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TPAHCMNOPTHAA CTPATEINA
POCCUUNCKOU ®EQEPALIUA
[0 2030 FOAA C MPOrHO30M
HA MEPWOM [0 2035 FOAA

a cocrosiBiiemcst 26 HostOopst 2021 rona 3acena-

Huu [IpaButensctBa PO Oblta yTBEpX)ICHA

Tpancnoprras crparerust Poccuiickoit Denepa-
1u 10 2030 rozia ¢ mporuo3oM Ha nieproz 10 2035 rona.
Panee, 19 okrs10pst Ha 3acenanmu [Ipesumyma [ocynap-
CTBEHHOTO COBETa pa3padoranHas MunTpancom Poccrmn
Crparerus Obuta omodpena IIpesunenTom Poccuu
Brnagumupom Ilytussim.

Kak nomguepknyn [Ipencenarens [IpaBurenscrsa PO
Muxann Munryctis, Ctparerus B IIOTHOH Mepe y4uu-
ThIBaeT Bce nocrasieHHsble [Ipesnaentom Pocenn 3ama-
YH TI0 YCKOPEHUIO COHATEHO-9KOHOMHYECKOTO Pa3BH-
THS CTPaHBl U JOCTIKCHHIO HAIMOHATBHBIX IETeH.
«[Ipuopurer rocynapcTBa — MOBBIIICHHE KauecTBA
KU3HU Tpask/ia. [yist aToro OyneM akTHBHO pa3BHBATh
TOPOJICKOM U MPUTOPOHBIN MTACCAKUPCKUNA TPAHCTIOPT,
9TOOBI JTFOAH KaK MOYKHO MEHbIIIE BPEMEHH TPaTUIN Ha
JIOpOTY JIOMOH HIIM Ha padoTy, a MOEe3/IKKA ObUIN KOM-
(bopTHBIME U OE30IMaCHBIMIY, — CKa3ajl miaBa [IpaBu-
TEJBCTBA.

OH TaKKe OTMETHII BAXKHOCTb 00€CIIEUCHHUS BBICO-
KOM CBSI3aHHOCTH U TPAHCIIOPTHOM AOCTYIHOCTH BCEH
TEPPUTOPUHN CTPAHBI, B TOM Yrcie APKTHIECKOH 30HBI
u Jlamsrero Boctoka. CooTBeTCTBYyIOIIEE MOPYUICHHE
OBLI0 JIAHO ITaBOI rocyiapeTaa. «Mpi 3anoxinm B Ctpa-
TETHIO COOTBETCTBYIOIINE OPUEHTHPHI Ha TECATUICTHUI
TIEpUOJI, YTOOBI JIOPOTa «OT JIBEPH JIO JBEPU» MEXKILY
JOOBIMH JIByMsI KPYITHBIMH TOPOIaMU HE TpeBbIIIaia
12 gacoB. D10 TaxKe MO3BOIUT MOAAEPKATH ¥ BHYTPEH-
HUW Typu3m, — coodumn Muxann Mumyctus. — Jlns
9TOro OyneT copMUpOBaHA COBPEMEHHAS OMOpHAs
TPaHCIIOPTHAsI CETh Yepe3 BCIO CTPaHy, a Takxke OyreT
YCKOPEHHO OOHOBIISTBCS MH(DPACTPYKTYpa M TPAHCTIOPT-
HBIH ApK, MPEK/IE BCETO 3a CYET OTEUECTBEHHBIX MOJIE-
Jieit. BytyT 1ocTpOeHbI BBICOKOCKOPOCTHBIE MarkCTPaIu
JUIsL aBTOMOOMIBHOTO M KETE€3HOIOPOKHOTO TpaHC-
nopra. [IpecTonT 1 MacmTabHOEe 0OHOBJICHHE a3po-
JPOMHOM HH(PACTPYKTYPBI, KOTOPOE 3aTPOHET CBBIIIE
100 aspomnoproB. Kpome Toro, mepeiaém k 6omee akTiB-
HOMY HCIIOJIb30BaHNIO BHYTPEHHNUX BOIHBIX ITyTEI.

Kax ormernin B cBOEM BBHICTyIUICHHH MUHHUCTD
Tpancnopra Buranmii CasesbeB, padota HaJl JOKYMEH-
TOM BeJach MapajuIeNbHO C Pa3pabOTKON MHUIIHATHB
COLIMAJIbHO-3KOHOMHUYECKOTO pa3BUTUs Poccuiickoit

Deneparnyu 10 2030 rozga. «Mbl HCTIONB30BANH MOTY-
YEHHBIE B XO/IE CTPATETNYECKUX CECCHI OTIBIT 1 TaHHbIE
npu Harucannu Crparerud ' (POPMUPOBAHHK 00pasa
Oy/Ly1Iero otTpacim, — moadepkHyin Butasmii CaBenses.

B Crparerun yuTeHbl BaKHEHIIINE MUPOBBIE TPEH-
JTbI, BKITFOUAsT ICKapOOHM3AIIHIO U «3eJIEHBIID) TPAHCIIOPT,
a TaKKe Mepexojl Ha HOBbIC HCTOYHHUKH SHEpruu. Briep-
BBIC BBIICNICH OJIOK O MU(POBON TpaHChOpMaIAH
B Ka4eCTBE BAXKHEHIIETO MHCTPYMEHTA JOCTHKEHUS
neneit. «[{ndpoBusariist MO3BOIUT JOCTHYD CHIKCHHUSI
U37IepAKEK U POCTa TPOM3BOAUTENBHOCTH TPYy/a MUHH-
MyM B JIBa pa3a B TPAHCIIOPTHOMN OTPACIII, — yTOUHIT
m1aBa MuHTpaHca.

Taroke pa3paboTaHbl KPUTEPHH OTHECEHHS 00BEKTOB
uH pacTpyKkTyphl K E/MHOI OMOPHO#M TpaHCIOPTHOM
CETH Ha BCEX BHIAX TPAHCIIOPTA TS CO3aHHUS MYIBTH-
MoznanbHOU cuHepruu. Llensto pazsutus EauHoii cetu
SBIACTCS JIOCTIKEHHE HOPMATHBHOTO COCTOSIHHS JISt
85 % cetu k 2035 TORy M yCTpaHEHNE Y3KUX MECT.

OnHoM 13 TaBHBIX 33/1a4 CTparernut BISETCS POCT
MoOmIbHOCTH HaceseHus Ha 80 % 3a cuéT Mep MoyIiepik-
KH CO CTOPOHBI TOCYApCTBA, PA3BUTHS HU3KOOIOKET-
HBIX TIEPEBO30K 1 Psia APYTUX HHCTPYMEHTOB. «brnaro-
Jlapsi Pa3BUTHIO MH(PACTPYKTYPBI M COMYTCTBYIOIIMM
MepaM MBI CMOXKEM YCKOPUTH MEpeMelIeHIEe TPy30B
B TPAHCIIOPTHOM crcTeMe CTpanbl. B pamkax Ctpareruu
K 2035 romy mpOrHO3UpyeTCs YETHIPEXKPATHBIA POCT
CKOPOCTH TNepEeMENIeHNST HEChIPbEBBIX TPY30B — 10
1000 KM/CyTKH — C MCIHOJB30BAHUEM KOHTEHHEPHBIX
I0E3/10B», — HOAYEPKHYI MUHKCTD.

CrenyomumM maroM cTaHeT pa3zpaboTka IuiaHa
peammsaruu Ctpareruu 1 [ eHepatbHOl CXeMbI pa3BH-
Tust EnuHoi onopHoi TpaHcnopTHOi ceth. «Ilanaemus
KOpOHABHpYCa MPOAEMOHCTPHPOBANA, YTO LEMOYKH
MIOCTaBOK M TPAHCIOPTHAS CHCTEMa JOJDKHBI YMETh
aIANTHPOBATHCSA K MEHSIOLIEHCS KOHBIOHKTYPE PBIH-
KkoB. [TosTomy Crparerys OymeT akTyatiu3upoBaThCs Ha
PETryIApHOI 0CHOBEY, —3aBepini Buramuii CaBenbes.

Ilo maTepuanam

MuHucTepCcTBa TPAHCTIOPTA
Poccuiickoii ®enepannu:
https://mintrans.gov.ru/press-center/
news/10118 e

Domo na nepeoit oonodicke: https://mintrans.gov.ru/press-center/news/10094 u https://photos.

I Tioital/de

il.php?day=0&section=10#6.

Front cover photos: hitps.//mintrans.gov.ru/press-center/news/10094 and https://photos.transweek.digital/detail php? day=0&section=10#6.




Uspaérca
Poccuiickum yHUBepcuTeToM
TpaHcnopTa.
YupexnéH MUNT
B 2003 roay

PenakuMOHHbLIN COBET:

B. A. IéBUH — JOKTOP TEXHUYE-
CKUX Hayk, npodeccop PYT —
npeacenarens coeta

A. K. FonoBHuY — fokTOp
TEXHUYECKNX HayK, AOLIEHT
Benopycckoro rocyaapctBeHHOro
yHUBeEpcUTETa TpaHcnopTa

A. A. Top6yHOB — JOKTOP Monu-
TUYeCcKunx Hayk, npoceccop PYT
B. B. l'yceB — uneH-koppecnoH-
neHT Poccuiickon akagemum
Hayk

H. A. AlyxHo — fOKTOp topuamnye-
CKMX Hayk, npodpeccop PYT

L. I. EBceeB — JOKTOP TEXHUYe-
CKUX Hayk, npodpeccop PYT

B. WU. KonecHukoB — akageMuk
PAH, npodeccop Poctosckoro
rocyfapCcTBEHHOroO yHuBepcuTeTa
nyTemn coobLueHns

K. J1. KomapoB — fOKTOp TexHnYe-
CKWX Hayk, npodeccop Cnbupcko-
ro rocyAapCTBEHHOIO yH/BEpCUTE-
Ta nyTern coobLieHns

B. M. KyaHblIwweB — fjokTop
TEeXHUYeCKMX Hayk, npodeccop,
3amecTuTenb Npeaceaarens
KA3MPOPTPAHC (Pecny6bnuka
KasaxcTaH)

B. M. Illanngyc — 0oKTOp 3KOHO-
MUYeCKMX Hayk, npodeccop

0. A. MayepeT — JOKTOP 3KOHO-
MUYEeCcKMX Hayk, mpodeccop PYT,
nepBbIii 3aMecTUTENb Npeaceaa-
Tens O6beANHEHHOIO YYEHOTO
coseta OAO «PX[»

J1. B. MMpoTUH — fOKTOP
TEeXHUYeCKMX Hayk, npodeccop
MocKOBCKOro aBTOA0POXHOTO
rocyapCTBEHHOIO TEXHUYECKOTO
yHuepcuteta (MAQN)

A. B. CnagnkoBCKM — JOKTOP
TEXHUYECKMX Hayk, npodeccop
Curnesckoro TeXHONorM4eckoro
yHuBepcuteTa (Pecny6bnuka
MonbLua)

10. U. CokonoB — JOKTOp 3KOHO-
MU4ecknx Hayk, npodeccop PYT
TpaH fak Cy — 4OKTOP TexHu4e-
CKUX HayK, npodpeccop YHuBep-
cuTeTa TpaHcnopTa u KOMMYHU-
Kaumii (XaHow, BbeTHam)

T. B. LWennTbKO — AOKTOP TeX-
HUYeckux Hayk, npodeccop PYT

eTEOPUSA «CTOPUA
eKOHCTPYUPOBAHUE BYAYLWIEIO

COOEPXAHUE

BOMNPOCHLI TEOPUU

Jleonuo BAPAHOB, I1émp BECTEMbAHOB,
Examepuna bAJIAKHHA, Anopeii OXOTHHKOB

IMorpemHocT U3MEPEHNS PACCTOSHUS

10 TIPEMATCTBUS CPEICTBAMU TEXHUYECKOTO 3PEHHS

Y MIPOTHO3a ITyTH TOPMOXKEHHS B OCCITMIIOTHBIX

CHUCTEMAaX yIPABICHUS ABUKECHUEM ITOE3MO0B . . ..o e v ee . 6

Heopo AI'YPEEB, Auopeti AXPOMEIIMH

Maremarudeckasi MOZielb TPAHCTIOPTHOTO TTOBEICHHUSI
Ha OCHOBE TEOPHUH TPAHCTIOPTHBIX MAKPOCUCTEM . .. ... ... 13

HAYKA U TEXHUKA

Anexcanop IIETPYIIIUH, Braoucias CMA YHBIH,
Braoumup JIOBBIHI]EB, Cepeeti ®DOKUH

ABTOMaTI/I?:aIII/IH praBHeHI/IH 3J'IeKTpOHpI/IBOI[OM

00MTAEMOTO TIOJIBOTHOTO AIMAPATA . .« v v v e vve e vveeevnn e 20
Iasen TPOUIKUH

ITpumeHeHre ra30TypOMHHON TSTH B POSKTaxX

BBICOKOCKOPOCTHBIX KEIC3HOMOPOKHBIX
MarucTpaned B PoccHu ... ... 26

Onvman Mexmu Oany HAIPKADOB,
Opxan Huzamu Ozny TACAHJIBI

MeToq OIIeHKH YCIYT JIOTHCTHIECKOTO ayTCOPCHHTA . . .. .. .. . .. 32
Anna 5OT'EP

CuTyanoHHBIH aHAJIN3 PBIHKA TPY30BBIX IIEPEBO30K

Y TIEPCTICKTUBBI €T0 PAZBHTHS .+ . .« v v v vvvee e e eeeeeeeeen 38

Cepeeii [TACTYXOB, Koucmanmun CTEJIBMAIIIEHKO

HoBrle momxo/s! K yIIpaBIeHATO IEeHAMA
HA TPAHCTIOPTHBIC YCITYTH . o v v v v v v e eieeie e eieeieennens 48



PEOAKLUUOHHASA
KONNEruns

B. A. NEBUH -

TMaBHbIA penakTop

E. 10. 3APEYKUH —

NepBbI 3aMECTUTENb [TTAaBHOMO
pepakTopa

UNEHbI
PEOKONNErnMn

E. C. ALLNU3 -

O.T.H., AoueHT PYT

J. A. BAPAHOB -

O.T.H., npocheccop PYT
A. M. BENTOCTOLIKUM —
AO.T.H., npodeccop PYT

I. B. BYBHOBA -

0.9.H., npoceccop PYT
10. A. BbIKOB —

A.T.H., npocpeccop PYT
B. A. TPEMULLHUKOB -
O.T.H., AoueHT PYT

B. 6. 3bINEB -

O.T.H., npocheccop PYT
B. U. KOHOPALLIEHKO —
O.T.H., CTapLUNA HaY4HbIN
coTpyaHuk PYT

A. A. TIOKTEB -
0.0-M.H., npoceccop PYT
C. . NYLUKUNA -

AO.T.H., npodeccop PYT
0. E. MYOOBUKOB —
O.T.H., doueHT PYT

B. H. CUAOPOB -
A.T.H., npocbeccop PYT
H. N. TEPELLUMHA -
0.9.H., npocbeccop PYT
B. C. ®E[JOPOB —
O.T.H., npocheccop PYT
B. M. ®PUOKHUH -
O.T.H., CTapLUNA HaY4HbIN
coTpyaHuk PYT

B. A. LLAPOB -

O.T.H., npocheccop PYT
A. K. LLENINXOBA -
pyKoBOAMTENb peaakumnm

PEOAKLUA

WN. A.TTNTA30B -

penakTop

H. K. OJIEVHVK —
TEXHUYECKMIA peaakTop

M. B. MACJIOBA -
aHIMUACKWIA NepeBog,

Mpu nepeneyatke ccbirka

Ha XypHan «Mup TpaHcnopTa»
obs3aTenbHa.

© «Mwup TpaHcnopTay, 2021

NPOBJIEMbI YINPABJIEHUA

Konemanmun MUKPIOKOB

OcoOeHHOCTH METONIOB OLIEHKH MEPCTIEKTUBHOW HHTEHCUBHOCTU
JIBVOKCHHUS TTPU POSKTUPOBAHUHY TTATHBIX aBTOOPOT . .. . ... ... 62

Paxmuooun CAJIOM30/A, Mysaghgpap EOBOEB

AHamu3 cocTosHuA MacCaKupPCKux rmepeBO30K

B TOpojie XymKaH/ M IEPCIEKTUBI HX PA3BUTHA ... ........... 68
Lmumpuii JIEBUH

OnTuMu3aLys CKOPOCTH IBMKEHHS MOE3IO0B .« ... oo e v v ... 73
Anexceti PA3YBAEB

Hctopust pa3BUTHSI CYyXOITyTHOH TPAHCIIOPTHOW MH(PACTPYKTYPHI:
TEXHUYECKas 0a3a U SKOHOMHYECKHUE actiekTsl. Yacth 1 ... ... ... 92

Ilpecc-apxus
H. I1. BEPXOBCKUH

O kuure H. I1. Bepxosckoro
«Kenesnonopoxnas Hepazoepuxa». Hactb 1 ................ 103

KHUXHASA noLund

Marepuans! bromnerens OCK]I

BO BTOpoM moayrogur 2021 roma ... ...oovvie e 118
ABTOpedeparsl IUCCEPTAIMI . .. .ot vee e e e eeennn, 122
HOBBIE KHUTH O TPAHCTIOPTE . « ¢ v vt vve e eeeeee e ee e 126

Cozneprxanre HOMEPOB XKypHaa
«Mup Tpancnopray, Boienmmx B 2021 rogy B tome 19 ... .. .. 127

XKypHan 3apeructpuposaH B MuHuctepctse Poccuiickon ®egepauum
no Aenam neyatu, TenepagvoBeLlaHnsa U CpeacTB MacCOBbIX KOMMYHMKaLIMIA
20 pekabps 2002 r. PernctpaumoHHbii Homep M Ne 77-14165.

XKypHan BbixoguT 6 pas B rog. Tupax 300 ak3. LieHa ceobogHas.

OTneyaTtaHo ¢ opuriHarn-mMakerta B Tunorpadum KOpuanyeckoro UHCTUTYTa
PYT (MUWT), 127994, Poccus, r. Mocksa. yn. Obpasuosa, gom. 9, ctp. 9.

O3HaKOMUTLCS C COAEpXKaHVeM BbILLEALLNX HOMEPOB MOXHO
Ha cainTe Hay4HOW 3neKTPoHHON GrubnuoTeky elibrary.ru nnm
Ha caniTe https://mirtr.elpub.ru, ¢ ycnosusimu nyonukaumm —
Ha canTe https://mirtr.elpub.ru.

XKXypHan Bknto4€éH B POCCMACKUI MHAEKC Hay4YHOro LIUTUPOBaHUS,
mHdopmauums pas3mellaeTtcs B 6asax aaHHbIx PI'B, CouuoHer, Ulrich’s
Periodicals Directory, WorldCat.org, EBSCO CEEAS.




The journal is published
by Russian University
of Transport.

Founded in 2003 by MIIT.

Editorial council:

Boris A. Lyovin, D.Sc. (Eng),
professor of Russian University of
Transport, chairman

Alexander C. Golovnich, D.Sc.
(Eng), associate professor of
Belarusian State Transport
University

Alexander A. Gorbunov, D.Sc.
(Pol), professor of Russian
University of Transport

Boris V. Gusev, corresponding
member of the Russian Academy
of Sciences

Nickolay A. Duhno, LL.D.,
professor of Russian University of
Transport

Dmitry G. Evseev, D.Sc. (Eng),
professor of Russian University of
Transport

Vladimir I. Kolesnikov, member of
the Russian Academy of Sciences,
professor of Rostov State University
of Railway Engineering
Constantine L. Komarov, D.Sc.
(Eng), professor of Siberian State
University of Railway Engineering
Bakytzhan M. Kuanyshev, D.Sc.
(Eng), professor, deputy chairman
of KAZPROFTRANS (Republic of
Kazakhstan)

Boris M. Lapidus, D.Sc. (Econ),
professor

Dmitry A. Macheret, D.Sc. (Econ),
professor of Russian University of
Transport, first deputy chairman of
the United scientific council of JSC
Russian Railways

Leonid B. Mirotin, D.Sc. (Eng),
professor of Moscow State
Automobile and Road Technical
University

Taisiya V. Shepitko, D.Sc. (Eng),
professor of Russian University of
Transport

Aleksander V. Stadkowski,

D.Sc. (Eng), professor of Silesian
University of Technology (Republic
of Poland)

Yuriy I. Sokolov, D.Sc. (Econ),
professor of Russian University of
Transport

Tran Dac Su, D.Sc. (Eng),
professor of the University of
Transport and Commmunications
(Hanoi, Vietnam)

oTHEORY
oHISTORY
oENGINEERING
OF THE FUTURE

CONTENTS

Page numbering below refers to the texts in English

THEORY

Leonid A. BARANOYV, Petr F. BESTEMYANOV,
Ekaterina P. BALAKINA, Andrey L. OKHOTNIKOV

Errors in Measuring the Distance to an Obstacle

by Technical Vision Means and in Forecasting

Braking Distance in Driverless Train Control Systems . ........ 134
Igor E. AGUREEYV, Andrey V. AKHROMESHIN

Mathematical Model of Transport Behaviour
Based on Transport Macrosystems Theory................... 141

SCIENCE AND ENGINEERING

Alexander D. PETRUSHIN, Viadislav Yu. SMACHNY,
Viadimir V. LOBYNTSEYV, Sergey G. FOKIN

Automation of the Control of Electric
Drive of Manned Submersibles ............ ... ... .. .. .... 148

Pavel S. TROITSKY

Applicability of Gas Turbine Traction in High-Speed
Rail ProjectsinRussia . ............... ... 154

ECONOMICS

Elman Mehdi Oglu NAJAFOY,
Orkhan Nizami Oglu HASANLI

The Method of Valuing of Logistic Outsourcing Services . . .. ... 160

Anna D. BOGER

Situational Analysis of the Cargo Transportation Market

and Prospects for Its Development......................... 165
Sergey S. PASTUKHOYV, Konstantin V. STELMASHENKO

New Approaches to Pricing Management
of Transport SETVICES . .. oot vv ettt ee e 174



EDITORIAL BOARD

Boris A. LYOVIN,

editor-in-chief

Evgeny Yu. ZARECHKIN,

first deputy editor-in-chief
BOARD MEMBERS
Evgeny S. ASHPIZ,

D.Sc. (Eng), associate professor
of Russian University of Transport
Leonid A. BARANOV,

D.Sc. (Eng), professor of Russian
University of Transport
Alexander M. BELOSTOTSKIY,
D.Sc. (Eng), professor of Russian
University of Transport

Galina V. BUBNOVA,

D.Sc. (Econ), professor of Russian
University of Transport

Yuriy A. BYKOV,

D.Sc. (Eng), professor of Russian
University of Transport

Victor S. FEDOROV,

D.Sc. (Eng), professor of Russian
University of Transport

Vladimir M. FRIDKIN,

D.Sc. (Eng), senior researcher
of Russian University of Transport
Victor A. GRECHISHNIKOV,
D.Sc. (Eng), associate professor
of Russian University of Transport
Valeriy . KONDRASHENKO,
D.Sc. (Eng), senior researcher
of Russian University of Transport
Alexey A. LOKTEV,

D.Sc. (Phys.-Math.),

professor of Russian University
of Transport

Svyatoslav Y. LUTSKIY,

D.Sc. (Eng), professor of Russian
University of Transport

Oleg E. PUDOVIKOV,

D.Sc. (Eng), associate professor
of Russian University of Transport
Victor A. SHAROV,

D.Sc. (Eng), professor of Russian
University of Transport

Alla K. SHELIKHOVA,

head of editorial office

Vladimir N. SIDOROV,

D.Sc. (Eng), professor of Russian
University of Transport

Natalia P. TERYOSHINA,

D.Sc. (Econ), professor of Russian
University of Transport

Vladimir B. ZYLYOV,

D.Sc. (Eng), professor of Russian
University of Transport
EDITORIAL STAFF

Ivan A. GLAZOV,

editor

Natalia C. OLEYNIK,

editorial secretary

Maria V. MASLOVA,

translator

© Mir Transporta

© World of Transport

and Transportation

© English translation

© 2021. All rights reserved.

ADMINISTRATION, MANAGEMENT AND CONTROL

Konstantin S. MIKRYUKOV
Features of Methods for Assessing the Long-Term

Traffic Intensity in the Design of Toll Roads ................. 188
Rakhmiddin S. SALOMZODA, Muzaffar M. BOBOEV

Analysis of the Passenger Transportation in the City

of Khujand and the Prospects for its Development ............ 194
Dmitry Yu. LEVIN

Optimising Train Speed .. .......ooviiinein i 199

HISTORY WHEEL

Aleksey D. RAZUVAEV
The History of Development of Inland Transport Infrastructure:

Technology and Economic Aspects. Part 1. .................. 218
News from the Archives

N. P. Verkhovsky

About the Book «Railway Confusion»

by N. P. Verkhovsky. Part 1 .............................. 228

BIBLIO-DIRECTIONS

Materials of the Bulletin of the OSJD published

in the second half2021 ......... ... ... .. ... ... ........ 242
Selected Abstracts of Ph.D. Theses Submitted

at Russian Transport Universities. .. ..............ooov..n.. 248
New Books on Transport and Transportation ................ 249
Contents of the issues of World

of Transport and Transportation Journal

published in Vol. 19 (2021). . ... 251

Published quarterly since 2003. Bimonthly since 2013.

