAIIMHHOTO 3PEHUS Ha XKee3-
HOIOPOXXHOM TpaHcnopTe. Umu npeaioxe-
HbI CUCTEMBI, O3BOJISIIONINE OCYIIECTBISATh
aBTOMATU3MPOBAHHBIN BU3YyaJIbHBIN KOHT-
pOJIb COCTOSTHUS TIyTHU, KOHTPOJUPOBATH
TEXHUYECKOE COCTOSIHUE CUCTEM B PEXUME
peaJbHOTO BPEMEHU, aBTOMAaTU3UPOBATh
JIBUKEHUE aBTOHOMHBIX JIOKOMOTHBOB.

MamuHHOE 3peHue UuMeeT 0OoJbllioe
3HaYeHUE AJis1 MOBBIIIEHUS 0€30MacHOCTU
JBUKEHUSI, B TOM UYMCJIe TIPU3BAHO CONEei -
CTBOBATbh COBEPIIIEHCTBOBAHUIO CYIIIECTBYIO-
IIAX CUCTEM CUTHAJIU3AINH.

Ecnu mb1 06paTumMcs K npumepy Poccuu,
TO OCHOBHBIM YCTPOWCTBOM XKeJI€3HOA0POXK-
HOU TEXHUKU B 00ecrneueHur 6€30MacHOCTU
JIBUXEHUS W TOBBIIIEHUU TPOIYCKHOMK
CITOCOOHOCTU Ha CETU XKEJE3HBIX TOPOT
Poccuiickoit @enepanuu sIByIsieTCs aBTOMa-

VINPALPA PIA A =10

TU4YecKasi JOKOMOTMBHAsI CUTHATU3AIUS
HenpepbiBHOro aeiicteus (AJICH). Ilpu
cienoBaHuu noesaa (Jokomotua) AJICH
10 HEMPEPHIBHOMY KaHaly CBSI3W B BUIE
PeIbCOBBIX HUTEH TTOTydaeT @ poBaHHYIO
nHGOPMAIIMIO O TOKa3aHUSIX BIIEPEIN pac-
MOJIOKEHHOTO CUTHaJIa IyTeBOTO CBETO(O-
pa. Pabora AJICH 3akiiouaeTcs B mepeaaye
MoKa3aHUH MTyTeBBIX CBETO(DOPOB Ha JTIOKO-
MOTUBHBII cBeTO(GOp U Ha YyCTpolicTBa
KOHTPOJS OJAUTEJbHOCTU MalIMHUCTA,
KOHTPOJISI CKOPOCTH IBUKEHUSI, aBTOCTOTIA
u ap. [1].

Ha yyacTkax eJie3HOTOPOXHOTO TYTH,
IJIe pacriojiaraloTcsi BpeMeHHbBIE MTyTeBbIe
CUTHAJBI, TMOO OTCYTCTBYET KOJIMPOBKA
JKEJIE3HOOPOXKHOTO TTyTH (OTCYTCTBUE KO-
IMPOBAHHOTO 3JIEKTPUYECKOTO CHUTHAaJa
B PEJIbCOBBIX 1IETSIX), MOKA3aHUST CUTHAIOB
He TlepeIaTcs K cucTeMaM 0e30MacHOCTH
JIBUKEHUSI TSTOBOTO TIOJBMXKHOTO COCTaBa,
YTO CHMXKAET YPOBEHb 0E30IMMaCHOCTU TIPU
cJIelOBaHUM JIOKOMOTHBA Ha 3aJlaHHOM
yyJacTke.

B noao6HbIX ciydyasix GYHKIIMIO TOTIOJ-
HUTEJbHOTO KOHTPOJISI BO3MOXHO OCYIIIE-
CTBJISITH C TTOMOIIbIO TIPUMEHEHUSI COBpPE-
MEHHBIX CPEJACTB KOMITBIOTEPHOT'O MOHUTO-
pUHTa — OCHAIIEHUS TSTOBOTO MOJBUXKHOTO
cocTaBa MallIMHHBIM 3PEHUEM.

Llenbto paboThI SIBJISIETCS pa3pabOTKa TeX-
HOJIOTUY BU3YaJIbBHOTO KOHTPOJIS TTOKa3aHUi
ITyTeBBIX CUTHAJIOB JIOKOMOTUBaMU. OcHaile-
HUE JIOKOMOTHBA TEXHOJIOTHUENW MAIIMHHOTO
3pEHUS TTO3BOJIUT €My «BUIETh» ITyTEBbIE
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dukcanuus TEKYyLIEro Kkaapa

KonBepranus nBeroBoro npocrpanctsa RGB — HSV

v

OnpeneneHue noJIoKeHUs! CBETO(opa OTHOCUTEIBHO OCH ITyTH

Ilonck 11BeTOBOTO AMama3zoHa

v

Brruuciaenue niaomaay BETOBOTO IIPpOCTpaHCTBaA

OmnpeieseHns COOTBETCTBUS IIBETOBOIO IIPOCTPAHCTBA
Ha (PUKCHPYEMOM KaJpe IIBETOBOTO MPOCTPAHCTBA CUTHAITY
ceerodopa (¢ momormrso MHC)

Puc. 1. Anroputm TeXHO/I0ruu MalLMHHOI O 3peHnsi. ABTOPCKUIA PUCYHOK.

CUTHAaJIbl, @ METO/Ibl BU3YaJIbHOT'O aHAJIM3a Ha
OCHOBE CBEPTOYHOI HEMPOHHOI ceTu — orpe-
NIEJISITh UX MTOKa3aHUE.

IIpyuMeHeHUEe MAIIMHHOTO 3PEHUS Ha
JIOKOMOTHMBAX IJI51 BU3YaJIbHOTO KOHTPOJISI
MOE3IHbIX CUTHAJIOB MMO3BOJIMT IMTPOU3BOAUTD
oOHapyxXeHHe, KIacCu(pUKaInmo 00bEeKTOB
U OTCJIEXKMBaHUE UX cOCTOSIHMS. [1pu naHHOM
MOJXO/IE MyTeBbIE CUTHAJIbI OYAYT BbICTYNATh
B Ka4ecTBe OOBEKTOB, a IMTOKA3aHUS MYTEBbIX
CUTHAJIOB — B KayecTBe KjaccuduKaluu.
Cienyet OTMETHUTB, YTO IIPUMEHEHNE MaIlTH-
HOTO 3pEHMST MOXET UCITOJb30BATHCS TOJbKO
B KayecCTBE MOIMOJHUTEIbHOTO KOHTPOJIS,
coBMecTHO ¢ cuctemoit AJICH, mig nckmio-
YEHUS OIIMOOK, MEePUOIUYECKU BO3HUKAIO-
IINX B PEILCOBOM 1IeTH [2].

I1pu cienoBaHUM TSITOBOTO MOJABUXKHOTO
COCTaBa I10 YYacTKY XeJIe3HOIOPOXHOIO MyTH

YCTPOMCTBO BUICOKOHTPOJISI (DUKCUPYET IUD-
poBOE M300pakeHNE 10 XOAY ABMKECHUS T10-
e31a. 30Ha MaIlTMHHOTO 3pCHUS OIIPEACIIsSIeT-
Cs B 3aBUCHMOCTHU OT TEXHUYECKUX TPeOOBa-
HUI 1 YCTIOBUH SKCIUTyaTalny. [TonHTe pBaib-
Has pukcauus uMdpoBoro n3oodpaxkeHus
B TIpefiesiax 30HBI KOHTPOJIS («3pEHUS JIOKO-
MOTHBA» ) TTIO3BOJIUT ITIPOM3BOIUTH OOHApYKe-
HHeE, OTCIeXHWBaHUE M KiIacCUDUKAIINIO
00BEKTOB MH(MPACTPYKTYPHI XKeJIC3HBIX TOPOT.

AHanm3 puKcrpoBaHHOTO Kaapa (Iudpo-
BOTO M300paXkeHMST) IMMyTeBbIX CUTHAJIOB OCY-
IIECTBISICTCS TEXHUUYECKUMU CPEeACTBAMU
C WCITOJIb30BAaHMEM Pa3INYHBIX OMOJIMOTEK
AJITOPUTMOB C OTKPBITBIM MCXOTHBIM KOIIOM.
[Tounck cOOTBETCTBUS LIBETOBBIX KOMITOHEH-
TOB Ha MU(PPOBOM M300PAKEHUN TIPU UACH-
TU(UKAIIAT OTIPEIeIEHHBIX ITyTeBbIX CUTHA-
JIOB 3aKJTIOYAETCS B aHAIM3E KaXKIOTro ITUKCe-

Ta0mmma 1

CooTBeTcTBHE HIEHTU(UIMPYEMbIX CHTHAJIOB CBETO(OpA K IIBETOBOMY NPOCTPAHCTBY'

TTpocTpaHCTBO 1IBETOB

RGB {255, 0, 0+ 100, 50, 50} {0, 0, 255 + 50, 50, 100} | {0, 255,0 = 50, 100, 50}
(red, green, blue)

HSV {0, 155, 155 = {255, 50, 50 = {120, 155, 155 =

(hue, saturation, value) 15, 255, 255} 255, 100, 100} 150, 255, 255}

Tlo naHHBIM aBTOPOB.



Puc. 2. OnpeneneHne NnpuHa[nexXHOCT cBeTogopa K rnyTun caefoBaHnsi. ABTOPCKUI PUCYHOK BbINOJIHEH
Ha ocHoBe paboTsi [2].

JIsT ¥ OTIPENEJICHUH KJIACTePOB LIBETOB C TIO-
CJICIYIOIINM pacIlo3HaBaHMEM 00pa30B IIPHU
TTOMOIIM UCKYCCTBEHHBIX HEIAPOHHBIX CETEH.

NMOCTAHOBKA 3AO0A4YU

3agayaMy TEXHOJIOTMM MAIlIMHHOTO 3pe-
HUS Ha JOKOMOTHMBAX SIBIISICTCS pa3paboTKa
aJITOPUTMOB IO aHaJINU3y IIBETOBOTO IPO-
CTPaHCTBA, ONPEICICHUIO MECTOTIOIOKEHUS
cBeTO(OPOB U MX MACHTU(UKALINY Ha LIUPPO-
BOM M300pakeHUU.

COXHOCTBIO TTPU UAEHTUMDUKALIAY TTyTe-
BBIX CUTHAJIOB SIBJISIETCS TO, 4TO (DOHOBAS
cpena He MOHOTOHHA U MI3MEHSIETCS B TIEPUOJT
aHaiuza uzobpaxeHuii. [loaToMy 3HaueHUEe
IyTeBOTO CUTHAJIa HE MOXKET OBITh CETMEHTH -
poBaHO OT ¢hoHa 10 pa3HUIIE B 1BeTe. LIBeTOo-
Basg monenb RGB (red, green, blue) numeet
MHOTO OTPaHUYEHUI IIPU UCTIOJIb30BAHUH IS
ormcanus uBeta [3]. B ormuune ot RGB 1iBe-
ToBasg monenb HSV (hue, saturation, value)
MEHee YYBCTBUTEJIbHA K BHEIIHEH cpene,
K SIDKOCTHM CBEeTa W TE€HH, €€ JIerde OTICIUTh
oT hoHa. OgHO 13 3a7a4 aaroputrMa (puc. 1)
SIBJIIETCSI KOHBEPTALMS (PUKCUPYEMOTO Kampa
n3 RGB B npoctpancTeo HSV 1 x cpaBHeHUe
C IVarna3oHOM UICHTU(MUIINPYEMbBIX IIBETOB.
Unentudunmpyemblii IBET — 3TO COOTHOIIIE-
HUE LIBETOBOU MAJIATPHI, K KOTOPOM MpUHAI-

JIEKUT AUAITa30H 1IBETOB CUTHATBHBIX YKa3a-
TEJCH.

Takum o0pa3oM, IS TTOMCKa IIBETOBOM
MMAJINTPBI, COOTBETCTBYIONICH MACHTUMDUIIN -
pYeMbIM CUTHaJIaM cBeToopa, yCTaHABIIMBA -
eTcd nuarnas3oH uBeToBoii Moaenu B HSV. I[pu
WICHTU(PUKAIIUY IIBETOBOI MAaTUTPHI HEOO-
XOOUMO OIIPEACIUTh IUIONIAAb IIBETOBOTO
MMPOCTPAHCTBA [UIST UCKITIOUCHUS CITyJaliHbIX
0JIMKOB, TIOMEX M IIIyMOB Ha (DUKCHUPYEMOM
n300paxkeHnn. JJaHHBIN TapaMeTp TIoIIaIn
YCTAHOBJICH OTIBITHBIM ITyTEM ITPU paboTe Hal
anropuT™MoM (Taour. 1).

[Tpu KoHTpOJIE XKeIe3HOMOPOKHOM CBETO-
BOI CUTHAJM3allMM CIIOCOOOM MAIIMHHOTO
3peHUS ITPY ABVKEHUY TIOKOMOTHBA IO CTaH-
LIMOHHBIM ITyTSM BaxKHO BBIITOJTHUTH (DUKCa-
IO UIMEHHO TOTO CBeTO(Opa, YTO OTHOCUTCS
K IyTH, TI0 KOTOPOMY CJICAYET Moe3a. DTo
CTAHOBUTCS CIOXHOM 3amayeii, Tak KakK CBe-
TOOpHI HA TEPPUTOPUU CTAHLIMHU PACITOIO-
JKeHBI Ha HEOOJIBIIIOM PACCTOSIHUM IPYT OT
Ipyra U B IpoIlecce aHaam3a M300pakeHUs
BO3MOXHA UICHTU(DUKAIINS «HE CBOCTO» CBE-
Todopa. s onpenesieHus «CBOEro» CBETO-
dopa, 3Hasg paccTossHMe T0 cBeTodopa (/) mo
MMpUOOpaM KOHTPOJISI TapaMeTPOB ABVKCHUS
JIOKOMOTHMBA U PACITOJIOXCHUE YIaIEHHOCTH
cBetoopa oT myTH (S) [2], BBIUUCIISICTCS YTOI
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Hcxoanoe (purcuposannoe)
nsobpaxenne RGB

Konsepranus B 11BeToBOC
npoctpancteo HSV

TTouck LBETOBOTO
MPOCTPAHCTBA

TpunaanexuocTs
CHUTHAJILHOTO ykaxa'rem:

Wnentudukarms
CHUTHAJILHOTO yKal}aTéﬂﬂ
¢ nomomio CHC

Puc. 3. Peaynbratbl TeCTUPOBaHUS pa3paboTaHHOM TEXHOI0rMn. ABTOPCKUNIA PUCYHOK.

MEXIy TUHWCH BU3UPOBAHUSI M yKa3zaTels
csetodopa 110 GopmyJe:

|
g S (1)

TakuM oOpa3oM, olpenesieHa o0J1acTh
IOMCKa CBETOBOM CUTHAIM3ALMU, YTO TAKXKE
MO3BOJISIET COKPATUTh YMCIIO OTIepallnii, Tpe-
OyeMBbIX JUIsI OOHaApyKeHUsI 00BbEeKTa Ha U30-
opaxenuu. Ha puc. 2 mpencraBieHa cxema
OImpeaesicHUsT U pe3yJbTaThl pacuéra yria
JIMTHUY BU3UPOBAHUSI, UCXOS U3 PACIIOOXKE-
HUS cBeTO(OPOB Ha CTAaHIIUU.

Cnoco6 006padboTky LMdPOBbIX U300paKe-
HUII OCHOBaH Ha METOIaX MAIlTMHHOTO 00yYe-
HUSI, C MIPUMEHEHUEM CBEPTOYHOI HEUPOH-
Hoii cetr (CHC) rimybokoro ooy4yeHUs1, KOTO-
pas saBisieTcst 9QOEKTUBHBIM UHCTPYMEHTOM
10 pacIio3HaBaHu1I0 00pa30B [4; 5]. CBEpTou-
Hasl HelipOHHAas CeTh COCTOMT U3 ABYX OJIOKOB:
MEePBBIi OTBEUaeT 3a BhIACICHNUE IPU3HAKOB,
a BTOpPOI — 3a MX KJIaCCU(PUKALIHIO.

BxomHbIMU TaHHBIMM IJI1 OOYYEHUST Heli-
POHHOI CEeTU SIBJISIIOTCSI CETMEHTUPOBAHHbBIC
M300pakeHUsI IyTEeBbIX CUTHAJIOB, YCTAHOBJICH-
HBIX Ha ITyTSX OOILEro MoiIb30BaHus (B HallleM
ciydae B34T npumep ctaHunu Omck). JlaHHbIe
M300pakeHMsT Pa30MThI HA IIOATPYITITHL: 00yJaro-
1IIYIO ¥ TeCTOBYIO. O011Iee KOJTMIECTBO BBIOOPKU
coctapsieT 6osee 500 n300pakeHMiA.

Hnsg ooyuenuss CHC npuHSITH cTaHIApT-
HbIC METO/IbI BEIYMCIICHUS 3HAYSHU I KaXKIIOTO
HelipoHa coriacHo Gopmyiam [6; 7]:

=1 S, o

| .
rme X — KapTa IIPU3HAKOB j BBIXOTHOTO CJIOSI
L
f— GyHKIIMS aKTUBAIIUY,
|
b, — koaddunment casura cios /;

|
W, ; — BeCOBbIE KOS(POULMEHTHI €104 /.

B xauecTBe (hyHKIIMM aKTUBALIUM TTPUHS -
ThI [8; 9]:

— JJISI CKPBITBIX CJ0€B pyHKuuUS Rel U
(rectified linear unit):

J(s) =max (0, 5); (3)
— TSI BBIXOJHOTO cji0s hyHKIUS Softmax:
f(s)=exp(q;)/ Zexp(qi), (4)

[JIe ¢, — CUTHAJ i-TO HelpOHa.

151 u3MepeHust KadyecTBa pacrio3HaBaHUS
00BEKTOB Ha M300paXeHUU MpUMEHEeHa
(yHKUMS cpeHeKBaIPaTUYHOM OIITMOKHN:

1

E=32(t-%), )
[Jie ¢, — KeJaeMblii pe3yJbTar i-ro HelipoHa,

¥,— BBIXOIHOW CUTHAT i-TO HEMPOHa.

JI1st cHU3KEeHMSI ymMcia ciydaeB nepeoo-
YUYEHUSI CETU, YTO MOXKET UCUUCIITHCS Thl-
cs4eil amox, MpuMeHeHa (YHKIIUS Perys-
puzauuu Dropout, TO €cTh, OCYIIIECTBISCT-
Cs1 UBMEHEHUE CTPYKTYPbI CETU TEM, UTO
KaxXAbIi HEMPOH BHIOpPACHIBA€TCS C HEKOTO-



poii BepodITHOCThIO p. B obiem ciyuae
(yHKIIMS OMUCBhIBaeTCS KaK:
J(s) =D-fs), (6)
rae D — MepHbIil BEKTOP CJTydalHbIX BEJTUUMH.
CBépTOUHas HEipOHHAs CETh IO MOUCKY
CBETOBOI CHUTHaAM3allMU Ha TUGOPOBHIX
U300paKeHUSIX peaqn30BaHa Ha sI3bIKe MPO-
rpamMmmupoBaHust Python 3.6 ¢ ucnonb3oBa-
HUEeM OUOJIMOTEK C OTKPBITBIM JOCTYIIOM —
Keras, NumPy, TensorFlow, Scikit-learn [2],
MMEIOLIMX BO3MOXHOCTh TOTOKOBOI 0Opa-
OOTKU TaHHBIX.

PE3YJIbTATbI

ITo pe3ynbraTam oOyueHus pazpaboTaH-
Hoii CHC monydyeHa olieHKa TOYHOCTH OT-
KJIMKa Ui o0y4alouieil Bbioopku — 88,3 %,
11t TectoBoit — 87,15 %.

PazpaboraH ajroputm TeXHOJIOTUU Ma-
IIMHHOTO 3pEHUs] OT MOMEeHTa (hUKcalnn
TeKyllero kaapa (u300paxkeHus ) A0 UIEeH-
TUhUKAIMYA HATUIKST TTYTEBOTO cBeTohopa
Ha HEéM, TIpeACTaBIeHHbI Ha puc. 1.

B xavecTBe mpuMepa BHITIOJTHEHBI TECTO-
BbI€ OLIEHKU Pa3pabOTaHHOW TEXHOJOTUHU,
HUCTIOJIb30BaHbl TU(MPOBBIE U300paXKEeHUS
3anpelialluX CUTHAIOB MyTEBbIX CBETO-
¢opoB, 4TO paHee He ObLIM UCITOJIb30BaHbI
npu ooyyenuu CHC. Pe3ynbratsl npencras-
JIEHBI Ha puc. 3.

IToBeienue kauectBa oteHk CHC st
UAeHTU(DUKAIINY TTYTEBBIX CUTHAJIOB Ha
aHAJTM3NUPYEMBIX N300pakeHUSIX BO3MOXKHO
TpY U3MEHEHUH KOJIMUECTBA CJTIOEB CBEPTKMU,
yYBeJIMYEHUU UUMPOBBIX U300pakeHUI 00-
y4Jarolieil BRIOOPKHU, IMMOBBIIIEHNN Ka9eCcTBa
aHaJIU3UpyeMbIx u3obpaxenuii [10].

SAKJIKOMEHUE

Pa3zpabGoTaHHBI aIrOpUTM Ha OCHOBE
CBEPTOUYHOM HEMPOHHOM ceTH, obecrieunBa-
€T HaXOXIeHUE, BbIACICHUE U UNCHTUDU-
KallMI0 MyTeBbIX CUTHAJIBbHBIX YKa3aTeeu.
I[IpuMeHeHUEe TEXHOJOTUU MALIMHHOTO
3pEHUsI Ha TTOABUKHOM COCTaBE MO3BOJUT
OCYIIECTBJSATh KOMIOBIOTEPHBI MOHUTO-
PUHT NOE3IHBbIX CUTHAJbHBIX yKa3aTeJaeu
KaK BPEMEHHBIX, TaK U TOCTOSTHHBIX, TTOBBI-
CUTb OAUTEBHOCTh MAILIMHUACTA TIOKOMOTHU -
Ba, UTO SIBJISIETCS HEOTHEMJIEMBIM YCJIOBUEM
obecneyeHUs 0€30MaCHOCTU ABUXEHUS
MOEe3M10B.

B Hacrogiee Bpems, Ha kKadenpe «Jlo-
KOMOTHUBBI» OMCKOTO TOCYIapCTBEHHOTO

VIIE oA P A | =10

YHUBEpPCUTETA TyTeil COOOIeHUsT, BEAETCS
paboTa 1o pelieHUIO 3a1a41 OTCIeXKUBAHUS
U UACHTU(GUKALIMU 0OOBEKTOB TIPU pa3Inyd-
HBIX TpaHC(hOPMAIIUSIX, OTHOCSIIITUXCS K ITy-
TEBBIM CUTHAJIaM, TEXHUYECKUM yCTPOIi-
CTBaM MOABUXHOIO COCTaBa, HECHhEMHBIX
MOJABUXKHBIX €IUHULL, U IPYTUX YCTPOMCTB,
YTO SIBJISICTCSI OMHUM M3 BEKTOPOB JaJIbHE -
IIeTO Pa3BUTHS UCCIICIOBAHMA.
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Machine Vision Technology
for Locomotives to Identify Railway
Colour-Light Signals

Vitaly A. MINAKOV Valentin K. FOMENKO

ABSTRACT

Improving quality of transport and logistics
services in modern conditions is associated with
introduction of new technology and improvement of
existing technologies of informatization and
digitalization of transport. A particular task of
introducing digital technologies into the technological
processes of railway transport is to increase safety of
train traffic.

The analysis of the works of domestic and foreign
authors on issues of improving safety of train traffic
revealed that at present there is a task of introduction
of digital devices for analyzing infrastructure objects
along the route of alocomotive. This is of importance
when increasing speed of trains or when the trips are
long, and it is difficult for a person (a driver) to
correctly assess the situation and make a right
decision.

The objective of this work is to develop a method
for automatic monitoring of railway infrastructure
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facilities, by equipping the locomotive with machine
vision technology, namely, to ensure the ability to
visually control the indications of railway colour-light
signals along the route. The locomotive is equipped
with a video module for fixing the streaming image
along its movement, and with the microprocessor
equipment for analyzing the resulting image. As an
algorithm for recognizing railway signals in a fixed
image, a mathematical apparatus based on models
of convolutional neural networks is used.

The work performed showed good results in
identifying colour-light signals in the analyzed images.
Equipping traction rolling stock with technical vision
will allow timely identification of track signals, this is
especially important on railway tracks where there is
no coding in the track circuit, which helps to increase
the level of train safety. The development of the
presented technology contributes to digitalization of
railway transport, which makes it competitive in the
world market.
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Background. Machine vision is a subsection
of engineering, namely it is a general set of
methods that allow computers to «see» using
digital cameras. Today, machine vision is an
integral part of many automated processes. The
scope of its implementation in transport field
is varied, for example, it is intended for
identifying car plates or for counting people in
vehicles. The tasks of machine vision is the
analysis of images or video stream.

International companies, such as Siemens,
Rio Tinto, General Electric, show great interest
in development of machine vision for railways.
They proposed systems that allow for automated
visual monitoring of the condition of track,
monitoring the technical condition of systems
in real time, and automated control of
autonomous locomotives.

Machine vision is significantly important
for ensuring growth of traffic safety, particularly
through modernization of existing signalling
systems.

If we address practices used in Russia, the
main device of railway equipment in ensuring
traffic safety and increasing transit capacity of
the railway network of the Russian Federation
is an automatic continuous locomotive signalling
system (ACLSS). When a train (locomotive) is
moving, ACLSS, through a continuous
communication channel which is provided by
rails, receives encrypted information about the
readings of the forward light-colour signal
device. The ACLSS operation consists in
transmitting the readings of track colour-light
signals to a locomotive colour-light device and
to devices monitoring the vigilance of the driver,
controlling traffic speed, providing automatic
train stop, etc. [1].

On sections of the railway track where
temporary track signals are located, or there is
no coding of the railway track (lack of a coded
electrical signal in the rail circuits), the signal
readings are not transmitted to traffic safety
systems of traction rolling stock, thus reducing
the level of safety when a locomotive moves
within a given section.

In such cases, the function of additional
control can be carried out using modern
computer monitoring tools by equipping
traction rolling stock with machine vision.

The objective of the work is to develop a
technology for visual control of readings of
railway signals by locomotives. Equipping a
locomotive with machine vision technology will

allow it to «see» railway signals, while visual
analysis methods based on a convolutional
neural network will allow it to identify their
readings.

The use of machine vision for locomotives
to visually control railway signals will allow
detection, classification of objects and tracking
their condition. Using this approach, railway
signals will act as objects, and readings of
railway signals will serve as a classification
attribute. It should be noted that the use of
machine vision can only be used as an additional
control, together with ACLSS system, to
eliminate errors that periodically occur in the
rail circuit [2].

When traction rolling stock moves along a
section of a railway track, a video control device
captures a digital image along the train route.
The zone of machine vision is determined
depending on technical requirements and
operating conditions. Interval capture of a
digital image within the control zone (locomo-
tive vision zone) will allow for detection,
tracking and classification of railway infra-
structure facilities.

The analysis of a fixed frame (digital image)
of railway signals is carried out by technical
means using various libraries of open source
code algorithms. The search for correspondence
of colour components in a digital image, when
identifying certain railway signals, consists in
analyzing each pixel and determining colour
clusters, followed by pattern recognition using
artificial neural networks.

TASK SETTING

The tasks of machine vision technology for
locomotives is to develop algorithms for
analyzing colour space, determining the
location of colour-light devices and identifying
them in a digital image.

The difficulty in identifying railway signals
is that the background medium is not
monotonous and is changing during the image
analysis period. Therefore, the value of the
railway signal cannot be segmented from the
background by the difference in colour. The
colour model RGB (red, green, blue) has many
limitations when used to describe colour [3].
Unlike RGB, the HSV (hue, saturation, value)
colour model is less sensitive to the external
environment, to brightness of light and shadow,
it is easier to separate it from the background.
One of the tasks of the algorithm (Pic. 1) is the
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Fixing a current frame

v

Conversion of color space RGB — HSV

Pic. 1. Algorithm of machine
vision technology. Authors’
design.

Identifying the location of colour-light signals relative to track axis

Search for colour range

Calculation of colour space area

v

Determining the correspondence of colour space in the frame of colour space
being fixed to the signal of colour-light signal (with the help of ANN)

Table 1

Correspondence of identified signals of a colour-light signal device to the colour space'
Colour space
RGB {255, 0, 0+ 100, 50, 50}  {{0, 0, 255 + 50, 50, 100} | {0, 255,0 + 50, 100, 50}
(red, green,
blue)
HSV {0, 155, 155 + 255, 50, 50 = {120, 155, 155 +
(hue, 15, 255, 255} 55, 100, 100} 150, 255, 255}
saturation,
value)

! According to the authors’ data.

conversion of a fixed frame from RGB to HSV
space and their comparison with a range of
identifiable colours. An identifiable colour is
the ratio of the colour palette to which the
colour range of the signal pointers belongs.

Thus, to search for a colour palette
corresponding to the identified signals of
colour-light device, the range of the colour
model in HSVis set. When identifying a colour
palette, it is necessary to determine the area of
the colour space to exclude random glare,
interference, and noise in the captured image.
This area parameter is set empirically when
developing the algorithm (Table 1).

‘When controlling the railway light signalling
using the machine vision method, while the
locomotive is moving along station tracks, it is
important to fix the machine vision on the
colour-light signal device that is intended for
the track, along which the train moves. This
becomes a difficult task, since the colour-light
signals in the station are located at a small
distance from each other, and in the process of
image analysis, identification of «alien» signal

device is probable. To determine «one’s own»
colour-light signal device, knowing the
distance to the signalling device (/) according
to the devices controlling locomotive’s motion
parameters, and the remoteness distance of the
device from the track (5) [2], the angle between
the line of sight and the light indicator is
calculated by the formula:

|
o= (1)

Thus, the search area for the light signalling
is determined, which also reduces the number
of operations required to detect an object in the
image. Pic. 2 shows the identification pattern
and the results of calculating the angle of the
line of'sight, considering the location of colour-
light signals at the station.

A method of processing digital images is
based on machine learning methods using a
convolutional neural network (CNN) of deep
learning, which is an effective tool for pattern
recognition [4; 5]. The convolutional neural
network consists of two blocks: the first is
responsible for selection of features (attributes),
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Pic. 2. Determining attribution of a

colour-light signal to the track that

the locomotive uses. The authors’
picture is based on the work [2].

and the second one is responsible for their
classification.

The input data for training the neural
network are segmented images of track colour-
light signals installed on the public tracks
(we use the example of Omsk station for
illustrating the described case). Image data is
divided into two subgroups: training subgroup
and test one. The total number of samples is
more than 500 images.

To learn CNN, standard methods for
calculating the values of each neuron according
to the formulas [6; 7] are accepted:

Xj = f(Zx:“w:,,- +bi"‘), (2)

where Xi' is map of attributes j of the output
layer /;
fis activation function,;
b is shear coefficient of the layer /;

Wi', i are weight coefficients of the layer /.
As an activation function are accepted
[8; 9]
— for hidden layers, the ReL U (rectified
linear unit) function:

J(s) =max (0, 5); (3)
— for the output layer the soffmax function:
f(s)=exp(q;) /Y exp(q,), 4)
i=l

where ¢, is signal of the i-th neuron.

To measure the quality of recognition of the
objects in the image, the root-mean-square
error function is used:

1 2
E=22(t-v) . )
i=1
where 7 is desired result of the i-th neuron;
Y, is output signal of the i-th neuron.

To reduce the number of network retraining
cases, which can be estimated in a thousand
eras, the Dropout regularization function is
applied, i.e. the network structure is changed
by each neuron’s ejection with a certain
probability p. In general, a function is described
as:

S(s) =D -f(s), (6)
where D is dimensional vector of random
variables.

A convolutional neural network for
searching for light signalling in digital images
isimplemented in the Python 3.6 programming
language using open access libraries, e.g. Keras,
NumPy, TensorFlow, Scikit-learn [2], which
have the ability to stream data.

Results.

According to the results of the training of
the developed CNN, estimates of accuracy of
the response were obtained, for the training
sample the estimate is of 88,3 %, for the test
one it is of 87,15 %.

An algorithm has been developed for the
technology of machine vision, extended from
the moment of fixing the current frame (image)
to identifying the presence of a colour-light
signal in it, shown in Pic. 1.

As an example, test evaluations of the
developed technology were carried out, digital
images of the stop signals of colour-light signals
were used, which had not been previously used
in the training of CNN. The results are
presented in Pic. 3.

Improving the quality of CNN assessment
for identifying colour-light signals in the
analysed images is possible by changing the
number of convolution layers, increasing the
digital images of the training sample, and

n
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Pic. 3. Testing results of the developed technology. Authors’ picture.

improving the quality of the analysed images
[10].

Conclusion

The developed algorithm based on the
convolutional neural network provides finding,
selection and identification of the readings of
colour-light signals. The use of on board
machine vision technology will allow computer
monitoring of railway signals, both temporary
and constant ones, increased vigilance of a
locomotive driver, which is an integral condition
of train traffic safety.

Currently, the department of locomotives of
Omsk State Transport University works carries
out research to solve the problem of tracking and
identifying objects under various transformations
related to railway signals, technical devices of
rolling stock, fixed movable units, and other
devices, as a further development of the
described study.
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SKCINPECC-UH@ORPMAUYE
EXPRESS INFORMATION

HOBASA NOBAJIbHAA CETb

KOCMUYECKOU Noroabl 4N ABUALIUU

Hosiope 2019 rona BBeneHa B IeiCTBUE

B HOBasI CITy>k0a KPYIIIOCYTOYHOTO HeTIpe-

PBIBHOTO TIPETOCTaBICHUsI OOHOBIIEH -

HOI MH(MOPMAaLIMU O INI00aTbHON KOCMUYECKOMN
TOroie B peXXMMe PealbHOTO BpeMEHH.

HoBas ciyx06a OyneT reHepupoBaTh U Mpe-
JNOCTaBJISATh MEXAYHAPOIHON aBUALlMU KOH-
CYJIbTAaTUBHBIE COOOILEHUSI O KOCMUYECKOM
MOroJie, UCMOJb3Ysl CYIIECTBYIONIYIO aBUally-
OHHYI0 (DMKCUPOBAHHYIO CIIyXO0y U JaHHBIE,
MOJIy4YEeHHBIE OT LEJIEBBIX IJT00AIbHBIX IECHTPOB
KOCMHUYECKOI MOTO/Ibl, CO3IaHHbIX B 14 cTpa-
Hax: KOHCOPIMYM C y4acThueM ABCTpajiuu,
Kananpr, ®pannuu u dnouun (ACFJ); KoH-
copuuyM PECASUS ¢ yuactuem ABcTpuu,
benbruu, Kunpa, ®uunsauouu, Tepmanuu,
HWranuu, Hunepnangos, [Moasmu u Coenu-
HéHHoro KoposeBcTBa; u TpeTuil LEHTP,
yrnpapasiemblii CoenuHéHHbIMU IllTaTamu
AMepUuKH.

He noszaHee Hos10pst 2022 rofa Takxe OymyT
CO3JaHbl IBA HOBBIX PErMOHAJILHBIX LIEHTPA
00HapyKeHUSI SIBICHUI KOCMUYECKOM MTOTOIbI.
[MepBblii U3 HUX OyIET YNPABISATHCS KOHCOP-

uuymoM ¢ ydyactueM Kwutast u Poccuiickoit
Ddenepaunu, a Bropoit — KOxHot Adpukoii.
Bce rio6anbHble M perMOHabHbBIE LIEHTPBI
OyIyT yneaaTh OCHOBHOE BHUMaHUE MPOsIBIIE-
HMSIM COJTHEYHOI aKTUBHOCTH, KOTOPHIE MOTYT
MOTEHIIMAJIbHO 0Ka3bIBaTh BAMSHUE HA CBSI3aH-
HYIO C BO3JYIIHBIM TPAHCIIOPTOM BbICOKOYAC-
toTHy!0 (BY) cBs13b, HaBUTAIIMIO U HAOJIO/C-
HMe, ocHoBaHHbIe Ha GNSS, a Takxxe ypoBHU
panuanuy Ha 60pTY rpa’kqIaHCKUX BO3IYITHBIX
CYJIOB.

«3DTa HOBast BO3MOXHOCTb ITO3BOJIUT JIETHO-
MY SKUITaXKY U CTICIIUATMCTAM IT0 TIPOU3BOJICTBY
TOJIETOB TTOJIB30BAThCS CaMOM CBeXXeil MH(MOP-
Malueil o JIOOBIX TPOSBIEHUSIX COJIHEYHOMN
AKTUBHOCTH, KOTOPbIE MOTYT MOTEHIIUAIBHO
TOBJIUSATDH HA pa0OTY aBUALIMOHHBIX CUCTEM WJIK
3I0POBbE MMACCaXKNUPOB», — OTMETHIIA TEHEPATTh-
Hblit cekpetapb MKAO n-p ®@an JTo.

Ha ocHose marepuanos UKAO:
https://www.icao.int/Newsroom/Pages/
RU/New-global-aviation-space-weather-
network-launched.aspx @

NEW GLOBAL AVIATION SPACE WEATHER NETWORK

new 24/7 service has been launched in
ANovember 2019 to provide real-time and

worldwide space weather updates for
commercial and general aviation.

The new service will generate and share space
weather advisories using the existing aeronautical
fixed network for international aviation using data
collected from dedicated space weather centers
established by 17 countries: the ACFJ consortium
of Australia, Canada, France and Japan; the
PECASUS consortium comprising Austria,
Belgium, Cyprus, Finland, Germany, Italy,
Netherlands, Poland and the United Kingdom,;
and a 3rd center operated by the United States.

Two new regional space weather detection
centers are also going to be established, no later
than November 2022. The first of these will be
operated by a consortium of China and the

Russian Federation, and the second by South
Africa. All of the global and regional centers will
be focusing on solar events which can potentially
impact air transport-related High Frequency
(HF) communications, GNSS-based navigation
and surveillance, and radiation levels on board
civilian aircraft.

«This new capability will permit flight crew
and flight operations experts to make use of the
most updated information possible on any solar
events which could potentially impact aircraft
systems or passenger health», commented ICAO
Secretary General Dr. Fang Liu.

Compiled from ICAO news:
https://www.icao.int/Newsroom/Pages/RU/
New-global-aviation-space-weather-network-
launched.aspx ®
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KOHCTPYKTUBHOE peLueHune
U MeToAuKa uccnenoBaHus
Harpy>XeHHOCTU KOJIECHbIX nNap

Jio60eb CJIALKOBA Anexcei HEKJ1IO4 0B

KonécHasi napa oTHocuTcsi K Hambosee ysi3BUMOW
4acTuv aKMnaxa c TOYKM 3PEHUs1 BOZHMKHOBEHUS OTKa30B.
Kak rpasunio, 370 BbISIBJIIETCH HaA 3T1arie aKcriiyaraunmn
U 3aBUCUT HE TOJIbKO OT BUAA MPUMEHSIEMOro Matepuana,
M3 KOTOPbIX N3roTOBJIeHbI KOJ1IECO 1 PEeJ1bChbl, HO TakXe 1 OT
TEXHOJIOrNN UX U3roTOBIEHUS 1 aKcriyartaLmm. OCHOBHbIE
HencrnpaBHOCTY KOJIECHBIX Map, XapakTep v Mpu4nHa mnx
r0sIBJIEHWNSI PACCMOTPEHbI C TOYKM 3PEHUNS dKCIyaraumm
XKE/1€3HOA0POXHbIX COCTaBOB.

Llenbto nccnenoBaHus SIBASNICS KPATKui aHann3 oT-
Ka30B KONECHbIX rap, crnocoboB 60pb0Obl C HMU, a Takxe
paspaboTka noaxonoB K MPUHSTUIO KOHCTPYKTUBHBIX pe-
LLIEHWH.

B kayecTse TeMbl 4151 ANCKYCCUM aBTOPbI BbIABUIaloT
Te3UC, YTO CyLUEeCTBYtoLMe criocobbl BOCCTaHOBIEHWS
KONEC HannaBKovi MeHee nepcrekTUBHbI M0 CPaBHEHWIO
C rnpeAacTaB/IeHHbIM MU TEXHNYEeCKUM peLleHnemM, KOTo-
PbIM rpeanaraeTcs MoBbICUTb HAAEXHOCTbL KONECHBIX nap
Ha aTarie rnpoeKkTnpoBaHus I'lyTéM BHeCeHus Hecylie-
CTBEHHbIX UBMEHEHWIi B KOHCTPYKLMIO Kosieca 6e3 nsme-
HeHUs ero reoMeTpu4ecKkmnx XxapakTepucTuk v napame-
TPOB. YunTbiBasi npu4nHy U MecTta, rnoasepraroLmecs
HanbonbLmm gepektam (rpebHu konéc n pebopaa), Ha
KOsIeCo CyLecTBYIOLEl KOHCTPYKLMN B MECTax Hanbosiee

Caaokoea JIto60eb Aaexcanoposna — Poccuiickuii
YHugepcumem mpancnopma, Mockea, Poccus.
Hexar0006 Aaexceii Hukoaaesuw — Poccutickuii
YHugepcumem mparncnopma, Mockea, Poccus.*

BEPOSITHOr0 BO3HUKHOBEHVISI AeeKTa HarpeccoBbIBaeTCs
oboa (06py4), BbIMOJIHEHHbI N3 MaTtepuana, TBEPAOCTb
KOTOPOIro com3mepuma c TBEPAOCTbIO pesibca. BHyTpeHHsis
MoOBEPXHOCTb 06pyYa AOIKHA MOJTHOCTbIO MOBTOPSITh
BHELLIHW KOHTYP Kosleca, KOHTaKTUPYIOLLnK ¢ 06040M, HTO
obecrie4nBaeT HeobX0AMMYIO MPOYHOCTb COEANHEHUS.
lNpeanaraemoe TexHN4eckoe peLLeHNe rno3BOJIUT CHU3UTb
HanpsixxEHHO-AedopMUPOBaHHOE COCTOSTHUE rPeBHST KO-
Jieca, sIBASIOLLErocsi OCHOBHOW MPUYNHO OTKa3a.

[ns oueHky LesnecoobpasHoCTV MNPEATOXEHUNS PEKO-
MeHAYeTCs1 UCoIb30BaTh METOAMKY PaCYETa CyMMapHO-
ro HarnpsiXeHusi, BO3HUKAaIoLLLEro Ha noBepPXHOCTY KOHTaK-
Ta KoJsieca v AJis1 3TOro BOCMO/1b30BaTbCs KIaCCUYECKow
Teopue MPO4YHOCTH.

9Ty xe meToanKy npeasiaraeTcsl UCroJIb30BaThb U AJ1s
peLueHVs apyrvx 3aaa4, CBI3aHHbIX C pacYETOM ogxon0B
K MOBBILLEHWIO Pecypca KONECHbIX rap.

Takum 06pa3oM, OCHOBHasi uaes MPoBEAEHHbLIX UC-
cnenoBaHwii 3akno4aeTcs B pa3paboTke uenv, 3agaq
W OCHOBHbIX Hanpas/eHWi, CBI3aHHbIX C MPUHATNEM
MPUHLMMINGIIbHO HOBbIX PELLIEHW 10 MOBbILLEHUIO PECYP-
ca KOMIECHbIX nap B rpoLecce nx 3KCrlyaraumm n paspa-
60TKe AJ151 9TOr0 TeOPETUYECKNX MOJIOKEHUIA U Hay4YHO-
MeToA0I0rM4ecKoro annapara.

Knto4eBble c/ioBa: TpaHCrnopT, Xesie3Has 4opora, TEXHUYECKoe peLueHue, KoEcHas rnapa, Koaeco, aKUMnax, Xe-
J1€3HOL0POXHBIV BarOH, UCCIEA0BaHUS, HAarpPyXeHHOCTb, M3HOC, OTKA3.
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BBEOEHUE

HayuHblit nHTEpecC K KOJIECHOV Mape onpe-
JIEJIEH TeM, UTO KOJIECHAsI Tapa sIBJISIETCS Ol -
HOU M3 TJIaBHBIX U OTBETCTBEHHBIX YacTeil
BaroHa U OTHOCHUTCSI K HamOoJiee ysI3BUMOM
YacTH 9KUTIaXKa C TOYKM 3peHUST BO3SHUKHOBE -
HUST OTKA30B MPU IKCTUTyaTalnu. Takke He
CTOUT cOpachIBaTh CO CYETOB, UTO €€ HAIEXK-
HOCTb, KaK ¥ JIIOOOTO U3EJNs, 3aKJIalbIBAET-
CsI Ha dTare MPOeKTUPOBAHUSI.

BrisiBlIeHO, YTO HEMCITPABHOCTSIMU KOJIEC-
HBIX TIap, OCHOBHBIE 13 KOTOPHIX MPUBEIEHbI
Ha puc. 1, SIBISIOTCS TTPOKAT, MOJI3YHBI, TPe-
IIMHBI, TTOIPE3bl, BHIIIEPOMHBI U PAKOBUHBI
Ha TTOBEPXHOCTU KaTaHUsI KOJIEC, U3HAIINBA-
HUe TpeOHs KoJjieca U JIp., KOTOpbie TpeOyloT
3ameHbl Koséc [1, c. 1; 2, c. 8; 3, ¢. 56]. Ux
TIOSIBJIEHUE CBSI3BIBAIOT, KaK MPAaBUIIO, C IKC-
TuTyaTaluuen TEXHUKU.

CuuraeTcs, YTO UHTEHCUBHOCTh M3HAIIIU -
BaHUSI KOJIEC M PEJTLCOB 3aBUCUT OT DoJiee ueM
60 dpakropos [4, c. 7], 4aCTb KOTOPBIX BXOISAT
B TPYIITY KOHCTPYKTUBHBIX.

ABTOD [4, c. 2] monaraet, 4TO MO OLEHKE
aKcrnepToB, B Poccuu «B Havasne 80-x rogoB
XX Beka Cpok CiIy>KObl OaHAaxel KOJIECHBIX
rap JOKOMOTUBOB cOoCTaBJisi1 6—7 JieT, a B 90-¢
rofibl OH cokpatuiics yxe 10 2—3 jet. B2010
PEMOHTY ¢ O0TOYKOW MPU BOCCTAHOBJIEHUN
KoHbUTypauuu ux nNpoduss moaBeprajioch
0KOJIO 3 MJTH KOJIECHBIX Map» [4, c. 1].

OCHOBHOI1 MPUYMHOI pocTa yuciaa OTKa-
30B KOJIECHBIX Map SIBJISIETCS] PA3HOCTb MEXITY
TBEPIOCTHIO KoJIeca U pesibca. B HacTosiee
BpeMs TBEPAOCTb PeIbcOB cocTapiseT 400—
450 HB, a TBEpOOCTb OaHAAXKEN KOJECHBIX ITAP
TIIC ocranacw Ha ypoBHe 275—315 HB, uto
TIpeloTpenessieT yBeJTuueHue n3Hoca obaHma-
>Kelt v penibcoB. [1pu mepexoie Ha TUTT PeJTbCOB
P65 (¢ P50) n3HOC KONECHBIX Map yBEeTMIUICS
OoJiee ueM B aBa pasa [4, c. 1; 5, c. 156; 6,
c. 181], ¢ mpeobaagaHremM GOKOBOTO U3HOCA
(c npeobaagaHueM U3HOCa MO OOKOBOM MO-

a) 0)

BepXHOCTH) [4, c. 12], 4TO HE MOXKET He cKa-
3aThCsl HA TIOBBIIIEHUY WHTEHCUBHOCTU W3-
HallIMBaHUS KoJjeca.

HanHas mpo6seMa OyneT UMeTh HEYKJIOH -
HYIO TEHJIEHIIUIO K POCTY B pe3yJIbTaTe YBEIH-
YEHUSI CKOPOCTEN TMepeIBUXKEHUS KeJIe3HO-
JIOpOKHOTO TpaHcropTta [7, ¢. 13].

B Poccuu B onipeie i€ HHbIE MOMEHT B 9KC-
MJIyataluy Haxoauaoch mopsiaka 50 % konéc-
HBIX Map TPy30BbIX BATOHOB C TOJIIMHOM
o6oxa meree 40 MM, 13 Hux 50 % ¢ TOIIMHOI
meHee 30 mMm. CTaHaapTamMu yCTaHABIUBAETCS
CpPeIHUIl CPOK CIyKOBI KOJIEC B Tpeaenax
12 net [8, c. 17], omHaKO (paKTUYECKU CPOK
CJTy>KOBbI KOJIEC CYLLIECTBEHHO MEHBIIIE.

YCTaHOBJIEHO, YTO B CPEIHEM TTPU PEMOH-
Te KOJIEC 1O TPEOHI0 METOJIOM MEXaHUYECKOT
00paboTKU B CTPYXKKY yXonut 12—15 mm
TOJILIIMHBI 000/1a C KAXA0T0 KoJieca (CM. puc. 2
[9, c. 48]), a npu peMOHTe IO TepMO-
KOHTaKTHO-YCTaJIOCTHBIM feekTaM 5—7 MM
uboiee [4,c.1;5,c. 156; 6, c. 181]. YunurniBas,
YTO B HACTOSIIIEe BpeMsl KOJIECHAs rmapa UH-
TEHCUBHO 9KCILTyaTUPYEMOTO pabovero mnap-
Ka BarOHOB B TOJ1 00TaYMBAETCsI TI0 OTHOMY U3
nedeKToB He MeHee OTHOTO pasa, TO CPEeTHUI
CPOK CJy>kObl KOJIEC COCTaBJsIeT MopsaKa
3—4ropa [4, c. 32; 6, c. 181].

Bouee Toro, cyniecTByomnuii crmocod Boc-
CTaHOBJIEHUS TPeOHE KONECHBIX Map HaILJIaB-
KO#l sBisieTcst Hed(DDEKTUBHBIM C TOUKHU
3pEHMSI pacxo/la MaTepUaIoB U TPYITOEMKOCTH
TEeXHOJIoTMUecKoro mnpoiiecca. [1pu Boccra-
HOBJICHUM KOJIEC HATIaBKOM, IOCJE ABYX-
TPEX 00TOYEK, YIIPOUHEHHBII TPU TepMUYE-
CKOli 00paboTKe 3aBOJCKON CJIOM cpe3aeTcs
B CTPYXKY. B pesynbrate, BeChb OCTalbHOM
TepUOJT CITYXObI KOJECHBIE MMapbl MHTEHCHUB-
Hee U3HAIINBAIOTCS U ITopaXKaloTcs nedexra-
MM TEPMO-KOHTAaKTHO-YCTAJIOCTHOTO MTPOUC-
xoxneHnus [4, c. 32: 6, c. 181;9, c. 48].

OueBugeH TOT (axkT, 4TO yBeJIUUYEHUE
00BEMOB MEPEBO30K HEU30EXKHO MPUBOIUT

Puc. 1. OcHOBHbIE HENCNPaBHOCTH KOJleca KOJIECHOW napabi:
a — nonsyHbi; 6 — BbiLLepOuHbI; B — 3amsaTue [2].
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Puc. 2. PemoHT LIKK meTOogOM MexaHn4eckow
ob6pabotku [9].

Puc. 3. KoHCTpykTUBHOE peLueHne Kosieca BaroHa.

K YBEJIMYCHUIO 3KCILIyaTallMOHHBIX 3aTpaT
MIPEaNPUSITUIMHU KEJIe3HBIX TOPOT, B TOM
YHCJIC POCCUICKIMHA, Ha BOCCTAHOBUTEIHHEIC
1 PEeMOHTHBIE pabOThI KOJECHBIX map [10,
c.11;11,¢c.4;12,¢c. 13—14; 13, ¢c. 21-22; 14,
c. 24].

NPEAJIOXKEHUE OJ19 AUCKYCCUUN
Hamu npeanaraercst moBbICUTh HAAEX-
HOCTB KOJIECHBIX Iap Ha 3Tare MPOeKTUPOBa-
HUS TIyTEM BHECCHUS HECYIIECTBEHHBIX 13-
MEHEHMI B KOHCTPYKIIMIO KoJjeca 0e3 m3Me-
HEHMS €r0 TEOMETPUICCKUX XapaKTEePUCTUK
1 TTapaMeTPOB. YUUTHIBas IPUYMHBI K MECTa,
IMoIBepraroecss HanooIbIINM IeheKTaM
(rpe6HM KoéCc 1 pedopma), Ha Koyeco 1 cy-
IIECTBYIOIICH KOHCTPYKIIMHU (pHUC. 3) B MECTax
HanboJjiee BepOSITHOTO BO3HMKHOBEHUS JC-
dexTa (rpedHsI) HampeccoBBIBaeTCSI 000
(oOpy4) 2, BHIIIOJTHEHHBIN M3 MaTepuaa,
TBEPIOCTH KOTOPOTO COM3MEpHMa C TBEPIO-

Puc. 4. Hanps>xéHHo-AedopmMupoBaHHOe COCTOSIHUE
Koneca npeagnaraeMo KOHCTPYKLUN, UCIOJIb30BaHa
6a3oBas cxema [15, puc. 314].

CTBIO pefibca. BHYTpeHHSST MOBEPXHOCTH 00-
pyJa DOJDKHA TMOJIHOCTBIO TTOBTOPSITH BHEIII-
HHUI KOHTYpP KoJieca, KOHTaKTUPYIOIINi
¢ 00010M, YTO obOecreurnBaeT HEOOXOIUMYIO
MIPOYHOCTh COCTMHCHUSI.

7151 O1IeHKY HAITPSKEHUI , BOSHUKAIOIITNX
Ha ITOBepXHOCT! KOHTAaKTa KoJjieca, BOCITOJIb-
3yeMCSI KJTACCUYECKOM Teopuei MPOIHOCTH
[15, c. 287, puc. 314; 16, c. 356—358] (cMm.
puc. 4).

Ha puc. 4 BugHoO, 4TO 17151 0OecIieueHus
MPOYHOCTH HEOOXOIUMO, YTOOBI KOHTAKTHOE
HaIpsDKeHNE MEXXITy KOJIeCOM U 000I0M COo-
OTBETCTBOBAJIO JOITYCKAaeMOMY HaIPSLKEHUIO
HaTara. Koyeco B mpoliecce 3KCIIyaTaliiu
OyIeT UCTIBITBIBATh, B COBOKYITHOCTH, pa3Ind-
HBIE BUIBI HAIPSKEHHO-1e(hOPMUPOBAHHOTO
COCTOSTHUS.

KoHTakTHBIE HaNpsDKeHMsI, BOSHUKATO-
e MEXIY KOJIECOM M pelIbcoM, OymyT 13-
MEHSITHCS B 3aBUCUMOCTH OT YAAJEHHOCTH OT
TOUKM KOHTaKTa, OHM ACTAJIbHO M3y4YCHBI
B Tpyaax [5, c.46;8,¢.17;10,c. 11; 11, c. 4;
12, c. 13—14]. KpoMe KOHTaKTHBIX HAIIPsTKe-
HUI, BOBHUKHYT TaHTCHIIMAJIbHBIC U paau-
aJIbHBIC HAIMPSIXKCHUS B 3aBUCUMOCTU OT
YCUJIWIA, TIepeNarolInXcsl C OCH Ha CTYIHUILY
KoJieca, KOTOphIe B pacuéTax IMpuUMeM 3a
IaBJICHWE p, IPUXOASIIeecsS Ha eAMHUILY
noBepxHOCTH (cM. puc. 4). TemmepaTypHbIe
HamnpsoKeHUsI, BO3HUKAIONINE B KOHCTPYK-
LAV, ABIAIOTCA CIE€ICTBUEM KOHTAKTHBIX
HamnpsKeHUH MeXIy KOJIECOM M PEIbCOM.
Croa Xe MOXHO T00aBUTh MUKINYCCKHIE
HaMpPSDKeHMSI, BOSHUKAIOIINAE TIPH TIepeKa-
TBIBAHUM KoOJieca IO TMPSIMOJIMHEIHOM 10-
BepxHOCTU. He ciemyer mckimouarsh HaIpsi-
JKeHMUSI, BOSHUKAIOIINE B KOJIece, IpUHUMAs
€ro 3a OBICTPOBpPAIIAIOIINECS TUCKH.



Takum o6pazom, cyMmMapHOe HaTlpsKeHUe,
BO3HMKAaIOIIEe B Kojiece BHIOPAaHHOUW KOH-
CTPYKIIMH, OTIPEIESINM KaK BEKTOPHYIO CYMMY
HAaIpsSIKEHWIA:
6=0,t0,t0,to,toc,to, (1)
Il G, — KOHTAKTHbIE HAIIPSIKEHNU

G, — TAHICHIMAJIbHbIC HaIIpsSIKCHU S,
G, — padraJIbHbIC HAITPAXKCHUA 5
G, — TCMIICPATYPHbBIC HAITPAXKCHUA 5

G, — UMKIMYECKUE HATIPSKEHUS,

G, — HaNpsXEHWs, BO3ZHUKAIOILUE NIPU
TepeMeIIeHUN 10 CTHIKAM PEJIbCOB.

B pesynbraTe pacuéToB CyMMapHO€e Harpsi-
JKEHME B KoJieCe BBIOPAHHOM KOHCTPYKIIUU He
OyIeT OTJINYAThCS B OTPUIIATETHHYIO CTOPOHY
OT KOJIEC TPUMEHSIEMOI HbIHE KOHCTPYKIINH,
YTO [O3BOJISIET MPOI0JIXKATh UCCIIEIOBAHUS 1O
JIOpabOTKe MPETOXKEHHON KOHCTPYKITUH.

NCMNOJIb3OBAHMUE NPEOJIATAEMOM
METOOUKW YHETA HAMPA)XEHUA
Angd PELLEHUSA UHbIX 3AOA4

Y4€T Bcex MmepeuncIIeHHBIX BUIOB HAIIPSI-
KeHUM U MCccliefOBaHNE MX BIUSHUS Ha Ha-
NpsKEHHO-TeOPMUPOBAHHOE COCTOSITHHUE
KoJIeca IO3BOJIUT:

* BBISIBUTH (PM3UIECKYIO IIPUPOIY BO3HUK-
HOBeHUS 1e(eKTOB Ha ITOBEPXHOCTH KoJjeca
CYIIIECTBYIOIIE KOHCTPYKIINH,

* OICHUTH IMapaMeTpPHl Kojieca CyIIe-
CTBYIOIICH KOHCTPYKIINH;

* OLICHUTB 11eJIeCO00Pa3HOCTD N3TOTOBIIC-
HUS KoJIeca HOBOI KOHCTPYKIIHH.

Kpome ckazaHHOTO BBIIIIE, TITyOOKHUIA aHa-
JIN3, IPOBEIEHHBINM MO YKa3aHHBIM HaIlpaB-
JICHUSIM, TIO3BOJIUT:

* U3YIUTh KUHETUICCKYIO CPEeIy B3aMO-
IEUCTBUS KOJIeca C PEIbCOM;

* pa3paboTaTh KOHIICIIIINIO KOHCTPYKTUB-
HBIX U TEXHOJOTUICCKUX U3MEHCHHUU TIpU
M3TOTOBJICHUHN KOJIEC;

* pa3paboTaTh METOMOJOTHIO MHOTO(baK-
TOPHOTO aHaJM3a B3aMMOIEHCTBUS Kojieca
C PEJIbCOM;

* OCYIIECTBUTH MOJEINPOBAHNE KUHETHU -
KM TeXHOJIOTUYECKUX TPOIIECCOB IPU M3TO0-
TOBJICHUH KOJIECHBIX T1ap;

* pa3paboTaTh (GPOPMEI ¥ CITIOCOOBI TTOBHI-
IIEHUSI CPOKa CIIY>KOBI KOJIEC BAarOHOB.

HanpHeiilee uccaeqoBaHNe YKa3aHHBIX
HaIIpaBJICHUI IIPEICTaBIISICTCS IIPEBATMPYIO-
UM B BBISIBJICHUM (PU3WIECKON ITPUPOIBI
W3HAIINBAHUS KOJIECHBIX Iap M ITO3BOJIUT
pa3paboTaTh TEXHUIECKN TPAMOTHEIC M pea-

VIIE oA PJA A 915

JIM3yeMBle Ha MPaKTUKEe IPEIIOXKEHUS 110
YCTpaHEHUIO TPUYMH N3HAITBAHMS U CO3/1a-
HUIO TIPUHIINITAATBHO HOBBIX KOHCTPYKTHB-
HBIX PEIICHUI M IMOBBICUTH CPOK CIIYyXKOBI
U3METUSI.
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ABSTRACT

The wheelset is one of the most vulnerable parts
ofa carriage in terms of failures. As a rule, the failure
is revealed at the stage of operation and depends
not only on the type of material, of which wheel and
rails are made, but also on the technology of their
manufacture and operation. The main malfunctions
of wheelsets, the nature and causes of their
appearance are considered from the point of view
of train operations.

The objective of the study is a brief analysis of
wheelsets’ failures, measures to fight them, as well
as development of approaches to introduction of
new design decisions.

As a debatable problem, the authors suggest a
thesis that the existing methods for repairing wheels
flanges by surfacing are less promising compared
to the technical solution proposed by them. The
study proposes to increase reliability of wheelsets
at the design stage by making minor changes to the
wheel design without changing its geometric
characteristics and parameters. Taking into account
the cause and the places exposed to the greatest
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defects (wheel flanges and rims), it is proposed that
arim (hoop) made of a material whose hardness is
commensurate with hardness of the rail is pressed
onto the wheel of the existing structure in places of
the most likely occurrence of the defect. The inner
surface of the hoop should completely repeat the
outer contour of the wheel in contact with the rim,
which provides the necessary bond strength. The
proposed technical solution will reduce the stress-
strain state of the wheel flange, which is the main
cause of failure.

To assess the suggestion by calculating total
stresses arising on the contact surface of the wheel,
itis proposed to use the classical theory of strength.

The same method is proposed to solve other
problems referring to calculation of solutions aimed
to increase the life of wheelsets.

So, the main idea of the research is to develop
goals and objectives and main directions related to
making fundamentally new decisions to increase
the life cycle of wheelsets during their operation, as
well as to develop relevant theoretical principles
and a scientific and methodological apparatus.
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Introduction

The scientific interest in the wheelset is
determined by the fact that the wheelset is one
of the most important, responsible but also
vulnerable parts of a carriage in terms of
failures. Also, it is necessary to consider that its
reliability, like of any product, is laid at the
design stage.

It was revealed that the main malfunctions
of wheelsets, the main of which are shown in
Pic. 1, are milling bars, sliders, cracks, undercuts,
chips and flaws on the surface of the wheels, wear
of the wheel flange, etc., which require
replacement of the wheels [1, p. 1; 2, p. 8; 3,
p. 56]. Their emergence is associated, as a rule,
with operation of the equipment and vehicles.

It is considered that the wear rate of wheels
and rails depends on more than sixty factors [4,
p. 7], some of which are part of the design
group.

The author [4, p. 2], believes that according
to experts, in Russia «in the early 80s of 20™
century, the service life of bandages of
locomotive wheelsets was 6—7 years, and in the
1990s it reduced to 2—3 years. In 2010, about
3 million wheelsets were subjected to repair
with turning when restoring the configuration
of their profile» [4, p. 1].

The main reason for increase in the number
of failures of wheelsets is the difference between
hardness of the wheel and the rail. Currently,
hardness of rails is 400—450 HB, and hardness
of bandages of wheelsets of traction rolling
stock remains at the level of 275—315 HB,
which determines the increase in wear of
bandages and rails. When switching to the rail
type R65 (from R50), wear of wheelsets more
than doubled [4, p. 1; 5, p. 156; 6, p. 181], with
a predominance of lateral wear (with a
predominance of wear on the lateral surface)
[4, p. 12], which cannot but affect the increase
in the wear rate of the wheel.

a) b)

This problem will have a steady upward
trend because of increased traffic speeds of
railway transport [7, p. 13].

In Russia at a moment, about 50 % of
wheelsets of freight cars were in operation with
a rim thickness of less than 40 mm, of which
50 % with a thickness of less than 30 mm. The
standards set the average service life of the
wheels up to 12 years [8, p. 17], but in fact the
service life of the wheels is significantly less.

It has been established that, on average,
when repairing wheels along a ridge by a
machining method, 12—15 mm of rim thickness
from each wheel goes to shavings (see Pic. 2 [9,
p. 48], and when repairing thermo-contact-
fatigue defects 5...7 mm or more does [4, p. 1;
5, p. 156; 6, p. 181]. Given that at present the
wheelset of an intensively operated working
fleet of wagons is machined per year because
of one of the defects at least once, the average
service life of the wheels is about 3—4 years [4,
p. 32; 6, p. 181].

The existing method for restoring wheelset
flanges by surfacing is ineffective in terms of
material consumption and complexity of the
process. When restoring the wheels by surfacing,
after two or three turns, the layer hardened at
the plant during heat treatment is cut into chips.
As a result, for the rest of the service period,
the wheelsets wear out more intensively and are
affected by defects of thermo-contact fatigue
origin [4, p. 32; 6, p. 181; 9, p. 48].

The fact is obvious that an increase in traffic
volumes inevitably leads to an increase in
operating costs by the enterprises, comprising
Russian enterprises, paid for restoration and
repair of wheelsets [10, p. 11; 11, p. 4; 12,
pp. 13—14; 13, pp. 21-22; 14, p. 24].

Suggestion for discussion
We propose to increase reliability of
wheelsets at the design stage by making minor

Pic. 1. Main failures of a wheel of a wheelset:
a — sliders; b — chips; ¢ — wrecks [2].
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layer of removed
metal

Pic. 2. Repair of all-rolled wheel by mechanical
processing method [9].

changes to the wheel design without changing
its geometric characteristics and parameters.
Considering the cause and the places that are
subject to the greatest defects (wheel flanges
and rims), a rim (hoop) 2 is pressed onto the
wheel 1 of the existing design (Pic. 3), made
of a material whose hardness is commensurate
with hardness of the rail. The inner surface
of the hoop should completely repeat the
outer contour of the wheel in contact with
the rim, which provides the necessary bond
strength.

To assess the stresses arising on the contact
surface of the wheel, we use the classical theory
of strength [15, p. 287, Pic. 314; 16, pp. 356—
358] (see Pic. 4).

In Pic. 4 it is seen that to ensure strength,
it is necessary that the contact stress between

Pic. 3. Design of a wagon’s wheel.

the wheel and the rim corresponds to the
permissible interference tension. During
operation, the wheel will suffer, in aggregate,
various types of stress-strain state.

Contact stresses arising between the wheel
and the rail will vary depending on the
distance from the contact point; they have
been studied in detail in the works [5, p. 46;
8, p. 17; 10, p. 11; 11, p. 4; 12, pp. 13—14].
Besides contact stresses, tangential and radial
stresses will arise depending on the forces
transmitted from the axis to the wheel hub,
which in calculations will be taken as the
pressure p per unit surface (see Pic. 4).
Temperature stresses arising in the structure
are the result of contact stresses between the
wheel and the rail. Here you can add cyclic
stresses that occur when the wheel rolls on a

Pic. 4. Stress-strain state of a wheel of a proposed design [15, Pic. 314].



rectilinear surface. The stresses arising in the
wheel should not be excluded, taking it for
fast-rotating disks.

Thus, the total stress arising in the wheel of
the selected design is defined as the vector sum
of stresses:
c6=0c,t0,t0,to,to,to, (1)
where o, are contact stresses;

G, are tangential stresses;

o, are radial stresses;

G, are temperature stresses;

o are cyclic stresses;

G, are stresses arising when moving along
the joints of rails.

Following the calculation the total stress in
the wheel of selected design will not differ
negatively compared to the wheels of now
existing design, allowing thus to continue
research to develop the suggested design.

Using suggested technique to consider
stresses to solve other problems

Consideration of all the listed types of
stresses and the study of their influence on the
stress-strain state of the wheel will allow:

* toidentify the physical nature of occurrence
of defects on the surface of the wheel of the
existing structure;

* to evaluate wheel parameters of an existing
design;

* to evaluate feasibility of manufacturing a
wheel of a new design.

In addition to the above, a deep analysis
conducted in these areas will allow:

+ to study the kinetic environment of
interaction of the wheel with the rail;

* to develop a concept of design and
technological changes in the manufacture of
wheels;

* to develop a methodology for multivariate
analysis of interaction of the wheel with the rail;

* to carry out modelling of the kinetics of
technological processes in the manufacture of
wheelsets;

* to develop forms and ways to increase the
service life of wheels of wagons.

The further research in those areas is
prevailing in identifying the physical nature
of wear of wheelsets, which will allow
development of technically competent and
practical solutions to eliminate the causes of
wear as well as to create a fundamentally new
design projects, and to to extend the service
life of the wheelset.
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B cTarbe BbIrosiHeH aHain3 CTatucTuKin 9KCrya-
Taumm JIOKOMOTUBOB 1 OMpPeaesieHbl OCHOBHbIE Ha-
rpaBsIeHUSI MOBbILLEHNS] 9PHEKTUBHOCTU TSI oes-
aoB. OCHOBHas LeJib NCCNen0BaHNSI — BblSIBJIEHNE
(aKkTOpPOB MOBbILLEHNS] HALAEXHOCTU JIOKOMOTHBOB.

[Mpy 3TOM UCM0/Ib30BaHbI AaHHbIE BbIOOPKM 10 40
JIOKOMOTHBAM BCEX OCHOBHbIX CEPUI, SKCrs1yaTupye-
Mbix B Poccum, 3a 400-500 aHeri skenayaraummv, 4To
rapaHTupyeT 4OCTOBEPHOCTb MOJy4YEHHbIX PE3Y/ibTa-
T0B. MeTon nccnenoBaHus — cTatTuctudeckas oopa-
6oTka aaHHbIX. [1pyv 3TOM B AOMOIHEHME K 06LLernpy-
HSITbIM COCTOSIHUSIM «UCIPABHOE» U «HEUCIPABHOE»
paccMOTPEHbI HOBbIE «B roJioBe noes3aa» (roJsiesHas

paboTa) v psia apyrix. BeeaéH koagpouumeHT nones-
Hovi paboTbl. B pe3ysnbtate gokasaH peasibHO BO3-
MOXHbIV YpOBEHb 10J1€3HOr0 UCIMOJIb30BaHUSI JIOKO-
mMoTmBa A0 75 % oT o6Lyero BpemeHu npotus 49 %
B Hactosuee Bpems. [lokazaHo, 4TO cOoKpalyeHne
BPEMEHM Y CTOMMOCTM TEXHUHECKOIO 0OC/TYXUBAHUSI
U pemMoHTa 710komoTnBOB ( TOVP) 1B/1eTCS BaXHbIM
HarnpasJ/ieHNeM OBbILUEHUS] 3P PHEKTUBHOCTU IKC-
rniyaraumy J10KoMoTuBoB. [lpy aTom paHee Obisio
rokasaHo, 470 o4Ha 13 fpPuYvH NeperpocTosi JI0KO-
MOTVMBOB H& PEMOHTE — 3TO CYLLECTBEHHbI 0ObEM
HapyLlIeHuii PEXUMOB 3KCryaTtaumum, 4yTo Obisio
noATBEPXAEHO CTaTUCTUYECKUMU AaHHBIMU.

KnroyeBbie c/ioBa: TpaHCMoPT, Xene3Hasi 4opora, JIOKOMOTUB, 3¢ GEKTUBHOCTb 3KCrIlyaTaLmm 10KOMO-
TUBOB, TEXHUYECKOE OBCJ/IYXNBAHNE 1 PEMOHT, HAPYLLIEHWS PEXVMOB dKCrlyaTauuy, aaroputMm4eckme

3aLynTsl.
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oBbIlIeHUE (P PEKTUBHOCTU UCTIOJIb-

30BaHUS JOKOMOTUBOB SIBJISIETCS

OJHOU M3 Ba*KHEWIINX COCTaBJISIIO-
KX pocta 3(PHEeKTUBHOCTU MEPEBO30YHOM
NEesITeILHOCTH KeJIe3HOAOPOKHON KoMIa-
HHUU — oTlepaTopa MOABMKHOTO cocTaBa. s
oITpeIeIeHIS OCHOBHBIX HAITPaBJICHU ITOBBI-
meHust 3G @MEKTUBHOCTH TITU MTOE3I0B HEOO0-
XOIUMBbI COBEPIICHCTBOBAHUE METOJOB aHa-
JIN3a CTAaTUCTUKU SKCILTyaTallid JOKOMOTH-
BOB, MIOCTPOCHUE METOMOJOTMICCKOMN Oa3hl
OLIEHKM peKOMEHIAllUH 11O MOBBILIEHUIO Ha-
NEXHOCTU UCMOJb30BaHUS JIOKOMOTUBOB
U, COOTBETCTBEHHO, €ro 3(P(MEeKTUBHOCTH.

B aTux uensx aBropamMu IpeaiararoTcs
pe3yJIbTaThl MCCIIeIOBaHNSI, OCHOBAaHHOTO Ha
Memodax aHajau3a CTaTUCTUYECKUX AaHHBIX
SKCIUTyaTalliM JIOKOMOTHMBOB OCHOBHBIX CE-
puii, ucronb3dyeMmbix B Poccun, Ha cetn OAO
«PXK]1». OcHOBHas yeab NCCIeIOBAHNST — BBI-
siBJIeHHEe (haKTOPOB MOBbILLIEHUSI HAIEXKHOCTHU
JIOKOMOTHBOB.

1. 9ODPEKTUBHOCTb
SKCIMJIYATALLUUN JTIOKOMOTUBOB:
UCXOAHDbIE AAHHbIE
N NPUMEHEHHAS METOAUKA
CTATUCTUHECKOIO AHAJTU3A

B undopmalimoHHo# cucteMe onepaTus-
HOTO ympaBjieHUs MepeBo3KaMu (nangee —
ACOVYII) komnanuu OAO «P2K» [1] B ipo-
mecce ympaBieHMs IBUXCHHEM IT0€3I0B
cpeay MPoYUX MapamMeTpPoOB MEPEBO30YHOIO
npoiiecca GUKCUPYETCs UCITOTb30BaHUE JIO-
KOMOTHMBHOTO IapkKa. ABTOpaMU BbIMIOJHEH
aHaJIM3 ATUX JAHHBIX TSI BBISIBICHUS pe3ep-
BOB TIOBBIIICHUS 3(DHEKTUBHOCTHA JIOKOMO-
TUBHOM Tsru. {7151 06ecrneye HUs1 JOCTOBEPHO-
CTHU BBIBOJOB 00 3(h(heKTUBHOCTHU HCIOJIb30-
BaHUs1 JOKOMOTUBOB B35ITa peMpe3eHTaTHBHAS
BbIOOpKa 110 HanboJjiee MaCCOBBIM CEPUSIM
JIOKOMOTHBOB, BKJTIOUAIOIINM 3JIEKTPOBO3BI
BJI10, BJISOP, BJISOC, BJI8S, 2(3) BCSK, 2(3)
DC4K, reroBossl 2(3) TO10MK, 2TD25KM
n 2TD116Y. Ilo kaxmoii cepun n3 nHGoOpMa-
muoHHoi cuctembl ACOVYII B3gato o 40 j10-
KOMOTHBOB, UTO ITPEACTABIISICT COOOI CTaTH-
CTUYECKM JOCTOBEPHYIO (pempe3eHTaTUB-
HYI0), cllydaliHBIM 00pa3oM C(OpMUPOBaH-
HYyI0 BBIOOpPKY. I1o Kaxaomy JIOKOMOTUBY
BeIOpaHHI cBemeHus 3a 400—500 mHeit sKc-
nayatauuu ¢ Masg 2017 roga mo okTs0pb
2018 roma. OO11ee YMCIIO UCXOMHBIX JAHHBIX —
0KO0JIO 5 MJTH coObITHii. O6paboTKa JaHHBIX

OCYIIECTBJIEHA C UCTIOJb30BaHUEM CIeIAaIb-
HO pa3paboTaHHOW aBTOpaMU MPOrpaMMbl Ha
anroputMudeckom sizbike Visual BASIC for
Applications (VBF) B cpene Excel (moapodHee
00 aJIrOpUTMUYECKOM SI3bIKE CM., Hamp. [2]).
ITpenBapuTebHO U3 BEIOOPOK C UCITOIB30Ba-
HUEM IpaBuja TpEX curMm [3, ¢. 67] yaaneHbl
aptedakThl, OTHOCSIIHUECS K JJOKOMOTHUBAM,
JUTTEIbHO HAXOAUBIIMMCS B 3amace Win Ha
BHEIJIAHOBOM peMoHTe. B pesynbTate mo
psILy CEpUii YMCI0 HAOTIOAAEMbIX 9K3EMILISI-
POB JIOKOMOTUBOB coKpatwioch ¢ N = 40 no
N=138.

B ACOVII nanHbIe 00 3KCIIIyaTaluuu Jo-
KOMOTHUBOB KJacCU(PUIIUPOBAHBI, IS YETO
ucrnonbayercd 6osnee 100 KOOOB COCTOSTHUIA:
«TsITa B TOJIOBE MOE31a», «00CTYXKMBaHUE HA
MYHKTE TEXHUYECKOTO OOCTYXKUBAaHUS JIOKO-
moTuBoB (ITTOJI)», «oxxunanue padboThI»,
«oxunanue TO-2» (TP-1, TP-2 u np.), «oxu-
JIaHUE PEMOHTa», «00TOUYKA KOJIECHBIX Tap»,
«TIOATOTOBKA K 3aBOACKOMY PEMOHTY» U JIp.
Bce 3Tu cocTossHUST OOBIYHO AENSTCS Ha JIBE
TPYMIIBL: «ACIIPABHOE» U «HEUCIIPABHOE».
Hcxonst u3 atoro, BBeleHb KOI(DGHUITUEHT
TexHudyeckoit roroBHocTu (KTT) nnu Koag-
(GUIMEeHT TOTOBHOCTH K 3KCIJIyaTalluu
(KI'D), koTopbie MO3BOJISIIOT OLIEHUTh HAEXK-
HOCTb JOKOMOTUBOB, HO HE TTO3BOJISIIOT Olle-
HUTb 2 HEKTUBHOCTD UCTIOJIB30BAHUS JIOKO-
MOTHMBOB B lieJJOM. MHOTO MOTeph UMEET
MECTO U KOTJ1a JOKOMOTHMB UCIIPABEH, TaK KaK
MOJIE3HYIO pabOTy MarucTpajbHbIe JIOKOMO-
THUBBI COBEPIIAIOT B OCHOBHOM B COCTOSTHUU
«Tsira B TOJI0BE Moe3aa». Bce octanbHbie CO-
CTOSTHUSI, COTJIACHO TEPMUHOJIOTUU METOIOB
Lean Production u Toyota Production System
[4—6], cieayeT OTHECTH K MOTEPSIM IIEPBOTO
(MOXHO yCTpaHUTbH Cpa3y) U BTOPOTO Poja.
B cBsg3u ¢ aTUM mpeasaraeTcs nmokasartelsb
«K03(pDULMEHT (ITPOLIEHT) MOJIE3HOI pabo-

o> K, 0

I<Al'l = TTﬂra/ZT;’ (1)
nim

K,,=100%-T, /3T, )
rae T — BpPEMA HAXOXICHUA JTJOKOMOTHBA

TAra

B COCTOSTHUH «TsITa B TOJIOBE TTOE3/1a»;

2T, — obuiee BpeMs KU3HEHHOTO LIMKJIA
JIOKOMOTHBA 3a pacCMaTpUBaeMbIil TIEPUOI.

ITo BeIGOpKaM JIOKOMOTHUBOB MO KaXXIOM
cepuu B 00ObEMe N paccurTaHbl KJIACCUYECKUE
CTaTUCTUYCCKHE MTapaMeTpPhbl: MaTeMaTHYe -
cKoe oxugaHue Koapduuuenta K, ., ero
CpemHEeKBaIpaTUIHOE OTKIIOHEHHE G, KO3(]-
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Taouua 1

CraTucTiKa 1oJie3Hoii padoThI JIOKOMOTHBOB 10 CEPUsAM

Cepusi/ Bribopka, | K-t CKO, o K-t MuH. Makc. Kpurepuii | BepositHocTh
[Mapametp | N MOJIE3HOM Bapualu, | 3HaueHue, | 3HaueHue, | [lupcona, |coots., P
padoTHI, K, Min Max %2
I(AI'I
BJ110 40 40 % 13 0,3 8 % 52% 42,5 0,000
BJI8OC 40 53 % 14 0,3 18 % 73 % 8,7 0,050
BJISOP 39 65 % 5 0,1 53 % 73 % 7,4 0,100
BJ185 39 71 % 4 0,1 61 % 76 % 19,9 0,000
20C5K 40 44 % 13 0,3 16 % 71 % 3,3 0,500
39C5K 39 66 % 8 0,1 29 % 76 % 290,3 0,000
20C4K 40 33 % 11 0,3 5% 50 % 8,1 0,050
35C4K 40 51% 7 0,1 34 % 58 % 23,1 0,000
2T2116Y |40 40 % 11 0,3 15 % 57 % 11,8 0,010
2TD25KM | 40 41 % 7 0,2 24 % 49 % 14,5 0,001
2TD10MK |40 34 % 12 0,4 14 % 57 % 8,0 0,050
3TO10MK | 40 37 % 13 0,3 5% 55% 13,5 0,001
B cpenHem 48,1 % 76,2 %

¢bunment Bapuanuu K, MUHUManbHOe Min
1 MakcuMasibHoe Max 3HayeHus. [1o kpure-
puto [lupcoHa paccuuTaH rmokasartesb >
U BEPOSITHOCTb P COOTBETCTBUSI HOPMAJIbHOMY
3aKOHY pacOpeneacHUsI CIyJaliHOU BeJIN4ur-
HbI, YTO pacCMaTPUBAETCS KaK MPU3HAK YHU-
MOJJIbHOCTU JIaHHBIX: 1O 3aKOHY OOJbIIMX
YyUCeJl YHUMOJAJIbHbIE BBIOOPKU CTPEMSTCS
K HOpMaJIbHOMY pacIIpeJe/IeHUI0, a 00bEM
BbIOOPKM TTO3BOJISIET MMOJIb30BATHCS ATUM 3a-
KoHOM. OCHOBHEBIE PE3YJIbTATHl IIPUBEICHBI
B Tad. 1.

2. 3PDPEKTUBHOCTb
SKCNNYATALUN JIOKOMOTUBOB:
OCHOBHDbDIE PE3YJ1bTATbl AHAJIU3A
N GAKTOP TOuP

BbinosiHEHHBIM aHaAM3 MOKa3aj, 4To
B cpeaHeM KO3 (GUUMEHT (TTPOLIEHT) MoJe3-
Hoit pabotel K, < 50 %. VY a1ekTpoB030B
Ko3GhduuueHT K,  CylecTBEHHO BhIIIE.
[MonyyeHHbIC JaHHBIE HE SIBJISIIOTCSI YHUMO-
JIaJlbHBIMU, TIPMYMHA 3TOTO — pa3jiu4yHbIe
YCJIOBMSI 9KCIUTyaTalliid IOKOMOTHBOB B TeUe-
Hue rona. OTHOCUTENbHO YHUMOAAIbHBIMU
SIBJISIIOTCS TAaHHBIE 110 JIOKOMOTHBAM CEpUU
20C5K (P=0,5), 3aHATbIM B MECTHOI 1 BbI-
BO3HOI pabdote. CaMoil a(p(PeKTUBHOI SIBSI-
eTCs BKCIUTyaTalusl JOKOMOTUBOB CEpUU
BJI8S (71,4 % npu makcumaiabHoM 76,2 %).
OTMETHM IOCTOBEPHOCTh BbIBOJ/IA, TAK KaK 110
Kaxaomy u3 40 TOKOMOTHBOB IO KaxKI0i
cepum paccMmotpeH nepuon B 400—500 gHeit

nx 3kcruryatanuu. [loatomy Ko3bGUIIUEHT
3 HEeKTUBHOCTU UCTIONB30BAHMST TIOKOMOTH -
BoB K, | =75 % KOPPEKTHO NPUHATD 3a LieJIe-
BOI1 TOKa3aTeb.

TpamUIIMOHHBIN ITOKA3aTeNhb, XapaKTepH -
3yl 3¢ PEeKTUBHOCTL dKCIIyaTalluu
JIOKOMOTHBOB, — 3TO CPETHECYTOYHBIN TTPO-
Oer. Pacuér mokasas, 4To KOppeJsiliusi 3TOro
nokazatenisi ¢ koadbuimentroM 3¢hdeKTUB-
Hoctu K, cocrasnser r = 0,993, 1o ecThb
npakTuiecku paBeH 100 %. Takum obpazom,
JOCTATOYHO paccMaTpUBATh OJAUMH U3 ITUX
IBYX mapameTpoB. [Ipu 3ToM mapameTp Koad-
(uimeHTa 3¢GhEKTUBHOCTH SIBJISIETCS OoJiee
yIOOHBIM, TaK KaK MO3BOJISIET CpaBHUBATh
3(GHEKTUBHOCTD TSTH IO PAa3IMIHBIM CEPUSIM
JIOKOMOTUBOB B Pa3MYHbIX PETUOHAX U MO-
JINTOHAX.

ABTOpaMU pacCCMOTPEHBI OCHOBHBIE TMOTE -
pHU MOJIE3HOTO BpeMeHU JIOKoMoTuBa. OauH
13 OCHOBHBIX UICTOYHUKOB MOTEPh — OKMIa-
HUe paboThI B UCTTPABHOM COCTOSTHUU, KOTO-
poe npeBbiiaeT 10 % oT BpeMeHU I0JIe3HOM
paboTHI, a IS OTHCIBHBIX CEPUIl JOCTUTACT
40 %.

Baxxnbl1ii pe3epB moBbIeHUS KOA(MOUITM-
€HTa 1oJIe3HON paboThl K, — moBbleHne
3 (HEKTUBHOCTU TEXHUYECKOTO O0CTYKMBa-
HUS 1 peMoHTa tjokomoTuBoB (TOuP). B ka-
YeCTBE MHTETPUPOBAHHOIO ITOKA3aTeIIsI B3SIT
MPOLIEHT HAXOXICHMsI IOKOMOTUBOB BO BCEX
COCTOSTHUSIX, CBsI3aHHBIX ¢ TOuP (tabm. 2),



C aHAJIOTMYHBIMM TabJI. | cTaTUCTUYECKUMU
TOKa3aTeIsIMU.

YHUMOJATBHOCTh JAHHBIX TI0 KPUTEPUIO
[Mupcona y? MOCTaTOYHO BBIpaXKeHa y 3JIEKT-
POBO30B TIEPEMEHHOTO TOKAa CTapbIX Cepuit
BJI80 u BJI85 ¢ ogHOBpeMEeHHO HU3KUM KO-
abdureHToM Bapuaiuu K . Y HOBBIX CepHii
2(3) DCS5K mpomomkaeTcst OTIaKa TeXHOIO0-
TMYECKUX TPOIIECCOB TEXHUYECKOTO 00CITy-
KMBaHUS U PEMOHTA, M3-3a YETro Mpolecc
MYJIBTUMO/IAJICH. Y TeTJIOBO30B U JIEKTPOBO-
30B MMOCTOSTHHOTO TOKAa YHUMOJAJbHOCTh
MPaKTUYECKU OTCYTCTBYET, UTO CBSI3aHO C Ha-
JIMYMEM CBEPXIIMKIIOBBIX pAOOT M HETIAHOBBIX
peMoHTOB. OO0 3TOM K€ CBUAETEIHCTBYET

BbICOKUI Koo duumenT Bapuaruu K. Io
pe3yJibTataM pacu€ToB MPOIIEHT BpeMeH! Ha
TOUP cyiecTBeHHO MPEeBBIIIACT PACUETHBIN
(5 %), kOoTOpBIi1 TOCTABJICH B Ka4eCTBe liejie-
BOTO B TIepCTIeKTUBHOM 1u1aHe pazButust OAO
«PXKJ» 5% |7, c. 42] u coctaBnser ot 11,6 no
37,1 %. Haumenpiinii npocroii Ha TOuP
UMEIOT 3JIEKTPOBO3bl TIEPEMEHHOTO TOKa
(10,5 %). UmeroTcst oTaeIbHbIC TOKOMOTHUBBI
CO CPETHETOIOBBIM TIPOCTOEM Ha 00CTYK1Ba-
HUU MeHee 5 % — 2TO 3JIeKTPOBO3bI Cepuit
BJI80C (4,1 %), 3DC5K (4,7 %) n BJI10
(2,5 %). bnuzok K 5 % mokasaresb y cepuii
209C4K (5,1 %), 3DC4K (5,8 %), 2TD10MK
(5,4 %). CnenoBare/ibHO, COKpaLIEHUE IPO-

Tadamna 2
Crarucruka spemenn TOuP B 06mem 0101KeTe BpeMeHH JIOKOMOTHBA

Cepusi/ Bri6opka, | K-t CKO, o K-t MuH. Makc. Kpurepuii | BepositHoCTh
[Tapametp | N MOJIE3HOM Bapuauuu, | 3HaueHue, |3HaueHue, | [lupcona, |coots., P

paboThI, K, Min Max 1

I<Al'l
BJI10 39 13 % 6,6 0,5 2 % 31 % 14,70 0,001
BJISOC 38 10 % 3,7 0,4 4% 20 % 4,70 0,300
BJISOP 39 11% 2,1 0,2 7 % 15 % 1,70 0,700
BJI&S 39 10 % 1,9 0,2 6 % 14 % 2,20 0,700
29C5K |39 10 % 4.6 0,4 3% 20 % 6,70 0,100
39C5K 40 10 % 3,7 0,4 5% 18 % 10,80 0,020
29C4K 40 17 % 6,9 0,4 5% 37 % 5,40 0,200
39C4K 39 12 % 5,2 0,4 6% 26 % 10,80 0,020
2TD116Y |39 19 % 6,4 0,3 8 % 34 % 2,10 0,700
2TD25KM | 39 15 % 4,2 0,3 7% 24 % 7,80 0,050
2TD10MK | 40 20 % 7,3 0,4 5% 37 % 2,30 0,500
3TD10MK | 40 25 % 9,5 0,4 10 % 52 % 6,00 0,100

......
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Craructuka no suaam (oorémam) TOuP

Ta0amnna 3

Cepun/ TOuP [poiieHT BpemeHu 110 pa3nnyHbiM Bunam TOuP B ob1iem 0o1keTe BpeMeH!
roKa3arteJib B G1O/KETE 6e3 yuéra oXnaaHus
e TO-2 TP-1 TP-2 TP-3 HP

BJT10 8 % 14 % 74 % 3% 3% 6 %
BJI80C 4% 29 % 46 % 4% 5% 16 %
BJI8OP 5% 31% 35% 5% 5% 24 %
BJ185 6 % 27 % 37 % 7 % 10 % 19 %
29C5K 3% 45 % 28 % 3% 8 % 15 %
30C5K 3% 36 % 35% 6% 12 % 12%
20C4K 5% 37 % 37 % 1% 9 % 16 %
39C4K 55 % 15% 45 % 8 % 15 % 17 %
2To116Y 4% 21 % 16 % 14 % 13 % 36 %
2TD25KM 3% 39 % 25% 21% 0% 15 %
2TO10MK 7 % 19 % 32% 7 % 6% 36 %
3TO10MK 10 % 17 % 22 % 10 % 2% 49 %
B cpenHem 5% 28 % 36 % 7 % 7 % 22 %

60% IIpoyenmnoe pacnpedenenue coobimuil

50%

40%

30%

20%

10%

ITonesnast pabora Ilorepu B Oxupanne  Oxumanue TOuP TOuP
SKCIUTyaTalul paboTsl Cobvimus

Puc. 1. CpegHee pacnpeneneHue 6roaxxeTa BpeMeHn JIOKOMOTUBOB.

CTOSI TI0 3JIEKTPOBO3aM IIEpEeMEHHOTO TOKA 10
5 % siBnsieTcst BOBMOXKHBIM. [1pocToii Ha Tex-
HUYECKOM OOCTy>KUBAaHUU U PEMOHTE 3HAUM -
TEJIbHO BIIMSICT Ha CPEAHECYTOUYHBIN Ipober
JIOKOMOTHBOB: KO3(D(PUILIMEHT KOppeasTunun
r=-0,87. Y Ten0B030B HOBBIX CEPUil TIPO-
croit Ha TOuP XoTh M BHINIIE 3a7aHHOTO, HO
CYIIIECTBEHHO HIXKE, YeM Y CTapbIX CEepHIA:
2TD116Y — 18,5 %, 2TD25KM — 14,9 %.
PacuéThl BBISIBUIM OOJIbIINE MIOTEPU MPU
OXUIAHUU peMOHTa: 0T 5 10 19,6 %. B cocros-
HUM «HEUCIIPaBHOE» OXUIaHUE COCTABIISIET
B cpeaHeM 58 %. ToibKo 3a CYET yMEHbILIEHMS
IIPOCTOST B OXKUIAHUM 0OCTY>KUBAaHUS MOXHO
cokpatuth nnotepu Ha TOuP BaBoe, mpuuém

VINEA PAACIIOPIA L NSO RCBO 2 =02 12(

NTaRMTAYI AN LEMCHOB AN |

TOROMOTWNEBOE

AP ABIICHWH

3TO TpeOyeT HaBeICHUS JIOTUCTUIECKOM quC-
IUTUIMHEBL, a He KalTMTaJIbHbIX 3aTpart. B Taor. 3
MPUBEICHBI MOTEPU Ha Pa3sIMIHBIX BUOAX
TOwuP: cam TOuP cocrTaBisgeT mpuMepHO
5,2 % notepb AK, ., HO BMeCTE C OXUIaHUEM
TOwuP norepu cocrasistior 14,4 %. Ipu sT0M
OCHOBHY10 j1oJ11o (85,2 %) B TOuP cocrapins-
10T obcmyxkuBaHus B 006éMe TO-2 (27,5 %),
TP-1(35,9 %) u HP (21,8 %). AHanu3 aBTopoB
TO3BOJIMJI CAEaTh BBIBOI O BO3MOXKXHOCTH
JIBYXKPAaTHOTO COKPAIIICHUSI BPeMEHH ITPOCTOST
JjokoMoTHBOB Ha TOUP, To ecTh coBeplIeH-
CTBOBaHME CUCTEMBI TEXHIUECKOTO O0CTY KM~
BaHMS U pEMOHTA SIBJISICTCSI OMTHUM 13 (DaKTO-
pPOB, OTBEYAIOIINM yeaaM UCCICTOBaHNS.

(OBBIHCHMAT D PPOCRINEROCTNORCTUTYd TaOvin



Ha puc. 1 npuBeneHo pacnpeaeneHue
BPEMEHU XXM3HEHHOTO LIMKJIa IOKOMOTUBOB
Ha 3Tare ux dKCIUTyaTalluu, YTO MOATBEPXKIa-
€T BbIBOJ 0 TOM, yTO TOUP sB71sI€TCS BasKHBIM
pe3epBOM TTOBBITIEHUS 3(D(HEKTUBHOCTHU IKC-
TTyaTaluu.

O4eBUIHO, YTO HA BpeMs U CTOUMOCTh
TOuUP B1USIOT UMEIOIIIME MECTO HAPYILICHUS
pexumoB akcmyatanuu (HPD), ananuzy
KOTOPBIX TMOCBSIIEHbI paboThl aBTOPOB [8].
ABTOpaMM, HAa OCHOBAHWU aHAJT3a PEMOHTOB,
BbITTOJIHsIeMBIX TTocie HPD, pa3paboran
KOMILJIEKC AJITOPUTMUYECKUX 3AILUT, TPEIOT-
BpaLIAIOIIUX OIIIMOOYHbIE IEUCTBUS JIOKOMO-
TUBHBIX OpUTaj BO BpeMsl dKcIulyataiuu [9],
peanus3anusd KOTOPbBIX B MpOTrpaMMHO-
anmnapaTHOM o0ecre4YeHUU JOKOMOTUBOB
TTO3BOJTUT CYIIIECTBEHHO MOBBICUTD MX HAZIEXK -
HOCTb.

BbIBO4bl

1. TpaguuMoHHO UCHONb3yeMblil B Poc-
CUU TIoKa3aTesib, XapaKTepu3ymomuii 3¢-
(beXTUBHOCTH BKCITyaTallMd JTOKOMOTH -
BOB, — 9TO CpPeHECYTOUHbII TTpober. Pacyér
moKasayl BBICOKYIO KOPPEJISIIUIO 3TOTO T0-
Kazates ¢ KoapduuueHntom aphekTuBHO-
ctu K, (= 0,993), 9T0 Mo3BOJISAET paccMar-
pUBaTh Ha BHIOOP OJWH M3 3TUX IBYX MMapa-
meTpoB. [Ipu aTom mapametp Ko3hduum-
eHTa 3G(GEKTUBHOCTHU SABJsAeTCS OoJjee
YIOOHBIM, TaK KaK TMO3BOJISIET CPAaBHUBATH
3¢ GEKTUBHOCTD TATH 10 Pa3TUIHBIM CEPU-
SIM JIOKOMOTHBOB B Pa3jUYHBIX PEeTMOHAX
¥ TIOJINTOHAX.

2. Vcnionb30BaHME TIPEIIOXKEHHOTO KO-
adduLmeHTa 1Moje3Ho paboThl MO3BOISET
OTIPEJICTIUTh peaJibHbIE PE3ePBHI JIJISI TIOBBI-
meHus 3O PEeKTUBHOCTH IKCIUIyaTAllUU
JIOKOMOTHUBOB, TJIABHBIM U3 KOTOPBIX SIBJISI-
€TCsI COOCTBEHHO OpTaHU3aIINsl IEPEBO30Y-
HoTO mpoliecca. Ha BTopom Mecte — cokpa-
IeHue BPpEMEHM MPOCTOS B OXUJAAHUU
TOuP. Ha tpeTheM MecTe — COOCTBEHHO
TOwuUP, rmaBHY0 10110 B KOTOPBIX COCTABJISI-
1ot TP-1 u HP.

3. Huskast BeposITHOCTb COOTBETCTBUS
CTAaTUCTUYECKUX TaHHBIX HOPMAJIbHOMY
3aKOHY pacripeie/ICHUS CIIydaiiHOW BeJINIU-
HBI CBUJIETETLCTBYET O MYJTBTUMOATHBHOCTH
JMaHHBIX, KaK CIeACTBUE — 00 WX HU3KOM
nocroBepHocTu. Heobxonmnma kitacrepusa-
IS TAHHBIX [T TTOJTyYeHUST YHUMOJATbHOC-
TH, TIPY TIOJTYYEHUN KOTOPOU MajmbHeNIIast

VIIE oA P A | =10

neTanusauus He Tpedyetcs. st apdexTun-
HOTO MCMOJIb30BaHUS B MCCIEI0BaAHUIX
9KCIUTyaTallMOHHOUN MHMOpMaIIM1 HE00X0-
nmuMma e€ KjacTepu3allus 110 BUIAM TSTH,
cepusiM, peruoHaM SKCITyaTalluy, BUIAM
IBUXEHUSI, MEXXPEMOHTHBIM Ipoberam
U JPYTUM BIUSIOUIUM (DaKTOpaMm.

4. CokpallleHue BpeMEeHM IIPOCTOST Ha
TOuUP BO3MOXHO HE TOJBKO 3a CUET MOBbI-
LIEHUs KayecTBa MPOIECCOB PEMOHTA, HO
1 3a CYET MOBBHIIIEHUS KadyecTBa cCaMOil
SKCILTyaTalliy JOKOMOTUBOB. MIMeIoT MecTo
MacCOBBIE€ CJIy4au HapyIIeHUS PeXUMOB
skcrmayatauuu (HPD), cyiecTBeHHO cHU-
Xarl1re HaaeXKHOCTh IOKOMOTHUBOB: 0oJiee
TPETH BCEX OTKA30B IIPOMCXOINT 13-3a HPD.
Peanmuzanus aIropuTMUYECKUX 3alIUT CY-
LIECTBEHHO MOBBICUT HAIEXKHOCTb IOKOMO-
TUBOB 1 3 (PEKTUBHOCTD UX dKCIITyaTal[uu.

5. X0T4 Ha JaHHOM BTarle UCClIe10BaHuU S
3ajaya arnpooaluu pa3padboTaHHON METOAU-
KU TIpu aHanu3e 3(GpHEKTUBHOCTU UCHOJb-
30BaHUS JIOKOMOTHBOB Ha MHBIX KEJIEe3HO-
MOPOXHBIX ceTsix, Kpome OAO «PXKJI»,
B IPYT'UX CTpaHax, He CTaBMJIACh, OHA IPe/I-
CTaBJISIETCS JOCTATOUHO YHUBEPCATbHOM TSI
MIPUMEHEHUS Ha Pa3IWYHBIX 3KEJIe3HBIX 10-
porax mpH yCJIOBUM ¢€ agalnTalluy K Imapa-
METpaM MCXOAHBIX JAHHBIX, X BETMINHAM
U 1IeJIeBBIM 3HAYEHUSIM.
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ABSTRACT

The article contains the analysis of statistics of
locomotives’ operation and define main opportunities
to increase its efficiency. The main objective of the
study is to reveal factors influencing the increase in
reliability of locomotives.