97 issues have been published since 2003.

Current issues are circulated in 300 hard copies available on subscription.

All articles in the journal are published in Russian and English, both versions being entirely
identical. The emails of corresponding authors are marked with .

The open accessed full texts of the articles, editorial politics and guidelines for the authors
are available at the Website of the journal at https://mirtr.elpub.ru/jour (both in Russian and
English). The authors can submit their articles either in Russian or in English. The journal
uses double-blind peer reviewing.

The full texts in Russian and key information in English are also available at the Website of
the Russian scientific electronic library at https://www.elibrary.ru (upon free registration).

The journal is indexed in Russian scientific citation index system, Russian state library,
Socionet, Ulrichsweb, WorldCat.org, EBSCO CEEAS.

Any reproduction in whole or in part on any medium or use of English translation of the
articles contained herein is prohibited for commercial use without the prior written consent of
World of Transport and Transportation.




BECMUNOTHOE

YNPABNEHVE 6
|

A8MOHOMHbIE MPaHCNOPMHbIe
cpedcmea yxe S61F0MCS Yacmbio
Hauweli no8ceOHe8HOU XU3HU.

Umobb1 obecneyums 6e3onacHocmb
ux 0BUXEHUS, aKmUBHO pa3gugarmcs
MeXHoo02uU, NO380NIsUUE
onpedenume OUCMaHYUI0

0o npensmemeul, yughposble
080UIHUKU, MalUHHOE 3peHue. 3dech
mpebyemcs ocobasi MOYHOCMb,

KaK 8 caMux U3MepeHUsx paccmosiHud,
mak u npu pacyéme mopMo3Ho20
nymu. [0e Haxodsmces npederbi
donycmumbix nozpewHocmel
usmeperuli? MccnedosaHue
npednazaem mModenu OUEeHKU.

---- ) mﬂ H | HHH i .

-2 -1 [ 1 2
inty,

BOMPOCbI TEOPUU

o)

MOJENb
TPAHCIMOPTHOIO

MOBELEHNS 13
|
BO3MOXHO /U U Kak onucamb MOMUBh|
U peleHus haccaxupa omnpasumbCs
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AHHOTALIUA

Cucmemb| MeXHUECK020 3PEHUS ABMAIOMCS UCMOYHUKaMU UHEbopMayUU
0 NPensmcMmaUL, oKka3asLUIemMcsi Ha nymu, npu 6ecnunomHoM ynpasrneHuu deu-
JKeHuem noe3008. 1o nosy4eHHoU uHgopmayuu cucmemol ynpageHus dguxe-
HUEM NPpUHUMAEMCs PELUEHUE O BKIKOYEHUU PEXUMa MOPMOXKEHUS! C Uerbio
npedomepaueHus Hae3da Ha npensmecmeue.

B coomeemcmauu ¢ MeXOyHapOOHbIM U OMEYECMBEHHbIM ONbIMOM U
Hopmamu HeobxoduMo 0becneyUMs 8ePOSIMHOCM ONacHO20 OMKa3a, 8 0aHHOM
crtyqae — eeposimHoCMb Haes0a Ha npensimemaue, He 6oree 10 npu dosepu-
menbHol eeposimHocmu 0,95 no SIL-4 (TOCT-P61508). Yaumbigas Hanudue
N02PELLHOCMU UMEPEHUS paccmosiHusi Ao Npensmemaust cucmemoll mexHuYe-
CKO20 3PEHUsT U No2peLiHocmu pacyéma mopMOo3Ho20 nymu, mpeGyemcs
onpedenums KOOpOUHaMy MOYKU Hayara MopMOXeHUs npu OBHapyXeHUU
npedvema Ha nymu makum 0bpa3om, 4mobbI 0becneyums ocmaHogky noesda
Ao npensimcmausi ¢ 8epOsIMHOCMbI0, onpederisiemoli 6 coomeememeuu ¢ SIL-4.

OcoberHocmbio pewaemoli 3a0aqu OUEHKU noepewHocmell UMEepeHust
paccmosHust 3o Npensamemaust U pacyéma mopMo3HO20 Nymu Sefsemcs Heob-
X00UMOCMb ONPeOesIeHUS OUEHOK UX MaKCUMaTbHbIX 8EMTUNUH U paspabomku
aneopumma UCNosb308aHUsT IMUX OUEHOK MakuM 06pasoM, Ymobb! eeposim-
Hocmb Hae30a He npesbIlliarna HopMUPOBaHHO20 3HaYeHUS.

1.2:3 Poccutickutl ynusepcumem mpancnopma, Mocksa, Poccust.
* Hayuno-uccnedosamensckuil i npoeKmHo-KOHCMPYKMOPCKULL UHCIUMYN UHGOPMAMU3ayu, asmoMamu3ayuy u
ces3u Ha drcene3nodoposicnom mpancnopme (AO «HUHUAC»), Mockea, Poccus.

IMpusedeHa Memoduka onpedeneHust MaKcuMarbHOU 6eIUYUHb | No2pel-
HOCMU U3MEPEHUSs paccmosiHusi Ao Mecma npensimemeusi, 86pOSIMHOCMb Npe-
8blLLeHus1 komopoli AogoribHO Mana (om 102 do 10%). MpednoxeH aneopumm
MHO20KDaMHb IX U3MEPEHUL paccmosHus o npensmemeusi ¢ 8b160poM MUHU-
MaribHO20 Pe3yribmama UsMepEHUL st NPUHSIMUS PEWEHUS O Hayare Mopmo-
JKeHUsi, obecneyusarou4ull 8bINOTHEHUE HOPMAMUBHO20 NoKa3amesi 8eposim-
HOCMU cmoJKHoBEHUst noe3da ¢ npensimemauem coanacHo SIL-4. Paspabomana
MemoduKa OUEHKU NOepewHocmU pacyéma mopMOo3HO20 nymu, obecneyusaro-
LYasi COBMECIMHO C ar2opUMMOM MHO2OKPAMHb IX USMEPEHULI CUCMEMOU MeXHU-
YeCcK020 3peHUs paccmosHusi o Npensimemausi, HopMamueHb Il Nokasamertb
coenacHo SIL-4. lMokasaHa HeobX00UMOCTb (YHKULIOHUPOBAHUST 8MOPO2O Ka-
Hara MexHUYECKO20 3PEHUST U3-3a HarlUMUst KpUBbIx 8 nymu criedoganusi. 060c-
HoeaHa HEoBX00UMOCb UCNOMb308aHUS al2opumMOos MHO2OKDAMHb IX U3Mepe-
Huli 0o hpensimemeusi N0 8MOPOMY KaHarty, pacnoNoXeHHOMY 8He noesda.
OmmeyeHo, Ymo onucarHs I 8 daHHOU cmambe cnocobbi8b60pa MakCUMaIbHb IX
3Ha4eHul criyqaliHbIX noepewHocmel UMepeHul U pacyémos, npesbIueHue
8€/1U4UH KOMOPKIX UMEEm 8eCbMa MalTyio 86POSIMHOCb, MO2Ym 6bIMb UCNOSTb-
308aHb | 8 Pa3NIUYHbIX NPUKIaOHbIX 3a0aqax ynpaeieHus ABUKEHUEM Ha MpaHC-
nopme.

Knoyeable crioga: mpaHcnopm, KenesHo00poXHbIL MPaHCNOPM, MEXHUYECKOE 3PEHUE, N0ZPELHOCMb U3MEPEHUSi paccmosiHUsi 00 Npensimemeus,
6Gecnunomuble CUCMEMbI ynpaerneHust ABUXEeHUeM, pacyém mopMo3HO20 Nymu, OUeHka No2pewHocmu.

«TanaHm u ycnex» 8 pamkax Hay4Ho20 npoexma Ne 20-37-51001.

bBnazodapHocmu. MccnedogaHue 8bINOIHEHO Npu (huHaHcosol noddepxke POOU, HTY «Cupuyc», OAO «PX/[» u ObpasosamenbHoeo PoHOa
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BBEAEHUE

Baxneiimieii ¢pyHKIel aBTOMaTHYeckoil HH-
TEJUIEKTYaJIbHOM TPAHCIIOPTHOM CUCTEMBI SIBIISIET-
Csl BOCIIPHATHE OKPYXKAIOIIEH CPEABI M CIOCO0-
HOCTb Pa3NIMyaTh HAIMYUE NPETSTCTBUHA, B TOM
gucie B mporecce npmwkeHus [1-3]. Orcrona
TIPOHCTEKAIOT OCHOBHBIE OONACTH MPUMEHEHHS
TEXHIYIECKOTO 3pPEHMS: BU3yaJIbHBIN KOHTPONIb H
pobotmsupoBannoe 3perue [1; 4]. s perrenns
3a1a4 OOHAPYKCHUS MPEMATCTBHI B yKa3aHHBIX
00IaCTAX HCIIONB3YeTCs] MHOXKECTBO ITOIXOMOB.
HanGonee moBepXHOCTHBIMH SIBIISIOTCS «Kade-
CTBEHHBIC)» AJITOPUTMBI, OHH BO3BPAIAOT TOJIBKO
OTBETBHI «/1a»/«HET» OTHOCHTENHHO HAIMYHS TIpe-
TCTBHH B Tonie 3perus [S]. Emeé omanm pactipo-
CTpaHEHHBIM ITOIXOJIOM K OOHAPY>KEHHIO TPETISIT-
CTBHH SIBIISIOTCS] QHUTUTHYECKUE M CTATHCTHYE-
CKH€ METOJIBI, IPE/IIONAratoIIie OLECHKY JIBIKE-
HUS ¥ CO3[aHME KapT Ha OCHOBE CTAaTHCTUYECKOH
vHpopmarmu [6]. B mocnenaue romsr OONMBIIMH-
CTBO JITOPUTMOB CTaJIH HCTIONB30BATh CTEPEOBH-
nerne wn 2D/3D cencoprbie TexHomoruu. Oc-
HOBHBIM HX IIITIOCOM SIBISIETCS BO3MOXKHOCTB
OIIpE/ICNICHNS Pa3IMYHbIX MMAapaMeTPOB MPETIAT-
CTBUSI, HAI[PIMEP, BBICOTHI MPEISATCTBHUS HAJ
3eMIéii 1 paccTosHESA 110 Hero [5; 7; 8]. B ocHOBe
CTEPEOBU/ICHUS JISKAT METOMBI CIIEKTPAILHOTO
a"anm3a [9], TeHeTHYeCKHe aJlTOPUTMBI I HEHPOH-
Hele cetH [10].

B OecnmioTHBIX cHcTEMax YIpaBiIeHHS IBH-
KEHHUEM TI0€37I0B HCHONB3YEeTCS TEXHUIECKOE
3peHHue A MPENOTBPAIICHUS CTOTKHOBEHUS
JBIDKYIIIETOCS TIO€3/]a C MPEISITCTBUEM, OKa3aB-
mmMcs Ha myTH [11]. YerpoiictBo ympasneHuns
TIOJTy9aeT MH(POPMAIIHIO O PACCTOSHHH IO MPETIST-
CTBUS 1 HA (PUKCHPOBAHHOM PACCTOSHIA (POPMH-
pyeT KoMaH/ly Ha cpabaTbIBaHIE 3ByKOBOT'O CHTHa-
JIa IPEMyTPEXKACHHS 71 TOTO, YTOOBI PETISTCTBHE
Opl10 yOpaHo. B ciyuae, xorma mpemsTCTBHE
OKa3bIBAacTCsl HA PACCTOSIHUM, PAaBHOM ITyTH CIIy-
JKEeOHOTO (WUIM SKCTPEHHOTO) TOPMOXKEHMS, (op-
MHpYeTcsl KOMaHJa Hadajla TOpMOXeHuA. Llenmpio
0e30I1acHOTO YIIPABICHHS SBISIETCS 00CCTICUCHNE
OCTaHOBKH TI0€31a /10 MPENATCTBHI. MoOMeHT
(hopMHpOBaHNS KOMaH Bl TOPMOYKECHHST BEIOMPACT-
Csl U3 YCIIOBHSI PAaBEHCTBA PACCUUTAHHOTO MyTH
TOPMOKCHHA S, TI0€3/1, JIBHKYIIEroCs CO CKO-
POCTBIO V, ¥ pacCTOSIHUS, U3MEPEHHOTO CUCTEMOM
TEXHUUYECKOTO 3PEHUS JI0 MECTA MPEMATCTBHUL:
STOpM(W = LmM' (1)

BwMecte ¢ Tem, paccunTaHHAs BETMYHHA TOP-
MOSHOEO IyTH SmpM(V ) MOXKET OTIIMIATHCS OT E)e—
AJTbHOM H3-3a BCETIa UMEFOLINXCS YIPOIICHUH B
MOJIETIH TI0€3/1a, UCTIONBb3YEMOM U pacuére, Ha-
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JIMYMSL CITy4YaiHBIX BO3MYIIEHHH, IPUBOMISIIMX K
HM3MEHEHHIO COIPOTUBIICHUS ABMKEHUIO TOE31a,
MOTPELHOCTEH B 33/JaHKH IJ1aHA U TIPOQUIIS Iy TH
B 30HE JIBIDKEHHUS U T.J1. M3MepeHue paccTostHus
JIO MecTa IPEnsTCTBUSL B CUCTEME TEXHUYECKOTO
3pEHNS TAKXKE PEATH3YeTCs CO CITyJaiHOM morper-
HOCTBIO.

[lycth ASTOPM(V) 1 AL — abCOTFOTHBIE TOTPeLii-
HOCTH pac4€Ta TOPMO3HOTO IYyTH U M3MEPEHHs
paccTosiHUsL 1O MECTa MPEMsSTCTBHS COOTBET-
CTBEHHO; SOmpM(V) 1 L, NeHCTBUTENBHBIEC 3HAYEHHS
TOPMO3HOTI'O IyTH U PaCCTOSHHE JIO MPETSTCTBUS
COOTBETCTBEHHO. TOra NCX0/1s U3 YCIIOBHs 00ec-
rieueHust 0e30MacHOCTH, BEIOOP MOMEHTa Hayaja
TOPMOXKEHUS OTIpeIeIsieTCs KaK:

SOmPM(V) =L, 2
u BeipakeHue (1) mpeobpasyercs CleIyOIUM
oOpaszom:

SOmPM(V) + ASNPM(V) <L,+AL. 3)

XyIIKUM ¢ TOYKU 3peHHst OE30IaCHOCTH JIBU-
JKCHUSI SBJISICTCS CUTYAIHsl, KOrma ASTOPM(V) <0,
AL > 0, T.e. npu BbIIONHEHUH ycioBus (1) B To
BpeMsi KaK pacCUMTaHHbIA TOPMO3HOH ITyTh MEHb-
111e, YeM pean3yeMslii, a U3MEPEHHOE PACCTOSHHE
JI0 00beKTa OOJIbIIe, YEM peabHOe, TPONU30HIET
CTOJIKHOBEHHMS Ioe3/1a ¢ mpensaTcTBreM. OTcrona
OLICHKOW CBEPXY BEPOSITHOCTH CTOJIKHOBEHUSI T10-
€3/la U MpPEeISTCTBUS MPU U3BECTHBIX 3aKOHAX
pacnpeseneH!s INIOTHOCTH BEPOSITHOCTH ClTydaii-
HBIX BeJIMIUH ASTOPM(V) n AL(L), npu n3BecTHBIX
V u L spnsercs:

E3

0
P, (V,L)= [f(AS,,, V) dAS,, (V) [f(ALIL)dAL , (4)
—n 0
rie f(AS [V) u f(AL | L) - dymxuwn pacipene-
JICHUs YCIOBHBIX IUIOTHOCTEH BEPOSTHOCTH
ASmPM(V )uAL(L). 3Ty OLIleHKY MOXHO yTOYHHTb,
ONPEJIEIHB IPU N3BECTHBIX (PYHKIHAX IUIOTHOCTEH
BEPOSATHOCTEH CTaTUCTHYECKH HE3aBUCHMBIX CITy-
YallHBIX BEJIINYHH ASmpM|V n AL(L) dyHkmro
pacmpeneneHrs IIOTHOCTH BEPOATHOCTH ((Z)
CITy4aiiHOW BEJINYMHBI Z = ASmpM + AL nipu ¢puk-
cupoBaHHbIX V 1 L.
Torma:

E3

P, =[o(zlV,L)dz.

0

DTy BEIMYMHY MOXKHO eI pa3 OLIEHUTh CBEp-
Xy:
P ,=maxP (VL) %)

Ornpenernenue QyHKIUN pacrpeeneH s MI0T-
HOCTEH BepOATHOCTEH 10 pe3ysIsTaTaM 00paboTKI
PE3yJIETATOB MHOTOYHCIICHHBIX PACUETOB U M3Me-
PEHHIA, KOIIa CYIIECTBEHHBI OLICHKH BEPOSITHOCTH
omacHo# cutyarmu mopsaka 10#-10%, tpeGyror
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BBICOKOH JIOCTOBEPHOCTH B OITUCAHUH «XBOCTOB)
pacrpeeseHuid, YTo COCTaBISIeT U3BECTHBIE TPY/I-
Hoctu. [ToaToMy B TaHHO# padoTe, yeibio KOTOPOit
SIBILSIETCS PELLICHHE 3a/1a9K OLIEHKH ITOT PEILIHOCTEH
M3MEPEHHS PACCTOSIHUS JI0 TIPETISITCTBHS U pacyé-
Ta TOPMO3HOTO ITyTH, ONPEETICHHs OLEHOK HX
MaKCHUMaJIbHBIX BEJIMYNH U pa3pabOTKH aJIropuT™Ma
UCIIONIb30BAaHMSI ATHX OLIGHOK TaKuM 00pa3oMm,
4TOOBI BEPOSTHOCTH Hae3/la He MpeBbIlIana HOp-
MHUPOBAaHHOI'O 3HAYEHUSs], UCIOJIb30BaH JAPYron
CIOCO0 peleHNS.

J1ns yMeHbIIeHNsI BEpOSTHOCTH CTOJIKHOBEHUS
1oe3/1a C MPEeMsSTCTBHEM MOXKHO HCIOJIB30BaTh
W3BECTHBIH NPUEM, 3aMEHHB BBIPAXKEHUE B YCIIO-
BUSX (pOPMHUPOBaHMsI KOMaH Il Ha Ha4ajio TOpMO-
JKEHUS CIIE/TYOLIIM:

SemV)TAS =L —AL . 6)
meAS_ =max ASmpM(V) —MAaKCUMaJIbHOE 3Haye-
HHE MOJTYJIS OTPULIATENIBHOM OTPEIIHOCTH pacyé-
tauAL__ =max AL (L)—MaxcumainbHoe 3HaYeHHE
TIOJIOYKUTENTLHON MOTPEIIHOCTH U3MEPEHHSI.

ITo cymiecTBy, 3T0 yCIIOBHE ONPENeNsieT IUHY
«GAILMTHOTIO YYacTKa ITy T IIepe] IPEHsTCTBUEM,
KOTOpOE TO3BOJIUT, KaK OyleT MoKa3aHo jaajee,
obecrieunTh TpedyeMblil oKazarenb Oe30macHo-
cri. Bvecre ¢ Tem, onpenenenue Bemmauu S,
n AL _ TaKoKe CBA3aHO C BEPOATHOCTHBIMH OLICH-
KaMH 3THX BEJIMYMH, KOTOPBIE, B CBOIO OYEPE/ib,
OIPEIEISFOT OLIEHKY BEPOSITHOCTH CTOJIKHOBEHHS
noeszia ¢ npersircrBueM. OCOOEHHOCTBIO PEIISHHS
9TOM 3a]auM SBIISIETCS TO, YTO JIOIYCTHMBIE OLICH-
K1 0€30I1aCHOCTH OIPEIENISIOTCS OYeHb MAJIBIMU
3HAYCHUSIMH.

Bb100p MakcUMalbHBIX 3HAYEHHUH CITy4aiHbIX
BEJIMYMH IIPY BCErja UMEIOIMX MECTO OrpaHnye-
HUSIX Ha YHMCJIO MCHBITAHUH SBISIETCS 3a1aden
TEOPHU BEPOSITHOCTH W MareMaTH4YeCKOW CTaTh-
cTukr. OCOOEHHOCTBIO MCIOJIb30BAHUS 3TOTO
MaTeMaTHyeCKOro amrapara st peraeMoii 3aja4u
SIBILIETCS MaJ1ast IOy CTHMasi BEPOSTHOCTB IPEBBI-
IICHUSI 3HAYECHMS! CITy4aifHOI BEJIMYMHBI BEIOpaH-
HOro €€ MaKCUMaJbHOTO 3HadeHus [12].

B ycnoBusix, Korja JUTHa 3aIUTHOTO y4acTKa
BbIOMpaeTcs paBHol S+ AL, cToNkHOBEHME
BO3MOXKHO, KOTJIa CyMMa HOTPELIHOCTEH IPEBbI-
IIaeT CyMMY MaKCHMAaJIbHBIX 3HAYEHUH STUX I0-
TPEIIHOCTEH, BBIOPaHHBIX C PACCYMTAHHOM Bepo-
STHOCTBIO NIPH (PUKCHPOBAHHOM JIOBEPUTEIHHOM
nHTepBaie. ClieoBaTesbHO, BEPOSITHOCTH OITACHON
cutyauuu P MOKHO OLIEHUTB CBEPXY KaK Mpo-
H3BEICHNE BEPOSTHOCTEH COOBITHIHAS, | (V)>S
uAL(L)>L_ :

P <P[(ASw(V))>AS .. JeP[AL@M)>AL, ] (7)

maxer

Mwup TpaHcnopTa.

OtmMmeTnM, 4TO 3a/1a4a BHIOOpA JTMHBI «3aILHT-
HOTO» yJacTKa I10 33/JaHHOH JIOITyCTUMOM BEeposIT-
HOCTH OIIACHOTO COOBITHSI TPEOYET CBOEro peliie-
HUSI TaKXKe IPH aHAIIM3e CUCTEM OOecreueHHs
0€30MaCHOCTH JIBHKEHUsI TT0€3/I0B Ha MIepPeroHax
Mpu HaJM4yuy Manmaucta [13].

PE3YIbTATbI
MeTonuka OLeHKH MAKCUMAJILHOM
NOTPeIIHOCTH U3MepeHMii

PaccMoTpuM 1ozixos K olieHKe MaKCHMAaJIbHOM
norpemHoctd AL (L) npu onpenenenuu pac-
CTOSIHHSI M@Ky JIBIDKYIIMMCS [TO€3/I0M U Npe[-
METOM Ha ITyTH. 3HaHHUE MaKCUMaJIbHOM IOrpel-
HOCTH T103BOJISIET BHIOPATh TOUKY Havasa TOPMO-
JKEHHS JIBIKYLIEr0Cs 110€3/1a, 00€CTIeYHBAIOIILY IO
C 3aJIaHHOM HOPMUPOBAHHOM BEPOSITHOCTHIO OT-
CYTCTBHUE CTOJIKHOBEHHS 1I0€3/1a C IPETISITCTBUEM.
Wudopmanus o ciryqailHOW BeIMYMHE MOTPeL-
HOCTH W3MEPEHUS PACCTOSIHUS COIEPIKUTCS B
3aKOHE PACIIPEENICHNUS TNIOTHOCTH BEPOSTHOCTH
9TOW BEJIMYMHBI, TOJYYEHHOTO I0 pe3yJbTaraM
CTaTUCTUYECKOH 00pabOTKM SKCIIEPHMEHTAIBHBIX
naHHbIX [14]. Tak kak BEpOATHOCTH MCXOAA JIO-
myckaercs ¢ BeposiTHOCThi0 1078 (st SIL-4), To
orpeiesieHHe BEPOSITHOCTH MAaKCUMaITbHOM BEJTU-
YHMHBI IOIPEIIHOCTH B 3THX YCJIOBHUSX COOTBET-
CTBYET «XBocTamy pactpeneseHus. [Tpubmmkén-
HBII METOJ| ONpe/eeHHs JOBEPUTEIBHOTO HH-
TepBaja Jisi BEPOSTHOCTH HAa OCHOBE 3aMEHBI
3aKOHA pacIlpe/elIeHHs] YaCTOThl TayCCOBCKHM
HEMPUMEHHM, TaK KaK BEJIMYMHBI BEPOSTHOCTEH
04eHb MaJlbl. B 3TUX yCIIOBHSIX MOXKHO MCHOJIb-
30Bath caemyromuii npuém [ 12]. ITycts B pe3ynb-
Tare N ObITOB BEIMYMHA NOrPEIMHOCTU AL HI
pa3y He Obuia 3adukcupoBana. O003HAYMM 3TO
coObITHe Kak B. TpeOyercst HallTH MaKCUMaITbHOE
3HA4EHUE BEPOATHOCTH TOTO, 4Tto AL > L, KO-
TOpasi COBMECTHMA C HaOJIOJAaCMbIM B OIBITE
co0ObITHEM B.

Beeném 0603Ha4deHus: P — BEPOSITHOCTH TOTO,
uro AL>AL . P, — MaKCHMAJIbHOE 3HAYEHHE P.
JlnanazoH TOBEpUTENILHOTO UHTEpBaJIa s P CO-
crapnsger 0<p <p . HecopmecTumbl c Habmozae-
MBIM B OITBITE COOBITHEM OY/IyT T€ 3HAYECHUS P, 115
KOTOPBIX BEPOSITHOCTH COOBITHSI B MEHbLIIE, YeM
A=1— P, tue p — mOBEpUTENBHBINA UHTEPBAJL.

Jlis1 1r000¥ BEpOSTHOCTH ) BEPOSITHOCTH TOTO,
YTO TpH N U3MepeHuit He ObUIo pesynbsrara AL >
AL omnpenensiercs BbipaxenueM P(B) = (1 —p)™.
IIpu P(B) = A moiyunm ypaBHeHue i P,
(1-p,,y=1-p.

Otkyna:

Poax =1-§1-B.. )
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Taoauna 1

Yucio IKCNIEPUMEHTOB (n) AJIA onpeaeeHus pmax C 3aJaHHBIM
A0OBEPUTEJIbHBIM UHTEPBAJIOM [BLIHOJ’[HQHO aBTOpaMI/l]

p,..= 107 p,.. = 10* p,.. = 10°

n B n B n B
229 0,9 23025 0,9 2302534 0,9
459 0,99 46050 0,99 4605168 0,99
688 0,999 69075 0,999 6907752 0,999

[Ipn 3amaHHBIX JOITYCTHMBIX BEPOSTHOCTSX
TOTO, 4TO TIoTpemHocTh AL > AL moBepu-
TeNbHOM HHTepBaje B u3 (8) MOXXHO HOMYYNTh
Kakoe 4uciio (N) SKCIIEpIMEHTOB, B KOTOPBIX HH
pasy He Habmromanock cobeitne AL > AL,
JIOJDKHO OBITH TIPOBEJICHO, YTOOBI CUUTATh BEIH-
4uHy P, =~ HE TMPOTHBOpEYANIEH pe3ynbTaTam
9KCIIEPHMEHTA:

_ lgd-p)
120~ p,)

Pesynbrars! pacuéra yncia SKCIEPIMEHTOB C
OKpPYIJICHHEM K OOJTBIIIEMY LIENIOMY YHCITy JUts 3 =
0,9;0,99;0,999 m p, = 107 10%; 10° cenena B
Tabm. 1.

Kak ciemyer n3 maHHBIX 3TOH TaOIHIIbI, IIETe-
C000Pa3HO MPOBOJMUTH YHCIIO SKCIIEPHMEHTOB JITSI
BeiOopa AL, mipu p, = 102 mpu B = 0,9; 0,99;
0,999 1 060CHOBBIBaTH YCIOBHS 0€30MIaCHOCTH
IMyTEM BBIOOpA aJTOPHUTMA, UCTIONB3YIOIIETo 3Ha-
uwenne AL, npup =102

IlycTh B HEKOTOPOH TOUKE MYTH /1B pa3a Mpo-
BEJICHO M3MEHEHHE PACCTOSHHS JI0 TIPEIATCTBHSL:
NEPBBIN pas — pe3yisTar usmepenus L, BTopoit
pas — pesynbrar usmepenus L,. B kaxiom u3 stux
PE3YIIBTATOB BEPOSITHOCTB TOT'O, YTO ITOTPEITHOCTh
usMepenust mpesbimiaer AL cocraenser p, =
10 mpu (hHKCHPOBAHHOM JJOBEPUTEITBHOM HHTEP-
Basie. Torma BEpoOSTHOCTB TOTO, YTO B 00OHX CIIy-
4asx MOrpentHocTh npesbinaer AL cocragmser
P,..= 10" Ecmaus L, u L, BoIGparh HauMeHblee
1 3TO 3Ha4YEHUE MCIIONb30BaTh IS IPHHSATHS pe-
IIIEHNSI O TOPMOXKEHNH, MO’KHO 000CHOBATh BBIOOD
AL, yXe ¢ BepoATHOCTBIO €€ mpeBbienus 107,
AHaIOrM4HO NPH UCHIONB30BAHUH TPEX N3MEPEHHI
p® .= 10°. Jlns obecneuenns Tpebopanmii SIL-4,
YHCII0 M3MEpeHni paBHO 4. Takum 0OpazoM, wc-
TIOJIB3YS TIPY MPUHATHH PEIICHUS HECKONBKUX
HM3MEPEHUH, pacTipeIcIEHHBIX BO BPEMEHHU, yMEHb-
II1aeTCs BEPOATHOCTH OMTACHOM cuTyarmwu. OueBuI-
HO, YTO, 3Hasi JUTMTENHHOCTh OTHOTO M3MEPEHNS 1
CKOPOCTB JIBHIKYIIETOCS 00BEKTa, BemmuuHa AL
YBEJIMYMBACTCS HA JUTHHY Ty TH, TIPOHICHHOTO 3THM
00BEKTOM 3a BpeMsI k M3MEpEHNIL.
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Paccmorpum npumep. IlycTs n3BECTHO, UTO B
pesynsTare 459 uCTBITaHui MaKCHMaJIbHAs BEJIH-
YHMHA TIOTPEITHOCTH He IpeBbichia 20 % n3mepsie-
MOTO PaccTOsIHUSA. MaKCHMaJIbHOE U3MEpsieMoe
paccrosinne pasno 2 km. Torma AL = 400 m n
BEPOSITHOCTD TOTO, YTO MOTPEITHOCTH OyJeT mpe-
BBIIIATH 3Ty BEJIMYNHY B COOTBETCTBUH C TaHHBIMA
Tabn. | mpu noBepurensHoM nHTEpBae 0,99 co-
CTABILAET P,.= 1v0'2. Ecm BLI6pvaTL U3 pE3yIbTaTOB
TpEX M3MEPEeHNH HAUMEHBIIHNH, TO BEPOSITHOCTD
Toro, uro AL, > 400 M cocTaBnseT 10°. OyeBu-
HO, 9TO B JAHHOM TIPAMEPE MAKCUMAIILHOE N3Me-
PpsIeMO€ pacCTOSTHHE NPEBBIIIACT JTUHY TOPMO3HO-
TO MMyTH T0€3/a, JBIKYIIErocs ¢ MaKCUMAJIBHO
JIOIYCTUMOH CKOPOCTBIO.

JIoTOTHUTETEHBIM CTTOCOO0M, YMEHBITIAFOIIAM
BEPOSITHOCTH CTOJIKHOBEHMSI, SIBIISIETCS HCTIONB30-
BaHUE BTOPOTIO KaHalla n3MepeHuil. B atom cirydae
BBIOMPACTCS] MUHUMAJIBHOE H3MEPEHHOE PACCTOS-
HHE 10 00BEKTA IIPH MHOTOKPATHOM H3MEPEHHUH B
KaK71oM 13 KaHanoB. [TycTs, Harpumep, B KaXa0M
13 IByX KaHAJIOB UCHIONB3YIOTCSI PE3YIIBTATHI BYX
usmepenuii npu p, = 107 Torya obecneduBaeTcst
BBIOOp AL, € BEPOATHOCTBIO TOTO, YTO peabHast
TIOrPeIHOCTh MpeBbicHT AL, coctasnser 107,

Cremyer OTMETUTB, 9TO HATMYHE BTOPOTO Ka-
HaJla TEXHIYECKOTO 3pSHMS, alaparypa KoToporo
pacrono)keHa BHE MOe371a, HeOOXOaMa TaKkKe
TIOTOMY, 4TO OOPTOBBIE YCTPOHCTBA HE BUIAT Ipe-
IISITCTBYS TIPY HATMYMH KPUBBIX. B 3TOM ciyuae,
JIOIYCTHMYIO BEpOSITHOCTh OMAcHOW CHTyalnu
clieyeT 00ecIieunBarh My TEM ONMCAHHOTO BHIIIE
ITOPUTMA MPH k U3MEPEHMSIX TI0 BTOPOMY KaHAJTY.

OleHKH BeJIMYMHBI MAKCHMAJIbLHOM
TOTPEUTHOCTH PACYETa TOPMO3HOT'O
Iy TH 10e31a

AHamm3y TOYHOCTHU TIPHUIIEITEHOTO TOPMOXKe-
HUS TIOCBSIICHO 3HAYUTEIBHOE YUCIIO SKCIICPH-
MEHTAJBHBIX U TEOPETHUCCKUX HCCICIOBAHHH.
TeopeTnyueckre HCCICTOBAHUS, KaK MPaBUIIO,
HCTIONF30BAIA MaTeMaTHIECKOE MOJICTTHPOBAHIIE,
B YAaCTHOCTH, METO/IbI IMHTAITMOHHOTO MOJICITH-
poBanwms. B atux uccinenoBanumsx [ 14—17] moe3n
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3aj1aBaJiCs CBOMMH, XOPOLIO U3BECTHBIMH Mate-
MaTHU4YeCKUMHU MOJIEIISIMU, UCIIOJNb3YEMBbIMU B
TATOBBIX pacyérax, IPU aHaAIU3e MpoLecca Top-
MOXKEHHSI B JJIMHHOCOCTAaBHBIX TSKEIIOBECHBIX
Moe3/1ax ¢ pacnpeAenéHHou Tsroil. Monenuposa-
JIMCh Pa3JIMYHbIE 3aKOHBI YIIPABIICHUs], peajiu3ye-
MbI€ B O0OpaTHOH CBSI3M CHCTEM INPHLEIBHOTO
TOPMOYKEHHSI, OTHOCSIIIIMXCSI K KJIACCY TEPMHUHAIIb-
HBIX cucteM [14—16; 18]. Cucremamu npuuens-
HOTO TOPMOXKEHHUSI 00eCreunBall OCTaHOBKY
10e3/1a ¢ 331aHHON TOYHOCTBIO B ONpe/IeIEHHON
Touke 1myTH. OCOOEHHO BBICOKHME TPEOOBaHUS K
TaKUM CHCTEMaM IPEIbSBISIOTCS B YCIOBHSIX
METPOIOJITEHA, Koria TpeOyeTcss OCTaHOBHUTh
moe3J1 nepes] PUKCUPOBaHHOW TOYKOW C TOTpPelll-
HOCTBIO, He mpeBbmaromeii 20 cm. Ilpu stom
TpebyeTcss 00ecneYnTh MUHUMATIBHOE BpEMs
TOPMOYKEHUSI, TAK KaK YBEJIMYEHHUE ITOI0 BpEMEHH
Ha | cek. Ipy 3a1aHHOM BPEMEHH X0/1a 10 TIepero-
HY YBEJIMYHMBAET PACXOJ] SHEPTUH HA TSATY IPUMEP-
Ho Ha 1 %. Ha MarucTpaibHbIX KeIe3HBIX I0POTax
aHaJIOTHMYHAs TIOTPEITHOCTh MOXKET COCTaBIISTh
5 M. B cructeMax 6€30macHOCTH JBMKEHUS, B KO-
TOPBIX PeIIaeTcs 3a/1a49a «He AOIYCTUTh CTOJIKHO-
BEHHUS C MPEISITCTBUAMUY», TPeOyeTcs, IpexK/e
BCEr0, IIPY 00HAPYKEHUH MOCIIEAHEr0 00eCIeYnTh
OCTaHOBKY [0€3/1a JI0 3TOTO MPETISITCTBHSI, BO3MOXK-
HO JIa)ke Ha Pa3yMHO JIOITyCTUMOM PacCTOSIHHUH.

CucTeMbl IPULEITBHOTO TOPMOXKEHUSI JIOSDKHBI
o0ecneunThb 3aJaHHyI0 TOYHOCTh OCTaHOBKH Ha
MHOro0o0pa3uu BUJIOB MPOQUIIS Mepes TOYKOU
OCTaHOBKHU.

B psine cutyanuii BO3HUKaeT HEOOXOUMOCTh
BKJIIOUECHUSI CUCTEMBI DKCTPEHHOTO TOPMOXKEHHUSL.
B sTOM Ccityuae ucnonp3yercsi MaKCHMaJIBHO J0-
IyCTUMasl CHJIa TOPMOXKEHU S, CHCTEMA yIIpaBlie-
HUsI CTAHOBUTCS Pa3oMKHYTO#. OCHOBHOE TpeOo-
BaHUE — o0eclieYeHne MUHUMAJBbHOM JJIUHBI
TOPMO3HOTO ITyTH.

Jnst yaéTa BIMsSHUS BO3MYIIEHHI Ha BEIMYUHY
MOTPENTHOCTH Peain3alliy 33/IaHHOTO TOPMO3HO-
TO ITyTH MCIIOIB30BATHCH METOJIb UMUTAIIIOHHOTO
MOJIEIMPOBAHUSI, B YACTHOCTH, METOJI CTATUCTHYE-
ckux ucnbitanuii (Meron Monre-Kapio). ITpu atom
MOJICTIMPYIOTCS CITy4aiHast BEJIMUMHA TIOTPEIIHO-
CTH M3MEpSIEMOi1 CKOPOCTH, HCIOJIb3YeMOil B 00-
paTHOM CBSI3U CHCTEMBI CPaBHEHHMS! TIPULIEIIBHBIM
TOPMOKEHHEM, CITyYalHbIE OTKJIOHEHHSI JIOTIOTHHU-
TEJIHOT'O CONPOTUBIICHUS JIBHIKEHHSI OT PacYETHO-
ro. CriefryeT OTMETHUTB, YTO JIONOJIHUTEIEHOE CO-
MPOTHBJICHHE JIBIKEHHIO, KaK MPaBHJIO, MHOTO
MEHbIIE CHJIBI TOPMOXKEHHS, U €ro BapHaluu
OKa3bIBAIOT HEXKEJATEIbHOE BIUSHHE Ha MOTPelll-
HOCTB IPHIIEIbHON ocTaHOBKH. [1pu craructuye-
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CKOM MOJIEJIMPOBAHUH BBIOUPAIOT pa3iIM4HbIEC Ha-
60pbI ArIeMeHTOB Mpod I ¥ TiaHa myTu. B pac-
CMaTpHBAaEMOH B TAHHOW CTaThe 3a/1a4€ BO3MOXKEH
Ha0Op «HAUXY/IIEro» C TOYKH 3PEHUsI yCIOBUM
6e301macHOCTH NPOGMISL. ITO TIO3BOJISET YMEHb-
LINTh 00BEM CTATHCTUYECKUX UCTIBITAHUH.

[pu BBIOOpE cTOXacTHYECKUX MOJEIIeH CiIy-
YaWHBIX BEJIMYMH BCETa CTOUT BOIIPOC 00 000¢-
HOBaHUH HE TOJIBKO UX QYHKIMH pacrpeneaeH s
TUIOTHOCTH BEPOSITHOCTH, HO U 00 000CHOBaHUH
JiMara3oHa N3MEeHEeHHH ATUX BelIW4uH. B yacTHoO-
CTH, JIMara3oH U3MEHEHHs OTPEIHOCTH M3Me-
PEHUSI CKOPOCTH MOXKET BEIOMPATHCSI N3 TEXHUYE-
CKHX XapaKTEePHCTHK TPAKTa U3MEPEHUS, OIIpe/ie-
JIEHHBIX U3TOTOBUTENEM B YCIIOBHSIX UCIIONIB30BA-
HUS TPUOOPOB B pabOTOCIIOCOOHOM COCTOSTHHH.
OnHOBpEMEHHO HEOOXOIMMO OrOBAPHUBATH MEPBI,
MIPUHSATHIE K BO3MOXKHOMY IPHUBJICYEHUIO aHO-
MaJIbHBIX TIOTPEIIHOCTEH, U COBOKYITHOCTb MEp
10 UX mnapupoBaHuto. Hampumep, Hannune He-
CKOJIbKHX KaHaJIOB M3MEPEHHH U CIIOCOOBI Anar-
HOCTHKH 9TUX KaHaJIOB, HAJIMYME IPOTUBOFO3HBIX
U MIPOTHBOOYKCOBBIX CHCTEM, CHIOCOOBI KOPpPEK-
LUK U3MEPSIEMOTO ITyTH, IPOHIEHHOTO M0E3710M
u T.1. CiieyeT OTMETHTD, YTO UMEIOIINIACS OIIBIT
9KCILTyaTalliy aBTOMAaTUUECKUX CHCTEM TIPULIEITb-
HOTO TOPMO)KEHHSI, MHOTOJIETHUI OIBIT CpaBHe-
HUS peajbHBIX MapaMeTpPOB JBHIKEHHUS MOE3/10B
C pe3y/ibTaTaMy TATOBBIX Pacu€TOB, CBUIETEIIb-
CTBYIOT 00 a7IeKBaTHOCTH MOJIeJIeH, OIMCHIBaIO-
LIMX JBIKEHUE T10€3/1a, PealIbHO UCCIIETyEMbIM
o0bekTaM. Hanuune MHCTPYKUMH M TpaBHII
TIPOU3BOJICTBA TSATOBBIX PACUETOB, BEpH(DUKALHS
MPOrPaMMHOTO 00ecCIieYeHHs ITUX Pacy€ToB
MO3BOJISIIOT CYUTATh 3TH MOJENU LU(PPOBBIMU
JIBOMHHUKAMH ITOE3I0B.

Bynem cunTarh HOpMaIbHBIM 3HAYEHUEM pe-
3ynbrara pacyéra TOPMO3HOTO IyTH BEJIWYHHY,
TIOJTYYESHHYIO B NPEIIOJIOKEHHH, YTO BCE Mapa-
METPBl MaTeMaTHYECKO MOJIENIN OIPEeAeIICHbI
TouHo. [lorpemHocTpio pacuéra TOPMO3HOTO
MyTH Oy/eM Ha3bIBaTh Pa3HOCTb MEXIY HOMH-
HaJIbHBIM 3HaY€HHUEM W BEJIMYMHOI TOPMO3ZHOTO
IIyTH, PACCYMTAHHYIO IIPH OTKJIOHEHHH TTapamMeT-
OB MOJIEIH OT 3aJaHHBIX. [IpuBenéM pesyibrarsl
aHayM3a BJIMSHHS TOTPEIIHOCTEH M3MEpEHUs B
TPaKTEe W3MEPEHHs] CKOPOCTH Ha BEJMYHMHY MO-
TPeIIHOCTH pacuéTa TopMO3HOro mytu [15]. B
MMHTAIMOHHBIX JKCIIEPUMEHTAX MPUHSATO, YTO
MaKCHMaJIbHas! TIOrPEITHOCTh U3MEPEHUSI CKOPO-
CTH 110€3/1a HE MPEBbIIIAET AECATONH YacTH OT
TEKYILIET0 3HAYEeHHsI CKOPOCTH, (DYHKLIUSI pacripe-
JIeNICHNs] TUIOTHOCTH BEPOSTHOCTH CIy4aiHOU
BEJIMYUHBI — 3aKOH PABHOMEPHOM IUIOTHOCTH
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BEPOSITHOCTH C HYJIEBBIM MaTEMaTHYE€CKUM OXKH-
nmanueM. Torma:

AV =0,1V(rnd(2)-1), 9
rae V — CKOpOCTh JIBIKEHUS MT0€371a;

AV — IOTpenHoCTh U3MEPEHUS CKOPOCTH;
rnd(2) — GyHKIUS TeHepaluu PaBHOMEPHO pac-
npeen€HHbBIX YKcen B nuanas3one ot 0 o 2.

Pe3ynbraTsl IMUTalIMOHHBIX SKCIIEPUMEHTOB
MOJTYY€HBI /U1 MOZieTIe! IPUTOPOAHBIX TIOE3/I0B,
000pYIOBaHHBIX CUCTEMaMHU YIIPABJICHHs TOP-
MOYKEHHEM C Pa3IMYHBIMU 3aKOHAMHU yIpaBie-
Hus [15; 16].

Jlis kaxoi UX 3TUX Mojeneil mo pe3yibra-
TaMm He MeHee 200 UMUTAlMOHHBIX 3KCIIEPUMEH-
TOB TMOCTPOEHBI THCTOIPaMMBbl OTHOCHUTENIBHBIX
YacToT norpemHocTeid (puc. 1 u puc. 2), npen-
JIO)KEHBI 3aKOHBI paclpeaeseHus IIOTHOCTU
BEPOSATHOCTH MOTpEIIHOCTeN pacdéTra TOPMO3-
HOI'O MyTH, B COOTBETCTBUHU C KPHUTEPUEM >
[Mupcona mokazaHo, 4TO BHIOpaHHBIE 3aKOHBI
pacnpeeneHuss IIOTHOCTH BEPOATHOCTH He
MIPOTUBOPEYAT Pe3yNIbTaTaM SKCIEPUMEHTA.

[TomyueHHas cTaTHCTHUKA ONMHUCHIBAEeTCA pac-
npeaenenueM Iupcona I tuna. [Ipu moctpoennu
CHCTEMBI yNpaBJIeHUs] TOPMOKEHHEM I10 YCKO-
penuto [16] HaOMrOMAEMBIi B 3KCIIEPUMEHTAX
JUana3oH U3MEpeHUs MOTPEIIHOCTeH pacuéra
TOPMO3HOTO ITyTH COCTABUII -3 M < ASTOPMS 1,5m,
MIPY TOCTPOECHUH CUCTEMBI YIIPABIEHUSI TOPMO-
JKEHUEM IO CKopocTH [15]-2 M < ASTOPMS 3,5Mm.
Yucno npoBeAEHHBIX IMUTAIIMOHHBIX KCIIEPH-
MEHTOB, JOCTaTOYHOE IS OIpeieSICHHs 3aK0OHa
pacrpesneneHus MIOTHOCTU BEPOSTHOCTH CITy-
YallHOW BEJIMYMHBI IOTPEIIHOCTH pacu€Ta Top-
MO3HOTO ITyTH, HE MO3BOJISIET C HEOOXOAMMOU
BEPOSITHOCTBIO, TPEOyeMOl MeK1yHapOJHBIMU
HOpPMaMH, yTBEPKIATh, UTO CITydaiHas BEINYH-
Ha HaXOAWTCS B AaHHOM auamnas3oHe. IlosTomy
JIOTIOJTHUTENIBEHO HEOOX0ANMO YBEIMYHUTh YUCIIO
MMHTAIOHHBIX SKCIIEPUMEHTOB B COOTBETCTBUU
¢ naHHbIMU Tabi. 1. Hanpumep, 1o 229, 4to0sl
¢ BepOsSTHOCTHIO 107 U TOBEPUTEIBHBIM HHTEP-
BajioM 0,9 yTBepxkaaTh, 4YTO MaKCHUMalbHas 110
MOJYJIO BEJIMYMHA OTPHUIATEIIEHOTO 3HAYEHUS
MOTPENIHOCTU pacyéTa TOPMO3HOTO IMyTH He
npeBeIcUT 3 M (puc. 1) npu KUCMOIB30BaHUU
CHCTEM YTIPaBIEHUS TOPMOKEHHEM 110 CKOPOCTH.
JL71st TOTO 7K€ YTBEP KACHHUS C BepOsSTHOCTHIO 10
1 IOBEpUTEIbHBIM HHTEpBaioM 0,9 HeoOXoauMo
(cM. Tabn. 1), ytoObl ObUIO TpOBeneHo 46050
MMUTAIMOHHBIX 3KCIIEPUMEHTOB.

C 11enbI0 COKpAIleHHs YHCIIa IKCIIEPUMEHTOB
BO3MOXKEH JIPYroM MOAXOM, TAKKEe UCHOIb3YI0-
LM COBPEMEHHBIE CPEJICTBA BEIUUCIUTEIBHON
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TexHUKU. [Ipu U3BECTHON MaTeMaTHUyeCKOU
MOJICITH 00BEKTa TPEOyeTC sl PEIIUTh ONTHMHU3a-
[UOHHYIO 3a/1a9y MHUHAMHU3AI[UH MOIYJISI OTPHU-
[aTCJILHON BEIUYHMHBI MOTPEINHOCTH pacuéra
TOPMO3HOTO MYTH MPH 3aJaHHBIX 00JACTAX
OTpENeNICHUs IEPEMEHHBIX, BIUSIONINX HA pe-
3yJBTAThl pacuéra. DTOT MOAXO/ U3-3a OTPAHU-
YEHHOTO 00BEMA HE pACCMATPUBACTCS B paMKax
JIaHHOM CTaThH.

COBOKYITHOCTh PE3YJIBTAaTOB, TO3BOJISFOIIUX
C 3aJTAHHOU BEPOSITHOCTHIO OMPE/ICTUTh MPECITb-
HBIC 3HAUCHUSI BEJIUYMH MOTPEIIHOCTH U3MEpPe-
HUS PACCTOSIHUS JI0 MPEMSATCTBHS M MPOTHO3a
MyTH TOPMOXKCHUS, TaET BOBMOXKHOCTh (POPMU-
pOBaTh AJITOPUTMBI PYHKIIMOHUPOBAHUS CHC-
TeMBbI obecrieueHus 6e30MacHOCTH K 000CHOBEI-
BaTh € COOTBETCTBUE MEXTyHAPOIHBIM TPeOO-
BaHUSAM.