Data of the sample of 40 locomotives of main
series operated in Russia for the period of 400-500
days are used, which ensures accuracy of results
obtained. The method of the study is mainly statistical
processing of data. Besides commonly statistically
analyzed positions like «in operation» and «faulty» new
positions «at the head of the train» (effective work)

and some other are considered. The coefficient of
useful (effective) work is introduced. As a result, it is
proved that feasible level of value-added use of
locomotive up to 75 % of total time versus 49 %
nowadays is possible. It is shown that reduction of
time and cost of technical maintenance and repair of
locomotives (TMR) is an important opportunity to
increase efficiency of locomotives’ operation.
Besides, it has been proved that one of the reasons
of over-downtime of locomotives under repair is a
significant volume of violations of operating modes,
which is also confirmed by statistical data used in
previous publications.
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Introduction

Growing efficiency of locomotives’ operation
is among most significant components of the
process of increasing haulage activity efficiency
of a railway rolling stock operating company. To
identify main opportunities to obtain more
efficient use of rolling stock it is necessary to
update methods of processing of statistical data
on the operation of locomotives, to develop
methods of evaluation of recommendations on
the reliability, and, consequently, on the efficiency
of operations.

The authors suggest to this end the results of
astudy which is based on the methods of statistical
analysis of data on operation of locomotives of
main models used in Russia by JSC Russian
Railways. The main objective is to reveal the
factors leading to increased reliability of
locomotives’ operation.

1. Efficiency of locomotives’ operation: initial
data and application of the methods of statistical
analysis

In the information system of automated
traffic operations management (hereinafter
called ASOUP) of JSC Russian Railways [ 1] the
operation of locomotive fleet is fixed along other
parameters of transportation process. The
authors performed analysis of these data to
identify reserves to increase efficiency of the use
of locomotive rolling stock. To ensure accuracy
of findings about efficiency of locomotives’ use
representative sample of the most mass series of
locomotives was selected that included electric
locomotives VL10, VL8OR, VLS80S, VL85, 2(3)
ESS5K, 2(3) ES4K, diesel locomotives 2(3)
TE10MK and 2TE116U. For each series, the
data on 40 locomotives were retrieved from
ASOUP, which made a statistically reliable
(representative) sample, formed randomly. For
each locomotive data on 400—500 days of
operation from May 2017 until October 2018
were selected. The total number of initial data
are equivalent to about 5 mln events. Processing
of data is carried out using the program using
the algorithmic language Visual BASIC for
Applications (VBF) in Excel environment (more
details on algorithmic language are proposed in
e.g. [2]), specially developed by the authors.
Preliminarily using three sigma rule [3, p. 67]
artefacts referred to locomotives, which have
been in reserve for a long time or under
unscheduled repairs, had been deleted from
samples. As a result, for some series the number

of locomotives under consideration reduced
from N =40to N = 38.

In ASOUP data on operation of locomotives
are classified, for which more than 100 codes of
state are used, particularly «locomotive at the
head of the train», «service at planned technical
maintenance of locomotives», «waiting for work»,
«waiting for second technical maintenance
(or current repair-1, current repair-2 and etc.)»,
«waiting for repair», «wheel sets turning»,
«preparation for repair at a plant», etc. All these
states are usually divided into two groups: «healthy
state» and «defective state». Based on this,
coefficient of technical readiness (CTR) or
coefficient of readiness for operation (CRO) are
introduced, which enable to assess general
efficiency of locomotives’ use. There are also
many losses when a locomotive is operable since
useful work is carried out by main-line locomotives
mostly in the state «locomotive at the head of the
train». All other states, according to terminology
of methods of Lean Production and Toyota
Production System [4—6] should be attributed to
the losses of the first (can be eliminated
immediately) and the second kind. In this regard,
itis proposed to introduce an indicator «coefficient
(per cent) of useful work» C_

Cuw = Ttraciion/z T;’ (1)
or

Cuw =100 % : Ttraction/zT;’ (2)
where T . is the time during which the

locomotive stays in the state «locomotive at the
head of the train»;

2T is total time of locomotive life cycle for
the period under consideration.

For the samples of N locomotives for each
series classic statistical parameters are calculated:
mathematical expectation of coefficient C_, its
root-mean-square deviation o, coefficient of
variation C , minimum Min and maximum Max
values. According to Pearson criterion an indicator
¥? and probability P of correspondence to the
normal distribution law of a random variable,
which is considered as a feature of unimodality of
data: according to the law of large numbers
unimodal samples tend to normal distribution, and
the volume of sample allows to use this law. The
main results are shown in Table 1.

2. Locomotives’ operation efficiency: main
results and TMR factor

The performed analysis showed that on
average coefficient (per cent) of useful work is
C,, <50 %. For electric locomotives coefficient
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Table 1

Statistics of useful work of locomotives per series

Series/ Sample, N Coefficient | RMS Coefficient | Min. value, | Max. value, | Pearson Probability of

Parameter of useful deviation, ¢ | of variation, | Min Max criterion, x> | correspondence,
work, C C, P

VLI0 40 40 % 13 0,3 8% 52 % 42,5 0,000

VL80S 40 53% 14 0,3 18% 73 % 8,7 0,050

VL80R 39 65 % 5 0,1 53% 73 % 7.4 0,100

VL85 39 71 % 4 0,1 61% 76 % 19,9 0,000

2ES5K 40 44 % 13 0,3 16 % 71% 33 0,500

3ES5K 39 66 % 8 0,1 29 % 76 % 290,3 0,000

2ES4K 40 33% 11 0,3 5% 50 % 8,1 0,050

3ES4K 40 51% 7 0,1 34 % 58 % 23,1 0,000

2TE116U 40 40 % 11 0,3 15% 57% 11,8 0,010

2TE25KM |40 41 % 7 0,2 24 % 49 % 14,5 0,001

2TEIOMK |40 34 % 12 0,4 14 % 57% 8,0 0,050

3TEIOMK |40 37% 13 0,3 5% 55% 13,5 0,001

On average 48,1 % 76,2 %

C,, issignificantly higher. The results obtained
are not unimodal, the reason is associated with
different conditions of locomotives’ operation
during the year. Data for locomotives of series
2ES5K (P = 0,5), involved in local work and
as road switchers, are relatively unimodal.
Operation of locomotives of series VL85
(71,4 % with maximum 76,2 %) is the most
efficient. We should highlight the reliability of
the finding, since for each of 40 locomotives of
each series the period of 400—500 days of their
operation is considered. Therefore, coefficient
of locomotives’ use C = 75 % should be
accepted as a target indicator.

The traditional indicator, which characterized
efficiency of locomotives’ operation is daily
average run. The calculation showed that

correlation of this indicator with coefficient of
efficiency C_ is r = 0,993, that is almost equal
to 100 %. Thus, it is enough to consider one of
these two parameters. At the same time parameter
of coefficient of efficiency is more convenient
since it allows to compare efficiency of traction
work for various series of locomotives in different
regions and at different sites.

The authors considered losses of useful time
of locomotives. One of main sources of losses is
waiting for work in healthy state, which exceeds
10 % of time of useful work and for individual
series it reaches 40 %.

The important reserve to increase coefficient
of useful work C_ is to increase efficiency of
technical maintenance and repair of locomotives
(TMR). We can consider an integrated indicator

Table 2
Statistics of time of TMR in total time budget of the locomotive
Series/ Sample, N | Coefficient | RMS Coefficient | Min. Max. value, | Pearson Probability of
Parameter of useful deviation, | of variation, | value, Max criterion, y? | correspondence, P
work, C c C, Min

VLI0 39 13 % 6,6 0,5 2% 31% 14,70 0,001

VL380S 38 10 % 3,7 0,4 4% 20 % 4,70 0,300

VL8OR 39 11% 2,1 0,2 7 % 15% 1,70 0,700

VL85 39 10 % 1,9 0,2 6% 14 % 2,20 0,700

2ES5K 39 10 % 4,6 0,4 3% 20 % 6,70 0,100

3ES5K 40 10 % 3,7 0,4 5% 18 % 10,80 0,020

2ES4K 40 17 % 6,9 0,4 5% 37 % 5,40 0,200

3ES4K 39 12% 5,2 0,4 6% 26 % 10,80 0,020

2TE116U 39 19 % 6,4 0,3 8 % 34 % 2,10 0,700

2TE25KM | 39 15% 4,2 0,3 7 % 24 % 7,80 0,050

2TEIOMK | 40 20 % 7,3 0,4 5% 37 % 2,30 0,500

3TEIOMK |40 25 % 9,5 0,4 10 % 52 % 6,00 0,100
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Table 3

Statistics for types (volumes) of TMR

Series/ Share of TMR | Percentage of time for various types of TMR in total time budget without taking
indicator in time budget | into account waiting
Technical Current Current Current Unscheduled
maintenance-2 | repair- 1 repair-2 repair-3 repair
VLI10 8 % 14 % 74 % 3% 3% 6 %
VL80S 4% 29 % 46 % 4 % 5% 16 %
VL8OR 5% 31% 35% 5% 5% 24 %
VL85 6 % 27 % 37 % 7 % 10 % 19 %
2ES5K 3% 45 % 28 % 3% 8 % 15 %
3ES5K 3% 36 % 35% 6% 12 % 12 %
2ES4K 5% 37 % 37 % 1% 9 % 16 %
3ES4K 55 % 15 % 45 % 8 % 15 % 17 %
2TE116U 4% 21 % 16 % 14 % 13 % 36 %
2TE25KM 3% 39 % 25 % 21 % 0% 15 %
2TEIOMK 7 % 19 % 32% 7 % 6 % 36 %
3TEIOMK 10 % 17 % 22 % 10 % 2% 49 %
On average 5% 28 % 36 % 7 % 7 % 22 %

as a percentage of stay of locomotives in all states,
related to TMR (Table 2) with statistical indicators
similar to Table 1.

Unimodality of data according to Pearson
criterion y?issufficiently expressed forlocomotives
of alternating current of old series: VL80 and
VL85 with simultaneously low coefficient of
variation C . For new series 2(3) ESSK adjustment
of technological processes of technical
maintenance and repair continues, therefore the
process is multimodal. For diesel locomotives and
electric locomotives of direct current unimodality
is practically absent, which relates to the presence
of over-cycle works and unscheduled repairs. This
is evidenced by high coefficient of variation C.
According to the calculation results, percentage
of time for TMR significantly exceeds the
calculated level (5 %), which is set as a target in
the perspective plan of development of JSC
Russian Railways [7, p. 42] and is within the range
from 11,6 to 37,1 %. The lowest downtime for
TMR is for electric locomotives of alternating
current (10,5 %). There are individual locomotives
with average annual downtime for maintenance
of lessthan 5 %, and these are electric locomotives
of series VL80S (4,1 %), 3ES5K (4,7 %) and VL.10
(2,5 %). The indicator of series 2ES4K (5,1 %),
3ESK (5,8 %),2TEI0MK (5,4 %) isclose to 5 %.
Therefore, reduction of downtime for electric
locomotives of alternating current to 5 % is
possible. Downtime for technical maintenance
and repair affects significantly average daily run

of locomotives: correlation coefficient = -0,87.
For diesel locomotives downtime of new series
for TMR is higher than the set one, but is
significantly lower than for old series: 2TE116U
(18,5 %), 2TE25KM (14,9 %).

The calculations showed big losses when
waiting for repair: from 5 to 19,6 %. In the state
«defective» waiting is on average 58 %. Only due
to reduction of downtime when waiting for
maintenance it is possible to reduce losses for
TMR almost twice, it requires logistics discipline
and not capital expenses. Table 3 shows losses for
various types of TMR. TMR itself is equal to
approximately 5,2 % of losses of AC_ but
together with waiting for TMR the losses are of
14,4 %. The main share (85,2 %) in TMR refers
to technical maintenance-2 (27,5 %), current
repair-1 (35,9 %) and unscheduled repair
(21,8 %). The authors’ analysis allowed to
conclude that it is possible to reduce downtime
of locomotives for TMR twice. So, the
improvement in the system of technical
maintenance and repair is among the factors,
complying with the objectives of the study.

Pic. 1 shows distribution of locomotive life
cycle time at the stage of their operation. The data
confirmsthe conclusion that TMR has important
reserves to increase the efficiency of operation.

It is evident, that the TMR time and costs
are influenced by violations of operation mode
(VOM), which is considered in authors’
papers, e.g. [8]. The authors after analyzing
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the repairs after VOM, developed a set of
algorithmic protection measures, preventing
faulty behavior of locomotive teams during
operations [9]. The implementation of those
algorithms in software of microprocessor
locomotive control systems will allow to
significantly increase the reliability of
locomotives.

Conclusions.

1. The indicator traditionally used in Russia
to evaluate the operation efficiency of locomotives
is the average daily mileage. The calculations
showed high correlation of that indicator with the
coefficient of useful work C_ (r= 0,993) that
allows to choose between those two indicators.
Hence, C_ is more comfortable to be used as it
allows comparisons of different locomotive series
in different regions and at different sites.

2. The use of suggested coefficient of useful
work allows to determine real reserves to increase
efficiency of locomotives’ operation, the main of
which is associated with the organization of
transportation process. The second place belongs
to reduction of downtime when waiting forTMR,
and the third place belongs to TMR, consisting
mainly of current repair-1 and unscheduled
repair.

3. Low probability of correspondence of
statistical data to normal distribution law of a
random variable proves multimodality of data,
and as a result their low reliability. It is necessary
to cluster data to obtain unimodality, after
receipt of which further detailing is not
required. For efficient use of information on
operations in the research, it is necessary to
cluster it in terms of traction type, locomotive
series, regions of operation, types of traffic,
between-repairs runs, and other influencing
factors.

4. Reduction of downtime at TMR is possible
not only through increase in quality of repair

AR Jt \ O CITICH IEAICXAl ST B I J
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Operatlon losses Waiting for work Waiting for TMR

processes, but also through increase in quality of
locomotives’ operation itself. There are mass
cases of violations of operating modes (VOM),
which significantly reduce reliability of
locomotives: more than one third of all failures
take place because of VOM. Implementation of
algorithmic protection measures will significantly
increase reliability of locomotives and efficiency
of their operation.

5. While at this stage the research has not
followed the objective to test the suggested
methods to evaluate efficiency of locomotives’
operation at railways other than network of JSC
Russian Railways, nor in other countries, the
methods seem to be rather universal to be used
for different railways, once they are adapted to
parameters of initial data, their range and target
values.
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OueHKa NpoeKToB pa3BUTUS
CeTUu XeJie3HbIX A0POr C YYETOM
3KOHOMMNYECKOUN KOHBbIOHKTYPbI

BukTop NOACOPUH Poman MAPTbILLKWH

B cratbe paccMOTpeHbl TeopeTudeckme v npakTu4eckne
BOMPOCHI B3aMMOCBSI3V Cripoca Ha rpy30Bbl€ Xe/1e3HOL0-
POXHbIE NMEPEeBO3KMU 1 Pa3BUTUS MPOIYCKHOW 1 MPOBO3HOM
CrocobHOCTYN CETU XeNe3HbIX AOPOr.

OnucaHo TekyLee Moa0XeHNe Xene3HoA0POXHOro
TpaHcropTa o6LLero rnosib30BaHWs B TPAHCMOPTHOV cUcTeMe
Poccum, npoaHan3npoBaHa ANHaMyKa OCHOBHbIX OO bEMHbIX
rioka3aresneri paboTbl TPAHCIIOPTHOIO KOMIIJlekca 3a psiA J1erT,
B CTPYKType 06bEMOB NEPEBO30K BbiAE/IEHbI KITIOHYEBLIE
rpynbl rpy30B, Ha KOTOpbIe NpuxoanTcsi bonee 75 % 00bE-
MOB repeBo30K. [1pensioxeH anroputM 3KOHOMUYECKOM
OLIEHKU MPOEKTOB Pa3BUTUS XET€3HOLOPOXHOM MHGpa-
CTPYKTYPbI B yBSI3KE€ C ANHAMUKONM pa3BUTUS TOBaPHbIX
PbIHKOB, OrpesAeseHbl B3auMOCBsSI3N U XapakTep B3avMHOIro
BJINSIHUSI 3JIEMEHTOB aJIrOPUTMa 9KOHOMUHECKO OLIEHKU
NPOEKTOB Pa3BUTUSI CETU XeJIe3HbIX A0POr, NpUBeaeHb!
rpyMepbl peasin3dyembix B HACTOSILLEE BPEMSI KOMITIEKCHbIX
NHBECTULMOHHBIX TpoekToB OAO «PXK/]», HanpaB/ieHHbIX Ha
npuBae4YeHne B nepcrnekTuse 00bEMOB NepeBo30K rpy30B.

Llesnb cTatbm 3akitoyaeTcs B pa3paboTke MeToanyecko-
ro MHCTPYMEHTapusi 9KOHOMUYECKOW OLEHKN MPOEKTOB
pasBuUTHS MPOMYCKHOV 1 NPOBO3HOM CIOCOOHOCTU ceTn
Xene3HbIX AOPOr B YC/I0BUSIX U3MEHEHUsS] HarnpaBiaeHuii
1 06BEMOB rpy30BbIX TOTOKOB C Y4ETOM ANHAMUKY PA3BUTUSI
BHELLHero v BHYTPEHHEro TOBapHbIX PbIHKOB. B cooTBeT-

Iloocopun Buxmop Aaexcandposuu — Poccuiickuii
yHugepcumem mparcnopma PYT (MUHUT), Mockea,
Poccus.

Mapmouurxun Poman Bukmoposuu — AO «Hucmumym
9KOHOMUKU U pazeumus mpancnopma», Mockea,
Poccus*.

CTBUW C NOCTaBJIEHHOW Li€J1bI0 OCHOBHbLIMU 3aa4amMu siBJisi-
10TCSI: CPaBHUTEIbHAS OLEHKA NMPUMEHSIEMbIX B OT€YECTBEH-
HOW pakTrKe rnokasatesei, NCrob3yEeMbIX PV Ornpeaese-
HUW BJINSIHVSI KOHBIOHKTYPbI PbIHKA C r1oka3aresisiMu, npume-
HSIeMbIMY BEAYLLMMY 38PYOEXHbLIMU KOMIaHUSIMU AJ151 9TUX
Lenei; oLeHKa 3Ha4YeHus KOMIMIEKCHbIX UHBECTULIMOHHbIX
POEKTOB Pa3BUTUS MPOIYCKHOU 1 MPOBO3HOW CIOCOBHOCTU
(Ha npumepe ceTn Xene3Hbix gopor Poccuun) B ycnoBusx
JAVHaMUYHO Pa3BUBAIOLLNXCS BHELLIHVX Y BHYTDEHHUX TOBap-
HbIX PbIHKOB; pa3paboTka ajropuTMa oLeHKU npPoeKToB
pPa3BUTUSI Xe/IE3HOAOPOXHOM MHPPACTPYKTYpPbI 4151 obec-
reyeHus BbICOKOr 0 YPOBHSI KQ4€CTBa TPaHCIOPTHOo 06¢cy-
XKVBaHWS C LIEJIbI0 OL€HKM B3aUMHOIO BJINSIHUSI OTAEJIbHbIX
napameTpoB MPoOeKToB 1 ux cbanaHCupoBaHHOCTY B 3aBU-
CUMOCTU OT ANHAMUKN KOHBIOHKTYPbI BHELLIHVX Y BHYTPEHHUX
TOBapHbIX PbIHKOB, & Takxe HeobXo4uMOCTU NPUBAEHEHs
WHBECTULIMOHHbIX PECYPCOB.

[ns peann3aunm nocTaBAEHHbIX B CTATbE LEv 1 3aAa4
MCIMO/Ib30BAJINCh IMIMUPUYECKNE N TEOPETUHECKUE METOAbI,
Takue, kak cbop v aHam3 NHOPMaLMK, AenyKUNs, MOse-
JIMPOBAHNE, CPABHEHNE, TEXHNKO-IKOHOMUYECKMNE PACYETHI,
9KOHOMUKO-CTaTUCTUYECKUIA METO/.

CaenaH BbIBOA O HEO6X0AUMOCTU y4ETa AMHAMNYHO
U3MEHSIIOLLIEVICSI KOHBIOHKTYPbI TOBAPHbIX PbIHKOB MPY OLIEH-
Ke nepcrnekTyB pa3BuUTUsSi CETU Xee3HbIX JOPOr.

KnwoyeBsle cnosa: )Ke}'leBHO,ﬂOpO)KHbH;I TPAaHCIIoOPT, Crnpoc Ha rpy30Bble rnepeBo3ku, MNPOeKTbl Pa3BuUTHS, TOBaprlﬁ

PbIHOK, KOHBIOHKTYPA PbIHKA.
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AKTYAJIbHOCTb

XKene3HomOPOKHBIA TPAHCIIOPT, SIBJISISACH
COCTaBHOI YaCThIO TPAHCIIOPTHOI'O KOMILIEK -
ca JIlobOro rocyaapcTBa, IOCTOSIHHO HAXOUT-
cs KaK BO B3aMMOJACHCTBUU, TaK U B COCTOSI-
HUY KOHKYPEHIIMU C UHBIMU BUJIAMU TPAHC-
IopTa 3a NepeBo3KU rpy30B. OMHUM U3 BaxkK-
HBIX YCJOBUIl KOHKYPEHTOCIOCOOHOCTHU
JKEJIE3HOJOPOXHOIO TPAHCIIOPTA SIBJISICTCS
KayeCTBEHHOE U CBOEBPEMEHHOE YIOBJIETBO-
peHMe CIIpoca TPy300TIpaBUTE/Ieii Ha mepe-
BO3KU I'PY30B.

Y4uThIBasi, YTO TPAHCIIOPT HE IIPOU3BOAUT
MPOAYKIIUK B (DU3NIECKOM CMBICJIE U SIBJISIET-
csl UH(pacTpyKTypHOIt oTpacibio [1, c. 74],
BaXXHBIM aCIIEKTOM €r0 SKOHOMUYECKU (-
(ekTUBHOTrO (PYHKIIMOHUPOBAHUS (]I BCeX
Y4aCTHMKOB I1€PEBO30YHOIO Mpoliecca),
a Tak>Ke IePCIeKTUBHOTO PAa3BUTUS SIBJISIETCS
JOCTVKEHME OajlaHca CIIpoca Ha «TPaHCITopT-
HYIO MPOIYKIIMIO» U MPEII0XEHUS TPAHC-
MOPTHBIX YCIIYT.

I[To MHEHMIO BeaylIMX CHEIMAIUCTOB
B 00J1aCTY TPAHCIIOPTA, B YCIIOBUSIX PHIHOYHOM
3KOHOMUKH TPAHCIIOPT MOXHO OXapaKTepH-
30BaTh U KaK OOBEKT PbIHKA, U KaK CYOBEKT
pbIHKa. B 3aBUCHMMOCTU OT IMO3ULIMU B OTHO-
IIEHUM MeCTa TpaHCIOpTa B 9KOHOMMKE
MOXHO OTMETUTh HECKOJILKO ITOIXOIOB K Iep-
CIICKTUBAM €ro pa3BUTHSI: IIPU PHIHOUHOM
MOJX0/e TPAHCIIOPT Pa3BUBACTCS B 3aBMCH-
MOCTH OT CIIPOCa Ha €ro yCIyIu; Ipu «KJiac-
CMYECKOM IIOJX0JIe» TPAHCIIOPT SIBJISETCS
MHGPaACTPYKTYpOii MaTepUaabHOIO IPOU3-
BOJICTBA U TPEOYET OIepeKaloIero pa3BUTHSI
[2,c. 17].

PaccmatpuBas pakTuueckoe COCTOSTHUE
M TIEPCIIEKTUBHOE Pa3BUTHUE KEJIE3HOIOPOXK-
HOI MH(PACTPYKTYpPhI Yepe3 MPU3MY B3aMO-
YBSI3aHHBIX MEXy COO0I KaTerOpHil «CIIpoC
Ha I'PY30Bble MEPEBO3KM — MPONYCKHBIE
M IIPOBO3HBIE BO3MOXHOCTU MH(MPACTPYKTY-
PbI», — MOXHO OTMETUTh, YTO MHOTO3JIEMEHT-
HOCTb KaXI0l KaTeropyuM U 3HAYUTEIbHOE
KOJIMYECTBO BHEIIIHUX M BHYTPEHHUX (paKTO-
POB, OKa3bIBAIOIIMX BIUSHUE Ha 3JIEMEHThI
KaXJIoii KaTeropuu, UX Pa3HOBEKTOPHOCTb,
CO3J1al0T CBOEOOpa3HbIil OagaHC, KOTOPLIi
MOXHO BBIPa3UTh B BUIE (haKTUIECKU JOCTUT -
HYTBIX WJIY IIEPCIIEKTUBHBIX ITPOrHO3UPYEMbIX
rnokazaTesieii 00bEMOB IPy30BbIX MEPEBO30K
3a BBIOPaHHBII IIPOMEKYTOK BPEMEHMU.

B cBs13u ¢ BbIIIIECKA3aHHBIM, U4e/1b/0 TAHHOMI
pabOTHI SIBJISIETCST pa3pab0TKa METOAUYECKOTO

WHCTPYMEHTapUs SKOHOMUYECKOU OLIEHKU
MPOEKTOB Pa3BUTHS MPOITYCKHON U MPOBO3-
HOU CITOCOOHOCTHU CETU XKEJEe3HBIX TOPOT
B YCJIOBUSIX U3MEHEHUS HalpaBJIEHU I U 00bE-
MOB T'PY30BBIX TOTOKOB € YUYETOM AUHAMUKU
pPa3BUTHUS BHEIIHETO U BHYTPEHHEro TOBap-
HBIX PBIHKOB. 1 peain3aliviv TOCTaBJI€HHOMU
1LIeJTA UCTIOJIb30BAaHbI SMIIUPUYECKUE U TEOpe-
TUYECKUE Memodb, HAyTHOTO UCCIIEIOBAHMSI:

* cOop u aHanu3 uHbOpPMaUUU — TPU
¢opmupoBaHUM 0a3bl JaHHBIX 00 0ObEMaX
MepeBO30K IPy30B, IPy30000pOTY MO TEPPU-
topun Poccuiickoit Denepauu mo BUIAM
TPaHCIIOPTA U UX aHAIU3Y;

* CpaBHEHHWE — IPU OLEHKE NUHAMUKU
nobsiuu yriag B Poccuu, oblieid morpysku
YIJISL Y €T0 MEePEBO30K B 9KCIOPTHOM COO00IIIe-
HuU 1o cetu xeyie3Hbix Jopor OAO «PXK/I»,
JIMHAMUKU TPy30000pOTa, CPeTHEN JaTbHOCTH
1 00BEMOB MEPEBO30K IPY30B MO CETH XKeJe3-
HBIX JTOPOT, a TakXe MPU MCIOJIb30BaHUU
peUTUHTa KPpYyMHEeNIIMX MYOJIUYHBIX Kele3-
HOJOPOXHBIX KOMIIAHWI MUpa MO BEpCUU
Global 2000 Forbes;

* NEAyKUUsS U MOAEIUPOBAHUE — TIPU
(hopMUPOBaHUY CXEMBI OTIPENEIeHUS TOTPed-
HBIX UHBECTULIMI B PA3BUTHE KEJIE3HOAOPOX-
HOU MH(PaCTPYKTYpbI U MOABUXHOTO COCTa-
Ba;

* TEXHUKO-PKOHOMHUYECKHUE PACUYETHI
U1 9KOHOMUKO-CTAaTUCTUYECKUI METOJ — LTS
dopMupoBaHUs YKPYIMHEHHOTO aqroputMa
9KOHOMUYECKOU OLIEHKU TPOEKTOB Pa3BUTHUS
KEJIe3HOIOPOKHOU MH(MPACTPYKTYPHI B YBSI3-
K€ C TMHAMUKOU pa3BUTHUSI TOBAPHBIX PHIHKOB.

AHAJIU3 U OLLEHKA TEHAEHUUA
PaccMaTpuBast skesre3HOIOPOKHBIN TpaHC-
TTOPT OOIIETO TTOJIb30BAHMS KaK YacTh OOIIeH
TPaHCIIOPTHOM cuctembl Poccun, HeoOxomm-
MO OTMETHUTb, UTO B CTPYKTYpE OOIINX 00BE-
MOB TIEPEBO30K I'Py30B U Irpy30000poTa OH
3aHUMaeT 3HauuTeabHbIe nmoau (17,1 %
1 45,5 % COOTBETCTBEHHO, CM. Tab1. 1-2).
CrieyeT TakXe YIUTHIBATh, YTO POCT IPy-
30000poTa B 2014—2016 TT. TPOUCXOINIT He-
CMOTpSI Ha CHUXXEHUE 0O0BEMOB MEPEBO30K
rpy30B (OCHOBHOU MPUYUHON CTaJ craj
POCCUICKOM 5KOHOMUKHU U3-3a CKATUS BHYT-
PEHHETO CITpoca Ha TOBaphl M YCIYTH). DTO
CBUIETEICTBYET 00 YBEIUUYEHUU CpPEIHEH
JTATbHOCTH TTePEBO30K Ha KeJIe3HOI0POKHOM
TpaHcmopTe (puc. 1), 4To oOycnoBIeHO Oya-
TOTIPUSITHON KOHBIOHKTYPOII BHEIITHUX PBIH-
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Taouua 1

O0bEMBI IepeBo30K rpy3oB o Teppuropun Poccuiickoit Deaepanuu no BUIAM TPAHCIIOPTA
32 2013—2017 rr., MJIH T

Buna tpancnopra 2013 & 2014 2015 2016 2017
Bcero 00bEMbI IepeBo30K 8275,8 8006,8 7896,8 7990,5 8113,6
B T.4.
Kene3HomopOXKHbII TPAaHCTIOPT OOILETro MOJb30BaHUS 1392,6 1375,5 1327,6 1327,4 1383,4
ABTOMOOWJIbHBII TPAHCTIOPT 5635 5417 5357 5431 5447
BHyTpeHHMIT BOAHBII TPAHCIIOPT 135 119 121 118 119
TpyOornpoBOAHBII TpaHCTIOPT 1095 1078 1071 1088 1138
OcrasibHbl€ BUIIBI TPAHCTIOPTA, 63 yuéTa MpoMbllUIeHHOro | 18,2 17,3 20,2 26,1 26,2
JKEeJIE3HOOPOKHOTO TPAHCIIOpTa
Wcrounuk: DenepanbHas ciryx0a rocynapcTBeHHOI ctatuctuku (Poccrar).
TaGmuma 2
Ipy3o0060poT TpancnopTa Beex orpaciieit 3xkoHomuku Poccniickoii @enepaniu
32 2013—2017 rr., MJIpA, T ® KM
Bun tpancnopra 2013 |2014r (2015 |2016r (2017rL
TpaHcmopT Bcex oTpacieil 9KOHOMUKHU 5084,0 |5078,2 |5107,4 |5196,6 |5480,6
BT.Y.
2Kes1e3HOI0POXKHBII TPAaHCTIOPT OOLLETO MOIb30BAHUSI 2196 2299 2305 2343 2492
ABTOMOOWJIbHBIIM TPAaHCIIOPT 250,0 |247,0 |[247,0 [248,0 |253,0
BHyTpeHHMIi BOIHBIN TPAHCITOPT 80,0 72,0 64,0 67,0 67,0
TpyOornpoBOAHBII TPaHCTIOPT 2513,0 |2423,0 |2444,0 |2489,0 |2615,0
OcrTajibHble BUJIBI TPAHCTIOPTA, O3 YU€Ta MPOMBIIIUIEHHOTO 45,0 37,2 47,4 49.6 53,6
>KeJIe3HOTOPOKHOTO TPAHCIIOPTA

Ncrounuk: OenepaiibHas ciyx0a rocynapcTBeHHo cratuctku (Poccrar).

Puc. 1. AnHamuka rpy3oobopora, cpeaHei 4anibHOCTU N 06bEMOB NepeBo30K
rpy3oB no cetu xxene3Hbix gopor OAO «P)X/[» 3a nepuon 2013-2017 rr.
Uctoynukn: no gaHHbIM oT4ETHOCTU L|O- 12 «OTYET O NnepeBo3Ke rpy30B, nx npoberax v nosy4eHHoOM 3a HUX J0X04Ee».

KOB Ha ¢oHe aeBalbBaluKU PyOJs M, Kak
CJICIICTBHUE, YBEIMICHEM SKCITOPTa POCCHIA-
CKOTO ChIPbSl Yepe3 MOPCKUE M CYyXOITyTHbIE
MepeIaToOuYHbIe ITYHKTHI.

JlaHHas TeHIEHLMS MOBIMSLIIA HA U3Me-
HEHUE CTPYKTYphI IEPEBO30K I'PY30B B pas-
pe3e BUIIOB COOOIIEHUI: 00BbEMBI BHYTPUPOC-
cuiickux repeBo3ok B 2017 romy CHU3MINCH
Ha 3 % IO OTHOIICHMIO K IOKa3aTelsiM
2013 roma; 3a aHAJIOTUYHBIH Iepruoa 00bEMBI
MMITOPTHBIX MIEPEBO30K CHU3MINCH Ha 28 %;

=1 2 Vi TLTKVTHE D | CHRKATITE R

00BEMBI OKCITOPTHBIX MEPEBO30K YBEIUYM -
nuch Ha 15 %.

ODHUM 13 OCHOBHBIX 9KCITIOPTHBIX I'PY30B
SIBJIIETCS KaMEHHBINA YToJIb, J10JsI KOTOPOIO
B 00IIIeli CTPYKType Tpy30000poTa 1Mo CeTH
OAO «PXI» cocrasiser 6oiee 35 %. Ipu-
POCT IIEPEBO30K YIJISI B 3KCTIOPTHOM COOOIIIe-
Hum B 2017 roay cocraBuia 37 % K ypOBHIO
2013 roga. AHann3 nmokasarteJieit JoObIYM yIJIst
Ha Tepputopun Poccuiickoit Penepaumnmu
un ero nepeBo3ok no cetu OAO «PXK]I» 3a
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Puc. 2. AnHamuka go6bi4n yris B Poccun, obLueri norpy3ku yrisi U ero nepeso3ok
B 3KCMOPTHOM COOOLLIeHUM M0 ceTu xeneaHbix gopor OAO «PXX/[» 3a nepnog 2013-2017 rr.
HcTouyHmkn: no gaHHbIM OTYETHOCTU MuHaHepro n OAO «PXX»'.

paccmaTtpuBaemblii nmepuon 2013—2017 rr.,
MOKAa3bIBAET, YTO CYLLIECTBYET TE€CHAs B3AMMO-
CBSI3b MOKa3aTeJieil Tpy30BbIX MEePEeBO30K
JKeJIC3HOIOPOKHBIM TPAHCIIOPTOM C TMHAMMU-
KO pa3BUTHS OTAEIBHBIX TOBAPHBIX PEIHKOB.

N3MmeHeHure HampaBiaeHUl U 00BEMOB
I'PY30BBIX ITOTOKOB IT0 CETH KEJIE3HBIX JOPOT
IO BO3IEHCTBUEM KOHBIOHKTYPHI POCCHUIA-
CKUX I MAPOBBIX TOBAPHBIX PHIHKOB ITIPUBOINT
K BO3HUKHOBEHMIO OTPaHMYCHU B IIPOBO3-
HBIX ¥ IPOMYCKHBIX CIIOCOOHOCTSIX JKeJIe3HO-
JTIOPOXKHOI MH(MPACTPYKTYPHI.

M3yyeHne KOHBIOHKTYPHEI pBIHKA CIIOCO0-
CTBYET ONTUMM3AINU ITPOU3BOIACTBEHHBIX
U JIOTUCTUUECKUX Olepallvii, MOBbIILLIEHUIO
MIPOU3BOIUTEIIBHOCTI PAOOTHI TEXHUIECKIX
cucteM M 3G PEKTUBHOCTU MCITOJb30BAHMS
IIPOM3BONICTBEHHBIX PECYPCOB, MUHUMM3AIIUA
pacxofa pecypcoB U MPOU3BOACTBEHHBIX MO-
Tepb, MOBBIIICHUIO OOBEKTUBHOCTH OIICHKH
KOHKYPEHTOCIIOCOOHOCTY Ha PbIHKE, JeTall-
3alM JUTHAMUKH 1 XapaKTepa N3MeHEHS LIeH,
€MKOCTH pPbIHKA, 00BEMOB IMTPOU3BOICTBA U MO-
TpeOJICHMS, OLIEHKE IMPOTHO3HBIX JaHHBIX TH-
HaMWKHU U Pa3BUTHS TOBAPHBIX PEIHKOB, IICH Ha
HUX, reorpacuu rnorpediaeHus u T.4. [3, c. 90].

AHaJ3 KOHBIOHKTYPBI TOBAPHBIX PHIHKOB
IJIST TPAHCITOPTHOM KOMIIAHUU W OTpakeHe
ero B IWHAMUKE Pa3BUTUS TPAHCIIOPTHOTO
pBIHKA 3aBUCST OT XapakKTepa peliaeMoi
mpo06aeMbl. JIJId MPUHSITUS OIePaTUBHBIX
pelIeHNH BBITIOTHSICTCS aHAJIN3 CIIOXKUBIIICH -
¢S KOHBIOHKTYPBI TOBAPHBIX PEIHKOB, ITO3BO-
JISIONINIA TaKKe BBITIOJTHUTH ITPOTHO3HI 10~
Ipy3Kku Ha 3—6 mecseB. J1st riesieit mporHo-
3MpOBaHMs Ha OoJiee IJIUTeIbHbIE CPOKU He-
00X0IMMO HcceaoBaHue 0osiee riayboKoro
ypoBHs [4, c. 30].

B uccnegoBanuu A. B. PriiikoBa moapo6-
HO paccMaTpHUBAIOTCS BOMNPOCHI aHaAJM3a
KOHBIOHKTYPBI POCCUICKOTO TpaHCIOPTA
B TIEPUOJl CTAHOBJIEHUST Y PAa3BUTHUST PHIHOY-
HBIX OTHOIIEHUI [5, ¢. 19], a Takxke pobieMbl
METOJIOJIOTMH OIIEHKH BIUSTHUSI KOHBIOHKTY-
PbI pbIHKAa Ha OCHOBHbBIE TTAapaMeTPHI ACSITeITb-
HOCTHU TpaHcnopTa [5, ¢. 57]. OnHako, coBpe-
MEHHbIE YCIOBUS, XapaKTepU3yloluecs Io-
BBIIIIEHUEM CTIPOCa Ha TPAaHCITOPTHBIE YCITyTH
U yBEJIWYEHUEM MPOTSXKEHHOCTA JTUHUHT
C OrpaHMYEHUEM UX TIPOITYCKHON W TTPOBO3-
HOI CMOCOOHOCTU, TPEOYIOT pa3pabOTKU HO-
BBIX METOJIMYECKUX TMOIXOI0B K OIl€HKE
MPOEKTOB Pa3BUTHs TTPOTTYCKHOU U TIPOBO3-
HOU CITOCOOHOCTU CETU XKEJEe3HBIX T0POT
¢ y4€TOM TMHAMWKU Pa3BUTUSI BHEIIHETO
1 BHYTPEHHETO TOBAPHBIX PHIHKOB.

Benyiiue 3apyOexkHble KOMIAaHUU TIPU
OlIEHKE BIMSTHUSI KOHBIOHKTYPBI PhIHKA Ha UX
JIeSITeIbHOCTh UCIMOJB3YIOT MTOKa3aTeu, OC-
HOBaHHbIE Ha aHAJIN3€ TPAHCIIOPTHOTO PhIHKA
C TOYKM 3pEHUST BBIPYYKH YIaCTHUKOB PHIHKA,
3aHUMAEeMO JOJIU Ha PhIHKE, a TAKXKE CETMEH-
Tauu no cepam aesarenbHocty. B Ton-2000
KoMmmaHuii Mupa B 2016 I. mpeacTaBieHbl 16
JKEJIe3HBIX TOPOT, YbM aKIIM1 KOTUPYIOTCS Ha
(boHgoBOM phIHKE [6]. B pediTMHT BoLLIN
IIECTh SATMOHCKUX XeJIE3HBIX JOPOT, YEThIPe
aMepUKaHCKUE, IBe KaHAJCKUE U IO OJHOM
komranuu u3 Kwurast, TonkoHra u TaiiBaHs
(Taba. 3).

! Cratuctrika MUHKMCTEPCTBA 9HEPTETUKU. [ DIeKT- 97
POHHBII pecypce]: https://minenergo.gov.ru/activity/

statistic; TomoBbie oTu€Thl KOMIIaHUU OAO «P2XK/I».
[DnexkTpoHHbIii pecypc]: http://ir.rzd.ru/static/public/

ru? STRUCTURE_ID=32#2.
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Taoamuna 3

Kpynueiinue my0myHble XKeJIe3HOI0POKHbIE KOMIAHUN MHPA 110 BEPCHH
Global 2000 Forbes, 2016 r.

Ne B Komnanus Crpana Beipyuka, | [1pu- Penra- AxTuBbl, | Kanura-

peii- mipa $ ObUIb, GesnpHOCTD | M $ | mzanms,

TUHTE wipa $ | mpomax, % mipa $

172 Union Pacific CILIA 21,0 4,6 21,9 55,8 75,4

233 East Japan Railway SnoHus 23,5 1,9 8,1 63,1 36,2

284 Central Japan Railway Snonus 14,3 2,5 17,5 45,4 38,7

368 Canadian National Kanana 9,9 2,8 28,3 26,7 51,6
Railway

377 CSX CLIA 11,4 1,9 16,7 34,6 26,3

407 Norfolk Southern CIIA 10,4 1,6 15,4 33,8 27,1

557 MTR TonkoHr 5,4 1,7 31,5 31,1 29,1

625 Dagqin Railway Kurait 8,6 2,3 26,7 17,0 15,0

662 West Japan Railway SAnonus 11,8 0,7 5,9 23,4 12,1

785 Canadian Pacific Railway | Kanama 5,1 1,2 23,5 15,0 22,8

883 Tokyu SAnonust 9,0 0,5 5,5 16,8 11,0

1112 Hankyu Hanshin Holdings | Anoxust 5,4 0,5 8,5 18,9 8,3

1158 Kintetsu SnoHus 10,0 0,3 3,0 16,1 8,0

1547 Kansas City Southern CLIA 2,4 0,5 20,5 8,3 10,6

1582 Taiwan High Speed Rail TaiiBaHb 1,6 0,7 41,1 15,4 2,7

MOJAEJIN U NOKA3ATEJIN

TpaHCITOPTHO-JTOTMCTUYECKIE MOJIENIN, UC-
TTOJIb3yeMble 3apyOeKHBIMI KOMITAaHUSIMU TTPU
IUTAHUPOBAHUU TIEPCIICKTUB CBOETO Pa3BUTHS,
MOTYT BKJTFOUaTh, HAIIPUMED, CJICTYFOIIE MOJIC-
JIM opraHu3anuu rnepeBo3ok: SAMGODS/
NEMO, SMILE (Strategic Model for Integrated
Logistics Evaluation), SLAM (Spatial Logistic
Appended Module), EUNET, LAMTA (Los
Angeles Metropolitan Area), CMAP (Chicago
Metropolitan Agency for Planning), FAME
(Freight Activity Micro simulation Estimator),
GoodTrip, WIVER, TAPAS, TAPAS-Z [7, c. 6;
8,¢.829;9,c.384;10,c.9].

J1s1 aHaIM3a KOHBIOHKTYPhI PhIHKA 3apyOesK-
HBIE KOMITAaHWH MCTIOIB3YIOT CJICAYIOIIHE ITOKa-
3aTeJIN: JOXOMbI, YMCTHIM TOXOM (YOBITOK), OOIIIast
CTOMMOCTB UMYIIIECTBA (AKTUBOB), O0II1ast CTOM -
MOCTb 00$13aTe/IbCTB, YUCJIO PAOOTHUKOB, JTOXO],
B pacuére Ha OJHOIO pabOTHUKA; MAaKPOIKOHO-
MMYeCKMe MHANKATOPHI, TaKKe, KaK 00BEM XKe-
JIE3HOIOPOXKHBIX IMEPEBO30K, ITPOrHO3 00LEMOB
MepeBO30K, YMCIIEHHOCTh HaceyeHusi, BBII
B ueHax 2000 roga, BBIT B Tekymux nieHax, MH-
rsaimst, THAEGKC MOTPEOUTETLCKIX LIEH, KYPChI
BaJTIOT, CETMEHTALIS TI0 TeorpapruecKiM Mpu-
3Hakam [11—15].

BaxxHeimmMu 3amayaMu aHaim3a KOHBIOHK-
TYPBI PHIHKOB SIBJISTFOTCSI:

* OIIpeIesIeHNUE, aHATT3 M TTPOTHO3MPOBAHNE
00BEMOB U Teorpacuy TTPOU3BOACTBA TOBAPOB,

VINPML PAH PlA M NCID

MaTepUaJIOB U CbIPbS1, TPEACTABJISIOLLX OCHOB-
HBIC BUJIBI TPY30B;

* OIIpeesicHNe ¥ aHAIN3 Pa3MepoB (00BEMOB
MPOU3BOIACTBA) U YMCIA TPEAMPUSITUM-
TIPOM3BOIUTEINECI;

* OIpeesIeHNE, aHAJT3 M TIPOTHO3UPOBAHIIE
1IEH Ha TOBapPHI (TOTOBYIO ITPOIYKIINIO, MaTepHa-
JIbI ¥ CHIPBE, TIPSICTABIISTIOIINE OCHOBHBIC BUIBI
TPY30B): OTITYCKHBIX 1IEH TIPOM3BOIUTENCH, IICH
B PETMOHAX MOTPEOICHNS, SKCITOPTHBIX 1IEH;

* OIpezesIeHNE, aHAJT3 M TIPOTHO3UPOBAHIIE
00BEMOB M reorpadum noTpedaeHus TOBapoOB,
MaTepUaJIOB U CbIPbSI, TPEACTABJISIOLLX OCHOB-
HBIC BUJIBI TPY30B;

* OIpeesicHNe ¥ aHAIN3 Pa3MepoB (00BEMOB
TOTpeOICHYST) U YMCTIa PSANPUSITAN-TIOKYTIa-
TeJIEH;

* aHamM3 creneHy auddepeHImanm mpo-
W3BOIUTENICH TT0 KaueCTBY, OTITyCKHBIM IICHAM
¥ 00bEMaM TIPOU3BOJICTBA, MO CIie(pUKE TeX-
HOJIOTMYECKOTO Tpoliecca, oTpeaesiomei
TpeOOBaHUsI K KAYECTBY TPAHCIIOPTHOI'O OOCITy-
JKMBaHUSI M, KaK CJICACTBUE, BO3MOXHOCTD ITPH-
BJICUCHUST MX TPY30B Ha XKEJIE3HOTOPOKHBIN
TPaHCITOPT;

* OIpenesieHre U aHAIU3 PETMOHAIIBHOTO
pacrpeneaeHIsT IPOU3BOAMTEIICH TT0 TTepedrc-
JICHHBIM B TIPEABIIYIIEM IMyHKTE TIPU3HAKAM;

* aHanMu3 cTeneHu nuddepeHInaAINN
MOTpeOuTe e MO Ka4eCTBY, OTITYCKHBIM 1Ie-
HaM 1 00BbEMaM IIPOU3BOACTBA, CTICHINMUKE
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Puc. 3. Cxema onpegeneHnsi NoTpebHbIX UHBECTULINI B Pa3BUTUE XKEeJ1e3HOA0POXHOM NHPPaCTPYKTYpPbI
M NoABVKHOIo cocTaBa (cocTaB/ieH aBTopamMmm).

noTpebyieHUs1, onpeaenstoneil TpedboBaHUsI
K Ka4eCTBY TPAHCMOPTHOIO OOCTY>KUBAaHUS;

* OIpeJeIEeHNE U aHAJIU3 PETMOHATILHOTO
pacripesiesieHusl moTpeduTeeil Mo JaHHbIM
MpU3HaKaM BO3MOXXHOCTHA CETMEHTUPOBAHUS
KCCJIEAYEMOIrO TOBAPHOTO PhIHKA;

* aHaJIM3 ¥ MPOTHO3UPOBAHUE TEHACHLIUI
Pa3BUTHUS PbIHKA 1 €T0 IMHAMUYECKOM YCTOM-
YUBOCTH;

* QHAJIM3 CE30HHOCTU U LUKIMYHOCTU
OCHOBHBIX MoOKa3zaTejeil pa3zBUTUS PbIHKA
(00BEMOB TpoaaX IO KaTeTOPUSIM TOBapOB,
1IeH), X BOJIATWJILHOCTH 1 BJISIIOIINX HA HUX
¢axkTopoB.

CpaBHUTENbHBINA aHAJIM3 TTOKa3aTelei,
KCIIOJb3YEMbIX MPU OLIEHKE BAMUSIHUSI KOHb-
IOHKTYPbl PbIHKA aHAJIOTUYHBIMU BEIYLLIMMU
3apyOeXXHbIMU KOMIMAHUSIMU, TTO3BOJSIET
CIeJaTh BBIBOJ O BO3MOXHOCTH UX MPUMEHE-
HUS 111 0O0CHOBAHUST MUHAMKATOPOB 9KOHO-
MHUYECKOro pa3Butusi Poccuu u 1eneBbix
rnapamMeTpoB AesITeIbHOCTU XoJiauHTa « P2K/1»
B CHCTEMeE KJIIOUEBBIX TOKazaTeneil addek-
TUBHOCTH.

PE3YJIbTATbl U OBCYXXAEHUE

Ha 1 anuBaps 2017 roma gonist IpOTSKEH-
HOCTHU JIMHUH XKeJIe3HOIOPOXKHOTO TpaHC-
nopTa obuIero nojnb3oBaHus Poccuiickoii
Denepaliy, UMEIOIIMX OIPAaHUYECHUSI IIPO-
MYCKHOI CIOCOOHOCTH, K 3KCIUTyaTallMOHHOM

IUJIMHE KeJe3HOAOPOKHBIX JUHUM 00IIero
roJb3oBanus, cocrasmia 10,6 % [16, c. 22].
B cBo10 04epenb, BOSHUKHOBEHUE OTpaHNYe-
HUI B TPOBO3HBIX U TTPOITYCKHBIX CITOCOOHO-
CTSIX XKEJIe3HOOOPOXKHON MH(MPACTPYKTYPhI
MIPUBOIUT K HEYIOBIETBOPEHHOCTH CITpOca Ha
TPY30BBIE TIEPEBO3KM.

BwMmecrte ¢ TeM, COOTHOIIIEHME TIPS BSIBIICH-
HOT'O U CBOEBPEMEHHO YIOBJICTBOPEHHOTO
crpoca Ha TPy30BbI€ TIEPEBO3KM OIPEACIISICT
YPOBEHb KaueCcTBa TPAaHCITIOPTHBIX YCIyT. B Ka-
YeCTBE pelleHMsI IPO0JIeMbl HEYIOBJIETBOPEH-
HOCTH CIIpOCa B KPaTKOCPOYHOM U CpEIHEe-
CPOYHOM FOPM30HTE TUTAHUPOBAHUSI TPY30BBIX
JKEJIE3HOMOPOXKHBIX TTIEPEBO30K MOXET OBITh
HCTIOJIb30BaH PsIT OPraHMU3aIlIMOHHO-TEXHOJIO-
THYECKUX MEPOMPUATUI, HaTIpaBJICHHBIX,
B TOM YMCJIe, Ha TTOIy9IeHUe 00paTHOI CBI3MN
OT KJIMEHTOB [IJIsI ONIEPAaTUBHOTO PEIICHUS
JIOKAJIBHBIX BOITPOCOB, CO3aHNE YCTOBUIMA TSI
TMOKOM amanTally MTPOM3BOACTBEHHBIX I10-
Kaszareyieii pabOTHI 3JIEMEHTOB KeJIe3HOI0-
POXKHOTO TPaHCIOPTA K KOJIEOAHUSIM CITpOCa,
HaXOXIEHUE CITOCO00B CIVIAXXMBAaHUSI KOJie-
OaHMii B pacIipeieICHUN CITpOca 110 BpeMEHH
C TIOMOIIIBIO TUOKO# CUCTEMBI TApUMOB U IP.
[17, c. 104].

B nonrocpouHoii mepcreKTuBe NU3MEHEHUE
MMOTEHIIMATBLHOTO CITPOCa Ha YCIIyTH 3KeJIe3HO-
JIOPOXHOTO TPAHCIIOPTa MOXKET OOecTeyn-
BaTbCS 32 CUET YBEJIMUCHUS MEHCTBYIOIINX
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AHau3 pa3BHTHS
TOBApPHBIX PBIHKOB

Orenka cpoca Ha yCIyTH
KeTe3HOMOPOKHOTO TPAHCTIOPTa

TIporHosupyercst
yBeIHueHne 00bEMOB
TepeBO30K IPy30B?

Ompefenerne JOMOTHATETEHEX TPY30MOTOKOB.

Pacuér H3MeHeHHs 110e3/710- H BarOHONIOTOKOB.

OlieHKa YPOBHS 3arPy/KeHHOCTH YUaCTKOB CeTH
JKeNe3HBIX 0por

BOSHHKAIOT «y3Kie»
Mecta?

ONTHMH3AINA TeXHOTOTHH TIepeBO3KH

!

BOSHIKAIOT «y3KHE»
MecTa?

lﬂa

Pa3paGoTKa MepONPHATHIT 110 Pa3BHTHIO
TPOITYCKHOIT I IPOBO3HOIT CII0COGHOCTI
YIACTKOB KeTe3HOTOPOKHOI ceTH

}

Onpefierentie MOTPEGHOCTH TIPOEKT 1O PA3BHTHIO HHQPACTPYKTY PBI
B HHBECTHIIHAX He TpedyeTtcs

Puc. 4. YKpYNHEHHBIV airopuTM 9KOHOMUYECKOM
OL@HKU NNPOEeKTOB Pa3BUTHSI KE€/1€3HO4O0POXXHOWM

MH@PaCTPYKTYpbI B Y c aui ™S
TOBapHbIX PbIHKOB (COCTaBJIeH aBTopamm).

DU [
P

1 CTPOUTEIHLCTBA HOBBIX TTPOM3BOICTBEHHBIX
MOIIHOCTEH MPEITTPUSITHIN, COOPYKCHUS HO-
BBIX TPY3000pa3yIoNInX KeJIe3HOTOPOKHBIX
JIMHUIA, pa3BUTHASI MOPCKHX TIOPTOB, CO3TAHUS
YCIIOBUIA TI0 TIPUBJICUYCHUIO TPY30B C APYTHUX
BMIOB TpaHcIopTa u ap. [18, ¢. 16]. s yoo-
BJICTBOPCHUS TTEPCIIEKTUBHOTO CITpOoca Ha
IPY30BbIE KEJIE3HOMOPOXKHBIE TTEPEBO3KHU
B JIOJITOCPOYHOM TIepUOJie Pa3padaThIBAIOTCS
1 pean3yIoTCs KOMIUIEKCHBIC MTHBECTULIMOH -
HBIE IPOEKTHI pa3BUTHSI IIPOITYCKHON 1 TIPO-
BO3HOU CITOCOOHOCTH CETH JKEJIE3HBIX JIOPOT.
[MpuHIIMTIMaTBHAS cXeMa OIIPEACACHMS TI0-
TPeOHBIX MHBECTULINI B pa3BUTHE KeJIE3HO-
TOPOXKHON MHPPACTPYKTYPHI 1 MIOABIKHOTO
cocTaBa MpuBeeHa Ha puc. 3.

Ha ocHOBaHWM BBIIIETIPUBEAEHHOM CXEMBI
TIPE/ICTABIISIETCS 11eJIeCO00pa3HbIM pa3pabo-
TaTh aJTOPUTM SKOHOMHUYECKOU OIEHKH
MMPOEKTOB Pa3BUTHS KeJIE3HOIOPOKHOMN

VI PA P M NI=

UHOPaCTPYKTYyphl B yBI3KEe C TUHAMUKOMN
Pa3BUTHSI TOBAPHBIX PHIHKOB (puc. 4).

Ha ocHoBaHUM TpeaCcTaBICHHONH CXEMBbI
(puc. 3) u anroput™ma (puc. 4) MOXHO ormpe-
JeJIUTh B3aMMOCBSI3U MEXAY OTIEJIbHBIMU
3JIEMEHTAMU AJITOPUTMA U U3MEHEHUEe UX
napamMeTpoB MO BAUSHUEM OTAEIbHBIX (haK-
TOpoB (TadJ. 4).

ITpuBenénHbie B TabaM1IE 4 TPUMEPHI MO~
Ka3bIBAIOT pa3nyHOE BIUsIHUE (haKTOPOB Ha
3JIEMEHTHI AITOPUTMA SKOHOMUYECKOI OLIeH-
ku. [lepeyeHb pakTOpOB, OKa3bIBAIOIIUX
BJIUSTHUE Ha MTPOEKThI Pa3BUTUS KEJIE3HOIO-
POXHOI MHOPACTPYKTYPHI, HE OTpaHUYUBA-
€TCsI TPUBEIEHHBIMU B TAOIUILIEC TTO3ULIUSIMHU,
a ropasno mupe. Bmecrte ¢ TeM, usMeHeHuUe
JUHAMUKU PA3BUTUS BHEIIIHUX U BHYTPEHHUX
TOBAapHBIX PHIHKOB ((haKTUYECKU U3MEHEHUE
crpoca Ha Tpy30Bbl€ MEPEBO3KU) SBISETCS
OTHUM U3 KJIIOUEBBIX (PAKTOPOB, OKA3bIBAIO-
IIMX BJUSTHUE HA UTOTOBYIO KOH(UTYpaluio
3JIEMEHTOB MPU Pa3padOTKe MPOEKTOB Pa3BU-
TUS XKeJIE3HOAOPOXKHOIH MHDPACTPYKTYPHI.

NMPAKTUYECKUE ACINEKTbI

Ecnu mbr o6patumca B npumepy OAO
«P2K», T0 mo coctostHuto Ha 2018 rog B KOM-
TTAHWUW HAXOIWJICS B CTaJIUU peau3aiiuu psi
WHBECTUILIMOHHBIX TIPOEKTOB 110 MOJIEPHU3A -
1Y Y CTPOUTENIECTBY HOBOM KeJIe3HOIOPOXK -
HOU MHGPACTPYKTYPHI, TPUOPUTETHOM 11EJTBIO
KOTOPBIX SIBJISIETCSI OOECIieueHne TepeBO30K
BO3pacTalolmux o0bEMOB rpy3oB (Tad:. 5) [19].

[TpencrasnenHble B TaOIMIIE OTIETHHBIE
KOMIIJICKCHBIE TIPOEKTHI YBSI3aHBI MEXKITy CO-
001i 1 BKITIOYEHBI B TOJITOCPOUYHYIO TTPOTPaM-
my pasutus OAO «P2XK/I». [Tpu pa3padboTke
MHBECTULIMOHHBIX IIPOCKTOB ITPUOPUTETHBIM
SIBJISIETCS TIPUHITATI MUHUMU3AIUN 00bEMOB
WHBECTUIIMOHHBIX BJIOXEHUU B pa3BUTHE
MHOPACTPYKTYPHI 1 TIPUOOPETEHNE TTOBUK -
HOTO cOCTaBa [JIsi 00ecTieYeHUs TTepeBO30K
MPOTHO3UPYEMBIX 00BEMOB TPY30B C Tpedye-
MBIM YPOBHEM KadyecTBa TPAHCIIOPTHOTO 00-
ciayxuBaHus. C y4€ToM peanu3aivu Nmpea-
CTaBJIEHHBIX B TaOJUIIE 5 TTPOEKTOB U psia
WHBIX, 00BEMBI TIEPCIIEKTUBHON TTOTPY3KHU
rpy3oB Ha cetu OAO «P2KI» mporHo3upyoT-
cs 10 2025 roga co cpeaHerogoBbIM TEMIIOM
pocta B 2,5 % B KOHCEpBaTMBHOM CIICHApUU
u 3,6 % — B uenesom [20]. B 2017 roay moka-
3aTeJib Morpy3ku coctaBw 1261,3 MiaH T [19].

Peaymmzanmst mepCIieKTUBHBIX MHBECTHIIN -
OHHBIX ITPOEKTOB Ha cymmy 0oJiee 820 miip pyo.



Taoymua 4

B3anmocBs31 3;1eMEHTOB AJITOPUTMA IKOHOMHUYECKOIi OIIEHKH MPOEKTOB PA3BUTHS
JKeJIe3HOIOPOIKHOI MH(PPACTPYKTYPHI M H3MEHEHUS X APAMETPOB
T0/1 BJIMSIHMEM OTHEJbHBIX (hakTopoB

®dakTop Bivsinue Ha 271€MEHTBI aIrOpUT™Ma
3arpy3ka yyacTkoB | Pazmephbl 1Bu- TTporHo3 y3kux [ToTpebHOCTH
ceTn JKeHUsI TIOe3I0B | MeCT B MHbpa- B MHBECTULIMSIX
10 y9acTKaM CTPYKType
CHIXeHue cripoca YMEHBIIIeHNE yYMEHBIIIEeHNE YMEHBIIICHHE YMEHBIIIeHNE
Ha MepeBO3KU
OrpaHuuyeHue oobEMa rnepepacripesie;ieHue | nepepacnpese- | nepepacrnpene- YMEHbIIIEHUE
VHBECTULUI ITpU JIeHUE JIeHUE
pCalu3aliii MEPONIPUATHH | yyjeypineHne yMEHbIIEHNE yYMeHbILIEHUE
10 Pa3BUTHIO
MHOPaCTPYKTYpbI
WcnonszoBaHue He U3MEHsIeTCsI YMEHbLIEHNE YMEHbLIEHHE YMEHbLIEHHUE
MHHOBaLlMOHHOTO
MOJBUXKHOIO COCTaBa
ITpumenenue He U3MEHsIeTCsI He U3MEHSIeTCsl | yMEHbIIEHHE YMEHbLIEHHE
VHHOBAaLIMOHHBIX
TEXHOJIOTHii mpomycKa
BaroHOTIOTOKOB

[TepBoouepenHOIt 2JIEMEHT aJITOPUTMA, U3MEHSTIOLUIICS TIO/1 BIMSIHMEM (DaKTOPOB (BBIAEICHO LIBETOM B TaOJIULIE).

Tabamna 5

OcHoBHbIE KOMILIEKCHbIE MHBeCTUIIMOHHBbIE TPOeKThI OAO «P2K]I»
110 Pa3BUTHIO MPONMYCKHbIX H MPOBO3HBIX CIIOCOOHOCTEI /1151 00€eCTeueHus MPoImycKa
B0O3pacTaOIMX 00bEMOB IPy30BbIX MEPEBO30K

HaumeHoBaHue mpoekTa O06mmuit 00BEM Llenesoii mokazatesb
MHBECTULIUH,
MJIpA pyo.

MozaepHu3auus KeJle3HOJOPOXKHOM I sran VYBenuueHue kK 2024 romy cyMMapHO# TPOBO3HOM
uHbpacTpyKTypsl baiikano- (0 2019 rona) — CIOCOOHOCTU MarucTpaieii 1o 182 MiH T;
Amypckoit 1 Tpanccudbupckoit 182,6 YBEJIMUYEHNUE CyMMapHasi HaJIMYHasl MPOIyCKHast
JKEeJIE3HOMOPOKHBIX MarvcTpaiei CITOCOOHOCTH MarucTpaieii 1o 129 map rpy3oBbix
C Pa3BUTUEM MTPOMYCKHBIX MOE3/10B B CYTKU
¥ TIPOBO3HBIX CITOCOOHOCTEN
PasBuTHE XeIe3HOIOPOXKHOM 253,6 OcBoeHUe MPOrHo3upyemMoro K 2025 romy
uHdpacTpykTypbl OAO «P2K1» 00bEMa MepeBO30K I'Py30B Ha MOAX0AaX K MopTam
Ha nozxonax K nopram Cesepo- CeBepo-3arnangHoro 6acceiiHa B 00bEMe
3amnana Poccun 145,6 MiH T
PazButue xene3HonopoxKHOM 155,0 ObGecnieueHre NePeBO30K rPy30B
uHbpacTpykTypbl OAO «P2KJ1» JKeJIe3HOMOPOKHBIM TPAHCIIOPTOM K IMOpPTaM
Ha Io/ixoax K mopram A30Bo- A3zoBo-YepHOMOpcKoro 6acceitHa B 00bEME
YepHoMOpcKoOro bacceitHa 125,1 Mo T K 2020 romy, a TakKe ONTUMU3ALIMST

paboTsl KpacHOIapcKOro xene3HoI0poXKHOTO

y3J1a C MePEeKII0YEHUEM IPY30BOT0 ABIKEHUS

B 00x01 — Ha yyacTtoK TumanieBckasi—KpbiMckast
Cospanne CeBepHOTO 236,7 OO6ecrieueHKe TIEPEeBO30K IPY30B 1O HOBOM
JKEJIE3HOIOPOXKHOIO LIMPOTHOTO X01a uHUM B 06BEMe 23,9 MiTH T K 2025 rony

MO3BOJIUT UHOPACTPYKTYpPHOI KOMITAaHUU
«P2K]1» cokpaTuTh OrpaHUYEHUS T10 MPO-
MYCKHOM W MPOBO3HOIN CITOCOOHOCTU OT-
JIeJIbHBIX JK€JIE3HBIX I0POT, TOBBICUTH Kaye-
CTBEHHBIE ITOKa3aTeJIM UX pabOTHI, YTO OYAET
CIIOCOOCTBOBATH IMOBBIIICHUIO KauyeCcTBa
TPAHCHOPTHOIO OOCIYyXMBAHUS TPY300T-
IpaBUTEJIEH.

MWPA PAH PJIA M NS5

BbiBOAbl

1. B yc/10BUSIX IMHAMUYHO U3MEHSIIOLLIECST
KOHBIOHKTYPbl TOBAPHBIX PHIHKOB aKTyaJlb-
HOCTb BOIIPOCOB 3KOHOMMWYECKOU OLIEHKH
MPOEKTOB PA3BUTUS ITPOMYCKHOM W IIPOBO3HOMU
CIIOCOOHOCTH CETH XKEeJIE3HBIX I0POT C YUETOM
JIMHAMUKW Pa3BUTUSI BHEILIHETO U BHYTPEHHE-
ro TOBapHBIX PIHKOB Bo3pacTaeT. Tak, uame-
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HEHUE HampaBJeHUN U 00BEMOB Ipy30BBIX
MOTOKOB MOJl BO3AEHCTBUEM KOHBIOHKTYPBI
MPUBOAUT K BOZHUKHOBEHUIO OrpaHUYECHUN
B MPOBO3HbBIX U MPOMYCKHBIX CITOCOOHOCTSIX
JKeJIE3HOAOPOXKHOM UHMPPACTPYKTYPHI.

2. CpaBHUTEIbHAS OlLIEHKA MoKa3aTesei,
HUCTIOJIb3YyeMbIX TIPU OLIEHKE BAUSHUS KOHb-
IOHKTYPBI PbIHKA BEIYIIMMU 3apyOeKHBIMU
KOMIaHUSAMM, MOKa3aaa, YTO B XOJJUHTE
«P2K]1» mpumeHsieTcst OOJIBIIIMHCTBO U3 TOA00-
HBIX MIOKA3aTesei.

3. [IpMEHUTEBHO K POCCUIICKOMY OITbI-
Ty, KOMIUIEKCHbIE UHBECTULIMOHHBIE TPOEKTHI
HUMEIOT BAXKHOE 3HAYEHME /1 PA3BUTUS MTPO-
MMYCKHOI ¥ MPOBO3HOW CIMOCOOHOCTU CETU
xene3Hbix gopor OAO «PXK/» B ycinoBusix
JIVUHAaMUYHO Pa3BUBAIOIIUXCS BHEIIHUX
U BHYTPEHHUX TOBaPHBIX PIHKOB. B 3aBucu-
MOCTH OT CIIPOca U MPEAJTOKEHUS TOBAPOB Ha
MUPOBOM U BHYTPUPOCCUNACKOM PbIHKE (hOop-
MUPYETCS CITPOC Ha YCIIYTU XKeJIe3HOAOPOXK-
HOTO TpaHcTnopTa. Peanusanus nepcrnekTuB-
HBIX UHBECTULIMOHHBIX MPOEKTOB CIOCO0-
CTBYET CHUXKEHMUIO KOJIMYECTBA OTPAaHUYECHUIA
MO MPOITYCKHOM U MPOBO3HOW CIIOCOOHOCTU
U NOBBIIIEHUIO 9D GEKTUBHOCTU UCTOJb30-
BaHUs UHOpacTpykTypHOTrOo KoMruiekca OAO
«PAKI».

4. IlprumMeHeHue pa3pabOoTaHHOIO aJITOPUT-
Ma OLIEHKU MPOEKTOB Pa3BUTUS XKEJE3HOMIO-
POXHON MHGPACTPYKTYpbI 7151 0OecreyeHust
BBICOKOTO YPOBHSI KaueCTBa TPAHCIOPTHOTO
00CTYy>KMBaHUS TTO3BOJISIET OLICHUTD B3aUMHOE
BJIMSIHUE OTIEJbHBIX MapaMeTpPOB MpoeKTa
U cOaJlaHCUPOBATh €r0 B 3aBUCUMOCTHU OT M-
HAMUKU KOHBIOHKTYPBI BHEIITHUX U BHYTPEH-
HUX TOBAPHBIX PHIHKOB, 4 TAKXKE HEOOXOIUMO-
CTU MPUBJICYEHUS UHBECTULIMOHHBIX PECYPCOB.
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Evaluation of Railway Network
Development Projects
Considering Economic Conditions
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ABSTRACT

The article focuses on theoretical and practical issues of
relationship between demand for rail cargo transportation
and development of transit and traffic capacity of the railway
network.

The current situation of public railway transport in the
transport system of Russia is described. The dynamics of the
main volume indicators of the transport complex over several
years is analyzed, the key cargo groups, which account for
more than 75 % of the traffic volume, are identified in the
structure of traffic volumes. An algorithm is proposed for
economic evaluation of railway infrastructure development
projects in conjunction with the dynamics of development of
commodity markets. The relationship and nature of mutual
influence of the elements of the algorithm for economic
evaluation of railway network development projects are
identified. Examples of currently implemented integrated
investment projects of JSC Russian Railways aimed at
attracting perspective cargo volumes are commented.

The objective of the article is to develop methodological
tools for economic evaluation of projects for developing the
transit and traffic capacity of a railway network in the face of
changing directions and volumes of cargo flows, considering
the dynamics of development of external and internal
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commodity markets. In accordance with the objective, the
main tasks comprise comparative assessment of the
indicators used in domestic practice, used to determine the
impact of market conditions as compared with indicators used
by leading foreign companies for these purposes; assessment
ofthe value of integrated investment projects for development
of transit and traffic capacity (at the example of Russian
railway network) under the conditions of dynamically
developing external and internal commodity markets;
development of an algorithm for evaluating railway
infrastructure development projects to ensure a higher level
of quality of transport services with the aim of assessing
mutual influence of individual project parameters and their
balance, depending on the dynamics of external and
domestic product markets, as well as on the need to attract
investment resources.

Empirical and theoretical methods, such as collecting
and analyzing information, deduction, modelling, comparison,
technical and economic calculations, an economic and
statistical method, were used to implement the goals and
objectives set in the article.

Itis concluded that itis necessary to consider dynamically
changing conditions of commodity markets when assessing
the prospects for development of the railway network.
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Background. Railway transport, being an
integral part of the transport complex of any
state, is constantly both in interaction and in
competition with other modes of transport for
transportation of goods. One of the important
conditions for competitiveness of railway
transport is quality and timely satisfaction of
the demand of shippers for transportation of
goods.

Given that transport does not produce
products in the physical sense and is an
infrastructure industry [1, p. 74]. An important
aspect of its cost-effective functioning (and that
is valid for all participants in the transportation
process), as well as of long-term development,
isto achieve a balance of demand for «transport
products» and of offers of transportation
services.

According to leading experts in the field of
transport in a market economy, transport can
be characterized both as a market object and
as a market entity. Depending on the view on
the place of transport in the economy, several
approaches to the prospects for its development
can be noted: with a market approach, transport
develops depending on the demand for its
services; with the «classical approach» transport
is an infrastructure of material production and
requires accelerated development [2, p. 17].

Considering the actual state and future
development of railway infrastructure through
the prism of mutually interconnected categories
«demand for cargo transportation — throughput
and carrying capacity of the infrastructure», it
can be noted that the multi-element nature of
each category and a significant number of
external and internal factors affecting the
elements of each category, together with their
diversity create a kind of balance, which can be

expressed in the form of actually achieved or
promising projected values of the volume of
cargo transportation for the selected period of
time.

In connection with the foregoing, the
objective of this work is to develop methodo-
logical tools for economic evaluation of
projects for developing transit and traffic
capacity of a railway network with regard to
changing directions and volumes of cargo
flows, considering the dynamics of develop-
ment of external and domestic commodity
markets. To achieve this objective, empirical
and theoretical methods of scientific research
were used:

* collection and analysis of information for
building a database on the volume of cargo
transportation, and cargo turnover on the
territory of the Russian Federation by modes
of transport and analysis of the data;

» comparison for assessing the dynamics of
coal mining in Russia, the total loading of coal
and its transportation in export traffic via JSC
Russian Railways railway network, assessing the
dynamics of cargo turnover, average range and
volume of cargo transportation via the railway
network, as well as evaluating the largest public
railway companies according to Global 2000
Forbes World;

* deduction and modeling for developing
a scheme for determining the required
investments in development of railway
infrastructure and rolling stock;

* technical and economic calculations and
economic and statistical method for
constructing a coherent algorithm for economic
evaluation of railway infrastructure development
projects in conjunction with the dynamics of
development of commodity markets.

Table 1

The volume of cargo transportation within the territory of the Russian Federation by mode
of transport in 2013—2017, min tons

Transport mode 2013 2014 2015 2016 2017
Total transportation volume 8275,8 8006,8 7896,8 7990,5 8113,6
including

Public railway transport 1392,6 1375.,5 1327,6 1327.,4 1383.,4
Road transport 5635 5417 5357 5431 5447
Inland water transport 135 119 121 118 119
Pipeline transport 1095 1078 1071 1088 1138
Other modes of transport, excluding 18,2 17,3 20,2 26,1 26,2
industrial railway transport

Source: Federal State Statistics Service (Rosstat).



Table 2

Cargo turnover of transport in all sectors of the economy of the Russian Federation
for 2013—2017, mln ton-kilometer

Transport mode 2013 2014 2015 2016 2017
Transport of all sectors of the economy 5084,0 5078,2 5107,4 5196,6 5480,6
including
Public railway transport 2196 2299 2305 2343 2492
Road transport 250,0 247,0 247.,0 248,0 253,0
Inland water transport 80,0 72,0 64,0 67,0 67,0
Pipeline transport 2513,0 2423.0 2444.0 2489,0 2615,0
Other modes of transport, excluding 45,0 37,2 47,4 49,6 53,6
industrial railway transport
Source: Federal State Statistics Service (Rosstat).
2492
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Pic. 1. The dynamics of cargo turnover, average distance, and transportation volume along the railway
network of JSC Russian Railways for the period 2013-2017. Source: according to the reports of TsO-12 form
«Report on cargo transportation, mileage and revenues received».

Analysis and assessment of trends

Considering the public railway transport as
part of the general transport system of Russia,
it should be noted that it takes a significant
share in the structure of the total volume of
cargo transportation and cargo turnover
(17,1 % and 45,5 %, respectively, see Tables
1-2).

It should also be noted that the growth in
cargo turnover in 2014—2016 occurred despite
adecrease in the volume of cargo transportation
(the main reason was recession of the Russian
economy due to contraction of domestic
demand for goods and services). This indicates
an increase in the average distance of
transportation by rail (Pic. 1), which is due to
the favorable conjuncture of foreign markets
amid devaluation of the ruble and, as a result,
an increase in export of Russian raw materials
through sea and land transshipment points.

This trend influenced the change in the
structure of cargo transportation in terms of
types of destination: in 2017, the volumes of
domestic Russian transportation decreased by

3 % compared to 2013; for the same period, the
volume of transportation of import deliveries
decreased by 28 %; transportation of export
deliveries increased by 15 %.

The share of coal, which is amidst main
export cargo items, is more than 35 % in the
total structure of cargo turnover through JSC
Russian Railways network. The increase in
coal transportation in export traffic in 2017
amounted to 37 % compared to 2013. The
analysis of indicators of coal mining in the
Russian Federation and its transportation
through JSC Russian Railways network for the
period of 2013—2017 shows that there is a
close relationship between the indicators of
cargo transportation by rail and the dynamics
of development of individual commodity
markets.

Changes in directions and volumes of cargo
flows through the railway network under the
influence of the situation in Russian and world
commodity markets lead to constraints
regarding transit and traffic capacity of the
railway infrastructure.
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Pic. 2. The dynamics of coal mining in Russia, total loading of coal and its transportation for export along
the railway network of JSC Russian Railways for the period 2013-2017. Sources: according to the data
of reports of Ministry of Energy and JSC Russian Railways’'.

Market research helps to optimize produc-
tion and logistics operations, to increase
productivity of technical systems and efficient
use of production resources, to minimize
resource consumption and production losses,
to increase credibility of assessing market
competitiveness, to work out in detail the
dynamics and nature of price changes,
market capacity, production and consumption
volumes, to assess forecast data on the
dynamics and development of commodity
markets, prices in them, geography of
consumption, etc. [3, p. 90].

Analysis of the market conditions for a
transport company and its reflection in the
dynamics of development of the transport
market depend on the nature of the problem
being solved. To make operational decisions,
an analysis of the current condition of
commodity markets is performed, which also
makes it possible to fulfill loading forecasts for
3—6 months. For forecasting for longer periods,
a deeper level study is necessary [4, p. 30].

The study of A. V. Ryshkov examines in
detail the analysis of conditions of Russian
transport during rise and development of
market relations [5, p. 19], as well as the
problems of the methodology for assessing the
impact of market conditions on the basic
parameters of transport [5, p. 57]. However,
modern conditions, characterized by an
increase in demand for transport services and

! Statistics of the Ministry of Energy. [ Electronic
resource]: https://minenergo.gov.ru/activity/

statistic; Annual reports of JSC Russian Railways.
[Electronic resource]: http://ir.rzd.ru/static/public/ru?
STRUCTURE_ID=32#2.

an increase in the length of lines with a
limitation of their transit and traffic capacity,
require development of new methodological
approaches to assessing projects for developing
transit and traffic capacity of a railway
network considering the dynamics of
development of foreign and domestic
commodity markets.

Leading world companies for assessing the
influence of market conditions on their activity
use indicators based on the transport market
analysis in terms of revenues of market
participants, their share on the market, as well
as segmentation by fields of activity. Top-200
of the world’s companies in 2016 include 16
railways, whose shares are listed on the stock
exchange [6]. The ranking included six
Japanese railways, four American, two
Canadian companies, companies from
respectively China, Hong Kong, and Taiwan
(Table 3).

Models and indicators

The transport and logistics models used by
world companies in planning their development
prospects use e.g. the following transportation
organization models: SAMGODS/NEMO,
SMILE (Strategic Model for Integrated
Logistics Evaluation), SLAM (Spatial Logistic
Appended Module), EUNET, LAMTA (Los
Angeles Metropolitan Area), CMAP (Chicago
Metropolitan Agency for Planning), FAME
(Freight Activity Micro simulation Estimator),
GoodTrip, WIVER, TAPAS, TAPAS-Z |7, p. 6;
8, p.829;9, p. 384; 10, p. 9].

To analyze market conditions, international
companies use the following indicators:



Table 3

The largest public railway companies of the world according to Global 2000 Forbes, 2016

No. Company Country Revenues, Profit, bin $ | Profitability | Assets, | Capitalization,

in the bln § of sales, % |bln$ bln §

rating

172 Union Pacific USA 21,0 4,6 21,9 55,8 75,4

233 East Japan Railway |Japan 23,5 1,9 8,1 63,1 36,2

284 Central Japan Japan 14,3 2,5 17,5 45,4 38,7
Railway

368 Canadian National | Canada 9,9 2,8 28,3 26,7 51,6
Railway

377 CSX USA 11,4 1,9 16,7 34,6 26,3

407 Norfolk Southern USA 10,4 1,6 15,4 33,8 27,1

557 MTR Hong Kong | 5.4 1,7 31,5 31,1 29,1

625 Dagqin Railway China 8,6 2,3 26,7 17,0 15,0

662 West Japan Railway | Japan 11,8 0,7 5,9 23,4 12,1

785 Canadian Pacific Canada 5,1 1,2 23,5 15,0 22,8
Railway

883 Tokyu Japan 9,0 0,5 5,5 16,8 11,0

1112 | Hankyu Hanshin Japan 5,4 0,5 8,5 18,9 8,3
Holdings

1158 | Kintetsu Japan 10,0 0,3 3,0 16,1 8,0

1547 | Kansas City USA 2,4 0,5 20,5 8,3 10,6
Southern

1582 | Taiwan High Speed | Taiwan 1,6 0,7 41,1 15,4 2,7
Rail

Revenues, Net income (loss), Total assets, Total
liabilities, Employees, Revenue per employee,
Profit per Employee, as well as macroeconomic
indicators as e.g. Rail Freight, Volume Forecast,
Population, GDP constant 2000 prices, GDP
current Prices, Inflation, Consumer Price
Index, Exchange Rate, Geography Segmen-
tation [11—15].

The most important tasks of the analysis of
market conditions are:

« identification, analysis and forecasting of
volumes and geography of production of goods,
materials and raw materials representing the
main types of cargo;

+ identification and analysis of sizes
(production volumes) and the number of
manufacturing enterprises;

« identification, analysis and forecasting of
prices for goods (finished products, materials
and raw materials, representing the main types
of cargo): producer selling prices, prices in
regions of consumption, export prices;

« identification, analysis and forecasting of
volumes and geography of consumption of
goods, materials and raw materials representing
the main types of cargo;

* identification and analysis of the size
(volume of consumption) and the number of
enterprises-purchasers;

« analysis of the degree of differentiation
of manufacturers in terms of quality, selling
prices and production volumes, according to
the specifics of the technological process that
defines the requirements for quality of transport
services and, as a result, the possibility of
attracting their goods for transportation by
railways;

« identification and analysis of regional
distribution of producers according to the
characteristics listed in the previous paragraph;

« analysis of the degree of differentiation
of consumers in terms of quality, selling prices
and production volumes, consumption specifics
that determine the requirements for quality of
transport services;

« identification and analysis of regional
distribution of consumers according to these
signs of possibility of segmenting the studied
product market;

« analysis and forecasting of market
development trends and its dynamic stability;

« analysis of seasonality and cyclicality of
main indicators of market development (sales
volumes by categories of goods, prices), their
volatility and factors influencing them.

The comparative analysis of indicators used
in assessing the impact of market conditions by
similar leading foreign companies allows us to
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Pic. 3. Chart to determine required investment for development of railway infrastructure and rolling stock
(compiled by the authors).

conclude that they can be used to substantiate
indicators of Russia’s economic development
and target parameters of the Russian Railways
holding company within the system of key
performance indicators.

Results and discussion

As of January 1, 2017, the share of length
of public railway lines of the Russian Federation
that had capacity constraints in the overall
operational length of public railway lines was
10,6 % [16, p. 22]. In turn, emergence of
constraints regarding transit and traffic capacity
of railway infrastructure leads to the unmet
demand for cargo transportation.

At the same time, the ratio of the presented
and timely satisfied demand for cargo
transportation determines the level of quality
of transport services. To solve problems of
unsatisfied demand in the short and medium
term horizon for planning cargo railway
transportation, a number of organizational and
technological measures can be used, including
those that seek to obtain feedback from
customers to promptly fix local issues, to create
conditions for flexible adaptation of production
indicators of the elements of railway transport
to demand fluctuations, to find ways to smooth
out fluctuations in distribution of demand over

time via flexible tariff system and others [17,
p. 104].

In the long term, a change in potential
demand for railway transport services can be
achieved by increasing the existing and by
building new production capacity of enterprises,
constructing new railway lines attracting cargo,
developing sea ports, creating conditions for
attracting goods from other modes of transport,
etc. [18, p. 16]. To meet the long-term demand
for railway cargo transportation, comprehensive
investment projects are developed and
implemented to develop transit and traffic
capacity of the railway network. The basic
scheme for identifying required investments in
development of railway infrastructure and
rolling stock is shown in Pic. 3.

Based on the above scheme, it seems
appropriate to develop an algorithm for
economic evaluation of railway infrastructure
development projects in conjunction with the
dynamics of development of commodity
markets (Pic. 4).

Based on the presented scheme (Pic. 3) and
the algorithm (Pic. 4), it is possible to determine
the relationship between individual elements
of the algorithm and the change in their
parameters under the influence of individual
factors (Table 4).
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Do bottlenecks appear?

Optimization of transportation technology

}

Do bottlenecks appear?

i ves

Development of measures to develop
transit and traffic capacity of sections
of the railway network

no

no

PP Project for infrastructure development
Determining investment needs ; B}
12 not required

Pic. 4. Enlarged algorithm of economic assessment of railway infrastructure development projects in terms
of dynamics of development of commodity markets (compiled by the authors).

The examples in Table 4 show the different
impact of factors on the elements of economic
evaluation algorithm. The list of factors
influencing railway infrastructure development
projects is not limited to the positions given in
the table but is much wider. At the same time,
a change in the dynamics of development of
external and domestic commodity markets
(in fact, a change in demand for cargo
transportation) is one of the key factors
influencing the final configuration of elements
when developing projects for development of
railway infrastructure.

Practical aspects

If we take example of JSC Russian Railways,
then as of 2018 the company was implementing
anumber of investment projects to upgrade and
build a new railway infrastructure, the priority
of which was to ensure transportation of
increasing volumes of cargo (Table 5) [19].

The individual integrated projects presented
in the Table are interlinked and included in the
long-term development program of JSC
Russian Railways. When developing investment
projects, the company implements the priority
principle of minimizing the volume of
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Table 4

Interconnections of elements of the algorithm for economic evaluation of railway infrastructure
development projects and changes in their parameters under the influence of individual factors

Influence of the elements of the algorithm
Factor Load of network Size of train traffic in Infrastructure
. . Investment needs
sections sections bottleneck forecast
Decrease in demand
. decrease decrease decrease decrease
for transportation
Constraints regarding redistribution redistribution redistribution
the amount of investment
. . decrease
in implementation of measures
for infrastructure development | decrease decrease decrease
Use of innovative rolling stock | does not change decrease decrease decrease
Use of innovative technolo
. £y does not change does not change decrease decrease
for transit of car flows

Element of the algorithm, that is primarily changing under the influence of factors (graphs with darker

background).

Table 5

The main integrated investment projects of JSC Russian Railways for development of transit
and traffic capacity to ensure transit of increasing volumes of freight

Project name
bln rub.

Total investment volume,

Target indicator

Modernization of railway infrastructure
of Baikal-Amur and Trans-Siberian
railways with development of transit
and traffic capacity

I stage (until 2019): 182,6

By 2024, increase in total traffic capacity

of main lines to 182 million tons; increase

in total available transit capacity of main lines
to 129 pairs of cargo trains per day

Railway

Development of railway infrastructure | 253,6 Development of the forecasted volume

of JSC Russian Railways on approaches of cargo transportation by 2025 at the

to the ports of North-West of Russia approaches to the ports of the North-Western
basin in the volume of 145,6 million tons

Development of railway infrastructure | 155,0 Ensuring transportation of goods by rail

of JSC Russian Railways on the to the ports of Azov-Black Sea basin in the

approaches to the ports of Azov-Black amount of 125,1 million tons by 2020, as well

Sea basin as optimizing the work of Krasnodar railway
junction with switching cargo traffic to bypass
via Timashevskaya—Krymskaya section

Creation of the Northern Latitudinal 236,7 Ensuring transportation of goods through the

new line in the volume of 23,9 million tons
by 2025

investment in infrastructure development and
acquisition of rolling stock to ensure
transportation of forecasted volumes of goods
with the required level of quality of transport
services. Considering implementation of the
projects presented in Table 5 and a number of
other projects, the volumes of prospective cargo
loading on the Russian Railways network are
projected until 2025 with an average annual
growth rate of 2,5 % in the conservative
scenario and 3,6 % in the target scenario [20].
In 2017, the loading indicator amounted to
1261,3 million tons [19].

Implementation of promising investment
projects worth more than 820 billion rubles will

allow JSC Russian Railways infrastructure
company to decrease constraints on transit and
traffic capacity of individual railways, to improve
quality of their work, which will help to improve
quality of transport services for shippers.

Conclusions.

1. In the context of a dynamically changing
conditions of commodity markets, the
relevance of the issues of economic evaluation
of projects for developing transit and traffic
capacity of the railway network, considering
the dynamics of development of external and
internal commodity markets, is increasing.
Thus, a change in directions and volumes of



cargo flows under the influence of the situation
leads to constraints in transit and traffic
capacity of the railway infrastructure.

2. A comparative assessment of the indicators
used in assessing the impact of market conditions
by leading international companies showed that
the Russian Railways holding company uses most
of those indicators.

3. Referring to Russian experience, integrated
investment projects are important for development
of transit and traffic capacity of the railway
network of JSC Russian Railways in the conditions
of dynamically developing external and internal
commodity markets. Demand for railway
transport services is formed depending on
demand and supply of goods in the world and
domestic markets. The implementation of
promising investment projects helpsto reduce the
number of constraints regarding transit and traffic
capacity and to increase the efficiency of
operation of the infrastructure facilities of JSC
Russian Railways.

4. The use of the developed algorithm for
assessing projects for development of railway
infrastructure to ensure a high level of quality of
transport services allows us to evaluate mutual
influence of individual parameters of the project
and balance it depending on the dynamics of
external and internal product markets, as well as
on the need to attract investment resources.
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TPAHCMOPTHbIX JIN3UHIOBbIX KOMMaHUMN

Anexcei TAPACOB

Llenbto nccnenoBaHus IBASETCS aHaan3
BCEro KoMrsekca BornpoCoB, CBSI3aHHbIX C Mpu-
BJ/I@YEHNEM KOPIIOpaTyBHOro GUHAHCUPOBAHUS
Ha pbIHKE A0IrOBOro KanuTasnaa, BK/o4asl onu-
caHue Takux CTPYKTYPHbIX 0COBEHHOCTEN ¢pu-
HaHCUPOBaHMS JIN3NUHIOBbIX KOMMAHWM, Kak
BasiloTa puHaHCMpPoOBaHUs, NCNoJ1b30BaHNE
(UHAHCOBbIX UHCTPYMEHTOB C PUKCUPOBAHHOM
MPOLIEHTHOW CTaBKOW, HEOOX0AMMOCTb COOT-
BETCTBUSI aKTUBOB U 11aCCUBOB KOMIMAHUU,
C TOYKU 3PEHMSI CDOYHOCTH.

B ctatbe paccmatpuBaloTCcs A0Or0OBbIE
cTparerum POCCUNCKUX JIN3NHIOBbIX KOMIMaHWM,
crneunaan3npyroLmnxcs Ha TPaHCnoOPTHbIX
cpeactBax. OpraHu3auusi NPUBAEYEHUsT pu-
HaHCUPOBaHWS TPAHCMOPTHBIMU JIN3UHIOBbIMU
KOMMaHUSIMU YMEET BaXHOoe 3Ha4dyeHue Ass
pa3BuTus BCeV TPAaHCMOPTHONW OTpacau
Poccum. AHann3npyroTcsl ABYCTOPOHHuE GaH-
KOBCKUE KPeAUTbI, UHCTPYMEHTbI MEXAYHapoa-
HblX 6aHKOB pPa3BUTUSI, CUHANLUNPOBAHHbLIE
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BBEOEHUE

KoMmaHuu TpaHCIIOPTHOI OTpac/iu sIBsI-
IOTCSI aKTUBHBIMU T0JIb30BATEISIMU YCIYT
JIM3UHTOBBIX KOMITaHUA. JIN3UHT mpenocTaB-
JISIeT BO3MOXKHOCTD YBEeJIUYMUBATh MapK TPaHC-
TIOPTHBIX CPENICTB 0€3 CYILIeCTBEHHBIX PA30BbIX
uHBecTUIU#. [1pu TU3UMHIOBOI orepaluu
JIN3UHTOBAsI KOMITaHUSI MMPUOOpeTaeT y mpo-
M3BOJMTEISI TPAHCTIOPTHBIE CPEICTBA U ITepe-
JAéT MX B MOJIb30BaHKUE TPAHCIIOPTHOM KOM-
naHuu. 3a 3TUM CeayeT JaJTbHEUIINI BHIKYTI
U TIOJIHBIH TTepexo1 B COOCTBEHHOCTh 00beKTa
JM3uHra. YIcnob3ysl MHCTPYMEHTHI JIM3MHTA,
TPAHCIIOPTHbIC KOMITAHUU JOCTUTAIOT ONTH -
MU3alMU KPaTKOCPOYHOIO 00OPOTHOTO Ka-
nuTaga U JOJTOCPOUYHBIX MHBECTULIMOHHBIX
pPacxomoB.

B MupoBom MaciTade TU3UHT TPaHCIIOPT-
HBIX CPENCTB SIBJISIETCS OMHUM U3 KJIIOUEBBIX
3JIEMEHTOB (DMHAHCOBOTO pblHKA. Tak 001Ut
00BEM pbIHKA JIM3UHTA CAMOJIETOB OLIEHUBA-
ercsa 6osnee yeMm B 200 mapa gosa. CIHIA.
B kavecTBe npuMepoB HeAaBHUX CACJIOK Ha
DPBIHKE KOPIIOPAaTUBHOTO KOHTPOJISI MOXHO
npuBectH caenytoume. B mapte 2016 . 66110
O0O0BSIBJICHO, YTO KPYITHEHI11asl ITTOHCKast 6aH-
KOBCKO-(pMHaHcoBas kopropauus Mitsubishi
UF]J Financial Group nocturia coriamieHust
KacaTeJIbHO MpuoodpeTeHus y Hemelkoro DZ
Bank O6usHeca o ¢pMHaAaHCUPOBAHUIO aBUa-
. JlaHHas caenka siBasieTcs 4acThlo cTpa-
TEruH IPYIIIbI 1O Pa3BUTUIO MEXKTYHAPOIHO-
ro Ou3Heca 1o (pMHaHCUPOBAHUIO TPAHCIIOPT-
HBIX aKTUBOB. [1o pesynbraTaM coriaiieHusl,
6aHk MUFG Bank u 1u3uHroBast KOMIaHus
BOT nonyyarot noptdeb 1o puHaHCUPOBa-
HUIO aBUALIMOHHBIX aKTUBOB, BKJIIOYasi Kpe-
IUTHbIE U JIM3UHTOBbIE 00sI3aTeIbCTBA, 00-
muM 06bEMoM 6,4 miipa gosut. CIIA.

Ewmé omHoit kpymHoii caenkoit 2016 r.,
TakKKe CBSI3aHHOM ¢ a3MaTCKUMM MHBECTOpa-
MM, cTana npogaxa amepukaHckoi CIT
Group KOMMEPYECKOro OM3Heca 1Mo JTU3UHTY
camonéroB kommnanuu Avolon Holdings 3a
10 mapa nosut. CIIA. Cuenka (puHaHCUpOBa-
Jlacb KOMOMHALME TEHEeXXHBIX CPEACTB, aK-
IIMOHEPHOTO KaluTajla U HOBOTO moJra
B o0beMe 8,5 mipa nomt. CHIA. TTo urtoram
cIeaKu Bo3AylIHbIi ¢GaoT Avolon Holdings
coctraBua 6osee 900 camonéroB. B aBrycre
2019 r. KpyMHEHIINH TPOMBIILIEHHbBIN KOH-
rnomepat General Electric mpoman moprgenb
AKTUBOB, CBSI3aHHBII C aBUALIMOHHBIM JIM3UH-
roM, oobémoM 3,6 mapa gomt. CHIA. TMoky-

VIIE oA P A | =10

nateiaeM OusHeca Mo GUHAHCUPOBAHUIO
aBUAlLlMM CTajla Beaylasi Kopropamnus 1o
npssMbiM uHBecTulUsIM Apollo Global
Management, B TO BpeMs KaK MopTdeb Kpe-
JUTOB JaHHOTro OM3Heca ObLI MPUOOPETEH
MHBECTULIMOHHOM KommaHueit Athene Holding.

K TpaHCIOPTHBIM CpelcTBaM, KOTOpPbIE
MpeyIaraloT CBOMM KJIMEHTaM JIN3WHTOBBIE
KOMIIaHW U, OTHOCSITCSI:

* TIacCaXXMPCKMI TPAHCIIOPT, BKIOYast
TOpPOACKUE U MEXIYropoJaHUEe aBTOOYCHI,
TPOJLIEIOYCHI, TPaMBau;

* CIelTeXHUKa, HallpuMep, aBTOMOOUITb-
Hasl TeXHUKa JJIsI 00CITy>)KUBAaHUS U CTPOU-
TeJIbCTBA J0por (O0y/1ba03ephbl, 9KCKaBaTOPHI,
KaTKM), a TAKXKe JIJISI KOMMYHaJIBHOTO XO35Ti-
cTBa (YOOpPOUHbIE MAIlIMHBI);

* TPY30BOi 1 KOMMEPYECKHUI aBTOTPAHC-
MopT;

* JKeJIe3HOMIOPOXHBIN TPAHCIIOPT, BKIIIO-
Yasi TIOJTyBaroHbI, IIUCTEPHBI, KPHIThIE BATOHBI,
1aThOPMBI, 36PHOBO3BI;

* MOpCKHE/peuHble TPY30BbIe M Tacca-
SKUPCKUE cyna, TAaHKEPHI;

* BO3JYIIHBIN TPAHCIIOPT, BKJIIOYasi pe-
TMOHAJIBHBIE U MaruCTPaIbHbIE CAMOJIETHI,
BEPTOJIETHI;

* CcHenMaJIu3upoBaHHOE 000pyIOBaHUE
JUTSI Pa3BUTHSI TPAHCTIOPTHOM MH(MPACTPYKTY-
DHL

YauThIBast, 4TO JTU3WHT BBITIOJHSIET BaXK-
HYIO pOJIb JUTsI pa3BUTHSI 9KOHOMUKHM Poccnn,
B Halllell cTpaHe JeHCTBYET Psl MpOorpamMm
MmojyiepkKu oTpacau. Hampumep, rocynap-
CTBEHHAsI TPOrpaMMa JIbFOTHOTO JIM3WHTA ITPU
noaaepxxke MuHUCTEPCTBA TTPOMBIIIIEHHO-
CTU ¥ TOPTOBJIW TIO3BOJISIET MTOJTYYaTh BBITOI-
HbIE YCJIOBUSI TIPU JIM3UHTE HOBOTO JIETKOTO
KOMMEPUYECKOTO TPAHCIIOPTA.

3a cu€T majbHeWIIero pa3BUTUSL PbIHKA
JIN3WHTA TPAHCTIOPTHBIX CPEJICTB BO3ZMOXKHO
JMIOCTUKEHUE CIEAYIONINX CTpaTeTMIYeCKUX
Lenei:

(a) pazBuTHE TpaHCIIOPTHOM oTpacau Poc-
CHM, BKJIIOYAsl TPAHCTIOPTHYIO MH(PACTPYK-
Typy;

(6) okazaHue MOAAEPXKKU POCCUNCKUM
TIPOU3BOUTEIISIM TPAHCIIOPTHBIX CPEJICTB;

(B) KOMITAaHWU, OKA3bIBAIOLIIE TPAHCIIOPT-
HBIE YCITYTH, TTOTy9at0T BO3MOXKHOCTb UCTIOJb-
30BaTh COBPEMEHHYIO TPAHCIIOPTHYIO TEXHU -
Ky 0€3 OTBJIeUeHUsI CYIIIECTBEHHBIX (DMHAHCO-
BBIX PECYPCOB OT OIEPaIlMOHHOM IeATeTbHO-
CTH.
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Takum oOpa3om, puBieyeHUE PUHAHCU-
pOBaHUS TPAHCHOPTHBIMU JU3UHTOBBIMU
KOMMAHUSIMU UMEET BaXXHOE 3HAUYCHUE IS
pa3BUTUS BCell TpaHCIOPTHOM oTpacau Poc-
CHM.

OCHOBHO yenbio CTaTbU SIBJISIETCS pac-
CMOTpEHHUE BCEW COBOKYMHOCTHU TOJTOBBIX
UHCTPYMEHTOB, TOCTYIMHBIX 11 (DMHAHCUPO-
BaHUS Pa3BUTUSI POCCUNACKUX JTU3UHTOBBIX
KOMITAaHU A, CTIeLIUAIM3UPYIOIIMXCS HAa TPAHC-
TMIOPTHOW OTpaciIu.