BbiBOAbI

1. IIpu mocTpoeHnn GECIUIOTHBIX CUCTEM
yHpaBJeHUs ABIKEHHEM Heo0XoIuMo obecrie-
YUTh OCTAHOBKY I10€3/1a IIepe]l IPETSITCTBUEM,
MOSBUBIIMMCS HA MyTH. DTa QYHKIMS T0TDKHA
OBITH pealn30BaHa C BEPOATHOCTBIO, OIM3KOH
K eIuHHIEe. B COOTBETCTBHM C MEXIyHapoa-
HBIMH HOPMaMH JIOITyCTUMa BEPOSITHOCTH OIac-
HOH cutyanuu coctapmsiet 10% mias SIL-4. B
KaueCTBE JIaTYMKa MPETISITCTBHS HCIIOJIB3YOTCS
CUCTEMbI TEXHUYECKOTO 3peHus. J[is BbIIoHe-
HUS TpeOyeMbIX YCIOBUI 6€30MacHOCTH HE0O-
XOJMMO HCIIOJIb30BaTh allrTOPUTM MHOTOKpAT-
HBIX U3MEPEHHI PACCTOSHHS 0 MPEMsITCTBHS
¢ BBIOOPOM MHMHUMAJIBHOTO pe3yibTara U3Me-
PCHUiT IS IPUHATHS PELISHUs O Ha4Yaie Top-
MOXEHHUSI.

2. VYUTBIBAS] HATMYHE KPUBBIX B ITyTH CIIEI0-
BAHMS, YTO PUBOJUT K HEBO3MOKHOCTH WHINKA-
LM TIPETSITCTBHSL OOPTOBOW CHCTEMOW TeXHHYe-
CKOTO 3peHus, HeOOXOAUMO HaJIMYKE BTOPOIO Ka-
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HaJjla TEXHHMYECKOTo 3pEHHs C alraparypou, pac-
TojlaraeMoil BHe JIOKOMOTHBa. B taHHOM KaHase
TaKKe He0OXOIMMO HCIIONB30BaTh MHOTOKPATHBIC
M3MEPEHHs PACCTOSTHUSI JI0 MECTa IPETSTCTBHSL.

3. BeIOOp yKcIta u3MepeHui B KaKJI0M KaHa-
Jie ¢ 1eTIbi0 000CHOBaHMS 0€3YCIIOBHOTO BHIITOJI-
HEHUs TIoKa3aresisi 0e30MacCHOCTH HE OCYIIECTB-
JIieTCs 10 METOAUKE, PACCMOTPEHHOMN B TaHHOMN
paborte.

4. JlnuHa 3alUTHOTO MPOMEXYTKa Mepe
NPEMATCTBHEM PaBHA CyMMe MaKCHMAJIbHOH 110
MOYITIO BEJTMYHUHbBI OTPHIATEIBHOMN TOTPEIIHO-
CTH pacyéTa TOPMO3HOTO MyTH H MAKCUMAIIbHO-
IO 3HAYCHHUS MOJOKUTEIHHON BETHYHHBI T10-
TPELIHOCTH H3MEPECHUSI PACCTOSHHS 10 MPETIST-
cTBUs. BBIOGOp 3THX BETHYWH ONpenenseTcs
TpeOOBaHUSIMHU O€3YCIIOBHOTO BBIMOIHEHHS HOPM
0€301acHOCTH.

5. PaccmarpuBaemble criocoObl BEIOOpa Mak-
CHMAITBHBIX 3HAYCHHUH CITyYalHbIX MOTPEIIHO-
CTeii I3MEpEeHHH 1 PacuéToB, BETUUHHBI KOTOPBIX
MOTYT OBITh MPEBBINICHBI C BECbMa MaJbIMU
BEPOSATHOCTSMHU, COOTBETCTBYIOIIMMH «XBO-
ctam» (QYHKIMHA MIOTHOCTH paclpeneicHus
BEPOSTHOCTH, MOTYT OBITh HCIIOJH30BAHBI B
PpelIeHNH Pa3THYHBIX IPUKIIATHBIX 3a/1a9 yIIpaB-
JICHHS IBIDKCHHEM Ha TPaHCIIOPTE.
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BBEOEHUE
IMocTanoBka npodaeMbl

B crarne [1] 6611 IpeacTaBIeH HOBBIHA MOIXON
K ONPEEIECHNIO TPAHCIIOPTHOTO TTOBEICHUSI Ha-
CEJICHHSI TOPOJICKMX arjoMepannuii, HaMedeHbI
OCHOBHBIE BEKTOPbI Pa3BUTHS JAHHON TEMATHKH,
a TAKoKe MPEJIOKEH «HOBBIH ITOIXOJ K OTIMCAHHIO
TPaHCIOPTHOTO ITOBEJICHUS C TTO3MIMH pa3Iid-
HBIX Hay4YHBIX AVCIUILIIH, TEOPUH MAKPOCHCTEM,
YTO 3aKJIaJbIBACT 0a3UC U CO3AAHHS TECOPUH
TPAHCTIOPTHOTO TIOBEZICHHS, KOTOPAsl B HACTOSIIIEE
BpeMms oTcyTcTBYeT [ 1]. Lfens — «mccnemoBanme
TPAHCIOPTHOTO TTOBEICHUSI IPOBOIUTCSI HA yPOB-
HE «CHCTEMa B LIENIOM», & HE OTACIBHBIX €€ 3J1e-
MEHTOB, YTO TO3BOJIIET (DOPMHUPOBATH OOIIHE
TIO/TXO/IBI K YIIPABJICHHUIO TPAHCTIOPTHBIM TOBEIE-
HHEM C [IEIBIO TOCTIHKCHHUS ONTUMAITBHBIX XapaK-
TEPUCTUK (YHKIIMOHUPOBAHHS TPAHCIIOPTHOH
CHCTeMBI Toporia (armoMeparmi). Maremarnde-
CKOC€ OITMCaHWe TPAHCIIOPTHOW CHCTEMBI, Tpe.-
CTaBJIeHHOE B paboTe, nMeeT o0mmmii Buz, Tpely-
€T pacImpeHus 1 JOToHeHus [1].

ITocTtpoenne MaTteMaTnyecKux Mozaened Ha
OCHOBE TCOPHH MaKPOCHCTEM, B ITPEAIIOIOXKE-
HUH O TOM, 4TO JF00asi TpaHCIIOPTHAS CUCTEMA —
3TO MHOTOKOMITOHEHTHAs! HEOTHOPOHAS OTKPHI-
Tasi CUCTEMa, «IMEET HayIHYI0 HOBU3HY U TEp-
CIIEKTHBHI JUISI U3yYEHHUS M BHEJIPCHUS Ha
MIPAaKTHKE B TPAHCIIOPTHOW OTpaciu. AKTyallb-
HOH 3aJjaueil Ha 3TOM IYTH SIBISETCSA U3yUECHHE
TIPHUPOJIBI KOJUIEKTUBHOTO MOBEICHHS C TIO3HIIUH
BINSHUS MOTHBOB NPU NPHUHATHH PEIICHUS
0 MOE3/IKE ¥ BO3HUKHOBEHHS IPOCTPAHCTBEHHBIX
CTPYKTYp IEpEMEIIECHIH MacCaXnpoB U TPAHC-
TIOPTHBIX CPEJCTB, T.€. 00pa30BaHME MACCAXKH-
POTIOTOKOB M TOTOKOB TPaHCIIOPTa, a TaKXKe
paccmotpenue nousatus TII ¢ Touku 3peHus
TICUXOJIOTHH, COIIHOJIOTHH ¥ ypOaHUCTHKI [ 1].
IIpu 3TOM MOCTPOEHHUE COOTBETCTBYIOLIEH Ma-
TEMaTHIECKON MOJIENN JOJDKHO KaKUM-TO 00pa-
30M OTpakaTb 0COOCHHOCTH NHINBHIYaJIEHOTO
TIOBEACHHS HA yPOBHE CHCTEMBI B IIETIOM.

Hacrosiiias paboTa siBIsieTCS IPOAOIKEHHEM
pabortsr [1].

DopMHUpOBaHKE MTPEACTABICHUS O TIEPEIBH-
JKCHUSIX HACETICHHS Ha TAaHHBII MOMEHT CKJIa Ibl-
BAeTCSI M3 YETHIPEX TUIOB MOE3I0K [2—5]: «ire-
PEABHKEHHSI OT MECT XHUTEIbCTBA K MECTaM
TIPUJIOKEHHS TPYAA U 00paTHO (TaK Ha3bIBAEMBIC
TPYAOBBIE KOPPECIOHACHIINN); TTEPEABHKECHIS
OT MECT JKHTEIbCTBA K MECTaM KyJIbTYpHO-
OBITOBOTO OOCITY)XKMBaHHS (MaraswHaMm W Ap.)
1 00paTHO; MepeaBIKCHUS, COBEpIIAEMbIE
MEXIy MECTaM1 MPHIIOKEHUH TpyZa (JIeT0BbIe

Mwup TpaHcnopTa.

TI0€3/IKH ); TIEPE/IBIKEHHSI, COBEPILIAEMbIE MEMKILY
00BEKTaMH KYJIETYPHO-OBITOBOTO OOCITY)KHUBA-
HusL. B mureparype Hanbosee IMPOKo MpeicTaB-
JICHBI CIIETYIOIIHE CIIOCOOBI pacuéTra KoppecIoH-
neHmiy [2]:

* HOpMaTUBHEIE [6];

* cratucTudeckue [6];

* TpaBUTAIlMOHHAS MOJIENb [3];

* QHTPOMNHUITHBIE MOfIeTH [4; 5];

* MOJIENIY CAMOOPTaHU3YIOIIMXCS TOTOKOB [7];

* METOJl KOHKYPUPYIOIIHX LEHTPOB [8];

* MOJIeNIb MTPOMEKYTOUHBIX BO3MO)KHOCTEH
Croyddepa [8] u ap.

BBIBOIIBI IO PACCMOTPEHHBIM BBILLE ITyOITH-
KalisiM MOTYT OBITh CJIeTIaHbl ClIeYIOINE:

1) TpaHCHOPTHOE MOBEJEHUE MOXKET OBITH
PacCMOTPEHO C PA3IMYHBIX TO3UIHIH, 8 UMEHHO,
C TOUYKH 3peHHs (akTopoB, 00yCIIOBIMBAIOIINX
BBIOOD BHJIa MEPEIBUIKEHHUS B COOTBETCTBUH
C OIpeAeIEHHBIMHU LENIIMU MOE3/10K;

2) TpaHCHOPTHOE MOBEJEHUE MOXKET OBITh
HCCJIEIOBAHO PA3IUYHBIMU METOJIaMH, B 4acT-
HOCTH, C OMOLIBIO MeToJa rpadoB cBs3eH
onuchiBaeTcs o0IIasi KapTUHA MOJBUXKHOCTH
WHIMBUAOB 110 LEJISIM, BPEMEHH, JaJbHOCTH
MOE3/IKH U BUJLy UCIIONB3YEMOI0 TPAHCIOPTA;

3) KOJUIEKTHBHOE TPAHCIIOPTHOE MOBE/ICHHE
€CTh pe3yiIbTaT B3aUMOAECHCTBUSA OTAENIBHBIX
TPAHCIOPTHBIX MPOIIECCOB KaXKJOr0 U3 Iacca-
JKUPOB;

4) uMeeTcs KOHCTPYKTHBHBIA TEPMUH «IIaT-
TEPH EKESIHEBHON MH/IUBHUIYaIbHOM aKTUBHOCTH
Maccakupay, JIeKaIUil B OCHOBE U3YUYEHHUS 3a-
KOHOMEpPHOCTEH B MOBEJCHUM IACCAXKUPOB
U COITIACYyIOIUIiCs ¢ IPeAIOKEHHBIM paHee aB-
TopamH B [ 1] HOHATHEM TPAHCTIOPTHOM CUCTEMBI
uHAUMBUIYyanbHbIX epeMernenni (TCUIT);

5) moaTBepIKAALTCS 11€7eCO00Pa3HOCTh 3~
Y4EHUsI TPAHCIIOPTHOTO OBEAEHUS C TOMOIIBIO
TEOPHH TPAHCIOPTHBIX MAKPOCHCTEM.

BaxHO OTMETHUTB, YTO B OTEUECTBEHHOM
U 3apyOeKHOM JITeparype Mano uHpopMaIuu
0 TOM, KaK IMEHHO [TaCCayKUP MPUHUMAET pellie-
HHE O TOM, COBEPIIUT OH MOE3/KY WM HET, TO
€CTh MOBEIEHUYECKHE MOJIENTU MPAKTHUECKU He
HCCIIEAYIOTCS.

Kparkue cBeieHUsI 0 COBpeMEHHOM
COCTOSTHUH HCCJIEOBAHUI TPAHCIIOPTHOTO
noBejaenus [9-14]

«TpaHCIIOPTHOE TTOBEZICHHE UMEET CIIOKHYIO
MPHUPOJLY, OMTUCAHKUE JAHHOTO TEPMHUHA CBSI3aHO
C ONpEICTICHUEM MOHITHH «TPAHCIOPTHAS TO-
JIBIKHOCTH (MOOMIIBHOCTE) HaceneHus» [1].

ArypeeB W. E.; AxpomellivH A. B. MaTemaTn4yeckass Moaernb TPaHCNOPTHOro noBeAeHUs!

Ha OCHOBE TEOPMU TPAHCMNOPTHLIX MaKPOCUCTEM




«TpaHcnOpTHOE TOBelEHUE KaK ()EHOMEH
OTJIMYAeTCsl CIIELYIOIIUMHU CBOHCTBAMH, KOTOPbIE
OTHOCSITCS K KOJJIEKTUBHOMY YPOBHIO €TI0 OITH-
CaHus:

1) cToxacTuyeckast IpUpoaa;

2) MHOXXECTBO YYaCTHHUKOB, OITPEIEIISIOINX
XapaKTEePUCTUKH TPAHCIIOPTHOTO MOBEACHMS;

3) MHOXXECTBEHHOCTh (PaKTOpPOB BhIOODA,
(opMupyOLIIMX JUHAMUKY (DeHOMEHa;

4) MeXTUCIUILTHHAPHOCTH KaK 0a3a 3HaAHUA
JUIs M3y4deHus: JaHHoro npexamerta. [Ipodnemy
TPaHCHOPTHOTO MOBENEHHUS HEOOXOANMO pac-
CMaTpUBATh TOXKE KOMILUIEKCHO, HCCIIEIOBATh HE
TOJIBKO B paMKaxX TPAaHCIOPTHOM HayKHu (TEOpHH
MacCaXUPCKUX NEPEBO30K), HO U CMEXHBIX 00-
JIaCTe! 3HAHUI, TAKUX KaK: COLUOJIOrH s, ypOa-
HUCTHUKA, 9KOHOMUKa» [1] u T. 1.

B Hacrosieit paborte Hac, mpexie BCero,
HWHTEPECYIOT M3MEpPHUMbIE NapaMeTpbl TpaHC-
TIOPTHOTO [TOBE/ICHMUS1, KOTOPbIE MOTIIN ObI BOWTH
B COCTaB MareMaTn4ecKol MOJIEIIH KaK HCXOJHOE
JIAHHOE, JTN0O0 OBITh BHIYMCIEHHBIMHE C €€ TIOMO-
mipto. K Takum napamerpam ciiesyer OTHECTH:

1) ko3¢ dunmenT pacuieruieHus: o Buiam
TpaHCIOpPTa, UCHOJIb3yEMbIM HACEJICHHEM Ha
MOJZIEJIMPYEMOM OTPE3KE BPEMEHHU;

2) ko3 dureHT pacuieruieHus: no LesIM
TIO€3/IKH;

3) pacmpenesieHHe KOPPECIOHACHIHH 110
KOHKPETHBIM MapIlpyTam;

4) ko3¢ GUIMEHT mepecanToIHOCTH;

5) pacripeseneHue noe3/10K o AajJbHOCTH;

6) pacripezenieHre BpeMEHHU OXKHJIaHUS 11ac-
CaKUPOB Ha OCTAHOBOYHBIX ITYHKTAX;

7) maccaxupooOMEHBI Ha OCTAaHOBOYHBIX
ITyHKTaX Kak (OYHKIHS BPEMEHH H JIp.

HeoOxoaumeblit U 10CTaTOYHBII HepevyeHb
rapameTpoB, KOTOPbIE OJJHO3HAYHO XapaKTepH-
3yIOT TPAHCIIOPTHOE TOBEJICHUE B COCTABE Ma-
TEMaTHYECKON MOJIEIH, IPEJCTOUT BBISIBUTH
1 000CHOBATH B pe3yJIbTaTe NabHEHIINX HCClle-
JIOBaHUI! U pacuéToB.

PE3YNbTATbI
MaremaTnyeckasi MojieJib TPAHCIIOPTHOTO
noBeJeHusi (BAPUAHT)

TpaHCHOpPTHOE MOBE/ICHUE B [IEJIOM MOXKET
OBITH OMUCAHO C TIOMOIIBI0 MATEMATHYECKOTO
anmapara TEOpHMU MaKPOCHCTEM, TaK Kak
TPaAHCIOPTHOE MOBEIEHUE WHANBHYaIbHOTO
naccaxupa (kak snementa TCHUII) «umeer
CIIy4aiHyl0 NPUPOAY, MPAKTUYECKU HE TOJ-
BEpraeTcs OMKUCAHMUIO, a B HEKOTOPBIX CIydasix
u noruke. [loBeneHue oHOTO maccaxupa
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HMEEeT YacCTHBIM ciydail», B TO «BpeMs, Kak
NpaKkTUUYEeCKUH MHTEepecC AN yNpaBlIeHUS,
IJIAHUPOBAHUSA U Pa3BUTHUS TPAHCIOPTHOM
CUCTEMBI ropojia (arnomMeparuu) npeacTaBis-
€T ONHCaHue TPAHCIOPTHOTO OBECHUSI TPYIIIT
MaCCaKUPOB C II€JIbI0 BBIJAUN MPAKTHUYECKUX
pexoMenaaruii» [1].

B craree [1] mpuBenena matemaruueckas
MoOzeNb, KoTopas B Haubojee obIieM ciydae
OIHCHIBAET TPAHCIIOPTHYIO CUCTEMY:

F=1();
p=p();
qa=q();
K
T, SESTy +HAGAT= Y AT

k=1

s
V(t)={Vl,...,Va,...,Vp v, =va(t)|vepu};

v=l 1
v=L..v,(1); ( )
n, =m,(1);

T = {1, (1), ooy Ty (O, (O]
G(r) =g, ®TI(1) < G*;

H(Vo(Ark))=—iannﬂ—(Gn +V,)In(G, +V,) - max,
= a,

r71€ k —uHIeKe (HOMED) MHTEpBasa BpeMeHH AT,;

I~< — YHCII0 BPEMEHHBIX HHTEPBAIIOB AT,;

I' — rpa¢ V/IC;

p — MaTpHIla TPAHCIOPTHBIX CBSA3EH;

q — MaTpula ACHCTBYIOIINX MPOBO3HBIX
(IPOMYCKHBIX) CHOCOOHOCTEH;

t — HEIpEepBIBHOE BpeMs;

V() — MHOXECTBO, KXl M3 JJIIEMEHTOB
KOTOPOTO PaBEH YMCIy aBToMoOuieil (TpaHc-
MOPTHBIX CPEACTB), HAXOASIIIUXCS B MOMEHT
BpPEMEHH / Ha MapuipyTe (Wi GOpMHUPYIOIINX
KOPPECTIOHIEHITHIO) OL;

vV — HHJIEKC aBTOMOOWIIS (ero YHHKaJbHbIN

UACHTU(DHUKATOP);
v, = N, - HanOOJNBIINHA HHIEKC aBTOMOOMIIS,

COOTBETCTBYIOIIUI KONMYECTBY TPAHCIIOPTHBIX
CPEJ/ICTB B TEKYILHII MOMEHT BPEMEHH;

p — of1iee YHCIO0 MapIIPYTOB (KOPPECIIOH-
JIeHITUH);

N —OyneBa epeMeHHast, KoTopas orpesens-
ercs cooTHomeHueM (2) u paBHa 1, ecnu TC
HaxoaUTCs Ha MappyTe P, 1 0 B IPOTUBHOM
ciyuae;

p, — a-i MapuipyT;

T, — ypaBHEHHE TPAaHCIOPTHOIO Ipolecca
JUIs1 aBTOMOOHJISL, OTIPE/ISIISIFOILEE IOJTIO BBIITOJI-
HEHHOT'O TPAHCIIOPTHOTO Ipoliecca (TPaHCIOopPT-
HOW paboTHI);

I1(#) — MHOX€ECTBO, COCTOSIIIIEE M3 OTACTHHBIX
YpaBHEHUIi TPAHCIIOPTHOTO MpoLecca;
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Puc. 1. Cxema mpaHcnopmHbIx cesi3ell (koppecnoHdeHyull) mexdy pailoHaMu [8bINOTHEHO agmopamul].

[ — MHIEKC TPaHCHOPTHOTO MpoLecca;

G(?) — BekTopHast (pyHKIHUS PACXOAOBAHUS
pecypca (-oB);

g, — BEKTOP YIEBHBIX PACXOIOB PECYPCa IS
Ka)KI0r'o aBTOMOOHIIS;

H — vadopManioHHast SHTPONHUS TPAHCIIOPT-
HOM CHCTEMBI;

G™* — BeKTOp OrpaHMYCHHI Ha pacxox pecyp-
COB;

@, — anpuOpHBIE BEPOATHOCTH HAXOMXKIECHHUS
37IEMEHTA B COCTOSHUH N

G, — EMKOCTB COCTOSHMS I,

N — OPSIKOBBIA HOMEP COCTOSIHUS SIIEMEHTOB;

m — o0IIee YHCIIO Pa3INYHBIX COCTOSHIH.

Q0

— e t

A Ty

Puc. 2. 3agucuMocmb UHMEHCUBHOCMU UCMOYHUKA MpaHcnopma
[ebInonHeHo asmopamu].

¢  Mwup TpaHcnopTa.

B Teopum MakpocucreM CymecTBYyeT He-
CKOJILKO CITIOCOOOB 3aIOJIHEHUS COCTOSHUH
cuctemsbl (FO. C. TTonkos [5]). dus pacuéra
nHpopManuoHHO# sHTponK H B cucreme (1)
BBIOpaHa craructuka DifHmTEeHa—bo3e Kkak
Hanboliee mpennouturensHas. JlanHas cra-
THCTHUKA O03HA4YAET, YTO B OJJHOM M TOM XKe
COCTOSIHMM MOXET HaxoAUThcs OONbpHIoe
(B penee — 66CKOHEYHOE) YHCIIO SIIEMEHTOB.
Hampumep, Ha oqHOM M TOM XK€ MaplpyTe
OJIHOBPEMEHHO MOXET HaXOAUTHCS J0CTATOY-
HO OOJIBIIIOE YHCIIO TPAHCIOPTHBIX CPEJCTB,
4TOObI 0OOCHOBAHHO NPUMEHATH JaHHYIO
CTaTUCTHUKY.

o

Lo

= ;
ﬂ.'!'k

Puc. 3. 3aeucumocmb UHMEHCUBHOCMU CMOKa mMpaHcnopma
[ebInonHeHo aemopamu].
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Cucrema ypaBHeHMH U orpaHuueHuit (1)
peuraeTcsi YUCICHHBIMU METOJAMU C IIJIBIO
MIOMCKA PAaBHOBECHOTO COCTOSIHUS (MAaKCUMyM
UH(DOPMAIIMOHHON SHTPOIHH), KOTOpOe TAET
pacripezieieHe JIEMEHTOB MHOXKecTBa V() 1o
KOPPECIIOHJCHIMSIM. DTH AJIEMEHTHI SIBIISIOTCS
OCHOBHBIMHU HEM3BECTHBIMH cHCTEMBI (1).

Cxema KOppecHoH/IeHIUI B CUCTEME Mpe-
CTaBJIeHa Ha puc. 1.

JHanee,
n(t)zf(::)z{]’ve"“

O,vep,.

@

st 3ambikanns cucremsl (1) k Helt HeoOxo-
JIMO 00aBUTH DS HJIEMEHTOB:

1) XapakTepuCTHKHM HCTOYHUKOB TPaHCHIOPTa
MOTYT OBITh 3amKCaHbl B BUjEC (3) ¥ AarOT BO3-
MOYKHOCTh PacCUMTaTh YHCIO TPAHCIOPTHBIX
cpenctB (TC), «creHepupoBaHHBIX» 3a JTH000H
HHTEpBaNI BpeMeHH (puc. 2 u 4):

Q= Q(); (3)

2) XapakTepHcTrKa CTOKa (IIeHTpa OIJIOIIe-
HUSI, IEHTPA MAaCCOBOTO TATOTEHNS ), HAXOISIIIE-
rocs B KOHIIe MapmipyTa o (puc. 3);

3) YpaBHeHuUe OallaHCa aBTOMOOUIICH, HaX0-
JUIIMXCS Ha MapIpyTe o
V| =V | +AVE ] —AVD

At o

“4)

IJI€ YYUTBIBAETCS KOJMYECTBO aBTOMOOMIIEH,
BBIIIE/IINX Ha MapIIpyT Ha OTPE3KEe BPEMEHH
Az, (puc. 2):

AvyY Ay T _[Q;H(f)dl .

o
Aty

Aty Aty Ay o

6))

KonuuectBo aBTOMOOMICH, 3aKOHUMBIITUX
TPAHCIIOPTHBIN MPOIECC MAPIIPyTa Ha OTPE3KE
BpeMenH A, (puc. 3):

) — ()
AVE|, = [ 00w,

Aty

(6)

Takum 00pazoMm, nepeMEHHbIMU BEJIMYHHA-
MH, TpeOyIOUIMMH BbIUUCIEHUH, B Mozenu (1)
SIBIIIFOTCS WICHBI MHOXKECTB: a) V(¢); 0) T1(7).