C TOYKM 3peHUS UCIIOIb3YeMOU B CTaThe
Memodoaoeuu, BbIACTUM CTPYKTYPHBII MOAXO]
K pelieHuo GUHaHCOBBIX 3aaa4. B paMkax
MAaHHOTrO MOAXO0Ia OCHOBHBIE MapaMeTphl
MPUBJIEKAEMOro Kopropaiuei hbruHaHCUpO-
BaHUS HAIPSIMYIO CBSI3aHBI C LIEISIMU, KOTO-
pble pEelIaroTCsl ¢ TOMOUIBIO MCTOIb30BaHUS
JTAaHHBIX I€HEXHBIX CPEICTB.

1. OCOBEHHOCTHA
OGUHAHCUPOBAHUSA
TPAHCNMOPTHbIX JIUSUHIOBbIX
KOMMNAHUA

[MpuBneyeHne GuHAHCUPOBAHUS SIBJISICT-
Csl OMHOM M3 OCHOBHBIX 3a1ad (PMHAHCOBBIX
TOIT-MEHEIKEPOB POCCUICKUX JTU3MHTOBBIX
KoMITaHu#. JIaHHBII BOIIPOC BaxkeH, C TOUKK
3peHUs YIIpaBICHUS JUKBUIHOCTBHIO, IS
OCYIIECTBICHNS THBECTUIINIA, PAa3BUTHSI OM3-
Heca [1, c. 97]. Ha poccuiickoM pbIHKE JIH-
3MHTa TPAHCIIOPTHBIX CPEICTB JOCTYI KOMIIA-
HUU K (PMHAHCUPOBAHUIO SIBJISIETCS BaXKHBIM
KOHKYPEHTHBIM TIpenmMyiiectBoM. CTpyKTypa
KaImuTaya KOPIIopallny TakKKe SBISETCS OfI-
HUM U3 KJIIOYeBBIX MTHCTPYMEHTOB CO3IaHUS
aKIIMOHEPHOM CTOMMOCTH |2, c. 41].

K OCHOBHBIM CTPYKTYpHBIM OCOOCHHO-
CTSIM KOPIIOPAaTUBHOTO (hDMHAHCUPOBAHUSI
JIN3MHTOBBIX KOMIIAHWI OTHOCSITCSI:

1) CrpaTernueckasi BAXKHOCTb CTPYKTYPHI
KaIluTajaa IJIs JU3UHTOBBIX KOMITAaHUN —
C TOYKM 3PCHUST ONTUMU3ANN (PUHAHCOBBIX
3aTpaT, MOoAAepKaHNUsI KOHKYPEHTHBIX TIpe-
WMYIIECTB, OCYIIECTBICHUS WHBECTUIIMMA
B TIPUOOPETEHNUE TPAHCIIOPTHBIX CPEICTB |3,
c. 709].

2) [IpuBneyeHne JOJTOBOTO (PUHAHCUPO-
BaHUS B OCHOBHOM B pyoOJisix. Ho mmpm atom,
BKJTIOUAsI CJTyYan 3aKyITKY ITPEIMETOB JIM3MH-
ra B MHOCTPaHHOI BaJIOTe, KOMIIAHUSIM MO-
KeT IMoTpeboBaThCs (DMHAHCUPOBAHUE B IOJI-
napax CIIA, eBpo u apyrux BanmoTax [4,
c. 123].

VI PA P M NI=

3) Mcrnionb30BaHUE TOJITOBBIX UHCTPYMEH -
TOB ¢ (UKCUPOBAHHOUW CTaBKOW C LEJbIO
MWHUMU3UPOBATH MTPOIIEHTHBIE PUCKU, BO3-
HUKaoIIMe TpU TUIaBalolInX ctaBkax. s
1eJieil pUCK-MeHeDKMEeHTA TaKKe TTPUMEHSI -
FOTCSI CBOITBI U MPOU3BOJHBIEC (PUHAHCOBBIE
WHCTPYMEHTHI [5, ¢. 195].

4) HeoO6XoaMMOCTb COOTBETCTBUSI aKTUBOB
1 00S13aTEJIbCTB C TOUKU 3PEHUST CPOYHOCTH.
JL1st 3TOTO JIM3WHTOBBIE KOMIIAHWUM TIPUBJIE-
KaloT (h)MHAHCUPOBAHUE C PA3TUIHBIMU CPO-
KaMH TIOTaIlleHUs IS TOTO, YTOOBI CpeTHUI
CPOK 00513aT€IbCTB COOTBETCTBOBAJI CPETHEMY
CPOKY aKTHUBOB [6, c. 171].

5) CTtpykTypa J0JTrOBbIX 00513aT€IbCTB
MpeAroJaraeT OTCyTCTBE aMOPTU3aLINU TTPU
MOTallleHU! T0JITa — KPEAUTHI U 00 TUTalnu,
Kak TIPaBWJIO, BBITUTAYMBAIOTCST OTHUM TLIaTe-
JKOM B JIaTy noraiieHus [7, c. 54].

JIM3MHTOBBIE KOMITAHWU, CTIEIUATA3Y -
pyloluecss Ha TPaHCTIOPTHBIX CPEACTBaX,
MPUBJIEKAIOT (DUHAHCUPOBAHUE JIJIST pa3Jidd-
HbIX Leneit [8, c. 343]. IIpuBeaéM OCHOBHbIE
W3 HUX:

* KpaTtkocpouHoe pruHaAHCUPOBaHUE:
MOMOJIHEHWE 0OOPOTHOIO KanuTajaa v co31a-
HUE 3amaca JUKBUIHOCTH, a TakKKe 0aHKOB-
CKUe OpUIK-KPEIUTHI, TPUBJIEKaeMble TTepe;T
pa3MeleHreM O0TMTallMOHHBIX BBIITYCKOB Ha
pbIHKax KanuTana [9, c. 157].

* CpenHecpouyHoe (pMHAHCUpPOBaAHUE:
00I1IeKOPITOpaTUBHBIE 11EJTU, BKITIOUast pehu-
HaHCUPOBaHUE TEKYyIel 3al0JIKEHHOCTHU
C LIEJIbIO YBEIMYEHUS CPETHETO CPOKA KPEIUT-
Horo TopTdes, puBIedeHus GOHIUPOBa-
HUS 110 00JIee BHITOIHBIM CTaBKaM, TUBEPCH -
(uxkauunu 6a3el uHBecTOpOB [10, c. 141].

» JonrocpouHoe hvMiHaHCUpPOBaHUE: U~
HaHCUPOBAaHUE WHBECTULIMOHHOW mporpam-
MBI, BKJTIOUAs KalTMTaJIbHBIE 3aTPaThl, CIIEJIKA
MO CIUSHUSM U TOTJOIIEHUSIM, MTPOEKTHI
pasBuTus 6usHeca [11, c. 1621].

B naHHOIi cTaThe paccMaTpUBaIOTCS KITIO-
YeBbIE JOJITOBbIE MHCTPYMEHTBI, KOTOPHIE
HCTIONB3YIOT POCCUICKIE JTU3MHTOBBIE KOM-
MMaHWU;

1) ABycTOpOoHHUIA OAHKOBCKUI KPEIUT,
KOTOPBII KOMITAHWU BbIAAET OAHK-TTapTHED.

2) MHCTpyMeHTapuil MeXIyHapOJaHBIX
0aHKOB pa3BUTHSI, yYIACTHUKOM KOTOPBIX SIB-
nsercs Poccuiickas Denepanus.

3) CUHAULIMPOBAHHBIN KPEUT, B KOTOPOM
B KaueCTBE KPEIUTOPOB BHICTYMAET HECKOJIb-
KO OaHKOB.



4) PazMeliieHue BblTycKa pyoJI€BbIX 00U -
ralyii Ha poCCUICKOM pbIHKE KamuTaia.

Hcrnionb3oBaHue yka3aHHbBIX (PUHAHCOBBIX
WHCTPYMEHTOB, BKJII0YAs UX PA3TUYHbIE KOM-
OMHAaIMU, TO3BOJISIET IU3UHTOBOM KOMITAHUU
pelaTh BCIO COBOKYIHOCTD 3a/ay Kopropa-
TUBHOTO (puHaHCcUpoBaHus. [Ipu 3TOM TOII-
MEHeIKEPY BaxKHO MOHUMATh, KAK€ UMEHHO
WHCTPYMEHThl ONTUMAJIbHO UCIOJb30BaTh
C TOYKU 3pEHUS:

(a) Texylero aTamna pa3BUTHUSI KOMITAHUU;

(6) cTpaTeruu Kopropaiuu;

(B) Lesielt huHaAHCUPOBAHUSI;

(T) IeCTBUII KOHKYPEHTOB;

(1) TOCTYIHBIX UICTOYHUKOB (POHIUPOBA-
HUS.

Takum obpazom, Npu NpuBIeYeHUU HU-
HAHCUPOBAHUS HEOOXOIUMO HE TOJIBKO MPO-
BeJeHUE (PMHAHCOBBIX PACUETOB, HO U OCYIIIE-
CTBJIEHUE CPABHUTEJIBHOTO aHATU3a UCITOJb-
3YeMbIX JOJITOBBIX MHCTPYMEHTOB [12, c. 21].

OOpaTuM BHUMaHUE Ha TaKOi BaKHbIM
acrnekT (puHaHCUPOBAaHUS, KaK OTpacjeBast
cnenuguka. Oco0eHHOCTU UCIIOJb30BaHUS
JIU3UHTOBBIX PELICHU B TaKUX KIJIFOUEBBIX
CerMeHTax TPaHCMOPTHOM OTpaciu, Kak MOp-
CKOI TPAaHCIIOPT, XKeJIe3Hble JOPOTU U aBUa-
11sl, pacCcMOTpeHbI B padotax [13, c. 307; 14,
c.61; 15, c.239].

JIByCTOpOHHMIT OAHKOBCKMIA KPEIUT SIB-
JisieTcst 0a30BbIM MPOAYKTOM JUISl TU3UHTOBOM
oTpaciau. JaHHbIll Bua hUHAHCUPOBAHUS
HCITOJIb3YEeTCS 3a€MIIUMKAMU JJISI PeUIeHUS
KPaTKOCPOYHBIX U TaKTUYECKUX 3anay. Jle-
HEXHbIE CPEeICTBAa MPUBJIEKAIOTCS OT OJJHOTO
13 OAaHKOB-MapTHEPOB KOMITAHUM B paMKax
JNEeNWCTBYIOIIUX KPEAUTHBIX JUMUTOB. [1pu
5TOM BO3MOXHO OCYUIECTBJIECHUE CAECIKU
B JIOBOJIBHO CXKaTbI€ CPOKU.

st Benylux JU3WHTOBBIX KOMIAHUA
CTpaTernyeCKUMU MapTHEPAMU MOTYT BBICTY-
MnaTh MEXIYHapOIHble OAHKU pa3BUTUS,
B COCTaB aKIIMOHEPOB KOTOPBIX BXOAUT Poc-
cuiickast Denepanys. B mponykToBoii TnHe -
K€ JaHHBIX 0AHKOB MPUCYTCTBYIOT UHCTPY-
MEHTBI MTOAIEPXKKHU JTU3UHTA, a TAKKE KPEIUT-
HbI€ JIMHUU U1 TPAHCHOPTHBIX TIU3UHTOBBIX
KOMITaHUM.

BaxXHbIM UCTOYHUKOM MPUBJICUYECHUS Je-
HEXHBIX CPEJICTB IS 3aéMIIUKOB U3 JIU3UH-
TOBOI1 OTpacu SIBJISIETCSI PhIHOK CUHIUIIMPO-
BaHHOTO KpeaAuToBaHUs. CUHAUIIMPOBAHHBI
KPEIUT OpTaHU3yeTcs I KOMIIAHUU He-
CKOJIbKUMU OaHKaMU MYTEM CUHAMKALUU
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cpeau LUPOKOH 6a3bl KpenUTOpoB. B pamkax
JIOTOBOPa CUHAMIIUPOBAHHOTO KpenuTa BO3-
MOXHO TMPEJOCTaBJIEHUE CYIIECTBEHHOTO
00BbEMA CpeaCTB, MPEBBIIIAIOIIETO BO3MOX-
HOCTU JBYCTOPOHHET0 OAHKOBCKOTO KPEAUTAa.

PasMernast 00TMraliMOHHBIN BBITTYCK, 3a-
E€MIIUK BBIXOAUT Ha PHIHOK TOJITOBOTO KaITH-
Taja. B maHHOM cilydyae mpuUBJIEKaIOTCS J0JI-
TOCPOYHbBIE ACHEXKHBIE CPEICTBA KaK BEIYIIINX
0aHKOB, TaK W KPYITHEUIITNX UHCTUTYILINO-
HaJIbHBIX UHBECTOPOB. ClieyeT OTMETUTh, YTO
MPOIIECC pa3MeNIeHUsI OOJUTAIIANA STBIISIETCS
JIOCTATOYHO CJIOKHBIM U TPEOYET CYILIECTBEH-
HBIX 3aTPaT CO CTOPOHBI 3aEMIIIMKA.

[Tpu ipuBIeYeHUN KOPIIOPATUBHOTO (b1~
HaHCUPOBAHUST ONITUMAJTbHBIM PEILIEHUEM JIJIST
KOPTIOpAIuU SIBJISIETCS] MCITOIb30BaHUE He-
CKOJIbKUX MHCTPYMEHTOB J0JITOBOTO (hpHAH-
CHUPOBaHMS C 11eJbI0 (POPMUPOBAHUST TUBEP-
cuUIIMPOBAHHOTO MTOPThETIS.

2. ABYCTOPOHHWXA BAHKOBCKUIA
KPEOUT

JIBYCTOPOHHMUIA KPEIUT ITPUBJIEKAETCS 3a6M-
LIIUKOM JUTSI pellieH ST KpaTKOCPOUHBIX (PMHAH-
COBBIX 3314, BKJTI0Yast ITOTIOJTHEHNE 000POTHO-
TO KamnuTajla U YIpaBieHUs] TUKBUIHOCTHIO.
Kpenut sBnsiercs oueHb THOKUM (DHAHCOBBIM
WHCTPYMEHTOM, TaK KaK 3a€MIIUK MOXET JIOTO-
BOPUTHCSI CO CBOMM OaHKOM-TIaPTHEPOM Kaca-
TEJILHO TPeOYEeMbIX TTApAMETPOB.

PaccMOoTpuM OCHOBHBIE CTPYKTYpHBIE
3JIEMEHTHI IBYCTOPOHHETO OaHKOBCKOTO Kpe-
JIATa Ha CJIeyIOIIeM TIpuMepe:

1) Tun kpeauTa: IByCTOPOHHMUIA.

2) Kpenurop: 6aHK-TIapTHEP KOMITAHUU.

3) O6BeM KpeauTta: 10 2,0 Mipm pyo.

4) Bamora kpenura: BOCHOBHOM — py0Ju,
nmost. CIIA, espo.

5) Lenb kpenura: monoaHeHue 000pOTHO-
TO KanuTaia, yrpasjieHue JUKBUTHOCTHIO.

6) Cpok KpeauTa: KpaTKOCpPOUYHbIi (1—
2 roma).

7) Tpacduk moraieHus: OHUM TJIATEXKOM
B KOHIIE CPOKA KpeauTa.

8) IMpoueHTHBI epuoa: 1/3/6 mecsiues.

9) IMpotieHTHas cTaBKa: (PUKCUPOBAHHAS.

10) duHAHCOBBIC KOBEHAHTHI:

(a) orpaHMuYeHNE HAa TIPUBJIEYCHNE HOBOTO
JIONITa;

(6) nomaepxxaHUe KPEAUTHBIX PEUTUHTOB
HE HIKE COOTBETCTBYIOIINX YPOBHEIA.

JIBYCTOPOHHUI KPEAUT MPUBJIEKAETCS
3a€MIIMKOM B paMKax OTKPBITHIX JTUMUTOB

115



116

Crnucok OTKPBITBIX 0aHKOBCKHX JIMMHTOB

Taouua 1

Kopniopanust Cpok JumuTa, Bamtora tuvura | O0bEM umuta, | Tekyruit ypo- Hewucnonb3ye-
JIeT MJIPA pYO. BEHb MCIOJIb30- | Mblii OCTaTOK

BaHWS JTUMWTA, | JIMMWTA,
MJIpI pyo. MJIpI pyO.

bank 1 1,00 pyoau 0,50 0,50 0,00

baHk 2 2,00 pyoaun 1,00 0,80 0,20

bank 3 1,00 eBpO 0,50 0,35 0,15

bank 4 0,50 nost. CIOA 0,75 0,75 0,00

baHk 5 1,50 pyoau 1,25 1,00 0,25

y cBoMX baHKOB-TIapTHEPOB. [1pu aTOM Mapa-
METpPBI JAHHBIX KPETUTOB MOTYT OBITh pa3JId-
HBIMHU, 9TO ITO3BOJISICT OIIEPAaTUBHO pellaTh
3ama4u (pMHAHCOBOTO MEHEIXKMEHTA.

OOHUM U3 KJIIOYEBBIX 2JIEMEHTOB yIpaB-
JICHUSI TUKBUIHOCTBIO JJIsI TUBMHTOBOM KOM-
MMAaHWUM SIBJISIETCS CITMCOK OTKPBITHIX JUMUTOB
0aHKOB-MapTHEPOB. JlaHHBII JOKYMEHT CO-
JIEP>KUT BCIO HEOOXOIUMYIO MH(POPMAIIHIO TT0
JIEUCTBYIOIIMM KpeAUTHBIM TuHUsIM. [Tprmep
CMUCKA OTKPBITHIX JUMUTOB MPUBEIEH BhILIE
B TaoI. 1.

[Tpu npuBiaeYeHUU NBYCTOPOHHETO Kpe-
IATa K 3a€MIIUKY TPUMEHSIOTCS MUHAMAIb-
HBIC TPEOOBAaHUS MO TIPEIOCTABICHUIO MH-
dopMannu, BKIIIoYaroime (uHaHCOBYIO OT-
YETHOCTb U PSIJ IOPUIUYECKUX JOKYMEHTOB,
HEO0OXOAUMbBIX OaHKY-TTapTHEDY.

[Tpouecc mpuBaeYeHUST IBYCTOPOHHETO
KpenuTa He SIBJISIETCS CIOXHBIM, TaK KakK He
TpeOyeT BOBJICUCHUS FOPUINICCKUX KOHCYJTb-
TaHTOB (IJIST KaXKIOW CIEJIKM MCIIOJIb3YeTCs
TUMNOBOW KPEAUTHBIA mOoroBop OaHKa-
napTHépa). Cpok MpuBIeYEHUs KPeauTa Co-
crapisieT 1—2 Henemnu.

[MpuBeném mpakTUUYECKU MpUMEp.
B 2017 . CoepbaHK OTKPBII KPEAUTHYIO
JIMHUIO 00béMOM 10 Mitpa pyO. IJIsT TU3UH-
roBoii Komnanum «EBporuran». Cpok Kpe-
MUTHOM JTMHUU COCTABUJI YeThipe roaa. He-
HEXHbIE CpelCcTBa MpeaHa3HaYalucCh AJs
¢durHaHCHUPOBaHMS JU3UHTOBBIX MPOEKTOB,
a Takxke 11 peprHaHCUPOBAaHUS OOJMTa-
IIMOHHBIX BBIITYCKOB M TIPOYNX OAHKOBCKUX
KPEIUTOB.

3. UHCTPYMEHTAPUI
MEXOYHAPOOHbIX BAHKOB
PA3SBUTUSA

CrenyeT TakXe OTMETUThb, UTO BaxKHBIM
HUCTOYHUKOM (DMHAHCUPOBAHMSI 1151 TU3UHTO-
BBIX KOMITAHUI SIBJISIFOTCSI KpyIHEe e 0aHKU
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Pa3BUTHSI, YYACTHUKOM KOTOPBIX SIBISICTCS
Poccniickas @enepauns: EBpasuiicknii 6aHK
passutusi (EABP), MexnyHaponHbIii MHBe-
cTULIMOHHBIN 6aHK (MWB) 1 MexmyHapom-
HBII 0aHK 3KOHOMUYECKOTO COTPYIHUYECTBA
(MB3C).

EABP npenocrasiser ycayru o uHaH-
COBOMY U1 OTIEpallMOHHOMY JIM3UHTY, (hMHAH-
CHUpYeT IPUOOpETEeHNE TU3NHTOBBIMU KOMIIA-
HUSMU MIPEIMETOB JTM3MHTa, BKJIIOYas TpaHC-
TIOPTHYIO TEXHUKY, U3 CTpaH-yJacTHUII banka
IS TIOCTIC MY OIIeH TIepeaady B IU3UHT.

MMUB dunaHcupyet mpoBeaeHUe ornepa-
LU 1O mepeaade B TU3UHT Pa3IUYHBIX BUIOB
TEXHUKM KOHTpareHTaM, 3aperucTprupOBaH-
HBIM Ha TePPUTOPUU CBOUX CTPAH-YIaCTHUII.
OnaHMM U3 OCHOBHBIX HAIIPaBJICHUH ACSTETb-
HOCTHU SIBJSIETCS JU3MHT TPaHCIOPTHBIX
CPEICTB, a TAKXKE COAEUCTBUE MPOIBUKEHUIO
TPaHCIIOPTHOM TEXHUKMU, MTPOU3BEAEHHOI Ha
TePPUTOPUU CTpaH — WwieHoB MUD, B npyrux
CTpaHax.

[ToMuMO JTU3MHTOBBIX OMEpalnii, pac-
CMaTpuUBaeMble MEXKIyHAPOIHbIC OAaHKM pa3-
BUTHUS HATIPSIMYyIO (DUHAHCUPYIOT KpyIHEt-
LIYe JIM3MHIoBbIe KoMItanuu. @opmar nono6-
HOTo (pMHAHCUPOBAHUS ITPEATIOJIaracT 3aKII0-
YeHUE COrJalleHUusa O COTPYAHUUYECTBE,
B paMKax KOTOPOTO MEXIyHapOIHbIe OaHKU
Pa3BUTHS U TU3UHTOBBIC KOMITAHUM YIaCTBY-
10T B (GDMHAHCUPOBAHUU U TIPOBEACHUM OIle-
pauuii o repenaye B JU3UHT TPAHCIIOPTHOMN
TEXHUKM KOHTpareHTaM, 3aperucTprupOBaH-
HBIM Ha TEpPUTOPUHM CTPaH-yIaCTHUIL OAHKOB,
a TakKe Ha TePPUTOPUM TPEThUX CTPaH.

B pamkax maHHBIX COIJIAIIEHUI TIpeno-
CTaBJISIOTCS KPEAUTHBIC JIUHUU JUIST (DMHAH-
CHUpPOBaHUS U peMHAHCUPOBAHUS MOKYIKU
M TIEPEIAYU B JIM3UHT TPAHCTIOPTHBIX CPENICTB,
MPOM3BEIEHHBIX B CTpaHAX-y4aCTHULIAX JaH-
HBIX 0aHKOB. [Ipu 3TOM (hMHAHCHUpPOBaHUE
MIPEIOCTaBISICTCSI B MHOCTPAHHOM BaJlioTe,



BKutovas noJuapbl CIIIA, eBpo, a TakxKe Ba-
JIIOTHI CTpaH-y4acTHUIl. Tak:ke BO3MOXKHO
OTKPBITUE KPEAUTHBIX JIUHUN B PYOJISIX [IST
MPUOOPETEHUSI IM3UHTOBBIMU KOMITAHUSIMU
TPAHCITOPTHBIX CPEJICTB, TPOU3BEAEHHBIX Ha
tepputopuu Poccuu.

[TprBenEéM MprMep OCHOBHBIX ITAPAMETPOB
(buHaHcupoBaHus:

1) Tun kpenuTa: BO30OHOBISIEMAas KPEAUT-
Hasl IUHUSI.

2) Kpenurtop: MexnyHapoaHbIit 0aHK pa3-
BUTHSL.

3) O6béM KpenuTa: ot 1 1o 8 mapa pyo.

4) BaytoTa KpeauTa: BOCHOBHOM — py0.iu,
nosn. CIIA, eBpo.

5) Henb kpeauta: mpuoOpeTeHue TpaHC-
TTOPTHBIX CPEJICTB.

6) Cpok KpeauTa: J0JArOCPOYHBIN (5—
7 ner).

7) Ipaduk moraieHus: aMOPTU3ALIMOH-
HbIE BBITUIATHI (€XKeKBapTaJIbHbIE, EXKeMeCT -
HbIE, TTOJYTOA0BLIE).

8) IIpoueHTHBIM nepuo: 1/3/6 mecsiies.

9) IIpouieHTHAas cTaBKa: GUKCUPOBAHHAS.

10) ®duHAHCOBBIE KOBEHAHTHI:

(a) uesieBOe UCMOJIb30BAaHUE CPEACTB;

(6) mopaepkaHue KpeAUTHBIX PEATUHTOB
HEe HIKE COOTBETCTBYIOIIMX YPOBHEN.

K TpaHCTIOPTHBIM cpelcTBaM, KOTOPHIE
(bmHaHCUPYIOT MEXIyHapOIHbIE OAaHKW pa3-
BUTHSI, OTHOCSITCSI: CAMOJIETHI, TPy30Bast TeX-
HUKa, TTacCaKUPCKUIl aBTOTPAHCIIOPT, CIie-
LIMaJTM3UPOBaHHbBIE CY/Ia, a TAKXKE 000py10Ba-
HWE JIJIS1 pa3BUTUS TOPTOBOM MH(PPACTPYKTY-
pbl. Pe3ynsraToM momoOHBIX CIETOK SIBIISIETCS
He TOJIbKO Pa3BUTHE TPAHCIIOPTHBIX OTpaciieit
CTpaH-y4YaCTHUIIL, JU3UHTOBBIX U TPAHCIIOPT-
HBIX KOMITaHW, HO 1 0oJiee TUHAMUYHBIC
BHEITHETOPTOBBIE CBSI3U MEXJy CTpaHaAMMU-
yJacTHUIIAMU B chepe TpaHCIIopTa.

B Hos16pe 2016 . MexxnmyHapOmHbIii UH-
BECTULIMOHHBIN 0aHK n [ocymapcTBeHHas
TpaHCTIOPTHAs TU3WHTOBAasi KOMIIaHUSI TTOT -
Mycaju corjalieHne O MpeaoCTaBIeHUN
KPEAUTHON JUHUU B pazMepe 33 MIJIH JOJLI.
CIIIA Ha cpok o 7 niet. [leHeXHbIe CpeIcTBa
HampaBJieHbl Ha (h)MHAHCUPOBaHUE U pedu-
HAHCHUPOBAaHWE TOKYIKHU U Mepeaadu B JIN-
3UHT 11 BO3IYIIHBIX CYOB YEIIICKOTO ITPOM3-
BojacTBa. B 2018 rogy Mexay ctopoHamu ObLT
3aKJIIOUYEH JOTOBOP KPEIUTOBAHUS C JIUMU-
TOM B 75 MJIH €BPO C LI€JIbI0 TPUOOPETEHUS
U Tiepefadyu B JU3WHT BO3AYIIHBIX CYIOB
npousBoacTBa AO «Ypanabckuii 3aBof rpax-

JTAaHCKOU aBUallMW», BEPTOJETOB MPOU3BO/-
ctBa «BepTonétsl Poccun» U KpynmHOTOH-
HaxkHOW TeXHUKU Mapku «benA3». B aBrycre
2019 r. OBLIO MOAMUCAHO JOIMOJHUTEIbHOE
corjaueHue, npeaycMaTpuBalollee yBeau-
YyeHue JUMUTa KpeauToBaHus n1o 90 MiH
€BpPO, C HampaBJIeHUEM KPEIUTHBIX CPEICTB
Ha peajqu3aluio MpOorpaMMBbl MOIMOJHEHUS
rnapka BO3IYIIIHBIX CYTOB KOMITAHUM.

4. CAHONUUPOBAHHbIA KPEOUT
OT NYJIA BAHKOB

CUHIUIIMPOBAHHBIN KPEAUT TPEAOCTaB-
JIsieTcs 3a€MILMKY IBYMsI UJIv Oosiee OaHKaMM.
[Mpu peanuzaiuu caenku CUHIUIIUPOBAHHO-
TO KPeAUTOBAaHUS KOMIIAaHWSI Ha3HA4YaeT He-
CKOJIBKO OPTaHU3aTOPOB TPAH3AKIIUU.

IMpuBeném xitoueBbIE MPEeUMyIIECTBA
pbIHKA CUHAWIIMPOBAHHOTO KPEIUTOBAHUSI:

(a) BO3MOXHOCTb TIpUBJICUeHUsT (PUHAH-
CHUPOBaHUS ONITUMAIIBHOM CTPYKTYPHI;

(6) moctyn K CTaOMJIBHOMY MCTOYHUKY
JINKBUTHOCTU B PyOJISIX 1 UHOCTPAHHOU Ba-
JIIOTE OT BeIylNX OaHKOB;

(B) achdexkTuBHBII Mpoliecc pean3annm
CHEJIKU;

(r) pa3paboTaHHas cTaHIapTHAs JOKYMEH-
Talus 0 POCCUICKOMY TpPaBy;

(1) onTUMU3ALMSA AAMUHUCTPATUBHOMN
U OTIepallMOHHON HArpy3K1 Ha 3a€MIIMKA ITPU
00CITy>KMBaHUM KPEINTA, TAK KAK BCE TUIATEXKU
u oOMeH MHbOpMalneil OCyIeCTBISIOTCS
yepe3 areHTa 1o KpeauTy.

ITpuBenémM npumep KIOYEBbIX (PUHAHCO-
BBIX TTAPAMETPOB CUHANIIMPOBAHHBIX KPEIH-
TOB:

1) Tun kpeauTa: CMUHIMLMPOBAHHBINA.

2) Kpenutophl: Benyliue poccuiickue
0aHKMU.

3) O6Bem kpenura: ot 5 go 10 mipa pyo.

4) Bamora kpeauta: pyosnu, nomt. CILIA,
€BpO (BO3MOXHO CTPYKTYPUPOBAHUE CACTKH,
COCTOSIIIIEl N3 HECKOIBKUX TPAHIIIeH, HAaTlpu-
Mep: TPaHII B pyOJISIX ¥ TPAHIII B MIHOCTPAHHOM
BAJIIOTE).

5) Lenb kpenura: o0IIEKOPIIOPATUBHbBIE
11eJT1, BKJTI0Yasi pepTHaHCUPOBAHME TEKYIIINX
JTOJITOBBIX 00513aTeNbCTB, (DMHAHCUPOBAHUE
WHBECTUILIMOHHOU MPOTpaMMBI.

6) Cpok KpeauTa: CpeHeCpOUHbIi (0T 3
IIo 5 I1eT).

7) Tpacduk moraieHust: OMHUM TJIATEXKOM
B KOHIIE CPOKA KPEINTA, IS HEKOTOPBIX ClIe-
JIOK BO3MOYXHBI aMOPTU3aIIUOHHbIE BHITUIATHI
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Tabmua 2

DuHAHCOBBIE H l/lH(l)OpMa].lHOHHble MaTepuaJbl 41 NPUBJICYCHUSA CHHIAUIMPOBAHHOIO KpeauTa

JIOKyMeHT Oran PerynspHoctb Kparkoe onucanue
MPeIoCTaBICHUS MpeIoCTaBICHUs
®uHancosast | Ha Bcex atamax ExexBapTanbHO OTYETHOCTb MPEJOCTABISIETCS B COOTBETCTBUM
OTYETHOCTD | CHACJIKHU C POCCUMCKIUMU CTaHIapTaMU OyXTalTepCKOTO YUETa,
a Takke KOHCOJIMIUPOBaHHAsI OTYETHOCTD COIIACHO
MeXIyHApOIHBIM CTAaHIAPTAM.
Kpenutneiit | [Tpu peanuzauvu | ExeronHo ConepXuT NaHHBbIE O CTPYKTYpe H0JTa 3aéMIINKa
noptdeb CHCJIKU U TIPU (BKJTIOYAs! CIIEAYIOLIYI0 MH(DOPMALIMIO M0 KaXI0MY U3
00CTyXKBAaHIYT TIOJITOBBIX MHCTPYMEHTOB: TUII, 00BEM, BaJIIOTa, naTa
KpenuTa BBIZAUM, J1aTa MMoraleHus, MPOLEHTHas CTaBKa, odec-
TevyeHue, NICTOYHUK (DUHAHCUPOBAHUS).
®unancosas | [1pu peanuzauuu | ExeronHo Cpoxk kpeaura mitoc 1—2 roga. Mopenb JoKHA cO-
MoJelb CHEJIKU U TIPU JiepkaTh OCHOBHBIE OJIOKH, HEOOXOIUMBIE [Isi 0AaHKOB
00CTyXKMBAaHIU (TIpennonoxXeHus!, OTYET O MPUOBLISX U YOBITKAX,
KpeauTa GajlaHc, OTYET O NBUKEHHMHM IEHEXHBIX CPENICTB).
Nudopma- | [pu peanuzauuu | JokymeHT nipeao- | KiltloueBoii JOKYMEHT CAETKU, COIePXKallii OCHOBHBIE
LIMOHHBI ceNKu CTaBJsIeTCS ONMH | YCJIOBUS KpeauTa, TpaduK peaqu3aluu, OrrucaHue
MEMOpPaHIYM pa3 O6usHeca U (GMHAHCOB KOMIIAHUU.
Anamutnue- | [pu peamuzamuu | JlokymeHT nipeno- | OnucaHue TMHAMUKH U TIPOTHO30B OOBEMOB 1 TIeH,
CKMif 0030p | caenku CTaBJIsIETCS OIUH a Takke KOHKYPEHIIMU Ha pbIHKaX, Ha KOTOPBIX paboTa-
JIN3MHTOBOTO pa3 €T 3aEMIIINK.
pBIHKA

(exxeKkBapTaIbHbBIE, EXKEMECSIHBIE, TIOTYTOI0-
BBIC).

8) [IpoueHTHLII iepuo: 1/3/6 mecsiies.

9) IporneHTHas cTaBKa: (PMKCUPOBAHHAS
(B OCHOBHOM) WJTY TIJTaBaloIIasl (C yCTaHOBIIE-
HueM 0a3oBoi ctaBku: MosPrime mist pyoiei,
Libor mnst mout. CIIIA, Euribor mrst eBpo).

10) ®duHAHCOBBIC KOBEHAHTHI:

(a) K03(pPUITUEHT OTHOIIIEHUS YUCTOTO
nouira K rmokasareiito EBITDA;

(6) K03 HUITMEHT OTHOIIICHUS TTOKa3aTe-
Js1 EBITDA K TpOLIEHTHBIM BBITIIIATaM.

Jns mpuBiedeHUsT CUHANIMPOBAHHOTO
KpenuTa oT 3aéMIIIKA TPeOyeTCsT MOATOTOBKA
U TpefoCcTaBIeHNe KOMIUIEKTa (DMTHAHCOBBIX
1 MH(GOPMAITMOHHBIX MATEPUAIIOB, IPUBEICH-
HBIX B TaOII. 2.

[Iportiecc mpuBieueHNsT CUHANIIMPOBAH-
HOTO KPEAUTa SIBJISIETCS TOBOJIBHO CIOXKHBIM
Y BKJTIOUAET CJIeYIONINe OCHOBHBIE STaITbI:

+ CrpykTtypupoBanue kpeaurta. Ha maH-
HOM JTare 3aéMIIUK OTpPENEesieT OCHOBHBIE
(bnHaHCOBBIE TTAapaMeTphl CIETKU, BKIIOUAS
00BEM, BAJIIOTY U CPOK KpeauTa.

* HasznayeHue GaHKOB-OpraHM3aTOPOB
U IOPUINYECKUX KOHCYJIBTAHTOB CIETKHU.

* TIpouecc cuHAMKALIMY HA PBIHKE, BO
BpeMsI KOTOPOT0 0AaHKM-KPEAUTOPHI U3yda-
10T TIPEOCTaBICHHBIC 3aEMIITMKOM MH(MOP-
MallMOHHbIE U (PUHAHCOBBIE MaTepUAbl
U TIPUHUMAIOT pelleHre KacaTelbHO ydya-
CTUS B CHAETIKE.

VINPML PAH A M NCID

» IlogroroBka nokymeHTauuu. Ham mom-
TOTOBKOI KPEIMUTHOI'O JOTOBOPA M APYTUX
JIOKYMEHTOB paboTaeT He3aBUCHUMBII IOpUAM -
yecKui KOHCYabTaHT. CpoK paboThl Hafd A0-
KyMEHTaLMel 3aBUCUT OT CJIOKHOCTU CAETKU
¥ KOJIMYECTBA UTepalldil JOKYMEHTallUM, BO
BpeMsI KOTOPBIX COOMPAIOTCSI KOMMEHTapUM
0aHKOB-KPEIUTOPOB.

 [TogmucaHue COCIKY M BbIIavya JeHEeX-
HBIX CPEICTB MOCJIE BITOJHEHUS 3aEMILIMKOM
BCEX HEOOXOAUMBIX TTpeaBaAPUTEIbHBIX YCI0-
BUI.

Bech npotiecc npuBiedyeHUsI CAHAULIUPO-
BaHHOTO KpeauTa 3aHMMaeT, KaK IpaBUiio, OT
1,5 no 2 Mecs1es.

B mione 2019 1. «<Anbda-JIn3unr», omHa U3
BeAyLIMX JU3UHTOBBIX KOoMIaHuit Poccuu,
MpUBJIEKIa CHHANLIMPOBAHHbBIN KPEAUT 00bE-
MoMm 7 Mipa pyoseit. [TepBoHayaabHbIN 00BEM
KpeauTa ObLT YCTAHOBJIEH Ha YPOBHE 5 M.
pyOJieii, HO caenKka BbI3Bajla CYIIeCTBEHHBIN
WHTEpEC Ha PBIHKE, Pe3YyIbTaTOM Yero CTajo
yBeJIM4YeHue o0I11ero oobémMa Kpeaura Ha
2 mapa py6. CpencTsa nmpenocTaBiIeHbl Ha
3 roja Ha pa3BUTHe OM3HEca KOMITAaHUU.

5. PASMELLEHUE PYBJIEBbIX
OBJIUFALMIA HA PbIHKE KAMUTANA
PoiHOK oGuraiuii siBasieTcs BaKHbIM HC-
TOYHMKOM (DMHAHCUPOBAHUS JUTSI TU3MHTOBBIX
KommaHuit. Ocobyo posib MpU YCHEITHOM
pa3MeIeHUH BBIITYCKA UTPACT BHICTPOCHHBIM



TpoIIecC MapKeTUHTa B OTHOIIIEHUY UHBECTO-
poB. [l pazMenieHusT O0JIMTalii KOMITaHWsT
Ha3HayaeT HECKOJIbKO 0AHKOB MeHeKepaMu
cnenku. Baxueiiieil 006513aHHOCTbIO OAHKOB-
MEHEIKEPOB SIBJISIETCST OOIIEHNE C TTOTEHIIM -
aJTbHBIMA MHBECTOpPaMU C 1IeJiblo HamboJiee
BBITOJTHOTO Pa3MEeIIeHUsT OOTUTaIINIA.

KitroueBble mapaMeTpsl IpuMepa o0Iura-
LIMOHHOTO BBIITyCKa BKJTIOYAIOT:

1) Tun ¢puHaAHCUPOBAHUS: OOJIUTAIIUH.

2) uBecTopbl: KpynHee 0aHKU U UH-
CTUTYIIMOHAbHBIE UHBECTOPHI.

3) O6bém BhITycKa: 6ojee 10 mapa pyo.

4) Bantora kpenura: pyoJiu.

5) Lenb KpenuTa: 10JrocpoyHoe (huHaH-
cupoBaHue (IpUOOpeTeHNe TPAHCITOPTHBIX
CPEJICTB, CAEIKHU TI0 CIUSHUSAM U TOTJIONIe-
HUSIM, pa3BUTHE OM3HEca).

6) Cpok obauraiiuii: 6osee 5 JieT.

7) Ipaduk roramnieHus: OJHUM IIaTEKOM
B KOHIIE CpOKa 0OpalleHusl.

8) IleproAUYHOCTD BBITIJIATH KYMOHA:
6 MecsIeB.

9) IIpouieHTHAas cTaBKa: GUKCUPOBAHHAS.

10) ®duHAHCOBBIE KOBEHAHTHI:

(a) orpaHUYEeHYS HA TIPUBJICYCHUST HOBOTO
JTOJITa;

(0) orpaHWYeHUsT HA BHITLIATHI TUBUIEH-
JIOB.

ITpouecc pa3meltieHs BITycKa OO MraLuit
SIBJISIETCST 00JIee CIAOXKHBIM, TPYAOEMKUM U 3a-
TPaTHBIM, YeM TMPUBJICYEHUE CUHIUIIMPOBAH -
HOTO KpeauTa. DTO CBSI3aHO C TeM, 4TO IS
pa3MelleH st O0JIUTaINA, KaK IPaBUJIo, TpeOy-
I0TCSI HAJIMYME KPEAUTHOTO PEUTUHTa SMUTEH-
Ta OT PEUTUHTOBBIX areHTCTB, MPOBEICHUE
OaHKaMU-MeHeXKepaMU BbIycKa, paboTa
C IIMPOKOi1 623011 THCTUTYLIMOHATbHBIX MHBE-
CTOPOB, POXOXKIEHUE MPOLIEAYPbI IUCTUHTA HA
oupxe.

K kiTioueBbIM 3TaramM CeKu OTHOCSITCS:

* [loayuenue (uau noomeepicoerue) Kpe-
dumnoeo peilmunea. Tlpouiecc MoOJNy4eHUS
pEeUTUHTA BKJIIOYAET BCTPEUM TOII-MEHEIK -
MEHTa KOMITAaHUU C TIPEICTaBUTEIISIMU peii-
TUHTOBBIX areHTCTB U TOATOTOBKY MOJHOTO
MHOOPMAIIMOHHOTO TMaKeTa NMpo Ou3Hec
U ¢puHaHCchl KoMnaHuM. Kak mpaBujio, gaH-
HBIM TTPOIIECCOM PYKOBOJIUT OIMH 13 OaHKOB-
MEHEe/KePOB BBIITyCKa.

» [Iposedenue npouyedypvl KOMHACKCHOL
npogepku. 1151 peain3alvy JaHHOTO 3Tara
MPOBOIUTCS CepbE3Hast MOATOTOBKA CO CTO-
POHBI KOMITAHU U, FOPUINIECKIX KOHCYJTBTaH -
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TOB W 0aHKOB. Pe3ynbTaThl KOMILIEKCHOM
MMPOBEPKHU OIMMCHIBAIOTCS B IIPOCITEKTE 00T -
rauwmii. [Ipy 3ToM OCHOBHOE BHUMaHWE yJe-
JISIeTCsl IeTaIbHOMY aHAJIM3Y PUCKOB, KOTOPbIE
MPUHKUMAIOT Ha ce0s1 UHBECTOPHI.

* Poyo-woy. I1pu mpoBeIeHUU POYI-110Y
BO BpeMsI BCTPEU ¢ MTHBECTOPAMMU C ITOJATOTOB-
JICHHOM Mpe3eHTalMel BBICTYNAIOT MpeacTa-
BUTEIU KOMITAHNU U 0aHKOB-MEHEIKEPOB.
OCHOBHBIM Pa3IeIOM ITPE3eHTALINH SIBJISTIOT-
Cs «KJTI0UEeBBIe (PAKTOPHI MHBECTUIIMOHHOMN
MIPUBJIEKATCIBHOCTH» .

* Pazmewenue. Ha ¢puHanbHOM 3Tare
CIEJTKY OITPEIEIISTIOTCS UTOTOBBINM COCTaB MH-
BECTOPOB U3 KHUTU 3asBOK, MPOLIEHTHAs
CTaBKa M 3aTeM Ha4yMHAeTCsl TOPTOBJIST O0IH-
rauysiIMM Ha pbIHKE.

IIpoliecc MOATOTOBKY U pa3MeIeHUs
o0JiMrauuii, B 3aBUCUMOCTU OT 00BbEMA BbI-
ITycKa 1 0a3bl MTHBECTOPOB, MOXET 3aHUMAaTh
oT 2 10 3 MecHLEeB.

B utone 2019 . «PECO-JIusunr» 3aBep-
LW pa3MellieHUe 00auraluii 00bEMOM IISITh
miipa py6. Cpok oOpallieHus o0IuMrauuii — asa
roga. CraBka KymnoHa coctaBmiia 9,3 % romo-
BbIX. Bo BpeMs pa3melieHus BbIMyCKa CIIPOC
6osee 50 nHBeCcTOPOB (0aHKMU, yIIPaBJISIONITE
KOMITIaHMH, CTPaXOBble KOMITAHUU, YaCTHbIC
WHBECTOPHI) cocTaBuia 13,7 mupn pyo.

6. CPABHEHUE A0OJITOBbIX
MHCTPYMEHTOB

OCHOBBIBasSICh Ha TIPUBEAEHHBIX CTPYKTYP-
HBIX ¥ TPAHCAKIIMOHHBIX ITapaMeTpax JIBYCTO-
POHHETO0 KpenTa, CHHANIINPOBAHHOTO KPeIH-
Ta W BBITyCKa OOJTUTAIINiA, TTPOBEIEM CpaBHU-
TEJIbHBIN aHATTM3 TAHHBIX MTHCTPYMEHTOB:

1) CtpykTypa: CHHAULIMPOBAHHbIN KpeaUT
SIBJISIETCS O0JIee THOKMM MHCTPYMEHTOM, KO-
TOPBI MOXHO CTPYKTYPUPOBATh MOJA KOH-
KpeTHYI0 (MHAHCOBYIO 3aga4y (BKJIodas
00bEM, CPOK, BATIOTY U LIeH caenku). O0au-
raiuu, B CUJIy crelu(uky pblHKA, UMEIOT
0oJiee XKECTKYIO CTPYKTYpY.

2) INyOMmIHOCTD: OOMIUTAllNU SIBIISIIOTCS
«0oJee MmyoIMYHBIM» UHCTPYMEHTOM, YEM CUH-
JMUALIMPOBAHHBIE KPEMUTBI. DTO CBA3aHO C TEM,
YTO IJISI TUCTUHTA BBIITyCKa OOJIUTAIIAil Ha
Ouprke HEOOXOIUMO COOTBETCTBYIOIIEE TPEOO-
BaHUSIM PETYJISITOPA pacKpbITHE MH(POPMALIMH.

3) PeitiTuHT: 1151 CMHHIMLIMPOBAHHBIX Kpe-
JIIUTOB HAJIMYME PEHTUHTA SIBJSETCS MOJIOXKU-
TEeJIbHBIM, HO He00s3aTeJbHBIM (paKTOpOM
YCIIeIIHOM caenku. it pa3MelieHust 00mura-
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CpaBHl/ITeJIbelﬁ AHAJIM3 J0JIrOBbIX HHCTPYMEHTOB

Tabamna 3

TTapameTpsl JIByCTOPOHHMIA KPEAUT CHHIMLIMPOBAaHHBIN KPEIUT Brinyck obnuraimii
O0bEM OrpaHuuyeHHbI 00bEM Besien- | CyliecTBeHHbIe 00bEMbI (- KpynHeimii MICTOYHUK
CcTBUE OAHKOBCKUX JIMMHUTOB HA | HAHCUPOBAHUS 32 CUET yyacTusi | QMHAHCHPOBAHMS 32 CUET
OJIHOTO 3aéMIIMKa B ClIEJIKE HECKOJIbKUX OaHKOB CPENICTB MHBECTOPOB
Cpok KpaTtkocpouHoe ¢huHaHCUPO- CpenHecpouHoe puHaHcupoBa- | JlonrocpouHoe prHaAHCH-
BaHue, 1—2 roma Hue, 3—5 et poBaHue, 6osee 5 et
Bamora Py6su, nonnaper CILIA, eBpo Py6au u/mnm nHOCTpaHHas Py6au

BaJIIOTa (HECKOJIbKO TPaHLIEH,
HOMUHUPOBAHHBIX B Pa3HBIX
BaJIIOTAXx)

Lenu hbuHaH-

TTononHeHune 060p0THOFO Ka-

PedurHaHcupoBaHue KPEAUTHOTO

KanuranbHble 3arparhbl,

CHUpOBaHUS TMWTaIa, ypaBieHue JUKBUA- | TOPTdessi, ”THBECTUIIMOHHOE CIICJIKY TT0 CITMSTHUSIM
HOCTBIO uHaHCUpoOBaHMEe U TIOTJIOLICHUSIM, Pa3BU-
THe OU3Heca

PackpbiTue DuHaHCOBasI OTIETHOCTD, Kpenutnetii noprdens, dunan- | [TonHoe packpbiTie

nHGopMaLMK | IOPUAMYECKUE JOKYMEHThI coBasi MOJIeJIb, 0030p onepauu- | MHMOPMaLMU, BKITIOYast
OHHOI IeSITETbHOCTH, OTYETHI MPOCTIEKT IIEHHBIX OyMar
HE3aBUCHUMBIX KOHCYJIETAHTOB

KpenutHbrit He tpebGyercst He tpebyetcst TpebGyetcst

peTuHr

YyacTHUKU 3aéMIuK, 6aHK 3aéMIIUK, GaHKU-OpraHMU3aTopbl, | DMUTEHT, OaHKU-

CHIeNKU 0OaHKU-KPEIUTOPHI, IOpUIIe- MeHeXKephl BBIITyCKa,

CKNE KOHCYJIbTaHThI

WHBECTOPBbI, IOpUINYe-
CKM€ KOHCYJIBTaHTBhI,
PeryJsiTopbl

Ipaduk peanu-

3anun

1-2 Henmenu

1,5—2 mecsitia

2—3 mecsiua

Ta0mmua 4
IIpumep 10Jr0BOr0 (PMHAHCUPOBAHMS JTU3MHIOBOI KOMIIAHUM
JlonroBoii MH- O0bEM, Banora Cpok 10 Ipacduk noramenus | Llenb puHaHcu-
CTPYMEHT MJIPI pyo. TIOTalIeHusI, pOBaHUs
JIeT
JByctroponnuii | 0,50 Jomn. CIIA 0,70 OpHuM 11aTexxoM | OGOPOTHBIM
Kpeaut 1 Karurai
CuHauuupoBaH- | 1,50 Py6au 1,65 Amoptusupyemblii | PepuHancupo-
HBIiT KpeauT | BaHUE
Beinyck o6sira- | 5,00 Py6an 3,30 OpHum miatexxom | KanuranbHbie
uuit 1 3aTpaThl
JByctoponuuii | 0,75 Py6an 1,80 OmHUM TIaTeXOM | YrpaBieHue
KpeauT 2 JIMKBUIHOCTBIO
Cunpuuuponat- | 3,00 Homn. CLHA 3,50 AMopTu3upyemblii | UTHBECTUIIMOH-
HBIi1 KpeauT 2 U €BpO Hasi mporpamma
Beoimnyck oosnmra- | 10,00 Py6au 4,75 OpHuM 1utatexoM | KanuraiabHbie
i 2 3aTpaThl

LW KPEIUTHBIM PEUTUHT COOTBETCTBYIOIIETO
YPOBHS SIBJISIETCSI HEOOXOIMMBIM YCIOBHEM
Y4acTUsI UHCTUTYLIMOHAJIbHBIX MHBECTOPOB.
4) NuBecTopsl: 6a3a MHBECTOPOB Y pac-
CMaTpUBAEMbIX UHCTPYMEHTOB CYLLIECTBEHHO
paznuuaetcd. Ecau B cnesikax CUMHAMLIMPO-
BAaHHOTO KPEIUTOBAHUSI I€HbIM MPEAOCTaB-
JISIIOT, KaK TMPaBUIo, KOMMEpUYeCcKrue OaHKH,

OHHBIE (POHJIBI.

TO B OOJINTALIMY MHBECTUPYIOT TAaKXKe CTPAXO0-
BbIE KOMITAHWH, TICHCUOHHBIE Y UHBECTUIIH -

5) Peanuzanust caenku: pa3MenieHue o00-
JINTALU SIBJIsIETCsT O0Jiee CIOXKHBIM IIpOolLIec-
COM, TaK KakK BKJIOuYaeT 0O0Jjbliiee YUCII0
YIaCTHUKOB (ayIMTOPBI, PETYISITOPHI, OUp-
k). [ToaToMy (hDMHAHCOBBIM TOTI-MEHEIXKEe-



paM cjienyeT ObITh TOTOBBIMU K 00Jiee BBICO-
KUM, TI0 CPaBHEHUIO ¢ CHHIWIIMPOBAHHBIMU
KpeINuTaMU, TPaH3aKIIMOHHBIM M3ACPKKAM.

B 1a6n. 3 npuBeneHoO cpaBHEHUE KITIOYe-
BBIX CTPYKTYPHBIX 3JIEMECHTOB JBYCTOPOHHUX
KpEeOUTOB, CHHIUIIMPOBAHHBIX KPEIUTOB
1 OOJINTAIIMOHHBIX BBIITYCKOB.

IIpu 5TOM y JaHHBIX UHCTPYMEHTOB €CTh
PSII CXOXUX TPaH3aKIIMOHHBIX ITapaMeTPOB.
JL1st TONITOBBIX CHETOK XapaKTEePHBI CIIEAYIO-
1€ DJIEMEHTHI:

(a) moaroTOBKA KOPIIOPAIUHU K ITPUBJIEYe-
HUIO0 (UHAHCHPOBAHHUS;

(6) onpesesieHNe YYaCTHUKOB CAEIKU;

(B) mpoliecc CUHANKALIUU;

(r) paboTa Haj IOPUANYECKO JOKYMeHTa-
LUEH;

(1) 3aKpbITUE CACAKU U MEePEeUYUCTICHUE
JIEHEXXHBIX CPEJICTB.

KoMmnanuu HeoOX0aMMO BHUMATEIbHO
TTOIONTH K Ha3HAYEeHUIO OPTaHMU3aTOPOB Kpe-
JIMTa U MEHEKEPOB OO TUTAIIMIOHHOTO BBIITYC-
ka. banku, HazHayaeMble Ha JaHHbBIE POJIH,
JIOJKHBI IMETh CYIIIECTBEHHBIM OITBIT PaOOTHI
Ha phIHKaX KamuTalia, JOCTYIT K MHBECTOpam
U IeTaJIbHOE 3HaHUE 3a€MIIMKA U OTPACTIU.

JIJ1s1 Kask10¥ CIeIKM COCTaBJIsIeTCsl YETKU I
rpauk ¢ ykazaHMeM OCHOBHBIX 3TalloB 1 OT-
BETCTBEHHBIX 3a UX peaau3aluio CTOPOH.
HecMotpst Ha TO, 9YTO JaHHEI rpaK MOXKET
KOPPEKTUPOBATHCSI TIO Mepe HEOOXOMUMOCTH,
JUTST O0IMTaIuii (B CUITy psifia IopUInIecKUX
U PETYJISTUBHBIX IIPUYMH) OH SIBJISICTCS OOJIee
«KECTKMM», YeM JIJIST KPEJTUTOB.

OnmHUM U3 BaXKHEHIITNX 2JIEMEHTOB CACTKI
SIBJISIETCS TIOITOTOBKA IOPUAMYECKOM TOKY-
MeHTaluu. Haj rmoHbIM makeToM JOKyMeH-
TOB CIEJIKM paboTaeT I0pUINIeCKII KOHCYITb-
TaHT, Ha3HAYaeMBI M3 YKClIa KPYITHEHIIINX
opuanyeckux dupm. Cpok paboThl Hall 10-
KyMEHTallMeil 3aBUCUT OT KOJUYECTBA TOKY-
MEHTOB B CIIEJIKE U UX CIIOKHOCTH.

KintoueBbiM (hakTOpOM ycriexa CAeIKU
SIBJISIETCSI BBICTpaBaHUE ONITUMAJTLHBIX B3au-
MOOTHOIIIEHUH C ITyJIOM KPEAUTOPOB M MHCTH -
TYLIIMOHAJIbHBIX MHBECTOPOB. 3/1eCh KOpIiopa-
MU 1 0aHKaM-opraHu3aTopam,/MeHeKepam
HEOOXOJMMO BBIOPATh BEPHYIO MapKETUHTO-
BYIO CTPAaTeTHUIO B OTHOIIEHUU KPEIUTHOTO
1 OTPacjieBOro pyucKa 3aéMIIKKA 15 TOJTyde-
HUS ONTUMAJIBHON CTOMMOCTH (hOHIMPOBA-
Hug. B Tabs. 4 npuBenéH npumMep J10JArOBOTO
(uHAHCHPOBAHUS JIM3UHTOBOM KOMITAHUM,
TTOCTPOEHHOTO C YYETOM 3TUX (haKTOPOB.
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SAKJTKOMEHUE

Kpenutsl u obnuraiiuu saBasiioTCs KJI0-
YeBBIMU MHCTPYMEHTAMHU KOPIIOPATUBHOTO
duHaHcHpoBaHu. [1py 3TOM IJIST BEIyIINX
KOpIlopaluii ONTUMaJIbHBIK BEIOOP MEXKIY
HUMM 3aKJII0YaeTCsI B KOMOMHUPOBAHHOM
HWCTOJb30BaHUM TOJITOBBEIX MHCTPYMEHTOB
IUTST pelieHnsT GUHAHCOBBIX 3a1ay.

Takoke BaskKHBIM SIBJISIETCSI BLIOOD yIIpaB-
JIEHYECKUX MHCTPYMEHTOB, C IMOMOIIBIO
KOTOPBIX TOII-MEHEIKMEHT KOPIOpPaIlUN
MOXET OTCJICKUBATh PE3yJIbTaTUBHOCTH
npuBjaedyeHUs puHaHcupoBaHus. K takum
MHCTpyMeHTaM oTHocsTcsa: SWOT-ananu3
JIOJITOBBIX MHCTPYMEHTOB, Tpa UK IIpUBIIE-
yeHUsT GOHOAMPOBAHUS, OEHUMAPKUHT
(aHaMM3 UTOrOB TMpPUBJIEUYEHUS] (PUHAHCU-
pPOBaHMS M CPAaBHEHUSI ¢ KOHKYPECHTAMH),
yrpajieHue noprdeneM GUHAHCOBBIX pe-
CYpPCOB KOpPHOpallMi ¥ MOHUTOPHWHT PBIH-
KOB KamurTasia.
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The objective of the study is to analyze the
whole range of issues related to attracting
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The article discusses the debt strategies of
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important for development of the entire
transport industry in Russia. Bilateral bank
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Background.

Transport companies are active users of
leasing services. Leasing deals provide an
opportunity to increase the fleet of vehicles
without significant one-time investments.
During a leasing operation, the leasing company
purchases vehicles from the manufacturer and
transfers them to the transport company. This is
followed by further repurchase and complete
transfer of ownership of the leased asset. Using
leasing tools, transport companies achieve
optimization of short-term working capital and
long-term investment costs.

Globally, vehicle leasing is one of the key
elements of the financial market. Thus, the total
market for aircraft leasing is estimated at more
than $200 billion. Some recent transactions in
the corporate control market can be quoted as
follow. In March 2016, it was announced that
the largest Japanese banking and financial
corporation, Mitsubishi UFJ Financial Group,
reached an agreement regarding acquisition of
an aviation finance business from the German
DZ Bank. This transaction is part of the strategy
of the international business development group
to finance transport assets. As a result of the
agreement, MUFG Bank and BOT leasing
company receive a portfolio of financial aviation
assets, including credit and leasing obligations,
totaling $6,4 billion.

Another major deal of 2016 also related to
Asian investors, was the sale of Avolon Holdings
for $10 billion by the American CIT Group. The
transaction was financed by a combination of
cash, equity, and new debt in the amount of $8,5
billion. As a result of the transaction, Avolon
Holdings fleet will comprise more than 900
aircraft. In August 2019, the largest industrial
conglomerate, General Electric, sold $3,6 billion
portfolio of assets related to aviation leasing. The
buyer of the aviation finance business was Apollo
Global Management, a leading private equity
corporation, while its loan portfolio was acquired
by the investment company Athene Holding.

The vehicles that leasing companies offer
their customers include:

« passenger transport, including city and
intercity buses, trolleybuses, trams;

* special equipment, for example, automotive
equipment for maintenance and road construc-
tion (bulldozers, excavators, rollers), as well as
machinery for public utilities (harvesting
machines);

« cargo and commercial vehicles;

 railway transport, including gondola
wagons, tanks, box wagons, platforms, grain
carriers;

* sea /river cargo and passenger ships, tankers;

* air transport, including regional and long-
haul aircraft, helicopters;

« specialized equipment for development of
transport infrastructure.

Given that leasing plays an important role in
development of the Russian economy, several
industry support programs are in place in Russia.
For example, the state program of preferential
leasing with the support of the Ministry of
Industry and Trade allows to obtain favorable
conditions when leasing a new light commercial
vehicle.

Due to further development of the vehicle
leasing market, the following strategic goals can
be achieved:

(a) development of the transport industry in
Russia, including development of transport
infrastructure;

(b) providing support to Russian vehicle
manufacturers;

(c) companies providing transport services get
the opportunity to use modern transport
equipment without distracting significant financial
resources from operating activities.

Thus, attracting financing by transport leasing
companies is important for development of the
entire transport industry in Russia.

The main objective of the article is to consider
the entire set of debt instruments available to
finance development of Russian leasing companies
specializing in the transport industry.

From the point of view of the methodology
used in the article, we single out the structural
approach to solving financial problems. In the
framework of this approach, the main parameters
of the financing attracted by the corporation are
immediately related to the goals that are achieved
with these funds.

1. Features of financing transport leasing
companies

Attracting financing is one of the main tasks of
financial top managers of Russian leasing companies.
This issue is important from the point of view of
liquidity management, investment, business
development [ 1, p. 97]. Inthe Russian vehicle leasing
market, the company’s access to financing is an
important competitive advantage. The capital
structure of the corporation is also one of the key
tools for creating shareholder value [2, p. 41].
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The main structural features of corporate

124  finance of leasing companies include:

1) Strategic importance of the capital
structure for leasing companies, in terms of
optimizing financial costs, maintaining
competitive advantages, and investing in the
purchase of vehicles [3, p. 709].

2) Attraction of debt financing mainly in
rubles. But at the same time, including cases of
purchase of leased items in foreign currency,
companies may need financing in US dollars,
Euros, and other currencies [4, p. 123].

3) Use of fixed rate debt instruments to
minimize interest rate risks arising from floating
rates. For risk management purposes, swaps and
derivative financial instruments are also used [5,
p. 195].

4) The need for matching assets and liabilities
in terms of urgency. For this, leasing companies
attract financing with different maturities so that
the average term of obligations corresponds to
the average term of assets [6, p. 171].

5) The structure of debt obligations implies
the absence of depreciation when paying off
debt: loans and bonds are usually paid in a
single payment on the maturity date [7, p. 54].

Leasing companies specializing in vehicles
attract financing for various purposes [8, p. 343].
Here are the main ones:

+ Short-term financing: replenishment of
working capital and creation of a reserve of
liquidity, as well as bank bridge loans attracted
before placement of bond issues on capital
markets [9, p. 157].

* Medium-term financing: corporate goals,
including refinancing current debt to increase
the average loan portfolio, attract funding at
more favorable rates, diversify the investor base
[10, p. 141].

* Long-term financing: financing of an
investment program, including capital costs,
mergers and acquisitions, business development
projects [11, p. 1621].

This article discusses the key debt instruments
that Russian leasing companies use:

1) A bilateral bank loan issued by a partner
bank to a company.

2) Toolkit of international development
banks with participation of the Russian
Federation.

3) A syndicated loan in which several banks
act as lenders.

4) Placing the issuance of ruble bonds on the
Russian capital market.

The use of these financial instruments,
including their various combinations, allows the
leasing company to solve the entire set of
corporate financing tasks. At the same time, it is
important for a top manager to understand which
instruments are better to use, in terms of:

(a) current stage of development of the
company;

(b) corporate strategy;

(c) financing goals;

(d) actions of competitors;

(e) available funding sources.

Thus, when attracting financing, it is necessary
not only to conduct financial calculations, but
also to carry out a comparative analysis of the debt
instruments used [12, p. 21].

We would like to draw attention to such an
important aspect of financing as industry specifics.
Features of the use of leasing solutions in such key
segments of the transport industry, such as
maritime transport, railways, and aviation, are
considered in [13, p. 307; 14, p. 61; 15, p. 239].

Bilateral bank loan is the base product for the
leasing industry. This type of financing is used by
borrowers to solve short-term and operating tasks.
Money is raised from one of the partner banks of
the company within the existing credit limits. In
this case, it is possible to carry out a transaction
in a fairly short time.

Leading leasing companies can have
international development banks, whose
shareholders include the Russian Federation, as
strategic partners. The product line of these banks
contains leasing support tools, as well as credit
lines for transport leasing companies.

An important source of raising funds for
borrowers from the leasing industry is the
syndicated lending market. A syndicated loan is
organized for the company by several banks
through syndication among a wide base of lenders.
Under the syndicated loan agreement, it is
possible to provide a substantial amount of funds
excessing normal capacity of a bilateral bank loan.

By placing a bond issue, the borrower enters
the debt capital market. In this case, long-term
funds are attracted from both leading banks and
major institutional investors. It should be noted
that the process of placement of bonds is quite
complicated and requires significant costs on the
part of the borrower.

When attracting corporate financing, the
optimal solution for the corporation is to use
several debt instruments to form a diversified
portfolio.



Table 1

List of open bank limits

Corporation Limit period, years | Limit currency Limit volume, Current level of Non-used limit
bln rub. limit use, bln rub. balance, bln rub.
Bank 1 1,00 rubles 0,50 0,50 0,00
Bank 2 2,00 rubles 1,00 0,80 0,20
Bank 3 1,00 Euro 0,50 0,35 0,15
Bank 4 0,50 US dollars 0,75 0,75 0,00
Bank 5 1,50 rubles 1,25 1,00 0,25
2. Bilateral bank loan of legal advisers (a standard loan agreement of a

Abilateral loan is attracted by the borrower to
solve short-term financial problems, including
replenishment of working capital and liquidity
management. A loan is a very flexible financial
instrument, as the borrower can agree with his
partner bank regarding the required parameters.

Let us consider the main structural elements
of a bilateral bank loan using the example that
follows:

1) Type of loan: bilateral.

2) Lender: partner bank of the company.

3) Loan amount: up to 2,0 billion rubles.

4) Loan currency: mainly rubles, US dollars,
Euros.

5) Purpose of loan: replenishment of working
capital, liquidity management.

6) Loan term: short-term (1—2 years).

7) Repayment schedule: single payment at the
end of the loan term.

8) Interest period: 1/3/6 months.

9) Interest rate: fixed.

10) Financial covenants:

(a) restriction on raising new debt;

(b) maintaining credit rating not lower than
set levels.

Bilateral loan is attracted by the borrower
within the open limits of their partner banks.
Moreover, the parameters of these loans can be
different, which allows to quickly solve the
problems of financial management.

One of the key elements of liquidity manage-
ment for a leasing company is a list of open limits
of partner banks. This document contains all the
necessary information on existing credit lines.
An example of a list of open limits is given in
Table 1.

When attracting a bilateral loan, the borrower
should respect the minimum requirements for
provision of information, including financial
statements and a number of legal documents
required by the partner bank.

The process of attracting a bilateral loan is not
complicated, as it does not require involvement

partner bank is used for each transaction). The
process of attracting a loan lasts 1—2 weeks.

Hereisan example. In 2017, Sberbank opened
a credit line worth 10 billion rubles for leasing
company Europlan. The credit line term was
4 years. The funds are intended to finance leasing
projects, as well as to refinance bond issuances
and other bank loans.

3. Toolkit of international development banks

It should also be noted that leasing companies
can consider as an important source of financing
the largest development banks with participation
of the Russian Federation: the Eurasian
Development Bank (EDB), the International
Investment Bank (IIB) and the International
Bank for Economic Cooperation (IBEC).

EDB provides financial and operational
leasing services, finances the purchase by leasing
companies of leased items, including transport
equipment, from the Bank’s member countries
for subsequent leasing.

I1IB finances operations to lease various types
of equipment to counterparties registered in the
territory of its member countries. Main areas of
activity include leasing of vehicles, as well as
promotion of transport equipment manufactured
in the territory of IIB member countries in other
countries.

In addition to leasing operations, the
considered international development banks
directly finance the largest leasing companies. The
format of such financing involves conclusion of a
cooperation agreement, under which international
development banks and leasing companies
participate in financing and conduct operations
to lease transport equipment to counterparties
registered in the territory of member countries of
banks, as well as in third countries.

Under these agreements, credit lines are
provided for financing and refinancing the
purchase and leasing of vehicles manufactured in
the member countries of these banks. Moreover,
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financing is provided in foreign currency,
including US dollars, Euros, as well as the
currencies of the participating countries. It is also
possible to open credit lines in rubles for leasing
companies to purchase vehicles manufactured in
Russia.

Here is an example of main financing options:

1) Type of loan: revolving credit line.

2) Lender: International Development Bank.

3) Loan amount: from 1,0 to 8,0 billion rubles.

4) Loan currency: mainly rubles, US dollars,
Euros.

5) Purpose of the loan: purchase of vehicles.

6) Loan term: long-term (5—7 years).

7) Repayment schedule: depreciation
payments (quarterly, monthly, semi-annual).

8) Interest period: 1/3/6 months.

9) Interest rate: fixed.

10) Financial covenants:

(a) intended use of funds;

(b) maintaining credit rating not lower than
set levels.

The vehicles financed by international
development banks include airplanes, trucks,
passenger vehicles, specialized vessels, as well as
equipment for development of port infrastructure.
Such transactions result not only in development
of the transport sectors of the participating
countries, leasing and transport companies, but
also in establishing more dynamic foreign trade
relations between the participating countries in
the field of transport.

In November 2016, the State Transport
Leasing Company and IIB signed an agreement
to provide a credit line in the amount of $33
million for up to 7 years. The funds were used to
finance and refinance purchase and leasing of 11
Czech-made aircraft. In 2018, a credit agreement
was concluded between the parties with a limit of
75 million Euros for the purpose of acquiring and
leasing aircraft manufactured by JSC Ural Civil
Aviation Plant, helicopters produced by Russian
Helicopters and BelAZ heavy trucks. In August
2019, an additional agreement was signed,
providing for an increase in the lending limit to
EUR 90 million, with allocation of credit funds
for implementation of the program to replenish
the company’s aircraft fleet.

4. Syndicated loan from a pool of banks

A syndicated loan is provided to a borrower
by two or more banks. When implementing a
syndicated loan transaction, the company
appoints several transaction organizers.

Here are the key advantages of the syndicated
lending market:

(a) possibility of attracting optimally
structured financing;

(b) access to a stable source of liquidity in
rubles in foreign currency from leading banks;

(c) effective transaction process;

(d) developed standard documentation
based on Russian law;

(e) optimization of the administrative and
operational load on the borrower when servicing
the loan since all payments and information
exchange are carried out through the loan agent.

Here isan example of key financial parameters
of a syndicated loan:

1) Loan type: syndicated.

2) Lenders: leading Russian banks.

3) Loan amount: from 5,0 to 10,0 billion rubles

4) Loan currency: rubles, US dollars, Euros
(it is possible to structure a transaction
consisting of several tranches, for example: a
tranche in rubles and a tranche in foreign
currency).

5) Loan purpose: corporate goals, including
refinancing of current debt obligations,
financing of the investment program.

6) Loan term: medium-term (from 3 to 5
years).

7) Repayment schedule: single payment at
the end of the loan term, for some transactions
depreciation payments are possible (quarterly,
monthly, semi-annual).

8) Interest period: 1/3/6 months.

9) Interest rate: fixed (mainly) or floating
(with setting the base rate: MosPrime for rubles,
Libor for US dollars, Euribor for Euros).

10) Financial covenants:

(a) net debt to EBITDA ratio;

(b) EBITDA to interest payments ratio.

To attract a syndicated loan, the borrower
is required to prepare and provide a set of
financial and information materials, given in
Table 2.

The process of attracting a syndicated loan
is quite complicated and includes the following
main steps:

* Loan structuring. At this stage, the
borrower determines the main financial
parameters of the transaction, including
volume, currency, and loan term.

* Appointment of organizing banks and
legal advisers to the transaction.

* The syndication process in the market,
during which the lender banks study the



Table 2

Financial and information materials to attract a syndicated loan

Document Stage of provision Frequency of | Brief description

provision

Financial At all stages of the Quarterly Reporting is provided in accordance with Russian accounting

statements transaction standards, as well as consolidated reporting in accordance with

international standards.

Loan portfolio When implementing | Annually It contains data on the structure of the borrower’s debt (including the
a transaction and following information for each of the debt instruments: type, volume,
servicing a loan currency, date of issue, repayment date, interest rate, security, source

of financing).

Financial model When implementing | Annually Loan term plus 1—-2 years. The model should contain the basic blocks
a transaction and necessary for banks (assumptions, income statement, balance sheet,
servicing a loan cash flow statement).

Information When implementing | The A key transaction document containing the main conditions of the

Memorandum a transaction document loan, implementation schedule, description of the businesses and

is provided finances of the company.
once

Analytical review of | When implementing | The A description of the dynamics and forecasts of volumes and prices, as

the leasing market | a transaction document well as competition in the markets in which the borrower operates.

is provided
once

information and financial materials provided by
the borrower and decide on participation in the
transaction.

* Development of documentation. An
independent legal consultant is working on
preparing aloan agreement and other documents.
The term of work on the documentation depends
on complexity of the transaction and the number
of iterations of documentation, during which the
comments of creditor banks are collected.

« Signing of the transaction and issuance of
funds after the borrower has fulfilled all the
necessary preconditions.

The whole process of attracting a syndicated
loan lasts, as a rule, from 1,5 to 2 months.

InJune 2019, Alfa Leasing, one of the leading
leasing companiesin Russia, attracted a syndicated
loan of 7 billion rubles. The initial loan volume
was set at 5 billion rubles, but the deal aroused
significant interest in the market, resulting in an
increase in the total loan volume by 2 billion
rubles. The funds were provided for 3 years for
development of the company’s business.

5. Placement of ruble bonds in the capital
market

The bond market is an important source of
financing for leasing companies. The well-
structured marketing process addressing investors
plays a special role in successful placement of the
issuance. To place bonds, the company appoints
several banks as transaction managers. The most
important duty of bank managers is to
communicate with potential investors to most
advantageously place bonds.

Key parameters of a sample bond issuance
include:

1) Type of financing: bonds.

2) Investors: major banks and institutional
investors.

3) Volume of issue: more than 10,0 billion
rubles.

4) Loan currency: rubles.

5) Loan purpose: long-term financing
(acquisition of vehicles, mergers and acquisitions,
business development).

6) Bond term: more than 5 years.

7) Repayment schedule: single payment at the
end of the circulation period.

8) Frequency of coupon payment: 6 months.

9) Interest rate: fixed.

10) Financial covenants:

(a) restrictions on attracting new debt;

(b) restrictions on dividend payments.

The process of placing a bond issue is more
complex, time consuming and costly than raising
asyndicated loan. Bond issuance usually requires
that the issuer has a credit rating from rating
agencies, that banks managing the issuance work
with a wide base of institutional investors, and
there are listing procedures on the exchange.

The key stages of the transaction include:

 Obtaining (or confirming) a credit rating.
The process of obtaining a rating includes
meetings of the company’s top management with
representatives of rating agencies and development
of a complete information package about the
company’s businesses and finances. Asarule, one
of the banks managing the issuance manages this
process.
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+ Conducting a comprehensive verification

128 procedure. To implement this stage, serious

preparative work is being carried out by the
company, legal consultants, and banks. The
results of a comprehensive audit are described in
the bond prospectus. At the same time, the main
attention is paid to a detailed analysis of the risks
that investors assume.

* Road show. During a road show at the
meetings with investors, a presentation is
made by representatives of the company and
bank managers. The main section of the
presentation is devoted to key factors of
investment attractiveness.

* Placing. At the final stage of the transaction,
the final composition of investors based on the
orderbook, and the interest rate are determined.
Then bond trading on the market starts.

The process of preparing and placing bonds,
depending on the volume of the issue and the
base of investors, can last from 2 to 3 months.

InJune 2019, RESO-Leasing completed the
placement of bonds in the amount of 5 billion
rubles. The maturity of bonds is 2 years. The
coupon rate was 9,30 % per annum. During
placement of the issue, the demand of more than
50 investors (banks, management companies,
insurance companies, private investors)
amounted to 13,7 billion rubles.

6. Comparison of debt instruments

Based on the structural and transactional
parameters of a bilateral loan, syndicated loan,
and bond issuance, we will suggest a comparative
analysis of these instruments:

1) Structure: a syndicated loan is a more
flexible instrument that can be structured for a
specific financial task (including the volume,
term, currency, and purpose of the transaction).
Bonds, due to the specifics of the market, have
a more rigid structure.

2) Transparency and publicity: bonds are a
«more public» instrument than syndicated loans,
since for listing bonds at the exchange, disclosure
of information corresponding to the requirements
of the regulator is mandatory.

3) Rating: for syndicated loans, the presence
of a rating is a positive, but optional, factor for
the success of a transaction. But to place bonds,
a credit rating of the appropriate level is a
prerequisite for participation of institutional
investors.

4) Investors: the investor base for the
instruments in question varies significantly. If,

as a rule, commercial banks provide money in
syndicated lending transactions, then bonds are
invested also by insurance companies, pension
and investment funds.

5) Implementation of the transaction:
placement of bonds is a more complex process,
as it involves a larger number of participants
(auditors, regulators, exchanges). Therefore,
financial top managers should be prepared for
higher transaction costs in comparison with
syndicated loans.

Table 3 provides comparison of key structural
elements of bilateral loans, syndicated loans and
bond issues.

Hence, these tools have several similar
transactional parameters. For debt transactions,
the following elements are characteristic:

(a) preparing the corporation to attract
financing;

(b) identification of participants in the
transaction;

(c) the process of syndication;

(d) work on legal documentation;

(e) closing of the transaction and transfer of
funds.

The company must carefully approach the
appointment of loan organizers and bond issue
managers. Banks assigned to those roles should
have significant experience of working in capital
markets, access to investors and detailed
knowledge of the borrower and industry.

For each transaction, a clear schedule is
drawn up, indicating the main phases and the
parties responsible for their implementation.
Even though this schedule can be adjusted if
necessary, for bonds (due to several legal and
regulatory reasons) it is more «rigid» than for
loans.

One of the most important elements of the
transaction is preparation of legal documentation.
A legal consultant appointed from among the
largest law firms works on a complete package
of transaction documents. The term of work on
documentation depends on the number of
documents in the transaction and their
complexity.

A key factor in success of the transaction is
building optimal relationships with the pool of
lenders and institutional investors. Here,
corporations and organizing banks/managers
need to choose the right marketing strategy
regarding credit and industry’s risks of the
borrower to obtain the optimal cost of funding.
Table 4 describes an example of debt instruments



Comparative analysis of debt instruments

Table 3

Parameters Bilateral loant Syndicated loan Bond issue
Volume Limited volume due to bank limits Significant amounts of financing due | The largest source of
per borrower to participation of several banks in financing from investor
the transaction funds
Term Short-term financing, 1—2 years Medium-term financing, 3—5 year Long-term financing,
more than 5 years
Currency Rubles, US dollars, Euro Rubles and / or foreign currency Rubles

(several tranches nominated in
different currencies)

Financing purposes Working capital replenishment,

liquidity management

Loan portfolio refinancing,
investment financing

Capital expenditures,
mergers and acquisitions,
business development

Information disclosure | Financial statements, legal

Loan portfolio, financial model,

Full disclosure, including

documents operational review, reports of prospectus
independent consultants
Credit rating Not required Not required Required

Transaction
participants

Borrower, bank

Borrower, organizing banks, creditor
banks, legal consultants

Issuer, bank managers,
investors,
legal advisers, regulators

Implementation 1-2 weeks 1,5—2,0 months 2,0—3,0 months
schedule
Table 4
An example of debt financing of a leasing company
Debt instrument Volume, Currency Maturity, Repayment schedule Financing purpose
bln rub. years
Bilateral loan 1 0,50 US dollars 0,70 Single payment ‘Working capital
Syndicated loan 1 1,50 Rubles 1,65 Depreciable Refinancing
Bond issue 1 5,00 Rubles 3,30 Single payment Capital expenditures
Bilateral loan 2 0,75 Rubles 1,80 Single payment Liquidity management
Syndicated loan 2 3,00 US dollars and euro 3,50 Depreciable Investment program
Bond issue 2 10,00 Rubles 4,75 Single payment Capital expenditures

of aleasing company built considering the above
factors.

Conclusion.

Loans and bonds are key corporate finance
tools. Moreover, for leading corporations, the
optimal choice is the combined use of debt
instruments to solve financial problems.

It is also important to choose management
tools with which top corporate management can
track the effectiveness of raising finance. Such
instruments include SWOT analysis of debt
instruments, a schedule for attracting funding,
benchmarking (analysis of the results of fundraising
and comparison with competitors), management
of the corporation’s financial resources portfolio,
and monitoring of capital markets.
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ObecneyeHue KayecTBa B cucteme
TPaHCNOPTHOro 00CNyXXUBaHUS BO BHYTPEHHEW
cpepe Xene3HoAopPOoXHOro TpaHcnopTa u poJib

AUNarHocTuYeckux cpeacTs

Anactacust UBACEHKO Enena HEDEAEBA
/Jlnsi pocTa ypoBHSI KIIMEHTOOPUEHTUPOBAH-
HOCTM HEobXoAMMO y/y4HlleHNe KadecTBa
TPAHCNOPTHOro 0OCYXUBAHWS HA TPAHCIOPT-
HOM PbIHKE Ha OCHOBE 1CI0J1Ib30BaHUsI COBPE-
MEHHbIX TEXHOJIOMNIA M TEXHUYECKUX CPELACTB.
Llenbto nccnenoBaHus sIBASIJINCb ONMMcaHNe
v aHam3 MoAE IV B3aMOLAEACTBUS PEeArnpus-
TUVi TPAHCMOPTHOIO 0OCAYXMBaHWs, 6a3npyo-
Ljevics Ha yA0BJ/IeTBOPEHUY B3aMMOBBIrOAHbIX
noTpebHOCTEN M OTBETCTBEHHOCTY 3anHTEPE-
COBaHHbIX CTOPOH Ha TPAHCIMOPTHOM PbIHKE.
Lis AOCTUXEHNS MOCTaB/IEHHOM LIE/IN aBTOpAa-
MU NCIOsIb30BaINChb 0OLLEeHayYHbIe Y IKOHO-
MUu4eckne MeTobl NCCAen0BaHUS.
WccnenoBaHa cuctema ka4ecTBa TPaHCropT-
HOIro 06C/1yXKBaHWs BHYTPEHHEN CPEebl, a Takxe
U3YHEHO MOHSATUE KITMEHTOOPUEHTUPOBaHHOCTY
Ha XXese3HoA0POXHOM TpaHcropTe. bbina pas-
paboTaHa Mmozesb B3anmoaencTens buaHec-

Heacenxo Anacmacus Anamoaveena — Upkymckuii
20CyoapcmeeH bl YHUgepcumenm nymeti CO00ueHusl,
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eanHUL, BO BHYTPEHHEN cpeae TpaHCropTHOro
obcnyxvBaHusi, Ha OCHOBE KOTOPOW yCcTaHOBIIe-
Hbl MIHTEPECHLI N OTBETCTBEHHOCTb CTOPOH (MO-
TpebuTesnss u NPoM3BOANTESIS) Ha NMPUMEPE J10-
komoTmBHOro komrisiekca OAQ «PXK/]».

PaccmMmoTpeHHass Mogesib B3anMOAEVICTBUS
MO3BOJINT MOBbLICUTL 3PPHEKTUBHOCTb UCIMOTb-
30BaHus rnapka JIOKOMOTUBOB, HE yBEJINYMBasl
ero MoaesbHbIv psig. Takxe BbIIBJIEHO, 4TO
OAHMM M3 PaKTOPOB, BJIUSIIOLLIMX HA YPOBEHb
Ka4yecTBa TPaHCOPTHOro 06C/yXBaHWS, Bbl-
CTyraeT KOMIJIEKC AnarHOCTUYECKNX CPELACTB,
obecrie4ynBaloLLMii BbICOKOE Ka4eCTBO repeBo-
304HOrO npouecca, CHUXeHnNe Hernponu3Boamn-
TeJIbHbIX [I0TEPb, MOBbILLIEHNE 3(DPEKTUBHOCTU
BCex roapasaesieHni xXene3Hon0p0XHOro
TpaHcrnopra. lpeacrasneHa Tabavua 380710
LMy UCrnosb30BaHNsI CPEACTB TEXHUYECKOM
ANarHOCTUKU.
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BBEOEHUE

TpancnopTHOe OOCIYXMBaHME 3aK/II0Ya-
eTcs B obecrneyeHuM 0e30IacHOro rnepeaBr-
JKEeHUsI TPY30B U ITaCCaxkKMPOB IPU YIAOBIETBO-
peHUU BceX TpeOOBaHUI MOTpedUuTenei
TpaHCHOPTHOro phiHKa. Ho 3T0 TOJIBKO BUAM -
Masl 4aCThb pabOTHI XKeJIe3HOIOPOKHOIO TPAHC-
nopta. EcTb Takke 1 BHYTPEHHSISI cpena OT-
paciu, rae paboTaeT COBMECTHO MHOXKECTBO
CTPYKTYp Ha OIMH pe3yJbTaT — 0e30MacHoe
u OecriepeOoiiHOe ABMXKEHUE TToe310B [1].

MHorue 3apy0exkHble KOMITAHUU MMEIOT
TOJIOXKUTENbHBIN ONBIT MPOBeaeHUsT pedop-
MUPOBaHUS U PECTPYKTYPU3ALIUU KETEIHBIX
JIOPOT.

Tak, B xone pecTpyKTYpHU3alllU XKeJIe3HbIX
nopor [epmMaHuu ObLIY BIIEIEHBI CAMOCTOS -
TEJIbHO JICICTBYIOLIME XO3SIMCTBYIOLINE CYOh-
€KThl, a Jajiee B paMKaxX XeJIe3HOAOPOKHOTO
xonauHra Deutsche Bahn AG co3naHbl akiino-
HepHbIe KOMIIAHWUM,, BBITIOJTHSIIOIIME TPY30BbIe
MepeBO3KHU, MacCakMPCKUe MepeBO3KHU 1alb-
HUX COOOIIIEHM, pernoHalbHbIE MaccaxKup-
CKUe ITepeBO3KM, 3aHUMAIOIIIMECS] BOIIPOCAMU
MHOPACTPYKTYphl U APYTUMU HATIpaBICHUSIMU
[2; 3]. KoHuenuust HOBOI opraHU3alMOHHOI
CTPYKTYDBI KeJI€3HOTOPOKHOTO TPpaHCIIOpTa
MOCTpPOEHAa Ha mepeaaye MOJHOMOUYUM MO
MPUHSTUIO PEIIEHUI U OTBETCTBEHHOCTHU 3a
HUX Ha YPOBEHb IpeanpusiTuii. PykoBoacTBo
xonauHra DB KoHLieHTpUpyeT BHUMaHUE Ha
3a/ayax o0IIIero pyKoBOICTBa, KOOPAUHAILIUN
1 KOHTpoJisl. B HacTosIee BpemMsi OTHUM U3
BaXKHEHIUX (haKTOPOB, 00YCIOBUBIINX KO-
HOMMYECKUI yCIIeX, CTaIo pa3BUTHE IIPOEKTOB
MHTEPMOAAIbHBIX TPAHCIIOPTHBIX CUCTEM.

B Poccuu, cornacHo CtpaTeruu pa3BuTust
JKeJie3HOmopoxkHoro TpaHcnopTa 10 2030 ro-
Jla, TPAHCIIOPTHBIE MPEANPUSITUS BbIIBUTAIOT
Ha NepBbIH IJIaH KITMEHTOPUEHTUPOBAHHOCTh
KaK KJIIOUEBYIO IIEHHOCTb JI1000I KOMIIaHUH,
HaIlpaBJICHHYIO Ha MOCTOSIHHOE YJIy4llleHue
KadyecTBa TPAHCIIOPTHOTO OOCIY>XMBaHUS
noTpeduTeseil 1 B3aMMOBBITOITHOE TOJITO-
CPOYHOE MapTHEPCTBO MEXKITY MarMCTPaIbHbI-
MU BUAaMU TpaHcmopTa. JJaHHBIA MOAXOMd
B YIIPABJIECHUU KEJI€3HOA0POKHBIM TPAaHCIIOP-
TOM oOeclieynBaeT MPUBJIEYEHUE HOBBIX
KJIMEHTOB, TpaHchopMaluio OU3HeC-
NpPOILECCOB, ONTUMU3AILINIO PErIaMEHTOB
B3aUMOJECTBUS, d9(PPEKTUBHYIO BHYTPEH-
HIOIO Y BHEIITHIOIO KOMMYHUKAIIUIO U T.1I.

Hcxons u3 3Toro, akTyaJbHBIM SIBJISIETCS
paccMOTpeHHUe BOMPOCOB KJIMEHTOOPUEHTH -

POBAHHOCTU U Ka4yecTBa TPAHCIIOPTHOTO 00-
CJIY>KMBaHUS HE TOJIbKO B OTHOILIEHUU BHEII-
HUX KJIMEHTOB, HO U MIPUMEHUTEBHO K B3au-
MOJEVCTBUIO BHYTPY TPAHCTIOPTHBIX KOMIIa-
HUIA.

Ileav uccnenoBaHust — pa3paboTKa MOJEIN
B3aUMOJIEICTBUS TIPEATIPUSITUNA TPAaHCHOPT-
HOro o0CJIy>)KMBaHMSI, B OCHOBE KOTOPOIi Jie-
KaT yJIOBJIETBOPEHNE B3aMMOBBITOIHBIX ITO-
TpeOHOCTEN 1 OTBETCTBEHHOCTh 3aMHTEPECO-
BaHHBIX CTOPOH Ha TPAHCIIOPTHOM PBIHKE.
JI1s1 TOCTUKEeHUS TTOCTaBJAEHHOM 11eJIM aBTO-
paMU UCITOJIb30BAIMCh OOIIEHAYYHbIE U 9KO-
HOMWYECKUE Memodbl NCCICTOBaHNS.

1. NO04gXoAbl K MOHATUIO
KJIMEHTOOPUEHTUPOBAHHOCTU

ITo MHEHMIO KOHCYJTBTAHTA ITO MAPKETUH-
ry A. A. 3eHKeBMYA, «<KIIMEHTOOPUEHTUPOBAH-
HOCTb — 3TO LI€JIEHATIPABJIEHHbIE U CUCTEM-
HbIE JIEWCTBUS KOMMAHUM, 11eJIb KOTOPBIX
MPEeB30MTU OXUIAHUS CBOUX KJIUEHTOB
U clielaTh UX CUACTIIMBBIMU» [ 1, c. 4].

ABTOpBI CTaTbU MPELIATaloT ClEAylolllee
TMIOHUMAaHUE 3TOTO TOHSITUS: KAUCHIMOOPUECH -
MUPOBAHHOCMb — CHOCOOHOCMb 0PeAHU3AUUU
cozdasams ycao8usi 045 npusieHeHus NOMoKa
HOBbIX KAUCHMO8 U COXPAHEHUSA N0SNbHOCMU
HOCMOSHHBIX KAUEHMO8 3a C4ém y0081emaope-
HUA ux nompebHocmeil, obecneuusas npu 3mMom
pOoCcm npou36o0umensHoCmu mpyoa u npubbLAU.

Ecnu o6patutecs K npumepy Poccuu, To
B DKOHOMMKE KEJIe3HOIOPOXKHOTO TPaHC-
MOpTa KIMEHTOOPUEHTUPOBAHHOCTh OTHOCH -
TEJIbHO MOJIOZOE TIOHSITHE, U B HACTOSIIIIEe
BpeMsI IPOUCXOAUT ero pa3BuTue. [IpuMeHu-
TenbHO K OAO «PXJ/I» 0HO OCHOBaHO Ha
CHAeAYIOIIUX MPUHIIUITAX:

* «KJIUEHT BCETaa 3HAeT, Yero XOo4yeT
U B KaKO Mepe»;

* «KJIUEHT CaM OLICHUBAET YPOBEHb KJIM-
€HTOOPUEHTUPOBAHHOCTU TPAHCIIOPTHOM
KOMTIaHUW»;

* KA4eCcTBO TMepcoHaia TPAHCIIOPTHOM
KOMTIAaHUM BJIUSIET TIPSIMO TIPOTIOPIIMOHAIBHO
Ha YPOBEHb OPUEHTALINU Ha KJIINEHTA;

* CYyIIECTBYIOT BHYTPEHHUE U BHELTHUE
KJIMEHTBI KOMITAaHUM;

* KJIMEHTOPUEHTUPOBAHHOCTh OOECTIEUM -
BaeT cUHepreTuieckuii apdexT B XonauHre.

JLnst peanuzatuu otux npuHIuUnos B OAO
«P2XK/1» chopmupoBaHbl BepTUKATBHBIE U TO-
PU3OHTAIbHBIE CBSI3W B OPraHM3aIMOHHOU
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Taouua 1

l'[epcr[eKTan Pa3BUTHA JJOKOMOTHBHOIO KOMILJIEKCA

2020 ron [ 2025 ron

2030 ron

3KC]'IJ'IyaTaHWOHHaH JIeSITeJIbHOCTD IOKOMOTUBHOT'O X03511iCTBa

Harpyska Ha OCb 25 TOHH

Harpyska Ha ocb 27 TOHH

Harpy3ka Ha ocbh 30 TOHH

0ECKOJUIEKTOPHBIE UK KOJIEKTOPHbIE
TsaroBble snekrpoasurarenu (TD/L)

6eckosutekTopHbie TO/]

GeckouiekTopHbie TD/]

ynpasienue TTIC B «0aHO JU1LI0»

ucnosibzoBaHue ACY B yrpaBieHUU
TIIC MammMHUCTOM-0IIEPaTOPOM

neuxenue TIIC otcnexuBaercs U ynpas-
JISIETCST OTIEPATOPOM CO CTAIIMOHAPHOTO
pabouero mecra

ONTHMU3ALNUS CHCTEMbI OTOOPAXEHNUS
nHdopmauun
JIOKOMOTHBA

yIIpaBJIeHUE CBOMUTCS K HAGIIOICHUIO
3a ACYBII u 1MarHocTMKOi COCTOSTHUS

yIpaBjieHUe CBOAUTCS K HAOIIOIEHUIO
3a ACYBII 1 1MarHocTuKOi COCTOSTHUS
JIOKOMOTHBA

PeMoHTHas e TeIbHOCTL IOKOMOTHBHOT'O XO35ICTBA

[JIaHOBO-TIPEeYTIPEAUTEIbHAS CUCTEMA
pemonra TTIC

TITAHOBO-TIPEAYNIPEAUTEIbHAA CUCTEMA
PEMOHTa TIIC ¢ ananTUBHBIM TIOAX0I0M
K PEMOHTY OTACJIbHBIX Y3JI0B

00CTy>KMBaHUE 110 TEXHUYECKOMY
COCTOSIHUIO

CoBMecTHast paboTa 3KCIUTyaTaly 1 peMOHTa

ucnonb3oBanue Komrieke bJIOK-M st
Bcex tunos TI1C
yIIpaBJIeHUs

MHTErpalus CUCTEMbI 6€30MaCHOCTU
B MHOTO(DYHKIIMOHATIbHYIO CUCTEMY

Mepexo/ eIMHON MHOTOGMYHKIIMOHATBHON
CHUCTEMBI YIIpaBJICHUsI U 00eCTIeYeHUs
Ge3ornacHocTH Ha TpebosaHust SIL 4

ﬂMpCKl.l]/]ﬂ 10 PEMOHTY TArOBOT0 MO/IBHKHOT0 COCTABA
(mpomssogpTens yeyr),
B T.1. [DO3BOICTBEHESIC YUACTKIL
1 PRMOHTHbIE JOKOMOTHBHbIE IO

'\/

Jupextuns Tarv
(nenr-otpeGirens yeayr),
BT.4. JOKOMOTHBHbIE IKCTTYATALHOHHBE /eT0

|

AO «Tpatcvaumomms (poH3BOLITEN yeyr)
BT.4. JIOKOMOTHBOCTONTIHBIC 1 JOKOMOTHBOEMOHTHIC 330151

000 «loxoTex» (nporsoirens yeyr),
B T.1. TOKOMOTHBHSIE CCPBICHBIE J6T0

Puc. 1. Mogens B3aumopgeicTenst Gu3Hec-equHnL
BO BHYTPEeHHeli cpeAe TPaHCNOPTHOIro 06Cay)XnBaHus
(cocTtaBneHa aBTopamm).

CTPYKType yHnpaBJIeHUS MeXIYy OU3HecC-
CINHUIaMHu, 06CCHC‘JI/IBaIOI_LlI/Ie IIOJIYUYEHHUEC

cUHepreTndeckoro s dexra.

2. PEAIN3AUUNA MTPUHUUNA
KJIMEHTOOPUEHTUPOBAHHOCTHU
B JIOKOMOTUBHOM KOMNJNEKCE

B uucio BaXHEWIINX CTPYKTYp, obecrie-
YUBAIOIINX HEMpephIBHOE (PYHKIIMOHUPOBA-
HUE TIEPEeBO30K, BO BCEX CTPaHaX BXOAMT JIO-
KOMOTHUBHBII KOMITJIEKC.

B OAO «PX]I» ¢ 2010 rona JIOKOMOTUB-
HBII KOMITIIEKC pe(OPMUPYETCS: BBIIEISIOTCS
pa3IuYHbIe CTPYKTYPHBIC MOApa3aecHHUS,
U3MEHSIOTCS CTPYKTypa YIIpaBIICHUs, B3au-
MOICHCTBUE MEXIY MOIpa3aeIcHUSIMU, (Du-
JIMaiaMy, TOYePHUMU U 3aBUCUMBIMM 0011Ie-
CTBaMU, pa3pabaThIBalOTCs periaMeHTHI
B3aMMOOTHOIIEHNI MEXKITy HUMH.

B 571011 cBSI31, OCHOBBIBAsSICh Ha IPUHILIMIIC
JIeJICHWST Ha BHEITHUX W BHYTPEHHUX KITMEH-
TOB, PACCMOTPUM MOIXOAbI K KJIIMEHTOPHUEH-
THUPOBAHHOCTH Ha TIPUMEPE JIOKOMOTUBHOTO
KOMILJIEKCA.

B Hacrosee BpeMsi B TIOKOMOTUBHOM
KOMILJIEKCE OTCYTCTBYET YETKOE pasiesicHue
TIOHSITUI «TTPOM3BOAUTENb» U «ITOTPEOUTETb»
MpeI0CTaBIsIEMbIX YCIYT BO BHYTPEHHEM cpe-
Jie TPaHCITIOPTHOTO oOcayxkuBaHus. M3ydas
Hay4YHbIe pabOTHI psiia POCCUICKUX CIIeIra-
JIUCTOB I10 9KOHOMUKE XKeJIe3HOIOPOKHOTO
TpaHcIopTa, MOXHO CIeJaTh BBIBOJ, YTO
B OOJIBIIIMHCTBE U3 HUX TPAHCIIOPTHOE 00CTY -
JKMBaHUE pPACCMaTPUBAETCS TOJIBKO B paKypce
BHEIITHEW Cpelbl, UCXOAS U3 MPEAOChLUIKH,
YTO TaKKe MOHATHUS, KaK «KJIMEHTOOPHEHTH -
POBAaHHOCTB», «KaueCTBO MEPEBO30K», «Oe3-
OITACHOCTb», B OCHOBHOM HaIlpaBJICHbI Ha
YIOBJIETBOPEHME MTOTPEOHOCTE! I'py30BIIa-
JEJTbLEB M MacCaXupoB. XOTs BHYTPEHHSIS
cpefa uUrpaeT KJII0YeBYIO PoJib B BOIpoOcax
(byHKIIMOHMPOBAaHUS TPAHCTIOPTA, TTIO3BOJISICT
ITOCTOSTHHO YJTy4dlIaTh KA4YeCTBO pabOThHI U Ha-
palmBaTh YPOBEHb €r0 KJIMEHTOOPHUEHTHPO-
BaHHOCTU (CM., Hamp., [4]). B cBs13u ¢ aTuM
aBTOPHI MMpeiaraloT CTPOUTh, UCIIOJb3Ys
MpUMep JJOKOMOTMBHOI'O KOMIUIEKCA, TaKylo
MOJIEJTh TPAHCTIOPTHOTO OOCTYKBAHUS BHYT-
pPEHHeil cpeibl, B KOTOPO OM3HEC-eIMHULIBI
MOXKHO pa3/euTh Ha JIBE I'PYIIIbI; KIUEHT-
MOTpeOuUTEeNIb U MPOU3BOIUTEb yciIyr. Ha
puc. 1 mokazaHa cxema MX B3aUMOJICUCTBUS
pu Oe3yCIIOBHOM COOJIIOICHUM CTaHIapTOB,
HOPM, KOPITOPAaTUBHBIX IMOJTUTHUK.

CorracHO MOJIE/ I, TIPEUTOKEHHOM aBTO-
paMu, IPOU3BOIUTEIISIMU YCIYT BBICTYIAIOT:

* IUPEKIIUs IO PEMOHTY TSATOBOIO I1O-
JIBUKHOTO COCTaBa, OCYIIECTBJISIONIAs pe-
MOHT TMpUOOPOB 0€30MaCHOCTH;



* 000 «JlokoTex» m ero CTPyKTYpHBIE
TTo/Ipa3ieIeHusT — IOKOMOTUBHBIEC CEPBUCHBIE
JIETIO TIPOM3BOISIT SKUTTMPOBKY, TEXHUUECKOE
00CITyXMBaHWE U PEMOHT TATOBOTO ITOABUXK-
Horo coctaBa (TTIC);

* 3aBOJBI 110 U3TOTOBJIEHUIO U PEMOHTY
TIIC.

ITorpebuTeneM ycayru «peMOHT, SKUMU-
pPOBKa M 00CTYXXMBaHWE JIOKOMOTHBA» SIBJISI-
€TCSl AUPEKIIMS TSATH, B YACTHOCTH, TOKOMO-
TUBHBIE KCIUTyaTallMOHHBIE aemno. Ha Hux
BO3JIOKEHBI clieaytone hyHKIINN:

* DKCIUTyaTaIus JOKOMOTHBA BHICOKOKBA-
JUITMPOBaHHBIMU IOKOMOTUBHBIMU OpUTa -
JlaMU;

* obecrneyeHue UCIPABHOTO COCTOSTHUS
TTIC [5, ¢c. 65—67; 6, c. 206].

B cBs131 ¢ TeM, UTO JIOKOMOTHUBHOE X031~
CTBO TEPEXOIUT Ha HOBBI MeXaHWU3M B3au-
MOOTHOIIIEHU MEXIy MPOU3BOIUTEISIMU
Y TIOTPEOUTENISIMU, @ TAKKE Ha HOBYIO CUCTE-
My TIpOBelieHUsI peMOHTa (110 (haKTUIeCKOMY
COCTOSTHUIO JIOKOMOTHBA), TO AUPEKIIUS TATH
CTaHOBUTCS TOJBKO MOTPEOUTENEM MPeao-
craBiisieMbix ycayr. CienoBaTeibHO, BHOBb
npuodpetaemblit TTIC HaxoauTCsT HA rapaH-
TUIHOM OOCTY>XKMBaHWHY 3aBOIAMU 1 JIOKOMO-
TUBHBIMU CEPBUCHBIMMU JIETIO, UTO ITO3BOJISET
00eCTIeYnTh BBICOKOE Ka9eCTBO U3TOTOBJICHUS
1 PEMOHTa JIOKOMOTHUBOB [7].

BBumy TOTO, 4TO OTBETCTBEHHOCTH 32 9KC-
yatauuio u oocnyxkuBanue TITC 3akpern-
JISIeTCSI 32 KOHKPETHBIMY OM3HEC-eIMHUIIAMH,
CTaHOBUTCS MOHATHO, 4yTO Tenepb 3A0
«Tpancmamxonauar» 1 000 «JlokoTex»
OyIyT 3aUHTEPECOBAHbI B COBEPIIIEHCTBOBA-
HWU KOHCTPYKIIUM JOKOMOTHBA, HaIIpaBJIeH-
HOM Ha MOBBIILIEHUE €r0 pAOOTOCIIOCOOHOCTH,
yJIyJdllleHUEe KadyecTBa pabOoThI C 1IeJIbI0 CHU-
JKEHMST PACXOIOB M YJIYYIIIEHUST TToKa3aTeiei
TPAHCITOPTHOTO OOCITY>KMBaHMsI KaK BO BHYT-
peHHeilt, TaK U BHelllHe# cepe (Tadu. 1).

OCHOBHBIE TIyTH Pa3BUTHST IOKOMOTUBHOTO
KOMITJIEKCa OIPEAEIEHbI B CTPAaTErMYECKUX ITPO-
rpaMMax, IpeaycMaTpUBAIOIINX B YACTHOCTH:

* OOHOBJIEHHE TSITOBOTO TOJIBUXXHOTO
cocraBa (TTIC), HanpaBieHHOE Ha CHUXKEHUE
Tpyn03aTpat, SHEPro- U TOTUIMBOEMKOCTH
B [I€PEBO30YHOM MPOIIECCE;

* CTPOMUTEJIbCTBO, OOHOBJIEHUE, JOOCHA-
IeHe 00BEKTOB PEMOHTHOM MH(MPACTPYKTY-
pHl [8, ¢c. 2—3].

[TepcriekTMBHBIE 33a4M IOKOMOTUBHOTO
XO35IICTBa CBSI3aHbI C peau3alueii cleayro-

IIUX IIPUHIIMIIOB: aBTOMAaTU3alus, Hagexk-
HOCTb, 0€301acHOCTb, 3((HEeKTUBHOCTbD.

OnHoOW M3 OCHOBHBIX LIeJEil SABIsIeTCS
MOBBIIICHNE 3(P(HEKTUBHOCTHU UCITOIB30BAHS
napka JJOKOMOTUBOB, MpeaycMaTpuBaloliee
He KapIWHaJIbHOE YBEJIMYEHUE €ro MOJIE/b-
HOTO psia, a YHU(pUKALUIO MOJEEN, EAUHYIO
MOJYJbHYIO mjaaTdopMy Ha 6a3e Tesexkek
TpEX- U YETBIPEXOCHBIX, paluaJbHYIO yCTa-
HOBKY KOJIECHBIX Tap [9, c. 25]. Bc€ 310 mo3-
BOJIUT CHU3UTH 3aTpaThl Ha MpUoOpeTeHne
u obciyxupanue TIIC. I1pu obecrieueHUUn
YHUGUKAINHA COKPATUTCS BPEeMSI IIPOCTOS
TIIC B peMOHTE, YTO MO3BOJUT HapallluBaTh
MPOU3BOJUTEIBLHOCTh JOKOMOTHBA. Bee ot
MePCIIEKTUBHBIC HAIIPABJICHUSI OTPaXXEHBI
B IIPOEKTE «YMHBbII JIOKOMOTHUB», pa3paboTaH-
HoM u BHeapsiemom OOO «JlokoTex»
¢ 2016 roga [9].

3. POJIb AUATHOCTUYHECKUX
CPEOCTB

OaHUM U3 YCJIOBUIA YCTIEITHOW paboThI
JIOKOMOTHBHOTO XO3SICTBA IBJISIETCS HAJIUYE
COBPEMEHHOI0 KOMILJIEKCA TMarHOCTUYECKUX
CPENCTB COCTOSTHUS IOKOMOTUBOB. Ha puc. 2
OTPaXXeHO B3aUMOACUCTBUE TUATHOCTAYECKUX
CpeICcTB, 00eCNeYnBaAOIINX TOCTOSIHHOE
yJIydllleHUe KayecTBa pabOThl TOKOMOTUBHO-
IO XO35MCTBA.

Bce mokazanHbie Ha puc. 2 cpelcTBa, OT-
Bevyall1ue COBPEMEHHBIM TPEOOBAHUSIM,
HEO0XO0AUMO UCIIOIb30BaTh KOMIUIEKCHO MPU
pemonTe u akcruryataium TTIC. st otcne-
XXKUBaHUSA pabOTHl TIOKOMOTUBHBIX Opuraj
HUCIOJIb3YIOTCS MPUOOPHI 0€30MaCHOCTU
U TUATHOCTUYECKUE CPENCTBA, YCTAHOBJICH-
HbIe Ha JIOKOMOTUBe. Mccienyst cTaTUCTUKY
otkazoB TTIC, MOKHO yTBEpKIaTh, YTO B TIPO-
1Liecce IKCILTyaTalluu JOKOMOTHUBOB JIOITYCKa-
I0TCS HApYLLIEHUS PEXUMOB BeICHUS TTOE3/I0B,
3HAYUTEJIBHO BIUSIOLIME HA YPOBEHb HANIEX-
HOCTH JJOKOMOTHBA B TEYEHUE €T0 XKU3HEHHO-
ro LUKIIA.

3aoxeHHas Ha CTaAUM U3TOTOBIECHUS
HaJAEXHOCTb JIOKOMOTUBOB peain3yeTcs
B KOHKPETHBIX YCIOBUSIX 9KCIUTyaTalluU, TPU-
YEM Ha 3JIEMEHTHI 000py10BaHUS JIOKOMOTHU-
BOB OKa3bIBAIOT BJAMSHUE KaK MapaMeTphbl
KJIMMAaTUYECKUX U TeorpauuecKux yCIOBU,
TaK U TOKa3aTe/d peXKUMOB pabOThI TOKOMO-
TUBHOW OpuTaabl, COCTOSSHUE YCTPOUCTB
SHEPTOCHAOXEHUS U MYTeBOr0 KOMILIEKca
[10].
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Taomua 2

JIuarnocTyecKuii KOMILIEKC JIOKOMOTHBHOTO X035iCTBA (COCTABJIEHA ABTOPAMH)

HaumeHoBaHue Ton Beimycka | [IpumeHeHue
ITpuGopsl 6e3omacHOCTA

AJIC 1937 ABTOMaTHYeCKasi JOKOMOTHBHAS CUTHAIU3ALIUS

CAYT 1985 ABTOMAaTHUYECKAs CUCTEMA YIIPABIEHUS TOPMO3aMU

KIIYB 1994 KomrmiekcHoe T0KOMOTUBHOE YCTPOMCTBO G€30MaCHOCTH [T KOHTPOJIST
3a ICUCTBUSIMYU MaIlIMHKUCTA

YCTA 1996 YripaBjieHue TATOBbIMU IBUTATEISIMU TETJIOBO3a

CpencTBa TMarHOCTUPOBAHUS, YCTAHOBIIEHHBIE HA IOKOMOTHBE

MCY-TII 1989 VYnpasieHne U peryJaupoBaHue peKuMaMy paboThbl OCHOBHOTO
¥ BCIIOMOTaTeJIbHOTO 000PYI0BaHNsI IOKOMOTHBA

ACYB JlokomoTun 1998 YripaBjiieHMe TOKOMOTHBOM U COOP JaHHBIX O COCTOSIHUM JIOKOMOTHBA Ha
CMEHHOI1 KacceTe

Cucrema FIRE 2003 KonTponb Texuuueckoro cocrosiiusi TTIC B peabHOM BpeMeHU,
aHaJn3 MHGOpMAILIMK 1 pa3paboTKa peKOMEHIAIMU 110 YCTPAHEHUIO
PEKOMEHIAINY B ONEPaTUBHOM PEXUME

T Ypan 2008 TToBblllIeHHE YPOBHS 3KCILTyaTallMOHHOM paboThl (KOHTPOJIb
TIACITOKAIIAN W COCTOSTHVSI JOKOMOTHBOB; YIET U aHATM3 BBITIOTTHEHMST
rpacuKa, yuyacTKOBOI CKOPOCTH, Beca U JJTMHBI TPY30BbIX MOE370B 1 UX
TIPOCTOSI HAa TEXHUUECKUX CTAHITUSIX)

JIOKOMOTUBHBIH 2013 [MpenHa3HavyeH /s aBTOMAaTUUECKOI PerucTpalny 1 3ariucy Ha

komruiekc KBAPLL CBHEMHBII HOCUTEIb AE1iCTBUI JOKOMOTMBHOI OpUTraibl, COBEPILIAEMbIX
B KaOWHE JIOKOMOTHBA TIPU BBITIOJIHEHUY TeXHOJIOTMYECKUX MTPOIIECCOB,
onpenen€HHbIx aeicTByronmmu B OAO «P2XK/1» HopMaTUBHBIMU
TMIOKYMEHTaMU 1 PEriIaMEeHTaMU, U IPU BOSHUKHOBEHWH HEIITATHBIX
CUTYaLMii C MOCIEAYIOIIMM UX aBTOMAaTU3UPOBAHHBIM aHaIU30M [ 13]

YMHBIIi IOKOMOTUB 2016 YrpaBjieHMe TOKOMOTHBOM M UCIOIb30BaHWE CPEICTB IMAarHOCTUKY,
B3aMMOJIEHCTBIE C Tprubopamu 6e3omacHOCTH. [103BOJISIET OCYIIeCTBIAT
PEMOHT 10 (HaKTUYECKOMY COCTOSIHUIO IOKOMOTHBA

DJIeKTPOHHBbII 2018 EnuHoe MecTo XpaHeHUs Bceit ”H(MOopMaluy 0 JIOKOMOTHBAX,

MACTOPT JIOKOMOTHBA 0 pe3yJIbTaTax UCTIBITAHUH, TMaTHOCTUKU, Ie(heKTOCKOITNH, 0TKA3ax
¥ peMOHTaxX 000pyIOBaHMsI AJIs1 BCeX MPEANPUSTUIA, OCYILECTBISIOIIMX
WM3TOTOBJIEHUE, PEMOHT M 9KCTUTyaTaIlio JOKOMOTHBOB

[edekTocKomnusi B peMOHTHBIX 11eXaX

Bunbt C 1950-¢ BuxpeTokoBblil, MATHUTOTIOPOIIKOBLII, YIBTPA3BYKOBOI METOIBI U JIP.

HEepa3pyLIaloIIero M B HACT.

KOHTPOJIST BpeMst

JluarHoCTUYECKKe CPeCTBa B PEMOHTHBIX LIeXax
HcnbiTatenpHbie C 1970-e BubpoakycTrueckuii METOM, peOCTaTHbIE MCTIBITAHUS
CTEHIIbI, CTAHITUU U B HACT.
BpeMst
ACY CereBoii rpaduk | 2018 MOHMTOPUHT TEXHUUECKOTO COCTOSIHUS IOKOMOTHBA
HapyLL[eHI/lﬂ PEXMMOB 3KCIIJIyaTallun
JJOKOMOTHUBOB CYIIECTBCHHO BJIIMAIOT Ha
npu6opsI AedekTockonua

B PEMOHTHbIX
uexax

6esonacHocTn

AnarHocTuyeckue
cpeacTea,
YCTaHOB/NEHHbIE
Ha JIOKOMOTHBE
(cpeactea
MOHUTOpPWMHra)

[MarHocTyeckne
cpeacTBa
B PEMOHTHbIX
uexax 4eno

Puc. 2. AnarHocTnyeckune cpeacTsa Aans obecneyeHns
ncrnpaBHOCTU JIOKOMOTUBA.

paboTOCIMOCOOHOCTh JTOKOMOTHUBA, MPUBO-
IST K TIPEeXIeBPEMEHHOMY M3HOCY Y3JI0B
1 000pynoBaHUsI, BOSHUKHOBEHUIO pUCKa
OTKAa30B, YBEJUYCHUIO BPEMEHU HaXOXIIe-
HUS JIOKOMOTUBOB B PEMOHTE, JOIOJHM-
TEJbHOMY OTBJICYCHUIO PEMOHTHOTO IIEPCO-
HaJla Ha CBEpPXLIMKIOBLIE PabOThI, BCE 3TO
MIPUBOJIUT K COKPAIEHUIO IIPOU3BOIUTEIb-
HOCTH JIOKOMOTHBA U YBEJIMUYEHUIO PACXOI0B
xonauHra «P2KJI» [11].

Hcnonp3oBaHue CpeiCcTB TEXHUYECKOTO
JIMAarHOCTUPOBAHMS PellaeT 3a1a4u:

(KB R



* YCTAHOBJIEHUSI TEXHUUECKOTO COCTOSTHUS
JIOKOMOTHBA;

* OIpeeIeHUsI MECTOITOIOKEHUS OTKa3a
B JIOKOMOTHUBE;

* TIporHo3 ((hOpKACTUHT) pabOTOCHOCO0-
HoctH [12, c. 350—355].

JlMarHOCTUYECKHE CPENCTBa SBOJIOINO-
HUPYIOT COBMECTHO C JIOKOMOTHUBaMU. B Tab-
JIVIle 2 MPUBEICHBI TPUMEPHI IBOTIOLNU
OCHOBHBIX OJOKOB OTMAaTHOCTUYECKHUX
CPEJCTB.

B OO0 «JlokoTex» B mociieHue roIbl
MpoBeJeHa paboTa Mo BHEAPEHUIO HOBBIX
CPEICTB DUArHOCTUKM W MOHUTOPHWHTA 3a
coctosiHueM TTIC, K aT0i1 paboTe monkoue-
HBI 3aBOJIBI IT0 CTPOUTEILCTBY JIOKOMOTHBOB.
Vxe Ha cTaauu MPOU3BOACTBA BHEIPSIOTCS
HOBBIE IMOJIXOABI K MOHUTOPUHTY M yIIpaBJIc-
HUIO JIOKOMOTUBOM, YTO CITOCOOCTBYET CHU-
KEHUIO Tpymo3aTpaT KaK MAIIUHUCTOB, TaK
¥ PEMOHTHOTO MepCcoHaIa, YJIyJIIeHUIO Kaye-
cTBa pabOTHI BCEX CTPYKTYP TOKOMOTHUBHOTO
KOMILIeKca.

[MpuMeHsIa cpencTBa TeXHUYECKON IHa-
THOCTHKM, 00eCTIeUNBAETCsI CUHEPreTUIeCKUA
3G deKT, KOTOPbIA OyIeT YUYUThIBATH COKpa-
LIEHME TPYAO03aTpaT U MAaTepUaioB IIpU pe-
MOHTE, IMPOCTOEB Ha HEIJIAHOBBIX BUIAX pe-
MOHTA, YBeJIMYECHHUE MPOU3BOAUTEILHOCTH
JIOKOMOTHMBA W TIPOM3BOAUTEILHOCTU TPY/a,
00BEMOB MEPEBO30K, YPOBHS KIMEHTOOPUEH -
TUPOBAHHOCTH BO BCeX chepax TPaHCITOPTHO-
ro oocayxxuBanus [13; 15].

KPATKUE BbiBO4bl

ITocTpoeHue cxeMbl B3aUMOJECTBUS
TPYMIT TPOU3BOAUTENIEH 1 TTOJTydaTeen yCayr
BHYTPEHHEN Cpelibl Ha TPUMEPE JIOKOMOTHUB-
Horo kommiekca OAO «PX]l» nmo3Boynio
MPOBECTU aHAJIU3 BbISIBJICHHBIX CBSI3€I U clie-
JIaTh BBIBOJ O TOM, UTO (hopMuUpyeMasl Ha
MMPaKTUKE MOJIETb MO3BOJUT MOBBICUTH (-
(beKTUBHOCTb MCITOJb30BaHUS MapKa JIOKO-
MOTHBOB, HE YBEJIUUMBAsI UX MOJEJIbHbBIN PSI.
DyHKIMOHNPOBaHNE TAHHON MOIEIIH JOJIK-
HO COIPOBOXIAThCS TOBBIIIEHNEM Db heK-
TUBHOCTU BHEAPEHUS U MCHOJb30BaHUS
KOMILIEKCa IMarHOCTUYECKUX CPENICTB, 00ec-
MEYMBAIOIIETO BHICOKOE KAY€CTBO MEPEBO30Y -
HOIO IIpollecca, CHUXKEHUE HEIIPOU3BOAU-
TeJIbHBIX TTOTEPb, MOBbILIEHUE I(PPEKTUBHO-
CTU BCEX B3aMMOJICUCTBYIOIIMX TTOApa3aesie-
HUIA.
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of Diagnostic Tools

Anastasia A. IVASENKO Elena V. NEFEDYEVA

ABSTRACT

To increase the level of customer focus, itis
necessary to improve the quality of transport
services in the transport market using modern
technology and engineering tools. The objective
of the research was to describe and to analyse
a model of interaction between transport
service enterprises, based on satisfaction of
mutually beneficial needs and responsibility of
stakeholders in the transport market. To achieve
this goal, the authors used general scientific
and economic research methods.

The study focused on the quality system of
transport services within the internal
environment and on the concept of customer
focus for railway transport. Amodel of interaction
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of business units within the internal transport
service environmentwas developed, It was used
to identify the interests and responsibilities of
the parties (both consumers and providers)
using the example of a locomotive complex of
JSC Russian Railways.

The considered interaction model will
increase the efficiency of the use of the
locomotive fleet without increasing the model
range. Itwas also revealed that one of the factors
affecting the level of quality of transport services
is a set of diagnostic tools providing high quality
of the transportation process, reducing
unproductive losses, increasing the efficiency of
operations of all units involved. The evolution of
diagnostics tools is presented in a table.
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Background. The goal of transport services
consists in providing safe movement of goods
and passengers while satisfying all the
requirements of consumers on the transport
market. But this is only the visible part of the
work of railway transport. There is still the
internal environment of the industry, where
many structures of various industries work
together to achieve the common result which
is safe and uninterrupted train traffic [1].

Many foreign companies have positive
experience in reforming and restructuring
railways.

For instance, in the course of the
restructuring of the German railways,
independent business entities were separated,
and then joint-stock companies were established
within the framework of the railway holding
Deutsche Bahn AG, carrying out freight
transportation, long-distance passenger
transportation, regional passenger transpor-
tation, providing infrastructure and other services
[2; 3]. The concept of the new organization
structure of railway transport is based on transfer
of decision-making authority and responsibility
for them to the level of enterprises. Thus, the
management of DB Group focuses on the tasks
of strategic management, coordination, and
control. Currently, one of the most important
factors determining the economic success is
development of projects for intermodal transport
systems.

In Russia, according to the Strategy for
development of railway transport until 2030,
transport enterprises highlight customer focus
as a key value of any company, aimed at
constantly improving the quality of transport
services to consumers and enhancing mutually
beneficial long-term partnership between the
main modes of transport. This approach to
railway management ensures attraction of new
customers, transformation of business
processes, optimization of interaction rules,
effective internal and external communication,
etc.

Hence, it is worth studying issues of
customer focus and transport service quality
not only with regard to external clients but also
referring to interaction within transport
companies.

The objective of the research is to develop a
model of interaction between transport service
enterprises, which is based on satisfaction of
mutually beneficial needs and responsibility of

stakeholders in the transport market. To achieve
this goal, the authors used general scientific
and economic research methods.

1. Approaches to the concept of customer
focus

According to marketing consultant
A. A. Zenkevich, «customer focus is a focused
and systematic action of the company, the
purpose of which is to exceed the expectations of
its customers and make them happy» [1, p. 4].

The authors of the article offer the following
understanding of this concept: customer focus
is the ability of an organization to create
conditions for attracting a flow of new customers,
maintaining loyalty of regular clients by meeting
their needs, ensuring thus growth in labor
productivity and profits.

If we consider the example of Russia, then
customer focus is a relatively young concept for
the economy of railway transport, and its
development is currently underway. Within the
JSC Russian Railways it is based on following
principles:

* «the client always knows what he wants
and to what extent»;

* «the client himself evaluates the level of
customer focus of the transport company»;

* quality of the personnel of the transport
company directly affects the level of customer
orientation;

* there are internal and external customers
of the company;

» customer focus provides a synergetic
effect in the holding company.

To implement those principles, JSC Russian
Railways has formed vertical and horizontal ties
between business units in the organization
structure of management, which provide a
synergistic effect.

2. Implementation of the customer focused
attitude in locomotive complex

Locomotive complex' in most countries
makes part of the railway companies’ units most
important for consistent train traffic.

Since 2010, the locomotive complex of JSC
Russian Railways has been restructuring:

! Locomotive complex is understood by the authors

in conformity with Russian practices in the sense of

a system of relationship between corporate divisions,
affiliated companies and contracted external companies,
involved in the operations related to designing,
construction, maintenance and operation of locomotives
used by JSC Russian Railways. — ed. note.
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Table 1

Prospects for locomotive complex development

2020 year

| 2025 year

| 2030 year

Operational activity of locomotive facilities

axle load of 25 tons

axle load of 27 tons

axle load of 30 tons

collector-free or collector
traction motors

collector-free traction motors

collector-free traction motors

TRS management by a
single person

use of automated control system (ACS) in
TRS management by driver-operator

TRS movement is monitored and
controlled by operator from a stationary
workplace

information display
system optimization

management is reduced to monitoring the
automated control system and diagnostics
of locomotive condition

management is reduced to monitoring the
automated control system and diagnostics
of locomotive condition

Repair activity of locomotive complex

planned preventive
maintenance system of
TRS repair

planned preventive maintenance system of
TRS repair with an adaptive approach to
repair of individual components

maintenance according to real technical
condition

Joint operation and maintenan

ce

use of the complex
BLOCK-M for all types
of TRS

integration of a safety system into a
multifunctional control system

transition of a single multifunctional
control and safety system to the
requirements of SIL 4

Directorate for traction rolling stock repair

(service provider), incl. production sections
and repair locomotive depots

\

Traction directorate
(client-service consumer),

LLC LocoTech (provider of services),
incl. locomotive service depots

incl. locomotive operational depots

!

JSC Transmashholding (service provi

der),

incl. locomotive building and locomotive repair plants

Pic. 1. Model of interaction of business units in the internal transport services environment

(compiled by the authors).

various structural divisions are being singled
out, the management structure is changing,
interaction between divisions, branches,
subsidiaries and affiliates is changing, and rules
for the relationship between them are being
developed.

Hence, based on the principle of dividing
into external and internal customers, let us
consider the approach of customer focus at the
example of a locomotive complex.

Currently, in the locomotive complex there
isno clear differentiation between the concepts
of «producer» and «consumer» of the services
provided in the internal transport service
environment. Studying the scientific works of

some Russian experts in railway economy, we
can conclude that most of them consider
transport services only from an external
environment perspective, supposing that such
concepts as «customer focus», «quality of
transportation», «safety» are mainly aimed at
meeting the needs of cargo owners and
passengers. Although the internal environment
playsakey role inissues of transport functioning,
allowing to constantly improve the quality of
work and increase the level of its customer focus
(see, e.g. [4]). In this regard, the authors
propose to use the example of a locomotive
complex to build a model of transport services
for the internal environment, where its business



safety devices

diagnostics tools
installed
on a locomotive
(monitoring tools)

flaw detection
in repair shops

diagnostics tools
in repair shops
of depot

Pic. 2. Diagnostics tools to ensure locomotive operability.

units can be divided into two groups: customer-
consumer and service provider. Pic. 1 shows
the scheme of their interaction if there is
unconditional compliance with standards,
norms, corporate policies.

According to the model proposed by the
authors, service providers are:

* directorate for repair of traction rolling
stock, repairing safety devices;

« LLC LocoTech and its structural
subdivisions: locomotive service depots
manufacture equipment, provide technical
maintenance and repair of traction rolling stock
(TRS);

« plants for manufacture and repair of TRS.

The consumer of «repair, equipment and
maintenance of a locomotive» service is
traction directorate, in particular, locomotive
operational depots. The following functions are
assigned to them:

« operation of a locomotive by highly
qualified locomotive crews;

* ensuring the good condition of TRS [35,
pp. 65—67; 6, p. 206].

Due to the fact that the locomotive economy
is moving to a new mechanism of relations
between providers and consumers, as well as to
a new system for repairing (through assessment
of actual condition of a locomotive), traction
directorate becomes only a consumer of the
services provided. Consequently, newly
acquired TRS is under warranty service by
factories and locomotive service depots, which
allows for high quality manufacturing and
repair of locomotives [7].

Since responsibility for operation and
maintenance of TRS is assigned to specific
business units, it becomes clear that now JSC
Transmashholding and LLC LocoTech will be
interested in updating design of a locomotive,
aimed at increasing its efficiency, improving

quality of work in order to reduce costs and
improve transport services performance both
in the internal and external spheres (Table 1).

The main development paths of the
locomotive complex are identified in strategic
programs providing for:

« renewal of traction rolling stock (TRS),
aimed at reducing labor costs, energy and fuel
consumption in the transportation process;

« construction, updating, additional
equipment of repair infrastructure facilities [8,
pp. 2-5].

Promising tasks of the locomotive economy
are based on the implementation of the
following principles: automation, reliability,
safety, efficiency.

One of the main objectives is to increase the
efficiency of using the locomotive fleet without
increasing its model range, but using unification
of models, a single modular platform based on
three- and four-axle bogies, and radial
installation of wheel sets [9, p. 25]. All those
measures will reduce the cost of acquiring and
maintaining TRS. By ensuring unification,
downtime of TRS in repairs will be reduced,
increasing the locomotive’s performance. All
these promising areas are reflected in Smart
Locomotive project, developed and implemen-
ted by LLC LocoTech since 2016 [9].

3. The significance of diagnostic tools

The most significant basis of successful
operation of locomotives is associated with
advanced diagnostic tools for the control of
locomotives’ condition. Pic. 2 shows interaction
of diagnostic tools that provide continuous
improvement in quality of locomotives’
operation.

Those of the tools shown in Pic. 2 that
meet modern requirements must be used in
the frame of a single system during repair and
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Table 2

Diagnostic complex of locomotive facilities (compiled by the authors)

Name Year Use

of manufacture
Safety tools

ALS 1937 Automated locomotive signalling

SAUT 1985 Automated system of brake control

CLUB 1994 Complex locomotive safety tool to control driver’s
actions

USTA 1996 Control of traction engines of locomotives

Diagnostic tools installed on a locomotive

MSU-TP 1989 Control and regulation of operation modes of main and
additional equipment of a locomotive

ASUB Locomotive 1998 Control of a locomotive and collection of data on
locomotive state on exchangeable cassette

System FIRE 2003 Control of technical state of TRS in real time, analysis
of information and development of recommendation on
elimination of recommendation on-line

GID Ural 2008 Increase in the level of operational work (control of
dislocation and state of locomotives; accounting and
analysis of respect of the schedule, section speed,
weight and length of cargo trains and their downtime at
technical stations)

Locomotive complex KVARTs 2013 Designed for automated registration and recording
on portable data carrier of actions of locomotive crew,
made in driver’s cab when performing technological
processes, defined by the current normative documents
and regulations in JSC Russian Railways, and when
emergency situations occur with their subsequent
automated analysis [13]

Smart locomotive 2016 Locomotive control and use of diagnostics tools,
interaction with safety tools. It allows to perform repair
according to actual state of the locomotive

Electronic passport of a locomotive |2018 Single storage place of all information about
locomotives, testing results, diagnostics, flaw detection,
failures and repair of equipment for all enterprises,
carrying out manufacture, repair and operation of
locomotives

Flaw detection in repair shops
Types of non-destructive control Since 1950-ies Vortex-current, magnet-sintered, ultrasonic methods
until nowadays etc.
Diagnostic tools in repair shops
Testing stands, stations Since 1970-ies Vibroacoustic method, rheostat tests
until nowadays
ACS Network schedule 2018 Monitoring of technical state of a locomotive

operation of TRS. To monitor the work of
locomotive crews, safety devices and
diagnostic tools installed on the locomotive
are used. Studying the statistics of TRS
failures, it can be argued that during operation
of locomotives, there are violations of train
operating modes, significantly affecting
reliability level of the locomotive throughout
its life cycle.

Reliability of locomotives laid down at the
manufacturing stage is realized in specific
operating conditions. The parameters of the
locomotive’s equipment are influenced by both
climatic and geographical conditions,
indicators of the operating modes of the

VORI Iy

locomotive crew, the state of power supply
devices and the track facilities [10].

Violations of the operating modes of
locomotives significantly affect locomotive’s
performance, lead to premature wear of
components and equipment, the risk of failure,
an increase in time spent for locomotives’
repair, additional distraction of repair personnel
to works which are normally not scheduled. All
those factors lead to reduction in performance
of a locomotive and to increase in expenses of
the holding company of JSC Russian Railways
[11].

Using the means of technical diagnostics
solves the problems of:



+ establishing the technical condition of
the locomotive;

* location of failure in the locomotive;

« performance forecasting [12, pp. 350—
355].

Diagnostic tools evolve with locomotives.
Table 2 shows examples of evolution of each set
of diagnostic tools.

In recent years, LLC LocoTech has carried
out work to introduce new diagnostic and
monitoring tools to control the condition of
TRS; locomotive construction plants have
participated in this work. Already at the stage
of locomotive construction, new approaches to
monitoring and controlling the locomotive are
being introduced, which helps reduce labor
costs for both drivers and repair personnel,
improves the quality of work of all structures of
the locomotive complex.

Brief conclusions

Construction of a chart of interaction of the
groups of providers and consumers of the
services of the internal environment at the
example of locomotive complex of JISC Russian
Railways has allowed to conduct the analysis
of the revealed relationship and to make a
conclusion that the model being implemented
will allow to raise efficiency of the use of
locomotives’ fleet without extending the range
ofthe modelsused. The operation of the model
should be followed by grown performance of
introduction and use of a set of diagnostic tools,
ensuring thus high quality of transportation
process, reduction of non-productive losses,
and grown efficiency of interacting business
units.
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YCTONYNBOCTb CUCTEM
NOCTaBOK pecypcoB

Anexcen TAMNYXUH

AKTyasibHOU po6sieMovi yripaBieHys Lensmm
rocTaBoK siB/IseTCs 06ecreyeHne ux yCTomn4nBocTu.
PelueHne naHHoOV rpobsemMbl OC/IOKHSIETCS HEYET-
KOCTbIO pa3rpaHnyeHusi HECKOJIbKNX TEPMUHOB,
aaeKBaTHbIX MOHSTUIO «YCTOMYMBOCTb», TAKUX KakK
«HaAEXHOCTb», «6€30MaCHOCTb», «XKUBYYECTb», «KU3-
HECTOMKOCTb», a Takxe OTCYyTCTBUEM CUCTEMHOIo
noaxona K onpeneseHnio yCTondYnBoCcTn CUCTEM
rocTaBOK PECYPCOB, CKaAbIBaIOLLEliCsl, 10 Bepcum
aBTopa, 13 yCToNYMBOCTM 6a30BbIX KOMITOHEHTOB
JIOFNCTUHECKOro MeHeakmeHTa. Lenamu nccneno-
BaHWs SIBASIOTCS] YTOYHEHME CYLLHOCTU YCTOMYMBO-
cTu, paspaboTka knaccugukaumm u o60cHoBaHne
nocaenoBaresIbHOCTY OrpeneseHnss yCTonYnBoCTU
CUCTEeM r0CTaBOK PECYPCOB, YTO MO3BOJIAT [TOBbICUTH
UX KOHKYPEHTOCMOCOOHOCTb.

MeTononorndeckasi 6a3a Uccien0oBaHuns BKIO-
4YaeT TeopeTndeckue rnosI0XKeHUsT MeHeAXMeHTa,
JIOTUCTUKN, YNPaBAEHUS LIEMNsSMM rOCTaBOK, yrpas-
JIEHWNSI MOTOKAMMW LL€HHOCTU U JIOMTNCTUYECKOro Me-
HEIXXMEHTA.

B kayecTBe METOLOB UCC/EeN0BaHUs BblOPaHbl
JIOrMKO-CTPYKTYPHbIE METOLbI: TEPMUHOJIOMNYECKOrO

Tanyxun Anexceii Ilemposus — Openbypecikuil guauan Hncmumyma 5K0HOMUKY
Ypanvckoeo omoenenus Poccuiickoit akademuu Hayk, Openoype, Poccus*®.

aHanmsa, rpynnupoBOK, TUMOOruKY 1 Kinaccuguka-
umun, npeanonararoLme BbiaeIeHNe 1 NCroJsib30B8a-
HMe COBOKYNHOCTU KJ1aCCUPUKALMOHHBIX TPU3HAKOB
Y KOMIMOHEHTOB, KOTOPbIE B HEOOXOAMMOV 1 AoCTa-
TOYHOV CTeneHun oTpaxaloT CYLHOCTb TepMUHa
«YCTONYNBOCTb» U COMYTCTBYIOLLUMX €MY TEPMUHOB.

Pesynbraramu nccien0BaHus IBASIIOTCS aBTop-
CKne onpeneneHusi MNOHSITUN «yCTOMYNBOCTb», «XKN3-
HECTOWKOCTb», «ITMOKOCTb», «XUBYYECTb», «CTaTUY-
HOCTb», «AMHAMUWNYHOCTb», «HaAEXHOCTb», «MaHEB-
PEHHOCTb» N «6e30MacHOCTb» CUCTEM MOCTaBOK
pecypcoB v pekoMeHzaumu rno ornpeneseHunio
YCTOMYNBOCTU CUCTEM AAHHOIO TUNa, CKAaAblBalo-
jevicst U3 yCcTondmBocTy 6a30BbIX KOMITOHEHTOB
JIOrMCTUYECKOr0 MEHEAXMEHTA.

PesynbTatsl MCCaenoBaHus rno3BOISIOT CO34aTb
TeopeTnyeckme N MeToanYeckme npearnochbliku Ass
onpeaneneHnst HaaEXHOCTY TEXHOJIOMMYECKMX, TOPro-
BbIX V1 JIOTUCTUYECKVX 3BEHLEB U — HA VX OCHOBE — Ka-
HaJsioB, Lernev, PPOHTOB 1 3LLIESTOHOB CUCTEMBbI MOCTa-
BOK PECypCoB, a Takxe paspaboTarb peKkoMeHgaLmm
o uameHeruo coaepxaHns SCOR- n DCOR-moaenei,
COCTaB/ISIOLLMX OCHOBY YrpaB/IeHWS LiENsiMy MOCTaBOK.
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XKUBY4ECTb, XU3HECTOMKOCTb, NMOKOCTb.

*NHdopmauma 06 aBTOpE:

TanyxvH Anekcei NMeTpoBuY — KaHANOAT TEXHUYECKNX HAYK, JOKTOP 9KOHOMUYECKMX HayK, npodeccop,
nunpekTop OpeHbyprckoro punuana NHcTuTyTa 3KOHOMUKM Ypanbckoro otaeneHus Poccuinckoin akagemmm

Hayk, OpeHbypr, Poccus, aptyapuhin@mail.ru.

Cratbs noctynuna B pegakumio 10.09.2019, npunaTa k nyénukaumm 23.12.2019.

For the English text of the article please see p. 154.



pobGjeMa yCTOMYMBOCTU OOBEKTOB

yIpaBJieHUs, K YUCITY KOTOPBIX OTHO-

CUTCS CUCTEMA MMOCTaBOK PECYPCOB —
«COBOKYITHOCTb TMTOCTaBIIIUKOB U MOCPEIHU-
KOB (3B€HbEB), 00pa3yIOLIMX KaHaJbl, LIeTH,
(bPOHTHI U A1IETOHBI TOCTABOK U BHITIOJIHSIIO-
IIUX TMPOLECCHl KOHCOMUIALIMU U Pa3yKpym-
HEHMSI TOTOKOB pecypcoB...» [1, ¢. 98], mocTo-
SIHHO HAXOAUTCS B LIEHTPE BHUMAHUS Criela-
JIUCTOB [2].

IO Cs, Tomac JIu-ITun TaH oT™MeEUaloT, 4TO
«METO/IbI yTIPABJIEHUS YCTOUMUMBOCTBIO CUCTEM
MOCTaBOK MOMOTAIOT COKPATUTh BPEeMSsI BbI-
MOJIHEHHUS 3aKa30B MoTpeduTesneit, chopMu-
poBaTh rubKUE LeNU MOCTaBOK PECYPCOB,
CHU3UTh 3aTpaThl HA B3aUMOJEICTBUE C TO-
CTaBIIIMKAMU. YCTOUYMBBIE CUCTEMBI TTOCTA-
BOK MOTYT TMOKO pearnpoBaTh Ha MOTPEOHO-
CTU PBIHKA U OMEPUPOBATHh MEHBIIIUMU pa3-
MepaMH 3anacoB» [3, c. 4935].

Bo BpeMs 2KOHOMHUYECKOTro Kpu3uca
(2007—2008 rr. — npum. agmopa) NpenAnpusi-
TUSI, BXOASIIME B YCTOMUYMBBIE CUCTEMBI MO-
CTaBOK, MOKa3aJu JY4YIlUe Pe3yJbTaThl IO
CPaBHEHMUIO C TEMU MPEANPUITUSIMU, KOTOPBIE
BXOJWIN B TPAIULIMOHHBIE CUCTEMBI [TOCTABOK
[4, c. 534].

VnpapneHue ycTOMYMBOCTBIO LIENei Mo-
CTaBOK MOJIyYUJIO CTATYC OTAEIbHOMN AUCLIM-
IUIMHBI, cieuubUKON KOTOPOU SBJISETCS
«ynpaBJeHUue MaTepualbHbIMU, MH(hOpMaLK-
OHHBIMU MMOTOKAMU U MOTOKAMU KAMUTAIOB,
a TakXXe B3aMMOIENUCTBUE MPEANPUATUN
B BUJIE LIeTIeil (CUCTeM — npum. asmopa) 1o-
CTaBOK, UCITOJIb3YIOIIIUX B KAUECTBE LieJIe TpU
aCIeKTa YCTOMYUBOTO Pa3BUTHUS, T.€. IKOHO-
MUWYECKUI, SKOJOTUYECKUIN U COLIMAIbHBIN,
MpUHUMAas BO BHUMaHUE UHTEPeChl KITMEHTA
U TpebOBaHMSI COOCTBEHHUKOB» |5, ¢. 1700].

AKTYaJbHOCTbh MPOOJIEMBbI YCTOMUMBOCTUA
CUCTEM MOCTABOK PECYpCOB OOYyCJIOBJIEHA
CJenyIoIMU TPUYMHAMUA:

® B YCJIOBUSIX IJ100aM3aliMyi U pacTyllei
KOHKYPEHLUMN yNpaBJieHUEe BHEIIHUMMU
1 BHYTPEHHUMM 3aMHTEPECOBAHHBIMU KOH-
TpareHTaMu, HA4YMHas OT OCTABILMKOB ChIPbSI
JI0 KOHEYHBIX MOTpedbuTesieil ToBapoB (Mpo-
JYKIIMU U YCITYT), CTaJIo IPEePOTraTUBOI yIpaB-
JIEHUS LETSIMU MOCTaBOK, KOTOPOE B HACTOSI-
1ee BpeMs IMO3ULIMOHUPYETCS 3apYOeXKHBIMU
HCCeI0BaTeNsIMUA KaK METOJ yIpaBICHUS
YCTOWYMBOCTBIO MPEANPUSTHIA [6];

e NIpeoOpa3oBaHUEM LE€TNel MOCTaBOK
B LIEMU CO3AaHUS LIEHHOCTHU IS KOHEUHBIX

VIIE oA P A | =10

norpeduTeneit npoaykuuu uycayr |7, c.2203],
YTO TMPUBEJIO K TpaHC(OpMaIMU TTPOOIeMbI
WX WHTErpaluu B MpobJjieMy yCTOMYNBOTO
pa3BUTUS JaHHBIX Lienel [§, c. 18];

® BHICOKMMMU TPEOOBAHUSIMU K HATEKHOCTH
U IPYTUM MOKa3aTesisiM 3(pheKTMBHOCTHU 3BEHBEB
CHUCTEM ITOCTaBOK PECypPCOB, BBIHYKICHHBIX
aanTUPOBATHCS K MU3MEHSTIOIIMMCST LICHHOCTSIM
MX KOHEUHBIX ITOTpeOuTeIeli;

® TIOBBIIIEHHOM CJIOXXHOCTBIO TTPOU3BOJI-
CTBEHHBIX U OPTaHU3AIIMOHHBIX CTPYKTYP
JIOTUCTUYECKUX CUCTEM NAHHOTO THUIIa, Ha-
npumep, [9, c. 409; 10, c. 5018];

® HaJTMIreM MeXGbYHKITMOHATBHBIX 0aph-
€pOB KaK BHYTPH, TaK U BHE 3BEHbEB CUCTEM
TTOCTaBOK PECYPCOB, TIPETISITCTBYIOIINX CO3/Ia-
HUIO U JOCTaBKe IIEHHOCTE MX KOHEYHBIM
MOTPEOUTENSIM;

® 3HAYUTETLHBIMU PUCKAMM JESITETbHOCTU
CUCTEM JAaHHOTO TUMa, O0YCIOBJICHHBIMU
BO3MOKHOCTHIO HETaTUBHOTO BJIMSTHUS pe-
3yJITaTOB OIIMTOPTYHUCTUYECKOTO ITOBEICHUS
OJTHOTO MJIM HECKOJIbKUX MX 3BEHbEB Ha pe-
3YJIbTATHI JCSTEIbHOCTH CUCTEMBI B 1IEJIOM
" 1Ip.

IIpoGnema obecrieueHUsT YCTOMUMBOCTHU
CHUCTEMBI TIOCTAaBOK PECYPCOB TMpeIoiaraet
pelieHne B3auMOCBSI3aHHBIX ITPOOJIEM YITpaB-
JIEHUST YCTOMYMBOCTHIO:

1) e€ 3BeHbEB;

2) OCHOBHBIX BUJIOB JAHHOU CUCTEMBI;

3) B3auMOCBS3€il MeXIy €€ 3BeHbSIMU MPU
BO3JEMCTBUM HA HUX (haKTOPOB BHEIIHEH
W/V BHYTPEHHEW CPeIbl.

DopmyMpoBKa M3TOXKEHHO BBIIIIE IIPO0ITe-
MBI TAKXKE OTJIMYAETCST CJIOKHOCTBIO M HYXK/IaeT-
¢sl B CTPYKTypu3aluy U opManuzauuu. daxe
B MEPBOM NMPUOTUKEHUM, UCITONIb3Ysl TaKue
KJ1accuUKaIIMOHHbBIE TIPU3HAKHU, KaK:

® KOJIMYECTBO IIETIeil TOCTaBOK PeCypcoB
(omHa, HECKOJIBKO);

® KOJIMYECTBO 3BEHBEB IIETEil TTOCTaBOK
pecypcoB (0IHO, HECKOJIBKO), MOXHO BBIJIE-
JIUTB YeThIpe e€ BapraHTa U yCTAHOBUTH B3au-
MOCBSI31 MeX1y HUMU (puc. 1).

Kaxk cienyer u3 conepskanusi puc. 1, ycroii-
YUBOCTb CUCTEMBI [TOCTABOK PECYPCOB, HAUM -
Hasl OT ITpOCTeiiIiero e€ Buaa — KaHajla, MOXKeT
OBITH OMpeie/ieHa Yepe3 YCTOMIYMBOCTh:

e [IETIM TIOCTABOK PECYPCOB, UTO MPUHIIN-
MAJIBHO BaXKHO C TOYKU 3PEHUSI MHTEPECOB
KOHKPETHOTO TIOTPEOUTEISI PECypCOB;

e (hpOHTA MOCTABOK PECYPCOB, UTO MPUH-
LIMITUATEHO BaXKHO C TOYKM 3pEHSI THTEPECOB
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KoJ/in4ecTBO 3BeHbeB Heleii 0CTaBOK pecypcoB

Onno

Heckonbko

Opnna

YcToiunBOCTh 3BeHa
MOCTaBOK PECYPCOB
(sapuanm 1.1)

YcroiunBoCTh Lenu
MOCTaBOK PECYPCOB

0'——: (sapuanm 1.2)

Heckonbko

KoaunvecTBo ueneit
MOCTaBOK PeCypcoB

VYcroitunBocTh
(poHTa IIOCTaBOK pPeCcypcoB
(eapuarm 2.1)

Y CTOMYMBOCTD 3ILIEIIOHA
MIOCTaBOK PECYPCOB
(6apuanm 2.2)

Puc. 1. BapuaHTbl TPaKTOBOK YCTOHYMBOCTY CUCTEM MOCTaBOK PeCcypcoB (pa3paboTaHo aBTOPOM).

OJHOBPEMEHHO ABYX U 0oJiee morpeduTeneit
pecypcos [1, c. 101].

Ileavro cTaThy SIBIISIETCST YTOUHEHME U 1O~
MMOJITHEHUE TEOPETUYECKUX U METOAMYCCKUX
aCIEKTOB MPOOJIEMBI YCTOMYMBOCTH CHUCTEM
ITOCTaBOK PECYypCOB KaK KOMITOHEHTa WX Ha-
JIEXKHOCTH.

B kauectBe mMemodos uccienoBaHus BbIO-
PaHbI JJOTUKO-CTPYKTYPHbBIE METOIBI aHAJIN3A,
IPYIITMPOBOK U KJTaCCU(PUKALINH.

O030p JUTEPATYPHBIX HCTOYHUKOB

C. U. Oxeros u H. I0. IlIBegoBa onpe-
NENSIOT MOHSITUE «YyCTOUUYMBBIN» Kak
«1. Crosmuii, gepxkaluiics TBEPAO, He
KoJieonsch, He aaast; 2. HemoaBepKeHHbBI
KoJieOaHUusIM, ITOCTOSIHHBIN, CTOMKUIA,
TBEpABI» [11, c. 841].

T. ®. EdpeMoBa OTMEUAET, YTO «YCTONUH-
BbIif — CITOCOOHBII COXpaHSITh TAKOE MOJIOXKE-
HUE, HECMOTPS Ha AeHCTBUE Pa3IMUHbBIX CUIT»
[12].

ITon ycTOMYMBOCTBIO MOXET MTOHUMATHCS
«CITOCOOHOCTD... CUCTEMbl BOCCTaHABJIUBATh
ucxogHoe (Mau OJIM3KOe K HEMY) COCTOSIHUE
(pexuMm) rocjie KakKux-anu0o ero HapyleHuI,
MPOSIBJISIIOIIUXCS B OTKJIOHEHUN 3HAYEHUM
nmapaMeTpoB pexkuma OT UCXOIHBIX» [13,
c. 571].

Amna ITayna bap6oca-IToBoa nmogu€pkuna-
€T, YTO YCTOWYMBas LENb MOCTABOK MOXET
OBITH OIMCaHa KaK CJI0XKHAs ceTeBasi CUCTEMa,
BKJTIOYAIOIasl pa3IMYHble OpraHU3aluu, KO-
TOpbIE YIIPABJISIIOT MPOAYKTAMU OT ITOCTaBLIM -
KOB JI0 KJINEHTOB U CBSI3aHHBIMU C HUMM TIe-
penesaMu JaHHBIX MPOAYKTOB C YYETOM COLIM-
aJIbHBIX, 9KOJOTUYECKMX U SKOHOMUYECKUX
nocaenctsuii [14, c. 2].

A. T. HexpacoBbIM MOHSITHE YCTOMYUBOCTU
LIeTY MOCTaBOK PACKPBITO CAEAYIOLIMM 00pa-
30M: «COCTOSIHME LIeMU MOCTaBOK, HaXOMs-
LIEICs B MIAaHOBOM pexkuMe GyHKIIMOHUPO-

VINPML PAH PlA M N=ID

BaHUs, YCTOMYMBO, €CJIU NPU (PUKCUPOBAH-
HOM MHOXECTBE TOITYCTUMBIX YITPaBJISIOLINX
BO3/IEMCTBUI OrpaHUYEHHbBIE 1 OTHOCUTEIBHO
MaJible 110 BEJIMYMHE BO3MYIIIAIOIINE BO3ICH -
CTBUSI IPUBOJIST K OTPAHUYEHHBIM U OTHOCH -
TEJIbHO MaJIbIM U3MEHEHUSIM BBIXOIHBIX TIe-
peMeHHBIX» [15, ¢. 51].

ABTODBI! ONpPENeasIIOT YCmoiUuueocms
yenu nOCMaeok Kak «CrioCOOHOCTb LIEIH 110~
CTaBOK TaK pearupoBaTh W MPUCIOCAOIN-
BaThCsl K U3BMEHEHUSIM BHEILIHEH Cpebl,
YTOOBI TTOKa3aTeau e€ OLEHKU HaXOAUIUCh
B CTPOTO OIpPeNeJEHHbIX TOMYCTUMBIX UHTEP-
BaJIax, WJIM e BO3BPAILAThCS K UCXOTHBIM
rmapaMeTpaM B TeYeHME 3aJaHHOTO MePEeXO/I -
HOTO MepHOoIa».

. B. fIxHeeBa yka3bIBaeT, YTO «HauboJiee
pacrpocTpaHEHHBIM B 3apy0eXXHOI HayqYHOMI
cpene sBJsieTcs MOJI0KEHUE O TOM, YTO OBbITh
YCTOWYMBBIM O3HAa4YaeT pearipoBaTh U BO3Bpa-
LIAThCSI B TO XK€ CAMOE WJIY JIydIllee COCTOSTHUE.
COOTBETCTBEHHO, CIIOCOOHOCTD K BOCCTAHOB-
JIEHUIO Ha3bIBAeTCs 2JIACTUYHOCTHIO CUCTE-
MbI» [16].

Kpome oHSITHS «yCTOMYMBOCTE» IIPUME-
HUTEJIbHO K cucTeMaMm (LIeIsIM) ITOCTaBOK
PECYPCOB B JINTEPATYPHBIX UCTOYHUKAX TTPH -
MEHSIIOTCSI TEPMUHBI:

® (E30naACHOCMb Uenu NOCMABOK Pecypcos.
Hanpumep, B 10KyMeHTe? BBEIEHO TTOHSITHE
«meHedcMenm 6e30nacHocmu» , KOTOpoe Tpak-
TYeTCsI KaK «CUCTeMaTU3UpOBaHHAs U CKOOP-
TUHUPOBAaHHAsI IeITeIbHOCTh, C TIOMOIIbIO
KOTOPOIi OpraHM3alusi-yJ4acTHUK LeMNu ITocTa-
BOK YIIPaBJIsieT CBOMMM PUCKaMM, CBSI3aHHBIMU

! OripeiesieHue TIOHSITUST «yCTOWYUBOCTD 11e-

Teii MocTaBoK». [DIeKTpOHHbIN pecypc]: https://
studme.org/68522/logistika/opredelenie_ponyatiya
ustoychivost_tsepey_postavok. Joctyn: 05.09.2019.
2TOCT P 53662-2009 (MCO 28001:2006). Hauyuive
MeTo/Ibl 00ecTieyeHust 6e30MacHOCTH 1IeTH TOCTaBOK.

OLIeHKH U TUIaHbl. [DNeKTpoHHBIN pecypce]: http://files.
stroyinf.ru/Datal/59/59142/. Joctym: 05.09.2019.



C HUMU MOTeHIIMAIBHBIMU YTPO3aMU U BO3JEH -
CTBUSIMU»;

® HAOENCHOCMb Yenu nocmagox pecypcos.
B yacTHOCTH, IO 3TUM TEPMUHOM MOHUMA-
€TCsl «CBOWCTBO 1LIeMU MOCTABOK COXPaHSITh
B YCTAHOBJIEHHBIX Mpeaeiax 3HauYeHUs BCeX
CBOMX XapaKTepPUCTUK U DJIEMEHTOB (06e30T-
Ka3HOCTH, JOJTOBEYHOCTH, BOCCTAHABINBAC-
MOCTHU, COXPAHSIEMOCTH), KOTOPbIE XapaKTe-
PU3YIOT CITOCOOHOCTH LIEMU BBIMOJHSTH BCE
CBOU (DYHKIIMU B COOTBETCTBUU C YCIOBUSIMU
JIOTOBOPOB MEXIY €€ ydyacTHUKaMu» [17,
c. 37];

® JICUZHECMOUKOCMb Yenu NoCMmagoxK pecyp-
€06 WU, KPOME MPOYETo, «CIOCOOHOCTb...
MPOTUBOCTOSITh YTPO3aM U OBICTPO BOCCTaHAB-
JINBATbCS, €CJIM OTU YIPO3bl CTATU PealbHO-
CThIO M HAHECIIU OLIYTUMBIH yIep6»3;

e cubKocms yenu nocmagox pecypcog. Ha-
npumep, K. H. [Tonamtok nojaraet, 4To «ruod-
KOCTb LIeTId — YMEHWE CBOEBPEMEHHO aiar-
TUPOBATh LI€Ib MOCTABOK B COOTBETCTBUU
C U3MEHSIOLIMMMUCS 3apOCaMU MOTPeOUTEN,
HampuMep, U3MEHSS OO PO TOTO WU
WHOTO TOBapa B MopTdesie B 3aBUCUMOCTU OT
CIPOCa WY BBIBOJSI HA PHIHOK HOBBIE MOJIM -
(ukaimu ToBapa» [18];

® MAaHEBPEHHOCMb Uenu NOCMAagokK pecypcos.
B uznoxenuu B. U. CepreeBa (B pamkax
SCOR-mMonenu?*): «<MaHEBPEHHOCTDb (UK
JTUHAMUAYHOCTb) TOHUMAETCS KaK BO3MOX-
HOCTb pearupoBaTh Ha BIMSTHUE BHEUIHUX
(hakTOpOB, BO3MOXHOCTH OCYILIECTBIISTD Me-
pemeHbI» [19, c. 84];

® a0anmueHOCMb Uenu NOCMAasoK pecypcos.
B Ttoii xe pabore [19, c. 81] amanTuBHOCTH
(ungukatop AG), gBIsIeTCS KOMIIOHEHTOM
MaHEBPEHHOCTU (IMHAMUYHOCTH) LIeMU TO-
CTaBOK U OLIEHMBAETCS KaK «MaKCUMaJIbHbIA
JIOCTUTAEMBII YCTOMYMBBINA MPOLIEHT YBEJIU-
YeHMs KOJMYECTBA MOCTaBoOK...» [19, c. 86].
Kcratu, k Tomy xe uHaukatopy AG OTHOCUT-
Cs Y TUOKOCTb, TPAKTyeMas KaK «KOJIMYEeCTBO
JHEel, HeOOXOAUMBIX U1 JOCTUXKEHUS He3a-
IJTAHUPOBAHHOTO YCTOMYMUBOTO (CM. OINpee-

} VripaBiieHue XU3HECTOMKOCThIO OpraHu3a-

uuu. [DnekTpoHHbIN pecypc]: https://studme.
org/123707066582/menedzhment/upravlenie
zhiznestoykostyu_organizatsii#701. JJoctym: 05.09.2019.

4 Onpenenenust SCM u clioBapb TEPMUHOB. [DIeKT-
poHHbIi pecypc]: http://cscmp.org/CSCMP /Educate/
SCM_ Definitions_and_Glossary_of Terms/CSCMP/
Educate/SCM_ Definitions_and_Glossary of Terms.
aspx?hkey=60879588-f65f-4ab5—8c4b-6878815e921.
Hoctyn: 05.09.2019.
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JICHUSI JAaHHOTO ITOHSTHS, TIpeACTaBICHHBIC
BBILIE — APUM. A8Mopa) yBEIUUEeHUsT JOCTaB-
JIEHHOTO KoJInuecTBa mpoaykuuu» [19, c. 85].

W3 comepXaHUs TUTEPaTyPHBIX UICTOYHU-
KOB CJIEIyET UTO:

® CYLIECTBYET ITOTPEOHOCTD B UCCIeI0BA-
HUSX IS TTOCTIeayIoIeil MHTerpalu Bcex
aCMEKTOB YCTOMYMBOCTU COBMECTHO paboTal0-
IIHX TPEIITPUSATHAN B METOIOJIOTHIO IIPOSKTH -
pOBaHUS Y TTAHUPOBAHUS IIETICil TTOCTAaBOK
TSI KOMITJIEKCHOM OLIEHKU YCTOMYMBOCTH MX
crpateruii [20];

10 HACTOSIIIIETO BPeMEHM TaK 1 He BhIpa-
0oTaHa JJIOTMYECKHU YBsI3aHHAs COBOKYITHOCTb
KOMIIOHEHTOB (IMoKa3aTeJeil), XapaKTepu3yto-
LLIUX CIIOCOOHOCTb CUCTEMBI TOCTAaBOK pecyp-
COB K IOCTHXXCHUIO MOCTABIICHHBIX ILIeIei
B YCJIOBUSIX HETAaTUBHOTO BO3/ICCTBUS Ha HeE
BHEIIHEW W/UIW BHYTPEHHEU cpelbl (MU
HaAEXHOCTb TAHHOU CUCTEMBI);

e CO3JaHMe YKa3aHHOW BbIIIE CUCTEMbI
npemnosaraeT KOppeKTUPOBKY CAOKMBIIETO-
cd TI0AXO0Ma K yIIPaBJICHUIO YCTOMUYMBOCTBIO
M, €CTECTBEHHO, HAaIEXKHOCTBIO CUCTEMBI TT0-
CTaBOK PecypcoB, BKJIIOYasi KOPPEKTUPOBKY
conepxanust SCOR- u DCOR-Mmozeneit,
COCTaBIISIIOIINX OCHOBY YIIPaBICHUS LCIISIMU
MOCTaBOK.

TakuMm o6pa3oM, TOCTUXKEHKE TTOCTaBJIeH-
HO1 B CTaThe yeau SIBISIETCS aKTyaTbHBIM TS
COBEpIICHCTBOBAHMS TEOPUH U METOIOJIOTUN
JIOTUCTUKHM, KOTOpasl BKITIOUACT YIIpaBJIeHUE
LIETITMU ITOCTaBOK KaK KOHIISITITUIO YITpaBJie-
Hud npeanpusatusamu [1, c. 29].

YTouHeHHEe CYHIHOCTH YCTOHYMBOCTH KaK
KOMIMOHEHTA (MoKa3aTeis) HaAEéKHOCTH CUCTe-
MBI IOCTABOK PECYPCOB

ba3oBoil TIpenmnochuUTKOM IIsi peleHust
JTAHHOI 3a/1a4M SIBJISIETCS YCTOSIBILIEECSI MHEHUE
CITELIMATMCTOB O TOM, YTO TIOKa3aTeJIb HameX-
HOCTH TOTOBOM TIPOTYKITUY (M3/IEIHS ) SIBJISIET-
Cs1 KOMIUIEKCHBIM, BKJTFOUAIOITM TI0Ka3aTen
0e30TKa3HOCTH, JTOJITOBEYHOCTH, BOCCTAHAB-
JINBAaEMOCTU (PEMOHTOITPUTOTHOCTH), COXpa-
Hsemocti®’. bosee Toro, B padote [21, c. 46]
MpeAIoXKeHa ux Kiaccubukanus (puc. 2).

CopepxxaHue puc. 2 B COBOKYITHOCTHU
¢ KJITaCCU(DUKAIIMOHHBIMY MIPU3HAKAMU OTIpE-
JleJIeHUI KOMITOHEHTOB (MoKa3aTeseli) Ha-

S TOCT 27.002-89. HanéxHocTb B TexHuKe. OCHOBHbBIE
MoHATUS. TepMUHBI U ONpeaeeHus . [DIeKTPOHHbI
pecypc]: http://docs.cntd.ru/document,/1200004984.
Hoctym: 05.09.2019.
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Pexum JKCILTyaTaluu

HomunansHbI

Ipenenbhblii

OTHOCHUTEIEHO
CTaOMIBHBL

CoxpansieMocTb

besorka3nocts

TpebyioT
KOPPEKTHPOBKH

Ioka3zatenan
Ha3HAYeHUus
H3/1eJIUst

JlonroBeyHocTh

PCMOHTOHPI/IFOHHOCTL

Puc. 2. Knaccngukayms KOMNoHEeHTOB (noka3arteneii) HaaéxHocTu nsgenus ([21], pasapaboTraHo aBTopom).

Pesknm pyHKuHONHpoBanus
00beKTa ynpasjieHus
NPH HEraTHBHBIX BO3/EICTBUSX

Vrpara u
BOCCTaHOBJICHHE

VYrpara u u3MeHeHHe
(mpupocT) moTeHIHana

CrabuiibHbie

ObeKTa

VYcroitunBocTs
(pekuM: BO3BpalECHHE)

T'ubkocts
(peskuM: ajanTaius)

neJjieH ol
ynpasiaenust

CradnibHOCTh

Koppexrupytorest

JKusnecroiikocTs
(peskuM: BBIKHBaHHE)

JKupyuects
(perxuM: IPOTHBOCHCTBHE)

Puc. 3. Knaccugukayums KOMNOHEeHTOB (Moka3artesieii) HaaEXHOCTN 06beKTa ynpaB/eHUs
(pa3paboraHo asTopom).

R
Bosmy

fcrBust ]
il cpe/ibl HA 00LEKT ynpaBJieHust

BHYTP

HesnauurensHbie

3HauuTebHbIE

Hesnaunrtenbubie

Bosspamienne

Ananranus

H3smenenns
BHYTPEHHHX
nepeMeHHbIX

o0beKTa
yHpasJeHust

3HAYNTEITBHBIC

IlpornBonciicTre

BenkuBanne

Puc. 4. Knaccugukaums pexxumoB pyHKUMOHUPOBaHUs 00bekTa ynpasnenus ([15], paapaboTaHo aBTopom).

JEKHOCTU TOTOBOW MPOAYKUIMU (U3IEJIHS)
MO3BOJISIOT pa3dpaboTaTh KiaccubUKaALUIO
KOMTIOHEHTOB (MoKa3zaresieil) HalE€XHOCTHU
00beKTa YIPaBJIEHUS, K YUCTY KOTOPBIX OT-
HOCUTCSI CCTEMa MOCTaBOK PECYPCOB (puC. 3).

Kak cnemyer u3 conepxxanusi puc. 3:

1) K TaKMM KOMITOHEHTaM (ITOKa3aTeJIsIM)
OTHOCSITCSI YCTOMUUBOCTD, KU3HECTONKOCTb,
TMOKOCTh W XUBYYECTh CUCTEMBbI TTOCTABOK
pPECypcoB;

2) pexuM (PYHKIIMOHUPOBAHUS OOBEKTa
yTpaBJIeHUS 11eJIeCO00pa3HO YCTaHABINBATD
C y4€TOM Kj1accubUKAIUOHHBIX IPU3HAKOB,
TIpEeICTaBIeHHBIX Ha pUC. 4, OCHOBY KOTOPOTO
cocrtanisieT Touka 3peHust A. I. Hekpacosa
[15,c.51];

3) eciu BOCCTaHOBJIEHUE MOTEHIIMANA
CHUCTEMBI ITOCTABOK PECYPCOB OCYILIECTBIISIET-
€S KOJIMYECTBEHHO, TO €ro U3MEHEHUE (Mpu-
POCT) TIPOMCXOJUT KaK KOJIMYECTBEHHO, TaK
U KQUeCTBEHHO;

4) xnaccudurKalMmoHHbIE TTPU3HAKY, TIO-
3BOJIMBILIVE BBIIEIUTH KOMITOHEHTHI (TTOKa3a-
TeIW) HAAEXKHOCTU OOBbEKTA YIpaBIECHUS
(puc. 3), B COBOKYITHOCTH C aIeKBATHBIMU UM
pexuMamMu QYHKIIMOHUPOBAHUS JaHHOTO
o0bekTa (puc. 4), MO3BOJSIIOT 1aTh UM CJie-
JyIOLIME OMPENETICHUS:

VINPML PAH A M NI=

® YCTOMYMBOCTH CUCTEMBI ITOCTaBOK PECyp-
COB — MOKa3aTes b, XapaKTePU3YIOLLNIA CITIOCO0-
HOCTb CHUCTEMBbI BBIMIOJHATh CBOU (DYHKIIUU
B YCJIOBUSIX HETATUBHOTO BO3AEVICTBUS BHELIHEH
1/VTM BHYTPEHHEl Cpe/ibl B PeXXMeE BO3Bpallie-
HUS K UCXOIHOMY WIK OJIU3KOMY K HEMY CO-
CTOSIHUIO MIPU COXPAHEHUU PaHEE MOCTABJIEH-
HBIX LIeJIeil U MOCIEAYIOIIeM MOJTHOM WU Ya-
CTUYHOM BOCCTAHOBJIEHUH €€ MOTEHIUANA;

® XXM3HECTOWKOCTh CUCTEMbI TTOCTaBOK
pecypcoB — MoKa3artesib, XapaKTepUu3yoLuii
CIIOCOOHOCTbh CUCTEMBI BBIITOJHATH CBOU
(byHKIIMM B yCIOBUSIX HETATUBHOTO BO3/IEii-
CTBUSI BHEITHE! W/WW BHYTPEHHEN Cpembl
B peXMMe BbIKMBaHUS (YCTPAHEHUST BEPOSIT-
HOCTU JIMKBUAALIUU) TIPU KOPPEKTUPOBKE
paHee MOCTABJICHHBIX LIeJIEN U TOCIEAYIOIIEeM
MOJITHOM WJIA YACTUYHOM BOCCTAHOBJIEHUU €€
MOTeHUMAJA;

® TUOKOCTH CUCTEMbI TOCTABOK PECYPCOB —
TI0Ka3aTeNb, XapaKTePU3YIOIINHI CITOCOOHOCTD
CHUCTEMBI BBIMIOJIHATH CBOU (DYHKIIUU B YCIIO-
BUSIX HETATUBHOTO BO3/IEMCTBUS BHEIITHEN 11/
WJIA BHYTPEHHEN Cpelibl B peXUMe afanTaluu
K IaHHBIM BO3/IEMCTBUSIM (pearupoBaHMs Ha
HUX) MPU COXPAHEHUU PaHEE MOCTABIEHHBIX
repe Hel Lieei U moceyoleM U3MEHEHUN
(mpupocTe) e€ moTeHIuana;



IMoka3zarean
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T JKupyuects

| . MuHuManbHO IOy CTHMBII
TUIAHOBBIH MOKa3aTelNb

® XKMBYYECTb CHCTEMBI ITOCTaBOK PECyp-
COB — MOKa3aTejb, XapaKTepPU3YIOLIUI CIO-
COOHOCTH CUCTEMBI BBITIOJHATH CBOU (DYHK-
IIMY B YCJIOBUSIX HETATUBHOTO BO3ICHCTBUS
BHEIITHE! 1/WJIM BHYTPEHHEH CPEIbl B PEXKU-
Me€ TIPOTUBOICUCTBYUS JAHHBIM BO3IEUCTBUAM
IIpU KOPPEKTUPOBKE paHee MOCTAaBICHHBIX
Leaeil U MocieayloneM U3MeHeHUN (TIpu-
pocTe) e€ ToTeHIIraa;

5) rpadhuueckast THTEpIpeTalus MOHSTUI
«YCTONYMBOCTE», «TUOKOCTh», «XKHBYYECThb»,
«KU3HECTOMKOCTh» IpeICTaBIeHa Ha puC. 5,
13 KOTOPOTO CEAYeT, YTO:

® YCTOMYMBOCTb — CIIOCOOHOCTH O0OBEKTA
yIpaBJICHUS JOCTUTATh 3HAUCHUS TIJTAHOBOTO
MoKa3aTesIsl B YCTAaHOBJICHHOM JUISI HErO Ia-
Ma30He;

e TMOKOCTh — CITIOCOOHOCTBH 00OBEKTa
YIpaBICHUS JOCTUTATh CKOPPEKTUPOBAHHBIX
3HAYCHUI TIJITAHOBOTO ITOKAa3aTesIsl 3a mpeje-
JIaMU TIepBOHAYaJIbHO YCTAaHOBJICHHOTO IS
HeTo auarna3oHa;

® XKM3HECTOMKOCTD — CITIOCOOHOCTh OOBEK-
Ta yIpaBJIeHUs MPea0oTBpaIlaTh JOCTUKECHUE
YCTAHOBJICHHOTO JJISI HETO 3HAYeHUsI MUHU-
MaJIbHO JTOIYCTUMOTO IIJITAHOBOT'O ITOKA3aTeJIs;

® XXMBYYECTb — CIIOCOOHOCTb 0OBEKTaA
yIpaBJIeHUs YIydlllaTh 3HAYCHNE MUHUMAITb-
HO JIOIYCTUMOTO TIJITAaHOBOTO ITOKA3aTes;

6) mpeacTaBlIeHHbIC Ha PUC. 3 U 5 KOMIIO-
HEHTHI (IMOKa3aTes) CO3Mal0T OCHOBY IS
(bopMUpPOBaHYSI KOMIUIEKCHBIX KOMITOHEHTOB
(Tmokazareseii) HanEKHOCTH CUCTEMBI IIOCTa-
BOK PECYpCOB, TaKMX KaK:

® CTAaTUYHOCTb CHCTEMBI IIOCTaBOK PeCyp-
COB — MTOKa3aTeJIb, XapaKTepU3YIOIIHIA CITOCO0-
HOCTh CHUCTEMBI BBITIOJTHSITH CBOM (DYHKIIUU
B YCJIOBUSIX HETaTUBHOI'O BO3MIEICTBUSI BHE-
ITHEW W/WIK BHYTPEHHEU Cpenbl B pexKrMax
BO3BpAIllCHUS K MCXOTHOMY WU OJU3KOMY
K HEMY COCTOSTHWIO U/VJIW afanTaluy K JaH-
HBIM BO3IEHCTBUSIM IIPU COXpAaHEHUHU paHee
MOCTaBJCHHBIX LeJICH W MOCISAYIOIIEM BOC-

: T Puc. 5. Ipajpuyeckas
—— [IlnanoBeiii mokasaresnb * YeroiiuuBocTh uHTepnperauuns NoOHATUI
— = [IoKa3amens (8 MUHYCY = mmimm o o e l A «YCTOMYNBOCTb», «FUOKOCTb,

«KNBYYECTb», «)XU3HECTONKOCTb»
(pa3paboraHo aBTOopOoM).

I_ JKm3uecroiikocTh

CTaHOBJICHUM W/WUJIY U3MEHEHUU (TIPUPOCTE)
e€ MoTeHI1Mala;

® JTMHAMWYHOCTb CUCTEMBbI TTOCTABOK pe-
CYpCOB — TOKa3aTesb, XapaKTepU3ylolui
CIOCOOHOCTb CUCTEMBI BBIMOJHSTH CBOU
(GYHKIIUM B YCJIIOBUSIX HETaTMBHOTO BO3MCHi-
CTBUS BHEIIHEW M/WUIKM BHYTPEHHEH Cpeabl
B peXXMMaxX BbDKMBAaHUS U/WIN TIPOTUBOACTH -
CTBUSI JAHHBIM BO3JICHCTBUSIM NPU KOPPEK-
TUPOBKE paHee MOCTABJICHHBIX LIeJIEH U MO-
CJIeIyIOIIeM BOCCTAHOBIICHUH 1,/ WJIU U3MEHE-
HUM (TIpUPOCTe) e€ MoTeHIIuAaNa;

7) U3JI0KEHHbIE BBIIIE 0a30BbIe M KOMII-
JIEKCHbIE KOMITOHEHTHI MO3BOJISIIOT AaTh Clie-
JIyIOLIEEe ONPeNeaeHUe HAIEXKHOCTU CUCTEMbI
MOCTABOK PECYPCOB KaK MOKa3aTeJisl, XapakTe-
PU3YIOIIETO CITOCOOHOCTH CCTEMbI BBITIOTHSIT
CcBOU (PYHKIMU: IMPOEKTUPOBATh, CO3IaBaTh
U JOCTaBJSITh LIEHHOCTh €€ KOHEYHbIM ITOTpe-
OUTEJISIM ITPU HETaTUBHOM BO3MIEHCTBUI Ha HeE
BHEIITHE 1/WJIM BHYTPEHHEH Cpeabl Ha OCHO-
BE€ YIIPaBJIEHMS O LIEJISIM 1 MPUPOCTA MOTEH-
1IMAJIOB KaK CaMOI CUCTEMBbI, TaK U €€ 3BEHBEB.

AHanu3 npeacTaBIeHHON BbIIIE JOTHYE-
CKM YBSI3aHHOM COBOKYITHOCTU KOMIIOHEHTOB
(Tmokasareseii), XapakKTepU3yIOIIUX HaIexX-
HOCTb CUCTEMBI ITOCTABOK PECYPCOB, MO3BO-
JISIET CAENATh CJIEAYIOLINE BbIBOJIbBI:

® CIOCOOHOCTb CUCTEMBI TTOCTABOK pe-
CYPCOB K CBOEBPEMEHHOM M KAa4YE€CTBEHHOM
KOPPEKTUPOBKE 11eJIeli, BEpHEe, K yIpaBJjie-
HHUIO 110 LEJISIM U NTPUPOCTaM MOTEHIIMAJIOB
MpU HETaTUBHOM BO3IEWCTBUM HA JAHHYIO
CUCTEeMY BHEIIIHEH 1/WIu BHYTPEHHEH cpe-
JIbl MOXKET XapaKTepU30BaThCs MOKA3aTEIEM
MaHEBPEHHOCTU CUCTEMBI ITOCTABOK PECYp-
COB;

© 0E30MaCHOCTh CUCTEMBI ITOCTAaBOK PECyp-
COB OMPENEIISIETCS PA3HOCTHIO TOTEHLIMATIOB:
MMEIOIIETOCS B JAHHBI MOMEHT BpEMEHU
1 HEOOXOIMMOTO JUISI TOTO, YTOOBI COXPaHSITh
MUHHUMAJIBHO TOITYCTUMBIA YPOBEHDb YCTOMYM -
BOCTHM IPU HETaTUBHOM BO3IEUCTBUM Ha
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Taouua 1

BapuanTbl COOTHOIIEHHI OKA3aTe el YCTOMYMBOCTH KAHAIA OCTABOK PECYPCOB
(pa3pa®oTaHo aBTOPOM)

[penpimyiiee 3BeHO KaHAIA [Mocnenyoniee 3BeHO KaHaa
Tuokocts (I) YeroitunBocth (V) | KuBydectb KU3HecToiKoCTh
(KB) (XKc)
Tuokocts (I') r-r r-y I-Xs I-XKc
Yeroituusocts (V) v-r y-y Y-XKB Y-XKc
Kusyuects (2KB) XKB-T' XB-Y XKB-XKB KB-XKc
KusnecroiikocTb (2Kc) Ke-T' K-y Kc-K Kce-XKe

MAaHHYIO CHCTeMY BHEIITHEH M/WIU BHYTPEH-
Hel cpensl;

® YCTOMIMBOCTD M XKM3HECTOMKOCTh CHCTE-
MBI TIOCTABOK PECYPCOB 00ECTICUMBAIOTCS 3a
CYET UCTIOJIB30BAaHMS TPATUIIMOHHBIX CUCTEM
yIIpaBJICHUS: MeJieid, 3aaa4, IMPUHIIUIIOB,
$yHKIIMI, MeTOMOB 1 TomxonoB. I1pu Hera-
TUBHBIX BO3ICUCTBUSIX BHEIITHEH 1/ MJIN BHYT-
peHHEel cpenbl yIIpaBICHUECKUI TTepCOHAIT
CHCTEMBI TTOCTAaBOK PECYpCOB IIOJIATAET, UTO
OHM HOCSIT BpeMEHHBIH XapaKTep, ¥ IIO3TOMY
B KauyeCTBE OTBETHBIX Mep pa3pabaThIBacT
1 TIpUMEHSIET 00OPOHUTEIbHBIC CTPATeTUH,
HaIpuMep, CTPATETUIO OTCEUSHUS JIUIITHETO;

® THOKOCTD U KUBYJIECTh, B CBOIO OUEPEIb,
MTOIeP>KMBAIOTCS TIPU PeaTn3alliy HacTyTIa-
TEJIBHBIX CTpaTeruii, HallpaBICeHHBIX B TOM
Yyuciie, Ha pa3BUTUE CHCTEM YIIPaBJICHUS,
HaIpuMep, 3a CYET TUBepCUPUKALINN JesI-
TEJLHOCTH CHCTEM TTOCTaBOK PECypPCOB;

® ITOCKOJIbKY CHCTEMa IIOCTAaBOK PECYPCOB
SIBJIIETCSI CIIOKHBIM OOBEKTOM YIIpaBJICHMS,
TO ¢€ 3BEHBS MOTYT OPHMEHTUPOBATHCS Ha
IIPUOPUTETHBIC TSI HUX KOMIIOHEHTHI HAIE K-
HoctH. Hampumep, omHO 3BEHO, TSTOTEIOIIEe
K HaYaJbHBIM MOCTABIINKaM, — Ha KU3HE-
CTOMKOCTB, a IPYToe, pacTIOIOKEHHOE B IICTTH
ITOCTaBOK OJIMXKe K KOHCYHOMY ITOTPEOUTE-
JI10, — Ha THOKOCTh. BapraHThI COOTHOIIICHMI
IToKa3aTeJIell yCTOMIMBOCTH CUCTEMBbI TaHHO -
T'O TUTIA Ha IIpUMepe KaHajla ITOCTaBOK Pecyp-
COB TIpeCcTaBiIeHbI B Ta0. 1.

JlaHHBII acIIeKT MpeariojaraeT Co3naHne
METOIIOJIOTMH, 00eCTICUNBAIOIIeit MIHTETPUPO-
BaHHBIN MOIXOM K OLIEHKE HAAEXHOCTU KakK
OT/IETbHBIX 3B€HbEB, TaK 1 CCTEMBI ITOCTAaBOK
PECYPCOB B IIETIOM.

HNubopmanms, ipeacTaBiIeHHast Ha puc. 3
" 5, co3MaéT OCHOBY IUIST BBIICICHNUSI OCHOB-
HBIX BUIOB YCTOMYMBOCTHA CHCTEM ITOCTaBOK
pecypcoB. PellleHre naHHOI 3agadm IIpUMe-
HUTEJIBHO K KOHKPETHOMY MPEIINpUSITHIO
(3BeHy) M3I0XeHO B padote [1, c. 345]. Kak

VINPML PAH A M N=ID

CJICIICTBHE, B PE3YJIBTaTe UCITOIb30BaHMS Ta-
KMX KJIacCU(UKAITMOHHBIX TIPU3HAKOB, KaK:

® 00BEKT yIpaBJIeHUS] YCTOMIYUBOCTHIO
(TmpupomHbIe (MaTepUaIbHBIC) PECYPCHI, de-
JIOBEUECKHE PECYPCHI);

© [IPUOPUTETHI YIIPABICHUS YCTOMINBOCTHIO

(3aKkperuieHre U TTOMACPKAHUE TOCTUTHYTHIX
Pe3yIbTaTOB, CO3MaHNE TIPEATIOCHIIOK JOJITO-
CPOYHOTO Pa3BUTHSI),
MOKHO 00OCHOBATh YETBIPE BUIA YCTOMUMBO-
CTHU CHCTEMBI TIOCTABOK PECYPCOB: KOHOMUUe-
CKYH0, COUUANbHYIH), UHHOBAUUOHHYH U SK0A02U~
ueckyro (puc. 6).

JaHHBII aCTIEKT UCCIICIOBAHM:

® YTOUYHSIET TOUKY 3PCHUS 3apyOeKHBIX
HCclenoBaTeseii, M3yJIarolnX YCTOMIMBOCTD
HeTeli ITOCTaBOK ¢ aKIIEHTOM Ha TP, a He Ha
YETBIPE TPYIIIHI LIeJICi: COIMATBHBIX, KOJIO-
TUIECKUX U 9KOHOMUYECKHUX, B YACTHOCTH |35,
c. 1700; 22, c. 2];

e TIpelMojaraeT OleHKY YCTONYMBOCTHU
CHCTEMBI ITOCTaBOK PECYPCOB He TOJIBKO C yU&-
TOM MX BUIOB (puc. 1), HO TaKkxke ¢ YIETOM
BBITIOJTHSIEMBIX UMM OM3HEC-TIpoIieccoB. Taxk,
HaIlpUMep, COIMaIbHAsI YCTOMIMBOCTD Olle-
HUBAETCSI C TTO3ULINI TAKMX OM3HEC-TIPOLIECCOB
JIOTUCTUKH, KaK YIIpaBJICcHUE TIEPCOHATIOM,
yIpaBjeHIEe OTHOIICHUSIMU C TIOCTAaBIIIMKAMU
¥ TIOTPEOUTEIIIMI, a THHOBAIIMOHHAST YCTOM -
YUBOCTB IIPEATIONaTaeT yIpaBiIeHUEe TOBAPOM
(TIpoIyKIIHeii 1 yCIIyTaMHt ), TEXHOJIOTUICCKUI
W JIOTUCTUYICCKUI MEHEDKMEHT (BBITIOJTHEHUE
3aKa30B U yIIpaBjieHre Bo3BpaTamn) [1, ¢. 51].

IlonsiTHe M CTPYKTypa JOTHCTHYECKOI
YCTOMYHMBOCTH CUCTEMBI IOCTABOK PEeCYPCOB

Kpeiir P. Kaprep u [eiin C. Pomxkepc onpe-
JEJISIOT YIIpaBlIeHUue YCTOMYMBOCTBIO LieMei
IOCTABOK KAaK «CTPATErn4yecKylo, MPO3pauyHylo
MHTETPALIMIO U JOCTIKEHME COLIUAIBHBIX, KO-
JIOTMYECKUX Y SKOHOMMYECKUX LieJIeii KOMIIa-
HUU B CUCTEMHOI KOOPAMHALIMU KJIIOYEBBIX
MeXOpraHM3alMOHHbIX OM3HEC-TIPOLIECCOB IS



3aKp6HHCHHC ¥ NIoJi/ICp)KaHue
JOCTUTHYTBIX PE3YJIbTaTOB

CormanbHas
YCTOHYUBOCTH

DKOHOMHUYECKAst
YCTOWYHBOCTH

YCTOHYHBOCTBIO

Co3anue nperochbuIok
JIOJITOCPOYHOTO Pa3BUTHS

Ipuopurersl
ynpaBJeHust

MuHoBanMoHHas
YCTOWYUBOCTH

DKkonoruyeckas
YCTOWYHBOCTH

Puc. 6. Knaccugukaums ycTorYymBoCTU CUCTEMBI TOCTaBOK PECYPCOB (pa3paboTaHO aBTOPOM).

H3MeHeHNe KOJIMYeCTBEHHBIX napamMeTrpos
H Ka4eCTBEHHBIX XaPAaKTEPUCTHK pecypcoB

He mensiotest

Memnstiorest

Marepuanbnbie

Jlorucruueckas
YCTOHYHMBOCTH

Texnonoruyeckas
YCTOHYHMBOCTH

dunaHcoBbIE

Tun
nepepadaThIBaeMbIX
pecypcos

Toprosas
YCTOHYHBOCTH

N

VHBecTHIMOHHAS
YCTOHYHMBOCTH

Puc. 7. Knaccngukaums 3KOoHOMUYeCKOW YCTOMNYNBOCTN CUCTEMbI MOCTaBOK pecypcoB (pa3paboTaHo aBTOPOM).

VJIYULLIEHUST JOJATOCPOYHBIX 9KOHOMUYECKUX
oKa3aTeJIeH NesITeJIbHOCTA JAHHOU KOMITAaHUN
1 €€ 1ieTeit mocTaBok» [23, c. 368].

Ecnu npunepxxuBaTbCsi OpMeHTALIMU Ha
JIOCTUXKEHKE YCTOMUMBOCTU CUCTEM ITOCTABOK
pecypcoB uepe3 peaju3alnuio Ou3Hec-
MPOLIECCOB C MOCJIEAYIOUIUM UX IeJI€HUEeM Ha
(DYHKIIMM, TO MOXHO BBIICIUTh OCHOBHBIC
KOMIOHEHTbI 5KOHOMMUYECKOM YCTOMYMBOCTU
JTAHHBIX CUCTEM.

st perieHrst AaHHOM 3a1a4u 1eJ1eco00-
pPa3HO MCIOJIb30BATh CIACAYIONINE KIIacCU(pU-
KalMOHHbIE MPU3HAKU:

e TUIT TIepepadaThIBaéMbIX PecypcoB (Ma-
TeprabHbIe, (GMHAHCOBBIC (ICHEXXHbBIC));

® 1I3MEHEHUE KOJIMYECTBEHHBIX IMapaMeT-
POB M Kaue€CTBEHHbIX XapaKTePUCTUK PECYp-
COB (HE MEHSIIOTCS, MEHSIIOTCS ).

B pesyabrate MOXHO BBIAEIUTH YEThIpE
BUJIA S KOHOMUYECKOM YCTOMYUBOCTU CUCTEM
IMOCTaBOK PECYPCOB: JIOTUCTUUYECKYIO, TOPIO-
BYIO, TEXHOJIOTUYECKYIO U UHBECTULIMOHHYIO
(puc. 7).

CrenyeT y9uTHIBaTh, YTO:

® JIOTMCTUYECKAs YCTOMUYUBOCTD (C MO3U-
LIMU JIOTUCTUYECKOTO MEHEI)KMEHTA, HO HE
JIOTUCTUKM) B TOM WIM MHOW Mepe CBs3aHa
C TOProOBOM, TEXHOJIOTUYECKON U UHBECTULIM -
OHHOM YCTOMYMBOCTHIO CUCTEMBI IIOCTABOK
pPECYPCOB;

® JIOTUCTUYECKAs] YCTOMUYMBOCTh KacaeTcst
KOHCOJMUAALUMUU U PAa3yKPYNMHEHUS MapTUit
pPECYpPCOB MPU COXPAHEHU M KOJMYECTBEHHBIX

VIVIE SAH PIA ) 915

mapaMeTPOB U KAYECTBEHHBIX XapaKTepUCTUK
eIMHUIIBI pecypca;

® TEXHOJIOTUYECKasl yCTOMIMBOCTh CUCTE-
MBI [TOCTAaBOK PECYPCOB OLIEHUBAETCS B Cllyyae
M3MEHEHMSI TCOMETPUUECKHMX Pa3MepOB, Mac-
CBHI, COCTaBa W KOH(MUTYpalluy eTUHUILIBI pe-
cypca;

® TOProBasi YCTOMYMBOCTb CUCTEMBI ITOCTa-
BOK PECypCOB CBsI3aHa C YCTOMYMBOCTBIO OT-
HOILLIEHUI €€ 3BeHbeB, KACarllUXCs IIpruod-
peTeHUS U/ WK Tiepe1adu IpaBa COOCTBEHHO-
CTH Ha PECypPCHI;

® THBECTUIIMOHHAS YCTOMYMBOCTD OLICHU-
BaeTCsI HE TOJIBKO ITPY 00eCTICUCHUM IS TEITb-
HOCTHM CUCTEMBI TIOCTaBOK PECypCOB B YCIIO-
BUSIX TOBapHO-ACHEXKHBIX OTHOIICHMWI, HO
W TIPY UX U3MEHEHUSIX, TIPUBOISIINX K HAPY-
IIEHUIO YCTOMYMBOCTU TAHHOU CUCTEMBI.

CTpyKTYpY TOTUCTUYECKOM YCTOMYNBOCTH
CHCTEMBI MTOCTABOK PECYpPCOB MOXKHO yTOU-
HUTb, €CJIM BOCITOJIb30BAaThCSI JaHHBIMM HC-
ToyHMKa [ 1, ¢. 29] n KmaccuuKauMOHHBIMU
MMpU3HAKaMU:

® COCTOSTHME [ICHHOCTH MOCTABIIINKA,/TIOT-
peduTets (roToBasi K MICITOJIb30BaHUIO, CO3/1a-
BaeMas);

® COCTOSTHHE PECYPCOB BO BpDEMEHU U TIPO-
CTpaHCTBe (IMHAMMKa (M3MEHEHHUE), CTaTUKa
(coxpaHeHme)), TIpeICTaBICHHBIMU Ha PUC. 8.

Kaxk cienyer u3 puc. 8:

 TJITaBHBIM KOMITOHEHTOM JIOTUCTUYECKOM
YCTOMYMBOCTH SIBISIETCS YCTOMYMBOCTD IOTO-
Ka PeCypCoB WJIM IBMKYIIEICS MacChl 3THUX
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CocTosiHHe IEHHOCTH MOCTABUINKA/TIOTPeOHTE s

T'oroBas
K MCIIOJIb30BAHUIO

CosnaBaemast

Junamuka
(13MeHenne)

YcroitunBocTs
MOTOKA PECYpCoB

VYcroitunBocTh
npomecca

Cratuka
(coxpaHeHue)

Cocrosinue
pecypcosB Bo
BpeMeHH H
NPOCTPAaHCTBE

YcToiunBocTh
3araca

YcroitunBocTh l
CHCTEMbI

o—

Puc. 8. Knaccngukaumsi KOMMNOHEHTOB JIOrMCTUYECKOW YyCTOWYUBOCTN CUCTEMbI TOCTaBOK PECYPCOB
(pa3paboraHo aBTOpOM).

pECypcoB, IPUYEM, €CJTV JaHHAsI Macca repe-
CTa€T IBUTATBCS, TO JIOTUCTUYECKAST YCTOMIM -
BOCTB JIOJIKHA OILEHUBATHCS C MO3UILIUU
YCTOMYMBOCTH 3artaca. HarmmroMH1M, 9TO TTOTOK
PECYPCOB, KaK U 3arac, sBJISIIOTCSI 00bEKTOM
yIIpaBJICHUS JIOTUCTUKU KaK KOHIEIIIMU
yropasieHus peanpusatusmu [1, c. 90];

© TIOTOK PECYPCOB, B CBOIO 0YePEb, MOXET
JIBUTAThCsI OJ1aroaapst BHITOJIHEHUIO JIOTUCTH -
YeCKMX MPOIEeCCOB, TUITOJIOTUS KOTOPBIX
npencrasieHa B padote [1, c. 131]. JlaHHbIe
TIPOIIECCHI PEATU3YIOTCSI B paMKaXx JIOTUCTH -
YEeCKOT0 MEHEIKMEHTA — «BUJIA IESITSIbHOCTH
TIPEANPUSITUIA, KOTOPBIi CBSI3aH C BBITTOJIHE-
HUEM KOoHUuenmpauuu, pacnpedesenus N 08u-
JceHusi TTOTOKOB MaTepHalIbHBIX, MH(bOpMa-
LIMOHHBIX, PUHAHCOBBIX 1 JIIOJCKHUX PECYPCOB
C MCTIOJIb30BAHWEM ONTUMAJIBHBIX JUISI HUX
TPaeKTOPUI K ITOTPEOUTENISIM, PACITOIOXKEH -
HBIM BHYTPM OTIpENeEHHBIX TEPPUTOPUIA,
B COOTBETCTBHH C LIEJTbI0, KOTOPYIO TTPEITIPUSI-
THSI TOCTUTAIOT COBMECTHO KaK 3BEHbSI CHCTE-
MBI ITOCTaBOK pecypcoB» [1, c. 69]. [Toatomy
TIPY YITPABJIEHUH JIOTUCTUYECKOM YCTOMIMBO-
CTBIO CJIETyeT YIYMTHIBATh YCTOMIMBOCTD JIOTH -
CTUYECKMX TTPOIIECCOB;

 JIOTUCTMYECKUE TTPOIIECChI BHITTOTHSIIOT-
CsI 3BEHBSIMU CHUCTEMBI (IIETT) TIOCTaBOK pe-
CYPCOB, SIBJISIIOLIEICS OOBEKTOM YITPaBICHUS
TaKOTO KOMITOHEHTa JIOTUCTUKM KaK yIpaB-
JIEHUe LensiMU TTocTaBok [1, c. 29]. JloruuHo
TIPEITOJIOXKUTD, YTO B paMKaX JJOTUCTUIECKON
YCTOMYMBOCTH HY>KHO IPUHUMATh BO BHUMa-
HHUE YCTOMYMBOCTDh CHCTEM, BBITTOJIHSTFOIINX
JIOTUCTUYECKHUE TIpollecChl. B oTiimune ot
CHCTEM TTOCTaBOK PECYPCOB CUCTEMBI IAHHO-
T'O TUTIA TIPEACTABJISTIOT COOO0# JIOTUCTUYECKIE
3BEHbSI (ITOACUCTEMBI) CUCTEM MOCTaBOK pe-
CYpCOB;

e 3BEHBSIMMU, TOTJIONIAIOIIUMH TTOTOKHU
PECYPCOB, SIBJISIIOTCSI MX KOHEYHBIE TTOTPEOu -
te. Kak moka3bIBalOT TeOpusl U ITPaKTHUKa,
a(ppeKTUBHOE yIpaBjeHUEe OTHOIIEHUSIMU
C TaHHBIMM TTOTPEOUTEISIMU CTPOUTCS Ha

VINPML PAH A M N=ID

OCHOBE «CO3JIaHMs, COOOIIEHMs, TOCTaBKHN
1 00MeHa ITPEITOKEHUSIMU, KOTOPBhIE UMEIOT
LEeHHOCTh JUIS MMOTpeOnuTEeNIel, KINCHTOB,
MapTHEPOB U OOLIECTBA B LIEJIOM»®;

® [ICHHOCTH KOHEYHOTO ITOTPEOUTEITSI pe-
CYPCOB B TIPOCTPAHCTBE M BO BpeMEHU 00Opa-
3YIOT ITOTOKM. [10/1 TOTOKOM IIEHHOCTH ITOHU-
MaeTcsl «COBOKYITHOCTh OOBEIMHEHHEBIX 11O
OINpeneéHHBIM TTPU3HAKaM YHUKaAJTbHBIX
XapaKTePUCTUK OOBEKTOB M MPOIIECCOB, T10-
CJIeIOBaTEIbHO OIIYIIAeMbIX MOTPEeOUTEEM
B IIPOCTPAHCTBE ¥ BO BpEMEHU B 3aBUCUMOCTH
OT €r0 MaTepUaJIbHOTO, TICUXUYECKOTO WA
IyXOBHOTO cocTtostHUsI» [1, ¢. 56]. IToTok
LIEHHOCTH KOHEYHOTO ITOTPEOUTEIISI PECYPCOB
SIBJISIETCST OOBEKTOM YITPABJICHHS TAKOTO KOM-
TIOHEHTA JIOTUCTUKM KaK YITpaBJIcHUE IIEHHO-
cthio [1, . 29];

® OCHOBHBIM TOKa3arejeM, Ipeaonpee-
JISTIOIINM YCTOMIMBOCTh CUCTEMBI ITOCTaBOK
PECYPCOB, SIBJISIETCS TIOKa3aTesb YCTOMIMBO-
CTU LIEHHOCTHU (MOTOKa LIEHHOCTEN), KOTO-
PBIii, B CBOIO OUYepellb, 3aBUCUT OT YCTONIM-
BOCTH BOCIIPHSITHS JaHHOM IIEHHOCTH (a TaK-
XK€ TIOTOKOB IICHHOCTEI) €€ KOHEUHBIM ITOTpe-
ouresieM. IMeHHO 3TOT ITOKa3aTesTb T03BOJISIeT
JIETaTbHO Pa3rPaHWYNTh ITOKA3aTeTN HAmEXK-
HOCTHM CUCTEMBI TIOCTaBOK PECYPCOB, Ipe]-
CTaBJIEeHHbIE Ha pUcC. 3 1 5.

OO6patumcs K puc. 9, Ha KOTOPOM BbIJIEIe-
HBI He TOJIBKO BapUAHTHl YCTOMYMBOCTH BOC-
TIPUSITHST IIEHHOCTH €€ KOHEUHBIM ITOTPeOu-
TeJIeM, HO U ITOCJIeI0BATEIbHOCTD X U3MEHE -
HYSI B COOTBETCTBUHM CO CTAIMSIMU XKN3HEHHO-
ro IUKJIa ToBapa (TIPOIyKTa W/WIN YCIIyTH),
COOTBETCTBEHHO: TTOBBIIIICHIE YCTOMIMBOCTH
— YCTOMYMBOCTD — CHIDKEHUE YCTOMIMBOCTHA
— HEYCTOMYMBOCTD — MTOBBIIIICHUE YCTOWNIM -
BOCTH (MJIM OTKa3 OT LIEHHOCTH, CO3/1aBaeMoit
M IOCTaBJISIEMOI CUCTEMOI MOCTaBOK pecyp-
COB).

¢ About AMA. [DnekTpoHHbI pecypc]: https://www.
ama.org/AboutAMA/Pages/Definition-of-Marketing.
aspx. octym 05.09.2019.
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Puc. 9. Knaccugukayms BapuaHToOB yCTOHYNBOCTN BOCMPUATUS LIEHHOCTU €€ noTpebutenem
(paspaboTraHo aBTOpoOM).

| IIpoobpasz yennocmu (nomoka yennocmetr) | :

v

| Peanvnas yennocms (nomok yennocmeii) | :

| 1. YcTOHYMBOCTB IEHHOCTH |

anamle}me HEeHHOCTbIO
A

1 1-2

2. YCcTOWYHBOCTbD MTOTOKA IIEHHOCTEH |

Jlorucruka
|

v 2-3

| 3. YcToituMBOCTE MOTOKA PECYypCOB |

T 3-4

TMOCTAROK

| 4. YCcTOHYMBOCTD TPOIIECCOB |

v 4-5

Yupasjenue nensiMu

| 5. YCTOMYMBOCTh CUCTEM |
—

v

| JlorucTuyeckasi yCTOHYHBOCTH |

Puc. 10. NMocnenoBatenbHOCTb onpeaesieHNs IOrMcTU4eCKol yCTOMYNBOCTU CUCTEMbI MOCTaBOK PECYPCOB
(pa3paboraHo aBTOpOM).

Kak cnenyeT u3 comepxaHust puc. 9:

® CTaTUYHOCTb (YCTOMYMBOCTH U TUOKOCTD)
CHCTEMBI TTIOCTAaBOK PECYpCOB OLICHUBACTCS
Y1 KOPPEKTUPYETCS B TOM cliydyae, KOrja OTCyT-
CTBYET HEYCTOMYMBOCTD BOCIIPUSTUS LIEHHO-
cTh €€ moTpedbuTeneM (IIpu HETaTUBHOM
ClieHap1M HaO0JII0IaeTCsl €€ CHUXKCHHUE);

e TMHAMUYHOCTD (3KM3HECTOMKOCTh U XKU-
BYYECTb) CHCTEMbI IIOCTABOK PECYPCOB SIBIISICT-
C41 aKTyaJIbHOM B CTy4ae UMEIOLLEICS HEYCTOM-
YHUBOCTH BOCIIPUSITUS LIGHHOCTH €€ ITOTpeOuTe-
JIeM, YTO JOJDKHBI yMETh OIICHUBATh M KOHTPO-
JINPOBATh MapKETUHTOBBIE CITY>KObI KOHEUHBIX
3BEHBEB CHCTEMbI TIOCTABOK PECYPCOB.