Jnist orcka HeM3BECTHBIX HEOOXOAMMO Ha
KayKJIOM I11are At perarh 3a1a4y, COAEpIKallyo
pacuer:

1) Qs

2) Q”, To ecTh 0OBEMBI OTIIPABJICHHIA U IIPH-
OBITHIT UIs1 BCEX TPAHCIIOPTHBIX PailoHOB;

3) H,_  — MakcMMallbHOE 3Ha4EHHE SHTPOIIHH,
TP COOTBETCTBYIOIIEM PACIIPEIEIICHHH 2JIEMEHTOB
MHOeCTB V(£) 110 MapILpyTam ), TIPETIONOKITE -
HO YYHTBIBAIOLIEE TOJIBKO TE TPAHCIIOPTHBIE CPEIl-
CTBa, KOTOPBIE JIOCTUIII LEJH TT0e31KH (1T, = 1);

4) anemenrtoB MuoxectBa I1(¢), uro Tpedyer
JIOTIOJTHUTENBHBIX YCIOBHHA O CKOPOCTH JIBHKE-
HUSI TPAHCIIOPTHBIX CPEJICTB;
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Puc. 4. Cxema mapwpyma [8bINOTHEHO asmopamu].

5) anprOPHBIX BEPOSTHOCTEH, KOTOPHIE IPE-
MTOJIOKUTENEHO OTPAXKAIOT OOOOIIEHHYIO CTOU-
MOCTb (IICHY ) TIO€3/IKH.

Taxum 06pa3oM, JONMOITHUATEIHEHO TpeOyeTcs
BBECTH B OmiicaHue (GopMyITy JJIs pacdeTa anpH-
OPHBIX BEPOATHOCTEH P, P,,..., P, & TAKKe
crocob yuera €, (0000MEHHAS [EHA TOE3IKH).

BbIBOAbI

PaspaboranHas B HacTosIIeH paboTe B pam-
Kax MaKpocHcTeMHOro noaxona [15] maremaru-
YyecKas MOZAETh TPAHCIIOPTHOTO MOBEICHUS Ha
JTAaHHOM 3Tarie TpeOyeT B Ka4eCTBE alpHOPHOH
nH(pOPMALK 3HAHUS CIEAYIOIINX apaMeTPOB:

1) ko3 dunmenHTa pacuierieHns 0 BUAaM
TPaHCIIOPTa, UCIOJIb3yEMbIM HaceleHHEM Ha
MOZIEINPYEMOM OTPE3KE BPEMEHH;

2) ko3¢ GUIIEeHTa PACIIEIUICHUS 110 EJsIM
TIOC37IKH;

3) pacupeneneHus KOPPEeCMOHACHIUH 110
KOHKPETHBIM MapIIpyTaMm.

ITpenmnomnaraercs, 4To 1aHHAS MOJEIb I103-
BOJIUT OIPENEIUTD B PE3yJIbTaTe pacyEToB:

1) x03hPUIHEHT ITepeca OIHOCTH;

2) pacmpeneneHne Toe30K Mo JaTbHOCTH;

3) pacpeneneHne BpeMEHH OKUJaHHS TIac-
Ca)XMPOB HA OCTAHOBOYHBIX ITyHKTAX;

4) maccaxupooOMEHBI Ha OCTAHOBOYHBIX
IYHKTax KaK (yHKIHIO BPEMEHH U JIp.

BesycnoBHO, B Onmxaimieil mepcueKkTuBe
CJIE/TyeT MOIYyYUTh OTBETHI HA BOIPOCHI O TOM,
KakuM 00pa3oM Oy/IeT paCCUUTHIBAThCS MaTpHIIA
KOPPECHOHAEHIUH ISl PEAJIOKEHHOW MOJENH
[16-18], a Takxke O MPUMEHIUMOCTH SHTPOIIHIA-
HBIX METOJOB PELICHHS 3a7a4 O PaBHOBECHHU
TPaHCIIOPTHOM CHCTEMBI K COBPEMEHHBIM I'OpO/I-
CKHMM cuctemam [19-23].
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ABTOMATU3ALMS 20

YnpagneHue mpaHcnopmHbMu
annapamamu u cpedcmeamu
00/KHO 6bIMb ONMUMaTbHBIM

80 8cex cpedax, 8 mom qucre

U nod godoli. Asmomamu3zauyus
ynpaeneHust 31ekmponpugodom
obumaemozo no08odHo20 annapama
paccmampugaemcs Ha npumepe
0gueamens muna SRM.

Ty Ve

FA30TYPEOBO3bI

 BCM 26
|
MomopeazoHHble noesda,
pabomarouue Ha cunogbix

2a30mypbuHHbIX 08U2amensix

(F'T4) u anekmpuyeckoll nepedaye
nepeMeHHO-nepeMeHH020 moka, ons
LICNOMb308aHUS Ha 8bICOKOCKOPOCMHBIX
Kene3HOO0POXKHbIX Masucmparsix.
AHanu3 cpagHUMenbHbIX
npeumywecme u boriee paHHe2o
onbima.
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ABTOMaTU3aLMA yNpaBReHUs ANeKTPONPUBOAOM
o61TaeMoro noABOAHOro annapara

Anekcangp NETPYLUUH

Bnagucnas CMAYHbIN

AHHOTALIUA

B Hacmosiwee epems npoucxodum UHMeHcusHoe pasgumue obumae-
MbIX U Heobumaembix N0d8o0HbIX annapamos 6/1a2o0apsi OCBOEHUIO LWeTb-
¢hosb X Heghme2a3osb IX MECOPOXAeHUL, passumuto Nod8odHoU apxeonoauu
U 2e0n02opa3eedoyHoll desimernbHOCMU 8 MPaH3UMHbIX 30HaX OMHOCUMesTb-
HO 006b 14U NOMTE3HBIX UCKONAEMbIX ¢ MOPCKO20 OHa. My6uUHa NoepyXeHus u
Xapakmep 8bInonHseMbIX N0080OHO-MexHuUYecKux pabom onpedensiom He
MOITbKO KOHCMPYKMUBHOE LCNOTHEHUEe N0d800HO20 annapama, e20 3Hepeo-
800PYKEHHOCb U MEXHUYECKYI0 OCHALUEHHOCb, HO U NPedbsensiom bl
cokue mpebosaHus N0 HAOEXHOCMU, Xusydecmu u 0bumaemocmu 8 cryJae,
ecnu nodsodHsIli annapam nodpasymesaem HaxoxdeHue onepamopa Ha
6opmy 8Hympu npo4Ho2o kopnyca. OcHOBHbIe Uenu NpogedéHHo20 agmopa-
Mu uccredosaHus — 3mo 00CMUXEeHUE 8bICOKUX NoKa3amenel Ha0éxHocmu
U XKUBY4ECMU OCHOBHBIX 3MIEMEHMOB ABLXUMENLHO-PYIE8020 KOMNIIEKCa,
obecnequgarouux dguxeHue obumaemoeo Nod8o0Ho20 annapama e monue
800b1, €20 NO3UYUOHUPOBaHUE U yOepxaHue 8 3a0aHHOL MoYKe akamopuu.

[ns amoeo bbina nposedeHa paspabomka asmomamu3uposaHHoU
cucmembl ynpaerneHusi anekmponpugodom dguxumeneli obumaemozo nod-
800H020 annapama. pednoxeHa 610K-cXxema cuCmeMs| ynpagreHusi 0u-
JKeHUeM, pa3pabomaHb! CXeMOMeXHUYECKUE PEIeHUsT C UCNOb308aHUeM
CU0BbIX NOITYNPOBOOHUKOBB X NPUBOPOS Arst NoddepxaHusi pabomocnocob-

mumu3ayus, omkasoycmouyugocme.
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Hocmu a11ekmponpugoda 8 3KCMpemaribHbIX U a8aputiHbIX YCIo8USX aKCNya-
mayuu, paspabomaHb| aneopummb| ynpaereHus A8UXeHUEM. dnekmpomae-
HUMHbIE pacyémbI akmugHOL Yacmu 31eKmpUYeCKoL MalUHb| 8bINOSTHEHb!
MemodOM KOHEYHb X 371EMEHMO8 C y4émom 2eoMempudeckux ocobeHHocmell
3y6080Li 30HbI pomopa u cmamopa. Ha ocHoge npednoxeHHo2o Mamema-
mu4ecKo20 annapama paccyumarb! OnMuMarbHsle ynpaensiousue 8030ed-
cmaus aekmponpugodoM U daHa KOMUYecmeeHHas OUeHKa NO CHLXEHUIo
371eKMPUYECKUX NOMePb Npu oNMUMarbHOM ynpaeneHuu. Pacyém onmu-
MarTbHbIX NapamMempos ynpasieHus OCYWECMEACs C NOMOWBH0 NPUHUUNG
Makcumyma. HaqanbHsle ycrogusi Onsi ecnomozamenbHb X hyHKUUL onpede-
neHbl Memodom HbtomoHa—Pacghcora. MposedeHo cpasHeHUe pasiuyHbIX
PexumMog pabomb! aeKmponpueoda ¢ UX eUsHUEM Ha NPOJOIKUMETbHOCb
kamnaHuu u dpyaue nokasamenu.

B nposedéHHbIX pacyémax He y4umbI8anuch napamemps! U 2eoMempust
daLpxumens —2pebHo20 8UHMa, NOMOMY Kak pa3pabomuyuKu cucmem nekm-
PpodsuxxeHust obumaeMbix U HeobumaeMbix N0OBOOHbIX ahnapamos pasnuy-
HO0 Ki1acca Yacmo HaMepeHHo UQYm Ha CHUXEHUE Ko3ghepuuueHma nones-
Ho20 delicmaus 8UHMA 8 Y200y Y8eUYeHUI0 Yacmomb! epaljeHus eana
anekmpodauzamensi, criedcmeueM Ye20 S8MIAemcs CHUXeHue 2abapumos u
macchI nocnedHe20.

Knioyegble croga: asmoMamu3uposanHas cucmema ynpasneHus, obumaembiii no08o0Hb Il annapam, Ha0EXHOCMb, 3HEP203gheheKMUBHOCMb, ON-
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Lns yumuposanus: lMempywur A. 1., Cmadbiii B. 0., [TobbiHyes B. B., @okun C. I. Aemomamu3ayus ynpaeneHus anekmponpugodom obumaemozo
nodsodHo2o annapama // Mup mparcnopma. 2021. T. 19. Ne 6 (97). C. 20-25. DOI: https://doi.org/10.30932/1992-3252-2021-19-6-3.

MonHbIli mekecm cmambUu Ha aH2nulickoM s3bike ny6aukyemces 80 mopoii Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.




BBEOEHUE

WHTtennexryansHble HHPOPMAIIMOHHBIE TEX-
HOJIOTHH ¢ (DYHKIMSIMH aBTOMaTH3UPOBAHHOTO
YIPaBJICHHUS SIBISIOTCS 00s3aTeTILHBIM aTpuOy-
TOM B CIEIMAJU3UPOBAHHOW TPAHCIOPTHOU
TEXHHKE IIPU MTPOU3BOJICTBE PabOT B UyXKEPO.-
HBIX JUIS )KU3HETEATEIbHOCTH YEJI0OBEKa CPEax,
B TOM 4YHCJIe o4 BOOOW. BEICOKas cTemneHb
pHCKa BBITOJIHEHHS TOJBOJHO-TEXHUYECKNX
paboT mpeapsABIIeT UCKITIOUNTENHHYIO TpeOoBa-
TENBHOCTh K HAAEKHOCTH Y3JI0B, IeTaJIel U CUC-
TEeM, )KUBYYECTH OOMTAaEMOTO ITOJBOTHOTO aTlIa-
para (OITA) B memom.

IIpn Hanuuum onpeneaEHHBIX YCIEXOB
B MPOEKTUPOBAHUH U CO3JAHNH OTEIECTBEHHBIX
OITA Ha pa3nuyYHBIe TITyOWHBI MOTPYXKEHUS
¢ OOBCKTHBHOI JOMHUHAHTON 3JIEKTPOTEXHHIYE-
CKOM KOMIIOHEHTBI, OCTA€TCA KOMIUIEKC BOIIPO-
COB TI0 YBEIMYCHHIO YHEProd()PeKTUBHOCTH
C IPOJICHNEM JUTHTETBHOCTH KaMITaHUH, OTITH-
MH3aIMH CTONMOCTH N3TOTOBJIECHUSI, o0ecrede-
HHI0 KOHKYPEHTOCTIOCOOHOCTH Ha MHPOBOM
PBIHKE.

AKTYaJIbHOCTh U AHAJIH3 COCTOSTHUS
npodJieMbl

CrpemiieHne K HCCJIEOBAHUIO MHPOBOTO
OKeaHa TpuBeJo K co3manuio nByx OIIA, emu-
HOX/IBI TIOTPY3UBIINXCS B HanOoIee TTyOOKOM
Mecte MapuaHckoro xénoba — 6ezaae UenieH-
kepa: 6atuckada «Trieste» u TITyOOKOBOTHOTO
armmapara «Deepsea Challenger», paccunTaHHBIX
Ha MakcuManbHyTo rryounny B 11000 M [1]. TIpo-
BEJICHHE TTOJBOIHO-TEXHUYECKHAX paboT 1o 00-
CJICIOBAHHIO COCTOSIHHUS, PEMOHTY ¥ BOCCTAHOB-
JICHUIO Pa3JInYHBIX 0OBEKTOB, PACIIOIOKEHHBIX
Ha MOPCKOM JJHE U BOJIM3M HETO, IPEINoiaract
HCIIONIb30BaHNE TITyOOKOBOTHOM TEXHHUKH, B TOM
quciie 00MTaeMbIX MOABOMHBIX alaparos
(OITA).

B pamkax nposenenus IX IlerepOyprckoro
MEXIyHApOIHOTO Ta30BOro (hopyma Ha BBICTa-
BOYHOHU 3Kkcno3unuu «Hayka u MHHOBaLMMN
[MTAO «I"a3mpom» BHUMAaHHWIO IyOIUKH OBIIT
npexacranieH oredecTBeHHbI OITA mpoekra
03660 ¢ mpo3payHBIM cPepruIecKUM ITPOTHBIM
KOPITyCOM, TIPETHA3HAYECHHBIH TS BEITOTHEHHS
MOIBOJHO-TEXHUYECKUX PabOT Ha MOPCKHUX
MarucTpajbHBIX Ta3onpoBopaax. [Ipoekr peanu-
syercs [TAO «["azmpom» ¢ npusnederrnem HULL
«KypuaroBckuit mactutyT», Cankr-Ilerep-

! Ha gHO OKeaHa: TOM-5 POCCHHCKHUX TTyOOKOBOIHBIX

amnmapaToB. [DJIeKTpOHHBIH pecypc]: https://tvzvezda.ru/
news/201707121549-v8fk.htm. Jocryn 22.08.2021.
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OyprcKoro MOpPCKOro OOPO MAIIMHOCTPOCHUS
«Maunaxut» u LleHTpa NOABOAHBIX HCCIEN0Ba-
uuii Pycckoro reorpaduueckoro obmiectsa’.

JIBu>keHHMe B TOJILIE BOJBI, YJepKaHUE Ha
Mecte U maneBpupoBanue OITA obecrnieurnBaet
JIBIDKUTEIBHO-PYIIEBOM KOMILJIEKC U3 ABYX Map-
LIEBBIX, JIByX BEPTHKAJIBHBIX U OJJHOI TOPH30H-
TaJbHOW NOJIPY/IMBAIOIIMX KOJIOHOK. B compe-
MEHHOH TpaKTHKE pa3pabOTUMKH MOJBOIHBIX
anmaparoB yacTo npuberaroT k cHrnkenuto KI1/]
BUHTA 32 CUET yBEJIMYCHUS YACTOTHI BPAIICHHS
BaJia JIBUTATelsl B LIENSIX ONTHMHU3ALNH €ro ra-
0apuTOB M Macchl JJIsl JOCTHIKEHUSI TPeOyeMbIX
rapameTpoB OOTEKaHHMsI IPH 33/1aHHOM BEJTHYH-
He TATOBOIo ycuius. B cBsi3u ¢ 3THM, HECMOTpS
Ha pa3BUTHE BOJOMETHBIX CUCTEM, CIIOCOOHBIX
Hagenuth OITA Gonbiiell MaHEBPEHHOCTHIO,
B CHJIy Pa3HOTO pojia TPUYMH OCHOBHBIM 3()(ek-
THUBHBIM BHJIOM JBHIKUTENEH MPOIOJIKAIOT
OCTaBaThCsI BUHTHI [2].

B kadecTBe npuBo/a IBMKUTENIEH B 3aBHUCH-
MOCTH OT TpeOOBaHUIl K JKCILTyaTallud MOTYT
MIPUMEHSTBCS: AIIEKTPOABUTATENN TOCTOSHHOTO
TOKa, ACHHXPOHHBIE ¥ CHHXPOHHBIE JIEKTpUYe-
CKHE MAIMHBI, B TOM YHCJIE C UCIIOIb30BaHUEM
MOCTOSIHHBIX MarHUTOB B POTOPE TPaIULIUOHHON
KOMIIOHOBKH W KOJIBLIEBOTO THIIA, CYXOTO WA
MacJIOHAIIOJIHEHHOTO MCIIOJIHEHHSI C CHCTEMOMU
KOMIIEHCALlUU 3a00PTHOTO JIABICHUS; PekKe —
AJIEKTPOJIBUTATENIN OTKPBITOTO TUITA U THIPOMO-
TOPBI. DJIEKTPOABUIaTENN IEPEMEHHOTO TOKa HE
HMEIOT KOJUIEKTOPOB, MO3BOJISIS IIJIABHO PETYIIH-
pOBaTh 4acTOTy BpallleHHsl Bajia, HO TPEOYIOT
OTHOCHTEJNBHO 00JIee CII0KHOM CUCTEMBI YIIpaB-
nenusi. [Ipu 3TOM SKCITyaTallMOHHBIE XapaKTe-
puctuku u 3¢pdexruBaocTs OIIA Hemocpen-
CTBEHHO 3aBHCST OT [IapPaMEeTPOB IPUBOJIA IBH-
KUTENA®,

IHocTaHoBKA 321241 M METOABI
HCCJIeJOBAHUA

Ha puc. 1 npexacrasieHa OI0K-cxeMa CHUC-
TE€MbI aBTOMaTHU3UPOBAHHOTO YTIPABJICHUS JBH-
JKUTENbHO-PyNieBbIM KoMiuiekcom OIIA, mpu-
3BaHHAS MOBBICUTH €r0 HAIEKHOCTh, )KHUBY4ECTh
U yIy4IIUTh TUHAMUYECKHUE XapaKTePUCTUKH.
JlnanoroBele opranbl TMCTAHIIMOHHOTO YIPaB-

2 OrevecTBEHHBIH 00MTAEMBbIi OABO/IHBIN armapar. [ yeKT-
poHHBII pecypc]: https://urc-rgs.ru/activity/project?id=9.
Hocryn 22.08.2021.

8 OreyeCTBEHHBIE IBUKUTENH JUISI TOJBOJHBIX aIlapaToB.
Marepunan u3 xypHana «www.Korabel.ru». [Dnexrpon-
HbIll pecypc]: https://www.korabel.ru/news/comments/
otechestvennye dvizhiteli_dlya podvodnyh_apparatov.html.
Joctym 22.08.2021.
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Puc. 1. Biok-cxema cucmemb! ynpaeneHus deuxeHuem Of1A [ebinonHeHo asmopamu].

Puc. 2. Cunoeoli koHmyp odHol ¢pa3bl SRM [ebinonHeHo
asmopamul].

JICHUS IOCPEJICTBOM IPSIMBIX U OOpaTHBIX CBSA3EH
T103BOJISIIOT 33/1aBaTh, KOHTPOJIMPOBATH U OTIepa-
THUBHO KOPPEKTHPOBAaTh IapaMeTphl JABHKECHHS
myTEM BO3JIEHCTBUSI HA MHUKPOIIPOLIECCOPHYIO
CHUCTEMY C aBTOMAaTHYECKOH BH3yaiu3anuen
oTKJIHMKa. MuKponpoleccopHas cuctema obec-
TI€YMBAET CBSI3b CO BCEMH 3JIEMEHTaMH 3JIEKTPO-
MIPHUBOZIA, pean3ysi B aBTOMaTHUECKOM PEXnMe
BBIXOJl Ha 33/1aHHbIE TapaMeTPhl ABHKESHHS HIIH
MTO3ULMOHUPOBAHNUS B 33JJaHHOM TOUYKE C ONTH-
MU3alUel alNropuTMOB YIIPABICHHUS, COBOKYITHO
BBINOJIHSAET INarHOCTHYECKHE, 3al[UTHBIE ¥ HH-
(opmanoHHbIe QyHKIUH.

B kagecTBe MpOTOTHUIIA 3JIEKTPOIPUBOAA
paccmotpeH Switched Reluctance Motor (SRM).
Ora dIeKTpUYecKas MamiHa Oiaromaps psmy
TIOJIO’KUTEJILHBIX KAYeCTB HAXOANUT IPHMEHEHHE
Ha pa3JInYHbIX TPAHCHOPTHBIX cpeAcTBax [3-5].
O06naziast NpoCTOTON KOHCTPYKIIMH U HAJAEKHO-
ctei0, SRM umeert Boicokoe 3HaueHue KI1, uto
Ba)KHO JUISl aHAJIM3a JUTMTEILHOCTH KaMIIaHUH,
BPEMEHH X0/1a Ha MapIle U JANbHOCTH TUIaBaHHs
Ha pacuy€THOM NTyOMHE MOTPyKEHUsL.

Jst obecrieueHnst BBICOKOTO YPOBHSI JKUBY-
YEeCTH JBHKHUTEIHHO-PYJIEBOTO KOMIUIEKCA CH-
JIOBBIE KOHTYPBI CUCTEMBI YIIPABIICHHS 3JIEKTPO-
TIPUBOJIOM, COEAMHSIONINE (pa3bl HMEKTPUIECKOH

Mwup TpaHcnopTa.

MAIIMHBI C HICTOYHUKOM ITUTaHMS, IOJKHBI OBITh
peaan30BaHbl ¢ UCIOIb30BAHUEM TrallbBaHUYE-
CKOM pa3BsA3KH. ICTOUHMK NUTaHUs CEKLIMOHU-
pOBaH, He3aBUCHMas CEKIUA paboTaeT Ha OT-
nenbHyto ¢azy SRM. Ilpu takoit cTpykType
CHJIOBOM YaCTH BBIXOJ] M3 CTPOSI JIFOOOT0 2JIeMEH-
Ta: 0OMOTKH, ITOIYPOBOJHUKOBOTO KOMITOHEH-
Ta, CEKIIMM MUCTOYHUKA MHUTAaHHUSA HE MPUBOAUT
K B3aMMOCBSI3aHHBIM OTKa3aM M HE BIHSET Ha
paboTOCOCOOHOCTh OCTaNBHBIX (ha3 AneKTpo-
NIPUBOJA, & IOBPEXKAEHHBIN y3€I1 IBUKUTEIIBHO-
PYJIEBOTO KOMIIIEKCA COXPAHSAET JKUBYYECTh
C 4aCTU4YHOM noTepeil MolmHocTH. B TakoMm
cllyyae CHJIOBOM KOHTYp MUTaHHsI OAHON (a3bl
SRM (puc. 2) 6yner UMeTh OAWH MOTYIPOBOA-
HMKOBBIN KIIt04 V, 00eCITeunBarOIii BO3MOXK-
HOCTB ()OPMHUPOBAHHS ABYX KOHTYPOB IIO{BO/HU-
MOTO K OOMOTKE HaNPsHKEHUST: TOTOKUTEILHOTO
C TIOCTYTIJICHHUEM SHEPTHH B 3IEKTPOMAarHUTHBIA
KOHTYP ¥ OTPULIATEIILHOTO C BO3BPATOM SHEPTUH
B MCTOYHHUK I10 3aBEPILICHUH [[HKJIA KOMMYTAILUH
[6].

Ha puc. 3 mpeacrasieHa cipoeKTUpOBaHHAS
aBTOpaMH IyOJNMKallMM aKTUBHAs 4acTh SRM,
ONITUMHU3UPOBAHHAs ITPU MOMOIIN MeToaa MoH-
te-Kapno mo xpurepuio MakcuMyma 3J1€KTpo-
MarHUTHOTO MOMEHTA B 33/laHHOM I'eéOMeTpHUC-
CKOM 00BEME C pa3MEICHUEM BCEX 3JIEMEHTOB
UIEKTPOABHUTaTENS U y4ETOM €ro Hapy>KHOTO
ucnonHenus. 3yonoas 3ova SRM chopmupo-
BaHa C MCIOJIb30BAaHUEM CPEZICTB ONTHMAJIEHOTO
MIPOEKTUPOBAHUS TIPH KPUBOJIHHEHHOU (hopme
BO3/YIIHOTO 3330pa MEXy CTaTOPOM M POTOPOM
[7]. 3yOroBas 30Ha BhIOpaHa U3 COOTHOIICHUS
JIecsATH 3y0II0B CTaTopa M BOCBMH 3y0II0B pOTO-
pa [8]. Ilpu Takoit KOHCTPYKIIMHA MarHUTOIIPOBO-
na 3yOubl poTOpa pas3jesieHbl Ha 3yOI[OBbIC
(parMeHTEl, a yroJl MexIy OCSIMH 3yOLI0B POTO-
pa B KaXaoM (parMeHTe paBeH yIIy MExXIy
OCAMH BCEX PaBHOMEPHO paclpeneiaéHHBIX
3y0110B cTaropa. 3yOIbl cTatopa ¢ pa3MenEHHbI-
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MU Ha HUX KaTyIIKaMH PaBHOMEPHO pacipene-
JIEHBI 110 BHYTPEHHEH MOBEPXHOCTHU CTATOPA.

B npoBenéuHoM ucciaenoBaHuu ObuIa IM0-
CTaBlieHa 3aJja4a obecrieueHust Heprodddex-
TUBHOCTU paborbl SRM nyTtém ynpasiieHus
3NEKTPUYECKON MAIIMHON MO ONTHUMAJIBHOMY
aNTOpPUTMY, KOTOPBIIl MO3BOJISET CYIIECTBEHHO
CHM3HUTb IEKTPUUECKHUE TIOTEPU B 0OMOTKE IpH
ANIEKTPOMEXaHMUYECKOM ITPe00pa30BaHUU SHEP-
THH.

Pacuérel mpoBeneHbl IS ANEeKTPUUECKON
MalIMHbI C HOMHUHAIBHON MOIHOCTHIO 5 KBT
u yactoroi Bpamienus 500 ¢!, MOMEHT HHEpLIUH
poTopa M MPUCOEAUHEHHBIX K HEMY BpaIlaio-
mmxces yactei 0,25 Krem?, HanpsKEHUE MUTAHHST
220 B nis BapraHTa MUTaHUA IPSIMOYTOINBHBIMU
uMnynscamu HanpspxeHus 1 400 B g nuranus
0OMOTOK ITPU ONTUMAaJIbHOM YIPaBJICHUH.

PE3YJIbTATbI
TeopeTuyeckas 4acThb

Maremarnueckas moaeiab SRM cocraBnena
MIpY JONYIIEHNUH, YTO MarHUTHAS CBSI3b MEXILY
¢dazamu orcyrcrByeT. YpaBHenus Kupxroga
ANIEKTPUUECKOM 1eNH ISt TepBoit pazbl 0OMOTKH
umeet By [9]:

 dy,(8,i)
V=Ri +—+21"
sll dt (1)

rae V — HanpsbkeHue nuranus ¢asbl, B;

i, — Tok mepBoii Bhaszbl, A;

R —aKTMBHOE CONPOTHUBIIEHHE Kax10H (asbl,
Owm;

P,(6, i) — norokocuemnenne nepsoi Qasel,
3aBHCsILIEE OT yIVIa IOBOPOTa poTopa 0, a1 rpaz.,
M TOKA i;

t —BpeM, C.

VYpaBuenue (1), BeIpakeHHOE uepe3 mapa-
meTpsl SRM u npuBenénnoe k popme Komrm,

IpeACTaBJICHO B CJICAYIOIIEM BUIC!

@=#'(V—ilR:—il'm°Zr-dLl),
do w71, do

@

[7Ie ® — yIIIOBas 4aCTOTa BPAIleHUs, C';
Z_— KOnM4ecTBO 3y01I0B poTopa.
VpaBHEHHE IBIKCHISI IPEACTABICHO B BHIC:

do 1
%:m(Tm—Tr)’ (3)
rae N —gucio paz SRM;

J — MOMEHT HHEPIHH, KI'*M?;

T —anekTpoMarauTHbId MOMEHT, Hem;

T — MOMEHT COMPOTUBIIEHNS Ha By, Hem.

Jns onpeaeneHus ONTUMAaJIbHBIX YIPaBIISIO-
mux Bo3nedcTBUH SRM OBLI HCIOJIB30BaH
NpUHLMI MakcuMyma. B kauecTBe KpuTepus
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Puc. 3. AkmueHasi yacmb SRM ¢ 8036yxdéHHol 0dHoUl gha3oli
[8bInonHeHo asmopamul].

ONTUMH3AIMU BBIOPAaH KBAJpaT MOJBOAMMOTO
HaTpsDKEHUS K 00MoTke craropa [10]:
02

4)

JI71s1 TUHEWHBIX 3JIEKTPUYECKUX Lenel KpH-
Tepuii (4) MO3BOJISET MOMYYUTh MUHUMAJIBHBIC
anektpudeckue norepu. Ognako SRM paboraer
C MEepUOJNYECKUM HACHIIIEHHEM MarHUTOINPO-
BOJIa, UMEIOIIETO HEMMHEWHYI0 KPHUBYIO Hamar-
HUYMBAHMS, [TO3TOMY KpuTepuii (4) He Oyaer
COOTBETCTBOBATh MUHUMYMY 3JIEKTPHUYECCKHUX
oTepb, HO, KaK MMOKA3aJd PacdyEThl, IO3BOJIUT
CYIIECTBEHHO UX CHU3UTD.

3aBHCHMOCTH IHUTAIONIETO HANPSDKEHUS OT
yIJia TIOBOpPOTa pOTOpa BhIOpaHa B KauecTBE
ynpasistromero Bosneiicteus [11]. Ha craguu
ONTHMU3AIUN TPUHATHI CIEAYIOUINE IOIyIle-
HUS: 3aBUCHMOCTH HHAYKTUBHOCTH OT yIJIa HO-
BOpOTa POTOPA aNMPOKCUMHUPOBaHA FTaApMOHUYE-
CKOl (DyHKIIMEH, HACBIIIEHNEe MarHUTOIPOBOAA
HE YYHUTBIBAIOCh, TOT/Ia IPOMEKYTOUHAsT (PyHK-
nus H cormacHo mpuHIMITY MakCUMyMa HMEeT
CIEeNYOLIMM BUL:

1 . . d
H:{m.(VﬂlRE - Z, dlg)}w1+

n o2
L (gZeidl ] e
JeoeZ \ & 2 do
OHpe,I[eJII/IM ONITUMAJIBHOE HAIIPSHKEHUE TTU-
TaHus V* Kak YAaCTHYIO MPOMU3BOAHYIO OT IIPO-

MEXYTOYHOW (QYHKIHH IO YIPaBIAIOMIEMY
BO3IAEUCTBHIO V-

yro—
2L Z,

)

Onpenemum Beriomorarenbublie GyHKmun ¥,
nVv:

2°
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Puc. 4. lapamempb! hazbl SRM npu numaHuu umnynbcaMu NocMosiHHO20 Moka:
1 — HanpskeHUe numaHusi, 2 - MoK, 3 - a1eKkmpoMazHUMHbI MOMEHM [8bINO/IHEHO asmopamu].

dy, (R 1. dLY G, dL
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(6)

[pu pemienny 331241 ONITUMH3ALMN HaYaITb-
HBIE YCJIOBUS JJIsl BCIIOMOTATEeNIbHBIX (PyHKIUH
OTIpeJIeIeHbl MPpH oMol MeTona HeroroHa—
Padcona [12].

Pesynsrarsl pacuéra ans ynpasnenus SRM
0e3 HCIOIb30BaHMS aJITOPUTMa ONTHMHU3ALNN
JuIsl OTHOW (ha3pl 0OMOTKH CTaTopa MpUBEICHBI
Ha puc. 4.

NMnynbCchl MOCTOSTHHOTO HAIPSKEHUS
ammuintyaoi 220 B nopaBanuch npu clieyro-
IIMX yIJIax yIpaBiIeHHs: yroi BKIIOYEeHHs 15
3J1. Tpaj. 0 MOJIOKEHHs 3yben—ma3 U yroiu
OTKJIIOUEHHs 85 31. rpaf. 10 MOJIOKEHUs 3y-
Oen—3yoerr.

Pesynsrarsl pacuéra npu ynpasnenuu SRM
C HUCIIOJb30BAaHUEM aJTOPUTMa ONTHMHU3AINH,
MIpU YCJIOBHHM PAaBHOW IPOU3BOJUTEIHHOCTH
¢ BapHaHTOM 0e3 ONTHMH3ALUH, TIPHUBEACHBI Ha
puc. 5.

B onTuManbHOM pexxnMme TOK 0OMOTKH CTa-
Topa SRM B oTinume ot pexxuma 6e3 onTuMu-
3alliy HE UMEET SIBHO BHIPAXKEHHOTO MAaKCHMY-
Ma (puc. 5), a UMeeT MOoJIOTYI0 XapaKTepUCTUKY
B auana3oHe 135-185 an. rpan. B ontumansHoM
peXuMe IpU BHIOJHEHUU OJHOH M TOH Ke
paboTHI PJIEKTPUYECKHE NMOTEPH B 0OMOTKE
CHU3WINCH. ECIU aleKTpuuecKue morepu 3a
OJIMH TaKT KOMMYTAaIlMH B peXXUMe 0€3 ONTHMH-
3auuu OpuHATh 32 100 %, To B onTUMaIbHOM
peXuMe dIIeKTpHYEeCcKHe MmoTtepu OynyT Ha
6—7 % MeHblIe.

Jis peanuzanuy ONTHMAIBHOTO PEXHMa
ClIe/lyeT YBEJIMYUTh HanpspkeHne nutanust SRM
MIPA YMEHBIICHUN EMKOCTH aKKyMYJISITOPOB M3

®  Mwup TpaHcnopTa.

pacuéra, 9ToOBI IPOCTPAHCTBO AJISI pa3MEICHHUS
AKKyMYJIATOPHBIX OaTapel 0CTanoch MPEeXHNM.

IIpakTnyeckasi 3HAYUMOCTh

[IpakTiueckast peanu3anus ONTUMAIBHOTO
anropurMma ynpasinenns SRM nocruraercs ¢ mo-
MOIIBIO MTPOTPaMMBbl YIPABIECHNUS MHUKPOKOH-
TpoJIepoM, KoTopas (GopMHupyeT B pearbHOM
MacmTade BpeMEHHU MapaMeTpbl 3aaloninx
HMITYJIbCOB 110 MaT€MaTHIeCKOW MOJIEIH OITH-
MainipHOTO perynupoBanus SRM. Tok B 0OMoTKe
(opMHpYyeTCst TOMOIIBIO ITHPOTHO-UMITYJICHON
monymsinuu (Pulse-Width Modulation, PWM).
KauecTBo (hOopMBI IUTAIONIETO TOKA MPHU OINTH-
MaibHOM ynpaieHnn SRM oGecrneunBaercs
pannoHaIBEHBIM BEIOOpOM napameTpoB PWM.

[IpakTHyeckass 3HAUUMOCTH IOJIyYCHHBIX
PE3yIBTaTOB 3AKJIIOYaeTCs B yBEITMICHUN HAIEX-
HOCTH, >KUBYYECTH U 3HEProdp(HeKTUBHOCTH
SRM anekTponpuBoa ABMKUTEIBHO-PYIEBOTO
KOMIIJIEKCA, TIOBBIIICHUN KadecTBa (PyHKIIMOHH-
pOBaHUS MPEUIOKEHHON aBTOMAaTHU3HPOBAaHHON
cucTeMbl ynpasieHus nsrkeHneM OITA, sBisito-
LIMXCS OTIPEACIISIONINMHE B 3KCIUTyaTallIOHHON
TIPUBJICKATEIILHOCTH U JTOCTH)KEHUN KOHKYPEH-
TOCIIOCOOHOCTH HA MHPOBOM PBIHKE.

3AKINIOYEHKE

I[IpennoxxeHHas aBTOMaTHU3UpPOBAaHHAA
CHCTEMa yNPaBIECHUS NEKTPONPHUBOJOM ABU-
JKUTENBHO-pyneBoro kommiekca OITA no3Bo-
JISI€T MOBBICUTHh HAJEKHOCTb M KHBYYECTh
anmapara B 1eJoM. Mcnonb3oBaHue raibBa-
HHUYECKHU Pa3BSI3aHHBIX CHIIOBBIX KOHTYPOB,
COETMHSIOMNX (a3bl AEKTPHUUECKONH MAIIUHBI
C MCTOYHHMKOM NHUTAHHSA, AOMNOJHHUTEIBHO
00ecTeunBaT 0TKa30yCTOHYNBOCTH U pabo-
Ty B aBapUMHOM pEeXHME NPHU CHUKECHHUU
MOIIHOCTH Ha Baly.
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Puc. 5. llapamempb1 ¢hasbi SRM npu onmumansHom anzopumme ynpaeneHust:
1 — HanpsKeHue numaHusi, 2 — Mok, 3 — 31eKkmpPOMazHUMHbII MOMEHM [8bINOJIHEHO asmopamu].

Pa3paboTanHbIi MaTeMaTHYeCKHU ammapar
1 IPOBEAEHHBIE C €0 HCIIO0JIb30BAHUEM KOJTUe-
CTBEHHBIE OLICHKH dHepreTudeckor 3dexrus-
HOCTH MOJIOXKUTETBHBIM 00pa30M OTpa3HIIiCh Ha
BO3MOXXHOCTH ONTHMH3AaIUU HNOTpeONeHUS
3NIEKTPOIHEPTUH OT OOPTOBOTO MCTOYHUKA ITH-
TaHWsL. YMEHBIICHHUE EKTPHIECKHX MOTEPh IPH
JNIEKTPOMEXAHMUYECKOM NTPe00pa30BaHUN SHEP-
THH HETOCPEICTBEHHO BIMAET Ha JaJIbHOCTH
xoxa OITA u IIMTENbHOCTh KAaMIIAaHUH.
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Nagen TPOULIKMI

AHHOTALINA

B nocriedHee 8pemsi 8 Hay4HoU u ompacniesol cpede yacmo
nodHumaemcs 8onpoc o yenecoobpasHocmu cmpoumenscmea 8
Poccuu 8bi0efIeHHbIX 8bICOKOCKOPOCMHBIX Xee3HOO0POXHbIX
maeucmpanel (BCM) 0ns nepegosku naccaxupos u 2py308.
Kntoyesbim puckom makux mMacwmabHbIX UHBECMUUUOHHbIX
NpoeKMo8 A8NSemcs 3Ha4umebHbIU Unu eeceMa OnumessHbIl
CpOK OKynaemocmu, 06ycrnoeneHHbIl MeHbwel naomHOCMbio
HaceneHus 8 30Hax nponeezaHusi npednonazaembix BCM no
cpasHeHuto, Hanpumep, ¢ KHP. Ko ecemy npoyemy, npu nnaHupo-
8aHUU CMOrb KanumanoémKux U pecypcoémKux uHeecmuyul
Heobxo0uMo y4umbigamb NnaHbl Pa3gUuMUs CMEXHbIX 8U008
mpaHcnopma: CKopoCMHbIX asmomazucmpaned, asuayuoHHo20
CO06LEHUS, KaK NPsIMbIX KOHKYPEHMOB 8bICOKOCKOPOCMHbIM U
CKOPOCMHbIM Xene3HbiM dopo2am.

O0HuM u3 nymeli nosbiWeHUsi KOHKypeHmocnocobHocmu
Xene3Ho0opoxHbix BCM moxem cmamb CHUXeHUe Kanumarib-
HbIX 3ampam npu ux cmpoumesnscmee. Co3d0aHue BCM, 20e 8
kaJecmee mse208020 cpedcmea bydym akcniyamuposambCs
MOmOop8agoHHbIe noe3da, pabomarowue Ha culosbIx 2a3omyp-
6uHHbIX dsueamensix (I'T[) u anekmpuyeckol nepedaye nepe-
MEHHO-NepeMEeHH020 MoKa, N0380/IUM 0MKa3ambCsl Om UHe-

MPaHCNopM, YCKOPEHHbIE 2PY308bIe NEPEBO3KU.

Ilagen Cepeeesuu Tpouukui
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MpumeHeHne ra3oTypOUHHOMN TAMU B NPOEKTaX
BbICOKOCKOPOCTHbIX XeNe3HOA0POXHbIX
maructpaneu B Poccuu

Hayuno-uccnedosamensbcKuil uHCMumym y4ceie3Ho00poiCHO20 MPAHCROPMa
(AO «BHUMIKT»), Mockea, Poccus.

cmuyull 8 dopozocmosiuiee npoekmuposaHue, cmpoumeb-
cmeo u nocnedytoujee codepxaHue 06beKkmos IHepP20X03sl-
cmea, cneyuanu3aupogaHHoll 8bICOKOCKOPOCMHOU KOHMakmHoU
cemu, ymo obecneyum ydewesneHue npoekmos BCM, cokpa-
WeHUe CPOKO8 CMpoumenbcmea, yCKopeHue okynaemocmu
dopoe.

B cmambe onucaHbl npeumywiecmea akcniyamayuu ea-
30mypOUHHOU Msi2u Ha 8bICOKOCKOPOCMHbIX U CKOPOCMHBIX
Kene3HodopoxHbIx Mazucmpansx. [lokazaHa 803MOXHas
KOMNOHOBKA Makux noe3008. PaccMompeHb! 3KkcnIyamayuoH-
Hble pucku 2a3omypbuHHO20 NOOBLXXHO20 COCMasa U nymu ux
Helimpanu3sayuu. Lenbio uccnedogaHus A8nsemcs ebisgneHue
CpasHUMeNbHbIX NPeuMyuecme 2a3omypbuHHbIX MOmopea-
20HHbIX N0€3008 NO CPABHEHUI C BbICOKOCKOPOCMHbLIMU
anekmponoesdamu. B pabome ucnosnb3osaHbl Memodb cpas-
HUMeNbHO20 aHanu3sa, KOHMeHM-aHanu3a mexHu4eckol uH-
¢hopmayuu, paHxuposaHusi. CoenaH ebigod, Ymo 8HedpeHue
2a30mypbUHHOLU msi2u N03BOMUM CHU3UMb UHBECMUUUOHHbIE
U 3KcnayamayuoHHble pacxodbl CKOPOCMHbIX U 8bICOKOCKO-
POCMHBIX XenesHbix A0po2 NPU COXPaHEHUU MOWHOCMHbIX U
OuHaMuyeckux xapakmepucmuk noe3dos.

Knwoyesble criosa: xenesqas dopoea, eazomypbuHHasi msea, MomopeazoHHble noesda, myp6onoe3da, 8bICOKOCKOPOCMHOL

[ns uyumuposanus: Tpouukuii 1. C. MMpumeHeHue 2a3omypbuHHOL Msau 8 NPOeKMax 8bICOKOCKOPOCMHbIX Xene3HOO0POKHbIX
magucmpanel 8 Poccuu // Mup mpaxcnopma. 2021. T. 19. Ne 6 (97). C. 26-30. DOI: https://doi.org/10.30932/1992-3252-2021-19-6-4.
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BBEJEHUE

OKCIUTyaTallMOHHBIA PEXUM BBICOKOCKO-
POCTHBIX ¥ CKOPOCTHBIX ITOE37I0B XapaKTepH-
3yercs paboToif OONBITYI0O YaCTh BpEMEHH Ha
HOMHMHaJIBHOW MomHOCTH. KitoueByro poib
B IBUKCHHUHU MPHOOPETACT MMOCTOSHHOE aTMO-
c(hepHOE CONPOTHBICHHE, a HE NEPEMEHHOE
BO3JeHcTBUE MpOMIS MyTH, MOITOMY Ha
TIEPBBIM TUTAaH BBIXOJAT TPEOOBAHUS MaJjoro
BECAa W a’POJMHAMHYECKOH (OPMBI TAKOTO
MTOJIBUKHOTO COCTAaBA.

I]eny cTaThy — TIOKA3aTh MPH MOMOIIH Me-
Mmo006 CPABHUTEIBHOTO aHAJIN3a, KOHTCHT-
aHaJIM3a TEXHUYECKOW MHPOPMALHNH, PAHKH-
pPOBaHMS KOHIENTYaJIbHYIO BO3MOXKHOCTH 3a-
MEHBI JJIEKTPOTIOE3/I0B Ta30TYPOUHHBIMU MO-
TOPBAarOHHBIMH IIO€3/1aMH [TPH CTPOUTEIHCTBE
BCM c 1nenpio CHHKEHUS WHBECTUIIMOHHBIX
1 OTIEPAIIMOHHBIX 3aTPAT TAKUX NMPOEKTOB.

ITo ouenkam skcneproB Hayunoro LlenTpa
«IlyTteBas mHPpPACTPYKTypa U BOIPOCH! B3aH-
MozneicTBus konmeco—penbe»y AO « BHUMKTy,
YCTPOHCTBO 1 KM OOBEKTOB TATOBOTO IHEPTO-
cHabxennss BCM cocrasuser 48 miH pyo.
Taxum 00pa3oM, IpH CTPOUTEITHCTBE, HAIPH-
mep, BCM MockBa—Amiep (1900 kM) mHBe-
CTHUIIMOHHBIC 3aTPaThl CHU3ATCA Ha 91,2 mupx
py0., 9T0 TIpHU 00mIel OEHOYHOH CTOMMOCTH
Maructpainud B 2,5 TpaH py0. chopmupyeT
SKOHOMHIO WHBECTHUIMOHHBIX BJIOKEHHUH MO-
panka 4 %.

PE3YNbTATbI

CpaBHUTe/bHbIE NIPeNMYLIECTBA

U HeJ0CTATKHU TYpOOMNoe310B ¢ CHJIOBBIMH
ra3oTypoOMHHBIMH YCTAHOBKAMU

Ha ocHOBe HaTypHBIX W aHAJIUTHYECKUX
WCCIIEZIOBAHNH BBISIBICHBI CIIEAYIOIINE OCHOB-
HBIE TIPENMYIIECTBA TATOBBIX CHJIOBBIX yCTa-
HOBOK Ha OCHOBE Ta30BBIX TypOUH:

1. Bricokre MOIIHOCTHBIE XapaKTEPUCTH-
kH, pabora ¢ MakcumanbHbeIM KIIJl Ha HOMU-
HaJIbHOM MOIIHOCTH, Ha KOTOPOM 3KCIIyaTH-
pyIoTcs OOTIBINYIO YaCTh BPEMEHH BBICOKOCKO-
POCTHBIE TIO€3/12.

2. B nBa paza MeHbIIIasi CTOMMOCTB ITOTPEO-
JIIEMOTO TOIUIHBA (CKIKEHHOTO TPUPOAHOTO
raza (CIII')) mo cpaBHEHHIO CO CTOMMOCTHIO
1 kBTeu snexTprueCcKoil IHEPTUU.

3. MoaynpHOCTh KOHCTPYKIHH, Malble
rabapuTHl U Ha MOPSIOK MEHbIIAS Macca ra-
3otypounHoro asurarens (I'T/), gwem y rTem-
JIOBO3HOTO Am3ens. B wacTHOCTH, TpH cpaBHe-
Hun nusens [1J[1M MaHeBpOBOTO TEIIOBO3a
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TOM18/IM u ra3oTypOMHHOI CHIIOBOHW ycTa-
HOBKH JIJIsS MAHEBPOBOT'O JIOKOMOTHBa Ha 6aze
MCVY-800 cumxeHnue Mmaccbl coctaBuiio 12,16
paza (12,6 T mportus 1,04 1), cHI>KeHUe Taba-
putoB (o6mero oobéma neurarens) — 10,19
pasa (20,17 m® mporus 1,98 M%) ipu conocra-
BUMOI1 MomHoCTH aBurareiei 882 n 860 kBt
COOTBETCTBEHHO.

4. JIoCTYNHOCTH ISl OCMOTPA, KOHTPOJIA
W AMAarHOCTHKH IT03BOJISIIOT 9KCILTYyaTHPOBATh
I'T/] mo cOCTOSTHUIO U COKPATUTh 3aTpaThl Ha
peMoHT Ha 15-20 %, a 3aTpaThl Ha CMa304YHbIE
MacJia JIo IeCATH pa3 [0 CPAaBHEHUIO C TU3EIIb-
HBIMU YCTaHOBKaMH TOH ke MoutHocTu [1].

5. Pabora I'T/I xopouio cornacyercs ¢ Ha-
KOIHUTEJISIMH YHEPTHH, YTO NO3BOJSET CTAOU-
JIM3UPOBATh PEXHUM pabOThl JABUraTelisi B Ie-
U0 OTIPABICHHS U IPUOBITHS O3/,

6. Bricokast aBTOHOMHOCTb ¥ CHOCOOHOCTB
paboTBl BHICOKOCKOPOCTHBIX TypOOIoe3noB
B JIIOOBIX METEOYCIIOBUSX, B TOM YHUCIIE B YCIIO-
BUSIX CHJIBHBIX BETPOBBIX HArpy30K, IIECYaHbIX
U CHEXHBIX 3aHOCOB, O0JIeIEHEHUs JIUHUU
aJIeKTpoIIepeIay.

7. CyliecTBEHHOE YIyUIlleHHE dKOJIOTHYe-
CKOM 00CcTaHOBKHM B 30Hax npojeranus BCM.
«TepMonuHaAMHUUECKHE U IKOJIOTUYECKHUE MTPe-
HMMYIIECTBA Fa30MOTOPHOTO TOILIMBA 110 CPaB-
HEHUIO C TU3EJIbHBIM 00YCIOBIEHBI SHEPTETH-
YeCKUMHU U (PU3NYECKUMU MTOKa3aTeIIMH Ta3a.
3Ha4yeHHs BHIOPOCOB TOKCHYHBIX BEIIECTB IO
YIJIEBOJIOPOJHOMY COCTAaBY M OKHCJIAM a30Ta
Huwxke B 1,5-2 paza» [2].