ITocienoBaTe/IbHOCTD ONpeae/IeHUs
YCTOHYMBOCTH CHCTEMbI IOCTABOK PECYPCOB

W310XeHHBI BbIlIEe MaTepUaa, KpoMe
IIPOYEro:

e [IOJATBEPKAAET TOUKY 3pEHUs aBTOpa
0 TOM, YTO JIOTHUCTHKA KaK KOHIEIILIMS YIIPaB-
JICHUST TIPEANPUITUSIMU BKJIIOYAaeT B CBOM
COCTaB J1Ba 6a30BbIX KOMIIOHEHTA — YIIpaBJie-

VINPAL PAH PTA M §4 3

HH€ LUEMSIMU MOCTABOK Y yIIPABJIEHUE LIEHHO-
cthio [1, ¢. 29] (neBast yacth puc. 10);

® TI03BOJISIET pa3paboTaTh MOCIEN0BATEIb-
HOCTB OIPENEICHUS JIOTUCTAYECKON YCTOMYMBO-
CTH CHCTEMBI ITOCTaBOK PECypcoB (IIpaBasi YacTh
puc. 10).

Kak cnemyet u3 naHHOTO prCYHKa:

 JIOTMCTUYECKasl YCTOMIMBOCTD (hOPMUpYET-
Cs1 Ha OCHOBE I€PEX0/Ia OT ONPEAEIEHUs YCTOM-
YUBOCTU OJTHOTO OOBEKTA YIPABIECHUSI K APYTrO-
My: OT ONPEACIEHUS YCTOMUMBOCTY LIEHHOCTHU
K ONPEAEICHUIO0 YCTOMYMBOCTH TTOTOKA LIEHHO-
creii (cBsI3b 1—2), oT onpeie/ieHUsT yCTOMUMBOCTI
MOTOKA LICHHOCTEM K OIIPEACJICHUIO YCTOMYMBO-
CTH ITIOTOKA PecypcoB (3araca) (CBsi3b 2—3) U T.1.
Meronyka yrnpaBiaeHUsT JOTUCTUYECKOMR YCTOM-
YUBOCTBIO CUCTEMbI ITOCTABOK PECYPCOB SIBJISIET-
CsI TEMO¥ OT/IEJIbHOTO UCCIEIOBAHUSI;

® [IpU YIIPABJIEHUN MOTOKAMM LIEHHOCTEM
JIOJIDKHA YYUTBIBATHCS HE TOJBKO YCTOWYM-
BOCTb IIOTOKA LIECHHOCTEM, HO U YCTOMYMBOCTD
OTIEIbHOM LIEHHOCTH KOHEYHOT'O TTOTpeOurTe -
JIs1 PECYPCOB;
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Kommepueckast 4{-|

:
Jlorucruyeckas ycToifunBocTh |-:—> IpoussoacTennas

YCTOHYHMBOCTh

YCTOHYHBOCTH

Toprosas

TexHonoruyeckas |-
YCTOHYHMBOCTDH

YCTOHYMBOCTH

Hupectunnontas ycTonuuBoCTh

Puc. 11. MocnenoBaresnbHOCTb

DKOHOMHUYECKAs yCTOHUMBOCTD

onpeaesieHnsi yCTOﬂ 4YNUBOCTU

CUCTEeMbI TOCTaBOK PeCcypCcoB |
(pa3paboTaHo aBTOpPOM). |

ConnanpHas yCTOHIHBOCT | !

MHHOBaNMOHHAs yCTOHYUBOCT | H

JKOJIOrHYecKask yCTONYNBOCT |

| YeToiiunBOCTh CHETEMBI IOCTABOK pPecypcoB |

® YCTOMYMBOCTh NOTOKA LEHHOCTEN
JIOJDKHA HAXOJAMTHCS B MOJ€ 3pEeHUsT KakK
ynpaBjieHUsI MOTOKAMU LIEHHOCTU, TakK
U yIpaBJeHUS LEISIMU MOCTABOK;

® JJOTMCTUYECKAs YCTOMYMBOCTDh JIMIIb
YACTUYHO XapaKTepU3yeT YCTOMUYMBOCTH
CUCTEMBbI TTOCTABOK PECYPCOB U SIBJISETCS
OJHUM M3 TToKa3aTejieili 3¢ (PeKTUBHOCTH
JIOTUCTUYECKOTO MEHEIKMEHTA;

® YCTOWYMBOCTb CUCTEM B paMKax JIOTU-
CTUYECKOM YCTOMYMBOCTU CUCTEM ITOCTABOK
pecypcoB MpeaycMaTpUBaeT, B TOM YucCe,
JIOTUCTUYECKYIO YCTOMUYMBOCTb €€ OCHOB-
HBIX BUIOB — KaHAJIOB, IieTieii, GPpOHTOB
U DUIEJOHOB.

YCTOMUMBOCTL CUCTEMBI TTOCTABOK PECYPCOB
B LIEJIOM OMPEAETSIETCS BCOOTBETCTBUM C TTOCTIE-
JIOBATEIbHOCTBIO, MPEICTaBIEHHOM Ha puc. 11.

Kak cienyer 3 1aHHOTO pUCyHKa:

® JIOTUCTHUYECKAsl yCTOMUMBOCTD KacaeTcs
JIOTUCTUYECKUX 3BEHbEB CUCTEMbI MTOCTABOK
pPECypCOB, a TaKXe UX MOAPA3NECICHUN, BbI-
MOJIHSIOLLIMX JOTUCTUYECKUE TTPOLIECCHI;

® JIOTMCTUYECKAs yCTOMYMBOCTb COBMECT-
HO C TOPrOBOM M MTHBECTULIMOHHOM YCTONYM-
BOCTBIO (POPMHPYET KOMMEPUYECKYIO YCTONIM -
BOCTb 3BEHbEB CUCTEMbI OCTABOK PECYPCOB
BCEX TUIIOB;

® JIOTMCTUYECKAs yCTOMYMBOCTb COBMECT-
HO C TEXHOJIOTMYECKOU M MHBECTULIMOHHOU
YCTOMYMBOCTBIO (POPMUPYET MPOU3BOACTBEH-
HYIO YCTOMYMBOCTb TEXHOJIOTUYECKIX 3BEHBEB
CUCTEMbI TOCTABOK PECYPCOB;

® C YYETOM KOMMEPYECKON U MPOU3BOJI-
CTBEHHOI YCTOMYMBOCTbIO MOXKET ObITh OIpe-
JieJIeHa 9KOHOMUYECKasl yCTOMYMBOCTh CUCTE-
Mbl IOCTABOK PECYPCOB;

e Hapsay ¢ APYrMMM BUAAMU YCTOMYMBO-
CTU DKOHOMMYECKAs YCTOMUYUBOCTb MO3BOJISI-

VI PA P M NI=

eT cOpMUPOBATh YCTONYMBOCTb CUCTEMBbI
IOCTAaBOK PECYPCOB B LIEJIOM.

SAKJTOMEHUE

Takum oOpa3om, B CTaThe MOJYyYEHBI CIIe-
IYIOIIME 3JIeMEHTHI HayYHOI HOBU3HBI:

® YTOUHEHA CYIIIHOCTb YCTOMUYMBOCTHU KakK
KOMIIOHEHTa HaIEXHOCTU CUCTEM MOCTaBOK
pecypcos (puc. 3,4, 5u7);

© TaHBI OIIPEACICHUST YCTOMIMBOCTH, K13~
HECTOMKOCTH, THOKOCTH, )KUBYYECTH, CTATUY -
HOCTHU, IMHAMUYHOCTHU, HAAEXKHOCTU, MaHE-
BPEHHOCTH 1 0€30IIaCHOCTHU CUCTEM ITOCTAaBOK
pecypcoB;

e MpPEeIJOKEHBI MOCIeI0BaTeIbHOCTHU
OIpeneIeHNS yCTOMYMBOCTU CUCTEMBI ITOCTa-
BOK pecypcoB (puc. 10 u 11).

Kpowme Toro, ¢ Touku 3peHUST JOTUCTUKHU
mpeaiaraeTcsl 3aMeHa MOHSITUMN «yIpaBJe-
HUE LEHHOCTBIO» U «yIIpaBJIeHUE LEMIMU
MOCTaBOK» Ha 00JIee KOPPEKTHBIE IO COaep-
)KaHUIO MOHITHUSA, COOTBETCTBEHHO,
«ynpaBJeHUE MOTOKAMM ILIEHHOCTEM»
U «yIpaBJeHHUE MOTOKAMM MPOIECCOB»
(He myTaTh C «IIOTOKOBBIMU ITPOILIECCAMU»,
Hampumep, [24, c. 24]).

B xone nanpHelIImx uccieoBaHMU Ipea-
T0JIaraeTcs:

e pa3paboTaTh METOAUKY OIpEacICHUS
YCTOMYMBOCTH ITOTOKOB LIEHHOCTEW KOHEYHBIX
MOTpeduTe e pecypcoB — HOBOTO TTOHSITHUS
B 00JJaCTH JIOTUCTUKU M MapKeTHHTa KakK
KOHIIETIIUI YIIpaBIeHUS TPEAMPUATUSIMMU;

® YTOYHHUTh CONIEP>KAHUE METOAMK OIpe-
JEJCHUST OCTATbHBIX (KPOME YCTOMUMBOCTH)
KOMITOHEHTOB HaIE3KHOCTH CUCTEM ITIOCTaBOK
pecypcoB;

® CO37aTh TEOPETUUYECKIUE Y METOIUYECKIE
MPEANOCHIIKY /IS OTIpeAeICHUS HANEXKHOCTU



TEXHOJIOTMYECKHNX, TOPTOBBIX W JIOTUCTUYE-
CKUX 3BEHBEB U Ha X OCHOBE KaHAJIOB, 1IeTIeH,
(bpOHTOB UM 31IEJTOHOB CUCTEMBI TTOCTABOK
pecypcoB Ha pa3UYHBIX PHIHKaX TOBapoOB
(TpOIYKIIMU U YCIIYT);

e JIaTh PEKOMEHIAIIN U 110 KOPPEKTUPOBKE
cogepxaHuss SCOR- u DCOR-mopenei,
COCTaBJISIOIINX OCHOBY YIIPABJICHUS LIETISIMU
TTOCTaBOK WJIW, TT0 MHEHMIO aBTOpa — yIpaB-
JIEHWSI TIOTOKaMU TIPOIIeCCOB.
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OT PEOAKLIMMN

[TpennoxeHHbIe B CTaTbe OLIEHKH U MOIXOAbI HYKIa-
10TCSI B 00CYXIEHWUH, U ITyOJIMKAIIUS TPU3BaHa eT0 UHU-
uuupoBaTh. [1peniarast €€ BHUMaHUIO YUTATENICH, HEJlb-
351 HE OTMETUTD MOAUEPKHYTHIE PELIEH3eHTAMU TUCKYC-
CHOHHBIE WM HEOIHO3HAUHbIE, IO UX MHEHUIO, MOMEH-
Tl. B X uucne — posb TpaHcmopTa, 000CHOBaHUE
aKIIeHTa Ha TOCTaBKM UMEHHO PeCypcoB, COOTHOLLIEHNE
JIOTUCTUKU U 1IETIei MOCTAaBOK, TOCTATOYHOCTh y4éTa
TpeboBaHuii ctanaapra MCO 28002, oTHocserocs
K YCTOMYMBOCTH LIeTieil TOCTaBOK, MpeiaraeMble TIOHSI-
TUS «yIIPaBJIEHUE IIOTOKAMU LIEHHOCTEW» U «yIIpaBJIeHNUEe
TTOTOKAaMU MTPOLIECCOB» , 000CHOBAHHOCTb MPEUTOKEHU I
o koppektupoke SCOR- u DCOR-moneneii. Bmecre
C TeM, YTOOBI MTPETOCTABUTH BO3MOXHOCTh O3HAKOMUTh-
cs ¢ TpejjiaraeMoii KOHLeMNrei, npu nyoamKauum
MaKCHMaJTbHO COXPaHEHBI TIOJXO/bI B aBTOPCKO pelak-
uuu. Co cBoeii CTOPOHBI, pefakKiiys TOTOBa paCCMOTPETh
IUTST TIYOJIMKAIIMY apTyMEHTUPOBAHHbBIE OTKJIMKH VA
MOJrOTOBJIEHHBIE B Pa3BUTHE AUCKYCCUU CTATbU. °

CtaTtbs NOAFOTOBNIEHA B COOTBETCTBUU C rocyfapcTtBeHHbIM 3agaHuemM MMHOﬁpHayKM Poccumn

ana ProyYH Unctutyra akoHomuku YpO PAH.

VINPAL PAH PTA M §4 3
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ABSTRACT

An urgent problem in supply chain manage-
ment is ensuring their sustainability. The solution
to this problem is complicated by vague
delimitation of several terms that are adequate to
the conceptof «sustainability», such as «reliability»,
«security», «survivability», «resilience», as well as
by lack of a systematic approach to determining
sustainability of resource supply systems that is
composed, according to the author, of
sustainability of the basic components of logistics
management. The objectives of the study are to
clarify the nature of sustainability, to develop a
classification and substantiation of the sequence
for determining sustainability of resource supply
systems, which willincrease their competitiveness.

The methodological base of the study includes
theoretical provisions of management, logistics,
supply chain management, value stream
management and logistics management.

The chosen research methods comprise
logical-structural methods: terminological
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analysis, groupings, typology and classification,
involving selection and use of a body of classifying
features and components, which, to a necessary
and sufficient degree, reflect the essence of the
term «sustainability» and its accompanying terms.

The study has resulted in author’s definitions
of the concepts of «sustainability», «resilience»,
«flexibility», «survivability», «static character»,
«dynamism», «reliability», «maneuverability» and
«security» of resource supply systems and in
recommendations for determining sustainability
of systems of this type, consisting of stability of
the basic components of logistics management.

The results of the study allow us to create
theoretical and methodological prerequisites for
determining reliability of technological, trade and
logistics links and, using them as a basis, of the
channels, chains, fronts and echelons of the
resource supply system, as well as to develop
recommendations for changing the content of
SCOR and DCOR models that form the basis of
supply chain management.
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he problem of sustainability of objects
I of management, which include the
resource supply system («totality of
suppliers and intermediaries (links) that form
supply channels, chains, fronts and echelons
and carry out processes of consolidation and
disaggregation of resource flows...» [1, p. 98])
is constantly in the center of attention of
experts [2].

Yu Xia and Thomas Li-Ping Tang note
that «the methods of managing stability of
supply systems help to reduce the lead time
for customer orders, form flexible supply
chains of resources, and reduce the cost of
interaction with suppliers. Sustainable supply
systems can flexibly respond to market needs
and operate with smaller stocks» [3, p. 495].

During the economic crisis (2007—2008 —
author’s note), enterprises involved in
sustainable supply chains showed better results
compared to those enterprises that made part
of traditional supply chains [4, p. 534].

Supply chain sustainability management
has received the status of a separate discipline,
the specifics of which comprise «management
of material, information and capital flows,
as well as interaction of enterprises in the
form of supply chains (systems — author’s
note), using three aspects of sustainable
development as goals, which are economic,
environmental and social aspects, taking into
account the interests of the client and the
requirements of the owners» [5, p. 1700].

The relevance of the problem of sustainability
of resource supply systems is due to the
following reasons:

* in the context of globalization and
growing competition, management of external
and internal interested counterparties, from
suppliers of raw materials to end consumers
of goods (products and services), has become
the prerogative of supply chain management,
which is currently positioned by researchers
as a method of managing sustainability of
enterprises [6];

+ transformation of supply chains into
value creation chains for end consumers of
products and services [7, p. 2203], which led
to transformation of the problem of their
integration into the problem of sustainable
development of these chains [8, p. 18];

* high requirements for reliability and
other indicators of effectiveness of links in
the supply systems of resources, forced to

adapt to the changing values of their end
users;

* increased complexity of production and
organization structures of logistics systems
of this type (i.e. [9, p. 409; 10, p. 5018]);

» presence of cross-functional barriers
both inside and outside the links of resource
supply systems that impede creation
and delivery of values to their final
consumers;

« significant risks of activity of systems
of this type, due to probability of a negative
impact of the results of opportunistic
behavior of one or more of their links on the
results of the system as of a whole, etc.

The problem of ensuring sustainability of
the resource supply system involves solving
the interrelated problems of sustainability
management of:

1) its links;

2) main types of this system;

3) relationship between its links when
exposed to factors of the external and/or
internal environment.

The formulation of the above problem is
also complex and needs to be structured and
formalized. As a first approximation, using
such classification features as:

+ the number of supply chains of resources
(single one, several);

* the number of links in the supply chain
of resources (single one, several),
we can distinguish four options and establish
the relationship between them (Pic. 1).

As follows from the content of Pic. 1,
sustainability of resource supply system
(starting from its simplest form, the channel)
can be determined through stability of:

* resource supply chain, which is
fundamentally important from the point of
view of the interests of a particular consumer
of resources;

« front of resource supply, which is
fundamentally important from the point of
view of the interests of two or more consumers
of resources simultaneously [1, p. 101].

The objective of the research is to clarify
and supplement the theoretical and
methodological aspects of the problem of
sustainability of resource supply systems as
of a component of their reliability.

As research methods, logical-structural
methods are selected: analysis, grouping and
classification.
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Pic. 1. Options of interpretation of sustainability of resource supply system (developed by the author).

Sources review

S. I. Ozhegov and N. Yu. Shvedova define
the concept of «sustainable» as «1. Standing,
holding steady, not hesitating, not falling; 2.
Not subject to fluctuations, constant, stable,
solid» [11, p. 841].

T. F. Efremova notes that «sustainable
means able to maintain this position, despite
the action of various forces» [12].

Sustainability can mean «ability... of the
system to restore the initial (or close to it) state
(mode) after any of its violations, manifested
in the deviation of the values of the parameters
of the mode from the original ones» [13,
p. 571].

Ana Paula Barbosa-Pdvoa emphasizes that
a sustainable supply chain can be described as
a complex network system, including various
organizations that manage products from
suppliers to customers and related redistribu-
tions of these products, taking into account
social, environmental and economic conse-
quences [14, p. 2].

A. G. Nekrasov defines the concept of
supply chain sustainability as follows: «the state
of the supply chain, which is in the planned
mode of operation, is stable if, for a fixed set of
acceptable control actions, limited and
relatively small in magnitude disturbing effects
lead to limited and relatively small changes in
the output variables» [15, p. 51].

The authors of the paper!' define
sustainability of supply chain as «the ability of

! Definition of the concept «sustainability of supply
chains». [Electronic resource]: https://studme.
org/68522/logistika/opredelenie_ponyatiya
ustoychivost_tsepey_postavok. Last accessed 05.09.2019.

supply chain to react and adapt to changes in
the external environment so that its assessment
indicators are in strictly defined acceptable
intervals, or return to their original parameters
during a given transition period».

I. V. Yakhneeva points out that: «the most
widespread in the foreign scientific community
is the provision that to be sustainable means to
react and return to the same or better state.
Accordingly, the ability to recover is called
elasticity of the system» [16].

Besides the concept of «sustainability», the
following terms apply in relation to systems
(chains) of supply of resources in written
sources:

» security of resource supply chain. For
example, the concept of «security management»
was introduced in the source?, which is
interpreted as «a systematic and coordinated
activity by which the organization participating
in the supply chain manages its risks, potential
threats and impacts associated with themy;

* reliability of the resource supply chain. In
particular, this term is understood as «the
property of the supply chain to maintain, within
established limits, the values of all its
characteristics and elements (reliability,
durability, recoverability, and preservation) that
characterize the ability of the chain to perform
all its functions in accordance with the terms
of contracts between its participants» [17,
p. 37];

2 GOST R [Russian state standard]| 53662-2009

(ISO 28001:2006). The best methods to ensure supply
chain security. Estimates and plans. [Electronic
resource]: http://files.stroyinf.ru/Datal/59/59142/.
Last accessed 05.09.2019.
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Pic. 2. Classification of components (indicators) of the product’s reliability
([21], further developed by the author).

* resilience of the resource supply chain or,
among other things, «the ability... to withstand
threats and recover quickly if these threats
become a reality and cause significant
damage»?;

* resource supply chain flexibility. For
example, K. N. Popadyuk believes that «chain
flexibility is the ability to timely adapt the
supply chain to changing customer needs, for
example, by changing the share of sales of a
product in a portfolio depending on demand
or introducing new product modifications to
the market» [18];

* maneuverability of the resource supply
chain. In the presentation of V. I. Sergeev
(within the framework of SCOR-model?):
«maneuverability (or dynamism) means the
ability to respond to the influence of external
factors, the ability to make changes» [19, p. 84];

* adaptability of the resource supply chain.
In the same work [19, p. 81] adaptability
(AG indicator), is a component of
maneuverability (dynamism) of the supply
chain and is assessed as «the maximum
attainable steady percentage increase in the
number of deliveries...» [19, p. 86]. By the way,
flexibility refers to the same AG indicator,
interpreted as «the number of days required
to achieve an unplanned sustainable (see
definitions of this concept, presented above —
author’s note) increase in the delivered
quantity of products» [19, p. 85].

From the content of sources it follows that:

3 Management of the organization resilience. [Electronic
resource]: https://studme.org/123707066582/
menedzhment/upravlenie_zhiznestoykostyu
organizatsii#701. Last accessed 05.09.2019.

4 SCM definitions and Glossary of Terms. [ Electronic
resource]: http://cscmp.org/CSCMP /Educate/
SCM_ Definitions_and_Glossary_of Terms/CSCMP/
Educate/SCM_ Definitions_and_Glossary of Terms.
aspx?hkey=60879588-f65f-4ab5—8c4b-6878815e921.
Last accessed 05.09.2019.

« there isa need for research for subsequent
integration of all aspects of sustainability of
joint ventures into the methodology of designing
and planning supply chains for a comprehensive
assessment of sustainability of their strategies
[20];

« until now, a logically linked set of
components (indicators) has not been
developed that should have characterized the
ability of the resource supply system to achieve
its goals while facing negative impact of the
external and/or internal environment on it
(or reliability of this system);

 creation of the above system involves
updating the current approach to managing
sustainability and, of course, reliability of the
resource supply system, including adjusting the
content of SCOR and DCOR models that form
the basis of supply chain management.

Thus, the achievement of the objective set
in the article is relevant for improving the
theory and methodology of logistics, which
includes supply chain management as a
concept of enterprise management [1, p. 29].

Clarification of the essence of sustainability
as a component (indicator) of reliability of the
resource supply system

The basic prerequisite for solving this
problem is the well-established opinion of
experts that the reliability indicator of the
finished product is complex, including
indicators of reliability, durability, recoverability
(maintainability), and storability>. Moreover,
in [21, p. 46] their classification is proposed
(Pic. 2).

The content of Pic. 2 in conjunction with
the classification features of the definitions of

3> GOST [Russian state standard] 27.002-89. Reliability
in the equipment. Basic concepts. Terms and
definitions. [Electronic resource]: http://docs.cntd.ru/
document/1200004984. Last accessed 05.09.2019.
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Pic. 3. Classification of components (indicators) of reliability of the control object (developed by the author).
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Pic. 4. Classification of the functioning modes of the control object ([15], further developed by the author).

the components (indicators) of reliability of the
finished product, allows us to develop a
classification of components (indicators) of
reliability of the controlled object, which
include the resource supply system (Pic. 3).

As follows from the content of Pic. 3:

1) such components (indicators) include
sustainability, resilience, flexibility and
survivability of the resource supply system,;

2) it is advisable to establish the functioning
mode of the control object considering the
classification features presented in Pic. 4, the
basis of which is the point of view of
A. G. Nekrasov [15, p. 51];

3) if restoration of the potential (capacity)
of the resource supply system is carried out
quantitatively, then its change (growth) occurs
both quantitatively and qualitatively;

4) classification features that made it
possible to identify the components (indicators)
of reliability of the controlled object (Pic. 3),
in conjunction with the modes of functioning
of this object that are adequate for them
(Pic. 4), allow us to give them the following
definitions:

* sustainability of the resource supply system
is an indicator characterizing the ability of the
systemto performits functionsunderthe conditions
of the negative impact of the external and/or

internal environment in the mode of return to the
initial (or close to it) state while maintaining the
previously set goals and ensuring subsequent full
or partial restoration of its potential;

* resilience of the resource supply system is
an indicator characterizing the ability of the
system to perform its functions under the
negative impact of the external and/or internal
environment in the survival mode (eliminating
the likelihood of liquidation) when adjusting
previously set goals and ensuring subsequent
full or partial restoration of its potential;

* flexibility of the resource supply system is
an indicator characterizing the ability of the
system to perform its functions under the
conditions of negative impact of the external
and/or internal environment in the mode of
adaptation to these influences (response to
them) while maintaining the goals set before it
and ensuring subsequent change (increase) in
its potential;

« survivability of the resource supply system
is an indicator characterizing the ability of the
system to perform its functions under the
negative impact of the external and/or internal
environment in the mode of counteracting these
effects when adjusting the previously set goals
and ensuring subsequent change (increase) in
its potential;
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Pic. 5. Graphical interpretation of the concepts «sustainability», «flexibility», «survivability», «durability»
(developed by the author).

5) a graphical interpretation of the concepts
of «sustainability», «flexibility», «survivability»,
«durability» is presented in Pic. 5, from which
it follows that:

* sustainability is ability of the controlled
object to achieve the value of the planned
indicator in the range established for it;

« flexibility is ability of the controlled object
to achieve adjusted values of the planned
indicator outside the range originally set for it;

 durability is ability of the controlled
object to prevent the achievement of the
minimum acceptable planned indicator set
for it;

* survivability is ability of the control to
improve the value of the minimum acceptable
indicator;

6) components (indicators) presented in
Pics. 3 and 5 create the basis for formation of
complex components (indicators) of reliability
of the resource supply system, such as:

* static character of the resource supply
system is an indicator characterizing the ability
of the system to perform its functions under the
negative impact of the external and/or internal
environment in the modes of return to the
initial or close state and/or adaptation to these
influences while maintaining the previously set
goals and ensuring subsequent restoration and/
or change (increase) in its potential;

 dynamism of the resource supply system
is an indicator characterizing the ability of the
system to perform its functions under the
negative impact of the external and/or internal
environment in the modes of survival and/or
counteraction to these influences when
adjusting previously set goals and then restoring
and/or changing (increasing) its potential;

7) the basic and complex components
described above allow us to give the following
definition of reliability of the resource supply
system as of an indicator characterizing the ability
of the system to perform its functions: to design,
create and deliver value to its end consumers
under the negative impact of the external and/or
internal environment on it, basing on management
by objectives and using growing potential of both
the system itself and its links.

Analysis of the above logically linked set of
components (indicators) characterizing
reliability of the resource supply system allows
us to draw the following conclusions:

« ability of the resource supply system to
timely and qualitatively adjust objectives, or
rather, to manage objectives and potential gains
under negative impact on the given system of
the external and/or internal environment, can
be characterized by maneuverability of the
resource supply system;

« security of the resource supply system is
determined by the difference of potentials:
available at a given time and necessary in order
to maintain the minimum acceptable level of
stability under the negative impact on the given
system of external and/or internal environment;

» sustainability and durability of the
resource supply system are ensured using the
traditional management systems: goals,
objectives, principles, functions, methods, and
approaches. Under the negative impact of the
external and/or internal environment, the
managerial staff of the resource supply system
believes that they are temporary in nature and
therefore develops and applies defensive
strategies as a response, for example, a strategy
to cut off excess;
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Table 1

Options of ratios of the indicators of sustainability of the resource supply channel
(developed by the author)

Previous channel link Subsequent channel link

Flexibility (F) Sustainability (Su) | Survivability (Sr) Durability (D)
Flexibility (F) F-F F-Su F-Sr F-D
Sustainability (Su) Su-F Su-Su Su-Sr Su-D
Survivability (Sr) Sr-F Sr-Su Sr-Sr Sr-D
Durability (D) D-F D-Su D-Sr D-D

Object whose sustainability is controlled

Natural (material) Human resources

the results achieved

Consolidation and maintaining

Economic

sustainability Social sustainability

Priorities
of sustainability
management

Creation of prerequisites for
the long-term development

Innovative
sustainability

Environmental
sustainability

Pic. 6. Classification of sustainability of the resource supply system (developed by the author).

* flexibility and survivability, in turn, are
supported in implementation of offensive
strategies aimed, inter alia, at developing
management systems, for example, by
diversifying the activities of resource supply
systems;

* since the resource supply system is a
complex controlled object, its links can focus
on priority components of reliability for them.
For example, one link that gravitates toward
initial suppliers is durability, and the other,
located in the supply chain closer to the end
consumer, is flexibility. Variants of the ratios of
indicators of sustainability of a system of this
type at the example of the resource supply
channel are presented in Table 1.

This aspect involves creation of a
methodology that provides an integrated
approach to assessing reliability of both
individual links and the resource supply system
as of a whole.

The information presented in Pics. 3 and
5, creates the basis for highlighting the main
types of sustainability of resource supply
systems. The solution to this problem in
relation to a specific enterprise (link) is
described in [1, p. 345]. As a result of the use
of such classification features as:

 object whose sustainability is controlled
(natural (material) resources, human
resources);

» sustainability management priorities
(consolidating and maintaining the results
achieved, creating the prerequisites for long-
term development),

four types of sustainability of the resource
supply system can be substantiated which are
economic, social, innovative, and environmental
sustainability (Pic. 6).

This aspect of the study:

« clarifies the point of view of researchers
studying sustainability of supply chains with an
emphasis on three rather than four groups of
goals: particularly on social, environmental and
economic goals [5, p. 1700; 22, p. 2];

* supposes assessing sustainability of the
resource supply system, considering not only
their types (Pic. 1), but also the business
processes they perform. For example, social
sustainability is assessed from the perspective of
such business processes of logistics as personnel
management, management of relationship with
suppliers and consumers, and innovative
sustainability is assessed from the point of view
of management of goods (products and services),
technological and logistics management (order
fulfillment and return management) [1, p. 51].

The concept and structure of the logistics
sustainability of the supply chain of resources

Craig R. Carter and Dale S. Rogers define
supply chain sustainability as «strategic,
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Pic. 7. Classification of economic sustainability of the resource supply system (developed by the author).

transparent integration and achievement of
social, environmental and economic goals of
the company in the system coordination of key
inter-organizational business processes to
improve long-term economic performance of
the activity of this company and its supply
chains» [23, p. 368].

If we adhere to orientation towards
achieving sustainability of resource supply
systems through implementation of business
processes with their subsequent division into
functions, we can distinguish the main
components of economic sustainability of these
systems.

To solve this problem, it is advisable to use
the following classification features:

* type of the processed resources (material,
financial (monetary));

« change in quantitative parameters and
qualitative characteristics of resources (do not
change, change).

As a result, four types of economic
sustainability of resource supply systems can
be distinguished: logistics, trade, technological
and investment type of economic sustainability
(Pic. 7).

It should be noted that:

* logistics sustainability (from the
position of logistics management, but not
from the position of logistics) is more or less
related to the trade, technological and
investment sustainability of the resource
supply system;

» logistics sustainability refers to
consolidation and disaggregation of batches of
resources while maintaining quantitative
parameters and qualitative characteristics of a
resource unit;

« technological sustainability of the resource
supply system is evaluated in case of changes in
the geometric dimensions, mass, composition
and configuration of a resource unit;

« trade sustainability of the resource supply
system is associated with sustainability of
relations of its links regarding acquisition and/
or transfer of ownership of resources;

 investment sustainability is assessed not
only when the resource supply system is
maintained in conditions of commodity-money
relations, but also when they change, leading to
a violation of sustainability of this system.

The structure of the logistics sustainability
of the resource supply system can be clarified if
we use the source data [ 1, p. 29] and classification
features:

+ the state of a value® of a supplier/
consumer (ready-to-use, being created);

» the state of resources in time and
space (dynamics (change), static nature
(conservation)), presented in Pic. 8.

As follows from Pic. 8:

* the main component of logistics
sustainability is sustainability of the flow of
resources or of the moving mass of these
resources, and if this mass stops moving, then
the logistics sustainability should be assessed
from the position of stock sustainability. Recall
that the flow of resources, like the stock of
resources, is the object of logistics management
as a concept of enterprise management [1,
p- 90];

* the resource flow, in turn, can move due
to implementation of logistics processes, the
typology of which is presented in [1, p. 131].
These processes are implemented as part of
logistics management which is «a type of
activity of enterprises that is associated with
concentration, distribution and movement of
flows of material, information, financial and
human resources using the optimal paths for

¢ The term originally used by the author is of most
general character and is consistently translated
further-on as «value» to avoid ambiguity, while in certain
cases below it can be interpreted as tangible values,
material assets, etc. — ed. note.
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Pic. 8. Classification of components of the logistics sustainability of the resource supply system
(developed by the author).
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Pic. 9. Classification of options of sustainability of perception of value by its consumer (developed by the author).

them to consumers located within certain
territories, in accordance with the objective,
which enterprises achieve together as links in
the resource supply chain» [1, p. 69]. Therefore,
when managing logistics sustainability,
sustainability of logistics processes should be
considered;

* logistics processes are performed by
links of a system (chain) of supply of
resources, which is the object controlled by
such a component of logistics as supply chain
management [1, p. 29]. It is logical to assume
that within the framework of logistics
sustainability, it is necessary to consider
sustainability of systems that perform
logistics processes. In contrast to resource
supply systems, systems of this type represent
logistics links (subsystems) of resource supply
systems;

+ the links that absorb the resource flow
are their end users. As theory and practices
show, effective management of relations with
these consumers is based on «creation,
communication, delivery and exchange of
offers that are valuable to consumers, customers,
partners and society as a whole»’;

« values of end-users of resources in space
and in time form flows. The value flow means
«totality of the unique characteristics of objects

7 About AMA. [Electronic resource]: https://www.ama.
org/AboutAMA/Pages/Definition-of-Marketing.aspx.
Last accessed 05.09.2019.

and processes united by certain signs that are
sequentially felt by the consumer in space and
time depending on his material, mental or
spiritual state» [1, p. 56]. The value flow of the
end user of resources is the object controlled
by such a component of logistics as value
management [1, p. 29];

» the main indicator that predetermines
sustainability of the resource supply system is
the indicator of value sustainability (of value
flow sustainability), which, in turn, depends on
sustainability of perception of a given value
(as well as of value flows) by its end user. It is
this indicator that allows to delimit in detail
reliability indicators of the resource supply
system, presented in Pics. 3 and 5.

Let us turn to Pic. 9, which highlights not
only options for sustainability of perception of
value by its end user, but also the sequence of
its changes in accordance with stages of the life
cycle of goods (of product and/or service),
respectively: increasing sustainability —
sustainability — decreasing sustainability —
non-sustainability — increasing sustainability
(or rejection of the value created and delivered
by the resource supply system).

As follows from the content of Pic. 9:

« static nature (sustainability and flexibility)
of the resource supply system is evaluated and
corrected when there is no non-sustainability
of perception of value by its consumer (in a
negative scenario, its decrease is observed);
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Pic. 10. Sequence of determination of logistics sustainability of the resource supply system
(developed by the author).

* dynamism (durability and survivability)
of the resource supply system is relevant in case
of non-sustainability of perception of value by
its consumer, which the marketing services of
the final links of the resource supply system
should be able to evaluate and control.

The sequence of determining sustainability
of the supply chain system
The above material, inter alia:

+ confirms the author’s point of view that
logistics, asa concept of enterprise management,
includes two basic components: supply chain
management and value management [1, p. 29]
(the left side of Pic. 10);

+ allowsto develop asequence for determining
the logistics sustainability of the resource supply
system (the right part of Pic. 10).

As follows from this picture:

* logistics sustainability is formed on the
basis of transition from determining
sustainability of one controlled object to
another: from determining value sustainability

to determining sustainability of the value flow
(relationship 1—-2); from determining
sustainability of the value flow to determining
sustainability of the resource (stock) flow
(relationship 2—3), etc. The methodology for
managing the logistics sustainability of the
resource supply system is subject to a separate
study;

* when managing the value flow, not only
sustainability of the value flow should be taken
into account, but also sustainability of the
individual value of the end consumer of
resources should be considered;

« sustainability of the value flow should be
in the field of view of both management of value
flows and supply chain management;

+ logistics sustainability only partially
characterizes sustainability of the resource
supply chain and is one of the indicators of
effectiveness of logistics management;

+ sustainability of systems within the
framework of logistics sustainability of resource
supply systems provides, particularly, the
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Pic. 11. Sequence of determining sustainability of resource supply system (developed by the author).

logistics sustainability of its main types:
channels, chains, fronts, and echelons.

Sustainability of the resource supply system
as of awhole is determined in accordance with
the sequence presented in Pic. 11.

As follows from this picture:

» logistics sustainability refers to the
logistics links of the resource supply system, as
well as to their units performing logistics
processes;

« logistics sustainability together with trade
and investment sustainability forms commercial
sustainability of the links of the resource supply
system of all types;

+ logistics sustainability, together with
technological and investment sustainability, forms
production sustainability of the technological
links of the resource supply system;

+ taking into account commercial and
production sustainability, economic
sustainability of the resource supply system can
be determined;

+ along with other types of sustainability,
economic sustainability allows formation of
sustainability of the resource supply system in
general.

Conclusion.

Thus, the following elements of scientific
novelty are obtained in the article:

* the essence of sustainability as of a
component of reliability of the resource supply
system (Pics. 3, 4, 5, and 7) is clarified;

« definitions of sustainability, durability,
flexibility, survivability, static nature, dynamism,
reliability, maneuverability and security of
resource supply systems are suggested;

» sequences of determining sustainability
of the resource supply system are proposed
(Pics. 10 and 11).

Besides, from the point of view of logistics,
it is proposed to replace the concepts of «value
management» and «supply chain management»
with more correct concepts in terms of
content, respectively, «value flow manage-
ment» and «process flow management» (not
to be confused with «stream processes», i.e.
[24, p. 24]).

Further research assumes:

* to develop a methodology for determining
sustainability of value flows of end users of
resources which is a new concept in the field
of logistics and marketing as concepts of
enterprise management;

» to clarify the content of methods for
determining the remaining (except for
sustainability) components of reliability of
resource supply systems;

* to create theoretical and methodological
prerequisites for determining reliability of
technological, trade and logistics links and, on
their basis, of channels, chains, fronts and
echelons of the resource supply system in
various commodity (goods, products and
services) markets;



* to suggest recommendations on adjusting
the content of SCOR- and DCOR-models,
which form the basis of supply chain
management or, in the opinion of the author,
process flow management.
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EDITORIAL NOTE

The assessments, judgments, and approaches suggested
in the article require a debate, and its publication is called to
initiate the discussion. Offering the paper to the attention of
the readers, it is worth noting aspects highlighted by the re-
viewers and considered by them disputable or ambiguous.
They comprise the role of transportation; substantiation of
the focus on resources in supply; relationship of logistics and
supply chains; missing consideration of the requirements set
by ISO 28002 standard, describing sustainability of supply
chains; suggested concepts of value flow management and
process flow management; propriety of proposals on correc-
tion of SCOR and DCOR models. Hence, original author’s
approaches are maximally preserved to offer a possibility to
get acquainted with suggested concept. For its part, the jour-
nal is fully available to consider well-reasoned reviews and
articles to develop the discussion. ®

The article was prepared in the frame of research assignment of the Ministry of higher education and
science of Russia to the Institute of Economics of Ural Branch of the Russian Academy of Sciences.

165



166

VK 338.001.36
DOI: https://doi.org/10.30932/1992-3252-2019-17-166-184

JKOHOMMYECKME NPeanoChbIJIKU OLLeHKHN
cdep NpuMeHEeHUs UCKYCCTBEHHbIX
COOPY)XEHUN Ha TPpaHcnopTe

Bavyecnaes COJIOBbEB

Llenb uccnenoBaHusi COCTOUT B TOUCKE dPHEKTUBHBIX
MPOEKTHBIX PELLEHWI PV PACLLUNPEHNMN CETU NacCaxupPCKnx
epeBo30kK 3a CHET BbICOKOCKOPOCTHOMO PEJIbCOBOro TPaHC-
rnopra. 3aHUMaloLMe 3HAYNTETIbHYIO YHACTb UHPPACTPYKTY-
Pbl BbICOKOCKOPOCTHbIX JINHWI MCKYCCTBEHHbIE COOPYXEHUS
TPEebyIOT NepecMoTpa NoAX0LA0B K 9KOHOMUYECKOM OLieHKE
1 060CHOBaHUIO MPOEKTHLIX PEeLLUEeHUI. PacCMOTPeHb! KO-
Homuyeckne npobsiemsl, ConyTCTBYyOLME MPOL,eccam
MPOEKTUPOBaHUSI BbICOKOCKOPOCTHBIX XE/1€3HbIX [OPOr.
B cBSI3u C pas3iMunmeM yCJoBUl U CTaHAApPTOB B Pa3HbIX
CcTpaHax BO3HWK/1a HeOOXOAMMOCTb aAantaLmy rMPOeKTHbIX
peLeHnii, npy aToM TpebyeTcs ux 9KoOHOMuYeckoe oboc-
HOBaHWe. AKTyasibHOCTb NPo61eM ONTUMN3ALIMN KOHCTPYK-
unii 06ycoBieHa 3HaYnTe IbHbIMU 00bEMamMy paboT npu
oxugaeMomM Havasne cosgaHus B Poccum 060C06/1€HHbIX
BbICOKOCKOPOCTHbIX JIMHWIA. Hay4Has 3Ha4uMOCTb Ucce-
ZI0BaHWIi COCTONT B aKTyam3aumy TpanmunoHHbIX Noaxo-
ZI0B, CBOVICTBEHHbIX TEXHUKO-IKOHOMUYECKOMY aHaamn3y,
MPUMEHUTENIbHO K HOBbIM 3aAa4aM Xese3HOL40POXHOro
CcTpouTEeNLCTBA.

UHpopmaLmoHHoOV 6a304 nccaenoBaHUs MOCaYXNan
ny6nvkaumy 0Te4eCTBEHHbIX U 3aPyOeXHbIX y4EHbIX B 006/1a-
CTU MHPPACTPYKTYPbI XENE3HOA0POXHOro TpaHcnopTa. s
aHanm3a 3aTpar UCrosib30BaHa CTaHAapTHasi METOL0/I0r s
pac4éra CTOMMOCTN Ha OCHOBE CMETHO-HOPMAaTUBHO 6a3bl.

Coao6veé Bavecaae Baadumuposuu — Jlupexyusi no KOMHAEKCHOU PeKOHCMPYKUUU
JHcenesHvix 0opoe U Cmpoumenscmay 006eKmoes Heeae3H000PONCHO20 MPAHCROPMA —
guauan OAO «PXXJ]», Mockea, Poccus*.

CTOMMOCTHOE COornocTaB/ieHne BapuaHTOB MpPeaCcTaBieHo
B BbIOOPOYHOV CTPYKTYpe 3aTpar, YT0 MeToAMNYeCKM Criocob-
CTBYET BbIEIEHWNIO CPaBHUBAEMbIX CTOMMOCTE.

OCHOBHbIM IPaKTUYECKUM PE3YIbTaTOM PaboTsl cresdy-
et cyuTatb popmann3aumio QYHKLUMM CTOUMOCTY COBPEMEH-
HbIX KOHCTPYKUME UCKYCCTBEHHbIX COOPYXEHWI L7151 BbICOKO-
CKOPOCTHOro TpaHcropTa. TpaauumoHHas as1s Xene3Hon0-
POXHOIro TpaHcropTa 3aja4a Bbibopa Hackinv imbo actaka-
bl PELLIEHa Ha OCHOBE aHan3a MPUMEHSIEMbIX MPOEKTHbIX
peLueHwii. [lns 3eMISHOro noJoTHa y4TeHbl COBPEMEHHbIE
MeTobl YKpEeraeHvs, HeObX0AMMbIE [J151 CTaOUIIbHOCTU Iy TU.
lNpy aHanu3e CMEeTHbIX 3aTpar Ha COOPYXEHNE MPOSIETHbIX
CTPOEHUII BbISIBJIEHbI 3HAYUTEJIbHBIE HECOOTBETCTBUS Nep-
CreKTUBHbIX TEXHOIOMNIA y4TEHHBIM B PaCLieHKax pecypCcHo-
TEXHOJIOrNYECKUM MOAENSM. ITO CTaBUT 1104 COMHEHUE
BO3MOXHOCTb MCI10/1b30BaHUsI B NPOEKTax BbICOKOCKOPOCT-
HbIX XeJ1e3HbIX JOPOI TPAANLMOHHBIX MOLAXOAO0B K TPUMeEHe-
HUIO NCKYCCTBEHHbIX COOPYXEHUIA.

[1ns1 060CcHOBaHWsI KOHCTPYKTUBHbIX Y TEXHOIOMMYECKUX
peLLeHwii 7151 BbICOKOCKOPOCTHOIO TpaHcriopTa Heobxoamm
LieJ1bIVi KOMIIEKC paboT 10 COBMECTHOV pa3paboTke TEXHO-
JIOrMYECKUX CXeM U CTOMMOCTHbIX HOPMaTMBOB. B ciy4ae
Poccun gevicTBytolasi CMeTHO-HopmMaTtuBHasi 6asa He ro-
3BOJISIET BbIMOJIHSATb JOCTOBEPHbIE 9KOHOMUHECKNE 06OCHO-
BaHUs chep NpUMeHeHUs KOHCTPYKLMIA.

Knto4deBble crioBa: xene3Hbie 4opory, Xeae3HoA0P0XHbIV TPAaHCMOPT, BbICOKOCKOPOCTHbIe MarucTpanu (BCM), nckyc-
CTBEHHbIE COOPYXEHUS, HAaCbIrb, 3CTakaaa, Ciabble rpyHTbl, CPABHEHNE, CTOMMOCTb, 9KOHOMUYECKUIT aHa/In3.

*Mndopmaums 06 aBTope:

ConoebeB Bauecnae BnaaumupoBuy — kaHanaaT 3KOHOMUYECKUX HayK, BEOYLLNIA MHXEHEP
Cnyx6bl METOAONOM NN LEHOOOPa30BaHUs JUpekumm no KOMMIEKCHON PEKOHCTPYKLIMM XENE3HbIX A0POr
1 CTPOUTENLCTBY OOBEKTOB XENe3HO40POXHOro TpaHcnopTa — dunnana OAO «PXK», Mocksa, Poccus,
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paavIIMOHHAs TIPAKTHUKa MCIIOJIb30Ba-

HMS B IPOEKTAX CTPOUTETLCTBA HOBBIX

JKEJIe3HBIX TOPOT TeX WM MHBIX KOH-
CTPYKTUBHBIX PEIIEHUIT UMeeT 3HAUUTEIbHBI
SBOJIIOLIMOHHBIN MYTh. B €ro 0CHOBY 3a10ke-
HBI HOPMBI ITPOEKTUPOBAHMS, TEXHOJIOTUYE-
CKI€ BO3MOXHOCTHU, a TAKXKE SKOHOMUYECKUE
YCIIOBUS, CTyXKalllie OCHOBOW MPU 00OCHOBA-
HWU Ha MPEATIPOEKTHOM CTaINN.

B HacTosmii MOMEHT OTeYeCTBEHHBIN
JKEJIE3HONOPOXKHBIN TPAHCIIOPT OKa3aJicsd Ha
MOpOre HOBOI 3MOXU CO3JaHUS MOJHOMAC-
ITa0HOM CETU BBICOKOCKOPOCTHBIX MarucTpa-
qneir (BCM). DTo omnpenesisieT HOBYIO Uenb
B chepe TEXHUKO-IKOHOMUYECKOTO aHAIU-
3a — obecreuyeHue NPOeKTOB CTPOUTEIbCTBA
Hay4YHO OOOCHOBAaHHBIM MHCTPYMEHTapueM
BBIOOpPA MPOEKTHBIX peleHuii. OcoOeHHOCTh
COCTOWT B TOM, YTO UMEIOLIMIACS B HACTOSIIIIEEe
BpeMsI OTIBIT HapaOOTaH 3a JUIMTEIbHBIN Te-
PUOJ CO3MaHUS U DKCIUTyaTalluu XKeJIe3HbIX
JIOPOT' CO CKOPOCTSIMM IBMKEHUs 10 160—
200 KM/4, ¥ MCTIOJIB30BaHUE €TO TIPU TIpe-
npoekTHoM aHanu3e BCM Oynet npuBOIUTh
K HECOBMECTMMbBIM PEILIEHUSIM, HE YIOBIETBO-
PSIIOIIMM TPpeOOBaHUSIM KaK 9KOHOMUYHOCTH
CTPOUTENIBCTBA, TaK U YIOOCTBA dKCIUTyaTa-
uuu. [lepBoouyepenHoii 3amadeil Ha Tamne,
KOT/1a CTPOUTENICTBO HE HAYaTO, HO UMEIOTCS
MIPOEKTHBIE PEIIeHUsI, SIBSIETCS U3ydeHue
npaktuku coopyxenuss BCM 3a pyOexxom
1 0T60p HanboJee 3 heKTUBHBIX 17151 Poccun
KOHCTPYKTUBHO-TEXHOJIOTUYECKUX PEIICHU
C MoceAyIoleii X anantauueil K 0COOeHHO-
CTSIM OT€YECTBEHHOTO CTPOUTEBCTBA.

B paspese nmpobiieM arioMepaiiOHHOTO
pPa3BUTUSL BBICOKOCKOPOCTHOM Ke€3HOI0-
POXHBIN TPAHCMOPT AOCTATOYHO XOPOIIO
paccMOTpEH 3apyO0eKHBIMU UCCIEI0BATEISIMU
[1;2].

[TpakTrKa 3KCTIepTU3bI TPOEKTHBIX Pellie-
HUIl B paMKax DkcnepTHoro copeta BCM
B PoccuiickomM yHUBepcuTeTa TpaHCHOPTa
BBISIBUJIA S CEPhE3HBIX TPOOJIEM U COOTBET-
CTBYIOIIIMX UM HaTIpaBJIeHUIT MCCIIeTOBaHMS.
OO011eit TPYAHOCTBIO B BOITPOCax Ha3HAUEHUSI
OTpeIeIEHHBIX KOHCTPYKIIM, Ha YTO OpUEH-
TUPYIOT aBTOPHI [3], SABISIETCS OTCYTCTBUE
MPaKTUYECKUX OMBITHBIX JAHHBIX 11O IIOBEIE-
HUIO 3JIEMEHTOB MH(PACTPYKTYPHI TTPU CKO-
pocTsix aBrkeHus 6osee 300 kKm/4. Bo Bcsikom
cinyyae, Takue ckopoctu (300—350 xm/9)
CUUTAIOTCS HauoboJiee MPUEeMIEMbIMU MJISI
cetu peibcoBbIXx BCM Bo @pantium, SmoHnn,

VIIE oA PJA A 915

Kurae [4]. HecMOTpst Ha pa3BUTOCTb METO/IOB
MOJAEIUPOBAaHUS, aHAJIOTUYHAS CUTYyallus
CKJIaJbIBAJIACh U MPU NMPOEKTUPOBaHUU Mo-
CKOBCKOW MOHOPEJIbCOBOW TPAHCIIOPTHOM
CHUCTEMBI, KOTrZia BBIOOP KOHCTPYKIIUIA MPOU3-
BoaMJicd 6e3 pacuéTa mokasaTesieil cpaBHU-
TeJIbHOW 3KOHOMUYECKOU 3(pheKTuBHOCTH,
TOJIBKO JIMIIb HA OCHOBE I'PAHUYHBIX TEXHU-
YECKUX YCIOBUI, KOTOPBIE K TOMY XK€ OKa3a-
JINCh 3aBBILLIEHHBIMU.

JIaHHBII OMBIT SBJISIETCS MPEAYPEKACHU -
€M TIpU peau3aluy ropaszao 6ojee Kanura-
JIOEMKUX MPOEKTOB CTPOUTEJbCTBA Tpacc
BCM o ToM, 4TO yke Ha CTaAuU SKCIIEPTHOTO
00CYXIIeHUSI HEOOXOIUMO OMPENesATh «Cla-
Oble MecTa» B 9KOHOMUYECKOM CMBbICTIE
U IpeajiaraTb 5KOHOMUYECKU 000CHOBAaHHbIE
peuieHus no ux ontumusauuu. OgHON U3
MOJO0OHBIX TPOOJEM, PACCMOTPEHHBIX aBTO-
POM, CTajl BBIOOP MEXKIY HACBITIBIO U 3CTaKa-
JIOVi TIPU MPOEKTUPOBAHUU Tpacchl. JlaHHBIN
BBIOOD B TPAHCIIOPTHOM CTPOUTEIBCTBE B ITO-
JTaBJISIOLIEM OOJIBIIMHCTBE CJIyYaeB periayics
B MOJIb3Y HACKIMNH AaXe HECMOTPS Ha TO, YTO
JeULIT MPOU3BOIUTETbHOCTH MEXaHU3UPO-
BaHHbBIX KOMITJIEKCOB 10 COOPYKEHUIO 3eMJIS -
HOTO TOJIOTHA OLIYIIAJICS TOBOJIBHO OCTPO,
YBEJIUYUBAsI CPOKU CTPOUTEIbCTBA JOPOT.
JIuib B yCI0BUSIX 0CO00 CJIOXKHOTO pelibeda
mectHocTH (IV KaTeropusi), OTe4eCTBEHHbBIE
U 3apyOekHbIe MTPOESKTUPOBILIMKYU TPUMEHSIIU
Buaayku [5]. ObocHOBaHWEM MPUMEHEHUS
BUAJyKa CIyXXWJIa TeXHUYeCKass HEBO3MOX-
HOCTb yCTpOICTBa HachInu. [l 6osee 61aro-
MPUSTHBIX X€ YCJIOBUI TPACCUPOBAHUSI COITO-
CTaBJIECHME CMETHBIX 3aTpaT Ha COOpYXeHUe
9CTaKaJbl U HACBINIM BCETJa OMpPenessuio Mo-
CJIEIHIOIO B Ka4eCTBE 9KOHOMUYECKHU 3 hek-
THUBHOTIO BapraHTa [6]. AHAIIOTUYHBIE BO33pe-
HUS CYLIECTBYIOT U y UCClIe0BaTeei B 06J1a-
CTU HEPEJIbCOBOTO CKOPOCTHOTO TPaHCIIOpTa
[7].

IIpyHUMaTh TaHHYIO 3aKOHOMEPHOCTh
B KauecTBe MpaBWia JOMYCTUMO ISl HOBBIX
JKEeJIE3HBIX TOPOT IIIMPOKOI KOJIeu, XOTS U CO
3HAYUTEJbHOW OTOBOPKOU: COOTHOIIEHUE
TEXHOJIOTUYECKUX, CTOUMOCTHBIX, 9KOJIOTH-
YECKUX U COLUAIBHBIX (haKTOPOB MPU CPaB-
HEHWU BapuaHTa He SIBJISIETCS TOCTOSIHHBIM,
CO BpPEMEHEM MX KOJMUYECTBEHHbIE MPOIOp-
LIMY MEHSIIOTCSI U BIIOJIHE €CTECTBEHHBIM 00-
pPa30M U3MEHSIIOTCS 00JIACTU PAllUOHAJIBHOTO
MPUMEHEHUST KOHCTPYKIUiA. OqHaKo, IpuMe-
HUTEJBbHO K OOBIYHBIM XeJIEe3HbIM JOPOTaM
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Puc. 1. 3ctakaga BCM manoii BbicoTsl B Kutae (http://news.southcn.com).

aKTyaJIbHOCTb TaHHOM MTPOOJIeMbI OTpaHUYE-
Ha MaJibiIMU 00b€MaMU UX CTPOUTENLCTBA [8].
OO0BEM XKe CTPOUTEIbCTBA, HAITPUMED, B IIPO-
ekte aByxmnytHoii BCM «MockBa—Ka3aHb»
cocTaBsut 760 KM, U 3TOM PaCIoiOXeHUE
Tpacchl MPEANoaraioch B 10CTATOYHO OJJHO-
POIIHBIX YCJIOBUSIX C MEPCIIEKTUBOI TTPOIEe-
Hus 1o Exarepunoypra [9, c. 1].

BTopoii npuunHOil mepecMoTpa paHee
BBISIBJICHHBIX 3aKOHOMEPHOCTE! SIBJISIETCS
KapIMHaJIbHOE pa3anyyre B yCTOBUSIX ITPOEK-
TupoBaHus. CTPOUTEIbHBIN KOMILIEKC
B 3TOM CjIydae M3HavaJlbHO JIOJIKEeH OBITh
OpPUEHTUPOBAH Ha UCMHOJb30BaHUE I(Pdek-
TUBHBIX PElIEeHUI, HA OCBOEHUE B Ka4eCTBe
TUITOBBIX PAallMOHAJIbHBIX TEXHOJOTUI, Ha
3aKYIKy COOTBETCTBYIOIIEH TeXHUKHU. KOoH-
KypUpYIOIIMMU BapuaHTaMU MpU BbIOOpE
HMCKYCCTBEHHBIX COOPYXECHUIA SIBJISTIOTCST €B-
poneiickue [10; 11] u kutatickue [12] TexHo-
JIOTUYECKUE CXEMbl IKCIUTyaTalluM TPaHC-
TIOPTHBIX CUCTEM.

MATEPUAJIbl U METOAbI

ITpuBenéHHbIC BbILIE MPEANOCHUIKA 00-
YCJIOBUJIW BBIOOD memamuky NCCaen0BaHNI —
TTOMCK 9KOHOMHWYECKN 000CHOBAaHHBIX cep
TIPUMEHEHUSI HACHITIEN 1 3cTaKa JIJIsT BBICO-
KOCKOPOCTHBIX Maructpaieit. OCHOBHBIE
KOHCTPYKTUBHBIE PEIICHUST ObUTA MPUHSTHI
K COIMOCTaBJIEHUIO COTJIACHO MPOEKTHOI 10-
KYMEHTAIINU, pa3pab0TaHHOM TSI CTPOUTEITh-
cTBa nepBoii B Poccrn 060co01eHHOM Tpacchl
BCM «MockBa—KazaHb».

VINPML PAH A M N=ID

JI1s1 mepcneKTUBHBIX MarucTpaeii, peaiu-
3YIOIIMX TPUHIIAIT MAarHUTHOM JIEBUTALINH,
BOITPOCHI BbIOOPA M 0O0CHOBAHMSI TUTIOB UCKYC-
CTBEHHBIX COOPYKEHUI SIBJISTIOTCSI B HAUOOJIb-
meil cTenmeHu akTyalbHBIMU. B paGorax
B. E. KpackoBckoro [7] oTMeuaeTcs, 4YTo J0J1s1
ACTaKaJHBIX YYACTKOB MOXET NOXOIUTH J0
100 %, omHaKo, y9acTKH C HACKHITISIMU B KAYeCTBE
OCHOBaHMUSI OCTAIOTCS1, Y TEXHUUYECKIE BO3MOX-
HOCTH YCTPOICTBA CUCTEM MAarHUTHOTO O/IBE-
IIMBaHUST COXPAHSIFOTCS B YCJIOBUSIX TIPUMEHE-
HMSI B TIPOEKTaX 3eMJISTHOTO ITojIoTHa. DaKTophl,
YCUJTMBAIOIIME POJIb CTAKal, MPUBOASTCS aB-
TOPOM B BUJIEC TPAAUIIMOHHOM JUISI CKOPOCTHBIX
JIMHUI COBOKYITHOCTH — HEAOITyILIEHUE pacce-
YEeHUs TPacCO MCMOJIb3yeEMbIX B HAPOIHOM
XO3STICTBE 3eMeJTb, COKPAILIEHNE UX OTUYKIECHUST
1 0e30MacCHOCTh ABUXKEHUS HA BBICOKMX CKOPO-
cTsX. IMHaMU4YeCcKre B3aMMOIEUCTBUS T10-
JNBUXKHOTO COCTaBa U COOPYXEHUII TyTeBOu
WHGPACTPYKTYPHI SABISIOTCS TPAaHUYHBIMU
YCIOBUSIMU B 3aladyaX SKOHOMMUYECKOIO CpaB-
HEHUs BBUIY MX BJIWSHUS Ha 0€30MMacHOCTb
nBvxkeHus [13; 14]. DTo no3BosseT cnenaTh
CyXIeHUe, 4YTO HAObOp MPUYUH IS TIepeHoca
Tpacchl LIEJIMKOM Ha dCTakaiy, ONMHAKOB 1O
CPaBHEHMIO C TPAAUIIMOHHBIM PEIbCOBBIM
TPaHCIOPTOM.

Takoxe CXOMHBIM C TPAAULIMOHHBIMU BbI-
BOJAMM O pallMOHAIbHOU 00J1aCT TPUMEHEe-
HUST HAaChITIel Ha JXeJIe3HbIX JOpOTax sIBJIsIeT-
cs uccaenoBaHue aBTopos [ 15] o kiumaTuye-
CKHX OCOOEHHOCTSIX KaK (haKTopa, BAUSIONIE-
ro Ha ®KOHOMMYECKHE MpeuMyllecTna. 3a



pyOeXXOM pa3BUTHE TEXHOJIOTMI MTOTOYHOTO
MOCTOCTPOEHMUSI TTPU COOPYKEHUU TTPOTSIKEH-
HBIX 9CTaKajl MPUBEJIO K CHUKEHUIO TTPaKTH-
YeCKOI IpaHUIIbl TPUHUMAEeMBbIX PELIEHUI 10
5—7 metpoB. [ToaTBepKaeHUEM 3TOMY MOXKET
CIIY>KUTD OTTBIT TIPOEKTUPOBAHUSI KUTAUCKUX
BCM, rae ycneuHo NpuMeHsII0TCS 5CTaKabl,
HauyMHas ¢ BEICOTHI 6—7 MeTpoB (puc. 1).

[Tpu ocyiiecTBICHNN 3KOHOMUYECKOTO
aHaJIM3a 3aTpaT Ha BO3BeJeHIEe HACHITIeH Clie-
JTyeT UCXOIUTD 13 TOTO, YTO KAYECTBO IPYHTO-
BOTO MaccuBa OKa3bIBaeT 3HAYUTEJIbHOE
BIIMSTHUE KaK Ha TEXHUIECKUE PEIIeHUsI, TaK
1M Ha CTOMMOCTbH Hachilmu. B mocratouHoit
CTeTeHU mpobieMa YyCUJIEHUs Hachimei
u ctpoutenbeTBa 3ctakag BCM peiieHa Ha
MpaKkTUKe 3a pyoeskoM [16], 0mHAKO, KCITOTb-
30BaHUE 3apyOeXkKHBIX SKOHOMUIECKUX KPH-
TepUeB CpaBHEHMSI HETOTTYCTUMO T10 IIPUINHE
Pa3HOCTU B CTPYKTYpE 3aTpaT Ha CTPOUTEITb-
CTBO B Pa3HBIX CTpaHaX. B mpakTuke mpoek-
THUPOBAHUS MPUHSIT YCTOSIBIINICS TEPMUH
«Cy1abble TPYHTBI», IIPUYEM 3HAUEHME €T0 He
CTOJILKO TeOMOP(dOIOTNIEeCcKOe, CKOJIbKO
(opmoobpasytolee 1151 TMHEHHO-TTPOTSKEH-
HBIX COOPYXKEHUI.

3/1ech yMECTHBIM OYIET YITOMSIHYTh OJIH 13
TIPUHIIUATIOB, cchopMypoBaHHBIX B. M. ®pun-
KWUHBIM TIPU PEIICHUHN 3a1a91 00 ONTUMAaTh-
HOW KOH(MUTYpaImy KOMIUIEKCa UCKYCCTBEH-
HBIX COOPYXEHUi: «3adauy onmumusayuu
Heo0X00uMo peuiams ¢ Y4Emom CUueHapues no-
8€0eHUsL COOPYICEHUs. NPU €20 IKCHAYAmayuu.
Takue cyenapuu 0oaxCHbL OMPANCAMb BAPUAH-
Myl U3MEHEeHUs 80 8PeMeHU IKOHOMUUECKUX,
NPUPOOHBIX U COYUANbHBIX YCA0BUL pAdOMbL
COOpYdICeHUsL U e2o 00caycusanus. B areopum-
Max onmumuzayuu HeobXo0UuMo y8s13bi8ambs
8bL00D 3HAUEHULL KOHCMPYKMUBHBIX KOIphuuu -
eHMO8 Kauecmea ¢ 00CMUICeHUeM CO2AACO8AH-
H020 ONMUMYMA IKOHOMUYECKUX KpUmepues npu
Pa3nuuHbIX (npescde 6ceeo, HOPMAMUBHBIX)
CUeHapusax IKcnayamayuu coopyicenus» 17,
c. 88]. JaHHBI TOAXO] UMEET, TOMUMO IPO-
4Yero, CBO€ MIpUMEHEHUE TPU Pacu€Te yKpyI-
HEHHBIX TTOKa3aTeJield CTOMMOCTH, O YéM
YIIOMHHAJIOCh paHee B paborax aBTopa [18].
YKpyrnHeHre HOPMAaTUBHBIX TToKa3aTesiei
CMETHOI CTOMMOCTH C TIPUBSI3KOM K YITOMSI-
HYTBIM «KOHCTPYKTUBHBIM KO3 dULIEHTaM»
MO3BOJISIET OMPENesATh 2P (PEeKTUBHBIE BapU-
AHTEHI IT0 KPUTEPUIO MUTHIMYMAa KaITMTaTbHBIX
3aTpaT. DKOHOMMYECKUE MOCIEACTBUS IKC-
MayaTallMOHHOM (a3l 001a4al0T UHBIMU
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CBOICTBaMM — CTPYKTypa U3MepUTEIeii 3aTpar
W UX BEPOSITHOCTHBIC XapaKTePUCTUKU HeE
ITO3BOJISTIOT TIPUBSI3BIBATh UX K MTPOCKTHBIM
pemreHusiM. 1o 3Toil puuMHe ST BEIOOpa
9(p(HEKTUBHOrO pelleHus 1ejecoodpa3Ho
arpernpoBaHue IoKazaTesieil KarmuTaabHbIX
BJIOXKEHUI W 9KCIUTyaTallMOHHBIX 3aTpPar.

HawubGonee pacripocTpaHEHHBII MeTON —
WCTIOJIb30BaHKE MPUBEAEHHBIX CTPOUTETLHO-
SKCIUTyaTallMOHHBIX 3aTPaT B KAYECTBE CPaB-
HUTEJbHOTO KpuTepusi. Ero mpuMeHeHUe
B OT€UECTBEHHON MTPAKTUKE MIPEAIIIeCTBOBAIO
COBPEMEHHBIM TIOIX0/IaM K CpaBHEHUIO Ha
OCHOBE NTMCKOHTUPOBAHHBIX MOTOKOB [19],
OJTHAKO B HACTOSIIIEe BpeMs COXpaHSIETCs
BO3MOXKHOCTb CPAaBHEHUSI OTHEIBHBIX TEXHU -
YeCKUX PeIIeHU Ha OCHOBE IPUBEIEHHBIX
3arpart. Peub ui€T, B OCHOBHOM, O KOHCTPYK-
TUBHBIX 2JIEMEHTAX COOPYXEHUsI, HE UMEI0-
X 000CO0JIEHHOTO 9KOHOMMYECKOTO 3Ha-
YEHUsI, U HEe BIMSIONIMX Ha TEXHOJOTUIECKYIO
Mojiesb coopyxkeHust. [IpuMepomM MOTYT BbI-
CTyIaTh pa3HbIe BAPUAHTHI OITOP, (PyHIAMEH -
TOB, OOJTMIIOBOYHBIX MaTePUAJIOB TPU YCIIO-
BUU COXpaHEHUsI rabapuTOB, HAaTPy30K U Ha-
NIEXHOCTU COOPYXEHUS B 11eJoM. CXOTHBIM
nyTéM onpenearma 3(hGHeKTUBHOCTb 3aMEHbI
OTHUX TUTIOB BOIOITPOITYCKHBIX UCKYCCTBEH-
HBIX COOPYKEHMI Ha IPyTHe — MaJIbIX MOCTOB
Ha TpyOBHI.

B cooTBeTcTBMU ¢ TpeOOBAHUSIMU Aeii-
CTBYIOIIMX METOIUYECKUX TOKYMEHTOB Clie-
IIyeT TIPUMEHSITh TUCKOHTHUPOBAHUE JTCHEXK-
HBIX TIOTOKOB, B TOM YHKCJIEe TIPW BHEAPEHUN
nHHoBauii. [TockonbKy paccMaTpuBaeMble
BONIPOCH IPUMEHEHUST HOBBIX peIIcHUMA
B IPOEKTaX MEPCIIEKTUBHBIX CKOPOCTHBIX
JIMHUM COCTaBJISIIOT SIAPO MPpoOIeMbl BEIOOpA
OITUMAJIBHOTO MH(MPACTPYKTYPHOTO KOMII-
JIeKca, CJIefyeT TP PacCMOTPEHUN POCCUT-
ckoro npuMmepa odpatutbcss kK CTO PXK]I
08.005-2011 «MHHOBaLIMOHHAS 1ESITETLHOCTD
B OAO «PX]I». [Topsinok olieHKYU 3 HeKTUB-
HOCTM MHHOBAIIMOHHBIX ITPOEKTOB». B Kaue-
CTBE OCHOBHBIX ITOKa3aTeIei I CPaBHEHUS
yKa3aHbl: YUCTBII TUCKOHTUPOBAHHBIN IT0-
TOK, WHJIEKC TOXOTHOCTU U CPOK OKYITaeMO-
ctu. [l paccMaTpuBaeMol B CTaThe 3a1a4u
BBIOOpa B paMKax KPYITHOTO WHBECTUIIMOH -
HOTO TTPOEKTa aBTOPOM TIPETOKEH KPUTEPU I
K,, npeacrapasiomumit co6oii IMCKOHTUPO-
BaHHBII MOTOK:

T
K,=NPV =Y CF(1+r)"

t=1
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riue CFl — TOJIOBOM JIEHEXHBIN MOTOK, 00-
YCJIOBJICHHBIN BAPUAHTOM WHHOBAILIMOHHOTO
pelieHus;

E — cTaBKa TUCKOHTUPOBAHUS,

T — pacy€THbIii IEPUOI.

B aTOM ciiydae npenmnosiaraercst HaTu4Iue
ornpeaeIuMbIX PUHAHCOBBIX MOTOKOB, KOTO-
pble BO3MOXHO CBSI13aTh C KaXXJbIM BapHUaH-
TOM TE€XHUYECKOIO PEILIeHUS, TPU ITOM HET
HE0OXOMUMOCTU MPU KaXIOM pacuéTe Kop-
PEKTUPOBATh CPOK OKYMAEMOCTH BCETO MPO-
ekrta. He1uHeHOCTh OTHOCUTEIBHO BpeMe-
HU 3a1a€TCs Yepe3 CTaHAAPTHBI MHOXUTETb
(1+E)!t. Takast nmpouenypa pacuéra Becbma
yIoOHa 1 onpaBaaHa sl KOMITJIEKCa XKeJe3-
HOW IOpOTU, KOTJAa MOJEeJb JOXOI0B OT Ie-
PEBO30YHON UM UHOW AEATEIbHOCTU HAXO0-
IUTCS B OAHOW KOHUENTYyaJlbHOUW MOIENH.
Ecnu xe peub uAET 00 351eMEHTE TPAHCTIOPT-
HOU WH(MPACTPYKTYphbl, B TOM YHCJIE O pac-
U PEHUN cHephl €ero TPUMEHEHUS B TPOEK-
Te, JOXOIHAs 4YaCTh MOTOKA HETIOCPEACTBEH-
HBIM CIOCOOOM ompeesieHa ObITh HE MOXET.
BosHukaer cutyalus METOAUYECKOIO «pac-
MyThsI», KOTJA UMEETCS HECKOJBKO PEIIeHUA
3a7layu, U BBIOOD OMpenensieTcs CTeNeHbIO
KBaJu(UKalu, CBOOOAbI U 3aMHTEPECOBAH-
HOCTHU CyObeKTa.

OCHOBBIBasICb Ha 3TOM, CTAHOBUTCS BO3-
MOXHBIM BBITTOJTHITh CTOMMOCTHOE CPABHEHIE
B BapUAHTHO MOCTaHOBKE, U30erasi MOJIHOrO
pacuéra 3aTpaT IO TPAAUIIMOHHON CTPYKType
CMeTHO ctonmocTH. K mpermyliiiectBam 3T0ro
METOJIa CJIEAYeT OTHECTU TAKXKE U TO, UYTO OTCYT-
CTBYeT (hopMaibHast HEOOXOAUMOCTb MHIEKCa-
1 3atpat. CoaepxkaHue IokasaTeseil onpee-
JISIETCS JEMCTBYIOLIECH TEXHOIOTUEN CO3NAaHUS
MPOIYKIIUM HA MOMEHT pacyéra. DTO paBHO-
3HAYHO MPUHIIMIAM YYETA TEXHOJIOTMYECKOMN
MOJIEJIU MPU MPOEKTUPOBAHUU CMETHBIX HOPM,
KOTIa eMUHOXKIIbI YUTEHHAS TEXHOJIOTHS CYILIe-
CTBYET B HOpPMaTUBHOI 0a3e, obecrieunBasi He
TOJIbKO Pacy€T a0COTIOTHBIX [TOKA3aTeseil CTou-
MOCTU, HO U TOYHOCTb MPU CPABHUTETBHOM
5KOHOMUYECKOM aHAJIU3E.

s paspelieHus Borpoca 00 3 heKTUBHBIX
cdepax MpUMEHEHUST TaKUX KOHCTPYKIIUA,
CJIeyeT OMUPAThCS Ha UMEIOIIUIACS OIBIT CO-
OpPYXKEHUS BBICOKOCKOPOCTHBIX MarucTpasieii.
B Hacrosiiee BpeMsi HauboJiee moaxoasuei
MOJIENIbIO MPU TpoeKTUupoBaHuu cetu BCM
CJIeyeT CUUTATh KUTAHCKYIO CUCTEMY BbICOKO-
CKOPOCTHBIX XeJe3HbIX Jopor. [TpuuuH aTomy
MOXHO TTPUBECTU HECKOJIBKO:

VINPML PAH A M N=ID

* TeppUTOpHAJIbHASI cXeMa ITOJINTOHA, €ro
pa3Mephl, TYCTOTa CETH 1 PACIIONIOKEHUE pai-
OHOB TSITOTEHUSI B OOJIBIIICH CTCTICHN COOTBET-
CTBYIOT POCCHICKIM YCJIOBHSIM, YeM aHAJIOT Y -
HBIE TTOKa3aTeIn eBpOICHCKIX 1, TeM OoJiee,
sroHckux BCM;

* TIpeobsamatolre reoMopdhoIorniecKue
(hopMBI 1 KITMMATHUYECKIIE OCOOCHHOCTH CEBEP-
Hoit yactTu Kutas siBJsitoT co00it 1o0CTaTOuHbIe
10 YPOBHIO CJIOKHOCTH YCJIOBUSI TPAaCCUPOBa-
HUS,

* KJIMMarT B CEeBepPHBIX MPOBUHIMSIX KuTtas
TPEIbSBIIIET TTOXOKME TPEOOBAHMS K CTPOU-
TEJIBCTBY M 9KCIUTyaTallid KaK HACBITICH, TaK
¥ 3CTaKa;

* CHCTeMa 3eMJICTIONb30BAHMS M OTHOCH-
TeJTbHBIE TTOKA3aTeIN CTOMMOCTH OTIYKICHUS
3eMeJTh aHAJIOTUIHBI poccuiickomy HedepHo-
3eMbl0. 3/1eCh XKe CJIeIyeT OTMETUTh COMOCTa-
BUMBII ¢ Poccueil ypoBeHb 3KOJIOTHYECKIX
TpeOOBaHMI, KOTOPBII OTpaHNYNBAET OTHCITh-
HBIE TIPOEKTHEIC PEIICHUS.

OnHako HapsiAy ¢ OOIIMMU YEPTAMMU, CYILIE-
CTBYIOT U CEpPbE3HBIC Pa3]INUMsI, CBSI3aHHBIC
MPEUMYIIECCTBEHHO C Pa3IMYHBIM TEXHOJIOTH-
YECKUM YPOBHEM CTPOMTEIILHOTO KOMILIEKCa
Poccun 1 Bcex TocymapcTB ¢ pa3BUTOM CETHIO
BCM. Oco6eHHOCTbIO POCCUIACKOTO XKeJE3HO-
JIOPOKHOTO CTPOUTEITECTBA SIBIISICTCS TPATUALIM -
OHHOE pa3BUTHE MEXaH3MPOBAHHBIX KOMITIICK-
COB IUTSI TTIOCTPOIKM 3eMJISTHOTO TTojioTHa. bia-
romapsi 3TOMY, B HACTOSIIIICE BpeMsI BEITIOJTHEHIE
0O0JIBIINX 0O BEMOB 3eMJISTHBIX PA0OT MEPECcTaso
OBITH OIpenessoM (akKTOpoM ITpU BEIOOpE
BapuaHTa Tpacchl. JJaHHbBII acreKT Haubosiee
3HAYMM JIJIST XKeJIe3HOIOPOKHBIX JIMHUM C pYKO-
BOISIIIIMMU YKJIOHAMM 00JIee CPeTHETo YKIIOHA
MECTHOCTH.

OT0 00yClIaBIMBAET AOBOJILHO OOJIbIIOE
3HAUCHUE TIPAKTIYECKOM BBICOTHI TIepexona OT
HAaCHIIN K 3cTakaze. [Tom mpakTiaecKoit BBICO-
TOM B JAHHOM CJTy4ae CJIeayeT TOHNMATh YCTOSIB-
IIYIOCST B TIPAKTHKE TIPOSKTHOM IeITeTBHOCTH
CPEIHIO0 BBICOTY HACKITIH ITPH ITepPeXoe K 3CTa-
Kame. Takoif mepexon TpagUIIMOHHO MMEET
NpUMEHEHNE Ha MOIX0JaX K MOCTaM 4epe3
OTIpeieJIEHHBIC TIPErpaIbl, BOIIPOC K& 3aMEHBI
HACHIIM 3CTaKaIoil Ha TIPOTSLKEHHBIX YIaCcTKaX
Tpacchl 0e3 HATMIMsI JIOKAJTM30BaHHBIX ITepece-
KaeMBIX TIperpaj B OTeYeCTBEHHOM ITPAKTHKE IO
Havajia aKTUBHOTO POCTa TOPOJICKUX arjioMepa-
LU B TIOCJIEIHUE NEeCATUICTASI MAacCOBO HE
paccMaTpuBaJICs. DCTaKaaHbIe YIaCTKI B3aMeH
HaCBITICH CTaJT ITOSTBIIATRCS B TIPOSKTHEIX pellie-



HUSIX B TOPOJIaX U B CIIOKHBIX MHXKEHEPHO-TE0-
JIOTUYIECKUX YCJIIOBUSIX TIPU IMPOEKTUPOBAHUU
HECKOPOCTHBIX XeJIe3HbIX A0POL. Jlaxke HachIu
BbIcOTO¥ 60J1ee 20 METPOB SABJSIMCH KOHKYPEH-
TOCIOCOOHBIMU BBUILY TEXHOJIOTMYECKOI OCBO-
€HHOCTH MX COOPYKEHHS elIE B Hayasie XX BeKa
[20, c. 262]. Bo MHOTOM 3TOMY CITOCOOCTBOBAJIA
PEMOHTOIPUTOIHOCTb BEPXHETO CTPOSHUS ITyTU
Ha Oajuiacte, MO3BOJISIBIIAS KOMIIEHCUPOBATh
0CaJKV 3eMJISTHOTO ITOJIOTHA TOCBITTKOM OayutacT-
HOW IIPU3MBI.

[TosiBieHrEe BHICOKOCKOPOCTHBIX JIMHUM,
yYCTpanBaeMbIX Ha 0€30aJJTaCTHOM ITyTH, cpasy
K€ OMPEIEUIO HOBBI ypOBEHb TPEOOBAHUI
K JIOITYCTUMBIM Jie(hOpMaIIvsiM CUCTEMBI «OCHO-
BaHUE—HAaChIMb». HEeBO3MOXHOCTb TPOU3BO-
JTITB BBITIPABKY Ty T TPAIULIMOHHBIM CTIOCOO0OM
TIPEAToNaracT Majble OCaaKH B TIPOLIECCE SKC-
TIyaTaluy, MpUYEM HACTOJILKO MaJjible, YTO
00ECTIEYUTD MX ITPH TPAAUIIMOHHBIX KOHCTPYK-
LIMSIX 3eMJISTHOTO MOJIOTHA MPAKTUYECKU HEBO3-
MOXHO. KOHCTpYKTHBHbBIE OCOOEHHOCTH HACHI-
Teli BEICOKOCKOPOCTHBIX MarucTpaieii MOXHO
pPaccMOTPETh Ha MpUMepax J0CTaTOYHO Pa3BU-
TOI CETH BBHICOKOCKOPOCTHBIX JIMHUI Kuras.
B kauecTBe Mep IO CHUXKEHUIO BETUUYMHBI
SKCIUTyaTallMOHHOW OCaaKu MPUMEHSIETCS
KOMITJIEKCHBIN TIOJIXOJT, BKITIOUAIOIIViL B ce0st
YCTPOMCTBO CBAfHOTO OCHOBAHUS HACBHIIH,
apMOTPYHTOBBIX KOHCTPYKIIMIA — TE€OPEIIETOK,
YKJIQIKy OEHTOHUTOBBIX MATOB, TIOBBIIIIEHHOE
YIUTOTHEHUE TeJla HACBIMU U, HAKOHEL, 3aMEeHY
BEPXHEI YacTW HACHIIIM Ha 3alUTHbBIE CJIOU.
Takoe HachIIIeHUE 3eMJISTHOTO TTOJIOTHA MHXKe-
HEPHBIMU PEIIEHUSIMU TIPUBOIUT K 3HAYMTEITb-
HOMY POCTY CMETHBIX 3aTpaT Ha KUJIOMETpP
Tpacchl. Takke TIpY CPaBHEHUU C HACHITISIMU
CJeAyeT YYUThIBATh U O0Jiee IIMPOKYIO OCHOB-
HYIO IJIOLIAIKY TTPU BHICOKOCKOPOCTHOM JBU-
KeHuu — 14,2 m.

YcuneHue Hachineil mpeacTaBisieT coboi
CHHTE3 U3 U3BECTHBIX paHEe TEXHUUYECKUX pe-
IIEHWI, HO MAaCCOBOW MPAKTUKU YCUJICHUS
B OT€YECTBEHHOM KeJIE3HOAOPOKHOM CTPOM-
TEJILCTBE HE UMEETCST B BUILY OCOOBIX TMHAMU -
yeckux B3aumonericteuii [21]. I[To atoit mpuuu-
HE aHaJIN3 3aTpaT Ha YCUJIEHHE TpeOyeT Como-
CTaBJIEHUST UCTIOJIb3YeMBIX TEXHOJIOTUI KakK
B Poccuu, Tak u 3a pyoexxom. OCHOBHOI Kpu-
Tepuii CpPaBHEHUS OTAEIBHO B3SITOIO MEPOMNPUSI-
TUST — TIOTOHHAsT CTOMMOCTh Ha 1 KM Tpacchl.
TTpu aTOM YUETY OMIEKAT OCOOEHHOCTU MEPO-
TIPUSTHS YCUJICHUST, TIPUCYIIME IPYTUM BUIaM
CTPOUTENIBCTBA, I1I€ B COCTAB MPOEKTOB BKIIIO-

YaIOTCS HOBBIE BUIl paOOT U KOHCTPYKIIMIA 11O
YKPETUIEHUIO 3eMJISTHBIX Macc.

HenocratouHast iist yioBJIETBOPEHUS Tpe-
6oBaHult CrielIMaIbHBIX TEXHUYECKUX YCIOBUM
MPOYHOCTh OCHOBAHUSI HACHITIY BBI3BIBAET HE-
00XOIMMOCTb YCTPOICTBA CIIOLITHOTO CBAaiHO-
TO MOJISt C TMHOKUM POCTBEPKOM M3 TE€OPEIIETKU
[22]. TubKuMii pocTBEpPK M3 T€OPEIIETKU UMEET
CTOMMOCTb CTPOUTEIbHO-MOHTaXHBIX paboT
B pasmepe 7,70 py6. Ha 1 M? B 6a3UCHBIX LIeHaX
Ha 01.01.2000 r. YuuTsiBasi, 4TO MO MPOEKTY
BCM Ha 221 Tbic. M? GypOHAOMBHBIX CBail
(BHC) npuxomutcst 790 ThIC. M? TEOPEILETKH,
Ha 1 M BHC MoxHO oTHecTH 3,57 M? reoperér-
k. COOTHECEHUE TaHHOTO MoKa3aTes ¢ 3apy-
O0exHbIM aHanorom (Kwurail) mokassiBaeT
UJAEHTUYHOCTh B KOHCTPYKIIUSIX CUCTEMBI
«CBaM—POCTBEPK», OMHAKO J0J1s1 y4aCTKOB C [10-
JIOOHBIM BUJIOM YCUJIEHUSI B OT€YECTBEHHOM
npoekte BCM 3HauuTEIbHO HIKE, YTO CHUKA-
€T KaUTaJI0EMKOCTb CTPOUTEIBCTBA B 1IEJIOM.
CrieryeT oTMETUTb, 4TO B IpakTrke BCM Kutas
MPUMEHSIOTCS CBaliHbIE OCHOBAHUSI C XKECTKUM
POCTBEPKOM B YpPOBHE OPOBKU HACBIIMU, YTO
HarOMUHAET, CKOPee, YIPOILLIEHHYIO OOCBITHYIO
acTaKajmy.

Cymmapnas croumocts CMP st yerienust
ocHoBaHus 110 TuIty «bHC + rubkuii pocTBepk»
coctanysieT ot 15 10 31 Thic. pyo. Ha 1 KM Tpac-
Chbl B 0a3UCHBIX LieHaX. [Tpnyém ctouMocThb 3a-
BUCHMa, MPEXJAE BCEro, OT CPeAHEN BBICOTHI
HACBIIX, YTO MOKA3aJI aHAIU3 CEMU TUIIOB MO-
MepevHbIX npoduieil Ha mpoTsekeHu 70 KM
TPACCHI.

PE3YJIbTATbl UCCJIEAOBAHUSA

O1ieHKa TPOEKTHBIX 3aTPaT Ha YCTPOKUCTBO
HACBITIN, CJIOXXEHHON MeCYaHbIM U CKaJTbHBIM
TPYHTOM, TIPOM3BOINUTCS UCXOJISI U3 TUTIOTE3bI
0 JIOCTaTOYHOU MPOYHOCTU OCHOBAHUS IS
HUCKJIIOYEHUSI TOBTOPHOTO Y4€Ta (haKTOPOB.
OCHOBHBIM Au(depeHIIUPYIOIIAM TTPU3HA-
KOM 37IeCh TaKXKe SBJISIETCS BbICOTA HACHIITH.
s comocTaBieHUsT TTPUHSTHI TIPOEKTHBIC
JaHHbIe 1Mo 3eMnojJoTHY BCM (tun 1—17 Ha
y4yacTke 6e30a/1acTHOTO ITyTH ). JIlaHHbI TUTT
MPENCTABIIEH HACBIITBIO, CJIOXKEHHOM rpaBrii-
HO-TIECYaHBIMU CMECSIMU U IPEHUPYIOIINMU
rpyHTamu. 751 ygactka «km 97+580—ITerym-
KW» cpenHssi croumoctb CMP 3emriofioTHa
C YYETOM MPOEKTHBIX PEIICHU I MPEICTaBIEHA
B TaoI. 1.

CTOMMOCTB pabOT IO ApMUPOBAHUIO 3€M-
JITHOTO TMOJIOTHA T€OTEKCTUIEM ST TeX XK€

17
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Ta6muua 1
Cwmetnas croumoctb CMP 1o coopykenuio
3eMJISTHOTO N0JIOTHA, MJIH PYO.
Ha 1 KM B 0a3MCHBIX HeHAX

Bricora Haceimu, M | [Tecok CKaJIbHbBIN TPYHT
8 34,4 63,5

10 46,0 90,4

12 58,2 120,0

BBICOT HACBITTA COCTABJISIET CIIETYIOIIUE BETU -
YUHBI (Ta0. 2).

OnHUM 13 BO3MOXHBIX BAPUAHTOB yCHJIE-
HMSI OCHOBAHUSI 3eMITOJIOTHA SIBJISIETCST YCTPOI-
CTBO CBAfHOTO 10JIs1 U3 3a0MBHBIX cBait 40x40,
YTO MPEAYCMOTPEHO MPOEKTOM Ha y4yacTKe
JnuHoi 0,212 KM B UHAMBUIYaTbHOM MTPOhU-
e 2. CpeaHsis BbICOTa HACKINIM Ha 3TOM
yuyacTke cocTapiisieT 8,5 M. CMeTHasi CTOMMOCTb
CMP 1o ycTpoiicTBY CBaii C pOCTBEPKOM CO-
crapisier 110,7 MaH py0. Ha 1 KM 3eMMOI0THA
B 0a3MCHBIX LIeHaX. AHAJIOTUIHbBIE TIOKA3aTe TN
crouMoctu (¢ pazdpocom -8/+13 %) ObLIn
TTOJTy9EHBI ITPY aHAJTN3€ PhIHKA KOMMEPUECKUX
MpeITOXKEHUIA paboT MO CBAlTHOMY YCUJIEHUIO
aBTOJIOPOKHBIX HACKITICA.

Bce npuBeaéHHbIe (PaKThl OPUEHTUPYIOT
Ha HEOOXOIMMOCTb ITePEeCMOTpa IeICTBOBAB-
LIK1X paHEee METOA0B 9KOHOMUYECKOTO 000C-
HOBaHUs chep pallMOHATIBHOTO PUMEHEHMS
HUCKYCCTBEHHBIX coopyxXeHUii. K Tomy xe
OPUEHTUPYIOT U pa3paboraHHble B Poccuu
«CrienanbHble TEXHUYECKUE YCITOBUs Ha
npoekTUupoBaHue ydyacTka «MockBa—Ka-
3aHb» BBICOKOCKOPOCTHOM XeJIe3HOIOPOXK-
Hoii marucTtpanu «MockBa—Kazanb—EKkare-
PUHOYPIr» CO CKOPOCTSIMU IBUXKEHUS 11O
400 xm/a» (CornmacoBanmue: MuHcTpoit PD
03.08.16 . No 24651-ec03): «I1pu nmpoexkTu-
POBaHUHU 3eMJISTHOTO ITOJIOTHA JOJIKHBI OBITh
paccMOTpeHbl BAapUAHTHI Mepexona MyTu
C 3eMJISTHOTO TTOJIOTHA Ha 9CTaKa bl U B TOH-
Henau. PemieHue o mepexojie Ha 3CTaKaabl
U B TOHHEJIX JOJIKHO TIPUHUMATHCS Ha OC-
HOBE TEXHUKO-3KOHOMUYECKOTO CPAaBHEHUS
BapMaHTOB KOHCTPYKTMBHBIX PEIICHMII».

TexHuvyeckue KpUTEpUM Ha3HAUYCHUS MOTYT
OTIpENeNAThCS aHATOTUYHO MPUBEIEHHBIM
B[23], c y4€TOM OT€UECTBEHHBIX TPEOOBAHUIA
o6e3onacHoct. CpaBHEHUE BApMaHTOB, B TOM
YHcJie U B LIesIX moucka 3pHekTuBHbIX chep
MPUMEHEHUSI, TOJDKHO MOMUUHSITBCS Meii-
CTBYIOIIIMM METOIMKAM OTpPENEIEeHUS KO-
Homuyeckoil achdekTruBHOCTU. OnipeesieHre
JVCKOHTUPOBAHHBIX NEHEXHBIX TTOTOKOB
U pacuér rmokasaresyieil CpaBHUTEIbHOM KO-
HOMMUYECKON 2D(PEeKTUBHOCTU SIBISIETCS
MPUOPUTETHBIM COIJIACHO PSIY UCIOJb3ye-
MBIX B HacTosliee BpeMss MeToandecKux
PEKOMEHJAIMII TT0 COCTaBY U COAEPKAHUIO
000CHOBBIBAIOIIUX MATEPUATIOB [0 UHBECTU -
HUOHHBIM npoekTaM (yTB. OAO «PXK/»
28.11.2016 . Ne 2396p). OmHako 1eaeco-
00pa3HOCTh MPUMEHEHUS TAKOTO MOAX01a
BeJIMKA TOJIKO JUTSI TPOEKTOB, 00JIaIatoInX
TMOJIHOTON KavyecTB KakK B 3aTPAaTHOM 4YacTH,
Tak U B BO3BPATe MHBECTULIMOHHBIX BIIOXKE-
Huii. [Tpr 3TOM pa3auuus Mexay BapraHTa-
MU JOJDKHBI 3aTparuBaTh OOJBIIMHCTBO
(pHAHCOBO-2KOHOMUYECKUX CBOWCTB MPO-
ekta. [Tono6HOe cpaBHEHUE UMEET OOJIbIIIOE
3HAYEHUE B CPABHUTEBHBIX PACUETAX MEXKITY
pa3IMYHBIMU BUJIAMU TPAHCIIOPTA, TIPU BbI-
0ope BapraHTa TPACCHI C PA3IMYHBbIMU paii-
OoHaMU TATOTeHUs. Eciin )Xe cpaBHMBaeMble
00BEKTBI MPEACTABISIOT COOOI YacTu OO0JIb-
1I0T0 KOMILJIEKCA COOPYXEeHUU 1 He obJana-
[OT TIPY 3TOM PA3TUYUSIMU B TEHEXKHBIX T10-
TOKax BO3BpaTa CpeacTB (BBIPYYKH), TO
HaWJTy4YILIM CIIOCOOOM CpaBHEHMUS SIBJISIETCS
pacyéT MpUBEAEHHBIX CTPOUTEIbHO-3KC-
TUTyaTallMOHHBIX PACcXOA0B. DTO MO3BOJISIET
JNIOCTaTOYHO MPOCTBHIM MYTEM MOJYYUTH JIO-
KaJbHBI ONTUMYM B OOJIBIION cUCTEME,
yiydliiasi €€ UTOrOBble 9KOHOMUYECKHUE 0~
Kazareau. Takke B 9TOM cy4yae BO3pacTaeT
3HaYeHUE CTOMMOCTHBIX HOPMATUBOB, T0-
CKOJIbKY IETAJIbHBII aHATU3 COCPeloTaurBa-
€T BHUMaH1e UMEHHO Ha HOpMax 3aTpaT Ipu
CTPOUTEJILCTBE U IKCILIyaTallMd 00BEKTA,
WCKJII0Yasi UX UTHOPUPOBAHUE B YHUCJIECHHO

Ta0ommma 2

Cwmetnast croumocts CMP 1o ykpensieHuio 3eMJISIHOTO OJIOTHA Te€0TEKCTHIIEM

BricoTa Hackinu, M

CrouMocTh Ha | KM Hachinu B 0a3MCHBIX LIEHaX, MJIH pyo.

TeotexkcTuiib toTHOCTHIO 300 /M2 (2 ciost,
TUTIOBOE petnieHue mpoduist 14)

TeotekcTuib I0THOCTHIO 600 /M2
(2 cros1, TuMOBOE pereHue mpodust 1)

8 2,7 6,0
10 6,4 14,2
12 13,8 24,3
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OOJIBIIMX MTEHEXKHBIX MOTOKAX IO IPOECKTY
B IICJIOM.

PaccmarpuBaeMbIii BOIIpOC XapakTepeH
IS CITy9ast BEIOOpa MEXKIY 3eMJISTHBIM ITOJIOT-
HOM 1 MOCTOBBIM COOPYKEHUEM JJIsSI BEICOKO-
CKOPOCTHOTO JIBYDKCHUS, TIPUUEM 3aTPaTHBIC
KPUTEpUU CpaBHEHUS B JaHHOMW CHUTyalluu
SIBJISIIOTCS TIPEBAIMPYIOIIMMHU, TTOCKOJIBKY
KOHKYPHUPYIOT MEKIy COO0I KOHCTPYKTHBHBIE
YaCTHU TPACCHI, a O0IIIMe SKOHOMHUYECKHE (-
(bekTHBI, TTOTyYaeMble B SKCIUTyaTalliN, HEU3-
MeHHBI. [ IpyuBe1€éHHbIE CTPOUTETLHO-3KCILIya-
TalIMOHHBIC PACXO/IbI BHP IS TIEPEMEHHBIX BO
BpPEMEHM 3HAYCHUI OIPenesIsioTcs 1Mo dop-
MyJIe:

T T

> K a3 G

ToE(+ E) S(+E)
rae K u C — cOOTBETCTBEHHO KamuTalbHbIE
BJIOXXEHUS U IKCTIyaTallMOHHBIE PACXOMAbI
(Texyuiue 3aTpathl) Ha -M 1are (rofay);

Y — AOJISI HAJIOTOBBIX OTYUCJICHU OT IPU-
ObLTU.

3aTpatbl Ha SKCIUTyaTalui0 UHPPacTpyK-
Typbl BCM Ha maHHBIi MOMEHT SIBJISIIOTCS
MPEeIMETOM OTAEJIbHOI TUCKYCCUU, 3TO MTO3BO-
JISIeT paccMaTpuBaTh 3aauyy CPaBHEHUS MO-
3TAallHO, HaYWHAas C KalmUTaJlbHbIX 3aTpaT
B coopyxxeHue. Ha puc. 2 npeacraBieHbl Ka-
MUTATbHBIE 3aTPAThl HA CTPOUTEIBCTBO KOHKY-
PUPYIOLIMX BADUAHTOB COOPYKEHUIA B 3aBUCH -
MOCTHU OT BBICOTHI HACHITIH.

Kak BugHO u3 rpaduka, B iMana3oHe pa-
LIMOHAJBbHBIX PA3HOCTEH OTMETOK TPaccChl
1 3eMHO MOBEPXHOCTH (5—20 M) MPOUCXOAUT
«pacclioeHre» 3aTpar Mo BapuaHTaM 0e3 TOYeK
MepeceyeHusl, T.e. BApUAHT YCTPOICTBA 3eMJISI-
HOTO MOJIOTHA KOHKYPEHTOCHOCOOEH BHE 3a-
BUCHUMOCTH OT BBICOTHI HAaChITIA. BMecTe ¢ Tem
cJeyeT OTMETUTD, YTO 3aTPATHOCTb TOTO WU
MHOTO BapraHTa 3éMIOJIOTHA CUJIbHO 3aBUCUT
OT CTETIeHU ero yKperuieHus. HekoTopsbie TUIbI
YKperuieHus (C OCHOBaHUEM HAChITY Ha 3a01B-
HBIX TIPU3MATUYECKUX CBasiX) TI0 CTOMMOCTHU
COMOCTAaBUMBI C 3CTakagaMu. B cBoto ouepenp,
3CTaKaIHBIl BapUAHT JOPOTU MOXET OBITh
YIEWEBIEH 3a CYET MHIYCTPUATU3ALMU TIPO-
M3BOJICTBA I ONITUMM3AINN KOHCTPYKTHUBHBIX
PELLECHUIA.

OCo0eHHOCTBIO OonpeneeHrus] KanuTaab-
HBIX 3aTPaT Ha CTPOUTETBCTBO OOBEKTOB UH(D-
pactpyktypbl BCM sBiisieTcss HOBM3HA KOH-
CTPYKLIMIA U TEXHOJOTUI JJIs1 OTEYECTBEHHOTO

Puc. 2. ConoctaBneHune cmeTHow ctroumoct CMP
AJ1s1 HACbINN U 3CTaKaabl.