8. «['a30Bas TypOUHA ABJISETCS JOCTATOYHO
MSATKHM JIeMIQUPYIOMIUM 3JIEMEHTOM IpHU
JUHAMHYECKHX BO3JEHCTBUAX, I0ITOMY JIaXe
Ha MOIIHBIX Ta30TypOMHHBIX YCTaHOBKaX MOX-
HO OXHJaTh JOCTaTOYHO YCTOWYHMBYIO M Ha-
nEXHYI0 paboTy KapJaHHbIX cuctem» [2].

CiieyeT OTMETUTh U HauboJiee 3HAYUMBIC
HEJIO0CTaTKU MPUMEHEHUs TypOOIoe310B C CH-
JIOBBIMU Ta30TYpOMHHBIMU YCTaHOBKaMHU,
a TaKXKe IMyTH UX YCTPaHEHHSL:

1. HeoOxoaquMoCTh pa3MelieHusl Ha IO-
IBUKHOM cocTaBe OOJIbIINX EMKOCTEH JUIA
cHaOxeHus razoM. Ha ocHOBaHMU pe3ysibTaToB
MIPOBEACHHUS Psifia HAyYHO-TEXHHUYECKHUX COBE-
TOB ¥ MO3TOBBIX mTypMoB B 2003-2005 rT.
OAO «PX]I» Obl10 MPUHSTO CTpaTernyecKoe
pelieHue, uTo pa3paboTka KeJIe3HOZOPOXKHO-
'O TIOABMKHOTO COCTaBa Ha KOMIIPUMHPOBaH-
HoM nipupojHoM raze (KIII') GecnepcrnexkTus-
Ha B IIEPBYIO O4epeb Mo MpUUnHe Heobecre-
YeHHsI HEOOXO0IMMOM TATBbHOCTH X0/1a 10e3/1a
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Ha KIII' [4] u B KauecTBE OCHOBHOIO BHIA
TOILTMBA CJIEAYET UCIOIb30BATh CIKUKEHHBIH
npupoausiii raz (CIII'), B ToM 4ucie B nepe-
OXJIAXKJIEHHOM COCTOSIHUU [5].

2. Beicokas TeMIieparypa BBIXJIONHBIX Ia-
30B ra30BOH TypOMHBI MOXKET MPUBECTH K Iie-
PEeXOTy KOHTaKTHOTO MpoBojaa Nmpu paboTe
TypOomnoe3 0B Ha 3IEKTPUYUIUPOBAHHBIX
JUHUSIX. B CBSI3M € 3THM HEOOXOAMMO MpUMe-
HEHHE OXJIQJAUTEJICH BBIXJIOHBIX ra30B, a TaK-
)K€ YCTPOUCTBO BBIXJIOIHBIX TPYO ¢ HanpasJe-
HUEM B CTOPOHY ITyTEBOH UHPPACTPYKTYPHI.

3. bBonpuioe norpedieHue ra3za B pexxume
MaJbIX Harpy3ok, a Taxxe npu 3amycke I'T/I.
B rakux pexumax sHeprocHabxenue TypOo-
M0€3710B HEOOXOAMMO IIPOU3BOJUTH OT HAKO-
nuTelnei sHeprun (aKKyMYJISITOPHBIX Oarapeit,
CYNEPKOHAEHCATOPOB).

4. Tloxapo- u B3pseiBoonacHocTs CIII.
«KIIT" B OoipLiel CTENEHH COOTBETCTBYET
0€30MacHOCTH €r0 IIPUMEHEHHs, TaK KaK Ipu
yTe4Kax ObICTPO YXOJHT BBEPX, B TO BPEMsI Kak
naps! CIII' unu HedTaHbIe Ta3kl (pomnaH, Oy-
TaH) coOupaloTcs B HMIKHEH 4acTu Ky30Ba
MOJIBMYKHOM eIMHULBI, YTO TPEOYeT MOCTOSH-
HOTO KOHTPOJISl Ta30BO3AYIIHOTO COCTOSHUS
M0J] MOJBMYKHBIM COCTaBOM W €r0 NMPUHYAH-
TeIbHOro BeHTUHpoBaHus» [5]. IIpu koHeH-
Tpanuu raza B Bozayxe 4-15 % cozpatorcs
MOKapo- U B3PHIBOOMACHBIE cMeCH. « /[ mo-
BBIILIEHHUS 0€301IaCHOCTH ra30BOro 000pynoBa-
HUs TypOOINOe310B, CHUIKEHUSI yTe4YeK Tra3a
HEeo0X0AMMO COKpamaTrh JUIMHY TOE3JHBIX
ra3onpoBOJIOB, IPUMEHITh Ha HUX CBapHBIC
COEJIMHEHUS] BMECTO Pe3b0O0BbBIX, COKpalarh
4qiCI0 (IIaHIEBBIX U HUIIEIbHBIX COEIUHE-
HUI, CHI)KaTh YHCIIO0 YCTPOUCTB, BCTPOCHHBIX
B Tra30Bble TPYyOONPOBOABI — TEPMOMETPOB,
JIaTYMKOB JIaBIICHHS, DJIEKTPOMArHUTHBIX KJla-
MaHoB, BEHTHIEN» [5].

[IpeumymecTBa NPpUMEHEHHUS MOTOP-
BAaroHHBIX MOE€3J0B B IPYy30BOM JIBHXKEHUU
ONMCaHbl B CTaThiIX [6; 7] M 3aKiIOYarOTCS
B YJIYUYIICHUH YIPAaBISEMOCTH MOE3]0M, I0-
BBIIIEHUH Pa3TOHHBIX U TOPMO3HBIX XapaKTe-
PHUCTHK, 0€3011aCHOCTHU IBHIKEHHUSI, SHEProd (-
(EeKTUBHOCTH NaHHOTO BHAA TATH, POCTE
MPOIYCKHBIX CITIOCOOHOCTEH KEJIE3HBIX JOPOT.

KonuenrtyanabHble npeaioKeHust
CpaBHUBasE MOUIHOCTH CO3JIaHHOTO
B 2010 rony B Poccun razoryp6oso3a I'Thl-
8500 kBT ¢ cymmapHOW MOUIHOCTBIO JiecCs-
THBaroHHOT'O BBICOKOCKOPOCTHOTO 3JIEKTPO-
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nmoe3na «CamcaH» MOXHO CHEJIaTh BBIBOJ
0 BO3MOXKHOCTH CO3JIaHUSI MOTOPBAarOHHOTO
noe3na Ha ['T/], comocTaBUMOTO MO MOIIHO-
CTH MOTOPBAaroHHOMY MOE€31y 3JCKTpUYEC-
ckoil Tsiru. KoMImoHOBKa CUI0BON yCTaHOBKH
typ6onoe3nos ¢ I'T/] nomkHa BKIIIOYaTh:
KaOMHY yIpaBJICHHUS — CHIIOBYIO YCTAHOBKY —
ra3oBbIi 0AJJIOH — MPHUIICIIHBIC BATOHBI — T'a-
30BBIH 0aJJIOH — CHJIOBYIO YCTAHOBKY — Ka-
Ouny ynpasieHus. Takum oOpasom, noesna
JIaHHOTO THIIA JOJKHBI UMETh MOCTOSHHYIO
COCTaBHOCTH. [IpH yMEHBIIIEHUH MACCHI MO~
€3710B BO3MOXHO OTKJIOUCHHUE TYypOUHBI
B XBOCTOBOM uyacTu moesaa. [Ipu pacmoio-
xenuu ['TJ] Ha kpeinie moes3na Haubosee
MPOCTO 00CCIEYNBACTCS MPOIIECC BCAChIBA-
HHS B KOMIIPECCOP YMCTOTO BO3AyXa, yaaie-
HHS U3 TYpOUHBI OTPabOTABIIKNX T'a30B, MIy-
MorayumeHus u T.4. bopToBoit 3amac rasa
B OJHOW éMKocTH razorypboso3a I'Thl co-
craBasgeT 40 T, YTO JOCTATOYHO JJIS JaJbHO-
ctu xona 1400 kM [8]. Takum obpaszom, nBe
KpUOTEeHHbIE EMKOCTH, PACIOJOXKCHHbBIC
B T'OJIOBE W XBOCTE TypOomoesjga CMOTYT
o0ecrneyuTh JalbHOCTh €ro xoaa 0e3 mo3a-
npaBku 10 2800 kM. C yuétoM Maioro Beca
I'TA, maccel kpuoreHHot émkoctu 40 T
obecrneynBaeTCss HOPMATHB MO MaKCHUMaJhb-
HOW OCEBOW HArpy3ke BBICOKOCKOPOCTHOTO
Typbomoes3na no 17 tc.

DKUIUPOBKA ra30TypOOIoe310B BO3MOKHA
JIByMsI CIIOCOOaMH:

— 3ampaBKa HEIOCPECTBEHHO B 0OPT KpHO-
TCHHOW YCTaHOBKH CO CIMBHOMW 3CTaKaJbl;

— UCIOJIb30BaHNE CHEMHBIX WJIH MOJIKIIO-
YaeMbIX K KPHOTEHHBIM MPOAYKTOIPOBOIAM
nuctepH. JlaHHBIM BapHaHT 00JIee TEXHOJIOTH-
YeH U MO3BOJISCT ONMEPATHBHO Ha Pa3HBIX
cTaHIUgX npoBoauTh go3anpasky CIIT, onna-
KO TpeOyeT OONbININX HHBECTHUITHOHHBIX U 9KC-
IJIyaTallMOHHBIX BJIOXKCHHH B ra3opacipene-
JUTENbHY10 HHPpacTpykTypy [9; 10].

MexayHAPOAHBIA U POCCUICKUI ONBIT

IIpoekThl co3nanus TypOOIOe310B Ha pas-
JIMYHBIX BHJaX TOIJIMBA OCYIIECTBISIUCH
B Kanane, CIIIA, ®panuun, CCCP.

B 1968 roay xopmopanust Canadian Rail
MpeAcTaBUIa CEMHUBArOHHBIA TypOoOImoesn u3
QJIIOMUHHUEBBIX CIIJIaBOB Maccod 185 ToHH.
B rosnoBHOM Barose mnoesjua ObLIN YCTaHOBIIC-
Hbl Th [T/, MoHOCTBIO 295 KBT KaxabIiA,
YeThIpEe U3 HUX paboTanu sl TATH MOoe3Ja,
OJMH JUIsI 3JICKTPOCHAOXeHUs BaroHos. Ha
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Taoauna 1

OneHka 0CHOBHBIX napamMerpoB aBTOHOMHBIX IOKOMOTHUBOB

MaccorabapuTHbIe TapamMeTpsl
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DKOJIOTMYHOCTh 1 1 2 3 3
MourHocTh 2 1 3 3 3
KIIQ 3 2 2 1 2
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HCUBITAHUAX HAAHHBIH TypOomoesn pa3BuII
ckopocTh 274 km/g [11].

Bo ®paninmm npoekT co3naHusi BBICOKOCKO-
POCTHOTO JKEeNIE3HOAOPOKHOTO COOOIICHUS Tep-
BOHAYaJIbHO OPHEHTHPOBAJICS Ha MPUMEHEHHE
razotypounHoit Tiaru (turbine grande vitesse
TVG — ckopoctHast TypOuHa). ['azoBast TypOuHa
ObLa BEIOpaHa B Ka4eCTBE JBUTATENS 32 OTHOCH-
TENIbHO HEOOJIBLION pa3Mep, a TakKe OONbIIYI0
YIENBbHYIO U BBIXOJHYIO MOLIHOCTh. OIHAKO
sHepreTuueckuii kpusuc 1973 rona, oOyciaoBieH-
HBII POCTOM II€H Ha ra3, BEIHYJIHI OTKA3aThCsl OT
MIPUMEHEHHs TypOHH B HOJIb3Y AJEKTPOTSITH.

B CCCP B 1970 romy ObU1 IOCTPOEH OTIBIT-
HBII COCTaB U3 JBYX TOJOBHBIX MOTOPHBIX
BaroHOB, OCHAIEHHBIX aBUAIMOHHBIM JBYX-
BaJIbHBIM ra30TypOMHHBIM JBUTaTeseM. [le-
peAHSsl 4aCTh KPBIIIM Ka)KI0r0 BaroHa uMesa
BO3BBIILICHUE C )KAJ03H, 3/1€Ch pacroiarainach
cunoBasi yctaHoBka. OHa cocTosuia u3 raso-
TYpOMHHOTO JIBUTATENs BecoM 135 KT, MOIIIHO-
cThi0 662 kBT, ¢ npUHYIUTEIPHON BEHTUIIS-
1IMel ¥ reHeparopa ¢ 4acTOTOW BpalleHUS J10
6000 00./mMIH, BRIPaOaTHIBAIOIIETO TOK YaCTO-
toi 10 200 ', KTIJI moe3na cocrasiust 19 %.
PacuérHas ckopoCTh JaHHOTO COCTaBa PaBHs-
nack 180 km/4. 3amyck ABUraTess ObLUI dIEKT-
pUYECKUM, B Ka4€CTBE TOILIMBA UCIIONIb30BAaI-
cs kepocuH [12].

B 2000 romy B CILIA GbL1 pa3paboTaH I13eb-
HBII CKOPOCTHOM Ta30TypOOMOe3 1 C KOHCTPYKIH-
OHHOM cKkopocThio 250 kM/4. ['a30TypOUHHBIN

8  Mwup TpaHcnopTa. 2021. T. 19. Ne 6 (97). C. 26-30.

JIBUTaTeIh 0071181 MOITHOCTRIO 3750 kBT ¢ yac-
ToTtoi BpareHus 16000 00./MuH, TATOBas mepe-
Jlada mepeMeHHo-TiepeMeHHOTro Toka [13].

B nnanax omepatopa MHIMNCKUX XKeJe3-
HBIX JIOPOT 3KCIUTyaTalus MOTOPBAaroHHBIX
MOE370B U JIOKOMOTHBOB UJISl TIACCAXKUPCKUX
coctaBoB Ha CIIT.

ITomMurMoO 3TOTO, 3KCIIEPUMEHTANIBHBIC JIO-
KOMOTHBBI U MOTOpPBaroHHbI€ MOE3/1a MPOU3-
Bogwiuch B Mcmanuu, Munonesun, CIIA [14].
B ycioBusiX BBICOKHX IIEH Ha ras u roprodee
TOTUIMBO POEKThI FTa30MOTOPHBIX TypOoOTIOEe3-
OB B OCHOBHOM pa3padarbiBaloTcs B HedTe-,
ra3o00bIBAIONINX CTPAHAX.

O1ueHKa OCHOBHBIX NApaMeTPOB
ABTOHOMHBIX JIOKOMOTHBOB

B xone uccienoBanus npopeeHa OanibHas
OIICHKa OCHOBHBIX TapaMeTPOB aBTOHOMHBIX
JIOKOMOTHBOB, TJI€ 3 — HAMJIYYIINi OKa3areib
napamerpa, | — Hauxyamuii. PesynsraTsl mpen-
cTaBjeHbl B Tabuuue 1.

Takum 00pa3oM, HaHOOJIBIIIEE KOITHYECTBO
0aJuIoB MO pe3yNbTaTaM KauyeCTBEHHOW OIICHKU
Habpain JOKOMOTHBHI C Ta30TypOUHHOM U ra-
30TYpOMHHO-THOPUAHON YCTaHOBKOM.

3AKNIOYEHUE

C y4éToM MOTEHLIHMATbHO HEIMOJIHOH 3a-
Ipy3KH NPONYCKHBIX cnocoOHocTeit BCM
JKCILTyaTaIusl BBHICOKOCKOPOCTHBIX U CKO-
POCTHBIX MOTOPBAaroHHBIX aBTOHOMHBIX Typ-
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0010€3/10B MO3BOJUT OTKA3aThCs OT YCTPOii-
CTBa U 00CIIYKHUBaHHUsI JOPOTOCTOSAIICH BBICO-
KOCKOPOCTHOW KOHTAaKTHOW CE€TH, TO €CTh
CHU3UTHh MHBECTULIMOHHBIE U JKCILTyaTalu-
OHHBIE 3aTpaThl, peaau30BaTh MOTEHI[HAJ
NPUMEHEHUS Ta30MOTOPHBIX JABUTATENE
B Poccum, ocymecTBUTh, Ha €JUHOHN TpaHC-
NOPTHOU MHPPACTPYKTYypE, B TOM YHCIIE
3EKTPUPUIIUPOBAHHOMN, CMEIIAHHOE TPY30-
MaccakMpPCKoe NBHUIKEHUE C Pa3HBIMU CKOPO-
ctamu. OtMmeTum, uto Poccus obnamaeT ca-
MBIMU OOJIBIIUMU Pa3BEIaHHBIMHU 3allacaMu
npupoAHoro rasa B mupe (50,5 Tpiu M%) [15],
a CO3JaHHME W DKCILTyaTanus TypOOmoe3a0B
¢ I'T/] yknanpiBaeTcsl B IPaBUTENbCTBEHHYIO
CTpATEeruio pa3BUTUS TPAHCIIOPTA HA TA30MO-
TOPHOM TOILIHBE.
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Kpamkuil aHanus nonoxeHus den

8 Yacmu aymcopcuHaa 1102ucmuyecKux
ycnye 8 AsepbalidxaHckol
Pecnybnuke, conposoxdaembIil
pa3sEpHyMbIMU NPEOIOXEHUSMU

no memodonoauu nposedeHust
nomeHyuabHO 3aUHMEPEeCOBaHHbIMU
8 UCNOMb308aHUU ycrye
J102UCMUYECKO20 aymcopcuHea
npednpusimusiMu 8HympeHHeU

U 8HeWHel oueHKu, ho3sonstouwel
onpedenume 060CHO8aHHOCMb
cobcmeeHHbIx nompebHocmell

U Ha0éXHOCMb KOHMPazeHmos.

CpasHnBaeMble hakTopLL

 OueHKa KIFOUeERI HAEBIKOE H OITBITA

! OLeHKa CTOMMOCTH
Orierka KauecTEa
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'Pacuet npoE0zHON criocobHOCTH
Pacuer cTeMeHi OTCIEEHEAHIIA IPY3a

9KOHOMUKA

rPY30NEPEBO3KM 38
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[MpumeHeHue cumyayuoHHo20
aHasnu3a K crioxusuwelicss Ha pbiHke
2py30nepeso3ok 8 nepuod

naHOemuu u 8 nepuod npeodosneHus
eé nocnedcmeuti cumyayuu.
Modx00b1 K NPO2HO3Y BMUAHUS
nocmnaHdemudiiHoli cumyayuu

Ha passumue 0CHO8HbIX MPeHA08

8 poccutickoli mpaHcnopmHol
ompacnu 8 YesioM U NPUMEHUMENbHO
Kk omdenbHbIM 8udam mpaHchopma.
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3adaya gpopmuposaHus
UHCMPYMEHMO8 U MEXaHU3MO8
aHanumuku 0ng yenel ynpasneHus
UeHamu ycrye akmyarnbsHa eceaoa.
0Ob6ocHosaHue uCnob308aHUs
HenuHelHbIX No napamempam GyHkyul
ModenupogaHusi N08e0eHUS KITUEHMO8,
a makxe anaopummos CO8PEMEHH020
UHCMpymeHmapusi 2nobasnsHol
MamemMamuy4ecKol onmumu3ayuu.
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AHHOTALINA

Yenyeu aymcopcuHea, Wupoko pacnpocmpaHéHHble 8 pas-
8UMBIX cMpaHax, 8 Nocre0HuUe 200b! UCNOMb3YIOMCS Ha AKOHOMU-
yeckom pbiHke AsepbalioxaHckol Pecnybruku, 8 OCHOBHOM 8
cihepax byxeanmepcko20 yyéma, ynpasrieHus Yenoseyeckumu
pecypcamu, MapkemuHaa, UHhOPMaUUOHHbIX MexHomo2uli U 11o-
2ucmuKu.

B Hawem npedbidywem uccnedosaHuu «J/loeucmuka 8
mpaHcnopmHoM Komniekce AsepbalidxaHckol Pecnybnukuy
Ha ocHoge 11 Kpumepues pa3gumusi 102UCMUYECK020 aymcop-
cuHea bbin cenaH 8b1800 0 mom, 4mo HedocmamoyHoe 0oge-
pue komnaHuil dpya K Opyay U UX XenaHue coxpaHume camo-
cmosimenbHbIl KOHmMpons Had 6onbwuHcmeom obnacmetl
desimenbHOCMU si8nA0McA 00HOU U3 NPUYuH e2o cnabozo
passumus.

B npednaeaemoll cmambe npedcmassieHb! Ha obcyxoeHue
Ho8ble Kpumepuu, pa3pabomaHHble asmopamu 8 OONonHeHUe K
yKe Cyuecmeyiou4uM U ONUCaHHbIM 8 lumepamype, Ons OUeHKU
cywecmeyrouwjux onaceHull KomMnaHuli, 803HUKaloWUX neped 3a-

nioeucmukoul.
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MeToA OLeHKM yCyr NIOruCcTUYECKOro
ayTCOPCHUHra

Oneman Mexmu Ozny Haoscaghos',
Opxan Huzamu Ozny Iacannsr’

2 Hayuonanenas Asuayuonnas Axademus, baky,
Azepbaiidocanckas Pecnybnuka.
04 t elmanmehdi@yandex.com, ? o.hasanli.n@gmail.com.

KIOYEHUEM 83aUMHO20 CO2aleHus 8 cghepe aymcopcuHea, U
01151 npogedeHust 8HympeHHel U BHEWHEU OUEHKU ycye o2ucmu-
YecKo20 aymcopcuHaa.

Yqyumbigasi, ymo kpumepuu, npusedéxHble 8 coomgem-
cmayrowux pabomax, He 8 NOMHOU Mepe 0X8ambI8arMm 8HYMPEH-
HIOKO OUEHKY YCITy2 102Uucmu4ecko20 aymcopcuHaa, asmopamu
6bi1 npednoxeH 00NOMHUMENbHBIU Kpumepuli OUeHKU pucka.
Kpome moeo, 8 donosiHeHue K U3BeCMHbIM U3 Hay4HOU numepa-
mypbI KpUMepUsiM 8 cchepe BHEWHel OUEHKU ycrye noaucmuye-
CK020 aymcopcuHea, asmopamu paspabomatbi ewé dga kpume-
PUsi, OMHOCSWUXCA K NPOBO3HOLU CnoCOBHOCMU NOCMasLUUKO8
I02UCMUYECKUX YCITy2 U Hanuyuk y HUX 803MOXHOCMU OCyLe-
Cmensimb OMCNexXugaHue Ucnonb3yeMbIX mpPaHCNOPMHbIX
cpedcme.

INpobnema HeHadéxHoCMU U He008ePUS MEXAY KOMNaHUSIMU
u npednpusmusmu moxem 6bimb 8 onpedenéHHol Mepe pa3pe-
WeHa nymém NpuUHSMUSi ONMUMasTbHbIX PEWeHUl ¢ NOMOWbH0
HO08020 Memoda, PacCMOMPEHHO20 8 MOl cmamee.

Kntoyesble criosa: nosucmuka, aymcopcuHe, 3KOHOMUKa, mpaHcnopmHas noeucmuka, 3PL, 4PL, memod oueHku, ynpasneHue

[ns yumuposanus: Hadxaghoe 3. M., lacannbi O. H. Memod oueHku ycrye nosucmuyeckoeo aymcopcurea // Mup mparxcnopma.
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The full text of the article originally written in English is published in the second part of the issue.




BBEOEHUE
AyYTCOpPCHHT sIBISIeTCS 00JACThbI0 HAYIHBIX
HMHTEPECOB MHOTUX HCCIEAOBATENCH MO BCEMY
vupy. Orn n3ydamu 3h(peKTHBHOCTB ayTCOPCHHT A,
METOZBI €ro MPUMEHEHUs], a TAKXKe Pa3lINIHbIC
ACIEKThI peaTM3alliy ayTCOPCHHTA B Pa3HBIX 00-
JIACTSIX AESATENBHOCTH. [ IprMepOoM MOXKET CITy KUTh
uccienoBanue, nposeaéuHoe 1. MakTepHanoM
[David Mc Ternan] rmo mpuMeHEHHIO ayTCOPCHHTa
B (prHAHCOBOI cthepe. ABTOP ONPOCHIT TBANATH
SKCIIEPTOB U HA OCHOBE UX MHEHMI IPOBEN OLIEH-
Ky OTHOIIEHUSI IPEIIPUHNMATEIEH K ay TCOPCHHTY
¥ pactpocTpaH€HHOCTH 3Toi yemyrH [1]. Jpyroit
eBporreiicknit sxcnept C. Jlyrpunarxayc [Sigrun
Liittringhaus], mpodeccop dapmimragckoro Tex-
HUYECKOTO YHUBEPCHUTETA, MPOAHATN3UPOBAI
TEXHUYECKHE W (PHMHAHCOBBIC MPOOJIEMBI B 3TOH
00acTy, paccMOTpPEB YCIIyTy ayTCOPCHHTIA TIPH-
MEHHUTEIBHO K OTACIBHOMY TPEennpusITHIO [2].
UccnenoBarenn n3 YHUBepcuTeTa AJTMKaHTE
B Hcmanmu P. T'oncanec, X. I'acko u X. Jormc
[R. Gonzalez, J. Gasco, J. Llopis] B cBonx mccie-
JIOBaHMSIX MTPOAHATM3UPOBAIN TIPUMEHEHNE ayT-
COpPCHHTA B HH(POPMAITOHHBIX TEXHOJOTHX [3].