CTpOUTENbCTBA. BeiieacTBUE 3TOrO BO3HUKIIA
npobjeMa JOCTOBEPHOCTU TPU OTpPENeIeHUN
CMETHOW CTOMMOCTH KOHCTPYKIIUIA, B YaCTHO-
CTU MPOJETHBIX CTPOCHUIA 3CTaKam, Oe306an-
JIACTHOTO MYTH, HACBITIE. Pe3ynbTaThl mpoBe-
JIEHHBIX paHee UCCIeTIOBAHUI CBUAETEbCTBY-
0T O TOM, UTO 00s13aTe/IeH aHAJTU3 UMEIOLIUX-
cs1 0COOEHHOCTEN ompeneaeHuss CMETHOU
CTOMMOCTHU MPOJIETHBIX CTPOEHU I U BBIPAOOT-
Ka peKOMEHJALUA MO MOBBIIEHUIO TOYHOCTH.
Jst peasti3aliiyl 3TUX 3a1a4 CJIEAyeT paccMaT-
pUBaTh HE TOJBKO KOHCTPYKIUIO MPOJETHBIX
CTPOEHUI, a KOMIUIEKC KOHCTPYKTUBHBIX,
TEXHOJIOTMYECKUX U OPraHU3aLMOHHBIX pellie-
HUI, YITEHHBIX B TPOEKTE MOCTPOUKU MOCTA.
B pesynbraTe aHanu3a MPOEKTHON JOKY-
MEHTAIUU, a TAKXKE COMOCTABJICHUS C UMEIO-
LIUMUCS TOKYMEHTaM1 CMETHO-HOPMAaTUBHOM
0a3bl ObUIM BBISIBJICHBI CIIOPHBIE BOMPOCHI
B pacyé€Te MHBECTUIMOHHBIX 3aTpaT Ha
paccMaTpuBaeMbIe COOPYKEHMUS.
HMcnonb3oBaHue psiia CMETHBIX HOPM
U PACLEHOK JJISI MOCTOBBIX KOHCTPYKUUIA
HeJb3s CYUTaATh 0OOCHOBAHHBIM. Tak pac-
nenka OEPX 30-02-005-05 Ha moHTax
XKeJe300€TOHHBIX NPOJETHBIX CTPOEHUN
MOCTOB MO/ OJIUH XeJe3HOAOPOXHBIN MyTh
IauHOU 10 34,3 M KOHCOJbHBIMU KpaHaAMU
pa3paboTaHa JJig TUMOBBIX COOPHBIX NBYX-
OJI04YHBIX MPOJIETHBIX CTpOeHUit. PecypcHo-
TEXHOJIOTUYECKasi MOJIeJib, YYTEHHAS TIPU
5TOM, CUJIbHO OTJIMYAETCS OT OXUAAEeMOU
TEXHOJIOTUU TPU YCTAHOBKE KOPOOYATHIX
0aJIoK MOJ ABa MYTU LLIIO30BBIM KPaHOM.
MakcuMaabHO BO3MOXHOW B CYILIECTBYIO-
1eii HopMaTUBHOI 0a3e sIBJIsIETCS 3aMeHa
YUTEHHOTO B PacClieHKEe MOHTaXXHOTO KpaHa
I'OI1K Ha Xene3HOA0POXKHOM X0y Ha KpaH
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Gottwald AMK-306-83, KOTOpBIi IO CBOMM
XapaKTepHUCTUKAM HETIPUTOJIEH JUTsI MOHTaXa
TIPOEKTUPYEMBIX TIPOJIETHBIX cTpoeHM . [To-
CKOJIbKY TIpoJiI€THbIe cTpoeHus miss BCM
MPOEKTUPYIOTCS ABYXITYTHBIMU, BO3HUKAET
HEOOXOIMMOCTD TIPUBSI3KYU PACIEHKH (C 13-
MEpUTEJIEeM «IIPOJETHOE CTPOEHUE MO
1 myTh») K IPOEKTHBIM 00BEMaM padoT. B Ta-
KO CUTyallu 00beKTMBHOCTH OLIEHKY TIPe/I-
CTOSIIIMX 3aTPaT Ha MOHTAX IMyTEM TIpUMeE-
HEHUSI UMEIOIIIeiics paclieHK! ¢ Koadduim-
€HTOM, PaBHBIM JBYM, MOXHO CBSI3bIBATh
TOJIBKO CO CJIydaiiHbIM Be3eHUEeM. AHAIOrny-
HBIM 00pa30M OOCTOUT AeJI0 C TPUMEHEHUEM
HOPM Ha TPAHCTOPTUPOBKY IMPOJETHBIX
crpoeHuii — OCCITAK 01-01-01-050, 04-02-
01-025, 04-02-01-026, 01-01-02-050, yuu-
THIBAIOIIIMX ropa3no 6oJjiee JErKue U3neaus
U WHBIE TeJeXKHU. 3aTpaThl Ha YCTPOMCTBO
(6eToHUpPOBaHUE) MPOJETHBIX CTPOCHU I
UMEETCST BO3MOXHOCTD YUECTh T10 paclieHKe
OEPX 30-02-024-01, koTopast yuuTbIBaeT
TPOCTYIO JepeBIHHO-(aHEPHYIO OTaTyOKYy.
IIpu GeToHUpPOBAHUU KOPOOYATHIX OATOK
B TIPOJIETE TIpe/IioaraeTcsl NCIoIb30BaHNe
CITeIIMAIbHOTO TIEPeCTaB/IsSIeMOTO KOMITIEKTa
TTOAMOCTE M 1 OTTaTyOK1, KOHCTPYKIIUS U CO-
cTaB paboT IJIsI KOTOPBIX 3HAYUTETLHO OTJIN -
YaloTCs OT YITEHHBIX PACIIEHKOI.
OnucaHHas cuTyauusi Ipu NpopadoTKe
npoekta BCM cBsizaHa BOBce He C OIIMOKOI
JOO YMBICIIOM, a CO CBOETO poja 6e3bICX0-
HOCTBIO, TTOCKOJIBKY B CMETHO-HOPMAaTUBHOMN
0a3e OTCYTCTBYIOT COOTBETCTBYIOIIIME HOPMBI
U paclieHKH, B TOM YHCJie Ha TpeOyeMble Ma-
ITWHBI ¥ MEXaHU3MBbI. [[JIsl OTHOCUTEIBHO He-
OOJTBIIINX TIPOEKTOB, IJIe HOBbIE KOHCTPYKITUU
U3MEPSTIOTCS EIMHUIIAMU, TOTTYCTUMBIM SIBJISI-
€TCSl METOJI MICKYCCTBEHHOM TTPUBSI3KM HECO-
OTBETCTBYIOIIIMX PaCIIeHOK. ABTOPOM OITpe/ie-
JIEHO, 4TO, HAaI[pUMep, CHIDKEHUE CTOUMOCTH
MPOJETHBIX CTPOCHUI Ha ONMH MPOIEHT
obecrnieurMBaeT 3KOHOMUYECKU 3 deKT mo-
psiaKa 5 MUTH py0. Ha KUJIOMETp Tpacchl. B ipo-
eKTe TpearoaraeTcst mouTu 64 KuiomeTpa
3CTaKajl yIIOMSHYTOI KOHCTPYKIIMH, TOTOMY
a0COJTIOTHASI BeJTMYMHA BO3MOXHOM OIIMOKYN
SIBJISIETCS] 3HAUMMON B 001Lel CyMMe CMETHOI
CTOMMOCTH CTPOUTENIBCTBA. B 3T0i1 CBSI3M clie-
JTyeT CYUTATh SKOHOMUYECKH 11e7IeCO00pa3HbIM
paccMoTpeTh BOITPOC 00 MHUIIMALIMY TTPOILIEC-
ca pa3paboTKM HEJOCTAIOIIMX HOPM U paclie-
HOK, a TAKXKe 3aTpaT Ha SKCTUTyaTalliio MaliuH
C TIOCTIETYIOIITMM BKJTIOUEHUEM B peecTp dene-
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paJbHBIX CMETHBIX HOPMATUBOB COTJIACHO
npukazy Munctpost Ne 413 o1 02.06.2015 .

OTMeueHHas 0COOEHHOCTh He TO3BOJISIET
CUMTaTh BO3MOXHBIM HCITOJIb30BAHUE YUTEH-
HBIX BJIEMEHTOB TIPSIMBIX 3aTpaT P TTOCIIe-
JIyIollleM pacuéTre OoakeTa MpoeKTa, NMpu
B3auMopacuérax u T.n. TpeOyeTcss KOHKpeTHU-
3a11UsT IPOEKTHBIX PEIIeHUH 1 MpeBpalleHne
WX B TUTIOBBIE JIJISI TPAHCITOPTHOTO CTPOUTEITb-
cTBa [24], B TOM 4yMClie MYTEM BOCITOJHEHUS
npoOesoB B CMETHO-HOPMAaTUBHOM 6a3ze. D10
TTO3BOJIUT HE TOJBKO PEIINUTh IMPOOIEeMBbI BbI-
0opa B paMKax IIpoeKTa, HO 1 000TaTUT METO-
JIOJIOTHIO YIIPaBJIEHUsT pa3BUTHEM KauecTBa
00BEKTOB CJIOXHOW TPUPOIBI, K KOTOPHIM
OTHOCUTCSI MTH(PACTPYKTYpa BLICOKOCKOPOCT-
HOro TpaHcropTa [25].

SAKJIIFOMEHUE U OBCY>KOEHUE
DKCNepTHO-aHATUTUYECKAST IESITETbHOCTD,
pa3BEPHYTAs B HACTOSIIIIEE BPEMSI BOKPYT TEMbI
CTPOUTEThCTBA B POCCHM BEICOKOCKOPOCTHBIX
JKEJIE3HBIX MOPOT, TIOJHUMAET PSii HAyIHBIX
U TIPAKTUYECKUX MPobseM, 00Jaaatonmx Me-
TOIMYECKO HOBU3HON M 0a3MpYIONINXCS Ha
WHOW HOPMATUBHO-TEXHUYECKOU MOIEIN.
ABTOpPOM BBITIOJTHEH aHaM3 3aTpar MpoeKTa
B YaCTW UCKYCCTBEHHBIX COOPYKCHUI 1 3eM-
JISTHOTO TIOJIOTHA, BKJTIOYAsl €T0 YKpETUIeHHE.
J17151 3TOr0 OCYILIECTBIIEH 0030P OTEUECTBEHHBIX
" 3apyOeXXHBIX MOIXOM0B K KPUTepUATbHON
OIIEHKE TPOEKTHBIX PEIICHUI, PaCCMOTPEHO
MPaKTUIECKOe TTPUMEHEHNE TIOHATH paliio-
HaJIBHBIX chep MPUMEHEHUST KOHCTPYKITUA.
Pemenue npukitanHbIX 3a1a4 BHIOOPA BBITION-
HEHO Ha mpuMepe HauboJsiee KamuTaToeMKIX
3JIEMEHTOB MH(PACTPYKTYPhl — HACHITIeH
u actakaj. [TorydeHHBII pe3yabTaT 10CTaTou -
HO WHTEPECEeH C TOYKU 3pEeHMS BhIOOpa TyTei
COBEPILIEHCTBOBAHMSI IIPOEKTHOTO JIeJIa v CMET-
HBIX HOpMaTUBOB. B Hacrosiee BpeMs Bce
BO3MOXHBIC TIPUHIIUTINATbHbBIE BApUAHTHI
YCTPOICTBA MarucTpain 00agatoT MOHOTOH -
HBIMU Pa3TUIMSIMU B OOIIIEH BeIMIMHE KT -
TaJILHBIX 3aTPAT Ha BCEM IMATIa30HE BBICOT. DTO
TIPUBOJIUT HAC K BBIBOAY O TOM, UTO MOUCK
JI00AJIbHOTO Pe3yJibTaTa B BUJIE CHUKEHMUS
WHBECTULIMI Ha TpoekT BCM B 1ieJ1oM 1oJKeH
BECTUCHh B MJIOCKOCTU KOHCTPYKTUBHO-
TEXHOJIOTUYECKOTO COBEPIIIEHCTBOBAHUS OT-
JIEJTbHBIX 2JIEMEHTOB MH(MPacTpyKTyphl. [1pu
3TOM PEe3yJIBTaT TPACCUPOBAHUST MaruCTPaIn
OTIpEJIETISIET 3aTPATHOCTD €€ COOPYKEHUS TIpe-
WMYIIIECTBEHHO 3a CUET IJIaHa TyTH, T.e. TIPO-



TSDKEHHOCTH, HAJTMYMSI KPUBBIX U T.IT. BbIcOT-
HbIE € CUTyallud Ha MPOIOJbHOM Mpoduiie
SIBJISIIOTCSI MEHee 3HAYMMbIMU, YTO OTIIMYAET
npoekT BCM oT TpaaulIMOHHBIX XeJIe3HbIX
nopor. TpaauIMoHHbIE pellieH ST, OCHOBaHHbIE
Ha ONTUMU3ALMU KOHCTPYKIINIA, TIPU TTPOEK-
tupoBaHu BCM orpaHuuuBaioTCs BO3pOC-
UMY TPEOOBAHUSIMM TEXHUUECKUX YCITOBUI
M0 TMHAMUKe, 0€30TTaCHOCTH, 3KOJOTUH.
CepbE3HbIM (HaKTOPOM, OCIOXKHSIOIIUM COTO-
CTaBUTEJIbHYIO CTOUMOCTHYIO OLIEHKY, SIBJISIET-
Cs1 HEKOMIUIEKT CMETHO-HOPMAaTUBHOM 0a3bl
BYaCTH HOPM U paclieHOK Ha MPUHITUITUAIBHO
HOBBIE PAOOTHI.

ITonHsTHIE TPOOAEMBI SIBJISIIOT COOO0I Mep-
CTIEKTUBHBINA MyTh Pa3BUTUS 9KOHOMUKH
TPAHCTIOPTHOT'O CTPOUTEBCTBA B C(hepe BBICO-
KOCKOPOCTHOTO KEJIE3HOIOPOKHOTO TpaHC-
ropra.
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Economic Prerequisites for Assessing
the Scope of Application of Transport
Engineering Structures
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ABSTRACT

The objective of the study is to search for effective
design solutions while expanding the passenger
transportation network through high-speed rail
development. Engineering structures, which occupy a
significant part in the infrastructure of high-speed lines,
require a revision of approaches to economic and feasibility
evaluation of design solutions. The economic problems
associated with the design process of HSR are considered,
as due to different conditions and standards in divers
countries, it became necessary to adapt design solutions
through economic feasibility studies. The topicality of the
problems of optimization of structures is due to the
significant amount of work that can be initiated with the
expected start of development of separate high-speed rail
lines in Russia. The research significance consists in
updating traditional approaches of the feasibility study in
relation to the new tasks of railway construction.

The study was based on publications of domestic and
foreign researchers in the field of railway infrastructure. For
cost analysis, a standard costing methodology was used
based on the estimated regulatory base. The cost comparison
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of options is presented in the sample cost structure, which
methodically contributes to allocation of compared costs.

The main practical result of the work is deemed to be
associated with formalization of the cost function of modern
engineering structures for HSR. Choosing the embankment
or overpass, the task which is traditional for railways, was
solved on the basis of the analysis of the applied design
solutions. For the roadbed, modern reinforcement methods
necessary for track stability have been considered. When
analyzing the estimated costs for construction of spans,
significant disparities were revealed between promising
technologies and resource-technological models traditionally
used for standard quotations. This casts doubt on the
possibility of using traditional approaches of application of
engineering structures in HSR projects.

To justify the design and technological solutions for high-
speed transport, a whole range of work is needed to jointly
develop both technological schemes and cost standards. As
far as Russian example is concerned, the current budget and
regulatory framework does not allow for reliable economic
feasibility justification of the scope of application of
engineering structures.
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Background. The traditional practicesr of
using these or those design solutions in
construction projects of new railways hasgot a
significant evolutionary path. It is based on
design standards, technological capabilities, as
well as economic conditions that serve as the
basis for project substantiation at the pre-design
stage.

Now, Russian domestic rail transport is on
the verge of a new era in creating a network of
full-fledged high-speed railways (HSR). This
defines a new goal in the field of feasibility
analysis which is providing construction
projects with scientifically sound tools for
selecting design solutions. The peculiarity is
that the current experience has been gained
overalong period of development and operation
of railways with speeds of up to 160—200 km/h,
and its use in the pre-design analysis of HSR
will lead to incompatible solutions that do not
meet the requirements of cost-effective
construction and ease of use. The primary task
at the stage when construction is not started,
but there are design solutions, is to study the
practices of constructing HSR abroad and
select the most effective structural and
technological solutions for Russia with their
subsequent adaptation to the peculiarities of
domestic construction.

In the context of the problems of agglo-
meration development, HSR is quite widely
considered by foreign researchers, e.g.
[1;2].

The experience of examination of design
solutions within the framework of HSR Expert
Council in Russian University of Transport has
revealed several serious problems, requiring the
exploration of corresponding research areas. A
common difficulty in designation of certain
structures, on which the authors [3] focus the
attention, is the lack of practical experimental
data on the behavior of infrastructure elements
at speeds of more than 300 km/h. In any case,
such speeds (300—350 km/h) are considered
the most acceptable for the HSR network in
France, Japan, and China [4]. Despite the
highly developed modelling methods, a similar
situation developed during the design of
Moscow monorail transport system, when the
choice of structures was made without
calculating the indicators of comparative
economic efficiency, only on the basis of
boundary technical conditions, which finally
turned to be overstated.

This experience is a warning before
implementation of much more capital-
intensive projects of construction of HSR
urging at the stage of expert discussion to
identify «weak points» in the economic sense
and propose economically feasible solutions for
their optimization. One of the similar problems
considered by the author was the choice
between embankment and overpass when
designing the route. This choice in transport
construction in the vast majority of cases was
decided in favor of embankment even despite
the fact that at the time an insufficient
productivity of machinery for construction of
the roadbed was felt quite sharply, increasing
the road construction time. Domestic and
foreign designers used viaducts only under the
conditions of particularly difficult terrain
(category IV) [5]. The use of the viaduct was
justified by technical impossibility of the
embankment arrangement. For more favorable
tracing conditions, a comparison of estimated
costs for construction of an overpass and
embankment has always determined the latter
as a cost-effective option [6]. Similar views exist
among researchers in the field of non-rail high-
speed transport [7].

Accepting this regularity as a rule is
permissible for new broad gauge railways, albeit
with a significant caveat as the ratio of
technological, cost, environmental, and social
factors is not constant when comparing the
option; their quantitative proportions change
over time and so the areas of rational use of
designed constructions also naturally change.
However, in relation to conventional railways,
the relevance of this problem is limited by the
small volumes of their construction [8]. The
volume of construction provided by e.g. two-
track HSR Moscow—Kazan project was of
760 km, while the route was supposed to be laid
in fairly uniform conditions with the prospect
of being extended to Yekaterinburg [9, p. 1].

The second reason for revision of previously
identified patterns is a fundamental difference
in design conditions. In this case, the
construction divisions should initially be
focused on the use of effective solutions, on
mastering rational technologies as standard
solutions, on purchase of appropriate
equipment. Competing options when choosing
engineering structures are European [10; 11]
and Chinese [12] technological schemes of
operation of transport systems.

177



178

Pic. 1. HSR overpass of low height in China (http://news.southcn.com).

Materials and methods

The above prerequisites determined the
choice of research topic which is the search for
economically feasible areas of application of
embankments and overpasses for HSR. The
main design solutions used for comparison were
compiled according to the design documen-
tation developed at the time for construction
of the first Russian separate Moscow—Kazan
HSR.

It is worth highlighting that issues of
selection and justification of types of engineering
structures are most relevant for promising roads
that implement the principle of magnetic
levitation. V. E. Kraskovsky in his works [7]
noted that the share of overpass sections can
reach 100 %, however, sections with embank-
ments used as formation remain, and the
technical possibility to arrange magnetic
suspension systems is maintained even if the
subgrade option is applied in a project. The
factors reinforcing the role of overpasses are
cited by the author in the form of a combination
which is traditional for HSR, They include
prevention of cross-cutting of lands used in the
national economy by the railway, reduction of
possible alienation of lands, and traffic safety
at high speeds. Dynamic interactions of rolling
stock and track infrastructure facilities are
boundary conditions in the problems of
economic comparison due to their impact on
traffic safety [13; 14]. This allows us to make a
judgment that the set of reasons for designing
the entire route using overpasses is the same as
compared to traditional rail transport.

The authors’ study [15] on climatic features
regarded as a factor affecting economic benefits

is also similar to the traditional conclusions on
the rational field of application of embankments
for railways. Abroad, development of line
bridge building technologies for construction
of long overpasses led to a decrease in the
practical border allowing use of that decision
to 5—7 meters. This is confirmed by the
experience of designing Chinese HSR, where
overpasses are successfully used, starting from
a height of 6—7 meters (Pic. 1).

When carrying out an economic analysis of
the costs of construction of embankments, one
should proceed from the fact that quality of the
soil massif has a significant impact on both
technical solutions and the cost of the
embankment. The problem of strengthening
embankments and of construction of HSR
overpasses has been sufficiently resolved in
international practices [16], however, the use
of foreign economic comparison criteria is
unacceptable due to the difference in the
structure of construction costs in different
countries. In design practice, the established
term «soft soils» is adopted, and its meaning is
not so much geomorphological as form-
forming for linearly extended structures.

Here it will be appropriate to mention one
of the principles formulated by V. M. Fridkin
when solving the problem of optimal
configuration of a complex of engineering
structures: «The optimization problem must be
solved taking into account the scenarios of the
behavior of the structure during its operation.
Such scenarios should reflect options for the
economic, natural and social conditions of
construction and its maintenance changing
over time. In optimization algorithms, it is



necessary to link the choice of values of design
quality factors with achievement of a
coordinated optimum of economic criteria
under various (primarily normative) scenarios
of operation of a structure» [17, p. 88]. This
approach can, among other things, be applied
in calculation of aggregated cost indicators, as
mentioned earlier in the author’s works [18].
The consolidation of normative indicators of
estimated cost with reference to the mentioned
«design factors» allows us to determine effective
options by the criterion of minimum capital
costs. The economic consequences of the
operational phase have different properties: the
structure of cost meters and their probabilistic
characteristics do not allow them to be linked
to design solutions. For this reason, to select
an effective solution, it is advisable to aggregate
indicators of capital investments and operating
costs.

The most common method is the use of
the reduced construction and maintenance
costs as a comparative criterion. Its application
in domestic practices preceded modern
approaches to comparison based on discounted
flows [19], however, at present, it remains
possible to compare individual technical
solutions based on the reduced costs. We are
talking mainly about the structural elements of
a facility, which do not have separate economic
value, and do not affect the technological
model of the structure. As example we can
mention different options for supports,
foundations, facing materials, provided that the
dimensions, loads and reliability of the
structure as of a whole are maintained. In a
similar way, we can determine the effectiveness
of replacing some types of culverting engineering
structures with others, e.g. small bridges with
pipes.

In accordance with the requirements of
current methodological documents, cash flow
discounting should be applied, including when
introducing innovations. Since the issues of
application of new solutions in the promising
HSR projects are at the core of the problem of
choosing the optimal infrastructure facilities,
and if we consider Russian example, STO RZD
[corporate standard] 08.005-2011 «Innovation
in JSC Russian Railways. The procedure for
evaluating the effectiveness of innovative
projects» should be used. The main indicators
for comparison are: net present value stream,
profitability index and payback period. For the

selection problem considered in the article,
within the framework of a large investment
project, the author proposes the criterion Cf,
which is a discounted flow:

T
Cr=NPV =Y CF,(1+r)"
t=1

where CF, is annual cash flow determined by the
innovative solution option;

FE is discount rate;

T is settlement period.

In this case, it is assumed that there are
definable financial flows that can be associated
with each option of the technical solution, while
there is no need to adjust the payback period of
the entire project with each calculation.
Nonlinearity with respect to time is specified
through the standard factor (1+E)!'. This
calculation procedure is very convenient and
justified for the railway facilities when the
revenue model from transportation or any other
activity is within the same conceptual model. If
we are talking about an element of the transport
infrastructure, including expanding the scope of
its application in the project, the profitable part
of the flow cannot be determined directly. A
situation arises of a methodical «crossroads»
when there are several solutions to the problem,
and the choice is determined by the degree of
qualification, freedom, and interest of the actor.

Based on this, it becomes possible to carry
out a cost comparison within an optional
statement, avoiding full calculation of costs
according to the traditional structure of estimated
cost. The advantages of this method should also
include the fact that there is no formal need for
indexing costs. The content of indicators is
determined by the current technology for
creating products at the time of calculation. This
is equivalent to the principles of considering the
technological model in designing estimation
standards, when the once considered technology
exists in the regulatory framework, providing not
only calculation of absolute cost indicators, but
also accuracy in comparative economic analysis.

To resolve the issue of effective areas of
application of described engineering structures,
one should rely on the existing experience in
construction of HSR. At present, the Chinese
high-speed rail system should be considered the
most suitable model for designing HSR network.
There are several reasons for this:

* territorial layout of the network, its size,
network density and location of gravity areas are
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more consistent with Russian conditions than
similar indicators of European and, especially,
Japanese HSR;

* prevailing geomorphological forms and
climatic features of the northern part of China
have sufficient tracing conditions in terms of
complexity;

* climate in the northern provinces of China
has similar requirements for construction and
operation of both embankments and overpasses;

+ land use system and relative indicators of
the value of land alienation are similar to the
Russian Nonblack Soil Zone [includes Central,
North-Western, Northern and some other
economic areas of the European part of the
territory of the country — ed. note]. It should also
be noted that the level of environmental
requirements limiting some design solutions is
comparable to Russia.

However, along with general features, there
are serious differences associated mainly with
different technological levels of the construction
facilities in Russia and other states with a
developed network of HSR. A feature of Russian
railway construction is traditional development
of machinery for earthworks. Thanks to this, at
present, implementation of large volumes of
earthwork has ceased to be a determining factor
in choosing the route option. This aspect is most
significant for railway lines with maximum
gradient which is higher than the average ruling
grade of the terrain.

This determines the rather high significance
of practical height of the transition zone from
the embankment to the overpass. In this case,
the practical height should be understood as the
average embankment height in the zone of
transition to an overpass established in the
practices of project activities. Such a transition
has traditionally been used on approaches to
bridges over certain obstacles. Hence the
question of replacing the embankment with an
overpass on long sections of the route without
the presence of localized intersected obstacles
until the beginning of the active growth of urban
agglomerations in recent decades has not been
massively considered in domestic practices.
Elevated sections instead of embankments began
to appear in design solutions in cities and under
difficult engineering and geological conditions
when designing non-high-speed railways. Yet at
the beginning of 20" century embankments with
a height of more than 20 meters were competitive
due to technological development of their

construction [20, p. 262]. In many respects this
was facilitated by maintainability of track ballast
superstructure, which made it possible to
compensate for the precipitation of the subgrade
by adding a ballast prism.

The appearance of high-speed lines arranged
along the ballastless track immediately
determined a new level of requirements for
permissible deformations of «bed/foundation —
embankment» system. The inability to straighten
the track in the traditional way involves necessity
for small precipitation during operation, as small
that it is almost impossible to provide them with
traditional roadbed design. The design features
of embankments of high-speed highways can be
considered at the examples of the developed
HSR network in China. As a measure to reduce
the operational sediment, an integrated approach
is used, which includes installation of a pile
foundation of the embankment, reinforced soil
structures (geogrids, laying of bentonite mats,
increased compaction of the body of the
embankment and, finally, replacement of the
upper part of the embankment with protective
layers). Such a saturation of the roadbed with
engineering elements leads to a significant
increase in estimated costs per kilometer of
track. Also, when comparing with embankments,
one should consider the wider main foundation
site of 14,2 m for HSR.

The reinforcement of embankments is a
synthesis of previously known technical
solutions, but the mass practices of reinforcement
in domestic railway construction are missing
because of specific dynamic interactions [21].
For this reason, an analysis of the cost of
reinforcement requires a comparison of the
technologies used both in Russia and abroad.
The main criterion for comparing an individual
measure is the cost per 1 km of the route.
Besides, the features of the reinforcement
measures inherent in other types of construction
are subject to accounting, the new types of works
and structures to strengthen the earth masses
being included in the projects.

The strength of the base of the embankment,
insufficient to meet the requirements of the
Special Specifications, necessitates construction
of a continuous pile field with a flexible grill with
geogrid [22]. A flexible geogrid grillage has cost
of construction and installation works of 7,70
rubles per 1 m? in basic prices as of 01.01.2000.
Given that under the HSR project 221
thousand m? of bored piles (BNS) account for



790 thousand m? of geogrid, 1 m® BNS will
require 3,57 m? of geogrid. The correlation of
this indicator with the foreign counterpart
(China) shows the identity in construction of
the «pile—grillage» system, however, the
proportion of sites with a similar type of
reinforcement in the domestic HSR project is
much lower, which reduces the capital intensity
of the construction asa whole. It should be noted
that in the practice of China’s HSR, pile
foundations with a rigid grillage at the level of
the edge of the embankment are used, which
resembles, rather, a simplified buried overpass.

The total cost of construction and installation
works to strengthen the base of «BNS + flexible
grillage» type is from 15 to 31 thousand rubles
per 1 km of the track at basic prices. Moreover,
the cost is primarily dependent on the average
height of the embankment, as shown by the
analysis of seven types of transverse profiles over
70 km of the route.

Research results

Evaluation of the project costs for
construction of the embankment, composed of
sand and rocky soil, is based on the hypothesis
of sufficient strength of the base to exclude
re-consideration of factors. The main
differentiating feature here is also the height of
the embankment. For comparison, the design
data for HSR roadbed is accepted (type 1—17
on the section of ballastless track). This type is
represented by an embankment composed of
gravel and sand mixtures and drainage soils. For
the section «km 97 + 580—Petushki», the average
cost of construction and installation works for
the roadbed taking into account design solutions
is presented in Table 1.

The cost of reinforcing the roadbed with
geotextiles for the same heights of the
embankment is as follows (Table 2).

One of the possible options for strengthening
the base of the roadbed is installation of a pile
field from driven piles 40 x 40, which is provided
for by the project on a 0,212 km long section

Table 1
Estimated cost of construction and installation
works on construction of the roadbed, million
rubles per 1 km at basic prices

Embankment height, m Sand Rock
8 34,4 63,5
10 46,0 90,4
12 58,2 120,0

with an individual I2 profile. The average height
of the embankment in this section is 8,5 m. The
estimated cost of construction and installation
works for installation of piles with grillage is
110,7 million rubles per km of embankment at
basic prices. Similar cost indicators (with a
spread of -8/+13 %) were obtained when
analyzing the market for commercial offers of
works on pile reinforcement of road
embankments.

All the facts cited point to the need to
review the previously existing methods of
economic justification of the areas of rational
use of engineering structures. The «Special
technical conditions for design of «Moscow—
Kazan» section» of Moscow—Kazan—
Yekaterinburg HSR with speeds of up to
400 km/h, developed in Russia (Coordination:
Ministry of Construction of the Russian
Federation, 08.03.16, No. 24651-ec03) say
the same: «When designing the roadbed, the
options for transition of the track from the
roadbed to overpasses and tunnels should be
considered. The decision on transition to
overpasses and tunnels should be made based
on a technical and economic comparison of
design options». Technical purpose criteria
can be determined similarly to those given in
[23], considering domestic safety requirements.
Comparison of options, including for the
purpose of searching effective arecas of
application, should be subject to current
methods for determining economic efficiency.
The identification of discounted cash flows
and the calculation of indicators of comparative
economic efficiency are priority goals

Table 2

Estimated cost of construction and installation works to strengthen the roadbed with geotextiles

Embankment height, m

Cost per 1 km of embankment at basic prices, mln rub

Geotextile with density 300 g/m? (2 layers,
standard solution of profile 14)

Geotextile with density 600 g/m? (2 layers,
standard solution of profile 11)

8 2,7 6,0
10 6,4 14,2
12 13,8 24,3
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Pic. 2. Comparison of the estimated cost of
construction and installation works for embankment
and overpass.

according to a number of currently used
methodological recommendations on
composition and contents of supporting
materials for investment projects (approved
by JSC Russian Railways on November 28,
2016 No. 2396r). However, feasibility of
applying this approach is great only for
projects that have the fullness of qualities both
in the cost part and in return on investment.
Moreover, the differences between the options
should affect most of the financial and
economic properties of the project. Such a
comparison is of great importance in
comparative calculations between different
modes of transport, when choosing a route
option with different areas of gravity. If the
compared objects are parts of a large complex
of structures and do not have differences in
cash flows of return of funds (revenue), then
the best way to compare is to calculate
construction and maintenance costs. This
allows in a fairly simple way to get a local
optimum in a large system, improving its final
economic indicators. Also, in this case, the
significance of value standards increases, since
a detailed analysis focuses on the cost norms
during construction and operation of an
object, excluding their ignoring in the
numerically large cash flows of the project as
a whole.

The issue under consideration is typical for
the case of choosing between a roadbed and a
bridge structure for high-speed traffic, and the
costly comparison criteria in this situation are
prevailing, since the structural parts of the route
compete with each other, and the general
economic effects obtained in operation are
unchanged. The reduced construction and
maintenance costs Epr for time-variable values
are determined by the formula:

i o)
(_) el
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where K and C, are capital investments and
operating expenses (current expenses) at the #-th
step (year), respectively;

v is share of tax deductions from profits.

The costs of operating HSR infrastructure are
currently the subject of a separate discussion, this
allows us to consider the task of comparison in
stages, starting with the capital costs of
construction. Pic. 2 shows the capital costs of
building competing construction options
depending on embankment height.

As can be seen from the graph, in the range
of rational differences in elevations of the route
and the earth’s surface (5—20 m), costs are
«stratified» by options without intersection points,
i.e. the subgrade design is competitive regardless
of embankment height. At the same time, it
should be noted that the cost of this or that variant
of the roadbed is highly dependent on the degree
ofits strengthening. Some types of reinforcement
(with the base of the embankment on driven
prismatic piles) are comparable in cost to
overpasses. In turn, the overpass option of the
road can be made cheaper by industrialization of
production and optimization of design solutions.

A feature of determining capital costs for
construction of HSR infrastructure facilities is
the novelty of structures and technologies for
domestic construction. As a result of this, a
reliability problem arose in determining the
estimated cost of structures, in particular span
structures of overpasses, ballastless track,
embankments. The results of previous studies
indicate that an analysis of the existing features
of determining the estimated cost of spans and
development of recommendations for improving
accuracy are mandatory. To implement these
tasks, it is necessary to consider not only
construction of spans, but a complex of structural,
technological and organizational solutions, taken
into account in design of the bridge.

As a result of the analysis of project
documentation, as well as comparison with
available documents of the estimation regulatory
base, controversial issues were identified in
calculation of investment costs for the structures
under consideration.

The use of some estimation norms and prices
for bridge structures cannot be considered
justified. So the price OERZh 30-02-005-05 for
installation of reinforced concrete bridge spans

E,=



for a single railway track up to 34,3 m in length
by cantilever cranes was developed for typical
prefabricated two-block spans. The resource-
technological model, taken into account in this
case, is very different from the expected
technology when installing box-shaped beams
under two tracks with a lock crane. The
maximum possible solution in the existing
regulatory framework is replacement of GEPK
mounting crane, considered in the price, with
Gottwald AMK-306-83 crane, though the latter
by its features is unsuitable for installation of
designed span structures. Since the spans for
HSR are designed double-track, there is a need
to link the prices (with a meter that can be
formulated as «the «span for 1 track») to the
project scope. In such a situation, objectivity of
estimating the upcoming installation costs by
applying the existing price with a coefficient
equal to two can only be associated with random
luck. The situation is similar with application of
norms for transportation of spans (OSSPZh
01-01-01-050, 04-02-01-025, 04-02-01-026,
01-01-02-050), which consider much lighter
products and other bogies. The cost of
arrangement (concreting) of span structures can
be considered at the rate of OERZh 30-02-024-
01, which considers simple wooden-plywood
formwork. When concreting box girders within
the span, it is assumed to use a special rearranged
set of scaffolds and formwork, the design and
scope of work for which significantly differ from
those considered by the rate.

The described situation during development
of HSR project is not connected at all with a
mistake or intent, but with a kind of hopelessness,
since there are no corresponding norms and prices
in the estimated regulatory base, including with
regard to the required machines and mechanisms.
For relatively small projects where new designs
are measured in units, the method of artificially
linking inappropriate prices is acceptable. The
author has determined that, for example,
reducing the cost of spans by one percent provides
an economic effect of about 5 million rubles per
kilometer of track. The project assumes almost
64 kilometers of overpasses of the mentioned
construction, therefore the absolute value of the
possible error is significant in the total amount of
the estimated construction cost. In this regard, it
should be considered economically feasible to
consider the initiation of the process of developing
the missing standards and prices, as well as the
costs of operating the machines, followed by the

inclusion in the register of federal estimation
standards in accordance with the order of the
Ministry of Construction No. 413 dated
02.06.2015.

The noted feature does not allow us to
consider it possible to use the considered elements
of direct costs in subsequent calculation of the
project budget, in mutual settlements, etc.
Specification of design decisions is required,
turning them into standard ones for transport
construction [24], including by filling in the gaps
in the estimation regulatory base. This will not
only solve the problems of choice within the
framework of the project, but will also enrich the
methodology for managing the development of
quality of objects of complex nature, which
include high-speed transport infrastructure [25].

Conclusion and discussion

Expert and analytical activities currently
unfolding around the topic of building high-
speed railways in Russia raise several scientific
and practical problems of methodological
novelty and based on a now different regulatory
and technical model. The author has performed
an analysis of the project costs in terms of
engineering structures and roadbed, including
its strengthening. To this end, a review of
domestic and foreign approaches to criterial
assessment of design decisions has been carried
out, and the practical application of the concepts
of rational areas of application of structures has
been considered. The solution of applied
problems of choice is made at the example of
the most capital-intensive infrastructure
elements which are embankments and
overpasses. The result obtained is quite
interesting from the point of view of choosing
ways to improve the design works and estimation
standards. Currently, all possible principal
options for construction of the railway have
monotonous differences in the total value of
capital costs over the entire range of heights. This
leads us to the conclusion that the search for a
global result in the form of reduced investment
in HSR project as a whole should be carried out
in the plane of constructive and technological
improvement of individual elements of the
infrastructure. At the same time, the result of
tracing the railway determines the cost of its
construction mainly due to the track plan, i.e.
length, the presence of curves, etc. The problems
linked to the heights on the longitudinal profile
are less significant, which distinguishes the HSR
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project from traditional railways. Traditional
solutions based on structural optimization in
design of HSR are constrained by the increased
technical requirements for dynamics, safety, and
ecology. A serious factor complicating the
comparative valuation is the lack of estimation
regulatory base in terms of norms and prices for
fundamentally new works.

The problems raised represent a promising
way for development of the economy of transport
construction in the field of high-speed railways.
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Hos16pst 2019 Toma TIeHap-
2 1 HBIM 3aCeIaHUEM 3aBEPILIM-

Jjlach MpOBOAMBIIASICS B
TpUHAILATBINA pa3 exerogHas «ITpaHc-
MOPTHAs HEeJEsI».

B xone «TpaHncnopTHOII Heaean» Co-
CTOSIIICS PSIJ BaXHbIX MEPOTPUSTUI:
XIII MexmyHapomHbiii hopyMm «TpamHc-
nopt Poccun», XIII MexnyHapoaHas
BeicTaBKa «Ipancnopt Poccun», Koop-
JNIMHALIMOHHOE TPAaHCIIOPTHOE COBEILIAaHKUE
rocynapctB-ydacTHUKoB CHI, XI Mexmy-
HapoJHas criapTakuaaa CTyAeHTOB TpaHC-
MOPTHBIX BBICIIMX YYeOHbIX 3aBEICHUIA,

® MWP TPAHCIOPTA, Tom 17, N2 6 (2019)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

MexayHaponHbli (pecTrBaIb TBOPUECTBA
CTYJIEHTOB TPAHCITOPTHBIX BBICILIUX yueO-
HbIX 3aBeAeHul « [paHCTAPT», BpyueHue
VI HauunoHanbHOM IIpeMuU 3a JOCTUKE -
HUS B 00J1aCTU TpaHCTIOPTa U TPAHCITOPT-
HoM mH(pacTpyKTypsI «DopMmyria IBILKe-
HUsI», popyM «OpraHu3aums J0POKHOTO
nBmkeHUs B Poccuiickoit Denepainm»,
JIpyrre BaXHbI€ COOBITHUSI.

B aTOoM romy B MEpOnpUsITUSIX TTPUHSLIU
ygacTtue mpeactaButenan 42 ctpaH u 71
poccuiickoro pernoHa. @opyM 1 BEICTaB-
Ka «Tpancnopt Poccumn» 06111 mpuypoue-
HBIK 210-71eTHIO pOCCHUITCKOTO TPAHCTIOPT-

.17,1ss.6 (2019)



HOT'O BEIOMCTBA M TPAHCIIOPTHOIO 00pa-
3oBaHus. [lemoBast mporpamma @opyma
BKJIIOUMJIA TPU HarpaBieHus: « HTerpa-
1usi», « MHDpacTpykTypa» u «IlepeBo3ku».

bobuto 3aknoueHo 48 cornameHui
0 B3aMMOJIEHICTBUM 1 COTPYTHUYECTBE, UYTO
MPaKTUYECKX BIBOE OOJIbIIIE TTOKAa3aTesst
npoiioro roga. B pamkax ®@opyma 6bu10
npoBeneHo 31 MeponpusiTie B JIeJOBOM
(opmate, Ha KOTOPBIX BHICTYIWIN OoJiee
250 cnukepoB. COBOKYMHO B J€JIOBOM
nporpamme npuHsuia yuactue 3000 yeno-
BeK, B BbicTaBke — Oosiee 100 aKCroHeH-
TOB, CTE€HIbI KOTOPbIX ocMoTpesno 12000
TOCETUTEJIEH.

«2019 ron mis TpaHcmopTa ObLT MO-
3UTUBHBIM, 00bEM MHBECTULIMI B TPAHC-

® MWP TPAHCIOPTA, Tom 17, N2 6 (2019)

MOPTHYIO UHDPACTPYKTYPY BbIpOC Oosiee
yeM Ha 14 %. 2,4 TpJiH py0. B 3TOM roay
ObLIO MPUBJIEYEHO HA TPAHCIIOPT, U3 HUX
1,5 TpJIH — UHBECTULIMU BHEOIOIXKET-
Hble. Mbl UAEM B XopolieM rpaduke
U pacCUMThIBaEM B OyayllleM roay Mpu-
OMM3UTHCS K 2 TPJAH pyO. UHBECTULIMIA
B TPAHCHOPT U TPAHCIIOPTHYIO UHDpa-
CTPYKTYPY», — OTMETUJ MUHUCTP TPaHC-
nopta EBrenuii Autpux.

ITo MaTepuaiam u ¢ HCIOJIb30BAHHEM
tororpadmii opunuanbLHOro Beo-caiira
MunucrepcTa TpaHcnopta Poccnu
https://www.mintrans.ru/press-center/
news/ M Be0-caiiTa MeponpusATHS
https://transweek.ru/2019/ru®
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he plenary session on November 21,
I 2019 was the final event of the yearly
«Transport Week» held this year for

the thirteenth time.

A number of important events held
during the Transport Week comprised the
13™ International Transport Forum of
Russia, the 13™ International Transport
of Russia Exhibition, the Coordinating
Transport Meeting of CIS Member
States, the 11" International Sports
festival of the students of Transport

® MWP TPAHCIOPTA, Tom 17, N2 6 (2019)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Higher Education institutions, the
International Festival of Student Creati-
vity «TranspART», the awarding of the
6" National Formula of Movement
Award for the merits in the field of
transportation and transport infrastruc-
ture, Road Traffic Organization forum,
and other important events.

This year’s events were attended by
representatives from 42 countries and 71
regions of the Russian Federation. Forum’s
business program included three core

.17,1ss.6 (2019)



fields: integration, infrastructure, and
transportation.

48 interaction and cooperation
agreements were signed, which is almost
double the number of the previous year.
Within the framework of the Transport
of Russia Forum, 31 business events
were held, attended by more than 250
speakers. More than 3000 participants
took part in general business program,
100 exhibitors participated in exhibition
that was visited by more than 12000
persons.

According to Evgeny Ditrich, the
Minister of Transport of Russia, «2019
was a positive year for transport, the

® MWP TPAHCIOPTA, Tom 17, N2 6 (2019)

volume of investments in transport
infrastructure grew by more than 14 %.
The amount of 2,4 trillion rubles was
invested that year in transport sector, of
which 1,5 trillion were extra-budgetary
investments. We follow the good schedule
and expect to approach 2 trillion rubles
of investment in transport and transport
infrastructure next year».

Compiled using materials and photos

of the official website of the Ministry of
Transport of the Russian federation
https://www.mintrans.ru/press-center/
news/ and of the website of the event
https://transweek.ru/2019/en®
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AnekTpoBenocuneabl B ropoacKom
cpepne: nepcrneKkTuBbl U orpaHuyYeHus
NPMMeHeHud B Meranosmcax

AmuTtpuin SABbSAAJIOB Onbra BbIKOBA

Pa3BuTne TpaHCNopTHOV CUCTEMbI, OTBEYaloLL el
Kak TpeboBaHUSIM XuTesier no obecrneyeHmnio Mo-
OUILHOCTY MPY COXPaHEHUN 3KOJI0rv roposaa, Tak
v TpeboBaHusIM bru3Heca, HyxaaroLerocsi B a¢ppek-
TUBHOM JIOTUCTUHECKOM CUCTEME — aKTyasibHas 3aja-
ya 60/1bLLIMHCTBA MeranosucoB. MockBa, He sBisISiCb
UCKITIOYEHNEM, MPUKIIEAbIBAET 3HAYUTESIbHbIE YCUIINS
JU151 Pa3BUTUSI TPAHCIIOPTHOM CUCTEMbI ropoAa, UC-
nosib3ys Kak TPaaNLUNOHHbIE METOAbI YBE/INYEHNS
rpoyCcKHOM criocobHOCTY aBTOAO0POr, Tak v Pa3Bu-
Basi ropoACKYI0 MHPPACTPYKTYPY AJ151 UCMOJIb30BaHNS
BEJI0TPaHCropTa, CrioCOOHOro CHU3UTL Harpy3Ky Ha
006LLEeCTBEHHbIV TPAaHCNOPT ropoaa v rnoBausTe Ha
BKOHOMUKY 1 3KOJ1I0rvio ropoga. B nocneaHee Bpemsi
Ha ynvuax ropoga ctasl nosiBAsiTbCS 3J1eKTPOTPaHC-
nopT MHANBUAYA/IbHOIO UCI0JIb30BaHWs: 3J1eKTPO-
Besiocunebl, 3J1eKTPOCaMOKaThI.

Llenbio cTatby IBJISETCS pacCMOTpeHUE rpobiem
Y oLeHKa rnepcriekTuB NPUMeHeHu sl B Merariomcax,

3asvsa06 J[mumpuii Badumosuu — Poccuiickuii
sxoHomuueckuil ynusepcumem um. I'. B. [lrexarosa,
Mockea, Poccus.

buikosa Oavea Hukoaaesna — Poccuiickuii
aKonHomuueckuil ynugepcumem um. I. B. [lrexarnosa,
Mockea, Poccus™.

Ha npumepe MockBbl MHANBUAYA/IbHOIO 3/1€KTPO-
TpaHcrnopTa Kak C PEKPeaLmoHHbIMU, Tak 1 YTUIN-
TapHbIMY Lienssmu. B kauecTse MeTo[0B vccienosa-
HWSI UCI10/Ib3YETCS aHaIN3 OnbITa Pa3BUTUSI AaHHbIX
TPaHCNOPTHbLIX CPEACTB 3a PyOEXOM, B TOM 4YuCIie
B ropozACKoOV TPaHCNOPTHOW CUCTEME, aHasin3 HOp-
MaTUBHO-MPaBOBbIX ACMIEKTOB MCIN0J1b30BaHUs
B8J1eKTPOBEJIOCUNEOB AJ1s1 ONPELEsIeHVSI OCHOBHbIX
HanpaBaeHui, TpebyLmnx y4éta npu akTMBHOM
MUCMOIb30BaHNM 371EKTPOBEIOCUNEAOB B FOPOLCKOM
cpege.

ABTOPbI MPOBOAST OLE€HKY BO3MOXHOCTEN nX
MCr0/Ib30BaHusl C Y4ETOM KaTeropuii rpy30B v 0CO-
6eHHocTel maplpyTudauun. [enaetcsi BbIBO4
O r1OTEHLMase NCoJIb30BaHNS 3/IEKTPOBEIOCUNELOB
B Ka4eCcTBe WHCTPYMEeHTa ropoLACKOM JIOrNCTUKY,
a Takxe BblAesIsIioTCs IPenMyLLeCcTBa 9/1eKTPOBESIO-
CcUNenoB Kak albTEPHATUBHOIO ropoACKOro TpaHc-
nopra.

Knoyesbie cioBa: roponckori Ha3eMHbIvi TPaHCIopPT, rPy30rnepeBo3ku, BEJIOTPAHCIIOPT, 3/1eKTPOBEsIO-

cunen.

*MHdbopmaumsa 06 aBTopax:

3aebsnoB AMutpuii BagumoBuy — kaHanAAT 9KOHOMMYECKUX HAYK, AOLEHT, 3aBeaytoLLmii kadbenpom
npeanpuHUMaTENbCTBA U IOTUMCTUKN POCCUIACKOrO 3KOHOMNYECKOro yHuBepcuteTa um. I. B. MNnexaHosa,

Mockga, Poccus, Zavyalov.DV@rea.ru.

BbikoBa Onbra HukonaeBHa — JOKTOP 3KOHOMUYECKMX HayK, npodeccop kadeapsbl
npeanpuHMMaTenbCTBa U IOrmcTukn Poccninckoro akoHoMmnyeckoro yHmeepcuteTa um. I B. MnexaHoBa,

Mocksa, Poccus, Lgaa3@rambler.ru.

Cratbs noctynuna B pegakumio 15.08.2019, npunaTa k nyénukaumm 21.11.2019.

For the English text of the article please see p. 194.



Puc. 1. YaoBneTBOpEHHOCTb MOCKBNYEN YPOBHEM Pa3BUTUSI FOPOACKOIro 061 eCTBeHHOro TpaHcnopTta, 2018 ron
(cocraBneHo aBTopamu Ha ocHoBe uccnenoBaHunii P3Y um. I'. B. lMnexaHoBa).

BBEOEHUE

CoBpeMeHHbIE 3aJa4U Pa3BUTHUS TPAHC-
MOPTHOU CHUCTEMbI MEramoJucoOB B 0OJIb-
IIUHCTBE CTPaH MUpa COCPENOTOYEHBI Ha
BOIPOCAX MOBBIIEHUS TPAHCIIOPTHOM 10~
CTYIMHOCTHU JJISI TOPOXAaH U CHUXEHUS He-
raTUBHOTO BJUSIHUS TPAHCIIOPTHOM CUCTE-
Mbl Ha YCJIOBUS MPOXKUBAHUS XKUTEJIEH 3a
CUET MOBbILIEHUS 3(PPEKTUBHOCTHU yIIpaB-
JIeHWSI TPAHCTIOPTHBIMM TTOTOKAMU U pa3-
BUTHUSI HOBBIX BUAOB TpaHcrmopra. Yacts
peuIeHU I 3TUX 3a1a4 JIEXKUT B MIOCKOCTU
CO3IaHUS pacHpene€HHON TOPOICKON
MHQPACTPYKTYPHI, BHEIPEHUSI MHHOBAIIU-
OHHBIX TPAJOCTPOUTETHLHBIX MPOEKTOB,
OPUEHTUPOBAHHBIX HA CO3[JaHUE MHOXE-
CTBA LIEHTPOB MPUTSKEHUS (KPYITHBIX
TOPTOBBIX LIEHTPOB, MAapKOB, 30H OTIbIXA,
O(UCHBIX LEHTPOB U MPOYUX OOBEKTOB).

B oGnactu ynpaBieHUSI pa3BUTUEM
TPAHCIIOPTHOM CUCTEMBI TOPOIa MPUMEHS -
I0TCS pa3jMyHble METONbI. B mepByio oue-
pelb, OCYLIECTBASETCS MOAEPHU3ALUS
TPAaHCMOPTHBIX MYTE M TPAHCIOPTHBIX
CPENCTB: pa3BUBAIOTCS CETU HA3EMHOTO
U MOA3EMHOTO XeJIe3HOJOPOXKHOTO TPaHC-
MopTa, YTO COMPOBOKIAETCS HEYKIOHHBIM
POCTOM CKOPOCTHU ABUXEHUS, pPACIIUPSIET-
CS YJIMYHO-IOPOXHAs CETb, BHEAPSIOTCS
COBPEMEHHBIE MOJEJIU TPAaHCIOPTHBIX
CpeAcTB — aBTOOYCOB, TPOJJIeiiOyCcOB,
TpamBaeB. [IpakTuyecku Bo BCeX Meramno-
JIMcax MPOBOAUTCS MOJUTUKA MOTUBALIUA
KUTEJEeH K MOJb30BaHUIO yCayraMu obie-
CTBEHHOTO TpaHCHOOpPTa, COBMECTHOMY
HUCTOJb30BAHUIO JIUYHBIX aBTOMOOUJIEIA,
MPUMEHEHUIO IKOJIOTUYECKU Oe30MacHbBIX

TPAHCHOPTHBIX CPEACTB — BEJIOCHUIIEIOB,
CaMOKAaToOB M ZIp.

IlpoBen€HHbBIE 3a MOCJAEIHUE TOJIbI
B MocKkBe MepOTIpUSITHS 110 Pa3BUTUIO T'O-
POIACKOU TPAaHCIOPTHOM CETU U COBEPIIICH-
CTBOBAaHMIO Ka4eCTBA YCIYT OOIIECTBEHHO-
ro TPAHCITOPTA CYIIECTBEHHO MOBIUSIN Ha
MHeHHe MocKkBudYei. [1o pesynbraTtam
npoBenéHHoro POY um. I. B. InexanoBa
B 2018 rony ncciaemoBaHUS XUTEJIU BHICOKO
OLICHMBAIOT YPOBEHbB PA3BUTHSI OOIIIECTBEH -
HOTO TpaHcIiopTa B ropoae (puc. 1).

OnHaKo aBTOMOOMIILHBIN TapK MOCKBBI
Takxke npogoyrkaer pactu Ha 8—10 % exe-
TOIHO, U €XKeTHEBHO I10 TOPOyY TiepeMelra-
orca 3,6 MuiH MamnH'. Bo3MoXHOCTB
MMPUMEHEHMS aJIbTePHATUBHBIX OOIIECTBEH-
HOMY TPaHCIIOPTY M IMYHBIM aBTOMOOMIISIM
BUIOB TPAHCIIOPTA, B YaCTHOCTH, MCITOJIb-
30BaHME JUYHBIX WJIM TTPOKATHBIX BEJIOCH-
MeaoB, OTPAHUYMBAETCS MHOXECTBOM
dakTOpoOB, TaKMX, KaK HEIAOCTAaTOYHASI
pPa3BUTOCTb UHMPACTPYKTYPHI, HEOOXOIM-
MOCTbD IIPE0I0JIeBATh OOJIbIIINE PACCTOSHUS
MEXIy TOYKAaMU MaplipyTa, HU3KUI ypo-
BEHb (PU3UUECKOM aKTUBHOCTHY TopoKaH [1].

Llenpio uccaemoBaHUs SIBASICTCS U3yde-
HUE mpobJieM U OlleHKa IePCHEeKTUB IPH-
MEHEeHHS B Meramojucax, Ha IMpuUMepe
MoCKBBI, MHIMBUAYAJIbHOTO 3JIEKTPO-
TpaHCIIOpTa HA OCHOBE MCIOJb30BaHUS
METOIOB CPABHUTEJIILHOTO aHAIM3a JaHHBIX
1 HOPMaTUBHO-TIPABOBHIX TTOJIOXKECHUIA.

! FoxTime (Toponckoe MHTepHeT-n3naHue).
[DnexTpoHHBbIii pecypc]: http://foxtime.ru/news-
view/v-moskve-rastet-kolichestvo-mashin. Joctyn
12.06.2019.
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SJIEKTPOBEJIOCUNEAODI
B roPOACKOW TPAHCNOPTHOM
CUCTEME

Hcnoap30BaHMEe BEIOCHUITETOB KaK ITOJI-
HOILICHHOTO CPEeICTBAa TOPOICKOTO TpaHC-
ImopTa sSIBIISIETCSI OMHUM M3 HanboJiee aKTy-
aJIbHBIX HANpaBJICHUIN CTPAaTEeTHIECKOTO
pa3BUTUS TPAHCIIOPTHON CHUCTEMBI COBpE-
MEHHOTO MeTarojirca. 3agaJya mepexoma oT
peKpealliOHHOTO MCITOJIb30BaHMsI BEJIOCH-
mema K pelleHUIo0 Cyry0o YTHUIMTApHEBIX,
B YaCTHOCTH, TPAHCTIOPTHBIX 3a7a4, JIOKUT-
¢Sl B OCHOBY MHOT'UX IIPOTPaMM YCTOMIMBO-
T'0 Pa3BUTHUS TPAHCIIOPTHOI CUCTEMBI KPYTI-
HBIX ToponoB [2]. I1pu 3TOM mccienoBaHmsS
ITOKAa3bIBAIOT, YTO MCITOJIb30BAHUE BEIOCH -
nena 3p@eKTUBHO HAa MapluIpyTax HeOOIb-
IIOTO pagnyca — OOBIYHO 10 4—5 KMUJIOMET-
poB [3]. DTo He TpebyeT cephbE3HBIX PU3N-
YeCKUX YCHUJIWI OT HEIIOATOTOBICHHOTO
YeJI0BEKa M 3a9aCTyIO OKa3bIBacTCs OBICTpee,
YeM HCITOJIb30BaHMUE IPYTUX BUIOB TpaHC-
ImopTa, 0COOCHHO B 3aTPYy*KCHHBIX METraro-
mmcax [4]. OgHako, ¢ YIETOM pa3pacTaHUs
TePPUTOPUN METAIIOJNCOB, IJIsI TIPEOa0Ie-
HUs 00JIee IUTMHHBIX PACCTOSTHUMA BEJIOCUTICT
IO CHX IIOp HE CTaJI TTOJHOLICHHON albTep-
HATUBOM OOIIECTBEHHOMY MM YaCTHOMY
aBTOMOOMIBHOMY TpaHcmopty. CuTyamnus
B KPYITHBIX TOPOIaX Hayajia B KOpHE MEHSATh-
CsI TIOCIIEIHIE HECKOJIBKO JICT B CBS3M C IIPH -
XOIOM Ha PBIHOK 3JIEKTPOBEJIOCHUIICAOB,
00BEM Tpomaxk KOTOPBIX IEMOHCTPUPYET
YCTOMUYMBBIN POCT (pHuC. 2).

JNICKTPOBETI

PbIHOK 3JIEKTPOBEJIOCUINEAQOB

B HacTtosg1ee Bpemst 0011MiIT 00BEM PBIH-
Ka 3JIeKTPOBEJIOCUTIEIOB OlleHUBaeTcs B 14,7
mipa nojnapoB CHIA. T1pu aTom exxeroaHbli
MPUPOCT OXUaaeTcss Ha ypoBHe 6,3 % [5].
OCHOBHBIM PBIHKOM 3JIEKTPOBEJIOCUTIENOB
SIBJISIETCST a3UAaTCKO-TUXOOKEAHCKU I PEeTUOH,
TJIe JIMEPOM sIBJIsieTCsT phIHOK Kutast. ImeH-
Ho Kuraii B TeueHue necsITuiaeTus 3aHuMaeT
TepBOE MECTO TI0 TIPOU3BOJICTBY U MPOIAXKE
ajekTpoBesocurenos?. Ha BHyTpeHHeM KH-
TaliCKOM PBIHKE JKCIIIyaTupyeTcs OoJjiee
200 MJTH 2JIEKTPOBEJOCUIIEIOB, a €XKErOIHbIe
npoaaxKu CoCTaBIsIOT nopsiaka 30 MJIH eau-
HUIIL, U3 KOTOPBIX OKOJIO 25 MJIH IpuodpeTa-
I0TCSl HAa 3aMEHY CTapbIM MY U3HOIIEHHBIM
armaparam. B eBpomeiickux cTpaHax Takxke
MOXHO HaOJI0AATh CTPEMUTEIbHOE pa3BUTHE
3JIEKTPOBEJIOCUTIeIa KaK BUIA TPAHCIIOPTA.
B yactHocTu, B [epmanuu B 2018 rony mpo-
JIaXKW 3JEKTPOBEJIOCUIIETOB BHIPOCIHN Ha
36 %, nocturHys ypoBHs B 980 ThIC. € IUHMUIL
[6]. B Humepiangax, raoe Ha 17 MJIH XKUTe -
Jielt mpuxonutcs 6osee 22 MJIH BeJlocune-
noB, no utoram 2018 roga us 1,22 mapn
€BpO MPOJax HOBBIX BEJTOCUIEA0B 823 MJIH
€BPO MPULLIOCH HA 3JIEKTPOBEIOCUTIENHI [7].
Bcero ob110 npoaano 6osee 400 ThIC. eAMHULL
aJieKTpoBesocurienoB, uto Ha 40 % mpeBbI-
CUJIO TIpOJIaky TojoM paHee. Pactymias mo-

2 Mozei 3J1eKTPOBEIOCHIIE/IOB, HCIob3yeMbie B Kurae,
Oosee OJIU3KHU 1O pasMepaM U (PYHKIMOHATY K MOIIEAaM.
IlenanbHblii MEXaHU3M BOIAUTEISMH NMPAKTUYECKH HE
HCIIOJIb3YETCSL.

TVBBIMTOT DAANYCHNYA'



MYJISIPHOCTb 3JIEKTPOBEIOCUIIEIOB OOBSICHSI -
eTcsl UX 00Jiee aKTUBHBIM UCITOJIb30BAaHUEM
B KauyeCTBE OCHOBHOTO BUJA TpaHCIIOpTa
M TIOCTEIIEHHBIM BBITECHEHUEM OOBIYHBIX
Benocunenos. B Hunepnangax oxkosno 60 %
HaceJIeHWs TPOXMWBAIOT Ha PACCTOSTHUU
15 kM oT paboThl [8], 4TO MpeBbILIAET pac-
CTOSTHME CPEIHECTATUCTUYECKO TTOe3IKM Ha
OOBIYHOM BejlocUIene, paBHOW 4—5 KM.
Hcrionb3oBaHne 3JIEKTPOBEIOCHUTIENA TTO3BO-
JISIET YBEIMYIUTD IJIMHY CPETHETO MapiipyTa
1o 10—25 kM 6€3 TOMOJHUTEIbHBIX BpDEMEH-
HbIX U GU3NYECKHUX 3aTPaT.

HOPMATUBHO-MNMPABOBBbIE
ACMEKTbI UCNMOJIb3OBAHUSA
SJIEKTPOBEJIOCUNEAOOB

B smexTpoBemocumenax ycTaHOBJIEH
BIIEKTPUUCCKUI MOTOp, 00eCTIeUNBAIOIINIA
TATY, HO TIPY 3TOM COXPaHSIeTCS BOZMOXKHOCTD
WCITOJIb30BaHUS TPATUIIMOHHON IeaanbHOMN
Taru. CoBpeMeHHBIE MOJIETN JIEKTPOBEIOCH -
TEeIOB MOTYT OBITh CHAOXEHBI KaK 3JICKTPO-
IBUTATEJISIMU HEOOJIBIITON MOITHOCTH, pabo-
TAIOIIUMU IS 00JeTUCHUS DU3NIESCKUX
YCWINIA, TaK U 00JIee MOIHBIMU arperaTaMu,
00eCTIeUNBaIOIINMU ITOJTHOCTBIO AaBBTOHOMHOE
JNBUXKEHUE U TTO3BOJISIOIIUMU JOCTUYD CKO-
pocTH B 35—45 kM/4. B cBSI3U ¢ 3TUM CyIIIe-
CTBYET 3aKOHOJATEJIbHOE pa3rpaHUYCHUE
KJIACCOB 3JIEKTPOBEIOCUIIe0B. B yacTHOCTH,
B COOTBETCTBUU C 3aKOHONIATEILCTBOM EBpo-
neiickoro Coio3a® K Kjlaccy BeJIOCUIIEIOB
oTHOcuTCcs uckKmounuTeabHo Pedelec (Pedal
electric cycle) — Momeb 31eKTPOBEIOCHUTIE A,
B KOTOPOI 3JIEKTPOMOTOP, MaKCHUMAaJIbHOM
MOIITHOCTBIO B PeXXMUMeE JUTUTEIEHOM HAarpy3Ku
He 6osee 250 BT, moakimoyaeTcss B MOMEHT
BpAaIlleHNS ITeJaieii 1 aBTOMAaTHIeCKI OTKITIO-
YaeTCs IIPY TOCTVKEHUU IIpeAeIbHOI CKOPO-
CTH B 25 KM/4. UMeHHO Ha TaKOM THII 3JIEKTPO-
BEJIOCUIICAOB IPUXOAUTCS OOJbIIas 4acThb
00111eMUPOBLIX Mpoaax — okoyio 88 % [5].
Mopenu 371eKTPOBEIOCHUIICAOB ¢ 60JIee MOIII-
HBIMI MOTOpaMH, KOTOpbIe paboTaioT 0e3
TPUBSI3KY K MEXaHN3MY BpallleHUIO TIeIajiei,
a Takke 0e3 (PYHKIINM aBTOMAaTUYECKOTO OT-
KJTIOUCHMST, O(DUILINATBHO HE SBIISTIOTCS BEJIO-
CHUIIeJaMHN M OTHOCSITCSI, B 3aBUCHUMOCTH OT

3 Cranmapt EN15194 Cycles — Electrically power
assisted cycles — EPAC Bicycles. [D1eKTpOHHbII
pecypc]: https://www.en-standard.eu/ilnas-
en-15194-cycles-electrically-power-assisted-cycles-
epac-bicycles/. loctym 12.06.2019.

MECTHOTO 3aKOHOJATEbCTBA, K KJ1acCy MOITe-
JIOB VI MOTOLIMKJIOB. JIJIsT HMX TaKKe CyIlle-
CTBYIOT OTpaHWYEHUSI TIPU IBVKEHUU TIO BE-
JIOCUTIEAHBIM TOopoxXKaM: B [epmanuu u Be-
JINKOOPUTAHUU BEJIOAOPOXKKAMHU pa3perieHo
MOJIb30BaThCSl TOJABKO BaaeablaMm Pedelec,
B HopBerum MolHbIe 3J1€KTPOBEIOCUTIENbI
JTOTTYCKAIOTCSI Ha BEJIOIOPOXKKHU TTPU OTKITIO-
YEHHBIX 2JIeKTpoMoTOopax. B Poccun, B cooT-
BerctBuu ¢ ITJIJI, TpaHCTIOpTHBIE CpeACTBa
C 2JIEKTPOIBUTATEIEeM HOMUHAJIbHOW MaKCH-
MaJIbHOI MOIITHOCTBIO B PEXMME [UTUTETLHON
Harpy3ku, He mpesbliatoieii 0,25 kBT, aBTo-
MaTMYeCKM OTKJITIOYAIONINMCSI Ha CKOPOCTHU
bostee 25 KM/, TaKKe OTHOCSATCSI K KJIaccy
BEJIOCUTIENIOB. DJIEKTPOBEJOCUINENbl ¢ bosee
MOIIHBIM JIBUTATEJIEM OTHOCSTCSI K KJIaccy
MOITEIOB U TPEOYIOT MOTyYeHUSI TTPaB KaTero-
pun «M»*,

C yBeIM4YeHWEeM MOIIHOCTH M CKOPOCTHU
JIBIZKEHUST 3JIEKTPOBEJIOCUTIEIOB BO3PACcTaloOT
PVYICKU TTOTEHITMAILHOTO YITlep0a XKU3HU, 3/10-
POBBIO M UMYIIIECTBY KaK CaMUX BOIUTEJIEI,
TaK ¥ OKpyXarIux. B cBsi3u ¢ 3TUM B cTpaHax
EC npopabaTbiBaeTcst 3aKOHOAATeIbHASI UHU-
IIMaTUBa 00sI3aTeJIbHOTO CTPAaXOBaHUS rpa-
>KJTAHCKOM OTBETCTBEHHOCTH JIJIST BJIA/IE/IbIIEB
anekTpoBenocunenos. B 2018 roxy nannas
pekoMeHalus oblia ornaiieHa Espornelickoit
Komuccueii, omHako oTkioHeHa EBponapia-
MEHTOM Iof naBjieHueM EBpomnerickoii dene-
patu Benocurneanctos (EDB)3.,

B GonbmIMHCTBE €BpOMENCKUX CTpaH
Pedelec paccmaTpuBaeTcst Kak BApUAHT OObIU-
HOTO BeJIOCUTIEeNIa M BBEICHUE TOTIOJTHUTEITb-
HBIX orpaHndeHuii, mo MHeHuto EDB [9],
HETaTMBHO CKaXKeTCsI Ha Pa3BUTHUM BEJIOIBU-
JKEHMSI, HOBBIN TOJTYOK KOTOPOMY Al TeX-
HOJIOTUU 3JIeKTpoTpaHcropra. UMeHHO
MPOJaXXN 3JEKTPOBEJIOCUTIEIOB OXUBUIN
CTarHUPYIOIIUI PHIHOK 1 TTOMOTJIU TTPUBJIEYb
K JaHHOMY BUY TPaHCIIOpTa JOTIOJTHUTEIb-
HBIX MMOJIb30BaTeNIeil KaK Cpeay MOJIOAEXKM,
TaK ¥ B CTaplieil Bo3pacTHoii kateropuu. [1o
nporHo3am EMB, ocHOBaHHBIX Ha NaHHBIX
0 TIpoJaXkax 2JIEeKTPOBEJIOCUIIEIOB B [epma-
Huu u Hunepnannax, B 6avxaiiiiee necsaTu-

4 ®enepanbHblil 3akoH oT 10.12.1995 . Ne 196-

®3 (pen. or 27.12.2018 1) «O GezomacHOCTH
JOPOKHOTO JIBUKEHHUSI» (C U3M. U [IOIL., BCTYIL. B CHITY
¢ 01.11.2019 o). Cratbs 25. [DaexTpoHHBII pecypc]:
http://www.consultant.ru/. Joctyn 21.07.2019.

5 European Cyclists” Federation (ECF). [DnekrpoHHblIii
pecypc]: https://ecf.com/. Toctyn 21.07.2019.
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Puc. 3. Mogenb 3ameHbl MasIOTOHHaXKHbIX aBTOMOGUIeV Ha anekTpoBesiocuneasl. UctoyHuk: CocTaBrieHo
aBTopamu Ha ocHoBe Nocerino, R., Colorni, A., Lia, F., Lue, A. E-bikes and E-scooters for smart logistics:
environmental and economic sustainability in pro-E-bike Italian pilots. 6™ Transport Research Arena, 2016.

JieThe OyAeT pealim30BaHO oKoJio 150 muaH
eIV HULL 3JIEKTPOBEIOCUIIENOB [6].

NEPCNEKTUBbI UCMNOJIb3OBAHUSA
SJIEKTPOBEJIOCUNEAQOB B MOCKBE
HA OCHOBE MEXKAYHAPOOHOIO
ONnbITA

C TOYKHM 3peHMs WHTETpaui B TOPOI-
CKYIO TPAaHCIOPTHYIO CUCTEMY DJIEKTPOBE-
JIOCUIIEAbl UMEIOT psii HECOMHEHHBIX Tpe-
UMYIIECTB MO CPAaBHEHUIO C OOBIYHBIM Be-
JIOCUTICIOM — OHHM ITO3BOJISTIOT ITOKPHIBATh
3HAYUTEJIBHO OOJIBIINE PACCTOSHUS, MAHN -
MU3UPYIOT HeraTuBHbIE 3 MEKTHI CITOXKHO
Tornorpaduu, MOAXOAST AJIS IO pa3HOU
bu3MIECKOM TOATOTOBKU M COCTOSTHUS 310~
poBbs. Ilo pe3ynrbraraM OIIPOCOB, IIPOBE-
JNEHHBIX B paMKax ucciaenoBaHuii lenapra-
MEHTa TpaHCIopTa U Pa3BUTUS JOPOKHO-
TPaHCIOPTHOM MH@PPACTPYKTyphl I. Mo-
CKBBI, 3HAUMTEJIbHASI YaCTh PECIIOHICHTOB
B KauecTBe MPUYMHBI OTKa3a OT MOJb30Ba-
HUS BEJIOCUIIEJOM Ha3bIBAlOT COCTOSIHUE
300POBbSl UIM BO3pacT. MMeHHO mo 3Toit
MPUUYUHE 3JTEKTPOBEIOCHUIIEAB UMEIOT
OONBIINI TTOTEHIIMAT C TOUYKHU 3PCHUS allb-
TepPHATHBHI IMYHBIM aBTOMOOWIISIM, HEeXe-
JI OOBIYHbBIE BEJIOCUTIEII.

I[ToMumMoO pexpealrioHHOTO UCIOJb30Ba-
HHS, PacTET IIOIMYJISIPHOCTD JIEKTPOBEIOCH -
Mea0B Cpeand KYypbepCKUX U JTOTMCTUYECKUX
KOMITaHU# B Ka4€CTBE TPAHCIIOpTa IJIsl BHYT-
PUTOPOJCKHUX MIEPEBO30K HEOOBIINUX ITPY30B.
Hcrnonp3oBaHMe 3I€KTPOBEIOCUTICIOB ITO3BO-
JISICT PELINUTh TIPOOIJIEMBI C BEICOKOI CTOMMO-
CTbIO TUIATHOM MapKOBKU, Ae(ULIMTOM pa3-
TPY30YHBIX 30H Ha LIEHTPAJbHBIX yJIUIIAX,
a OTCYTCTBHE HEOOXOAMMOCTH MMETh BOIM-
TEJIbCKOE YIOCTOBEPEHNE 3HAUMTEIBHO pac-

IIUPSIET My ITOTEHIINATBHBIX COTPYIHUKOB,
HaHMMAaeMBbIX B KaUeCTBE BOIUTEIICIH.

Opranmn3anusl BHYTPUTOPOICKUX IIepe-
BO30K SIBJISICTCSI OMHOI U3 OCHOBHBIX 3a1a4
JIOTUCTUYECKHX DKCIIEPTOB KPYITHBIX TOPO-
noB. TpaHCIIOpPTHBIE TPY30BHIe ITOTOKU
0oJIbIIIelt YaCThIO COBIAAAIOT C TIePEIBIKE -
HIUEM BIIaJIeJIbIICB IMIHOTO aBTOTPAaHCIIOPTA
W YXYIOIIAlOT HANPSKEHHYIO TOPOXHYIO
CHUTYallMIO B IMKOBBIC Yackl. [py30BEIe TIe-
peBO3KU cocTaB/sIoT OT 8 % 1o 10 % TpaHc-
MOPTHOTO ITOTOKA M, B CJIy9ae BRIIIOTHEHUS
TOTPY30-pa3TPy30UHBIX pabOT, COKpAIIAIOT
MIPOMNYCKHYIO CIIOCOOHOCTD yiulibl Ha 30 %
[10; 11]. IMopsanka 20 % BeiGpocos CO,
B aTMocdepy Topoaa IMIPOUCXOIUT 10 BUHE
Tpy30BEIX ITepeBo30K [12]. K mpumepy, B Be-
JIMKOOPUTAHUM KOJUYECTBO MaJIOTOHHAX-
HBIX aBTOMOOMIeH 3a 20 JIeT BHIPOCIO Ha
71 % nipu TOM, 4TO IapK JIETKOBBIX aBTOMO-
Oomteil yBeamuniacs Toabko Ha 13 %. Uc-
MOJIb30BaHME 3JIEKTPOBEIOCUTICIOB MOXKET
YAaCTUIHO PeIInTh 3TU mpoodiiemsl. [1o mpen-
BAPUTEJIBHBIM OLIEHKaM, oT 19 % no 48 %
CpeIHECYTOUHOTO IIpobdera Ipy30BOro aBTO-
Mob6uIsI, padoTarolero B uepte ropoxa [13],
M nepeBo3ka 10 51 % [14] Bcex rpy30B MOXET
OBITh BHIIIOJTHEHA C MCIIOJb30BAaHUEM
2JIEKTPOBEJIOCUNEOB, TPUCITOCOOIEHHBIX
MO TIePeBO3KY HEOOIBIINX IPY30B — IPYy30-
BBIX 3JIEKTPOBEIIOCUTICIOB.

WccnepoBanue, npoBeiéHHOE YHUBEPCU-
TETOM IMPUKJIAIHBIX HayK AMcTepaama [15]
B2016—2017 rr. moaTBEpKAAET BO3MOXKHOCTD
HCTIOJIb30BaHUSI SJIEKTPOBEIOCHUTICIOB BMECTO
aBroMoOwieit st 10—15 % BHYTpUrOpoaCKuX
TPy30BBIX IIepeB0O30K. Hanbosee rmepcrieKTus-
HBIMU HaIlPaBJICHUSIMU SIBJISIIOTCS TIEPEBO3KHI
MPOAYKTOB MUTAHMSI, KypbepCKast M TTIOUTOBasI



JIOCTaBKa, PO3HUYHAsI TOPTOBJISI HEITUILIEBEIMU
ToBapaMu, cepa yCayr.

OnHUM 13 TOTEHITMATIBHBIX OTPaHUYEHU
MPU UCITOJb30BAaHUU DJIEKTPOBEJIOCUTIEIOB
B KaueCTBE MHCTPYMEHTA TOPOJICKOM JIOTUCTH -
KU SIBJISTIOTCS TPY/I03aTPaThl, ITOCKOJIBKY MO-
JleJb 3aMEHBl MaJOTOHHAXXHBIX TPY30BBIX
ABTOMOOWJIE Ha 3JIEKTPOBEIOCUTIENbI MO~
pa3yMeBaeT YBEJIMUEHUE YUCIEHHOCTH 331 -
CTBOBAHHOTO MepcoHana (puc. 3).

B sToM ciyyae yBenumyeHue Tpyno3arpaT
1 TTOTEHIIMATbHBIX PACXO/IOB Ha OPraHU3aIIUI0
cKjajza BPEMEHHOTO XpaHEHWS ITOJKHBI
B OJDKHOUM Mepe KOMITEHCHPOBAThCS Kak 3a
CYET COKpaIlleHUsT TIEPEeMEHHBIX U3IEPXKEK,
CBSI3aHHBIX C 9KCILTyaTalMeil aBTOMOOUITLHO-
O MapkKa, Tak 1 3a CYET YMEHBIIICHUST BpeMe-
HM JIOCTaBKU U TIOBBIIIIEHUST Ka4eCTBa 00CITy-
KMBaHUS KiueHToB. KpoMe Toro, B 30Hax
JIMMUATUPOBAHHOTO IBMKEHUST aBTOTPAHCITOP-
Ta, TEPPUTOPUIA C OTPAHUICHHBIMU BO3MOXK -
HOCTSIMU IIJISI TIPOBENEHUSI TTOTPY30-pasrpy-
30YHBIX pabOT, OTCYTCTBUEM WJIM BBICOKOM
CTOMMOCTBIO TTApKOBOYHOTO TTPOCTPAHCTRA,
9KOHOMUSI BPEMEHU MOXET OBITh OCOOCHHO
CYLLIECTBEHHOM.

Peanu3zaiiusg nonoOGHbIX MOfeIei UCTTONb-
30BaHUS 2JEKTPOBEJIOCUIIEIOB B MAaCCOBOM
MacinTabe Ha TeppuTopun I. MOCKBBI orpa-
HUYMBAETCS KaK HEOCTATOUHOW CBSI3HOCTBIO
CYyIIECTBYIOIIEH BeJOMHOPACTPYKTYphl [3],
TaK v JIEHCTBYIOIIMM PETYJIMPOBAHUEM B che-
pe TOpoXHOTO ABMXKeHUs. B yactHocTH, OT-
KPBITBIMU OCTAIOTCSI BOTIPOCHI (puKcanum
HapyueHuti [TII] BoguTensiMu BeJIOCUTIEI0B,
CTpaxoBaHUE OTBETCTBEHHOCTH BEJIOTIEPEBO3-
YHUKOB, BO3MOXHOCTb MTPOe3/a 3JEKTPOBEJIO-
CUTIEIOB Ha TEIIEXOHbIE YIUIIBI U YJIUIIBI
C OTPaHWYECHUSIMU IBVKeHUs. [ToTeHIna b-
HOI1 Tpo0JIeMOi1 TAaKXKe MOXET CTaTh Upe3Mep-
Hasl 3arPy>KEHHOCTb CYIIIECTBYIOIIEH BEJIOCU -
TeAHON MH(MPACTPYKTYPHI, €CITU €10 aKTUBHO
HAYHYT TOJb30BaThCS IS KOMMEPUYECKHUX
nepeBo30K. TeM He MeHee, MOAOOHBIE CXeMBbI
paboThl aKTUBHO BHEAPSIIOTCS Ha TPAKTHUKE
BO MHOTHMX TOpOJaX, B OCOOEHHOCTU MPUME-
HUTEJIBHO K JIOTUCTHKE MocieaHet muin. Tak,
B [amOypre kommnanueit «<weColli team» ObLT0
CO3aHO MOOWJIbHOE MPUJIOXKEHUE, MTO3BO-
JISTIOIIIee TOTUCTUYECKUM KOMIIaHUSIM pa3Me-
1IATh 3aKa3bl Ha MEPEBO3KY I'PY30B MEPEBO3-
yrKaM Ha sJiekTpoBejocunenax [16]. Bo
MHOTHUX CJIydyasiX 3TO IMO3BOJIMJIO COKPATUTh
BpEeMsI IOCTaBKM 3a CUET TOTO, YTO TEPEBO3-

VIIE oA P A | =10

YUKW TIOJIb3YIOTCS BeJOCUNEeAHON UHPpa-
CTPYKTYPOI1, IPOJIOKEHHO! B TOM YHCJIe BHE
aBTOMOOWJIBHBIX JOPOT, U HE 3aBUCST OT 3a-
TPYXKEHHOCTU MarucTpaieil. MexmyHapo-
Hble Komrnanuu UPS u DHL akTuBHO TecTu-
PYIOT pa3IMyHbIe MOJIEIU SJIEKTPOBEIOCUTIE-
JI0B, YTOOBI BBIOpPATh MaKCUMaabHO 3(Pdek-
TUBHBIE BapUaHThI IS UCIOJb30BaHUS
B KauecTBe TPAHCIOPTa «IMOCIEeAHEN MUIU»
B KpYIMHbIX Topoax [ 16]. K TakoMy pelieHuI0
UX MOJATATKUBAIOT HE TOJIBKO BO3MOXHOCTh
COKPATUTh BpeMsI TOCTaBKHU B YacChl MUK, HO
1 0011IeMUPOBOI TPEH/I IO CHUKEHUIO BPe/I-
HBIX BBIOpOCOB B aTMocdepy, Oaarogaps
KOTOpOMY B HeKoTopbix ropomax CIIA mo-
SIBUJIUCH «30HBI YMCTOTO BO3AyXa»®, Kyna He
JIOMYCKAIOTCS aBTOMOOWJIM Ha TPaIUILIMOH-
HOoM TomuBe. OQHAKO HCIOJb30BaHUE
9JIEKTPOBEJIOCUTIEIOB IJIs1 TOTUCTUKU TO-
clleHEell MU UMEET CBOU OTPaHUYEHUS —
OTZEJIbHbIE KATETOPUU TPY30B U OCOOEHHO-
CTUA MaplIpyTa He MO3BOJISIOT MOJYyYUTh [10-
MOJIHUTEIbHbBIE MTPEUMYIIECTBA, MPEAOCTaB-
JIsieMble aJeKTpoBejocuriesamu (tada. 1).

Kak BuaHO 13 JaHHBIX TAOJIUIIBI, UCTIOJIb-
30BaHUE JEKTPOBEIOCUIIEIa B JTOTUCTUKE
MocJeAHEe MU UMEET Psii 0COOEHHOCTEM
U TpeOyeT BbICTPaBaHUS COOTBETCTBYIOILIEH
1erovKu ornepanuii. DopMupoBaHre MapI-
PYTOB IOJIKHO TPOUCXOIUTD C YYETOM CHELU-
¢GUKM TaHHOTO BUJA TpaHCHOpPTa U TpeOyeT
HUCMOJb30BaHUSI COOTBETCTBYIOLIETO MPO-
rpaMMHOT0 oOecIeuyeHUs IJ1s1 YUETa XxapaKTe-
PUCTUK Tpy3a, MaplipyTa, aKTyaJbHbIX JaH-
HBIX O 3arPY>KE€HHOCTU TOPOT. ABTOPHI UCCIe-
noBaHus, mposeaéHHoro B Hunepnanmax [15],
OTMETWIH PSII TOMOJTHUTEbHBIX HEOCTATKOB
ayiekTpoBesocunenoB. Cpean HUX: BpeMs
3apsiia akKyMyJISITOPHOI 6atapeu, OTCyTCTBUE
UH@PaACTPYKTYphI TS TTOA3APSIKI, HEOIpe-
NIEIEHHOCTh MPABOBOTO CTAaTyca I'PY30BBIX
3JIEKTPOBEJIOCUIIE]0OB OTHOCUTEIBHO JPYTUX
YYaCTHUKOB JBUXEHUS U TEIIeX0I0B, HEA0-
CTaTOYHas MIMPUHA BEJIOAOPOXKEK JJIST KOM-
(GOPTHOrO MaHEBPUPOBAHMUSI.

HecmoTtpst Ha mepeuriciieHHbIe HEIOCTAaTKH,
JTOJIS JIEKTPOBEJIOCUTIEIOB B TOPOJCKOI JIOTH-
CTUKE €BPOIENCKUX TOPOIOB BO3paCTaeT. Yke
ceiuac HaKOTUTEHHBIH OIBIT KPYITHBIX JIOTUCTH -
YECKMX KOMMaHU, a TAKXKE Pe3YJIbTaThl IKCIe-
PUMEHTAJIbHBIX UCCJIeIOBAHUI MOKAa3bIBAIOT

¢ Clean Air Zone. [DnekTpoHHsIii pecypc]:
https://en.wikipedia.org/wiki/Clean_Air_Zone. Jloctyn
21.07.2019.
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Taouua 1

OrpanuyeHus: HCIO/Ib30BAHUS 3JIEKTPOBEIOCUIIEN0B I IIEPEBO3KH IPY30B

[MapameTp TMoaxoauT 1151 3IeKTPOBEIOCUTIE A He moxxomut [uist aieKTpoBeiocunena
TemrmepaTypHbIit * Ipy3 6e3 crelmansbHOro TEMIIEPaTypHOTo | 3aMOPOXKEHHbIE MPOIYKThI
PEXUM peXMUMa NMEPEBO3KU U XPaHEHMUSI.
* Ipy3bl ¢ 3aIaHHBIM TeMIIepaTyPHBIM
PEXUMOM (TOpsTure, XOJOIHBIEC),
TpeOylolre ObICTPOIi 10CTaBKU
Bec rpysa Ipy3bl HEOOIBILION MaCCh Tpy3b1 60TBILION MacChl

TabapuTHbIe pazmepbl

[py3bl HEGOMBIIOrO raGapuUTHOTO pa3Mepa

[TepeBo3ka cBepXrabapuTHBIX TPY30B

orpaHuyeHa tpedoBaHusmu [T

CKOpPOCTb IBUKEHMUSI

Jloporu ¢ orpaHYeHUEM CKOPOCTHOTO
peXuMa, 3arpyKeHHbIE YIULIBI

[Tpu OTCYTCTBUM TOTIOJTHUTEIBHBIX
CKOPOCTHBIX OTPaHUUEHMIA 15
aBTOMOOMJIEH WJIU TIPU OTCYTCTBUU
MPOOOK MPEANOYTUTEIbHEE UCTIOIb30BaTh
aBTOMOOMJTb

Yucmo ocTaHOBOK Ha

Hannune 60J1b1110r0 KOJMUecTBa TOUEK Ha

VBenuueHne ToUeK Ha MapIipyTe BeIET

pasrpy3ku

MaplIipyre MaplIpyTe, MOCKOJbKY BEJIOCUIIE MPOLIE | K YBEIUUEHUIO MAacChl UM 00bEMa
MapKoBaTh rpy3a. J{J1st ucronb30BaHMs BeJTOCUTIeIa
MOXET OTPe6OBaTHCSI OTPAHUYCHUE
TOUYEK Ha MaplIpyTe W UCTIOIb30BaHME
MIPOMEXKYTOUHOTO MECTa XPaHEHUSI
PaccrosiHue He6ounbioe paccrosiHue Mexay Toukamu | [1pu 60JIbLIKX paCCTOSTHUSIX MEXTY

TOYKaMU CpaBHUTETIbHAsI 9(DPEKTUBHOCTD
BeJIoCUIIeaa NagaeT

Hannune TMapKOBKH

pasrpysKu.

ITapKOBKHA

* TebuLuT MapKoBOYHOTO MPOCTPAHCTRA.
* OTCYTCTBHE BO3MOXHOCTH MTAPKOBKU
Ha aBTOMOOWJIE HETIOCPEJICTBEHHO B TOUKE

* Bbicokasi CTOMMOCTb aBTOMOOMJIBHOM

Hanuuue crnenuanbHOro noxbesna st
IPY30BOT0/KYPbepCKOTO TPAHCIIOPTa

K TOUKE pa3rpy3Ku, yBeJIUUMUBACT BpeMsi
pasrpy3Kku

Toozomoenerno na ocroge: City logistics: light and electric LEFV-logic: research on light electric freight vehicles.
Amsterdam University of Applied Sciences. [DnekrpoHHbIii pecypc|: https://www.amsterdamuas.com/car-
technology/shared-content/publications/publications-general/city-logistics-light-and-electric.html. locTym

21.07.2019.

HEeCOMHEHHBIE TIPEUMYIIIECTBA SJICKTPOBEIIOCH -
ITeTOB KaK aJIsTePHATHBHOTO TOPOICKOTO TPAHC-
TopTa. YBeIMIeHNE IPOTSLDKEHHOCTH MapIIpyTa,
BO3MOKHOCTH HCITOJIb30BAHUS 3JICKTPOBEIIO-
cUTIefa IMMPOKMUMU CJIOSIMU XXKHUTEJIei MeTario-
JINCOB, Pa3BUTHUE TEXHOJIOTHUIA, TIO3BOJISIOIINX
YBEJIMYUTH ITpo0er 0e3 Ion3apsinKy M CHA3UTD
€e0eCTOMMOCTb U IICHY SJIEKTPOBEIOCHUIICIOB,
OOBSACHSIOT PACTYIILYIO ITOITYJIIPHOCTD JaHHO-
IO BHIA TPAHCIIOPTAa CPeIM BEJIOCHUIICANCTOB
1 TOTEHIIMAJIBHBIX TToTpeduTeneit. C TOUKM
3pEeHUs MCITOIb30BAaHUS 3JICKTPOBEIOCHUIIea
BJIOTHICTHKE TTOCICAHEI MIJIN, €TI0 TIPEUMYIIIC-
CTBa B MAHEBPEHHOCTH, CKOPOCTH TICPEIBILKE -
HMSI B TOPOICKOM ITOTOKE, CITIOCOOHOCTH ITPOE3-
J1a B 30HBI OTPAaHNYECHHOTO IBIKCHMS ITPESICTaB-
JISTIOT IIMPOKHE BO3MOXKHOCTH TIPH TIEPEBO3KE
HEOOJIBIIINX TPY30B, TPY30B C OTPaHNYCHHBIM
CPOKOM XpaHEHUS X TPAHCIIOPTUPOBKY TPY30B,
TPEOYIOIINX CPOIHOI JOCTABKU.

3AKJIOMEHUE
PasButue BenoTpaHcIiopra, OCHAIIEHHOTO
BJICKTPOIBUTATEIISIMU, SBIISICTCST TICPCIICKTUB-

HBIM HaIlpaBJe€HMUEeM COBEPLICHCTBOBAHMUS
TPAHCIIOPTHOM CUCTEMbI ropojia. JlaHHbIe TpaHC-
[IOPTHBIE CPEACTBA MOIYT ObITh UCIIOJIb30BAHbI
JUISL TIepeMELeHUsT Ha JOCTATOYHO OOJIbILIKE
PACCTOSIHMSI, YTO OCOOEHHO aKTYalIbHO IS pa-
CTYILIEr0 Topo/Ia IPK BKIIOYEHUHN B €r0 TPAHMULIbI
HOBBIX TEPPUTOPUIL, HE UMEIOLINX IUIOTHOM
M Pa3BUTOM TPAHCIIOPTHOM CETH, a TaKXKe IS
JIOCTaBKKM MajorabapuTHbIX rpy30B. OgHaKo
KMCIOJIb30BaHUE TPAHCIIOPTHBIX CPEACTB
C 9JIEKTPOIBUTATE/ISIMU TPEOYET CO3MAHMSI CIIe-
LMAIM3UPOBAHHBIX O0OBEKTOB TPAHCIIOPTHOM
HMHGPACTPYKTYPbIL, K KOTOPHIM OTHOCSITCSI BbIIE-
JIEHHBIE IT0JIOCBI IBMXKEHUS, 000COOIEHHBIE OT
IIEIIEeXOIHbIX M ABTOMOOM/IbHBIX IIOTOKOB. Jlaxke
[PY HAJIMYUU BbIAEIEHHBIX MOJIOC ABVKEHUS
HEOOXOIMM CUCTEMHBII KOHTPOJIb 3a COOJII0E-
nHueM [1/1/1 BeocumeaucTaMu, UCIOJb3YIOLL -
MM BJIEKTPOABUIATE/IN, ITIOCKOIBKY X Macca
3HAYMTEJILHO BBIILIE, YEM Y MEXaHNUECKIX BEJIO-
cunenos. [1pu nepemMelieHNH I10 II0JI0CaM, CO-
BMEIIEHHBIM C MELIeXOAHBIM IBUXEHUEM
(Ha cKOpoCTH MeHee 25 KM/4Jac), yiepo, HaHe-
CEHHBII IIPU CTOJIKHOBEHMH C ITEIIEXOI0M, MO-



JKeT OBITh 3HAUUTEILHO BEHIIIEC. DTU YCIIOBHS
SIBJISTFOTCST 00S13aTeJIbHBIMU JUTST 00eCTIeUeHUST
0€30IMacHOCTH TEIIEX0I0B ¥ YYaCTHUKOB TPAHC-
ITOPTHOTO JIBIZKCHUSI.

OddexTrBHOE UCTIOJIB30BAHUE DJIEKTPOBE-
JIOCUTIETIOB TPEOYET TaKKe:

1) HaJIMIWSI CTAHIINIA 3apSIIKHA AKKYMYJISITO-
POB U CHCTEMBI YTUJIM3ALIMU OTPabOTaHHBIX
AKKyMYJISITOPOB;

2) 060pynoBaHus CielMaIbHbIX TAPKOBOY-
HBIX MECT Ha CTOSTHKAaX BPEMEHHOTO M TTOCTO-
STHHOTO XpaHEHUs BEJIOCUTICIOB 1 YCTAHOBKU
CUCTEeMBbI HAaOJTIONIEHUSI 32 COXPAHHOCTBIO TPAHC-
TTOPTHOTO CPEJICTBA;

3) KOHTPOJISI 32 TEXHUYECKUM COCTOSTHUEM
TC;

4) orpaHUYEHUsT CKOPOCTH 3JIE€KTPOBEOCH -
TIETOB M CAMOKATOB B PeKpeallMOHHbBIX 30HaX.

MHoroobpa3ue Moneei dAeKTPUIeCKUX
BEJIOCUTIE/IOB U CAMOKATOB TPeOYeT HaTUIMsI
Pa3BUTOI CEPBUCHOI CETH ITO PEMOHTY Y TEXHU -
YeCKOMY OCMOTpPY TPaHCTIOPTHOTO CPEJCTBa.
C 0oIHOI CTOPOHBI, BCE 3TU MEPOTIPUSITHSI SIBJISI-
10TCST BBICOKO3aTpaTHbIMU. C IPYroit CTOPOHBI,
OHM MOTYT CITOCOOCTBOBATH SKOHOMUYECKOMY
pasButuio ropona. Haubosnee 1ieecoodbpazHbiM
B 3TOI CUTYallUU SIBJISIETCSI TOCYIapCTBEHHO-
YaCTHOE MapTHEPCTBO, BKOTOPOM B OOSI3AHHOCTH
ropozia BXOIUT pa3padoTKa MPOEKTOB BeJIOMHMpa-
CTPYKTYPHI (C TIEPHOIOM OKYITAeMOCTH HE MEHee
3—5 ner), a cyowekTel MCII obecrieunBaioT
pean3aluio TUX MPOEKTOB.
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Electric Bicycles in the Urban
Environment: Prospects and
Constraints for Use in Megalopolises
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ABSTRACT

The development of a transport system that
meets both the requirements of residents to
ensure mobility while maintaining the ecology of
the city, and the requirements of a business that
needs an efficient logistics system is a topical task
for most megalopolises. Moscow, being no
exception, is making significant efforts to develop
the city’s transport system, using both traditional
methods of increasing the capacity of roads and
developing the city’s infrastructure to use bicycle
transport, which can reduce the load on the city’s
public transport and positively affect the city’s
economy and ecology. Recently, electric vehicles
of individual use began to appear on the streets of
the city: electric bicycles, electric scooters, etc.

The objective of the research is to consider
problems and assess the prospects for using
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individual electric vehicles in megalopolises, at
the example of Moscow, for both recreational
and utilitarian purposes. The study used as
research methods the analysis of the experience
of development of these vehicles abroad,
including in the urban transport system, and the
analysis of the regulatory aspects of the use of
electric bikes to determine the main areas that
need to be taken into account when using
electric bikes in the urban environment.

The authors also evaluate the possibilities of
their use, considering categories of goods and
the features of routing. The conclusion is drawn
on the large existing potential of the use of
electric bicycles as of an instrument of urban
logistics, and on the advantages of electric
bicycles as of an alternative urban transport
mode.
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metro

Satisfaction with use of public transport —
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ground transport

Satisfaction with use of public transport —
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Share of respondents, %

Pic. 1. Satisfaction of Muscovites with the level of development of urban public transport, 2018. Compiled by the
authors based on the research of Plekhanov Russian University of Economics.

Background. The modern tasks of develo-
ping the transport system of megalopolises in
most countries are focused on increasing
transport accessibility for citizens and on
reducing the negative impact of the transport
system on the living conditions of megalopolis
residents by increasing the efficiency of traffic
management and developing new modes of
transport. Part of the solutions to these
problems lies in the plane of creating a
distributed urban infrastructure, introducing
innovative urban development projects focused
on creation of many centers of attraction (large
shopping centers, parks, recreation areas, office
centers, etc.).

Development management in the field of
the urban transport systems uses various
methods. First of all, it is associated with
modernization of transport routes and vehicles.
Networks of ground and underground railways
are being developed, which results in a steady
increase in speed; the street-road network is
expanding; modern models of vehicles, buses,
trolleybuses, trams are being introduced.
Almost all megapolises follow the policy of
motivating residents to use public transport,
sharing private cars, and using environmentally
friendly vehicles: bicycles, scooters, etc.

The measures taken in recent years in
Moscow to develop the urban transport
network and improve quality of public transport
services significantly influenced the opinion of
Muscovites. According to the results of
Plekhanov Russian University of Economics
(REU) 2018 research residents highly assess
the level of development of public transport in
the city (Pic. 1).

However, the car fleet of Moscow also
continues to grow by 8—10 % annually and

3,6 million cars move around the city daily'.
The possibility of using other modes of
transport as alternative to public transport and
private cars, in particular, the use of personal or
rental bicycles, is limited by many factors, such
asinsufficient infrastructure, the need to overcome
long distances between route points, and the low
level of physical activity of citizens [1].

The objective of the research is to study
problems and to assess prospects for use in
megalopolises, at the example of Moscow, of
personal electric transport. The research is
based on the methods of comparative analysis
of data and regulations.

Electric bicycles in the urban transport
system

The use of bicycles as a full-fledged means
of urban transport is one of the most relevant
areas of strategic development of the transport
system of a modern metropolis. The problem
of transition from recreational use of a bicycle
to solving purely utilitarian, and particularly
transport problems, forms the basis of many
programs for sustainable development of
transport systems of large cities [2]. At the same
time, studies show that the use of a bicycle is
effective on routes of a small radius, usually up
to 4—5 kilometers [3]. This does not require
serious physical effort from an unprepared
person and often turns out to be faster than
using other modes of transport, especially in
megacities with busy traffic [4]. However,
considering the expansion of the territory of
megacities, to overcome longer distances, the
bicycle has not yet become a full-fledged

! FoxTime (City Internet-edition). [ Electronic resource]:
http://foxtime.ru/news-view/v-moskve-rastet-
kolichestvo-mashin. Last accessed 12.06.2019.
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Pic. 2. Share of sales of electric bicycles in the total volume of bicycles sales, %. Source:
Plazier P. Weitkamp G., Berg A. Exploring the Adoption of E-Bikes by Different User Groups. Frontiers
in Built Environment, 2018, Vol. 4, p. 47.

alternative to public or private road transport.
The situation in large cities has begun to
radically change over the past few years
following the arrival of electric bicycles on the
market, whose sales are showing steady growth
(Pic. 2).

Electric bicycles market

Currently, the total market for electric
bicycles is estimated at 14,7 billion US dollars.
Moreover, annual growth is expected at the
level of 6,3 % [5]. The main market for electric
bicycles is Asia-Pacific region, where the leader
is the Chinese market. It is China that, for a
decade, has been number one in production
and sale of electric bicycles?. More than 200
million electric bicycles are operated in the
domestic Chinese market, and annual sales
amount to about 30 million units, of which
about 25 million are purchased to replace old
or worn devices. In European countries, it is
also possible to see rapid development of
electric bicycles as a mode of transport. In
Germany in 2018, sales of electric bicycles
increased by 36 %, reaching a level of 980
thousand units [6]. In the Netherlands, where
17 million inhabitants account for more than
22 million bicycles, by the end of 2018, out of
1,22 billion Euros spent to purchase new
bicycles, 823 million Euros accounted for
electric bicycles [7]. In total, more than 400
thousand units of electric bicycles were sold,
which is 40 % more than sales a year earlier.
The growing popularity of electric bicycles is
due to their more active use as the main mode
of transport and gradual displacement of

2 Models of electric bicycles used in China are closer in
dimensions and functions to motor bikes. Pedal gear is
almost not used.
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conventional bicycles. In the Netherlands,
about 60 % of the population lives at a distance
of 15 km from work [8], which exceeds the
distance of an average trip on a regular bicycle,
equal to 4—5 km. Using an electric bicycle
allows to increase the length of an average route
to 10—25 km without additional time and
physical costs.

Regulatory aspects of using electric bicycles

Electric bicycles have an electric motor that
provides traction, but at the same time, the
possibility of using traditional pedal traction
remains. Modern models of electric bicycles can
be equipped with small electric motors that work
to facilitate physical effort, as well as with more
powerful units that provide fully autonomous
movement and allow reaching speeds of 35—
45 km/h. In this regard, there is a legislative
distinction between the classes of electric
bicycles. In particular, in accordance with the
legislation of the European Union?, only Pedelec
(Pedal electric cycle) is a bicycle class: an electric
bicycle model in which an electric motor, with
a maximum power in continuous load mode of
not more than 250 W, is connected at the
moment of pedaling and automatically turns off
when the limit speed of 25 km/h is reached. It
is this type of electric bicycles that accounts for
the majority of global sales, about 88 % [5].
Models of electric bicycles with more powerful
motors that operate without reference to the
pedal rotation mechanism, as well as without
the automatic shut-off function, are not
officially bicycles and, depending on local
legislation, belong to the class of mopeds or

3 Standard EN15194 Cycles — Electrically power assisted
cycles — EPAC Bicycles. [ Electronic resource]: https://
www.en-standard.eu/ilnas-en-15194-cycles-electrically-
power-assisted-cycles-epac-bicycles/. Last accessed
12.06.2019.



motorcycles. Forthem, there are also restrictions
when driving along bicycle lanes: in Germany
and the UK only Pedelec owners are allowed to
use bicycle lanes; in Norway powerful electric
bicycles are allowed on bicycle lanes with electric
motors disconnected. In Russia, in accordance
with the Traffic rules, vehicles with an electric
motor with a rated maximum power in
continuous load mode not exceeding 0,25 kW,
which automatically switches off at a speed of
more than 25 km/h, also belong to the class of
bicycles. Electric bicycles with a more powerful
engine belong to the class of mopeds and require
obtaining the driving license of category «M»*.

With an increase in the power and speed of
electric bicycles, the risks of potential damage
to life, health, and property of both the drivers
themselves and those around them increase. In
this regard, the EU countries are developing a
legislative initiative for compulsory liability
insurance for owners of electric bicycles. In
2018, this recommendation was announced by
the European Commission, but was rejected by
the European Parliament under pressure from
the European Federation of Cyclists (EFC)?>.
In most European countries, Pedelec is
considered as a variant of a conventional bicycle
and introduction of additional restrictions,
according to EFC [9], will negatively affect
development of cycling, a new impetus to which
is given by electric transport technologies. The
sales of electric bicycles have particularly
revived the stagnant market and helped to
attract additional users to this type of transport
both among young people and in the older age
category. According to EFC forecasts, based
on data on sales of electric bicycles in Germany
and the Netherlands, about 150 million units
of electric bicycles will be sold in the next
decade [6].

Prospects for use of electric bicycles in
Moscow based on international experience

From the point of view of integration into
the urban transport system, electric bicycles
have a number of undoubted advantages
compared to ordinary bicycles: they allow to

4 Federal Law dated 10.12.1995 No. 196-FZ

(as amended on 27.12.2018) «On Traffic Safety» (with
amend. Entering into force since 01.11.2019). Article 25.
| Electronic resource]: http://www.consultant.ru. Last
accessed 21.07.2019.

3> European Cyclists’ Federation (ECF). [Electronic
resource]: https://ecf.com/. Last accessed 21.07.2019.

cover significantly greater distances, minimize
the negative effects of complex topography, and
are suitable for people of different physical
fitness and health. According to the results of
surveys conducted as part of studies by the
Department of Transport and Development of
Road Transport Infrastructure of the city of
Moscow, a significant portion of respondents
cite health or age as a reason for refusing to use
a bicycle. It is for this reason that electric
bicycles have more potential in terms of
alternatives to personal cars than ordinary
bicycles.

Besides recreational use, the popularity of
electric bicycles among courier and logistics
companies is growing as of a vehicle for
intercity transportation of small loads. The use
of electric bicycles can solve the problems with
the high cost of paid parking, shortage of
unloading areas in the central streets, and the
lack of the need to have a driver’s license
significantly expands the pool of potential
employees hired as drivers.

Organization of intracity transportation is
one of the main tasks of logistics experts in large
cities. Transport cargo flows mostly coincide
with traffic routes of personal vehicle owners and
worsen the busy traffic situation during peak
hours. Cargo transportation makes up from 8 %
to 10 % of the transport flow and, in case of
loading and unloading, reduce street throughput
by 30 % [10; 11]. About 20 % of CO, emissions
into the city’s atmosphere are caused by cargo
transportation [12]. For example, in the UK the
number of small vehicles over the past 20 years
has grown by 71 %, while the fleet of cars has
increased by only 13 %. Using electric bicycles
can partially solve these problems. According to
preliminary estimates, from 19 % to 48 % of the
average daily mileage of a truck operating within
the city [13], and transportation of up to 51 %
[14] of all goods can be carried out using electric
bicycles adapted for transportation of small
goods (cargo electric bicycles).

Astudy conducted by Amsterdam University
of Applied Sciences [15] in 2016—2017
confirms the possibility of using electric
bicycles instead of cars for 10—15 % of intra-
urban cargo transportation. The most promising
areas are food transportation, courier and mail
delivery, retail trade in non-food products, and
services.

Labor costs can be considered among
potential constraints when using electric
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Pic. 3. Model of replacement of low-tonnage trucks with electric bicycles. Compiled by the authors on the basis
of: Nocerino, R., Colorni, A., Lia, F., Lug, A. E-bikes and E-scooters for smart logistics: environmental and
economic sustainability in pro-E-bike Italian pilots. 6" Transport Research Arena, 2016.

Table 1

Limitations of the use of electric bicycles for transportation of goods

Parameter Suitable for electric bicycles

Not suitable for electric bicycles

Temperature mode
transportation and storage.

+ Cargo without special temperature mode of

» Cargo with a predetermined temperature
mode (hot, cold) requiring fast delivery

Frozen products

Cargo weight Light cargo

Heavy cargo

Dimensions Cargo of small dimensions

Oversized cargo transportation is limited
by traffic rules

Movement speed Speed limit roads, busy streets

In the absence of additional speed limits
for cars or in the absence of traffic jams, it
is preferable to use a car

Number of stops on

The presence of a large number of delivery

An increase in points along the route

the route points on the route, since it is easier to park a | leads to an increase in mass or volume
bicycle of the cargo. To use a bicycle, it may be
required to limit points on the route and
use an intermediate storage location
Distance Short distance between points of unloading At large distances between points,

comparative effectiveness of a bicycle
decreases

Availability of parking | * Shortage of parking space.

unloading point.
+ High cost of car parking

 Lack of possibility to park a car directly at an

The presence of a special entrance for
cargo/courier transport to the unloading
point increases the unloading time

Compiled based on City logistics: light and electric LEFV-logic: research on light electric freight vehicles.
Amsterdam University of Applied Sciences. | Electronic resource]: https://www.amsterdamuas.com/car-technology/
shared-content/publications/publications-general/city-logistics-light-and-electric.html. Last accessed 21.07.2019.

bicycles as an instrument of urban logistics,
since the model of replacing low-tonnage
trucks with electric bicycles implies an
increase in the number of personnel involved
(Pic. 3).

In this case, the increase in labor costs and
potential costs for organizing a temporary
storage warehouse should be adequately
compensated both by reducing the variable
costs associated with operating the fleet, and
by reducing delivery time and improving quality
of customer service. In addition, in areas of
limited traffic, areas with restricted capabilities
for loading and unloading, in zones with the
absence of parking space or with expensive
parking payment, time savings can be especially
significant.

The implementation of such models of use
of electric bicycles on a mass scale in the
territory of Moscow is limited by both
insufficient connectivity of the existing bicycle
infrastructure [3] and the current regulation in
the field of traffic. In particular, the issues of
fixing violations of traffic rules by bicycle
drivers, liability insurance for bicycle carriers,
the possibility of electric bicycles traveling via
pedestrian streets and streets with restricted
traffic remain open. Excessive workload of the
existing bicycle infrastructure can also become
a potential problem if it is actively used for
commercial transportation. Nevertheless, such
work schemes are being actively implemented
in many cities, especially regarding logistics of
the last mile. So, in Hamburg, weColli team



created a mobile application that allows
logistics companies to place orders for
transportation of goods by electric bicycle
carriers [16]. In many cases, this made it
possible to reduce the delivery time since
carriers use the bicycle infrastructure, which
frequently exists outside of highways, and does
not depend on traffic congestion. International
companies UPS and DHL are actively testing
various models of electric bicycles to choose
the most effective options for use as the last mile
transportation in large cities [16]. They are
prompted to make such a decision not only to
reduce delivery time during peak hours, but also
to follow the global trend to reduce harmful
emissions into the atmosphere, due to which
«Clean Air Zones»® have appeared in some
cities in the USA, where cars using traditional
fuels are not allowed. However, the use of
electric bicycles for logistics of the last mile has
its limitations: certain categories of goods or
route features do not allow to obtain additional
benefits provided by electric bicycles (Table 1).

As can be seen from the Table 1, the use of
an electric bicycle in the logistics of the last mile
has several features and requires construction
of an appropriate operation chain. The
formation of routes should consider the features
of this type of transport and requires the use of
appropriate software to consider the
characteristics of the cargo, route, current data
on traffic congestion. The authors of the study
conducted in the Netherlands [15] noted
several additional disadvantages of electric
bicycles, particularly battery charge time, lack
of infrastructure for recharging, uncertainty
of the legal status of cargo electric bicycles
relative to other road users and pedestrians,

¢ Clean Air Zone. [Electronic resource]:
https://en.wikipedia.org/wiki/Clean_Air Zone. Last
accessed 21.07.2019.

and insufficient width of bicycle lanes for
comfortable maneuvering.

Despite these shortcomings, the share of
electric bicycles in urban logistics in European
cities is increasing. Already, the accumulated
experience of large logistics companies, as well
as the results of experimental studies have shown
the undoubted advantages of electric bicycles as
of an alternative urban transport. The increase
in the length of the route, the possibility of using
an electric bicycle by wide strata of residents of
megalopolises, development of technology to
increase mileage without recharging and reduce
cost and price of electric bicycles explain the
growing popularity of this type of transport
among cyclists and potential consumers. From
the point of view of using an electric bicycle in
logistics of the last mile, its advantages in
maneuverability, speed of movement in city
traffic, and the possibility of traveling to
restricted traffic areas represent great
opportunities for transporting small loads, goods
with a limited shelf life and limited time of
transportation, goods requiring urgent delivery.

Conclusion. The development of bicycle
transport, equipped with electric motors, is a
promising area for improving the transport
system of the city. These vehicles can be used
to travel long distances, which is especially
important for a growing city, proceeding with
inclusion of new territories that do not have a
dense and developed transport network, as well
as for delivery of small loads. However, the use
of vehicles with electric motors requires
creation of special transport infrastructure
facilities, which include dedicated lanes,
separate from pedestrian and car flows. Even if
allocated lanes exist, systematic monitoring of
compliance with traffic rules by cyclists using
electric motors is necessary, since their mass is
much higher than that of mechanical bicycles.
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That is, when moving along lanes combined
with pedestrian traffic (at a speed of less than
25 km/h), the damage caused by a collision
with a pedestrian can be significantly higher.
These conditions are mandatory to ensure
safety of pedestrians and participants in traffic.

The effective use of electric bicycles also
requires:

1) presence of battery charging stations and
a system for disposal of used batteries;

2) reequipment of special parking spaces for
temporary and permanent storage of bicycles
and installation of a vehicle safety monitoring
system;

3) control over technical state of vehicles;

4) speed limits for electric bicycles and
scooters in recreational areas.

The variety of models of electric bicycles
and scooters requires development of a service
network for repair and technical inspection of
a vehicle. On the one hand, all these activities
are costly. On the other hand, they can
contribute to economic development of the city.
The most appropriate in this situation is public-
private partnership, in which the responsibilities
of the city include development of bicycle
infrastructure projects (with a payback period
of at least 3—5 years), while small and medium-
sized businesses ensure implementation of
these projects.
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CAMbIV A0OJITUN CE3OH
BEJIONPOKATA B MOCKBE

0JIb30BATEJIN BEJIOTIPOKAaTa COBEPIIVIN
B 2019 romy msATH MIWITMOHOB TTOE3I0K —
MOYTH Ha 17 MPOLIEHTOB OOJbIIE, YeM
B 2018 rony.

B cBoii ceapMoii roJl CTOJMYHBIN BeJIONPOKAT
oTpaboTaJl caMblil IOJITMI CE30H — TOYTH CEMb Me-
csueB. B 2019 romy myHKTBI apeHITBI TOPOICKUX Be-
Jocurnenos padotanu ¢ 20 arpesi, a Ha 3SUMHMIA TTe-
PEPBIB YIIUIM TOJBKO 17 HOSIOpsI, paHee OHM TaK
MO3HO He 3aKpbIBaIMCh. CEe30H MPOLIWIN, TOTOMY
YTO MO3BOJIMJIA TIOTO/IA, a TAKXKE M3-3a OOJIbILIOTrO
KOJIMYECTBA MPOCHO, TIOCTYMUBIIIMX OT MOCKBUUEIA.

CronmyHast cucTeMa BeJIoNpoKata — OIHA U3
caMbIX JUMHAMUYHO PACTYIIMX B MUpE. 3a TIATh JIET
MaciuTab mpoekTa BbIpoc B jaBa pa3a. B 2015 romy
cranumii obuto 300, a Benocunenos — 2600. B atom
ToJy ropoxkaHaM ObUIM JOCTYITHBI 528 cTaH1uii 1 60-
Jiee 5,5 ThICSYM BEJIOCUIIENOB B Pa3HBIX paiioHax
ropona.

Kapra cambIX MOIyJISIPHBIX PaiilOHOB BEJIOIIPO-
kata B 2019 rogy BkIIOUaeT pailOHbI XaMOBHUKH,
Tsepckoii, [pecHeHckuii, OcTaHKUHCKUI, Mapbu-
Ho, OuakoBo-MarBeeBckoe, HararuHckuit 3aToH
u JledopTtoso.

[eposiM1 MMHYBILIETO CE30HA CTaJI JIBa ITOJIb30-
Baresist. OnmuH U3 HUX Tpoexai 6ojee 10 Thicady Ku-
JIOMETPOB — 3TO PACCTOSTHUE JJTMHOI OT 3KBATOpa 10
OxHoro nomoca. JIpyroii mojib3oBaTe b Opajl BeJIo-
cunen 3300 pa3 — B MPOILLJIOM TOLYy MOCKBUY YCIIE]T
2,5 TBICSIUM pa3 BOCIIOIb30BATLCS TTPOKATOM.

CTONMYHBIN TIPOKAT — OAWH M3 JUACPOB T10
YPOBHIO BOCTpeOOBAHHOCTH CPEIU KUTEJICH: B CpeI-
HeM B MockBe npuxonutcs 6,1 moe3nku Ha OauH
BEJIOCHUIIE] B CYTKM, UTO O0Jiee YeM B [iBa pasza 00J1b-
11e, yeM B JIoHIOHe — OJHOM U3 TOPOJOB-TUIEPOB
10 TIOMYJISIPHOCTH BeJiolipokaTta. B GpuraHckoit
CTOJIMIIC Ha OIMH BEJIOCUTIC B CPETHEM IIPUXOIUTCS
2,6 TTOE3 KA.

CpenHee BpeMst TIOe3KH IPOKATHOTO BEJIOCUTIE-
na — 27 MAHYT.

PacTér monynsipHOCTb 371€KTPOBEIOCUTICOB.
B aTom roay Ha HMX coBepIlieHO 125 ThICSY ITOE3I0K.
Ceituac B roposie MoxHoO B3sITh Haripokar 429 a1eKT-
POBEJIOCUTIENIOB, a B CJICAYIONIEM TOy KOJTMUECTBO
YBEJTMUUTCS TTOYTH B IBa paza — ux oyner 729.

B cnenyroiiiem rony raHupyercst 100aBUTD e11E
100 ctaHuMii U THICSYY BeJocUIienoB. Takum oopa-
30M, BEJIOITPOKAT Oy/ieT paboTaTh Ha BCeil TEPPUTO-
puu ropona. CrieluagucThbl OLIEHAT MPeTOKESHMSI
SKUTEJICH, TIIe Pa3MEeCTUTh CTAaHITMH, a TAKXKe TIPOoaHa-
JIM3UPYIOT, Tie 1o utoram 2019 royia mpokar moyib30-
BaJICST HAUOOJTBIIIEH TIOITYJISIPHOCTHIO.

Bcero ¢ MomeHTa 3armycka «Benobaiika» B cucte-
Me 3aperCTPUPOBATIUCH OMUH MIITMOH 600 ThICSY
yesoBeK. B co3HaHMM MOCKBUYEl Beslocuries cei-
Yac — 3TO TOIYJISIPHBIA Y TIPUBBIYHBIN CITOCOO J10-
Opatbcst U3 OTHOM TOUKU B IPYTYIO.

Brnaromapst passuTHio mpokara BeJIOCUTIETACTHI
B MockBe CTaHOBSITCSI aKTUBHBIMU YYACTHUKAMU
IBUXeHUs1. B cTonuile MpoBOAsiTCSl TOPOACKUE
BesnodectuBanu. Tak, Ha 2020 roa yxe 3ariaHu-
POBaHO TPU MOIOOHBIX COOBITHSI.

Habupaet 060poThI ITpoOKaT caMOKaToOB, KOTO-
phiit oTKphIIcs B Mockse B 2018 romy. B aTom romy
0osiee OTYMWUIMOHA TTO€3[0K COBEPILUWIIN MOJb-
30BaTeJIM ITPOKaTa. DTO MOUTH B UEThIpE pa3a 00J1b-
e, 4eM roioM paHee — TOrna caMOKaThbl Opanu
140 Teicsu pa3. 3a Bpemst pabOTbl CEpBUC 3aBOEBAT
TIOMYJIIPHOCTh Y MOCKBUYE — TIOE3IKU B LIEHTPE
TOpOJIa CTAJIN YaCThIM siBieHreM. Beero B cuctemax
OIepaTopoB 3apPerMCTPUPOBAHO 0KOJI0 350 ThICSY
M0JIb30BaTeeH.

ITo marepnanam odumaabHOrO caiita Mapa
Mocksst: https://www.mos.ru/news/item/
65374073 /?utm_source=search&utm_term=serp ®
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YBenuuyeHmne cCKopocTu coooLeHusd
Ha perynsapHbiX aBTOOYCHbIX
MapLupyTax

Muxaun FP93HOB Kvpunn JABbIAOB

B cratbe 0603HauYeHbl akTyasibHble Harpas-
JIEHWS MOBBbILLIEHVISI 9 OEKTVBHOCTU MEPEBO30K
accaxupoB ropoaCkVM TPAHCNOPTOM 3a CHET
MCr0/1b30BaHMsi COBPEMEHHbIX LUNGPOBbIX TEX-
HOJI0r i KOHTPOJISI U YrPaBIeHUS 3arPyXeHHO-
CTbIO IOPOXXHOW CETU, OPraHn3aLmnm yam4Horo
JBVKEHWS], OLIeHKN HaAEXHOCTY NepeBo304HO-
ro npowuecca.

Llenb paboTbl — pa3BuTne TEOPETUYECKOM
6a3bl 1 pa3paboTka rnpakTUHeckux PeKOMeH-
AauUnvi ro roBbILLIEHUIO CKOPOCTU COOOLLEeHUSs
Ha peryJisipHbIx aBTOOYCHbIX MapLUpyTax ropos-
CKOro TpaHcropTa B nepuoabl 3arpy3ku ropos-
CKOU OPOXHOV CETU 3@ CHET MUCIOJIb30BaHUS
J0MOJIHNTEIbHLIX Aopor. TeopeTnyeckue nc-
c/1e[0BaHvIsi BbIMOJIHEHbI HA OCHOBE aHaiv3a
Hay4yHOU 1 HOPMAaTBHO-TEXHUYECKON INTepa-
TYPbl, CUICTEMHOI0 aHann3a TPaHCIOPTHbIX
rpoLeccoB. OKCrepuMeHTaslbHbIe UCC/Ie0Ba-
HUS1 BbIMOJIHSIINCH B 1200PAaTOPHbIX Y JOPOX-
HbIX YCJIOBUSIX C UCI0JIb30BaHNEM MaTemMaTu-

Ipsaznoe Muxaua Baadumuposun —Maznumozopckui
20cy0dapcmeen blil mexHu4ecKull yHueepcumem

um. I. U. Hocoséa, Maenumoeopck, Poccus.

Jlasvtooe Kupuaa Arexcanopoeus —

000 «Asmodopkomnaexm», Maenumozopck, Poccus™.

4ecKoro MoAeMpPoBaHus, METOA0B MaTeMaru -
4eCKOWi CTaTUCTUKU, TEXHUKO-9KOHOMUNYECKOIrO
Y CUCTEMHOI0 aHa/1M3a TPAaHCMOPTHbIX MPoLec-
COB, aHa/n3a naccaxuvporioTOKOB, HAaTYpPHbIX
Hab1oaeHWA.

lMosy4eHbl 3aBUCUMOCTY CKOPOCTU MOTOKA
TPAHCMNOPTHbLIX CPEACTB OT UHTEHCUBHOCTU
ABVIXEHUST, TEXHUHECKOUN CKOPOCTU ABUXEHUS
aBTobyca rno AO0rNoJHUTEIbHLIM A0pOoraM OT
WHTEHCUBHOCTU MOTOKA MapLLPYTHbIX TPAHC-
nopTHbIX cpencTs. [ns ycnosuii r. MarHuto-
ropcka paccymtaH 9KOHOMUYECKNK 3G PEKT OT
npakTU4yeckor peannlauumn npeanaraemMbix
pekomeHaauwii. Tak, mocpencTBOM rnepeHa-
npasJsieHVs1 aBTo6yCcoOB Ha A0OpPOoru-ayo6népbl
B repuos rnuKoBOW 3arpy3Kku JOPOXHON CEeTH
060CHOBaHa BO3MOXHOCTb YBEJINYEHMISI CKOPO-
CTU CO0BLLEHUSI Ha 7 KM/4, 4TO NMO3BOJIAT CO-
KpatuTtb rnoTpebHoCTy B aBTobycax Ha 2 eam-
HULIbI Y OJ1YYNTb PACHETHbIVI SKOHOMUYECKUK

appexT.

KrnroueBble cnoBa: TpaHCnopT, roPOACKOV OOLLECTBEHHbIN TPAHCMOPT, rOPOACKasl OPOXHasI
ceTb, perynspHbIii aBTOOYCHbIVi MapLLpPYT, CKOPOCTb COOOLLEHYS].
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BBEOEHUE

[ToBbileHUE 3(PHEKTUBHOCTU MEPEBO3OK
rnaccaxupoB ropOACKUM TPAHCIIOPTOM SIBJISI-
€TCd BAXXHOMW COLIMAJIbHO-3KOHOMUYECKOM
npoo6yiemoii. OMHUM U3 HaTlpaBJIeHUI pellie-
HUS TaHHOM MPpo0JIeMbl, aKTUBHO 00CyXae-
MBIX B HacToslIllee BpeMs ClieluaJucTaMu,
SIBJISIETCSI YCKOPEHUE MOTOKA MapIIpyTHBIX
TPAHCIIOPTHBIX CPEICTB, MO3BOJISIIOIINX YBe-
JIMYUTBH CKOPOCTh coo0IIeHus1. B coBpemeH-
HOM 0T€YE€CTBEHHOM U UHOCTPAHHOM Hay4YHOM
JuTepaType MmpeagararoTcss MeTOAuYecKue
peKOMEeHIalliM, HallpaBJeHHbIE Ha YyCKOope-
HUE MMOTOKa FOPOACKOro TpaHCIIOpTa 3a CYET
HUCIOJIb30BAaHUS HABUTALIMOHHBIX JUCIIETYEP-
CKMX CHUCTEM, HUMPOBBIX TEXHOJOTUN I
OILIEHKU 3aTOPOB MapIUIPYTHBIX MOTOKOB,
VHIUBUAYAIbHBIX CPEICTB MOOMJIBHOM CBSI3U
JIJIS. OLIEHKU COCTOSIHUSI TpaduKa U MOTephb
BpPEMEHM TaccakupaMu B IyTU CJIeIOBaHUS
[1-4].

Bonbioe konmyecTBo pabOT MOCBSILIEHO
OpraHu3alyu YJIUYHOTO ABMXKEHUS C LIEbIO
YBEJIUYEHUST MPOIMYCKHOM CITIOCOOHOCTH TO-
POICKOM TOPOXKHOM CETU, BKJIIOYAs PETyIsIp-
HYI0O MapIIPyTHYIO CETb TOPOICKOro TpaHC-
nopta. Hanpumep, Ha OCHOBE aHATUTUYECKUX
METOMIOB, aBTOpaMu B paboTax [5—7] mpemna-
raloTcsl peKOMEHIalM 110 OpraHu3aluy pa-
0OTBI OCTAHOBOYHO-MEPECANOYHbIX TYHKTOB
Ha peryjaspHBbIX MaplipyTax ropoackoro
TpPaHCIOpPTa, YIPaBACHUIO MTPOIOKUTEILHO-
CTBIO MIPEOI0JICHUS TPAHCTIOPTHBIM ITOTOKOM
PEeryJMpyeMbIX MepeceyeHuit, ONTUMU3ALUU
MapIIPYTHBIX CeTell TOPOICKOro maccaxup-
CKOro TpaHCIIopTa.

Crnenyet TakXe yIeIUTh BHUMaHUe pabo-
TaM [8; 9], B KOTOPBIX MpeaIaraeTcsi METOIu -
yeckas 0a3a OLIeHKU HaAEXKHOCTHU MePEeBO3KU
rnaccaxxupoB ropoaCKrM TpaHcropToM. [pen-
JlaraeMble aBTOpaMU PEKOMEHAALIMU AaloT
BO3MOXHOCTb KOJMYECTBEHHO OOOCHOBATh
TaKoil mapaMeTp KayecTBa TPaHCIIOPTHOTO
00CTy>KBaHUS HaceJeHUSI, KaK HaIEKHOCTb,
B OOJIBIIIMHCTBE CJTy4aeB OLIEHMBAaEeMblii Kaue-
CTBEHHBIMU XapaKTePUCTUKAMU.

HecMoTpst Ha BCeCTOPOHHIOI UCCIEnO0-
BaHHOCTb paccMaTpuBaeMoOll MPoOJeMBI,
peanu3alnus mpeajaraeMblX METOIOB IO
YCKOPEHUIO MapIIPYTHBIX TPaHCIIOPTHBIX
CPeICTB TpeOyeT MX NOBOAKU U HACTPOUKHU
MO MHAWBUIYaJIbHbIE OCOOCHHOCTH TIJIaHU -
POBOYHBIX PEIIEHUNA TOPOXKHOMU CETU KOH-
KPETHOI0 ropojia, 3a4acTylo He MMEIIIEro

VIIE oA PJA A 915

pPe3epBOB TEPPUTOPUIL MO AOPOKHOE CTPOU-
TEJIbCTBO.

IToaToMmy 1Ie/1bI0 TaHHOI PabOTHI SIBJSIET-
Csl pa3BUTHE TEOPETUUYECKOI 0a3bl U paspa-
00TKa MpaKTUYEeCKUX PEKOMEHAALU IO To-
BBILLIEHUIO CKOPOCTHU COOOIIEHMS Ha PETYJIsIp-
HBIX aBTOOYCHBIX MapuipyTax ropoackoro
TPaHCIIOPTa B EPUOIbI 3arPY3KU rOPOIACKOM
JIOPOXKHOM CETU 3a CUET UCITOJIb30BaHUS J0-
MOJIHUTENbHBIX AOpOL. Pa3Butue TeopeTnye-
CKOli 0a3bl, MPeaCTaB/SIONIEN HAyYHYIO HO-
BU3HY, COCTOUT B YCTAHOBJIEHUU 3aBUCUMO-
CTel CKOPOCTU MOTOKA TPAHCIOPTHBIX
CpPeACTB OT UHTEHCUBHOCTU JBUXEHUS,
a TakKe TEXHUYECKOW CKOPOCTU IBUKEHUS
aBTOOyca MO MOIMOJHUTEIbHBIM TOPOraM OT
MHTEHCUBHOCTH IMOTOKA MapIlIPyTHBIX TPaHC-
TTIOPTHBIX CPEACTB. [Ipakmuueckasn 3HA4UMOCMb
paboThI 3aKJII0YaeTcsl B pa3paboTKe MpaKTh-
YeCKUX PEKOMEHJAIUN MO MOBBIIIEHUIO
CKOPOCTH COOOIIIEHUS Ha MMPUMEpPE Perysip-
HOU MapuIpyTHO ceTu MarHuroropcka.

B pabote ucnob30BaIMCh METO/IBI, IITUPOKO
MPYMEHSIEMbIE B UCCIIENOBAHUAX. AHAIN3 Ha-
YYHOI 1 HOPMAaTUBHO-TEXHUYECKOU TUTepaTy-
b1 MO3BOJIUJ YCTAHOBUTh [TyOUHY TPOPAOOTKU
MpoOJIEMbI MOBBILIEHUS 3(PHEKTUBHOCTU ITEpe-
BO30K TMACCAXUPOB TOPOACKUM TPAHCIIOPTOM,
OIpPEJEUTh CYIIECTBYIOLINE METOANKU PACUE-
Ta CKOPOCTH TPAHCTIOPTHOTO MTOTOKA, ChopMy-
JIMPOBATh 1I€Jb HACTOSIIETO UCCIENOBAHMS.
CucTeMHBI aHATU3 TPAHCTTOPTHBIX TTPOLIECCOB
T03BOJIVJT YCTAHOBUTB BJIMSTHUE 3aTPYKEHHOCTU
JIOPOXHOW CETU ABUXEHUEM Ha CKOPOCThb
TPAHCIIOPTHOTO MOTOKA.

MaremaTuyeckoe MoaeaupoBaHue obec-
MEeYWJIO BBIMOJHEHUE MHOTOKPATHBIX pacué-
TOB CKOPOCTHM TPAHCIIOPTHOTO MOTOKA MpPU
Pa3IMYHBIX peXUMax MPoe31a TPAHCIOPTHBI-
MM CPEICTBAMU PETYIUPYEMBIX IEPEKPECTKOB
C YYETOM PA3HOTO YPOBHS 3arpy>KeHHOCTU
JIOPOKHO ceTu ABMKeHueM. [1o pe3yasratam
MOJEIMPOBAHUS C UCITOJIb30BAHUEM CTaTH-
CTUYECKOro aHaIu3a ObLIU MTOCTPOEHBI UCKO-
MBIE 3aBUCHMOCTH, OLIEHEHA JOCTOBEPHOCTD
anmnmpoKCUMAIIMK U YCTAHOBJIEHBI YpaBHEHUS
perpeccuu.

HcxonHbie JaHHBIE 1151 TPOBOIUMBIX pac-
YETOB, a TaKKe JUIS YCTAHOBJIEHUSI KPUTUYE-
CKUX TI0 YPOBHIO 3arpy3KM Y4acTKOB JOPOXK-
HOW ceTu MarHutoropcka ObLIA MOJTYyYEHBI
HaTypHBIMU HaOIIOAEHUSMU 32 TPAHCIOPT-
HBIMU IOTOKAMU 1O TOPOJICKMM aBTOIOPOTaM,
a TaKXXe HeIMOCPEACTBEHHBIM MOJACYETOM
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HanmenoBanue paxktopos

N Keanmudukarms BoauTens Uwucno monoc noporu ]
> COCTOHHI/IG I[OpO)KHOFO HOFOHHBIC yCHOBI/I}I [
MOKPBITUS
L] I <
3arpyKeHHOCTH JOPOTH IIpoTsk€HHOCTH ydacTKa
JIBIDKEHUEM Aoporn

Puc. 1. @akTopsl, BAnsowme Ha CKOPOCTb TPAHCMOPTHOIO MOTOKaA.

KOPPECNOHAEHIIMI MacCcaXupoIroTOKOB Ha
PETYJISIPHBIX MapIIpyTax TOPOICKOIO TPaHC-
mopTta. TeXHUKO-2KOHOMUYECKUI aHaIN3
MO3BOJIMJI 000CHOBATH 11eJIeCO00Pa3HOCTD
MMPaKTUIECKOM pearn3aiii METOIMIEeCKOTO
WHCTPYMEHTAPUSI TI0 TOBBIIIICHUIO CKOPOCTH
COOOIIEHMST Ha PEeryJsipHbIX aBTOOYCHBIX
MapIIpyTax B IMIEPUOIbI 3aTPY3KU TOPOACKOM
JIOPOXKHOM CEeTH 3a CUET MCITOIb30BAHUS 10-
TTOJTHUTEJIBHBIX TOPOT.

PE3YJIbTATDbI

DddekT cHIKeHUS 3aTpaT Ha TepeBO3KY
ImaccaXkupoB MPHU HAIIpaBJICHUH aBTOOYCOB Ha
JIOTIOJTHUTEJIbHBIC TOPOTHU B IIEPUO 3aTPY3KHU
JIOPOKHOM CETU MTOCTUTAETCSI COKpAIllCcHUEM
qucia aBTOOyCOB Ha MapIIPYTe IS BHITIOTHE-
HUS TIEPEeBO30K C 3aJlaHHBIM MHTEPBaIOM
JIBUXKCHMS B Pe3yJIbTaTe YBEIUYCHUSI CKOPO-
ctu coobmieHust. CKOpoCTh COOOIIEHUS OIpe-
JIEJISIeTCSl CKOPOCThIO TTOTOKA TPAHCITOPTHBIX
CPEeICTB, Ha BEJIUYUHY KOTOPOI BIUSIOT
¢axTophl, MpeacTaBIeHHbIe Ha puc. 1.

MeTonuku pacuéTra CKOPOCTHU IMOTOKa
TPAHCIIOPTHBIX CPEACTB B 00JIbILIOM Pa3HOO0-
pa3uu MpUBEIEHBl B HAyYHOU U yuyeOHOI
smteparype. Harpumep, B padore [10, c. 6]
MPEIJIAraeTCs MMPOU3BOAUTH PACUET YCPENHEH -
HOI CKOpOCTHU 1O (hopMyIIe:

1'4
Vo ="a ()

a
rae lyq — JJIMHA CerMEHTa, KM;

L7 — cpenHee BpeMsl Ipoe3a cerMeHTa
aBTOMOOWISIMU, Y.

Bpemst mipoesna cerMeHTa aBTOMOGMIEM
BKJTIOUAET 3a¢PKKK B IBUKEHUH IO MTPUIH-

HE IIPEpbIBAHUM MMOTOKA M3-3a NEUCTBUS pe-
TYJIMPYIOLIMX CUTHAIOB UM BO3HUKHOBEHUS
3aTOPOB:

Al R N A ()
Iie f, — BpeMsl pa3roOHa TPaHCIIOPTHOTO cpeji-
CTBa 10 MAKCUMAaJIbHO pa3pelli€HHON CKOPO-
CTH, C;

!, — BPEMS IBMXCHMUSI TPAHCIOPTHOTO
CpeICTBa IO YYacTKy C MaKCMMaJbHO pa3pe-
LIEHHOU CKOPOCTHIO, C;

t — OCTaHOBOYHOE BpeMmsl, C;

¢ — BPEMs OXHMIaHUS IIPOE3/1a 3aT0pa Ha
MEepPEeKPECTKE, C.

Bpewmst pazroHa TpaHCHOPTHOTO CPeCTBA
10 MAaKCUMaJIbHO pa3peliéHHOU CKOpPOCTHU
SIBJISIETCSI CIIPABOYHOM BEJIMYMHOM, OCTaJIb-
HbIe KOMITOHEHTBI (POPMYJIBI (2) pacCUMTHIBA-
10TCs. Bpems nBUXEHUS TPaAaHCHOPTHOIO
CpeICTBa IO YYacTKy C MaKCMMaJbHO pa3pe-
IMIEHHON CKOPOCTBHIO OIpeaessieTcs 1Mo dhop-
MyJie:

t,_w — ly‘l. - laaT. _lo , (3)
Makc.
rae [ — JIUIMHA 3aTopa TMepel MepekpecT-
KOM, M;
[ — OCTaHOBOYHBIN MyTh ABTOMOOWJIA, M;
V.~ — MakcuMaJibHO pa3peliéHHasl CKO-

Makc.

POCTbh ABIKEHUST TPAHCIIOPTHOTO CPEACTBA ITO
YJacTKy, M/c.
OCTaHOBOYHBIN ITyTh ABTOMOOMJIST paCCUM-
TBIBaeTCS MO (popmyJie:
V2K
— 0 3
I, =(t, +1. +0,5¢2, )V, +2—,
*8eP,
TZie {, — BPeMsi PeakLnK BOAUTEJIS, C;
f. — BpeMs cpabaTblBAHUS TOPMO3HOM
CUCTEMBHI, C;
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Ta0imuna 1

BapuanTsi pacuéTa CKOPOCTH MOTOKA TPAHCIIOPTHBIX CPEACTB MPH PA3TMYHBIX PERKMMAX
npoe3a TPAHCNOPTHBLIMHU CPEJCTBAMY Yepe3 perympyemble nepeKpecTKr

3aTOpa Ha CJIE/IYIOIEM NePEKPECTKE

TlepBblii pexkxuM: ABMXKEHUE ¢ 3eJIEHOTO CUTHajla cBeTodopa Ha 3eJEHBII CUTHAI MTPU HATMYUU WK OTCYTCTBUM

Be3 3aropa

CMOCOOHOCTH yyacTKa)

(I/IHTCHCI/IBHOCTB JBUZKEHMUS I10 YYaCTKY MCHBIIIC l'[pO]TyCKHO]?‘I

C 3aTopoM

(MHTEHCHUBHOCTD JIBVDKEHUS TI0 YIACTKY
00JIbIIIE TTPOITYCKHOM CITOCOOHOCTH
ydJacTka)

/

v
tﬂ& + IO + tO)K

1

Bropoit pexxum: IBIKEeHNE C KpAaCHOTO CUTHATA CBeTO(opa Ha KPACHBIM CUTHAJ C 3aTOPOM

l

yu.

v -
I+t +1, 1,

3aTOpa Ha CIIEAYIOIIEM ITEPEKPECTKE

Tpetuii pexkxuM: IBUXKEHME ¢ KPACHOTO CUTHaIA cBeTo(opa Ha 3eIE€HbIN CUTHAT TPU HATMIUK WA OTCYTCTBUM

bes 3aropa

CIMOCOOHOCTH yyacTKa)

(MHTEHCUBHOCTb IBMXKEHUSI TIO YYACTKY MEHbILIE TPOITYCKHOMI

C 3aTopom

(MHTEHCHUBHOCTb JIBUKEHUSI 110 YYACTKY
60JTbIIIEe TTPOITYCKHOI CTIOCOOHOCTH
yyacTka)

/

__
- bl
I+,

3

/

yu.

.  S—
Ip +tm;, +to +Z‘Mv

ClIeIyIONIEeM MePeKPECTKE

YeTBEPTHI pEXUM: ABIKEHUE C 3eJIEHOTO CUTHAJIA CBETO(OpPa HA KPACHBIN CUTHAJ MTPY HAIMIWH 3aTOpa Ha

I

_ Y.

=
tﬂE. + tO + tD>KA

f — BpeMsl HapacTaHKs TOPMO3HBIX CHIL, C;

V, — HayanbHas CKOPOCTb TOPMOXEHHS,
KM/4;

K —xosdpurmeHT apPeKTMBHOCTH TOP-
MOXCHUSI;

g — YCKOpeHMe CBOOOIHOTO MafeHUs, M/C?;

¢, — KOO(GOUIMEHT TPOIOTBLHOTO CLET-
JIEHUST KOJIEC aBTOMOOWJIS C IOPOTOIA.

OcTaHOBOYHOE BpeMsT — 3TO BpeMsI, TIPO-
1Ieaee OT MOMEHTA, KOTIa BOAUTEb 3aMe-
TUJI TIPETISITCTBYE 0 TTOJTHON OCTAHOBKM aB-
TOMOOWJIS, OHO OTIPENIESETCS MO CIeMYyIoIIei
dopmyie:

V,.K
t,=t,+1,+0,5¢1  +-—"—2 (3)

BpeMst oxxunaHus mpoesaa 3aTopa Bo Bpe-
MsI ICICTBHSI pa3pellaoliero CurHaia cCBeTo-
dbopa Ha mepekpEcTKe ompeneasieTcs Mo

dopmyie:

VINPAI PAH PJA M NZID

t())K = Il + (npa3n - 1) * Ip + nMaKC. * ]MaKc’ (6)
rie /, — MpOIOIKUTENLHOCTD MEPECEUCHMS
CTOI-JTMHUU TIEPBBIM TPAHCIIOPTHBIM CPE[I-
CTBOM I0CJIe Havyajla JBUXEHUS, C;

n.... — KOJIMYECTBO TPAHCTIOPTHBIX CPE/ICTB,
KOTOpPBIE MEPECceKaIOT CTOM-JIMHUIO BO BpeMs
pa3roHa 10 MaKCUMAaJIbHO JOMYCTUMOW CKO-
POCTH C MOMEHTA BKJIIOUEHUS pa3peniaroie-
ro curHaja csetodopa;

Ip — WHTEPBAJI MEXAY MepeIHUMHU OamIie-
paM¥ TPAaHCTIOPTHBIX CPEICTB MPU MTPOXOXKIE-
HUU CTOM-JIMHUU BO BPeMsl pa3roHa MoToKa
JI0 MAaKCUMAJIbHO JOITYCTUMOM CKOPOCTH;

n... — KOJIHYECTBO TPAHCIOPTHBIX
CPEeACTB, KOTOPbIE MEPECEeKaOT CTON-TUHUIO
BO BpeMS MAKCUMAJIBHO IOMYCTUMOI CKOPO-
CTA C MOMEHTA BKJIIOUEHUS pa3peliaroliero
curHaja csetodopa;

I~ — uHTepBaaI MeXay NepeaHuMu 6am-

Makc.

TiepamMu TPAHCITOPTHBIX CPENICTB TIPU IIPOXOXK-
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Puc. 2. 3aBucumoctb CKOpPOCTH TPAHCIMOPTHOrO NnNoToKa OT UHTEHCUBHOCTU ABV)KeHUS!.

JIIEHUU CTOM-TUHUM BO BPEMSI MaKCUMAaIbHO
JIOITYCTUMOM CKOPOCTH, C.

s aBYDKeHUSI TOCTYIIEH TOJBKO TTEPHO
BpeMeHU 3eJIEHOTo curHaja ceerogopa. Ha-
JIMYME pa3peliaroiiero Curaana ceeroopa Ha
MOMEHT TOAbE3/1a TPAHCIOPTHOTO CPEICTBA
K MEePEKPECTKY OyneT onpeaeasitTb CKOPOCThb
IMOTOKA TPAHCIIOPTHBIX cpenctB. [loaTomy
B pacy€Tax ObLIM PACCMOTPEHbI UEThIPE PEXKU -
Ma Mpoe3aa TPAaHCIIOPTHBIMHU CPEACTBAMU
peryaupyeMbix mepekpécTtkoB. CKOpPOCTh
ITOTOKA TPAHCIIOPTHBIX CPEIACTB IPeIIaraeTcst
paccMaTpyBaTh KaK CPEAHIOI0 BEJIMYUHY CKO-
POCTH IIpoe3a TPAHCIIOPTHBIM CPEICTBOM
nepekpecTKa MpU YEThIPEX peKUMaXx.

I1epBblit pexkxuM: ABMKEHME C 3€JIEHOTO CUT-
Hasia cBeTohopa Ha 3eJIEHBII CUTHAJT TIPY HaJTH -
YU WIM OTCYTCTBUM 3aTOpa Ha CJICIYIOIIeM
nepekpéctke. TpaHCIOPTHOE CPEACTBO Bhe3XKaeT
Ha y4acTOK C paboTaroIlero 3eJIEHOro curHajia
cBetoopa (HauajibHast CKOpocTb 60 KM/4) 1 10~
€3KaeT JI0 3aTopa Ha CJICAYIOIIeM ITePeKPECTKe
B MOMEHT 3aropaHus 3eJIEHOTO CUTHaJIa CBETO-
dopa wm mpoe3kaeT MepeKpECTOK, €CI HET
3aTopa B JaHHOE BPeMSI.

BTtopoii pexuM: nBMXeHUE C KPaCHOTO
curHasa cBeTodopa Ha KpaCHBIM CUTHAI C 3a-
TopoM. TpaHCITOPTHOE CPEACTBO Bhe3KaeT Ha
YYaCTOK I10CJI€ OXUAAHUS BKIIOUEHUS 3€1€E-
HOTO CUTHajia cBeTo(opa (HavajabHas CKO-
pocTtb 0 KM/49) M moe3kaeT OO CICIYIOLIETo
nepekpeécTKa, Ha KOTOpoM 00pa3oBaJicsi 3aTop
10 IPUIMHE OKUIAHUS pa3peIIaloniero IBy-
JKEHUEe CUTHAJIa.

Tpetunii pexxum: IBUXKEHUE C KPACHOTO CUT-
HaJjia cBeToopa Ha 3eJIEHBII CUTHAJ TTPY HaJT! -
YU WIM OTCYTCTBUM 3aTOpa Ha CJICHYIOIIeM

VINPML PAH A M N=ID

nepekpeécTtke. TpaHCOPTHOE CPEICTBO Bhe3XKa-
€T Ha YJacTOK IT0CJIC OXMOAHUS BKIIIOUCHUS
3eJIEHOro curHana cBerodopa (HavyamabHas
ckopocTh ) KM/4) U moe3kKaeT A0 3aTopa Ha
CJICAYIOIIEeM MEPEKPECTKE B MOMEHT 3arOpaHus
3eJIEHOTO CUTHaJIa cBeTo(opa WM Mpoe3XkaeT
TePEeKPECTOK, ECII HET 3aTOpa B IAHHOE BpeMs.

YeTBEPTHI peXXUM: IBUXEHUE C 3€JIEHOTO
curHaJa cBeToopa Ha KpaCHBIN CUTHAI TIPU
HaJIMYMHU 3aTOpa Ha CJICAYIOIIEeM MepeKPECTKeE.
TpaHcmopTHOE CpeICTBO Bhe3:KaeT Ha yIaCTOK
¢ paboTarolero 3eJ€HOTO CUTHaJIa cBeTodopa
(HavajbHAsI CKOPOCTDH 60 KM/4) 1 10e3KaeT 10
CJIeIyIOIIero rnepekpeécTka, Ha KOTOPOM 00-
pa3oBaJjicsa 3aTOp MO NMPUUYMHE OXMIAHUS
paspelrariiero IBMKeHIUe CUTHAA.

BapuaHThbl pacué€Ta CKOpOCTU TPAHCIIOPT-
HOTO TIOTOKA IPH Pa3TUIHBIX PEXKUMAaX IPo-
€311a TPAaHCTIOPTHBIMU CPEICTBAMU Yepe3 pe-
TyJIupyeMble TTEePeKPECTKU MPUBEICHBI
B Taos. 1.

ITocpencTBoM pacu€ToB 110 MPUBEAEHHOM
B Tabi. 1 MeToauKe ObljIa TTOTyYeHa 3aBUCH -
MOCTh CKOPOCTH MOTOKa TPAHCIIOPTHHBIX
CPEeICTB OT MHTEHCUBHOCTHU IBVXKCHUS IJIS
TpEX YPOBHEN 3arpy3KM ydacTKa JOPOXKHOM
CeTH, KOTJa TPaHCIIOPTHOE CPEICTBO MTPEOI0-
JIeBaeT 3aTOp Tepen peryIupyeMbIM Mepe-
KPECTKOM COOTBETCTBEHHO 32 OIVH, IBa I TPU
uKiIa ceetodopa (puc. 2).

Kpowme Toro, Ha 0cCHOBE MaTeMaTUIECKOTO
MOJETMPOBaHUS ObLTIa YCTAHOBJICHA 3aBUCH -
MOCTb TEXHMYECKON CKOPOCTU IABUKECHUS
aBTOOYCOB IO IOIIOJHUTEIBHBIM TOpOTaM
TOpPOACKON TOPOXHOM CeTU B Mepuoj e€ 3a-
TPY3KU OT MTHTEHCUBHOCTH IIOTOKA MapIIIPYT-
HBIX TPAHCTIOPTHBIX CPeACTB (puc. 3).



Puc. 3. 3aBUCUMOCTb TEXHNYECKOV CKOPOCTH ABUXXEHUS1 aBTOOYCOB 10 4OMNOJIHUTEJIbHOV gopore
OT MHT@HCUBHOCTH MOTOKa MapLUPYTHbIX TPAHCMOPTHbIX CPEACTB.

CKopocThb co00IeHust, KM/4

-@- - 1ocJie nepepacnpeieseHus;

-O- - 10 nnepepacnpeieieHmus .

NHTEHCHUBHOCTH OCHOBHOI'O IOTOKA TPAHCIIOPTHBIX CPEACTB, aBT./4

Puc. 4. U3ameHneHne cpesiHeli CKOPOCTU COOOLLeHUSI ABUXEHUS1 aBTOBYCOB
npuv nx HanpaseHNN Ha AOMNOJIHNTE/IbHbIE AOPOrvN AOPOXHOW ceTn Marnuroropcka.

3aBUCUMOCTH ObLTA TIOJTyJeHa TSI YCJIOBUI
CBETO(hOPHOTO PETYIMPOBAHNS BO3BpaTa MapIII-
PYTHBIX TPAHCMOPTHBIX CPEACTB C JTOMOJHU-
TeJIbHOM IOPOrM Ha OCHOBHOI y4aCTOK rOpO/I-
CKOI TOpOXXHOI ceTu mocie o0be3na 3aTropa.
YcTaHOBJIEHHBIE 3aBUCUMOCTU HEOOXOIUMbI
JIJIS1 pacy€Ta CKOPOCTU COOOILLEHMSI, TPeOyeMO-
ro KOJIMYECTBA aBTOOYCOB Ha MapIlpyTe U Mo-
JIy4aeMOTro 9KOHOMMUYecKoro addekra ot pea-
JIM3ALMU PEKOMEHIALMA 10 HAaNpaBIEHUIO
MapuIpyTHOIO TPAHCIIOPTA Ha IOTTOJIHUTENIbHbBIE
JIOPOTU B NIEPMO]L 3arPY3KU TOPOKHOM CETH.

CKOpOCTb COOOIIIEHMST 3aBUCUT TaKKe OT
IJIAHUPOBOYHBIX PEIIEHUU TOPOIACKOMN T0-
POXXHOI ceTr. DT TUTAHUPOBOYHBIE PEIICHUS
WHAWBULYIbHBI U151 K&KA0TO MyHULIUTIATb-
Horo obpazoBaHusi. B gaHHoii padoTe ObLI
MPOU3BEAEH aHAIU3 JOPOXHOM ceTrh Marnu-
TOrOpCKa B YACTH OTPEAESIEHNSI MECT BO3MOXK-
HOTO YCKOPEHUS ITOTOKA MaPILIPYTHBIX TPAHC-
MOPTHBIX CPEACTB 3a CUET €ro rnepepacrpeae-
JIEHUSI Ha IOTIOJIHUTEJIbHbIE JOPOTH.

B Marnuroropcke 10poru-ayoaepbl UMEIOT
YYaCTKU JOPOXKHOM CETH B FOXKHOW YaCTH MPOC-
nektoB Kapna Mapkca u JleHuHa, a Takxe
B LIEHTpaJIbHOM YyacTh yaull, Tpyna u 50-netust
Marnutku. I1o 3TUM ydyacTkaM IpojierarT
TPacChl PETYJISIPHBIX aBTOOYCHBIX MApILIPYTOB,

U B 3THUX MECTaX UMEETCSI BO3MOXHOCTD YCKO-
peHUsI IOTOKA MapLIPYTHBIX TPAHCIIOPTHBIX
cpencts. [1o pe3ynabraTaM MpoBeIEHHOTO aHa-
JIM3a U pacvy€ToB ObLIO YCTAHOBJIEHO, UTO I1e-
pepacripenesieHre MapIIpyTHBIX aBTOOYCOB Ha
JIOTIOJIHUTEIbHBIC TOPOIM YBEJIUYMBACT CKO-
POCTb COOOIIEHMSI HA PETYJISIPHBIX aBTOOYCHBIX
MapIIpyTax B cpemHeM Ha 4 KM/d (puc. 4).

TEXHUKO-3KOHOMUYECKOE
OBOCHOBAHME PE3YJ1bTATOB
O0GoCcHOBaHUE 11€1eCO00Pa3HOCTH TIPAKTU-
YEeCKOI peain3aliii METOIMYECKOTO MHCTPY-
MEHTapUsl 1O MOBBIIEHUIO CKOPOCTU COOOIIIe-
HUS Ha PETYJISIPHBIX aBTOOYCHBIX MapIIpyTax 3a
CYET HaATIPaBJIECHUST MAPIIPYTHOTO TPAHCIIOPTA
Ha JIOTIOJTHUTEJThHBIE JIOPOTU B TIEPUOT, 3arPY3KU
JIOPOXKHOM ceTu ObLT MPOM3BEAEH Ha MpUMepe
aBToOycHOro Mapiipyra Ne 33 MarHuroropcka.
PaccmatpuBaemblit aBTOOYCHBIN MapIIpyT CBSI-
3bIBACT I0KHbBIE PallOHBI TOPOJA C €ro Hro-
BOCTOYHOI OKpanHOM B JIEeBOOEPEXKHOMN YacTu.
Maprpyr siByisieTcst MasITHUKOBBIM. Ero mpoTsi-
SKEHHOCTB B ITPSIMOM 1 O0OpaTHOM HAITPaBJIEHUSIX
paBHa 36,2 kM. Ha MapIipyTe sKCILTyaTUpyrOTCS
aBToOychl [A3-322132 u Citroen Jumper.
AHanu3 3arpy>KeHHOCTH B TEUEHUE CYTOK
Y4aCTKOB TOPOJACKOM TOPOXKHOM CETH, IO
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Tabmua 2

Pe3ynbraThl pacuéTa MHTEHCMBHOCTH MOTOKA TPAHCIOPTHBIX
cpeacts no npocnekry Kapna Mapkca, aBt. /4 [11]

Tlepuopl cyTok
Rlacraioesanc i 9:00—12:00 12:00—15:00 15:00—18:00
£ £ £ £ - -

z= | &% < g2 | &% - g2 | &2 .

=g S g &} = g S & o) E g S & 3
1. Bok3anpHas—MockoBcKast 438 330 768 300 240 540 384 342 726
2. Mockosckasi—ITepBomaiickast 600 354 954 468 360 828 534 372 906
3. [epBoMaiickasi—Ypasbckast 624 468 1092 570 474 1044 690 468 1158
4. Vpanbckasi—KoMcomorbekast 588 594 1182 450 642 1092 642 582 1224
5.Komcomorbckasi—JIeHnHrpaackas 630 720 1350 702 732 1434 786 636 1422
6. Jlenunrpazckasi— Tatuiesa 513 684 1197 960 906 1866 768 720 1488
7. TatuieBa—Ilarapuxa 510 726 1236 774 696 1470 786 714 1500
8. Tarapuna—um. [asets! «[1paBa» 536 678 1214 1014 942 1956 906 882 1788
9. um. TazeTsl «[TpaBra»—JIpyKOb! 576 894 1470 954 882 1836 960 924 1884
10. dpyx6p1—Mmaras3uH «BecHa» 551 720 1271 816 918 1734 864 900 1764
11. Marasun «BecHa»—Ipsi3HoBa 574 774 1348 966 828 1794 960 870 1830
12. TpsisnoBa—CoBeTcKoit ApMiun 554 1014 1568 1074 948 2022 1038 978 2016
13.Cogetckoit Apmun—CraneBapoB 1256 1044 2300 1348 710 2058 1752 645 2397,855
14. CranesapoB—3aBeHsTHHA 1200 1065 2265 1300 736 2036 1690 669 2359,091
15. 3aBeHsiriHa—O0CT. DHIeIbca 968 650 1618 1276 600 1876 1659 545 2204,255
16. oct. DHrensca—bopuca Pyusésa 960 680 1640 1210 612 1822 1573 556 2129,364
17. Bopuca Pyusésa—Tpyna 856 920 1776 972 952 1924 1264 865 2129,055
18. Tpyna-50-1etust MarHuTKu 580 464 1044 720 692 1412 936 629 1565,091
19. 50-netust Maruutku — 3enéusrit Jlor | 512 532 1044 724 612 1336 941 556 1497,564
Hroro: 13026 13311 26337 16598 13482 30080 19133 12855 31988

KOTOPBIM TIPOJIeTacT Tpacca AyOIMPYIOIIEeTo
Mapmpyta Ne 33, mo3BoIMIa ONpPEeaeINTh
KPUTHYECKMI yJ4acTOK Ha mpocnekre Kapra
Mapkca (Ta6i. 2).

Tak1M yIacCTKOM SIBJIIETCSI OTPE30K IIPOC-
meKTa ot yuibl CTtajeBapoB 10 YIUIl Tpyna,
Ha KOTOPOM B ITMKOBBIN ITepro cyTok ¢ 15:00
o 18:00 cpenHsIsT CKOPOCTh MOTOKA TPaHC-
ITOPTHBIX CPEICTB CHIDKAeTcs 1o 11 Km/4, 4To
IIPUBOINT K 00pa30BaHUIO 3aTOPOB Ha Iepe-
CCUCHMSIX W YBEIIMICHUIO BPEMEHH TOCTaBKH
IMacCaxXnupoB MapIIPYTHBIM TPAHCIIOPTOM.
B o2Tu mepuonbl cyToK meaecooObpa3sHoO Ha-
MIPaBIsITh aBTOOYCH paccCMaTpUBaEeMOTO
MapIIpyTa ¢ OCHOBHOI ITOpPOTW Ha JOPOTH-
IyOIEPHI, PACIIONOXEHHBIE BIOIb ITPOCITEKTa
Kapna Mapkca Ha yyacTKax:

* ot yymubsl CTaieBapoB O0 YIMIIE 3aBe-
HSTWHA;

* OT yIMUBI 3aBEHATWHA 0 OCTAHOBKU
DHTresbca;

* OT OCTAaHOBKM DHTeJIbCa 10 yIuIbl bo-
puca PyubeBa;

+ ot yaunbsl bopuca PyubeBa mo yamirer
Tpyna.

CucreMa IBUKCHMS MapIIPYTHBIX TPaHC-
IMOPTHBIX CPEICTB IO ITOporamM-gyoiaépam

TpeOyeT opraHu3alliy CBETO(POPHOTO PEryJI-
pPOBaHMUS BO3BpaTa aBTOOYCOB C JOTIOTHUTEIb-
HBIX JOPOT Ha OCHOBHYIO TOPOKHYIO C€Th. DTO
CBSI3aHO C 3aTpaTaMM Ha IIpUOOpETCHUE
M MOHTaX CBETO(OPHBIX Y3JI0B, MECTa yCTa-
HOBKM KOTOPBIX ITOKa3aHBl Ha cXeMmax
(puc. 5—7). Kpome Toro, Heobxommmo Oymer
TMEPEeHECTU CYIIEeCTBYIOIINI CBETOMOPHBIM
y3€eJI OT OCTAHOBKM «30pH Ypalia» 10 Iepece-
YeHUsI TOPOTH-Ay0IEpa ¢ TIaBHOI TOpOroit
MIpOCIIeKTa Ha yJacTke yia. CrajreBapoB—
yII. 3aBeHSITHHA. DTO HEOOXOMMMO TSI TOTO,
YyTOOBI MPOMNYCTUTH aBTOOYC ¢ myOyépa Ha
OCHOBHYIO TOpPOTYy 0e3 3adepXKH ITOTOKa
TPaHCITOPTHBIX CPEICTB.

Pe3ynbraThl TeXHMKO-3KOHOMHYECKOTO
aHaJIM3a CYIIECTBYIOIIETO W IIPEIIaracMoro
BapraHTOB OpPTaHU3AIIUH PaOOTHI aBTOOYCHO-
ro MapipyTta Ne 33 mpuBeaeHHI B Ta0I. 3.

I1poBenéHHbIC pacyEThl MO3BOJIMIN yCTA-
HOBUTH, YTO HAIIPaBJICHNUE B IICPUOIBI ITUKO-
BOI1 3arpy3Kd y49acTKOB B I0XHOI YacTH
npocmnekTta Kapia Mapkca Ha DZOpOTH-
nyonépsl B riepuos ¢ 15:00 mo 18:00 obecme-
YUBaeT yBEJIMICHIE CKOPOCTH COOOIIICHMS Ha
paccMaTpUBacMOM aBTOOYCHOM MapIIpyTe C
11 xm/49 mo 18 km/4. Bpems mpoe3ma paccMart-



a) CyuwiecTByoLmii BapuaHT

6) Mpegnaraemsiii BapnaHT

Puc. 5. Cxembl opraHnsaumv gopoxXxHoro asmkenusi B Maruntoropcke no npocnekrty Kapna Mapkca ot ynuysi
CrtaneBapoB A0 ynuubl 3aBeHsIruHa.

a) CywiecTByiowmii BapuaHT

6) Mpepgnaraemsiii BapuaHT 209

Puc. 6. CxemMbl opraHnsaumnmn A0pPOXHOro AsmxeHus B MarHuroropcke no npocnekty Kapna Mapkca ot ynuubi
3aBensruxa go ynuuybi bopuca PyybeBa.
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a) CywjecTByOLNi BapuaHT

6) NMpepnaraemvbiii BaApnaHT

Puc. 7. CxemMbl opraHn3aymnv fopoxXHOro aswkeHns B Marnutoropcke no npocnekty Kapna Mapkca ot ynuubi
Bopuca PyybeBa go ynuubl Tpyaa.

Tabmuna 3
PeSyJI]:TaT])l TEXHHUKO-3KOHOMHYECCKOIro aHAJIN3a BADUAHTOB
OpPraHU3aIuu Pa0oThI aBTOOYCHOro0 Mapmpyra Ne 33
IMokazarenb, €. U3M. CymiectBytomuii | [Tpeanaraembrit
BapuaHT BapuaHT
1. YucaeHHOCTh aBTOOYCOB Ha MapllpyTe, e]I. 8 6
2. TonoBoit 00BbEM TIEPEBO30K, YEII. 469111 469111
3. TomoBbIe 9KCIUTYaTallMOHHBIE 3aTPAThl, THIC. PYO. 11680,9 9917,72
4. 3aTpathl Ha GOPMUPOBAHKE TPAHCTIOPTHOW MH(PPACTPYKTYPHI, THIC. py0. | — 2553,1
5. IpuBenEHHBIE 3aTPaThI, THIC. PYO./TON 11680,9 10428,34
6. CebecToMMOCTh MEPEBO30K, Pyo./dell. 24,9 22,23
7. TonoBoit 5KoHOMUYeCKMit 3P DEKT, ThIC. pyo. — 1252,56

PYBaEeMOTroO y4acTKa COKpaIlaeTcsi ¢ 15 MUHYT
110 9 MuHyT. Takast Mepa MO3BOJIMT UCKITIOUNTD
yBeJIMUeHUE MOTPEeOHOCTU B aBTOOycax Ha
MapuipyTe Ha 2 eIMHULbI IJIs1 COOTIOACHUS
3aJ]aHHOTO MHTEPBaJIa ABMXKEHUS M CHUXKEHMST
COBOKYITHBIX 3aTpaT Ha MEePEeBO3KY OJHOI0
naccaxupa Ha 2,7 py6. Pacu€THblil ronoBoii
9KOHOMMYECKUI 3(PPEKT OT peanu3auuu
npeajaraeMblX peKOMeHAalMi COCTaBIsIeT
1,25 maH pyoO.

BbIBOAbl

1. OgHUM U3 HampaBJIEeHUI pelLIeHUs
npoOaeMbl MOBbIIIEHUS 3(P(PEKTUBHOCTHU
IePEBO30K MacCaxkKUpPOB TOPOJICKUM TPaHC-
IOPTOM SIBJISIETCSI YCKOPEHHME ITOTOKA MaplIli-
PYTHBIX TPAHCITIOPTHBIX CPEACTB 3a CYET Mepe-

HaIpapJeHUs €ro Ha JOTIOJTHUTEbHbIE T0PO-
i, 1y0Jupylolie OCHOBHbIE MarucTpasiu,
B MEPUOJbl UX 3arPpy3KM IBUXEHUEM, UTO
MO3BOJISIET YBEJIMUUTb CKOPOCTh COOOILEHHUS.
HecMoTpst Ha BCECTOPOHHIOIO MCCIIENOBaH-
HOCTb paccMaTpuBaeMoi npobJieMbl, peain-
3aLIMs1 PpeIJaraeMbIX METOJ0B 10 YCKOPEHUIO
MapIIPYTHBIX TPAHCIIOPTHBIX CPENCTB TPEOy-
€T UX IOBOJIKM M HACTPOWKM MOJ UHAUBUILY-
aJIbHbIe 0OCOOCHHOCTH TIAHMPOBOYHBIX pelie-
HUI TOPOXHOU CETU KOHKPETHOTO ropoja,
3a4acTyl0 HE UMEIOLIETO PE3EPBOB TEPPUTO-
puii 1oJ 1OPOXKHOE CTPOUTETLCTBO.

2. D deKT CHUXKEeHUS 3aTpaT Ha MepeBO3-
Ky naccaXkMpoB MpyY HAINPAaBJAEHU U aBTOOYCOB
Ha JOTIOJTHUTEJIbHBIE TOPOTH B IIEPUOT 3arPy3-
KM IOPOXKHOM CETU IOCTUTAETCS COKPAILIEHU -



€M UKCIa aBTOOYCOB Ha MapIIpyTe JIJIsl BBITION -
HEHUSI TePeBO30K C 3aJlaHHBIM MHTEPBAIOM
JIBIDKEHMS B PE3YyJIbTaTe YBEIMUEHUST CKOPO-
CTU coo0IIeHUs. PacuéT 3KOHOMUYECKOTO
s dexTa OCHOBaH Ha MPEJIOKEHHBIX B pab0-
T€ 3aBUCUMOCTSIX: CKOPOCTH TTOTOKA TPaHC-
TTIOPTHBIX CPENICTB OT UHTEHCUBHOCTHU JIBUKE-
HMS, @ TAKXKE TEXHUUECKOM CKOPOCTHU ABUXKE-
HUS aBTOOYCa MO JOMOJHUTEIbHOI 10pore —
OT MHTEHCUBHOCTHU TTOTOKA MapIIpyTHBIX
TPAHCITOPTHBIX CPEICTB.

3. YcraHOoBJIEHHBIE B pab0OTe 3aBUCUMOCTU
OBV TIOJTyYEHBI 110 pe3yJIbTaTaM MOAEINPO-
BaHMSI YETHIPEX PEXKMMOB ITPOE3/1a TPAHCTIOPT-
HBIMU CPEJICTBAMU PETyIMPYEMbIX TTEPEKPECT-
KOB:

* MePBBII PeKUM — IBIKEHUE C 3eJIEHOTO
curHaia ceerodopa Ha 3eJIEHBIN CUTHAI TIPU
HaJIMIUY WY OTCYTCTBUM 3aTOpPa Ha CJIEIYI0-
IIIEM TMePeKPECTKE;

* BTOPOIi peXX1M — IBIKEHHE C KPAaCHOTO
cUTHaJa cBeToopa Ha KpaCHBIM CUTHAJ C 3a-
TOPOM;

* TPETHI PeXUM — ABUKEHUE C KPACHOTO
curHana ceerodopa Ha 3eJIEHBIN CUTHAI TTPU
HaJIMIUY WY OTCYTCTBUM 3aTOPa Ha CJIEIYI0-
IIIEM TePeKPECTKE;

* YeTBEPTHIN PEKUM — IBUKEHUE C 3€J1€-
HOTO CUTHaJIa cBeTo(opa Ha KpaCHBIN CUTHAIT
TpY HAJIMYWU 3aTOpa Ha CIIEAYIONIEM Tepe-
KpECTKe.

B pacu€rax Takxke y4yMTHIBAIMCH pa3HbIe
YPOBHM 3arpy3KM JOPOXKHOM CETH IBUXKEHU -
€M, KOTJIa TPaHCIIOPTHOE CPEACTBO IMPEOI0-
JIeBaeT 3aTOp IMepell PeryanupyeMbIM Mepe-
KpECTKOM COOTBETCTBEHHO 32 OJIMH, JIBA 1 TPU
LIMKJ1a cBeTodopa.

4. Pacuét skoHoMMUYeckoro adexra ot
HampapJeHWs] MapIIPyTHOTO TPaHCIIOpTa Ha
JIOTIOJTHUTEJIbHBIE IOPOTH B IIEPUOJT 3aTPY3KHN
JIOPOKHO CeTH OBbLT MTPOU3BENEH HA ITPUMeEpe
aBToOycHoro Mapuipyta Ne 33 MarHurorop-
cka. [IpoBen€HHBIE PacUEThl MO3BOJIUIU
YCTaHOBUTH, UTO HAIpaBJieHWE B TIEPUOIbI
MMMKOBOI 3arpy3KM YYacTKOB B I0KHOI YacTu
npocnekra Kapia Mapkca Ha ngoporu-
ny6népsl B iepuos ¢ 15:00 mo 18:00 obecme-
YUBaET YBEIMUEHNE CKOPOCTH COOOIIIEHUST Ha
paccMaTpUBaeMOM aBTOOYCHOM MapIipyTe 70
18 xM/4. Bpemst mpoesna paccMaTpruBaeMoro
y4JacTka cokpataercs ¢ 15 MUHYT 10 9 MUHYT.
Takast Mepa MO3BOJIUT UCKIIOYNTD YBEJINYE-
HUEe MOTPeOHOCTU B aBTOOYCax Ha MaplIpyTe
Ha 2 eIVUHULBI IJI COOMIOACHUS 3a1aHHOTO

VIVIE SAH PIA ) 915

WHTEepBaja IBVKCHUS U CHUKECHUST COBOKYII-
HBIX 3aTpaT Ha IMePEBO3KY OTHOTO MacCaXunpa
Ha 2,6 py6. PacuéTHbIi1 rO10BOIM 9KOHOMUYE-
cKmit 3(pdeKT OT peanm3aluy mpeaiaraeMbIX
pexomeHaauuit cocrasisier 1,25 MIH pyoO.
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Increase in Speed of Regular
Urban Bus Traffic

Mikhail V. GRYAZNOV Kirill A. DAVYDOV

ABSTRACT

The article outlines the currently relevant
directions for increasing the efficiency of
passenger transportation by urban transport,
achievable through using modern digital
technologies for monitoring and controlling
congestion of the road network, traffic
management, and assessing reliability of the
transportation process.

The objective of the study was to develop
theoretical base and practical recommendations
for increasing speed of traffic on regular urban
bus routes during periods of high load of the
urban road network using alternate roads.

Theoretical studies were based on the
analysis of scientific and regulatory sources,
and on the system analysis of transportation

Gryaznov, Mikhail V., Nosov Magnitogorsk State
Technical University, Magnitogorsk, Russia.
Davydov, Kirill A., LLC Avtodorkomplekt,
Magnitogorsk, Russia*.

processes. Experimental studies were carried
out in laboratory and road conditions using
mathematical modelling, methods of mathema-
tical statistics, technical, economic and system
analysis of transportation processes, analysis
of passenger flows, field observations.

The dependences of the flow rate of vehicles
on traffic intensity, technical speed of buses on
alternate roads on the flow rate of fixed-route
vehicles are obtained. The economic effect
resulting fromimplementation ofrecommendations
was calculated for the conditions of the city of
Magnitogorsk, since redirecting the buses to
alternate roads during peak load periods for road
network allows to increase their route speed by
7 km/h and hence to reduce the need in bus fleet
by 2 units, obtaining the target economic effect.
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Background. Improving the efficiency of
passenger transportation by urban transport is
an important socio-economic problem. One of
the directions for solving this problem, which
is currently being actively discussed by the
experts, is to accelerate the flow of fixed-route
vehicles, which can increase traffic speed.
Modern domestic and foreign scientific sources
offer methodological recommendations aimed
at accelerating the flow of urban transport
vehicles through the use of navigation dispatch
systems, digital technologies for assessing
traffic congestion, individual means of mobile
communication to assess the state of traffic and
passenger time losses along the route [1—4].

A large number of works are devoted to
organization of traffic in order to increase the
capacity of the urban road network, including
aregular route network of urban transport. For
example, on the basis of analytical methods,
the authors of [5—7] offer recommendations
on organization of work of stopovers at regular
urban transport routes, managing the duration
of the traffic flow at controlled intersections,
and optimizing route networks of urban
passenger transport.

Attention should also be paid to works [8;
9], which propose a methodological basis for
assessing reliability of passenger transportation
by urban transport. The recommendations
proposed by the authors make it possible to
quantitatively substantiate such a parameter of
quality of public transport services as reliability,
which in most cases is assessed by qualitative
characteristics.

Despite the comprehensive study of the
problem under consideration, implementation
of the proposed methods for accelerating fixed-
route vehicles requires refinement and tuning
to individual characteristics of the planning
decisions of the road network of a particular
city, often missing undeveloped areas for road
construction.

Therefore, the objective of this study is to
develop of a theoretical base and practical
recommendations to increase the traffic speed
on regular bus routes of urban transport during
periods of high load of the urban road network
through the use of alternate roads. The
development of the theoretical base, which is
the scientific novelty of the study, consists in
establishing the dependencies of the vehicle
flow rate on traffic intensity, as well as of the
technical speed of the bus along additional

roads on the flow rate of fixed-route vehicles.
The practical significance of the work lies in
development of practical recommendations for
increasing the speed of traffic at the example
of regular route network of the city of
Magnitogorsk.

The methods applied are widely used by other
researchers. The analysis of scientific and
regulatory sources made it possible to identify the
maturity of the study of the problem of increasing
the efficiency of passenger transportation by
urban transport, as well as to identify the existing
methods for calculating the speed of the traffic
flow, to formulate the objective of this study. A
systematic analysis of transport processes made
it possible to establish the effect of traffic
congestion on speed of the traffic flow.

Mathematical modelling ensured perfor-
mance of multiple calculations of speed of the
traffic flow at various driving modes of vehicles
at regulated intersections, considering the
different levels of traffic load on the road
network. Based on the simulation results and
using statistical analysis, the desired
dependencies were constructed, reliability of
approximation was estimated, and the
regression equations were established.

The initial data for the calculations
performed, as well as for establishing critical
sections of the road network of the city of
Magnitogorsk in terms of load, were obtained
from field observations of traffic flows on urban
roads, as well as by direct calculation of
passenger traffic correspondence on regular
urban transport routes. The feasibility study
made it possible to justify the practical
implementation of methodological tools to
increase the speed of traffic on regular bus
routes during periods of high load of the city’s
road network using alternate roads.

Results.

The effect of reducing the cost of transpor-
ting passengers when buses are sent to alternate
roads during the load of the road network is
achieved by reducing the number of buses on
the route to perform transportation at a
specified traffic interval as a result of an
increase in the traffic speed. Traffic speed is
determined by the flow rate of vehicles, the
value of which is influenced by the factors
shown in Pic. 1.

Awide variety of methods for calculating the
flow rate of vehicles can be found in scientific
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Name of factors

Driver’s qualification Number of road lanes

Brand and model of a car Time of traffic light cycle

State of pavement Weather conditions

Extension of road

Traffic load of the road section

Pic. 1. Factors influencing transport flow speed.

and educational sources. For example, in [10,
p. 6] it is proposed to calculate the average speed
by the formula:

ey)

where 1 is length of the road segment, km;
" is average travel time needed for cars to

pass through the segment, h.

The travel time of a car passing through the
segment includes delays in movement due to
interruptions in flow due to regulatory signals
or congestion:

L=t -+t Ft i1, ()
where ¢ is acceleration time of the vehicle to
the maximum permitted speed, sec;

¢t isvehicle travel time within the segment
with the maximum permitted speed, sec;

¢ is stop time, sec;

¢, is waiting time because of the traffic
congestion at the intersection, sec.

The acceleration time of the vehicle to the
maximum permitted speed is a reference value,
the remaining components of formula (2) are
calculated. The vehicle travel time in the area
with the maximum permitted speed is
determined by the formula:

t _ lsec — lcon — ls (3)
mov V ’

max

wherel  islength of congestion in front of the
intersection, m;

1, is car stopping distance, m;

V_.is maximum permitted vehicle speed in
the section, m/s.

The stopping distance of the car is calculated
by the formula:
V02 ° Ke

b
20844,
where 7 is driver reaction time, s;

[ =(t +1,+0,5¢1 )V, + 4)

. is triggering time of the brake system, s;

f. is increase time of braking forces, s;

V, is initial braking speed, km/h;

K_is braking efficiency coefficient;

gis acceleration of gravity, m/s?;

o, is coefficient of longitudinal adhesion of
wheels of the car with the road.

Stopping time is time from the moment
when the driver noticed an obstacle to a
complete stop of the car, and it is determined
by the following formula:

I/O * KB
g9,

The waiting time for traffic congestion
during the time of action of the traffic light at
the intersection is determined by the formula:
t=1+(ng —1)ed, +n, 1 (6)

where /| is duration of the stop-line crossing by
the first vehicle after the start of movement, sec;

n_. is number of vehicles that cross the stop
line during acceleration to the maximum
permissible speed from the moment the enable
signal of the traffic light is turned on;

[lD is interval between the front bumpers of
vehicles when passing the stop line during
acceleration of the flow to the maximum
permissible speed;

n_is number of vehicles that cross the stop
line at the maximum permissible speed from the
moment the enable signal of the traffic light is
turned;

1 is interval between the front bumpers of
vehicles when passing the stop line at the
maximum permissible speed, sec.

Only the time period when the green traffic
light is on is available for movement. The presence
ofatraffic lights’ permitting signal at the moment
the vehicle approaches the intersection will
determine the flow rate of the vehicles. Therefore,
in the calculations, four modes of passing by
vehicles of regulated intersections were
considered. The flow rate of vehicles is proposed
tobe considered as the average value of the vehicle
speed of the intersection under four modes.

The first mode: movement from green light to
green light whilst there is or there is no traffic jam
at the next intersection. The vehicle enters the
section with a working green traffic light (initial
speed of 60 km/h) and arrives at the next
intersection with traffic jam when the green traffic
light comes on, or passes that intersection if there
is no traffic jam at this time.

t.=t +1,+0,51, +

(&)

max 2



Table 1

Options of calculation of speed of flow of vehicles at various modes through regulated

intersections
First mode: movement from the green light to the green light (there is or there is no traffic jam at the next
intersection)
Without traffic jam ‘With traffic jam

(intensity of movement at the segment is less than the
transit capacity of the segment)

(intensity of movement at the segment is higher than the
transit capacity of the segment)

t

mov

Vl = ISEC .
to F1 AL,

mov

Second mode: movement from the red light to the red light (there is a traffic jam)

V = lsec .
Pt 4t tE AL,

intersection)

Third mode: movement from the red light to the green light (there is or there is no traffic jam at the next

Without traffic jam
(intensity of movement at the segment is less than the
transit capacity of the segment)

With traffic jam
(intensity of movement at the segment is higher than the
transit capacity of the segment)

l}

sec

= b
tl’ + tmov

3

V: ISCC .
Ut oAt LT,

r mov

Forth mode: movement from the green light to the red light (there is a traffic jam at the next intersection)

/.

sec

oo T AL,

4=

Pic. 2. Dependence of traffic flow speed on intensity of movement.

The second mode: movement from a red light
to a red light with a traffic jam. The vehicle
enters the section after waiting for the green
traffic light to turn on (initial speed 0 km/h)
and arrives at the next intersection at which a
traffic jam was formed due to waiting for the
traffic permitting signal.

The third mode: movement from a red light
to agreen light whilst there is or there is no traffic
jam at the next intersection. The vehicle enters
the section after waiting for the green traffic light
to turn on (initial speed 0 km/h) and arrives at
the next intersection with traffic jam when the
green traffic light comes on, or passes that
intersection if there is no traffic jam at this time.

The fourth mode: movement from a green
light to a red light when there is traffic jam at
the next intersection. The vehicle enters the
section with a working green traffic light (initial
speed of 60 km/h) and reaches the next
intersection where a traffic jam has formed due
to waiting for the traffic-permitting signal.

Options for calculating the speed of the
traffic flow for various modes of travel through
signal-controlled intersections are shown in
Table 1.

Through calculations using the methodology
shown in Table 1, the dependence of vehicle
flow rate on traffic intensity was obtained for
three levels of load of a road network segment
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Pic. 3. Dependence of the technical speed of buses on alternate road on the flow rate of fixed-route vehicles.

Pic. 4. Change of average speed of buses when they are directed to
alternate roads of the road network of Magnitogorsk.

when a vehicle overcomes a traffic jam in front
of a signal-controlled intersection during one,
two, and three traffic lights cycles, respectively
(Pic. 2).

Besides, based on mathematical modelling,
the dependence of the technical speed of buses
along the alternate roads of the city road
network during its high load on the flow rate of
fixed-route vehicles was established (Pic. 3).

The dependence was obtained for signal-
controlled traffic conditions of return of fixed-
route vehicles from an alternate road to the
main segment of the city road network after a
detour of a traffic jam. The found dependencies
are necessary for calculating the traffic speed,
the required number of buses on the route and
the resulting economic effect from implemen-
tation of recommendations on the direction of
fixed-route transport to alternate roads during
the load of the road network.

Traffic speed also depends on the planning
decisions of the urban road network. These
development decisions are individual for each
municipality. In this work, an analysis of the

road network of the city of Magnitogorsk was
carried out in terms of determining the places
of possible acceleration of the flow of fixed-
route vehicles due to its redistribution to
alternate roads.

In Magnitogorsk, alternate roads make part
of the road network in the southern part of Karl
Marx and Lenin Avenues, as well as in the
central part of Truda Street and 50-letiya
Magnitki Street. Routes of regular bus routes
run through these sections and in these places
it is possible to accelerate the flow of fixed-
route vehicles. According to the results of the
analysis and calculations, it was found that
redistribution of fixed-route buses to alternate
roads increases the traffic speed on regular bus
routes by an average of 4 km/h (Pic. 4).

Feasibility study

The rationale for practical implementation of
methodological tools to increase the traffic speed
on regular bus routes by directing fixed-route
transportation to alternate roads during the load
periods of the road network was made at the



Table 2

Calculation results of intensity of traffic flow on Karl Marx Avenue, car/h [11]

Sections of the road network Periods of the day
9:00—12:00 12:00—15:00 15:00—18:00
Forward | Backward | Sum Forward | Backward | Sum Forward | Backward | Sum
direction | direction direction | direction direction | direction
1. Vokzalnaya—Moskovskaya 438 330 768 300 240 540 384 342 726
2. Moskovskaya—Pervomaiskaya 600 354 954 468 360 828 534 372 906
3. Pervomaiskaya— Uralskaya 624 468 1092 570 474 1044 690 468 1158
4. Uralskaya—Komsomolskaya 588 594 1182 450 642 1092 642 582 1224
5.Komsomolskaya—Leningradskayas 630 720 1350 702 732 1434 786 636 1422
6. Leningradskaya—Tatishcheva 513 684 1197 960 906 1866 768 720 1488
7. Tatishcheva—Gagarina 510 726 1236 774 696 1470 786 714 1500
8. Gagarina—im. Gazety «Pravda» 536 678 1214 1014 942 1956 906 882 1788
9. im. Gazety «Pravda»—Druzhby 576 894 1470 954 882 1836 960 924 1884
10. Druzhby—magazin «Vesna» 551 720 1271 816 918 1734 864 900 1764
11. Magazin Vesna—Gryaznova 574 774 1348 966 828 1794 960 870 1830
12. Gryaznova—Sovetskoi Armii 554 1014 1568 1074 948 2022 1038 978 2016
13.Sovetskoi Armii-Stalevarov 1256 1044 2300 1348 710 2058 1752 645 2397,855
14. Stalevarov—Zavenyagina 1200 1065 2265 1300 736 2036 1690 669 2359,091
15. Zavenyagina—ost. Engelsa 968 650 1618 1276 600 1876 1659 545 2204,255
16. st. Engelsa—Borisa Ruchieva 960 680 1640 1210 612 1822 1573 556 2129,364
17. Borisa Ruchieva—Truda 856 920 1776 972 952 1924 1264 865 2129,055
18. Truda-50-letiya Magnitki 580 464 1044 720 692 1412 936 629 1565,091
19. 50-letia Magnitki—Zeleniy Log 512 532 1044 724 612 1336 941 556 1497,564
Total: 13026 13311 26337 16598 13482 30080 19133 12855 31988

example of bus route No. 33 of Magnitogorsk.
The bus route under consideration connects the
southern areas of the city with its southeastern
outskirts in the left-bank part. The route is of
pendulum type. Its length in the forward and
reverse directions is 36,2 km. GAZ-322132 and
Citroen Jumper buses are operated on the route.

Analysis of the load of urban road network
sections during the day along which the
alternate route No. 33 runs allows us to
determine the critical section on Karl Marx
Avenue (Table 2).

Critical segment is a section of the Karl
Marx avenue from intersection with Stalevarov
Street to intersection with Truda Street where,
during the peak period of the day from 15:00
to 18:00, the average flow speed of vehicles
decreasesto 11 km/h, which leads to formation
of traffic jams at the intersections and an
increase in the transit time for passengers of
fixed-route transport. During these periods of
the day, it is advisable to direct the buses of the
considered route from the main road to the
alternate roads located along Karl Marx Avenue
within the sections:

+ from Stalevarov Street to Zavenyagina
Street;

+ from Zavegyagina Street to Engelsa st.;

+ from Engelsa ost. to Borisa Ruchieva
Street;

(VORI I¥

« from Borisa Ruchieva Street to Truda
Street.

Fixed-route vehicles traffic on alternate
roads requires to organize traffic lights to
regulate the return of buses from alternate roads
to the main road network. This involves costs
of acquisition and installation of traffic lights,
the installation locations of which are shown
in the diagrams (Pics. 5—7). In addition, it will
be necessary to transfer the existing traffic light
unit from Zory Urala stop to the intersection
of the alternate road with the main avenue at
the section Stalevarov Street—Zavenyagina
Street. This is necessary in order to pass the bus
from the alternate road to the main road
without delaying the flow of vehicles.

The results of feasibility study of the existing
and proposed options for organizing the
operation of bus route No. 33 are shown in
Table 3.

The calculations made it possible to
establish that the directing of buses during the
periods of peak load of sections in the southern
part of Karla Marx Avenue to alternate roads
from 15:00 to 18:00 increases the traffic speed
on the bus route under consideration from
11 km/hto 18 km/h. The time to travel through
the section under consideration is reduced from
15 minutes to 9 minutes. Such a measure will
exclude an increase in demand for buses on the
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Pic. 5. Schemes of organization of road traffic in Magnitogorsk along Karl Marx Avenue from Stelavarov street to
Zavenyagina street.
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Pic. 6. Schemes of organization of road traffic in Magnitogorsk along Karl Marx Avenue from Zavenyagina street
to Borisa Ruchieva street.
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Pic. 7. Schemes of organization of road traffic in Magnitogorsk along Karl Marx Avenue from Borisa Ruchieva
street to Truda street.

Table 3

Results of technical-economic analysis of options of organization
of operation of the bus route No. 33

Indicator, units Existing option Proposed option
1. Number of buses on the route, units 8 6

2. Annual volume of transportation, persons 469111 469111

3. Annual operating expenses, thous. rub. 11680,9 9917,72

4. Expenses for formation of transport infrastructure, thous. — 2553,1

rub.

5. Reduced expenses, thous. rub./year 11680,9 10428,34

6. Prime cost of transportation, rub./persons 249 22,23

7. Annual economic effect, thous. rub. — 1252,56

route by 2 units to sufficiently comply with the
specified traffic interval and will permit to
reduce the total cost of transporting one
passenger by 2,7 rubles. The estimated annual
economic effect from implementation of the
proposed recommendations is 1,25 million
rubles.

Conclusions

1. One of the ways to increase efficiency of
urban passenger transportation is acceleration
of flow of fixed-route vehicles through its
redistribution to alternate roads, doubling the
main roads in the periods of their load, which
allows to increase the traffic speed. Despite
detailed examination of the problem under

consideration, implementation of the proposed
methods to accelerate fixed-route vehicles
require their tuning and refinement for
individual features of planning solutions of the
road network of a specific city, which often does
not have undeveloped areas for road
construction.

2. Effect of reduction of expenses for
passenger transportation when directing
buses to alternate roads in the periods of load
of the road network is achieved by reduction
of number of buses on the route followed by
respect of preset traffic intervals as a result of
increase in traffic speed. The calculation of
the economic effect is based on dependences
proposed in the work: which are dependence
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of speed of traffic flow on intensity of
movement, as well as dependence of technical
speed of bus movement via the alternate road
on intensity of traffic flow of fixed-route
vehicles.

3. The dependences were obtained based on
the results of modelling of four modes of
passing through light-controlled intersections:

« first mode: movement from the green light
to the green light under the presence or absence
of traffic jam at the next intersection;

» second mode: movement from the red
light to the red light with a traffic jam at the
next intersection;

+ third mode: movement from the red light
to the green light under the presence or absence
of traffic jam at the next intersection;

+ fourth mode: movement from the green
light to the red light when there is traffic jam at
the next intersection.

The calculations considered different levels
of traffic load of the road network, when a
vehicle overcomes a congestion before the
regulated intersection during one, two or three
cycles of the traffic light, respectively.

4. The calculation of the economic effect
from direction of fixed-route buses to alternate
roads during the periods of high load of the road
network was made using the example of bus route
No. 33 of the city of Magnitogorsk. The
calculations made it possible to establish that the
redirecting during the periods of peak load of
road segments in the southern part of Karl Marx
Avenue to alternate roads from 15:00 to 18:00
increases the traffic speed on the bus route under
consideration from 11 km/h to 18 km/h. The
transit time is reduced from 15 minutes to
9 minutes. Such a measure will exclude an
increase in demand for buses on the route by 2
units while ensuring the compliance with the
specified traffic intervals between the buses and
will allow to reduce the total cost of transporting
a passenger by 2,7 rubles. The estimated annual
economic effect from implementation of the
proposed recommendations is equal to 1,25
million rubles.
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EXPRESS INFORMATION

THE LONGEST SEASON
OF BIKE-SHARING IN MOSCOW

ike-share users made 5 million trips, that
B is almost by 17 % more than in 2018.
During the seventh year of its
operation, Moscow bike sharing saw the longest
season, almost seven months. Opened on 20 April,
bike-sharing stations closed on 17 November, this
late for the first time. The season was extended
due to the warm weather and the large number of
requests from Muscovites.

Moscow bike-sharing system is one of the
fastest growing in the world. Over the five years,
the project’s scale has doubled. In 2015, there were
300 stations with 2,600 bicycles. This year, 528
stations with some 5,500 bicycles offered in
different Moscow districts were available to
citizens.

In 2019, the map of the most popular bike-
sharing districts highlights Khamovniki, Tverskoi,
Presnensky, Ostankinsky, Maryino, Ochakovo-
Matveevskoye, Nagatinsky Zaton and Lefortovo.

Two bike-share users have become heroes of
the last season. One of them travelled more than
10,000 km around Moscow — a route covering the
distance from the equator to the South Pole.
Another user rented a bike 3,300 times. Last year,
a Muscovite rented a bike 2,500 times.

Moscow bike-sharing is leading in terms of
demand among residents: on average, a bike is
used for 6,4 trips per day, which is twice more than
in London, one of the leading cities in bike-
sharing, with 2,6 daily trips per bike.

The average ride time is 27 min.

E-bikes are growing popular, too, with 125,000
rides made this year. To date, there are 429 e-bikes to
share in Moscow. Next year, this number will almost
double, with 729 e-bikes available.

Next year, some 100 stations are expected to open,
with 1,000 bicycles more. So, bike sharing will cover
the entire city. Experts will assess the proposals of the
best sites to open new stations, and analyse where the
bike sharing was the most in-demand as of the end of
2019.

A total of 1,600,000 people have registered in the
system since the velobike’s launch. For Muscovites, a
bike is now a popular and common way to get from
one spot to another.

Thanks to the bike-sharing development, Moscow
cyclists have become active traffic participants. Bike
festivals are regularly held in Moscow, with three events
already scheduled for 2020.

Electric kick scooter sharing, opened in Moscow
in 2018, is growing popular, too. This year more than
halfa million trips have been made. This is almost four
times more than the previous year, when kick scooters
were rented 140,000 times. During its operation, the
service has grown popular among Muscovites, with
trips in the city centre becoming a common thing. In
total, about 350,000 users are registered in the
operators’ systems.

Compiled from the news on the official Moscow
Mayor website: https://www.mos.ru/en/news/
item/65374073/?utm_source=search&utm_
term=serp ®

Photo: mos.ru, Evgeny Samarin.
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IpaBuTaALMOHHOE MOaeNnnpoBaHue
KapwiepuHra Ha 6ase PTV Visum

Poccus*™.

Ceprein AHOPOHOB

KapLuepuvHr urpaet BaxHylo poJib B repexosae
K 6ecrnuioTHOMY TpaHCNopTy. B HacToser cTatbe
paccmarpuBaroTCs NoJIOXKUTESIbHbLIE U OTPULATE b
Hbl€ MOMEHTbI CYLLIECTBYIOLLEV CUCTEMbI KaPLLIEPUH-
ra B Poccun, a Takxe rnporHo3Hble TeHAEHUNN Ha
npumepe Mockbl  CaHkT-lleTepbypra. [Tockosibky
paaButue kapLuepuHra 8 CeBepHo cTonmLe eLlé He
no1y4nII0 AOIKHOM AVHAMUKM, @ MPOrHo3bl onepa-
TOPOB M0 EMKOCTU PblIHKA PacxoasiTcs, MHTepec
npeacTasnsioT onpenesieHne ycioBuii, cnocob-
CTBYIOLUMX YCMELLUHOMY Pa3BUTUIO CEPBUCA, U OLEH-
Ky NOTPEBGHOCTU roposa B KOJIMYECTBE MALLIMH.

Llenbto nccnenoBaHusi, OTpaxxEHHOro B cTatbe,
SIBJISIZIOCH UCCIE0BaHVE TeHACHLUN Pa3BUTYSI Kap-
LUEPUHIrOBOro cepBuca, oLeHKa noTpebHoro Koaum-
4yecTBa KapLUePUHIroBbIX aBTOMOOUIEN N UHTEHCUB-
HOCTU VX apeHbl B OTAE/IbHOM pavioHe ropoga. [ns
peLLeHvsi 3a4a4m NCrosib30BasiCcs METOA rpaBUTaLm-
OHHOIro MoaennpoBaHus Ha 6a3e 18-ii Bepcum rnpo-
rpaMmHo cuctemsl PTV Visum. HecMoTpsi Ha TO, 4TO
He 1CroIb30BaINCh CrieumnasibHble CpeacTBa paspa-
6aTtbiBaemMoi nuHeliku nporpamm PTV Maa$S
(Controller, Operator, Simulator, Modeller), npoaykt

Andponog Cepeeii Arexcandposun — Cankm-Ilemepbypeckuii eocydapcmeenHblil
YHUBepcumem aspokocmuyeckozo npubopocmpoernus: (I'YAII), Cankm-Ilemepoype,

M03BOJISIET CTPOUTb TPAHCMOPTHbLIE MOAESIN MaKpO-
YPOBHSI U BbIMOJIHSITb TPAHCTIOPTHOE MOAE/INPOBaHNE
C Yy4ETOM HOBbIX POPM MOBUILHOCTY (KapLLEPUHT,
GavikLuepyHr v 1p.) Npv naaHupoBaHUM 1 yrpassie-
HUW TPAHCNOPTHBLIMU CUCTEMaMU rOPOLOB.

PelueHune 3agayv npeanoaarano pa3paboTky
ZABYX Mogesievi TpaHCMopTHOro crpoca AJss Bblo-
paHHoro parvioHa ropoaa: 6e3 v ¢ y4éToM KaplLue-
puHra. B npouecce mogennpoBaHus nccaenosa-
J1aCb CTPYKTYpa BPEMEHHbIX TPAaHCMOPTHbIX 3aTpar
npuv N3MeHeHUn 41cna MaluvH aBTornapka v vH-
TEHCUBHOCTW €ro apeHabl A5 psaa tapugos
oneparopa. Kputn4eckoe 4ncsio KapLiepuHroBbix
aBTOMOOMIEN A5 parioHa ropoaa onpeaesisiioch
N3 YCI0BUS HaNbObLLEN KOHKYPEHLMN 3TUX Ma-
LLIWH C UHAMBUAYaIbHbIM TPaHCrnopTom. [loka3aHo,
4YTO B TEKYLUMX YCIIOBUSX 3D PEKT CHUXEHUS M0~
BPEMEHHbIX TPAHCMNOPTHbIX 3aTpaT B parioHe co-
crasasiet nopsaka 14 % npu oa4HONETHEM ropu-
30HTE MoAenmpoBaHus. Pe3ynbTatbl MOAEINPO-
BaHWSI COrNacyloTCcs C peasbHbIMU AaHHbIMU M0-
€e310K 1 MOoryT ObITb 9KCTPAaNoJMpPoBaHbl Ha Apyrue
pavioHbl ropoa.

Knro4eBbie caoBa: TpaHCMopPT, FrOPOACKOM TPAHCIOPT, KaPLLEPUHT, TPAHCNOPTHOE MoaennpoBaHve, PTV

Visum.
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BBEOEHUE

OpraHu3alMOHHbIE MEPBI Pa3rpy3KU Tpa-
(uka, Hapsiy ¢ IPOYUMHU, SBISIOTCS CyIIe-
CTBEHHBIM ITOJACHOPbEM MJISI CO3AaBaeMBbIX,
BeCbMa 3aTPaTHBIX MHTEJ/UIEKTYaIbHBIX TPaHC-
MOPTHBIX cUCTeM. B uuciie Takux mep, crio-
COOHBIX BHECTU BECOMBII BKJIaJ B pellIeHUE
TPAHCIIOPTHBIX MPOOJIeM ropojaa, — apeHaa
aBTOMOOWJISI (MJIM KapLIEpUHT) IJisl KpaTKO-
CPOYHOTI'0 MepeaBUXKEHMUS Ha HeOOJIbIINe
pAaCCTOSIHUS IO TOpOoAYy U B OJU3KHUX €ro
OKPECTHOCTSIX.

B Poccuu momoGHbIE cCepBUCHI, TaKKE, KaK
paiialiepuHr (pa3aeaeHue OraaThl MEXIy
MOTMYTYUKAMU), KAPOYJIUHT (COBMECTHOE
MCIIOJIb30BaHUE aBTOMOOUAS C APYTUMHU
JIIONIbMU), apeH/1a BEJIOCUIIE0B, CAMOKATOB,
DJIEKTPOMOOMIIEN U IpYyrue, B HACTOSLIEE
BpeMsI TOJIbKO HaOUparoT 000poThl. [opoackue
JKUTEJM HauMHalOT MMOHUMATh, YTO JIydllle
JIeJINTh, a He BlaaeTh. BaxHbIM (pakTOpOM
MPOIBMKEHUSI HAa3BaHHBIX CEPBUCOB SIBJISICT-
Csl BHEIPEHUE COBPEMEHHBIX TEXHOJIOTUIA,
MO3BOJISIIOIIMX BOCIIOJb30BaThCS JaHHBIMU
cepBHCaMM € TTOMOIIbIO cMapTdhoHa. Ycayru
MaaS (mobility as a service) win «MOOUJIb-
HOCTb KaK YCJIyra» MoApa3yMeBaroT, YTO 0JIb-
30BaTeIb MOJIyyaeT Ha CBOM cMapTGhOH roto-
BOE pelIeHUe, KaK 100paThCs U3 OMHOU TOUKU
ropojia B APYTyIo ¢ y4ETOM MPOOOK.

Tema mpoOOK U 3arpsi3HEHUs SIBIASETCS
BechbMa Oosie3HeHHOI. KpoMe Toro, norepu
BpPEMEHHU B ITPOOKAxX MMEIOT BIOJHE KOHKPET-
Hoe (PMHAHCOBOE BhIPAXKEHNE HE TOIBKO IS
JKUTeNeH, HO 1 st O1omxKeTa ropoaos. O1eH-
Ka pacxoJ0oB OT MPOOOK B JIeHb MO (popMyJie
[1] Brieuatsser:
M=T¢+*N-+*(K+S+B)=1-+0,5+10°+
(2 + 324 +90) ~ 369 MJH pyo.,
rae M — obuii pacxon OT MPOOOK B IeHb;

T — BpeMmsi, MPOBEAEHHOE B TPOOKE OMHUM
YeJIOBEKOM, U.;

N — KXoJInuecTBO MalllMH, CTOSIIIUX B IIPO0-
kax, 0,5+10° aBT. (B MocKBe IO OLleHKaM
Annexca 6omee 10°);

K — cpenHee yucio maccaxupos;

S — cpenHss 3aprara B yac B CaHKT-
ITetepOypre nmpu 40 yacoBoii paboueii Heaee
B 2019 . py0.;

B — cpenHuii pacxon TOMJIMBA 3a 4yac
B TpaHCIOPTHOM 3aTope, 2 J1 (90 py0.).

ITo craTucTUKe OmHa MalllMHA KpaTKO-
CPOYHOI apeHAbI CTTIOCOOHA B IeHb 00eCIIeun-
BaTb HYXIbI JecATKa MoJjib3oBareseit. Takum
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00pa3oM, y9aCTHUKOM JIOPOXKHOTO JIBVDKEHUST
CTaHOBUTCSI BCETO OUH aBTOMOOWJIb, a He
necsathb. [To mporHo3am 3KCIepToB, B pe3yJib-
TaTe U3 TPAHCITIOPTHOTO TTOTOKA OYIyT UCKITIO-
4yeHbl 3—4 u3 5 MallluH, YTO MOJIOKUTEIbHO
OTpa3uTCs Ha COCTOSTHUU TpaduKa. B mpuse-
NEHHOW BeIlIe OopMysie 3TO, OUYEBUIHO,
yMeHblIeHHe mapamerpa N 6ojiee ueM Ha 60 %
U, CJIEIOBATEIHbHO, CYIIIECTBEHHASI 9KOHOMMUSI.

ITomumo pasrpy3ku Tpaduka, mepexon
K apeH/Ie C TOMUHYTHOM OIUIATON UMEET CJie-
JTYIOIIIe MOTHUBBI:

1. Beicokast cCTouMOCTb BIIaIeHUS IMYHBIM
aBTOMOOWJIEM.

ContacHO UCCIEI0BAHUIO MTOPTasia «ABTO.py»,
B CpEIHEM BJIaJleHUE JIMYHBIM aBTOMOOMIIEM
B Poccuu 06xoautes B 32,2 ThiC. pyo. B MecsI1L
[2], ¥ mpy1 5TOM CTOMMOCTH BO3paCTaeT BMECTE
¢ UHGAIUME.

B cityuae apeHabI He PUAETCS HECTU U3-
JIEPKKHU, CBSI3aHHBIE ¢ TEXHUIECKUM 00CITy-
>KMBaHUEM U PEMOHTOM JINYHOTO aBTOMOOM -
JIs1, TPATUTHCST Ha TTAPKOBKY, OEH3UH, CTPaXOB-
Ky (apeHayeMble aBTOMOOUIY 3aCTPaXOBaHbI,
U IIeHa CTPaXOBKM BKJIIOUEHA B Tapud).
Bonpoc coxpanHoctu TC Takke HaXOAUTCS
B 30HE OTBETCTBEHHOCTHU KapIlIepUHTOBOM
KOMITaHWH.

IIpocreiime pacy€Thl MOKa3bIBAIOT, YTO
TOJIBKO TIPSIMBbIE 3aTpaThl Ha BJIaJIeHUE JINY-
HbIM aBTOMOOMJIEM CO CpeIHE CTOUMMOCTBIO
B2019 roay B 1,5 MJIH py0. ¥ TOMOBBIM MPOOE-
rom 15 Teic. KM cocTaBisior 137,5 Thic. pyo.
B TOl. 3/eCh YUTEHBI 3aTpaThl Ha OEH3UH
(pacxon 10 1 Ha 100 KM, 4TO cocTaBisieT
69 ThIC. pYy6.), ctoumoctb OCATO (5,5 Thic.
py06.), TexobcayxuBaHue (25 Toic. pyo.),
3aTpaThl Ha MOKYMKY pe3uHbl (4 ThIC. pyo.),
CTOMMOCTH MOMKH U MPUOOPETEHUST KUIKO-
CTU OMBbIBATEJS CTEKO (24 ThIC. pYO.), TpaHC-
nopTHbI Hajor (10 Teic. pyo.). st aBTOMO-
oust KapiepuHra (najee CS-aBTOMOOMIIb)
9TU 3aTpaThl gaxe npu tapude 10 pyo./km
COOTBETCTBYIOT 35 Thic. KM mpobera. Ecau
y4ecTb elll€ 1 OeCIIaTHYIO MapKOBKY, BHITO1a
Oyner ellé Bblille. A KaK U3BECTHO, €CTb €l
U1 KOCBEHHbIE MOTepU: aBTOMOOWIIb 3a 3 rofa
aKkcrutyarauu tepsiet 30 % cBoeit CTOMMOCTH.

2. Cokparenne smuccun CO, (ocHOBHast
MPUYMHA [JIO0ATBHOIO MOTEIUIeHUs) Oaro-
MPUSITHO JOJDKHO OTPa3UThCSl HA SKOJIOTUH.
OrieHka — B pe3yJibTaTe pa3BUTHSI KapIepruH-
ra OyzeT JOCTUTHYTO CHYKeHMeE Bhiopocos CO,
OT KMCITOJIb30BaHUs aBToMobwteit Ha 10 %.
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IMonynsipHocTb cepBuca B MocKBe pacTeT
TMTaHTCKUMM TEMITaMU. 3a TIOCJIeIHUE TO/IbI
OHa BBIpOCJIa BTpoe U KomuecTtBo CS-aBTo-
Mobuei npuodauxkaercs K 30 ThIC.

KakoBbI Xe IMmepcrneKTUBH cepBuUCca
B Cankr-IletepOypre? [1o ouleHKam oneparo-
poB (2018 1), EMKOCTb phIHKA KapllepuHra
B CeBepHoll cronuile coctapiasger: Youdrive
(7000), Demumobuis (3000), COLESA.COM
(3500) [3].

OHaKO MOHSTHO, YTO aBTOTMIApK HE JTOJI-
>KEH MPOCTanuBaTh, U HE JIOJDKHO OBITH Mepe-
KOCOB B CTOPOHY HEOOOCHOBAaHHOTO YBEJINYE-
Hus koandectBa CS-aBTO, YTO MPUBOAUT
K TOMY, 4TO 30Ha IJIaTHO# IMapKoBKU B Mo-
CKBE Ha TpeThb 3aHsTa UMEHHO KapIllIepuHTO-
BbIMU aBTOMOOWJIsSIMU. BCeTaét Borpoc: kKakoBa
Ke peajibHast MOTPeOHOCTh TOPOIa B JAaHHOM
cepBuce B HbIHEITHUX yciaoBusax? OTBET Ha
HETO MOKHO TTOTBITaThCS TTOJYIUTh Ha OCHO-
B€ TPAHCTIOPTHOTO MOJAEIMPOBAHUSI.

MOCTAHOBKA 3AAA4YU

JlanHast cTaThs MOCBSIIEHA BOIIPOCAM
pa3Butus kapiiepunra B Cankr-Ilerepoypre.
B kauecTtBe 00beKTa MCCenOBaHUS BbIOpaH
o1uH U3 paitoHoB ropoja (ITeTpoaBopLIOBEIit).
C y4€ToM TOTO, YTO OLIEHKU MOTPEOHOI0 KO-
JyecTBa CS-aBTOMOOWIEN U MHTEHCUBHOCTHU
WX apeH[IbI y Pa3HbBIX OTIEPaTOPOB PACXOISITCS,
TpeajiaraeTcss MpUMEHUTb TPAHCTIOPTHOE
MoaenupoBaHue. Takum 00pa3oM, IS MOJy-
YEHUST KOJIMYECTBEHHBIX OIEHOK TpeOyeTcs
pa3paboTaTh MOJIE]Ib TPAHCIOPTHOTO cIIpoca
JUIST BHIOpAHHOTO paiioHa B CIEIMATIN3UPO-
BaHHOU MporpamMMe ¢ y4ETOM CUCTeMBI Kap-
mepuHra. C TOMOIIbIO MOJETUPOBAHUS
BO3MOXHO OIICHUTh TUHAMUKY U COCTaBUTH
TPOTHO3 U3MEHEHUSI CTPYKTYPHI TPAHCTIOPT-
HBIX 3aTPaT C YUETOM KapIliepruHra, a MMeHHO,
CHIDKEHUE TPAHCIIOPTHOTO CIIpoca Ha MHJIM-
BuayanbHbii TpaHcnopt (UT). PesynbraThl
MOJIETUPOBAHUST HEOOXOIMMO 3aTeM CPAaBHUTD
C JaHHBIMU peaibHO apeHbl CS-aBTOMOOU-
JIeil B BBIOpAaHHOM paiioHe.

YC/NOBUA PABBUTUA KAPLUEPUHIA
Ha ceronxs B Poccuu cuctema kapiiepuH-
ra jajieka OT cCOBeplIeHCTBa. B yacTHOCTH,
YYaCTUIIUCH CITyJar TOPOXKHO-TPAHCTTOPTHBIX
npouctectsuit (ITIT) ¢ CS-aBromoduissmu
(6onee 200 ATII ¢ nayana 2019 roga), cpeau
MOJIb30BaTe/ieil KOTOPBIX 3a4acTyi0 OKa3biBa-
I0TCSI T€, KTO He UMeeT MOCTOSIHHOM TPaKTH-
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KW BOXIEHUST WK, XyXe TOTO, HETPE3BhIE,
JIMIIEHHBIE MpaB BoauTeau. Torna aBTOMO-
OWJIb TIpeBPAIIAETCsI B UCTOYHUK OMACHOCTH.
st 6opu0obI ¢ aTM B TMIBJ1/1 paccmaTpuBa-
[OT Mepbl UAeHTU(UKAIIMN BOAUTEIEH U UX
cocTtosiHUS 3a pyjaém CS-aBTOMOOMIIEH.
Kpowme Toro, obcyxmaeTcst Bompoc 0JJ0KUpO-
BaHUSI UCTIOJIb30BAHUST CEPBUCA JIJISI HAPYIIIH -
TeJIeil paBUJT TOPOXKHOTO JABUXKEHUSI.

3HayuMOU MpoOIeMOii SIBISIETCS OTCYT-
CTBME HOPMAaTWBHOMW MOKYMEHTAIIUW IS
OCYIIECTBIICHUS IesITeIbHOCTH KommaHuit. Ha
JAHHBIII MOMEHT TOJILKO B MOCKBE UMEIOTCS
MPUHSTHIE HA YPOBHE ropoja JOKYMEHTHI,
peryupylolme I1elCcTBUS cepBrca U HAI30p
3a HUM CO CTOPOHBI TOCY/IapCTBa.

Hpyroii mpo6aeMoii SIBJISIETCSI OTCYTCTBUE
€IMHBIX PEECTPOB, B KOTOPHIX OBbI cozmepxka-
JIUCh JIaHHBIE 000 BCeX KOMMAHMUSIX, TIPEIO-
CTaBJISIIOIINX YCIYTHM KaplllepyuHra, U ux abo-
HeHTax. JlaHHas 1leHTpaIu3alusl yIIpoCTUT
PETUCTPALINIO BOAMTEEH, TOCKOJIBKY B TAKOM
cJlydae J0CTaTOYHO OyAeT 3aperucTpupoBaTh-
Cs1 BCETO JIMIIIb pa3, a He Ie1aTh 3TO B KaXKIIOH
KOMIIaHWH TI0 OT/IEIbHOCTH, COOTBETCTBEHHO
OyIeT BOBMOXHOCTh BHIOMpPATh aBTOMOOWITb,
KOTOPBII HAXOIUTCS OJTXKeE.

Cankr-ITetepOypr no napky CS-aBTomo-
Ouseil 3aHuMaeT BTOpoe MecTo mociie Mo-
ckBbl. Ha mapt 2019 roga B ropozne padotanu
CeMb KapIIEpPUHTOBBIX KOMIIAaHUM C ITApKOM,
HacuuTbiBaBIMM 3515 aBToMoOUIEei [4].
HaHHas nudpa Majao oTpaxaercsl Ha oOIei
CUTyalluM B ropoje, B Kotopom B 2017 roay
HacCUMThIBaJOCh O0oJiee 2,4 MJIH JIETKOBBIX
aBTomobuJieit [5]. BaxHbIM moka3zaTeyieM
SIBJISIETCST KOJIMYECTBO XUTEJe Ha OJAWH
CS-aBroMmobOwib. s [1etepOypra Ha faHHBI
MOMEHT OH cocTaBsteT 5,38 MirH /3515 = 1530
XKUTEJIEN.

Bnactamu Cankr-IletepOypra B3gT Kypc
Ha 1€aBTOMOOWIM3ALMIO TOpoa, pa3rpy3Ky
MarucTpajeil u yiaydllieHre 3KOJIOTUIeCcKOn
obctaHoBKU B Meranonuce. HecMoTps Ha
MePCTIIeKTUBHOCTD KapIIIEPUHTa M BCE TIPEUMY -
IIEeCTBa CEpBUCA, HAa JAHHBIII MOMEHT CYIIle-
CTBYeET psif TpobJieM B chepe KpaTKOCPOUHOM
apeH/1bl aBTOMOOWJIEA.

st pa3zButug KapuiepuHra B CaHKT-
ITetepOypre MepBOCTETIEHHBIM SIBJISIETCSI BOTI-
poc MiaTHO# MmapkKoBKM. B Hacrosimuii Mo-
MEHT 30Ha IJIATHOH MapKOBKY HE3HAYUTEITb-
Ha U pyHKuMOoHUpYyeT HeadbdekTruBHO. Kak
TOJIBKO 9Ta 30Ha HAUHET PaCIIMPSITHCS, 3aMH-



Puc. 1. Konnyecrso CS-aBToMo6Guneii (nporHo3 asTopa Ha 2019 rogq Ha ocHoBe 06PaboOTKU CTaTUCTUYECKUX
AaHHbix 2015-2018 rogos).

TEPECOBAHHOCTD B KapIIEPUHTE 3HAYUTECIIFHO
BBIPACTET, TMTOCKOJIBKY CEPBUC MPEIIojaracT
BBe[eHUe OecrIaTHOI mapkoBKu mist CS-aB-
ToMOOMJIei, KaK 3TO caejaHo B MockBe.
Kpome Toro, B ropose aeiicTByeT 3aKOHOIA-
TEJIbCTBO, KOCBEHHO Kacalolleecsl M Kapiie-
PUHTA, HO TIPY 3TOM HaIIPSIMYIO BIMSIOINIEE Ha
TPaHCITIOPTHYIO 00cTaHOBKY ropoja. C 1 niojs
2020 roga KoMMepYecKe MapIIpyTHhIE TAaKCH
MpeKpaIiaT padoTy, UTO TOJLKHO B TIEPCIIEK-
THUBE TIEPEOPUECHTUPOBATH YACTh ITACCAXKMPOB
Ha KapIIepyHT, a OCTAIbHBIX — Ha OOIIICCTBEH-
wo1il TpadcmiopT (OT). [Toka ke onepaTopam
B Cankr-IletepOypre HeT cMbIC/Ia pa3BUBaTh
3TOT CepBUC 0€3 MHTEHCUBHOM TOAIEPKKHN
BJIACTEH.

C yu€TOM TaHHBIX CTATUCTUKUA NU3MEHEHUST
aBTomnapka B Mockse u [letepOypre ¢ 2015 mo
2018 romer [6; 7] Ha puc. 1 mpeacraBiaeHbI
COOTBETCTBYIOIIME TpeHabl. ClemyeT OroBo-
PUTBCS, YTO TIPOTHO3BI B JAHHOI 00JIaCTH
13-3a2 BO3MOXHOTO M3MEHEHUsI SKOHOMUYE-
CKMX YCJIOBUM HEIb3sl pacCMaTpUBaTh KakK
MMOJTHOCTBIO TOCTOBEPHBIe. MOXHO JHIIb
MIPEAIIONIOXUTE, YTO TIpu peanm3anuu B [le-
TepOypre ycJlIOBUii, TTOJIO0OHBIX CYIIECTBYIO-
1M B MOCKBE, TEHICHIIUS Pa3BUTHSI CEPBU -
ca OyIeT CTPEMUTHCS, YIUTHIBAsE COOTHOIIIE-
HME HACEJICHUS TOPOAOB, K JOCTUXEHUIO MO
KpalHel Mepe IMOJOBMHHBIX 3HAYEHUI MO-
CKOBCKMX TTokazatesieii. [To ruranaM MOCKOB-
CKUMX BJIacTeil Ha KaXIyl0 MalluHy OyaeT
npuxoauthes mpumepHo 500 xxuteneit, u Mo-
CKBa JIOTOHMT IT0 3TOMY ITOKAa3aTe IO MUPOBBIX

munepoB: ToponTo (498), Manpun (500),
Ityrrapt (515) u Helo-Mopxk (525) [7].

NMPOrHO3NMPOBAHUE CTPYKTYPbI
TPAHCIMOPTHbIX 3ATPAT
HA OCHOBE MOAEJIUPOBAHU4A

Kak 0b110 0TMEUEeHO, CyllecTBYeT 3a1avya
OILIEHKM TPaHCIIOPTHOTO CIIpOca C YYETOM
KaplIepruHra Ha OCHOBE MOIEIMPOBAHUS.
COOTBETCTBYIOIINE CPEACTBA UMEIOTCS B TIPO-
rpamme PTV Visum (18-it Bepcun) [8]. [Tony-
YEHHBIE B MPOLIECCE MOACIUPOBAHUS OLIEHKU
MOTYT OBITb BBITIOJTHEHBI HE TOJIBKO JJIsI Kap-
IIepWHTa, HO U IJIT CUCTEMBI BeJIoIIpoKaTa
(6aitkiepuHra).

KonnuectBo aBToMo0OuUJIeil B paiioHe ro-
pona sIBJIeTCsl AMHaAMUYECKUM MoKa3aTeaeM
U1 MEHSIETCS B 3aBUCHMOCTH OT BPEMEHU CYTOK
u nHs Hemenn. Hekoropeie TC MoryT OBITH
B PEMOHTE MJIU MIPOXOIUTh TEXHUIECKOE 00-
cayxuBaHue. [Toe3nku oCyIecTBISIOTCS Kak
B IIpefiesiax pailoHOB, TaK U 3a UX MpeaeIaMu.
WX xonn4ecTBO onpeaensieTcsl TakuMu (pak-
TOpaMH, KaK CPOYHOCTB ITOE31IKHU, 1aTa U Bpe-
MsI, TPAHCIIOPTHAS CUTYaLMs Ha Topore, Ha-
JINYME aJIBTEPHATUBHBIX ITyTEi M MApIIPYTOB,
CaMOYYBCTBHUE, TPYAHOIOCTYITHOCTh MECTa
Ha3zHavyeHUs U T.11. [ToaTOMy BO3MOKHO OTie-
pUpPOBATh TOJBKO B3BEIICHHBIMU 3HAYCHUSI -
M.

Mojenb ¢ y4ETOM OrpaHUYEHUI TTPU T1a-
HUPOBAHUM MCCIICIOBAHUS OXBAaThIBAeT He
Bech IleTponBopuoBbiii paiioH CaHKT-
IletepOypra, a TOJIbKO MyHULIMIAJILHOE 00-
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Konusectso: 30 Name

1 BonsHiua 0 0 0
2 Mapk KonoHWCTCKMA 1] 0 0
3 HKunoi paoH (529) 100 o 1000
4 Mapk (PopHTaksl) 1] 0 0
] Paketa 90 0 0
[ WHeTMTyT Mopckoi o 2300 0
7 Map 0 0 0
8 Cemépa 1000 [1] 0
2 Cryaroponok, CMGMY 0 5500 0
10 Wikane: (411,419) 200 0 1000
" Wkona (567) 100 0 0
12 Can 33 50 0 a
13 Can 16 40 0 a
14 locniTane 20 0 0
15 Poiriok 5 0 0
16 Wkona 671 o 0 500
17 Jetexwi can 1 10 0 a
18 Cehepa yenyr (xapa nexuH,BpeiHza) | [1] [1] 0
13 wkona 415 300 0 500
20 aBpopa 400 0 0
21 wkona 416 160 0 500
2 Kackan | 7o 0 0
23 ianoit parior (caa 29) i 100 [1] 0
24 HKunoit pafoH (nonywwa) | 125 o 0
25 Kunoit paitoHukona 412) | 70 0 500
26 HKianoit paron i 50 [1] 0
27 wkona 542 | 10 0 500
28 Canatopuit | 1] 0 0
29 napk AHIM | o o 0
n napk AHIT | 1] 0 0

€_nowkonsHukn | Mecta_BY3 | mecta_can | MecTa_wkona | Hacenenie | paboune_MeCTa | CTYREHTS! | chepa_ycnyr | TYAAWNECH | WKONEHUKN

0 0 2000 0 800 0
0 0 o 0 0 0 o
0 2890 300 350 200 1500 560
0 0 1250 0 500 0 o
0 450 600 50 200 300 o
2300 2300 10 0 150 0 0
0 0 o 0 0 0 o
0 10500 800 350 400 7800 280
5500 5500 540 0 230 150 0
0 1540 780 20 250 1200 o
0 1500 220 220 100 850 560
0 30 115 70 70 500 280
0 1590 120 250 50 530 280
0 450 450 48 240 100 0
0 120 355 2 320 100 o
0 0 50 0 160 0 o
0 30 650 150 30 600 280
0 0 1000 0 1400 27 o
0 850 120 200 50 300 0
0 1210 230 40 280 500 o
0 2100 37 40 50 1500 o
0 27 980 300 635 2000 280
0 2800 760 400 440 2000 280
0 4200 o 550 700 800 0
0 3510 570 850 230 500 o
0 1500 430 150 230 500 o
0 1310 400 150 700 $00 0
0 0 350 0 245 0 o
0 0 o 0 0 0 o
0 0 o 0 0 0 o

Puc. 2. @parmeHT Tabnuybl cnpoca rpynn HacesieHus.

pasoBaHue ropog Ileteprod. JIpyrum ympo-
IIEHUEM SIBJISIETCS YYET MOE3A0K TOJIBKO
BHYTpHU [leteprocda, To ecTh 6€3 Moe3n0K
B Cankr-IlerepOypr u obparHo. Ilpu aTom
OYEBUIIHO, YTO paboyue MeCTa B LIEHTPaTbHbIX
palioHax ropojna SIBJSIIOTCS €CTECTBEHHBIM
LIECHTPOM TPUTSKEHMS TSI SKUTeNIe OTnaaeH-
HbIX paiioHoB. Cam [leteprod — Takke LEHTp
MPUTSIKEHUS TSI TTOCEIEHU I ¢ DKCKYPCUOH -
HBIMU LeJsIMU. DTU (PaKTOPbl MOTYT ObITh
YTOUHEHBI MPU MOCTPOCHUU OoJiee TOTHOMN
MOJIEJIN.

BMmecTe ¢ TeM nmpuHSITOE Ha JAaHHOM 3Tare
yIpoILLeHUe MOIEI YACTUIHO OOOCHOBAHHO:
0oJIbliIasi YacTh PadOUYMX MECT U JOCTOIIPUME-
YyaTeJIbHOCTE COCpeoTOUeHA B OTAAIEHHBIX
OT LIeHTpa palioHax roposaa. Hanpumep, eciu
cpeaHee BpeMs PeryjsipHO Moe3aKu Io
Cankr-IlerepOypry cocraBisier 40 MUH, TO
B [leTpoaBopiioBOM paiioHe, MO ompocam
Xurenei, — okono 15 muH. Kpome Toro, ot
cbesaa ¢ KonblieBoit aBTOMOOMIBLHOM 10pOrn
(KAJI) co croponnl CaHkr-IlerepOypra u a0
Bbe3na B [leteprod odpasyroTcst TpaHCIOPT-
HbI€ 3aTOPbI, KOTOPhIE Ae/Ial0T KaplIepUHTO-
BbIli CEpPBUC HEAOCTATOUYHO YAOOHBIM IJIs
MOEe3/10K B LIEHTPaJbHbIC PAiOHBI.

MyHuuunanbHoe od0pa3zoBaHue TOPOI
ITeteprod Bxoaut B coctaB I. CaHKT-
ITeTepOypra u BKJItoYaeT B ce0s1 MUKpOpaii-
oHbl Crapsiit [Teteprod, Hosoiii Tletep-
rod, KpacHeie 3opu u YHUBEpPCUTET.
JlaHHBINI palloH SIBJISIETCS OCOOEHHBIM,
YUYUTBIBasA €ro My3eliHbIi moTeHuunan. Ha-
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cenenue Ilereproga Ha 2018 roa cocrtas-
o 82940 yenosex [9].

s mocTpoeHus1 MOAEIM ObUTU UCIOJIb-
30BaHbI CJEIYIOIINE JaHHbIE: KOJUYECTBO
MecT B AeTckux cafax (6100), mkojax (9600),
YUCJIEHHOCTb JIETei MOIIKOJILHOTO BO3pacTa
(5600), pabouyux MeCT Ha NMPEANPUITUIX
(56300) u B cpepe yeyr (13250), urcieHHOCTh
3aHATHIX (68800), mKoabHUKOB (8800) [9].

[Tpu cozgaHuu Moxaeau ObLIa MCIOIb30-
BaHa 30Ha IMOKPBITUSI KapllepuHra, 0003Ha-
yeHHasi B MHTepdeiice COOTBETCTBYIOIIETO
MPUJIOXKEHUs omnepaTopa «JleanMoOub»,
MOoKa eIMHCTBEHHOrO oIrlepaTopa, padboTaro-
LIIETO B 3TOM paiioHe. MicXomHbIMM JaHHBIMU
JUTSI CO3JIaHMs MOJIEJ T TPAHCITIOPTHOTO CIIPO-
ca cTaju obIiasi YUCACHHOCTb HaceJeHUs
Ileteproga, pacnpeneiieHue HaceJleHUs MO
rpyniiam, KOppecrnoHAeHIIUU, aBTOOYCHbIE
MapuUIPYThl ¥ CBSI3aHHAsI ¢ HUMU TPAHCIIOPT-
Hasi MHPPaCTPyKTypa.

B ocHoBe pacuéTa TpaHCIIOPTHOTO cipoca
JISXKWT CTaHIAPTHASI YEThIPEXILIArOBast MOJIC/ b
(Hanpumep, [10, c. 26]). B Monenu, 3a1okeH-
HOI B mporpamMMmy Visum, 3Tu 1Iaru cjieaylo-
mue: reHepauus crapoca (Trip Generation),
pacnpeneneHue crpoca (Trip Distribution),
BbIOOD pexxuMma (Mode Choice), nepepacnpe-
nenenue (Traffic Assignment). IlepBbie nBa
aTamna MpeacTaBsIlOT CO00i MOATOTOBKY
K CO3[aHMIO MOJIEJIN.

HauuHaeTtcs mocTpoeHre MOJIEIu ¢ BHe-
CEHMSI BJIEMEHTOB YJIMYHO-IOPOXKHOMN CEeTH,
TaKUX, KaK y3Jibl, OTPE3KHU, PAOHBI, IPUMBbI-



Puc. 3. ParioHbl Cc y3namu y4acTKOB [OPOXHOW CETH.

Puic. 4. ®parmeHT kapTbi C OCTaHOBKaMu Y OBHUM u3 MapLupyToB OT.

KaHMsI, OCTAHOBKM (ITYHKT OCTAHOBKH, 30HA
OCTaHOBKM, OCTAHOBKA), aBTOOYCHBIE MapIil-
pytel. Ha puc. 2 npuBenéH pparMeHT MaTpu-
LIbl, OIPEACISIOLIC CIIPOC IPYITI HACEICHUS
Ha TPaHCIIOPTHbIE YCIYTHU.

[TpyMBbIKaHMSI CBSI3BIBAIOT PAlOHbI C YJIMY-
HO-JIOPOXKHOI CEThIO TOPO/Ia Y IIPEACTABIISIIOT
c0001i BUPTyajibHbIe OTpe3KU. OIHM IPUMBI-
KaHUSI HampaBJIeHbl Ha aBTOMOOUJIbHBIN
TPAHCIIOPT, 3a CYET YETO OIPEACIISACTCS BPEMS
Ha BbIE31 aBTOMOOWJISA U3 paiioHa Ha YJIMIIbI
ropoja; 1o HUM TakxKe MOTYT ABUTaThCS Tie-
mexoabl. Jpyrvue npuMbIKaHUsI OTHOCSTCS
HUCKJIFOUUTENIBHO K TelIeX0aaM U COeTUHEHbI
C y3/1aMM, K KOTOPBIM ITPUKPEILIEHbI OCTAHOB-
ku. ITociie Toro Kak Bce pacCMOTpPEHHBIE

VIIE oA P A | =10

3JIEMEHTBI IIOCTPOCHBI M CO3IaHbI BCE MapIII-
pyTthl OT, HeoOXoAMMO paccyuTaTh TPaHC-
MOPTHBIN cripoc. DparMeHTHI BUAA pailOHOB
C y3/1aMU 1 30HaMU OCTAaHOBOK, OCTAaHOBKaMM
OT u ogHUM M3 MapUIPYTOB M300paKeHbI
COOTBETCTBEHHO Ha puc. 3, 4.

Jlanee BBITOJHSIOTCS ITPOLIEAYPhI TeHepa-
LIMY TPAHCIIOPTHOT'O IBUXKEHUS, pacIipeaese-
HUsI TPAHCTIOPTHOTO ABMKEHUS 10 palioHaM,
BbIOOpa TpaHcnopTa (s Ileteproda ObLIO
npuHaThl 3HayeHus 40 % noesmok UT
1 60 % — na OT), nepepacnpeneacHus TpaHC-
MOPTHOI'O ABUXEHMs. B xome mocnenHero
9Tama pacCUYUTHIBAETCS MHTEHCUBHOCTH
TPaHCITOPTHBIX ITOTOKOB. [ IpuBenéHHOE BhILLIE
pacrpe/eieHue OCHOBAaHO Ha JaHHbBIX UCCIIe-
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JIOBATEJIbCKOTO 1LIEHTpa MmopTaja «Superjob»,
MOJIYy4EHHBIX MO pe3yjJbTaTaM OMPOCOB
B CaHkT-IIeTepOypre, KOTOpBIE TOKA3aIU, YTO
10 % HaceneHust mo6MpalOTCs A0 pabOTHI
newmwkoMm, 35 % — na UT, 55 % — na OT.

I1pu cozmanum rporieypsl BEIOOPA peXH-
Ma TpaHCTIopTa (TPETUIA IIaT YeTHIPEXIIIArOBOI
MOJIEN) UCITOJb3YEeTCS MOJE/b JOTUCTUYE-
ckoii perpeccun (logit-yHKI1us, TOTAA KaK Ha
BTOPOM 3Tarle UCIIOIb3yeTCsI KOMOMHUPOBAH -
HO€ 3KCIMOHEHIMAJIbHOE paclpeieeHue).
BriOpaHHbBIe 3HaUEHMST TTapaMeTPOB KPUBBIX
SIBJISIIOTCSI CTAHOAPTHBIMU JIJIsSI MOJeeid
TPAHCIIOPTHOTO pacmpeaeseHus U Beibopa
pexuma B PTV Visum 111 ropoioB v pailoHOB
C MaJIOil YMCJIEHHOCTbIO HAaceJIeHUs MTPU UC-
CJIeMOBaHUM TPAHCITOPTHOTO CITPOCa.

PesynbraTamu pacuéra TPaHCIOPTHOTO
CIIpOca SIBJISIIOTCS MaTPUIIBI MEXPaitOHHBIX
KOPPECTIOHICHITN I C TTOTyYeHHBIMU BPEMEH-
HbIMY 3HAYEHUSIMU, UTOTOBBIE MaTPUIIBI 110
WUT u OT. O61uit cymmapHbliii cipoc Ha UT
cocrapiiseT B pesyinbrate 41226, a niusa OT —
103598 muH/TO.

HaHHas Mozenb SBJIIeTCS TOJIbKO MOATro-
TOBUTEJILHO, a TAKXKE 00pa3LIOM IS CPaBHE-
HUSI C MOJIEJIBIO, B KOTOPYIO Jajiee ObLT 100aB-
JIeH KapulepuHroBblil cepuc. He Oynem
OCTaHaBJIMBAThCS HA TEXHOJIOTUW BBEICHMS
B MOJIEJIb CEPBUCA, MOCKOJbKY TaHHAs TEXHO-
JIOTUS OTIICaHa B COOTBETCTBYIOLIEM ITPUMEpE
U3 TUCTPpUOYTUBA TpOrpaMMbl Visum.

PE3YJIbTATbl MOOEJIUPOBAHUYA
B VISUM

ITo manupM [11] Ha Mapt 2019 cpenHss
TPOJIOJIKUTENIBHOCTD apeH 16l CS-aBTOMOOM -
neii o TletepOypry cocrasnsieT nopsinka 40
MUHYT, a cpeaHuil uek — okosio 300 pyoseit.
(dAng cpaBHeHUsT Tapud Takcu (IKOHOM),
€CJIM TI0e3/IKa cocTaBuT OT | vaca o 2,5 4a-
coB — 15 py0./mMuH [12]).

Tapud omneparopa «JdeauMooOusiIb» —
7 py0./MUH, a TIOCJIE JOCTUKEHUSI TATbHOCTU
roe3aku 6osibiiie 120 kM mpumensietcst Tapud
8 py6./xMm [13]. Takum o6pa3oM, TP ITOE3IKe
Ha 10 KM 3a mojT4aca rnpu cpeaHei CKopocTu
30 kM/4gac, ¢ yY9ETOM ITPOOOK 1O TOPOIY MOXK-
HO ToTpaTtuTh 210 py6., a B 4ac, COOTBET-
ctBeHHO 420 pyo.

Bwmecte ¢ Tem noesnka Ha UT ¢ yuétom
CTpaxoBKM cOOTBeTCTBYeT Tapudy 11 py0. 3a
1 xm. [MepemenieHre Mo Topory Ha paccTos -
Hue 10 kM mipu ckopocTtu 30 KM/4Jac ¢ yaé-
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TOM ITPOOOK, KaK MoKa3aHo BHIIIIE, 3aHUMA-
eT MpUMepHO mojvyaca. Takum obpazom,
1eHa mojyvaca coctasiset 110 py06. (Byac —
220 py6.). OgHako, eciu YYUTHIBATh BCE
TUTaTeXX !, CBSI3aHHbBIE C YUCTOU CTOMMOCTBIO
BraneHus TC, 1ieHa OJHOU MUHYTBI OE3IKU
MOXET OBbITh OolleHeHa B 19 py0., eciu eé
BpeMs 3aHMMaeT oauH yac [12]. C yuétom
JIPYTUX COCTABJISIIOIINX CTOMMOCTH BJIajie-
HUS JIUIYHBIM aBTOMOOUJTIEM CTOMMOCTD
MUWHYTBI TOPa3/0 BHIIIE.

Hns noeznok BHyTpu Ileteproda aist Mmo-
JIETMPOBAHUSI PACCMOTPUM JiBa cirydas. Tapud
«Jlemumoowib» — 7 py6./mMuH. YToOBI cocTa-
BUTh KOHKypeHLMto tudHomy UT, tapud
3aBEIOMO JIOJDKEH OBITh HUXE, YeM 3aTpaThl
Ha UT, to ectb, He 220 pyO., a, HApPUMeD,
180 py0./9ac (3 py0./MuH — Tapud B TIEpUO
akuuit onepatopoB). CTOMMOCTb MOE310K Ha
OT ycraHoB/IeHA B BUie Tapuda «I10 30HaM»
B 40 pyoO.

PeasibHbIM BapraHTOM, CYIIECTBYIOIIUM
B [leteprode, sgBusercs ciayyail «CBOOOIHO
TJ1aBalonx aBromoouneit» (free floating), He
MPUBSI3aHHBIX K CTAaHIIMM IpoKara. [Tockoib-
Ky TIpolielypa pacipeaeieHusT BBITTOTHSIETCS
B Mpollecce UMUTAIIMU, Pe3yIbTaThl UMEIOT
ciydaitHyto rpupomay. OnHako, Kak ciieayeT U3
MPUBEIEHHBIX IpaUKOB, HAOIIOJAIOTCS U He-
ciyvyaiiHble TeHIeHIMu. B ipoliecce Mmonenm-
poBanus st UT ncnoab3oBanoch paBHOMEDP-
Hoe pacnpenenenue, mist OT — pacnpenene-
HUE 0 PaCMUCaHUIO «C 00yJarolei mpoiery-
poVi».

HccnenytoTcst moBpeMeHHBIE 3aTPaThI IS
WT u OT B 3aBUCUMOCTU OT U3MEHEHMS UUC-
J1a CS-aBromobuieit. PesynbraTbl MOJaEIUPO-
BaHUs TS cIydasi 7 pyo/MWH TTpUBEIEHBI Ha
puc. 5.

MuHUMaTbHOE 3HAYeHUE YKClia aBTOMO-
ouJieit B aToM pexkume ctporo 6odibiie 0. [Tpu
n3MeHeHuu yucia CS-aBToMOOUEN B CETU
HaOJTI0Iat0TCSI MAKCUMYM 3aTpaT IpH MTOe3/T -
kax Ha YT nipu 20 CS-aBTOMOOWIISIX U, COOT-
BETCTBEHHO, MUHUMYM — TIpu Tioe3kax B OT
(K KOTOpOMY IO BEpCUU Pa3pabOTUYMKOB
M OTHECEH KapllepuHT). MOXXHO 3aKII0UUTD,
yto 20 aBTOMOOMIENt — KPUTUUYECKOE YUCIIO
JUTSI TAaHHOTO paiioHa B TEKYIIUX YCIOBUSIX,
KOTOPOE COOTBETCTBYET HANOOJIbIIIEH KOHKY-
penuu CS-aBromobuneit ¢ UT.

3aBUCUMOCTD TTpu Tapude 7 pyo./MUH OT
W3MEHEHUSI MTHTEHCUBHOCTH apeHIIbI, TO €CTh
OT YKCJIa apeHI0BaHHBIX aBBTOMOOMJIEH B Yac,
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Puc. 5. MoBpemeHHbie 3aTpatbl Ans UT n OT B 3aBUCUMOCTHM OT yucsia CS-aBTomo6uneni.
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Puc. 6. lMoBpemMeHHble 3aTpPaTbl B 3aBUCUMOCTUN OT UHTEHCUBHOCTU apeHabl ans UT n OT.
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Puc. 7. TeHaeHyun 3aBUCUMOCTEN NOBpeMeHHbIx 3aTpar ansa UT u OT
B 3aBUCUMOCTH OT yucsa CS-aBTomoouneii.

npu GUKCUPOBAHHOM UX KonmdecTBe 20 IIT.
MpuBeAeHa Ha puc. 6.

HaoOntonatorcs TEHIEHINU K CHUZKEHUIO
3aTpat Ha U'T ¢ pocTOM MHTEHCUBHOCTH (TTMK
npuxoautcsa Ha 15 CS-aBromobueii B ceTH,
3arpatHasg Harpy3ka Ha MT naunbGosbinas)
1, COOTBETCTBEHHO, K TTOBHIIIICHUIO 3aTpaT Ha
nosib3oBaHre OT. MOXXHO ITpeArnoIoKUTh, 4TO
IMPY UHTEHCUBHOCTH apeHIbI B 15 aBTOMOOM-
Jieii B yac KoHKypeHuus: ¢ U'T Haubosnblias.

Haxkonel, paccMOTpUM TMIIOTETUYECKUI
ciaydJail 3aBeIOMO HU3KOro Tapuda —
180 py6./4ac. Pe3yabraThl MOACIMPOBAHMS
NpuBeIeHbI HA pUC. 7.

C pocrom yncia CS-aBroMo0Ouieii HabJI0-
JaeTCsl TCHASHIINUS K CHYDKCHUIO TIOBPEMEH-
HBIX 3aTpaT Ha noJjib3oBaHue UT u yBenunye-
HUIO 3aTpaT Ha moe3nku B OT (ITOCKOJBKY
KkapiepuHr BxonuT B cuctemy OT). Kpome
TOTO, PACTET MPOLICHT rpakaaH, paHee MOJIb-
3oBaBmmxcsa apyrumu BugamMu OT, KoTopbie
TaKKe Terepb MOTYT BOCITOJIb30BaThCS Kap-
mepuHroM. OTIITh Xe, 4TOObI J0OpaThes 10
crossHku CS-aBToMOOMIIEl, MOXKET MOTPEOO-
Batbcs TpagunnoHHblii OT. B pesynbraTe
pacy€ToB mporpaMma HOPMHUPYET MATPUIILI
KOPPECMOHACHIMIA U CYMMAapHBI CIIPOC Ha
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HT u OT. Eciu B3saTh B pacyéT 3aTpathl UT
npu Kputudeckom uuciie CS-aBromoOuiei
20 wT. (puc. 5), TO BO3BMOXHBIN BBIMIPHILI
B3arpartax Ha U'T oTHocuTenbHO cUCTEMBI Oe3
KapliepuHra omnpeaeauMm kak (41226—
35580)/41226+ 100 % = 14 %.

AKTUBHOCTb CEPBUCA
KAPLUEPUHTA
Nno . CAHKT-NETEPBYPI

B Tabnuue 1 mpuBeagH CMCOK paiioOHOB
C TaHHBIMM IO YMCJICHHOCTH HaCCJICHMUS,
a Takxke yuciay CS-aBromobuiieii. Beumy ot-
CYTCTBUSI MH(MOPMALIMU O 3aHSITBIX aBTOMO-
OUJISIX, CTATUCTUKY B OTHOIIIEHUU KOTOPBIX,
BO3MOKHO, OTCJICKUBAIOT CITY>KOBI KOMITAHUIA,
B TaHHOM TIpUMepPe TTPUXOIUTCS OPUSHTHPO-
BaThCsl Ha KapTy cBoOoHbIX CS-aBTroMOOMIIEiH
BCeX oIepaTopoB ropoaa [14].

daxruueckoe ynciao cBobonubix CS-as-
TOMOOMJICH B TOpojie IO JaHHBIM Ha IBa Yaca
HOYM B OyAHUM cocTaBjsieT mpumMepHo 1173
aBromoOmis. [lo-Buammomy, octajbHbIE U3
3515, BXOOAIIMX B aBTOITApK, WJIM HE HA XOIY,
WA apeHOYIOTCS KPYTJIIOCYTOUHO. YTPOM
B OyIHUI1 IeHb B 1€CSATh yTpa 3a(pUKCUPOBAHO
979 cBoOOAHBIX aBTOMOOMIIEH. ClleayeT oro-



Ta0imuna 1

KoamyecTBo apeHI0BaHHBIX aBTOMOOWJIE IO paiiloHaM ropoaa
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1 KypopTHblit 78131 12 8 -4 4 51 8
2 Bri6oprekumit 518709 27 61 34 34 339 55
3 [Mpumopckuit 568516 121 103 -18 18 371 60
4 KpoHiuragrckuit 44321 12 2 -10 10 29 5
5 BacueocTpoBckuit 208713 38 48 10 10 136 22
6 Ilerporpamgckuii 131356 8 26 18 18 86 14
7 Kanununckuit 533597 256 142 -114 114 | 348 57
8 KpacHorsapaeiickuii 357498 30 50 20 20 233 38
9 Anmupanteiickuii 161911 18 25 7 7 106 17
10 LleHTpanbHbIit 216939 3 18 15 15 142 23
11 Kuposckuii 336248 76 109 33 33 220 36
12 MocCKOBCKMii 354525 127 124 -3 3 231 38
13 DpyH3eHCKUiI 394972 27 79 52 52 258 42
14 Hesckuit 527861 234 121 -113 113 | 345 56
15 TTeTpoaBopLIOBbIit 143154 18 2 -16 16 93 15
16 KpacHocenbckuit 397609 115 50 -65 65 260 42
17 [MywknHCcKkmii 217983 34 4 -30 30 142 23
18 Konnunckuit 191847 17 7 -10 10 125 20
NUTOIO: 5383890 1173 979 572 | 3515 571

! TIpenrmocneaHMiA cTOAOEIL TAOMIIBI — OTHOIIIEHKE YMCIIA KUTEJIeH pailoHa K 00IIeMY YMCITY JKUTEJIe Topoa, YMHOKEHHOE Ha
ob1iee ynciao CS-aBToMoOuMIIeH 0 JaHHBIM OTNEPATOPOB — IMOKA3bIBAET, CKOJIBKO aBTOMOOMJICH MOTJIO ObI TPUXOANUTHCS Ha 3TOT
paiioH roposa. Hanpumep, mist KypoptHoro paitona 78131/5383890 « 3515 = 51.

2 [MocneHuit CTOAGEI] — TO K€ OTHOLIEHKE, HO TPUMEHMTEIBHO K KOJMUYECTBY pealbHO apeHI0BaHHbIX aBToMOOMIel. Hanpumep,

st KypoprHoro paitona 78131/5383890 « 572 = 8.

BOPUTHCS, UTO ITO JaHHBIE, Kacaloluecs
TOJIBKO YTPEHHUX MOE3I0K Ha padboTy, KOTO-
pble, KOHEYHO, HE OXBAaThIBAIOT BCEX BO3MOX-
HBIX 32 IeHb.

B IletpoaBopiioBoM paiioHE IO COCTOSI-
HUIO Ha IBa 4yaca HOYM ObLIIO HaiaeHo 18
cBoOoaHBIX CS-aBTOMOOMIIET, B IECITH YaCOB
yTpa, MOCje TOro, KaK 4acThb MallliH yexaja,
a Apyrasi 4acTh Ipuexaja, OCTaJloCch IBE CBO-
0OIHBIE MAIIMHBI, TO €CTh 16 MalIMH ObUIO
apeHI0BAaHO, YTO COBMAMAET C COOTHOIIEHM-
€M, PACCUMTAHHBIM B TTOCJEIHEM CTOJOILE
Tabj1. 1. DTO OIM3KO K pe3yabraTaM MOJIEIN-
pOBaHUs TIpU TEKYIIMX Tapudax omeparopa
(20 CS-aBTOoMOOMIICH B palioHe, KOTOPbIE

apeHAYIOTCS] C MTHTEHCUBHOCTBIO 15 aBTO/9ac).
Takcke 13 TaGaULIbI BUAHO, B KAKME pailOHbI
1 CKOJIBKO npue3xkaeT CS-aBTroMo0MIIei ¢ pa-
0OUYMMU LEJISIMU M CKOJIBKO U M3 KaKUX paii-
OHOB ye3xaeT. M3 Tabiuniibl TakKe BUAHO, YTO
Ha Bech [leTponBopLOBBI palioH AOJXKHO
npuxoautbest 143154/1530 = 93 CS-aBromo-
owns. [JoJist peajibHOI apeHIbl B OTHOLLIEHUU
NaHHOI pacuyE€THOI BEJIMYMHBI COCTABJISIET
16/93 = 0,17. dns cpaBHeHust B HeBckom
paiioHe [0J1s1 IPUMEPHO Takas xe: 56/345 =
0,16. B Ilereprode ¢ yuéToM ymncia KuTesei
JTOJDKHO HAaXOMUThes B cpenHeM 82940/1530 =
54 CS-aBromo0Ous, 1o pakTy — He 6ojee 20
aBTOMalIuH. TakuM 00pa3oM, MOXHO Olie-
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HUTh aKTUBHOCTD KapiepuHra B [Tereprode
OTHOCHUTEJIBHO CPETHETO 3HAYEHUSI [0 TOPOILY
¢ koaddurmentom 16/54 = 0,3. IIpuBenéH-
HBbIE BBIIIE OLIEHKHN ¥ KO3((PUITMEHTBI, KOHEU-
HO, HE MPETEHAYIOT Ha TTOJTHOLIEHHOE CTaTUC-
TUYECKOE UCCIeOBAaHUE, HO TEHACHIIMH TO-
Ka3bIBAIOT.

CaMbIMU TIEpCTIEKTUBHBIMU pailOHAMM
JUTST TIOSIBJIEHUST HOBBIX CEPBUCOB SIBJISTIOTCSI
paiioHBI Ha TpaHMIIAX TOpPOJa, TJIe UMEETCS
TTOTEeHITMAJIbHBIN CTIPOC Ha ITOE3/IKY B HAITpaB-
JIEHUU KPYITHBIX TPAHCITIOPTHO-TTEPeCaOuHbIX
y3710B, HanpuMep, u3 [leTpoaBopioBoro
B KpacHocenbckuit unu KupoBckuii, rae
MoJb30BaTelb CMOXeET mepececTh Ha OT,
B OCOOEHHOCTH Ha METPO, Y TIPOIOJIKUTh ITyTh
IO MECTa Ha3HAYEHUSI.

®akTryeckoe KomaectBo CS-aBToMOOuU-
seit B CaHkT-IletepOypre HaxXoAUTCS B Mpe-
JleJax pacuy€THBIX BEJMUYUH, YKa3aHHBIX
BTaOJI. 1, 4TO B 11€JIOM TOBOPUT O JOCTATOYHOM
00eCrneyeHHOCTH Topo/ia yCIayraMu Kapiie-
puHra. OgHaKo 3TO HE 3HAYMT, YTO KOJUYe-
CTBO CIABa€MbIX B apE€Hly Ha yCIOBHUSIX Kap-
LIepUHra aBTOMOOWJIe He OyAeT yBeaUuu-
BaThCsI, TOCKOJIBKY Kaxk/1ast KOMITAHUST CTpe-
MUTCSI 3aHSTh KJIIOYEBOE MECTO B TOpOJeE,
MOBHIIIAsl ypoBeHb cepBuca. OTHUM U3
CPEACTB JJISI OTOTO SIBJASIETCS OOHOBJIEHUE
TPAHCITOPTHBIX CPEICTB M MOJIeJielt aBTOMO-
Owteii 1 MOCTeTIEHHOE U3bSTHE CTAPhIX MOJIE-
Jieii. Takoke HOBbIE M MaJTble KOMITAaHUY HAYM -
HAIOT AESITEeJNbHOCTh CPa3y B HECKOJbKUX
paifoHax ropojia U CTPEeMSITCS K YBEJTMICHUTO
30HBI OOCTYXKMBaHUS.

BbiBOA4bl

OrnpenesieHbl yCIOBUS, a TAKXKE MPEICTaB-
JIEHBl IPOTHO3BI PAa3BUTUS KapllepuHTa
B Cankr-IletepOypre. BrinojsHeHO rpaBuTa-
LIMOHHOE MOZIeIMPpOBaHue 151 paifoHa [leTpo-
JIBOPLIOBBIiA, B Pe3yJIbTaTe KOTOPOTO OTMEUYEH
MOJIOXKUTEIbHBIN 2DdeKT cyliecTByIomEen
CHUCTEMBI KaplllepuHTa Ha pa3BUTHE TPaHC-
TMOPTHOW CHUCTEMBI, TaHbl KOJIUYECTBEHHbBIC
oueHku yrcia CS-aBToMoOuIel U UHTEHCUB-
HOCTU UX apeHbl, B TOM YKCJIE€ C TOUKU 3pe-
Hust KoHKypeHunu ¢ U'T. HaligeHHbIe oLleHK1
COTJIACYIOTCS C pealbHBIMU TAHHBIMU IO
apeH/ie aBTOMOOWIIEH.

BDddeKT oT BHEAPEHUST UHTEIEKTYab-
HBIX TPAHCIIOPTHBIX CUCTEM B YAaCTU COKpa-
LIEHWS BpEMEHU B Iy TH MO olileHKaM PocaBTo-
Jopa MOXeT cocTaBuTh 35—40 % [15]. Paccuu-

VINPML PAH A M NSO

TaHHBII B pe3yJIbTaTe MOJIEIMPOBAHMST BBINUT-
DBIII OT PaObOTHl KapllIepyuHIa, MPUBOASIIININ
K YMEHBIIEHUIO BpEMEHHU I0e310K Ha 14 %,
CBUIETEJbCTBYET O TOM, YTO JaHHBII 1 1000~
HBIC MY CEPBUCHI SIBJISTIOTCS CYIIIECTBEHHBIM
JIOTIOJTHEHUEM K CO3/1aBaeMbIM CHCTEMaM
B IIJIaHE TIOBBIIIICHUS TPAHCITIOPTHOM TOCTYII-
HOCTH JIJIST HACEJIEHUSI.
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Gravity Modelling of Car Sharing
Based on PTV Visum

Sergey A. ANDRONOV

ABSTRACT

Car sharing plays an important role in the
transition to unmanned vehicles. This article
discusses the positive and negative aspects of the
existing car sharing system in Russia, as well as
forecast trends using the examples of Moscow and
St. Petersburg. Since car sharing in St. Petersburg
is not yet sufficiently developed, and the forecasts
of operators on the market capacity diverge, it is
of interest to determine the conditions facilitating
successful development of the service, and to
evaluate the city’s need for the number of cars
used by car sharing services.

The objective of the research described in the
article is to study the trends in development of car
sharing services, to determine the estimates of the
required number of cars for car sharing services,
and intensity of their rental in a particular city
district. To solve the problem, the gravity modelling
method is used based on the PTV Visum 18
software. Whilst special tools of the developed line
of PTV Maa$S programs (Controller, Operator,
Simulator, Modeller) are not applied, it allows to

Andronov, Sergey A., St. Petersburg State University of Aerospace Instrumentation
(SUAI), St. Petersburg, Russia*.

build transport models of the macro level and
perform transport modelling taking into account
new forms of mobility (car sharing, bike sharing,
etc.) while planning and management of urban
transport systems

The solution to the problem involved
development of two models of transport demand
for the selected district of the city: considering and
without considering car sharing effect. In the
process of modelling, we studied the structure of
transport time expenditures following changes in
the number of vehicles in the fleet and intensity of
its rental regarding several operator tariffs. The
critical number of cars used by car sharing
services for the city district was determined under
the conditions of the greatest competition of these
cars with individual vehicles. It is shown that under
current conditions, the effect of reducing time-
related transport costs in the district is about 14 %
when using one-year simulation horizon. The
simulation results are consistent with the real data
on trips and can be extrapolated to other city
districts.
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Background. Organizational measures of

234  traffic offloading, among others, can provide a

significant assistance to the created expensive
intelligent transport systems. Those measures
capable to make a significant contribution to
solving urban transit problems comprise car rental
(or car sharing) for short-term trips over short
distances around the city and in its immediate
vicinity.

In Russia, similar services, such as ride sharing
(sharing payment between fellow travelers);
carpooling (sharing a car with other people);
bicycle, scooters, electric cars rental, etc. are
currently only gaining momentum. City dwellers
start to realize that it is better to share rather than
to own. Introduction of modern technologies that
allow to use these services using a smartphone is
also an important factor of promoting those
services. MaaS services (mobility as a service)
implies that the user receives a ready-made solution
on his smartphone how to get from one point of the
city to another, considering traffic jams.

The related issue of traffic jams and pollution
is very painful. Besides, the loss of time in traffic
jams has a specific financial expression not only
for residents, but also for the city budget. The
estimate of the cost of traffic jams per day
according to the formula [1] is impressive:
M=T+Ne*(P*S+F) =105°10(2324 +
90) ~ 369 min rub.,
where M are total costs caused by traffic jams per
day;

T'is time spent in a traffic jam by one person,
hours;

N is number of cars caught in traffic jams,
0,5+ 10° cars (in Moscow, according to Yandex
estimates this figure is more than 10°);

P is average number of passengers;

S is average salary per hour in St. Petersburg
with 40-hour workweek, 2019, rub.;

Fis cost of average fuel consumption per hour
in a traffic jam, 2 1, 90 rub.

According to statistics, one short-term rental
car is capable to meet the needs of a dozen users
aday. Thus, only a single car instead of ten vehicles
participates in the road traffic. According to
experts, as a result, 3—4 of 5 cars will be excluded
from the transport flow, which will positively affect
the state of traffic. In the above formula, this is
obviously a decrease in the parameter N by more
than 60 %, resulting in significant savings.

Besides offloading traffic, the transition to
rental with a per-minute payment can be motivated
by the following:

1. High cost of owning a personal car.

According to the study of Avto.ru portal, on
average, owning a personal car in Russia costs 32,2
thous. rub. per month [2], and the cost increases
if there is an inflation.

In case of a rental, one should not bear the
costs associated with maintenance and repair of
personal car, spend money on parking, gas,
insurance (rented cars are insured, and the price
of insurance is included in the tariff). The issue of
vehicle security is also within the responsibility of
a car sharing company.

The simplest calculation shows that only
the direct costs of owning a personal car
(having average price of 1,5 million rubles in
209 and annual mileage of 15 thousand km)
make 137,5 thousand rubles per year. Direct
costs provide for the cost of gasoline
(consumption of 10 liters per 100 km, which
amounts to 69 thousand rubles), the cost of
compulsory motor liability insurance (5,5
thousand rubles), maintenance (25 thousand
rubles), the cost of tires (4 thousand rubles),
the cost of washing and of a windscreen washer
(24 thousand rubles), transport tax (10
thousand rubles). For a car sharing car
(hereinafter CS-car), these costs, even at a rate
of 10 rubles/km, correspond to 35 thousand
kilometers mileage. If we consider free parking,
the benefit will be even higher. And it is known,
there are still indirect losses, as a car depreciates
by 30 % after 3 years of operation.

2. Reducing CO, emissions (the main cause of
global warming) should have a positive impact on
the environment. Preliminary estimate can be
suggested that car sharing development will result
in reduction of CO, emission by vehicles by 10 %.

The popularity of the service in Moscow is
growing at a gigantic pace. In recent years, it has
tripled, and the number of CS-cars is approaching
30 thousand units.

What are the prospects for service in
St. Petersburg? According to operators’ estimates
(2018), the capacity of the car sharing market in
the Northern capital is as follows: 7000 (Youdrive),
3000 (Delimobil), 3500 (COLESA.COM) [3].

However, the fleet should not be idle, hence
there it is not possible to go to extremes when
CS-cars occupy a third part of the paid parking
zone in Moscow. The question arises: what is the
real need of the city for this service under the
current conditions? To answer that question a
tentative simulation based on transport modelling
can be used.



Problem statement

The article is devoted to development of car
sharing in St. Petersburg. A district of the city
(Petrodvortsovy district') was selected as an object
of the study. Given that estimates of the required
number of CS-cars and intensity of their rent
provided by different operators differ, it is proposed
to use transport modelling. Thus, to obtain
quantitative estimates, it is required to develop a
transport demand model for the selected district
using a software and considering car sharing system.
Using modelling and simulation, it is possible to
evaluate the dynamics and make a forecast of
changes in the structure of transport costs
considering car sharing, namely, a decrease in
transport demand for individually owned transport?
(IT). The simulation results must then be compared
with real CS-cars’ renting data in the selected
district.

Car sharing conditions

Today in Russia, the car sharing system is far
from perfect. In particular, there have been more
frequent cases of traffic accidents with CS-cars
(more than 200 traffic accidents since the beginning
0f2019), the users of which are often those who do
not have constant driving practice or, worse, drunk,
disenfranchised drivers and etc. Then the car turns
into a source of danger. To deal with this disaster,
the traffic police are considering measures to
identify drivers and their condition while driving a
CS-car. Besides, the issue of banning the use of the
service for traffic offenders is discussed.

The lack of documents regulating the activities
of car sharing companies also poses a significant
problem. Now, only Moscow possesses the city
documents regulating the car services’ activity and
relevant public supervision over them.

Another problem is the lack of uniform registries
that would store the data on the service companies
and their subscribers. This centralization will
simplify registration of drivers, because, in this case,
it will be sufficient for a driver to register only once,
and not to proceed with individual registrations in
each company, and consequently there will be an
opportunity to choose a car for rent that is located
closer.

St. Petersburg takes second place after Moscow
perthe available fleet of CS-cars. As of March 2019,
seven car sharing companies were operating in the

! Petrodvortsovy district is located 30 km from
St. Petersburg city centre, and has several sights, e.g.,
Peterhof State Museum. — ed. note.

2 Private vehicles.

city with the total fleet of 3515 cars [4]. This figure
has little effect on the general situation in the city,
which totaled more than 2,4 million cars in 2017
[5]. An important indicator is the number of
inhabitants per a CS-car. For St. Petersburg now it
is equal to 5,38 million/3515 = 1530 inhabitants
per CS-car.

The authorities of St. Petersburg have embarked
on demotorizing the city, unloading highways, and
improving the environmental situation in the
megalopolis. Despite the promising aspect of car
sharing and all the advantages of the service, now
there are several problems with short-term car
rental.

The issue of paid parking is paramount for
development of car sharing in St. Petersburg.
Currently, the paid parking zone is small and
inefficiently functioning. As soon as this zone begins
to expand, the interest in car sharing will increase
significantly, since the service involves introduction
of free parking for CS-cars, as it is done in Moscow.
Besides, the city has local legislation that
immediately affects the transport environment of
the city and indirectly applies to car sharing. From
July 1, 2020, commerecial fixed-route taxis will stop
working, which should in the future redirect some
passengers to car sharing services and the others to
public transport (PT). In the meantime, there is no
reason for operators in St. Petersburg to develop
this service without intensive support of the
authorities.

Pic. 1 shows the trends based on the statistics of
changes in the vehicle fleet in Moscow and
St. Petersburg from 2015 to 2018 [6; 7]. It should
be noted that forecasts in this area due to a possible
change in economic conditions cannot be
considered completely reliable. One can only
assume that if conditions implemented in
St. Petersburg are similar to those existing in
Moscow, given the ratio of the population of the
cities, the trend in service development will strive
to attain at least half-values of Moscow’s indicators.
According to the plans of Moscow city authorities,
Moscow will have a CS-carperabout 500 inhabitants
and will catch up with the world leaders according
to this indicator: Toronto (498), Madrid (500),
Stuttgart (515) and New York (525) [7].

Prediction of the structure of transportation
costs based on modelling

As noted earlier, there is a task of estimating
transport demand considering car sharing based on
modelling. The corresponding tools are available
in PTV Visum 18 software [8]. Estimates obtained
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Number of CS-cars in Moscow and St. Petersburg

Pic. 1. Number of
CS-cars (author’s
forecast for 2019 based
in processing 2015-
2019 data).

June 2015 Dec 2015 June 2016 Dec 2016 June 2017 Dec 2017 June 2018 Dec 2018 June 2019

during the modelling process can be performed not
only for car sharing, but also for the bike rental
system (bike sharing).

The number of cars in a city district is a dynamic
indicator that varies depending on time and day of
the week. Some vehicles may be under repair or
maintenance. Trips are carried out both within the
districts and beyond. Their number is determined
by such factors as urgency of the trip, date and time,
traffic situation on the road, existing alternative ways
and routes, well-being, accessibility of the
destination, etc. Therefore, it is possible to operate
only with weighted values.

The model, considering the restrictions made,
does not cover the entire Petrodvortsovy district of
St. Petersburg, but only the municipality of
Peterhof. Another simplification is accounting of
trips only inside Peterhof, that is, without trips to
St. Petersburg and vice versa, though, obviously,
jobs in the central areas of St. Petersburg are a
natural center of gravity for remote districts, and
Peterhof itself is also a center of attraction for
excursion trips. Those factors can be further
considered while building a more complete model.

At the same time the simplification assumed
at that stage of research can be also justified by the
fact that most of the jobs and attractions are
concentrated in remote areas of St. Petersburg.
For example, if the average time for a regular trip
along St. Petersburg is 40 minutes, then in
Petrodvortsovy district it is about 15 minutes
according to the polls of residents. In addition,
traffic jams form from the exit from the Ring Road
from the side of St. Petersburg to the entrance to
Peterhof, which makes the service not profitable
enough for trips to the central districts.

The municipality of the city of Peterhof'is part
of St. Petersburg and includes microdistricts
(communities) Old Peterhof, New Peterhof,

Number of cars in Moscow

Number of cars in St. Petersburg

Polynomial (number of cars in Moscow)
Polvnomial (number of cars in St. Petersbura)

Krasnie Zori and University. This district is special,
given its museum attractiveness. The population of
Peterhof as of 2018 was 82940 people [9].

To build the model, the following data were
used: kindergarten capacity (6100), school capacity
(9600), number of children of preschool age (5600),
jobs at enterprises (56300), jobs in service sector
(13250), the number of employed persons (68800),
the number of school pupils (8800) [9].

When creating the model, the car sharing
coverage area was considered as described in the
interface of the corresponding application of
Delimobil operator, which is the only operator
working in this district so far. The initial data for
creating a transport demand model were
compiled from the data on the total number of
the population of Peterhof, the population by
groups, correspondences, bus routes and the
associated transport infrastructure.

The calculation of transport demand is based
on the standard four-step model (for example, [ 10,
p. 26]). In the model embedded in the Visum
program, these steps are as follow: demand
generation (Trip Generation), demand distribution
(Trip Distribution), mode selection (Mode
Choice), redistribution (Traffic Assignment). The
first two stages are preparations for creation of the
model.

The construction of the model begins with
introduction of elements of the road network, such
asnodes, segments, areas, junctions, stops (stopping
point, stopping area), bus routes. Pic. 2 shows a
fragment of the demand matrix of population
groups.

Junctions and exit roads connect the areas with
the city’s road network and are virtual segments.
Some exit roads concern road transport, defining
the time for a car to leave the district and to enter
the streets of the city; pedestrians can also move



Konusecteo: 30 Name
1 Bonerua
2 TMapk KONOHUCTCKUA o
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o

o

0
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Mapk 0 0
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12 Can33 50 0 0
13 Can 16 40 0 o
14 TocnuTans 20 0 o
15 PoiHok 5 0 0
16 Ukona 671 0 0 500
17 Jeckni can 1 10 0 o
18 Copepa yonyr (kapa nekiH.Gpsisa) o 0 0
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20 aspopa 400 0 0
pal wkona 416 160 0 500
2 Kackan 170 0 0
73 Kutnoit paiion (can 29) 100 0 0
24 Kunoi paiton fromywia) 125 0 0
25 Hunon parorluona 412) 70 0 500
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28 Canaropuit 0 0 0
23 napk AHIT 0 0 0
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2300 o 0 150 0 0
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0
0
0
0
0
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0 830 650 150 30 €00 280
0 0 1000 0 1400 27 0
0 850 120 200 S0 300 0
0 1210 230 40 280 500 0
0 2100 370 340 50 1500 0
0 2770 980 300 635 2000 280
0 2800 760 400 440 2000 280
0 4200 710 550 700 800

0 3510 570 850 230 500 0
0 1500 430 150 290 500 0
0 1310 400 150 700 900 0
0 0 380 0 245 0 0
0 0
0 0

0 0 0 0 0
0 0 0 0 0

Pic. 2. Fragment of table of demand of population groups (screenshot in Russian: left column «name» shows
facilities (hospital, park, schools, etc.); other columns show distribution of above described data (on school
capacity, jobs, etc.) with regard to those facilities).

Pic. 3. Areas with nodes of street and road network.

along them. Other exit paths belong exclusively to
pedestrians and are connected to nodes to which
stops are attached. After all considered elements
are constructed and all PT routes are created, it is
necessary to calculate transport demand. Fragments
of the view of the districts with nodes and stop areas,
PT stops and a route are shown in Pics. 3, 4.

Next, the procedures for generating traffic, the
distribution of traffic by the districts, the choice of
transportation mode, redistribution of traffic are
performed (for Peterhof, the values of distribution
of transportation mode were selected as 40 % of
trips with IT and 60 % with PT). During the last
stage, the intensity of traffic flowsis calculated. The
above distribution is based on data from the research
center of the supejob portal, obtained from surveys
in St. Petersburg, that showed that 10 % of
commuters get to work on foot, 35 % use IT, and
55 % use PT.

When creating the procedure for choosing the
transportation mode (the third step of the four-step

model), the logistic regression model is used (logit
function, while the combined exponential
distribution is used at the second stage). The
selected values of the curve parameters are standard
for the transport distribution and mode selection
models in PTV Visum for cities and districts with
less dense population for the study of transport
demand.

The results of the calculation of transport
demand are matrices of inter-district correspondence
with the obtained time values, as well as final
matrices for IT and PT. The total demand for IT is
41226, and for PT 103598 min/year.

This model is only a preparatory one and is to
serve a sample for comparison with the model, to
which the car-sharing service will be further added.
We will not dwell on the technology of introducing
the car sharing service into the model, since this
technology is described in the corresponding
example from the distribution package of Visum
program.
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Pic. 4. Fragment of a map with stops and a PT route.

Simulation results in Visum

Accordingto[11],asof March 2019, the average
CS-car lease duration in St. Petersburg was about
40 minutes, and the average check is about 300
rubles. (The taxi fare (economy tariff), if the trip
lasts from 1 hourto 2,5 hoursis 15 rubles/min [12]).

The tariff of Delimobil operatoris 7 rubles/min,
and if you have traveled more than 120 km, then
the tariff 8 rubles/km is applied [13]. Thus, when
travelling 10 km in half an hour at an average speed
of 30 km/h, considering traffic jams in the city, you
can spend 210 rubles, and 420 rubles per hour,
respectively.

At the same time, a trip with IT (considering
the insurance) corresponds to a tariff of 11 rub. per
km. As shown above travelling around the city for
10 km at a speed of 30 km/h, considering traffic
jams, takes about half an hour. Thus, the cost of
travelling half an hour is 110 rub. (or 220 rub. per
hour). However, given all payments associated with
the net cost of car ownership, the cost of one minute
of a trip can be estimated at 19 rub. if it takes an
hour [12]. Given other costs of owning a personal
car, the cost of a minute is much higher.

For trips inside Peterhof for modelling, we
consider two cases. Tariff of Delimobil is 7 rub./min.
To compete with IT, the tariff must obviously be
lower than IT costs, i.e. lower than 220 rub., for
example, 180 rub./hour (3 rub./min is taken as
reference being the tariff used during the period of
promotion campaigns of operators). The cost of a
trip with PT is set based on zone tariff at 40 rubles.

The real option that exists in Peterhofis the case
of «free floating cars» that are not tied to a rental
station. Since the distribution procedure is
performed during the simulation, the results are

random in nature. However, as follows from the
graphs below, nonrandom trends are also observed.
In the modelling process, a uniform distribution
was used for IT, scheduled distribution with a
training procedure was used for PT.

We study the time-related costs for IT and PT
depending on the change in the number of CS-cars.
The simulation results for the case of 7 rub./min
tariff are shown in Pic. 5.

The minimum value of the number of cars in
this mode is strictly greater than 0. When the
number of CS-cars in the network changes, the
maximum IT costs are observed with 20 CS-cars
and, accordingly, the minimum costs are observed
for PT (to which, according to the developers, car
sharing is related). We can conclude that 20 cars
mean a critical number for this area under the
current conditions, and this number corresponds
to the greatest competition between CS-cars and
IT

2. Dependence at a tariff of 7 rub./min on
changes in rental intensity, that is, the number of
rented cars per hour, when their fixed number is
equal to 20 pcs, is shown in Pic. 6.

There is a tendency towards a decrease in IT
costs with increasing intensity of CS-renting (the
peak falls on 15 cars in the network, when the load
on [Tisthe greatest) and, accordingly, to an increase
in PT costs. It can be assumed that at an intensity
of 15 cars rented per hour, competition with IT is
the greatest.

3. Finally, we consider a hypothetical case of a
deliberately low tariff of 180 rub. per hour. The
simulation results are shown in Pic. 7.

With the increase in the number of CS-cars,
there is a tendency to decrease in IT time-related
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costsand to increase in PT costs (since car sharing
is included in the PT system). In addition, the
percentage of citizens who previously used other
types of PT but can now also use car sharing grows.
Again, a traditional PT may be required to get to
the CS-car parking lot. As a result of the
calculations, the program generates correspon-
dence matrices and the total demand for IT and
PT. Ifwe consider costs of IT with a critical number
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Pic. 5. Time-related costs for
IT and PT depending on the
number of CS-cars.
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of CS-auto (20 pcs., Pic. 5), then the possible gain
in IT costs relative to a system without car sharing
is defined as (41226—35580)/41226+100 % =
14 %.

Activity of car sharing service in St. Petersburg

Table 1 shows a list of areas with population
data, as well as the number of CS-cars. As the
information about rented cars is missing (statistics
that may be tracked by company services), in this

239



35580 35566
35560
35540

35520 35534

35541

IT, min
35561

35500 35515 .
Sonso 35501 V= 7,2545x+ 35
35468
Pic. 7. Trends of 35460
dependence of time- jzj‘;g
related costs for IT and PT 5400
depending on the number 1 5 10 15 20 25 30 35 40 45 50
of CS-cars.
PT, min
109400
109355
109350 109309 109323
109300 109990 09283 A o
109250 @ 109287 109306
109258 109248
109200
109150
1 5 10 15 20 25 30 35 40 45 50
Table 1
Number of rented cars per city districts
No. District = E E . =
< < i)
= =3 + ? 5 25 E.
% 5 E 5 25 Bcs_ |BEEEZ
58 < = g 52 SE5% |52338
2 5 8 ] g3 =g °T285 2523
EZ 3 2 S8 S § 25E3 (2988
g = =} > ‘@A w5 S
z £ £ T g eE SEEE |887%s
1 Kurortny 78131 12 8 -4 4 51 8
2 Vyborgsky 518709 27 61 34 34 339 55
3 Primorsky 568516 121 103 -18 18 371 60
4 Kronshtadtsky 44321 12 2 -10 10 29 5
5 Vasileostrovsky 208713 38 48 10 10 136 22
6 Petrogradsky 131356 8 26 18 18 86 14
7 Kalininsky 533597 256 142 -114 114 348 57
8 Krasnogvardeisky 357498 30 50 20 20 233 38
9 Admiralteisky 161911 18 25 7 7 106 17
10 Central 216939 3 18 15 15 142 23
11 Kirovsky 336248 76 109 33 33 220 36
12 Moskovsky 354525 127 124 -3 3 231 38
13 Frunzensky 394972 27 79 52 52 258 42
14 Nevsky 527861 234 121 -113 113 345 56
15 Petrodvortsovy 143154 18 2 -16 16 93 15
16 Krasnoselsky 397609 115 50 -65 65 260 42
17 Pushkinsky 217983 34 4 -30 30 142 23
18 Kolpinsky 191847 17 7 -10 10 125 20
TOTAL: 5383890 1173 979 572 3515 571

''The next to last column which is the ratio of the number of the residents of a district to the total city population
multiplied by total number of CS-cars (according to operators’ data) shows how many cars could be in the considered
district. For example, for Kurortny district it is equal to 78131/5383890 « 3515 = 51.

2 The last column is calculated in the same way but regarding the number of CS-cars really rented. For example, for
Kurortniy district it is calculated as 78131/5383890 « 572 = 8.

example, we have to focus on a map of free CS-cars ~ which, of course, do not cover all possible trips

of all city operators [14].

The actual number of free CS-cars in the city
according to the data at 2 a.m. on weekdays is
approximately 1173 cars. Apparently, the rest of
3515 cars making CS-fleet are either not on the
move or rented around the clock. In the morning
onaweekday at 10a.m., 979 free cars were tracked.
It should be stipulated that these are data
concerning only morning trips to job locations,
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during the day.

For Petrodvortsovy district there were 18 free
CS-carsat 2a.m. At 10 a.m. after some cars left, and
some other carsarrived, there were two free cars, that
is, 16 cars were rented, which coincides with the ratio
calculated in the last column of the Table 1. This
value is close to the simulation results considering
current operator’s tariffs (20 CS-cars in the area,
which are rented with an intensity of 15 cars/hour).



The table also shows where and how many CS-cars
arrive for job purposes and which areas they leave.
The table also shows that the entire Petrodvortsovy
district should account for 143154/1530 = 93
CS-cars. The percentage of really rented cars is
16/93 = 0,17. For comparison, Nevsky district has
almost the same rate 56/345 = 0,16. At Peterhof,
taking into account the number of inhabitants there
should be on average 82940/1530 = 54 CS-cars, and
in fact there are no more than 20 cars. Thus, it is
possible to evaluate the activity of car sharing in
Peterhof relative to the average value in the city with
acoefficient of 16/54 =0,3. The above estimates and
coefficients, of course, do not pretend to be a full-
fledged statistical study, but show trends.

The most promising areas for introducing new
services are districts on the borders of the city, as
there is a potential demand on the trips towards
large interchange nodes, for instance from
Petrodvortsovy district to Krasnoselsky or Kirovsky
district, where the user can transfer to the PT,
especially to take metro, and continue on to the
destination.

The actual number of CS-cars in St. Petersburg
is within the range of calculated values indicated in
Table 1, and that confirms the sufficient provision of
the city with car sharing service. However, this does
not mean that the quantity of the CS-cars will not
increase, since each company seeks to occupy a key
place in the city, increasing the level of service,
particularly by renewal of vehicles, updating of car
models, and by gradually removing old models. Also,
new and small companies start operations in several
city districts and seek to increase areas covered.

Conclusions. The article has determined car
sharing development conditions and forecasts for
the city of St. Petersburg. Simulation based on
gravity modelling was performed for Petrodvortsovy
district, that allowed to note positive effect of the
existing car sharing system on the development of
transport system, to suggest quantitative estimates
of the number of CS-cars and their rental intensity,
particularly regarding their influence on competition
with I'T. The estimates found are consistent with the
actual data on car rental.

The effect of introduction of intelligent
transport systems to reduce travel time, according
to Rosavtodor [Federal Road Agency], can be of
35—40 % [15]. The simulation of car sharing effect
showed reduction of travel time by 14 % indicates
that car sharing and similar services can significantly
complement developed intelligent transport systems
with regard to grown transport accessibility for
population.
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dakTopbl, onNnpeaensaoLwmne
BeJINMMHY N HOPMbI 3aKpenneHusa
«0OapbepHbIX rpynmn»

Huna KOBAJIEHKO Anexkcanpp BOPOAVH

Kupunn TAPACOB

Kosaaenxo Huna Anexcanoposna — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.
bopooun Arexcandp Anopeeeun — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.
Tapacoe Kupuaa Arexcandposun — Llenmpanvras oupexyus ynpasaenus dsuxcenuem — guauan OAO «PXKJD»,

Mockea, Poccus™.

B HacTosiLLiee BpeMs Ha COPTYPOBOYHbIX [TyTsIX XeI€3HOLO0POXHbIX
crarumii OAO «PXK/]» B ka4ecTBe CPEACTB, MPeoTBPAaLUalOLLNX BbIXOL,
roABVXHOIo CocTana 3a rnpesesibl UX rnose3Hou AJINHbI B MPOTUBOIMO-
JIOXHYIO OT COPTUPOBOYHOU rOPKI CTOPOHY, NCMONb3YIOTCS «6apbep-
Hbl€ rpynrbl» BaroHoB. HeobxoAnMOoCTb NCroIb30BaHNS «6apbepHbIX
rpynn» 6blia Bbi3BaHa PSAOM HaKTOPOB, MPUCYLLNX BOJIbLINHCTBY
POCCUIICKIX XEEe3HOAOPOXHBIX COPTUPOBOYHBIX CTAHLMIA, B YaCTHO-
CTU: HAIM4YMEM Ha MyTSIX MOArOPOYHbIX NAPKOB d/IEMEHTOB MPOAOIIb-
HOro rnPo@uJisi C yCKOPSIIOLUMMU YK/TIOHAMU, 3HAYNTESTbHBIMU BEINYN-
Hamu pacryckaembix OTLernoB, HebaronpPUsTHLIMU KITMMaTU4eCKUMU
n norogHbIMu yCJI0BUSIMU. BcBsisuc rnpuMeHeHnem Ha rpakTnke am-
MPU4YecKoro MeTosa ornpesnesneHvsl BeJIMYnHbI «6apbepHbIX rpyrimn»
BaroHOB B COBOKYIMHOCTY C aHa/IN30M [OMyLLEHHbIX C/Ty4aeB HapyLue-
Hus1 6e30MacHOCTV ABXeHUs notpeboBanack pa3paboTka Hay4HO-
060CHOBaHHOro MeToa onpeaesieHys HeobXxoaAnMocTu opmuposa-
HUS «BapbepHbIX rPYM».

ueﬂbIO mccnenoBaHus IBJISETCS BbisiB/IieHNe 33KOHOME[JHOCTEV7
1 PaKTopOB, BANSIOLUMX HA MPUHSITUE PELUeHUs O He0OX0AMMOCTH
@popmupoBaHysi «<6apbepHO rpyrirbl» BAroHOB Ha KOHKPETHOM COPTU-
/POBOYHOM ( COPTUPOBOYHO-OTIPABOYHOM) MyTU, @ TAKXe Ha BESINYNHY
1 HOPMY 3aKperieHus «6apbepHOl rpynrsi». MICrnoib30Baamcs MEeTo-
bl CTaTUCTUYECKOro aHam3a u MatemMaTnyeckoro MoAeIMpPOBaHMSI.

PesynbTarbl uccnenoBaHuii, MpUBEAEHHbIE B HACTOSILL eV cTaTbe,
HaLLM OTpaxeHne B HopMaTuBHbix okymeHTax OAO «PXK/]», B 4acT-
HocTu, B MeToauke onpeneneHusi BeanYnHbl «6apbepHbIX rpyn»

BaroHOB AJ1s1 yCTaHOBKU nepes PoCyCkOM Ha CBOOOAHbLIX MyTAX
COPTMPOBOYHbIX MAPKOB 1 pacyeTa HOPM 3akpernneHus «6apbepHbIX
rpynn» [1].

B cratbe npuBoauTCcs aHann3 AeviCTBYIOLLEer TeXHOA0rnm rno
PopmupoBaHio «6apbepHbIX FPYI» Ha MyTaX COPTUPOBOYHLIX 1 COP-
TUPOBOYHO-OTPABOYHBLIX MAPKOB, BBOAUTCS ONPeneneHnNe rMoHsTus
«bapbepHas rpynna». [peanaraeTcs noatanHasi MOAEJb OrpeneseHns
HEeobxoANMOCTN POPMUPOBaHUS «BapbepPHbLIX rPyrn» Ha CBOOOAHbIX
COPTUPOBOYHBIX MMYTSIX 0 Ha4asna Pocrycka, pacyéta BeIMYnHbI 1 HOPM
3akpernneHns: «6apbepHbIX rpyrnm». YCTaHOBAEHbI KpUTEPUM pac4éTa
C y4ETOM yaepxuBaloLLesi CriocoBHOCTY «6apbepHbIX rPyIn» U MaccChl
ckaTbiBaloLLMXCsl OTLernoB. [pusoasTcs npumeps! pacyéra [Jisi KOH-
KPETHbIX COPTUPOBOYHbIX CTaHUmii (Ha npumepe OAO «PXX/»).
OnpenesnieHbl OCHOBHbIE BANSIIOLLMNE HaKTOPbI HA BEJINYNHY N HOPMbI
3akperieHns «6apbepHbix rpynn». OnpeneneHs! 3aBUCUMOCTY MaK-
CUMasIbHO A0MYCTUMOW CKOPOCTU BbIX0Aa OTLerna C napkoBor TOpMo3-
HOW no3uvummn oT cpeaHel 0CeBol Harpy3ku BaroHoB B oTuene npu
OTCYTCTBUYM BETPA U PV MOIMYyTHOM BETPE, a Takxe HOPMbI 3aKperie-
HUSI BaroHOB «6apbepHOU rpyrbl» OT MacChl MaKCUMasIbHOro oTLena
U BE/INYYHBI YKITOHA.

Hay4Ho-060CHOBaHHbIN pacHET NOTPEe6HOM BenYnHbl «6apbep-
HOW rpynmbl» Y HOPMbl €€ 3akperieHvsi TOPMO3HbIMYU GalumMakamm
MO3BOJNT 10BLICUTHL 6€30MaCHOCTb ABUXEHVS 3a CHET NpeaoTBpaLLe-
HUSI CJly4aeB BbixO4a MoABVXHOIO cocTasa 3a rnpesaesibl Moae3Hoii
JJIMHBI YTEH.

Knto4eBble croa: xenesHasi fopora, 6€30MacHOCTb ABUXEHUS, COPTUPOBOYHASI CTaHLUMS, YrpaBieHne ABUXEHNEM, COPTUPOBOYHbIN
npouecc, 3arpaxaaloLume CpeacTsa, 6apbepHas rpynna, COPTUPOBOYHBIN MyTb, HOPMbI 3aKPEMNIEHUS, TPOGUIIL MYTH, YKIIOH, POCITYCK BArOHOB.
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a XeJIe3HOJOPOXKHBIX Moe31000pa-

3YIOIINUX CTAHIMIX pacopMHUpoBa-

HUe-(OPMUPOBAHUE COCTABOB ITOE3-
JIOB OCYIIECTBJISIETCS Ha COPTUPOBOYHBIX
YCTPOMCTBAX, UCTIONB3YIOIIMX PAa3TINIHbBIC
TIPUHITUTIBI TOPMOXKEHUST BATOHOB C MCITOJTb-
30BaHMEM BaroOHHbBIX 3aMeUIUTeNIeit v (1)
TOPMO3HBIX OamMakoB. TexHUYecKue BO3-
MOXHOCTH XKeJIE3HOMOPOXKHBIX CTAHIIUI T10
pacdopmMupoBaHUIO-(HOPMUPOBAHUIO TTOE3-
JIOB BO MHOTOM 3aBUCSIT OT TIOJIE3HOM TUTMHBI
IyTeil TTOATOPOYHBIX MapPKOB, WX MPODUIIS
U TIJIaHa, a TakKKe OT XapaKTepUCTUK U a3po-
JTMHAMWYECKUX CBOMCTB CKATHIBAIOIINXCS
OTLETOB.

CorysiacHO TpeOOBaHUSAM AEUCTBYIOLIMX
B Poccun HOpMaTHBHO-TEXHUYECKUX TOKY-
MEHTOB ITyTH IMTOJTOPOYHOTO TapkKa TOpoK
OOJIBLLION, CpeaHEe! U MaJIO MOLLTHOCTH TOJK-
HBI 000PYIOBAThCST 3arpaXkIalIIMMU CPeI-
ctBamu [2—4]. OnHako aHanW3 TEKyLIEH CU-
TyallMu TTOKa3bIBaeT, YTO Ha psijie COPTUPO-
BOYHBIX CTAHIIWI TTPOGUIIB ITyTEi MOATOPOY-
HBIX TTAPKOB HE COOTBETCTBYET HOPMATUBHBIM
TpeOOBaHUSIM, a 3arpaxIalollue CpeACcTBa Ha
HMX OTCYTCTBYIOT. B pesyibrate B mpoliecce
pocITycka BaroHOB C TOPKHM, OCOOEHHO TIpU
HeOJIarOTIPUSITHBIX TTOTOHBIX YCJIOBUSIX, CO-
XpaHsIeTCsI PUCK BO3HUKHOBEHUSI TAKUX OT1ac-
HBIX COOBITHIA, KaK BBIXOJl BATOHOB 3a Tpee-
JIBI TIOJIE3HOM JUTMHBI ITyTel, B3pe3 CTPEJIoK,
CTOJKHOBEHUE, 0Opa30oBaHUE MOJI3YHOB.
CJiencTBreM 3TOTO CTaJIO IMTOCTOSIHHOE Hapa-
IIIMBaHUE N30BITOUHBIX OTPAHUYEHUH B pabo-
T€ TOPOK, YTO B CBOIO O4Yepeab NMPUBOIUT
K CHIKEHUIO MX MepepabdaThiBatoIeii Clioco0-
HOCTH ¥ yMEHBIIIEHUIO TIPOU3BOANTETLHOCTH.

B Hacrosiiiee Bpemst B Ka4eCTBe CPE/ICTB,
MIPeIOTBPAIAIOIINX HECAHKIIMOHUPOBAHHBIT
BBIXOJI TIOJIBUKHOTO COCTaBa 3a Mpeieibl T10-
JIE3HOM IJIMHBI yTe COPTUPOBOYHOTO (COP-
TUPOBOYHO-OTIIPABOYHOTO) TMapKa B MPOTH-
BOITOJIOXKHYIO OT TOPKM CTOpPOHY, B Poccun
HCIONB3YIOTCSL «O0apbepHble Ipymmbl». Poc-
ITyCK BaroHOB C TOPKW U MPOU3BOJICTBO
MaHEBPOBOI pabOTHI TOTIKAMU Ha CBOOOIHBIE
COPTUPOBOYHbBIE (COPTUPOBOYHO-OTIIPABOY-
HbI€) MYTHU 3anpeiléH 10 GopMUPOBAHUS
1 3aKpeTuIeHnsT Ha HUX «0apbepHBIX TPYIIT»
BaroHoB.

CrnemyeT OTMETHUTD, UTO 3apyOeKHBII OTTBIT
TIPUMEHEeHUsI «0apbepHBIX TPYITIT» HA COPTH-
POBOYHBIX CTaHIIMSAX OTCYTCTBYeT. OOyCI0B-
JIEHO 3TO, MPEXJEe BCEro YCIOBUSIMU COAEP-

>KaHUS MyTeil MOArOPOYHBIX MAPKOB, a TAKXKeE
MPUMEHEHNEM BBICOKOTEXHOJIOTUYHBIX aBTO-
MaTU3UPOBAHHBIX CUCTEM [5], B CBS3U C UeM
HEeoOXOAMMOCTh B UCIOJIb30BaHUU «Oapbep-
HBIX TPYIIT» OTITaJaeT.

Ha npakTuke Be1MurHa U Macca «0apbep-
HOM IpynIibl» BATOHOB, a TAKXKE€ KOJIUYECTBO
TOPMO3HBIX 0AllIMAaKOB, YKJIAJAbIBAEMbIX IS
€€ 3aKpeTUIeHUS, OTIPeNesIIeTCs, KaK TPaBuiIo,
SMITUPUYECKUM MYTEM HA OCHOBE HabJo/e-
HUI U JIMYHOTO OIbITa PYKOBOAUTENIEH KOH-
KPETHOW CTaHUMM, a TaKXe aHaJIu3a IOMy-
LIEHHBIX CJTy4aeB BbIXOJA IMTOJABUXKHOTO COCTa-
Ba 3a IIpe/IeJIbl MOJE3HOM JUIMHBI COPTUPOBOY -
HBIX (COPTUPOBOYHO-OTIPABOYHBIX) ITyTEW Ha
JIPYTUX KE€JIe3HOIOPOXKHBIX CTAHIUSIX (B pac-
cmatpuBaeMbix citydasgx OAO «PXKJ»). On-
HaKO SMMUPUYECKUI TTOAXOM HE MO3BOJISIET
y4ecTb BCce BO3MOXHbBIE COUETaHUST Hebaro-
MPUATHBIX (HAKTOPOB, YTO MOXKET MPUBECTU
K BO3HUKHOBEHUIO COOBITUIA, CBSI3aHHBIX
C HapyllleHWeM 0€30MacHOCTU ABUKEHUS.

C Apyroii CTOpOHBI, UCTIOJb30BaHUE
«0apbepHBIX TPYII» HEOOOCHOBAHHO 3aBbI-
IIEHHOW BEJIWYUHBI TPUBOAUT K AOTIOTHU-
TEJIbHBIM MPOCTOSIM COPTUPOBOYHBIX TOPOK,
a TakKxKe K HeMpPOU3BOIUTEIbHBIM MOTEPSIM
U CHYDKEHUIO UX ITepepadaThIBaloleli Crioco0-
HOCTH.

Llenbto uccnenoBaHus SIBISIETCS BbISIBIIE-
HUE 3aKOHOMEPHOCTEN U (haKTOPOB, BIUSIO-
1LIMX Ha Ipoliecc pachopMUpPOBaHUSI-(HOPMU-
pOBaHUS TMOE3[10B, B YACTHOCTU, MPUHSTHE
peleHus 0 HeoOXOAUMOCTU (hOPMUPOBAHUS
«0apbepHO TPYMITb» BATOHOB Ha KOHKPET-
HOM COPTUPOBOYHOM (COPTUPOBOYHO-
OTMPaBOYHOM) MYTU A0 Hayaja pocmycka,
a TaKKe Ha BEJIMYMHY U HOPMY 3aKpeIUIeHUs
«bapbepHoOii rpynmbl». C 3TO 11e/1b10 aBTOpa-
MM C UCMOJIb30BAHUEM METO/IOB CTaTUCTUYE-
CKOTO aHAJIN3a U MaTeMaTU4eCKOro MOJEH -
poBaHu4 ObUTa pa3paboTaHa MOZEJb OTIpeNe-
JIEHUST BEJIMYMHBI «0apbepHBIX TPYII» Baro-
HOB U pacyéTa HOPM MX 3aKPEIJICHMUS.

PE3YJIbTATDI

Ha kadenpe «YnpasieHue skcryaraiu-
OHHOI1 paboTOl 1 6€30MaCHOCTBIO HA TPAHC-
nopte» Poccuiickoro yHuBepcuTeTa TpaHC-
nopra padpaboTtaHa MaTeMaTU4eCcKast MOJEIb
onpeeeHns BeJIMYMHBI «0apbepHBIX TPYMIT»
BaroHOB U pacuéTa HOPM UX 3aKPEILICHUSI.

AHanu3 nefCcTBYIOIIMX HOPMaTHUBHBIX
JTOKYMEHTOB MOKa3aJl, YTO TEPMUH «0apbep-
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Has TpyIa» paHee He ObIJI OJHO3HAYHO
orpenesi€H, TO3TOMY aBTOpaMu OBLIO BBE-
JIEHO cJenymllee onpeaeaeHue MOHITUS
«bapbepHag rpynna»: «bapbepHas rpyi-
Ma» — TPyIIa BarOHOB, YCTaHaBJIMBaeMast
U 3aKperisieMasi TOpMO3HBIMU OalliMakaMu
repe HauajioM pachOpMUPOBAHUS COCTaBa
Ha ITyTSIX COPTUPOBOYHOTO (COPTUPOBOYHO-
OTIIPAaBOYHOTO) TapKa, MpeaHa3HaYeHHast
JUIST TIPEIOTBPAIIEHUST CAMOTIPOU3BOJILHOTO
BBIXOJIa TIOJABMXXHOTO COCTaBa 3a Ipenelibl
TOJIE3HOU IJIMHBI TTyTH B CTOPOHY, MTPOTH-
BOTIOJIOKHYIO COPTUPOBOYHOMN TOPKE, WU
MecTa pa3beINHEHUsI OTIIENOB B YCIOBUSIX
MMPOM3BOJACTBA MAHEBPOB OMMHOYHBIMU
TOJTYKAMU.

MarematruiyecKkre MeTOIbI, UCTIOb3yeMble
B pa3pabOTaHHOU MOJIENIN, TTO3BOJISIOT pe-
IIUTH CJIEMYIOIINEe OCHOBHBIE 3a1a4N:

* OIPENEINTD YCIIOBUSI, TIPU COOTIONEHUM
KOTOPBIX OTCYTCTBYET HEOOXOAUMOCTD HC-
TIOJTb30BaHMST «0apbepHBIX I'PYII» U UX pa3-
MeEIleHUsI Ha CBOOOIHBIX COPTUPOBOUYHBIX
(COPTUPOBOYHO-OTITPABOYHBIX) MYTSIX TIEpeT
POCITYCKOM;

* OIpeAeIUTh MUHUMaJIBHO HEOOXO0IH-
MYIO BEJIUUMHY «0apbepHOI TPYIIbI» IS
obecnieyeHus e€ yaepxKuBalolleil CnocoOHO-
CTH, TIO3BOJISTIONICH ITPU COSTMHEHNN C MaK-
CHMAaJTbHBIM OTIIETIOM CO CKOPOCTBIO He Oostee
5 KM/4 00ecIeuynTh cMeleHne («103») 00b-
eIMHEHHOM I'PYIIITHI BATOHOB He 0oJjiee yeM Ha
3a/laHHYI0 BeJIMYUHY [3];

* ONpENeSUTh MOTPeOHOE KOJINIECTBO
TOPMO3HBIX 0aIlIMaKOB JUISI 3aKpeTIeHUs
BaroHOB «0apbePHbIX TPYIII» IIPU Pa3IMYHOM
COYETaHWM OCHOBHBIX BIUSIOMINX (DaKTOPOB
(Macca 1 cocTaB «0apbepHOI IPYIIIbI», MECTO
e€ pacToIoKeHUSsI, TIOTOTHBIE U APYTHUE YCIIO-
BUS);

* TIPY BBITIOJTHEHUY PACY€TOB YUUTHIBATh
KJIMMaTU4IeCcKre 0COOEHHOCTH paifoHa pacro-
JIOXKEHMST KeJIe3HOJOPOXKHOM CTAaHIIMU U CJie-
IYIOIIME PEeXUMBI €€ paboThl: OOBIYHbBIN
U 9KCTPEMaJIbHBIN (TTpU HEOIaronpusITHBIX
MOTOHBIX YCIOBUSIX), a TAKXKE 0COObIE YCII0-
BUsI (3aMa3y4yeHHOCTb, IITOPMOBOI BeTep).

Pacuér BbINOTHSETCS B 1Ba 3Tama.

[TepBolii aTan — onpeneaeHne HEOOXOIU-
MOCTH (DOPMUPOBAHMUST «OAPHEPHOM TPYITITHI»
Ha KOHKPETHOM COPTUPOBOYHOM ITyTH.

J17151 BBITIOJTHEHUST MaTeMaTUIeCKOTO MO-
JIeIMPOBAHUSI MCIOIb3YIOTCS CIEAYIOIINe
WCXOJIHBIC TaHHBIC:
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* MO2JIEMEHTHBIN MTPOdUIL COPTUPOBOY-
HOTO (COPTUPOBOYHO-OTIPABOYHOT0) MYTH;

* MAaKCUMAaJIbHO IOMYCTUMOE KOJTUYECTBO
BaroHOB B CKaThIBAIOIIEMCS OTIIEIEe, Ope/e-
JISIeMO€ COIIACHO CTAaHLIMOHHOM JOKYMEHTa-
1y (MHcTpykimu no pabote COpTUPOBOYHOMN
ropku) [6; 7];

* MakKcuUMaJsbHas Macca CKaThIBalOIerocs
OTIIeTa;

* CpelHsisd oceBas Harpy3ka BaroHoB
B CKAaThIBAIOIIEMCS OTLIETIE;

* OCHOBHOE YyJeJIbHOE COMPOTUBIICHUE
JBIDKEHUIO M BETPOBasl Harpy3Ka Ha MO IBUK -
HOM COCTaB C YUYETOM €ro a3pOJAMHAMUYECKUX
CBOICTB.

CoryiacHO MPUHSATHIM KPUTEPUSIM pacuéra,
B UCTIOJIb30BAHUM «0apbepHBIX TPYMIT» Ha
IyTH HAKOIJICHUsI HET HEOOXOAMMOCTH TIPH
BBIMIOJIHEHU Y CJIETYIOIINX YCIIOBUIA:

* OTIENl MaKCUMAaJIbHOW MacChl, BBIXOJISI
C MapKOBOI TOPMO3HOI MO3ULIMU CO CKOPO-
CTBIO HE BBIIIIE PACUETHOM ', OCTAHOBUTCS JI0
KOHTPOJIBHOU TOYKU, PACIIOJIOKEHHO B MeC-
T€ YKJIAJKU MEePBOro CO CTOPOHBI TOPKU
OrpaXIarolero TopMO3HOro 6aiMaka uid Ha
paccToaHuK He MeHee [, > 95 M OT rpaHULIbI
MTOJIE3HOM JJTMHBI TTYTU B BEIXOIHOM TOPJIOBU -
He napkKa B CTOPOHY COPTUPOBOYHOI TOPKU;

* MOJIyYEHHOE PACUETHOE 3HAYEHUE CKO-
POCTH BBIXOJ1a OTLIETA C TAPKOBOM TOPMO3HOM
MO3ULIMU HE MEHEee BeJIMYMHBI, YCTAHOBJICH-
HOM C y4€TOM MOIITHOCTU TOPMO3HBIX CPEACTB
(YKa3aHHBIX B ITaCIOPTax YCTPOMCTB, TpUMe-
HSIEMBIX Ha TOPKE, U YUIUTHIBAEMBIX TIPU pac-
yéTe MaKCHMMaJabHON IJIMHBI OTLena) [8].

Ecnu He obecrieunBaeTcsl BBINOJHEHUE
YKa3aHHbBIX TPEOOBaHUIA, 3aMpeliaeTcss ocy-
IIECTBJISITh POCIYCK BATOHOB HAa paccMaTpu-
BaeMBbIi ITyTh 10 QOPMUPOBAHUSI M 3aKpeTLie-
HUST Ha HEM «0apbepHOIA IPYIIIbI» BaTOHOB.

Bropoii aTan — onpeneneHre BeJIUYUHbBI
«bapbepHOIl TPYIITEI» BAaTOHOB M HOPMBI €€
3a