Co cBoeli CTOPOHBI, MBI TAKKE TIPOBEITH LIETIBINA
PSII MICCTIETIOBAHMI 10 ay TCOPCHHTY B AzepOaiimka-
He. B xozie Hariero necieioBaHus ¢ HCTIONb30BAHN-
€M 3KCIIEPTHOTO METO/[a, MBI BBISIBUJIM, YTO ayTCOP-
CHHTOBBIE JIOTHCTHYECKHE YCIIYTH B TPAHCTIOPTHOM
KomIuiekce Asepbaifmkanckoii PectryOmiku mory-
YT OTHOCHTENIEHO HeOombIoe pazsutae [4]. To
MHEHHIO 3KCIIEPTOB, MHOTHE MECTHBIC KOMITAaHUH
HMEIOT COOCTBEHHYTO CKJIAJICKYFO CETh, TPAHCIIOPT-
HBIE U «€CTECTBEHHBIE) JIOTUCTUYECKUE MOIITHOCTH,
1y HUIX HET HAMEPEHHS OTKA3bIBaThCS OT HUX, XOTA
9TO 1o OBl BO3MOXXHOCTh COKPATHTH MPSIMbIC
TIPON3BOJICTBEHHBIEC M3CPKKH WM PACXOABI Ha
nponaxy. B 3Toil cBs3M OHM HE MONAraroTCcst U HE
PacCUNTHIBAIOT HA TIEpeiady OONBIIIEH YacTH JIOTHC-
THYECKHX yCITyT BHEIITHIAM JIOTICTHIECKHM TIOCPETI-
HuKaM. Kpome Toro, 3KCIepTsl, yKa3biBasi Ha TO, 9TO
PBIHOK JIOTHCTHYIECKUX MOCPETHNUKOB, TIPEIOCTaB-
JSTIOIMX YCITyTH BBICOKOTO YPOBHS MO Pa3yMHOM
IIeHE, OTHOCHTENIBHO OTPAaHUYCH, TOMIEPKUBAIIH,
YTO JIOTHCTHKA B CTPaHE MOMy4nia 3HAUUTEIBHOE
pasBuTHe Bo McnionHeHHe Ykaza [IpesnnenTa Azep-
Oaiimpkanckoi Pecrryommku ot 6.12.2016, KoTopsiM
Obuta yTBeprKaeHa «Crparermyeckas JOpOKHAS
KapTa pa3BUTHS JIOTUCTHKA U TOPTOBIID [5].

B uem npudrHBI HU3KOH paciipoCTpaHEHHOCTH
ayTCOPCHHTA Ha SKOHOMITIECKOM phIHKe AzepOaii-
mwxana? Ecmm 06001IMTh MHEHHS SKCIEPTOB, TO
MOKHO CJIEJIaTh BBIBOJIBI O TOM, YTO KOMITAHHH He-
JIOCTAaTOYHO JIOBEPSIOT JIOTUCTUUECKIM NPOBaiize-
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PaMm B IUIaHe IPEOCTABIIEHHS] UMH JIOTUCTHIECKHX
yenyr.

Lenv uccnedosanus. YToObI TIPEOIONIECTH 3TO
«OTCYTCTBHE YBEPEHHOCTH B HAJEKHOCTHY, JAAXKe
€CJIM KOMITAaHWH JOBEPSIIOT IPYT JIPYTY, KM HEOOXO-
JIIMO M3YUYHTb U OLIEHHTh CEPBUCHBII MMOTEHIMANT
1 Ka4eCTBO 00CITY>KMBAHMS [IOCTABILMKOB JIOTUCTH-
YECKUX YCIIyT, KOTOPBIE XOTST 3aK/IIOYUTh C HUMU
JIOTOBOD Ha OKa3aHHe ayTCOPCHHIOBBIX YCIyT. [Ipu
9TOM KOMITaHUSIM HEOOXOIMMO OIPENENUTh H Olle-
HHTb HalPaBJICHHsI CBOCH eATENIbHOCTH U IIPHHATH
ONTHMAJIBHBIE PEIIEHNS], COTIOCTABHUB ITPETIOKEHHS
MOCTaBIIMKOB JIOTHCTUYECKHUX yciyr. Ha ocHoBe
9TOM OLIEHKH KOMITaHHU CMOTYT OIPE/IEIIUTh CBOU
cI1adble CTOPOHBI, @ TAKKE TIOCTABIIMKOB, KOTOpHIE
npezyIaraoT npoeCcCUOHANIbHBIE YCIYTH B 3TOW
obnactu. Kak roBopuTCst B M3BECTHOI TIOTOBOPKE,
«KaXK[IbIA JTOJDKEH JIeNiaTh TO, YTO OH YMEET JIydIle
Bceroy. OnHa U3 CaMbIX OOJIBIIIHX OIIMOOK, KOTOPYHO
JIOITYCKaOT MHOTYE KOMIIAHHH, 3aKJTI0YAETCs! B TOM,
YTO OHH COCPEIOTAYMBAIOTCS HA BTOPOCTETICHHBIX,
a HE Ha OCHOBHBIX BUJIAX JIESTENIFHOCTH, YTO Mellla-
€T UM JIOCTUTaTh PE3YJIBTATOB C BBICOKMM Ka4€CTBOM
Y C HU3KUMH 3arparamu [6].

KoneuHo, Bc€ 310 Tpelyer MeTozia OLIeHKH, KO-
TOpBI OyIyT UCIIONB30BaTh KOMITAaHHUH. TyperKuii
uccrenosarens O. Wprvas [O. Yilmaz] B cBoeit
paboTe «AyTCOPCHHT Ha PEAIPHUSITHSIX ¥ €10 BITUSI-
Hue Ha 3 (EKTHBHOCTD BEJICHHS OM3HECa U3JIOKHIT
KpUTEPUH BHYTPEHHEH 1 BHEIITHEN OIIEHKH (C TOUKH
3peHHsI KITIOYEBBIX HAITPaBIeHHH paOb0ThI KOMITAHUH,
3arpar v puckoB) [ 7]. OmMHAKO MBI CUMTAEM, YTO ITUX
KPHUTEPHEB HEIOCTATOYHO IS IPUHSITHS KOMITAHHSI-
MH ONTHMAJIBHOTO PEIEHUs O COTPYAHHYECTBE
B c(hepe JIOrHCTHIECKOro ayrcopcunra. s aToro
MBI pa3padoTaIi HOBBII METOJ, 00aBUB €Ile /IBa
KpUTepHsi, KOTOpbIE KaCatOTCsl KOMIIAHWI: «OTCIIe-
JKMBaHUE TPY30B» U «IIPOBO3HAs CHOCOOHOCTH I10-
CTaBIIMKOB YCITyD».

METOONOIMA U PE3YNbTATbI
WCCNEOOBAHUA

Kaxk ykasaHo BblIIie, KOMITAHHH JIOJDKHBI [IPOBe-
CTH BHYTPCHHIOO 1 BHEILTHIOIO OLICHKY, IPEK/IC YeM
HPUHATH PELICHHE 00 HCMOIB30BAHUH YCIyT ayT-
COpPCHHTA.

BHyTpeHnHss oneHka

BHyTpeHHSs1 OlIeHKa COCTOUT U3 HIDKETIPUBE-
JEHHBIX ATAIIOB.

1. Oyenxa K10u€e8bIX KOMNEMEHYUIL U ONbL-
ma

OcHoBoMnoNararnue KOMIEeTeHIUH Ipe-
MPUATHS ABJISIOTCS BaKHEHIEH chepoit PIio-
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SKeHus eyl kommanuy. Ho criocoOHEI i KoMma-
HUU JeWCTBOBATH B JOIDKHON Mepe? JloctaTouHo
JIU Y HUX OIBITHBIX M KBAJTH(QHUIIUPOBAHHBIX
IITATHBIX COTPYIHUKOB Jisi 3T0oro? J[is omeHKu
OMBITHOCTH MEPCOHANIA PYKOBOJCTBO MPEATPHSI-
THS TOJKHO IOATOTOBHUTE CIIMCOK OIBITHBIX I10-
CTOSIHHBIX pAaOOTHHKOB C yYETOM UX KBAJTU(HKA-
U4, OMBITa pabOTHI, MOIYUYSHHOTO MPOPECCHO-
HaJlbHOTO 00pa3oBaHus u o0yueHus. Jlanee
KPUTEPHUH HaIMYUs MPAKTHICCKOrO OIMbITA
Y KOMIIaHHH OTPEISIISICTCS CIICTYFOIIM BBIpasKe-

HHEM!
Ne = Pcam :
N

w

3necs, N, 0003HaYaET KOJIMYECTBO OIBITHBIX
paboTHHKOB, N —0OI1IEE KOMYECTBO PAOOTHHKOB,
aP_ —KpuTepuii IPAKTHYECKOIO OMbITa KOMITAHUH.

Tokazarens KpUTepHs MPAKTUYECKOTO OIbITa
Haxonwres Bpenenax 0 < 1. Korma pesynsrar paBexn
1, KOJIMYECTBO OIBITHBIX COTPYITHUKOB MAKCHMAITh-
HO, a nipu 0 — muHrManbsHO. Ouerka Gonee 0,5
CUMTACTCS TOCTATOUHOM ISl TOCTHIKEHUsT d(hek-
TUBHOCTH [7].

2. Ouyenka pacxooos

Ha nanroM 3Tare HeoOXOMMO BBISIBUTE HAIIpaB-
JieHust, 0oree TPYIOEMKHE U 3aTPATHBIE, YeM OCHOB-
Hasl M BCIIOMOTaTeJIbHASI IS TENIbHOCTD TIPE/IIIPHsi-
THA. 3aTeM, OTIPENIENNB eKeMeCSIHBIe 00IIIHe pac-
XOJIbI M ©KEMECSTYHBIC PACXOJIbI Ha JIAHHOE HAITPaB-
JICHHUE JESITeIbHOCTH, OTPEACISIIOT KPUTSPUH

Pacxo/I0B, HCIIONB3Ys CIIEIYIOIIEE BBIPaXKEHHE:
Lo g,
g - Dem
3neck, E, —pacxosisl o OLEHHBaEMOMY HaIlpas-
JIEHHIO JIEATENBHOCTH, E, — COBOKYIIHBIE PacXojipl,
aE_—xpurepuil pacxoioB KOMIIaHHH.
ITokazarenb KpUTEpHsT PacXOIOB HAXOIUTCS
B npezenax 0 < 1. JKenarenbHbIA 4715 IpeANpUATUSL
Ppe3yabTar 1oIbKeH npubmmkarses k 0 [7].
3. Ouenka kauecmea
Ha stom srane 1714 onpeieneHus ypoBHs yCIIyT,
TIPE/IOCTABISIEMBIX MTPEIPHUATHEM, HEOOXOIHUMO
OTPEIENHTB OOIIHI 00BEM PaOOTHI, BHITOITHEHHON
3a OIpEIeNICHHbI epro/] BPEMEHH, a TAKKe 3a-
(hMKCHPOBaTh KOJIMYECTBO KAJIO0 M MpPETEH3UH
(neraTnBHast 0OpaTHas CBSI3b, CIIOKHOCTH BO B3au-
MOOTHOIIICHUX ). Ha 0CHOBE 3THX TaHHBIX KpUTe-
pHii Ka4ecTBa OIPEAEIISIETCs] N3 CIISYIOLIETO BhI-
paxxeHust:

Nc
N _Qcam'

s

3neck N 0003Ha4aeT KOIM4ecTBo #ajnod, N, —
o0111ee KOTMYECTBO OKa3aHHBIX yCIyT (B LU(pOBOM
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UCYUCIIEHNH), 8 Q_  — KPUTEPUI KaueCTBa KOMITa-
HUH.

[oka3zarenb KpUTEpUs KauecTBa HaXOAUTCS
B nuanaszone 0 < 1. Eciu pe3ynsrar OMu30k K 1, To
9TO SIBJISIETCS KpaiHe HEeraTHMBHBIM IOKa3areseM
JUTSL TIPEANPHSATHSL.

Kpome Toro, MbI Takke rpezyiaraeM poBOIHUTh
OLICHKY PUCKOB, MPEIIIOIaras, YTo TPU KPUTEPHS,
YIIOMSIHYTBIE B BBILICIPUBEAEHHBIX UCTOYHHKAX,
He TIOJIHOCTBIO OXBATHIBAIOT BHY TPEHHIOIO OLICHKY
JIOTUCTUYECKUX ayTCOPCHHIOBBIX yciyT. bes co-
MHEHHs1, 0€3011aCHOCTB EPEBO30K SBJISETCS OIHUM
U3 CaMbIX BaXXHBIX (DaKTOPOB, KOIJa pedyb WAET
o niepeBo3ke. [1o 3Toil mprurHe BaKHO OILIEHUBATh
0€301aCHOCTb U PUCKH NIPH ITEPEBO3KE.

4. Ouenka puckos

Ha stom stamne omnpezensiercsi KOJIN4ECTBO
aBapHi ¥ OILMOOK, POM3OLIE/IIIHNX 32 ONPEEIICH-
HBIIl NIEPHOJ] IKCILTYaTallMOHHON JIESITENIbHOCTH
TIPEINPUSTHS. 3aTeM PaCCUMTHIBACTCS KPUTEPUHA
PHCKa Ha OCHOBE CJICYIOIIETO BhIPXKESHHUS:

Na
N,

s

= Rcom :

3nech, N, 0603Ha4aeT KOJMYECTBO aBapHii,
oum60ok, N mipencrapiseT coboit obee Kosryec-
TBO OKA3aHHBIX JIOTUCTHYECKUX ycIyl, a R~ —
KPUTEPHIA PUCKA KOMITAHHH.

Ilokaszarenu KpuTepHs PUCKa OLICHUBAIOTCS
B quarnaszone 0 < 1. Pesynprar, Onuskwuii k 1, pac-
CMAaTPHBACTCSI KK CITHIIIKOM OIACHBIA JUIS TIPe/I-
TPHUSTHS.

Ha ocHoOBe 4eThIpEXCTYIEHYATON OLICHKH
B COOTBETCTBHUHU C YETHIPHMSI BBIIIE€yKa3aHHbI-
MU KPUTEPHUIMH, PEANPHUATUHS MOTYT OIIpe-
JeIUTh, B Kako# cdepe OyaeT mojae3HbIM UC-
MmoJib30BaHKue ayTcopcuHra. KoHeuno, 3To
cdepsl, B KOTOPBIX OHU 00JIaIal0T MEHBIITUM
ONBITOM U 00Jiee CKJIIOHHBI K OIIHOKaM, KOTO-
phIe U1 HUX OoJiee 3aTpaTHBI U 00JIee PUCKO-
BaHHBI.

BHemHss onenka

ITocne 3THX 3TanoB CTAHOBUTCA aKTyaJIbHBIM
TMIPaBUIILHBIN BHIOOD MOCTABILMKOB YCIIYT, TO €CTh
BHEIIHAA OIleHKa. ECTeCTBEeHHO, Kax10e Mpe-
MPUATHE CTPEMUTCS K ONTUMAIBHOMY, HAAEX-
HOMY U KBaJIM(UIIMPOBAHHOMY, OCHOBAHHOMY
Ha OOJBIIOM OmbITE, cOTpyAHUuYecTBy. Ho Ha-
CKOJIBKO MOKHO JIOBEPSATh IOCTaBIMKaM YCIIyT?
KakoBb! mpenmyiecTBa cotTpynnudectsa? Yro-
OBl OTBETHThH Ha TaKue BOIPOCHL, NPEANPUATUS
TaKkKe JOJKHBI IPOBECTU BHEUIHIOIO OICHKY.
B omnugne ot BHyTpeHHE! OLIeHKH, OUCAaHHOMH
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B JINTEPATYPE, JJIs1 BHEIIHEH OLEHKH Mpe/ijiara-
€TCs YeTBIPEXITAIHAS OIEHKA.

1. Ouenka nocmasuiukos yciyz

Ha 3T0M 3Tare y1st OIleHKH TOCTABIIUKA YCITYT
MOXKHO HCIIONTB30BaTh METO orpoca. [lepeuncien-
HBIE HIDKE B aHKETe (DaKTOPbI OIIEHUBAIOTCS B JIHa-
nazone ot 0 10 10 6awios.

* Y3HaBaeMOCTh KOMITAHWH.

* TIpomOIDKUTENBHOCTD JESITENLHOCTH KOMITa-

HHH.

* KoJTM4eCTBO OMBITHBIX COTPYAHHMKOB B chepe

JIESTEILHOCTH.

* [TocTOSsIHHBIE U HOBBIE KIIMEHTHI KOMITAHHU

(KOJIM4eCTBO, HAMMEHOBAHUE U T.J. JAPYTUX

OpraHHU3alUKA-TIAPTHEPOR).

» OUHAHCOBBIE BO3MOKHOCTH KOMITAHUH.

» TexHHKA U CHCTEMBI, HAXOMISAIINECS B COO-

CTBEHHOCTH.

* BO3MOXKHOCTH JJ1s OTKPBITOTO 00IIeH s (Or1e-

PaTMBHOCTH OTBETOB HA 3alPOCHI KIIHEHTOB,

CIICKTP KaHAJIOB U BO3MOXKHOCTEH s 0OIiie-

HUS).

Iocre 3amoHeHNsT AHKETHI KPUTEPHIA OIbITA
TIOCTABILMKA YCIIYT ONpPE/ESIeTCsl HA OCHOBE CJle-

JTyFOITIETO BBIPAKCHHUSL:
P P

pro*

n

3necs, Pf MPECTABISIET OO0 YHCII0 OAILIOB,
KOTOPBIMH B OTBETaX Ha aHKETy OBLIH OIICHEHBI
MePEYHCIICHHbIC (PAKTOPBI, N — KOJUYECTBO (haKTo-
poB, a Ppm — KpUTEPUH OIIbITA IIOCTABILUKOB YCIIyT
[7].

JocTtmxeHne BbICOKUX MOKa3aTesei 1o Kpure-
PHIO OIBITHOCTH — JKEJIaTeIbHBIA pe3ynbTaT Ha
TIepBOM 3Tare BbIOopa nocrabiimka. OJHAKO ATOT
TI0Ka3aTelb, CaM 110 ceOe He SIBISIETCS JOCTaTOUYHbIM
JUTSL 3aKJTFOYEHHST JOTOBOpa ayTCOpcuHTa. BakHo,
YTOOBI TIOCTABLIMKH YCIIYT ObUTH (PHAHCOBO YKH3-
HECIIOCOOHBIMHU.

2. Ouenka pacxooos

Ha »toMm 3Tane kpurepuii pacxonoB onpenes-
€TCsl OTHOIIICHHEM CTOMMOCTH TNPEIOCTaBIISIEMbIX
TIOCTABIIMKOM YCITyT K OOIIIMM pacxoiaM KOMITaHUH:

»

3necs, Eap —1eHa ycuyr, E - o01me pacxompl,
a Epm — KpUTEPHI PACXO0B B OTHOIIEHUH IIOCTAaB-
IIIVKOB.

Ioka3zarenb KpUTEpHsI pPacXOl0B HAXOIUTCA
Brpenenax 0 < 1, 1 IpeAnprsTHS CTaparoTCs IOTy-
ynTh pe3ynbrar, o3kl k 0. Ho mpw orenke pac-
XOIIOB HEOOXOMMO NPHHHUMATh BO BHHIMaHHE HE
TOJIBKO CTOUMOCTB YCITyTH, HO M KOJITIECTBO U Ka-
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YEeCTBO MpeNIaraéMbIX padOT, B COOTHOIICHUU
C 3aTpayeHHBIMU HA HUX (DUHAHCOBBIMH CPEJICTBA-
mu. [ 1o 9T0ii nprurHe MHOTIA KOMITAaHUH 3aHHTepe-
COBaHbI B MApTHEPCTBE C MOCTABIIMKAMH, JAKE
ecIu Eap> Etp 71

3. Ouyenka kauecmea yciye

Ha sToM atame ajist onpezneneHus: KauecTsa
YCIIYT, MPEIOCTARISEMbIX X MPOBANICPOM, HEOO-
XOJTUMO OTIPEICIUTh OOIIHIT 00BEM BBITOJTHCHHBIX
PpaboT 3a orpeeNEHHBII ePHO BPEMEHH U YHCIIO
MOCTYIHUBIIHX 5KaJi00 (HeraTuBHast 00paTHas CBS3b,
CJIOXHOCTH BO B3aMMOOTHOIIEHU:X). Kputepuit
Ka4ecTBa 3aTeM OIpEEIIeTCs Ha OCHOBE CIIEIYyI0-

IIIETO BHIPKCHUS:

N,
N, "%

5p

3necs N, , OTHOCHTCS K KOIIHYECTBY #xanod, N, »
o0111ee KOJIMIECTBO OKa3aHHBIX yCIyT (B IM(poBOM
WCUHCIICHNH), d me — KpUTEpU KadecTBa yCIyr
TIOCTABIIHKOB.

IMToka3zareny KpUTEpHsi KayecTBa HaXOIATCS
B quara3one 0 < 1. Pesynprar Omskwii k 0, 310 TOT
PpE3yNbTaT, KOTOPBIA OXKHUIAIOT MPEIIPHATHS OT
CBOMX ITOCTABIIMKOB YCIIYT:

4. Oyenxa pucka

Kaxk 051110 0TMEUY€EHO IpH ONIMCaHUH BHY TPEHHEH
OILIEHKH, (haKTOp pHCKa Ha TPAHCIIOPTE TAKKE BaXKEH
TS BHENTHEH OICHKH.

Ha stoMm srtane omnpenensiercst 4ncio aBapui
1 oIIMOOK, TIPOU3OLISIINX BO BPEMSI OIpe/IesIeH-
HOTO TIepHOZIa JESTeIbHOCTH MOCTaBIINKA YCIIyT,
a KpUTEpU prCKa OMpeJeNsieTcsl Ha OCHOBE Clie-

JTYFOLIETO BBIPAsKEHHSL:
N,
N - Ry, .

p

3nech Nap OTHOCHTCSI K KOJIMYECTBY aBAPHA,
onmoboK, N, o 00111ee KOJIITIECTBO OKA3aHHBIX YCIIYT,
a Rpm— KPUTEPUI pUCKa B OTHOLIEHUH MOCTaBILH-
KOB.

ITokazaTtenp KpUTEepHs pHCKa OLCHUBACTCS
B muarnasone 0 < 1. Koneuno, komMmanusM tpedyert-
CsI TapaHTHPOBAHHAs yCITyTa OT MOCTaBIIHKa B OT-
HOIIIEHUN HaJEXHOCTH €€ okasaHwusa. 1o ston
IIPUYMHE TaK BayKEH KPUTEPHUI PUCKA.

CremyeT OTMETUTD, YTO B JOTIOIHEHUE K BbI-
IIEONMCAHHBIM KPUTEPHSIM KOMITAHUH XOTSIT OBITH
TaK)X€ YBEPEHHBIMH, YTO OTIPABICHUS OymyT
JIOCTaBIICHBI B HAJJIEXKAILEM BHIE U B OIPEAENEH-
HOE BpeMsl, a TakoKe BCeraa ObITh B Kypce CHTya-
uuu ¢ ToBapami. I1o 3T0M npuynHe, B 10MOJIHE-
HHE K KPUTEPUSIM BHEIIHEH OIEHKH, MPEICTaB-
JIEHHBIM B JINTEPATypPe, MbI IIPEJIaraeM elie aAsa
KpUTEpHS:
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i COuewea pncxa"

No CpaBHRBEaeMEIe AKTOPEI T
. ShiemEa
| | /OueHKA KIFOYEERTX HAEBIKOE H OTIEITA 0.50 070
2 O1IeHEA CTOMMOCTH 0.23 0.10
1 (MIeHEA Ka4uecTEa 043 023

el

' PacueT mpoE0zHOI criocobHOCTH

O a0

4 | PacueT cTemeHN OTCNeRMEIFIA IPY3a

I.09

E

Puc. 1. Tabnuya cpagHeHus pe3yibmamos [8bINOIHEHO asmopamu].

a) KpUTEPHH JUL pacuéra MpOBO3HON CIIOCO0-
HOCTH;

0) KpUTEpHH TS OTCIIEKUBAHKS TPY30B.

5. Pacuem npoeo3noii cnocoonocmu

J1J1s1 onrcaHus ITPOBO3HOM CITIOCOOHOCTH MBI
pa3paboTanu cienyioliee BEIpaKeHne:

n

3neck L 0b03HavaeT koo huLmeHT 3arpysku
TPAHCIIOPTHOTO CPELICTBA OCTABIIMKA JTJOTHCTHU-
YEeCKHX YCIyT (T/KM), 7 — KOJIMYECTBO peiicoB,
COBEPIICHHBIX TPAHCIOPTHBIM CPEACTBOM
(B undpoBom ncuucienun), a C — cpeJHUN KO-
3¢ duUIHMEHT KCTIOIB30BAHUS TPOBO3HOM CIIOCO0-
HOCTH.

Kputepuit C — mokasaresp mpoBO3HOII cIIo-
COOHOCTH KOMITaHHH, IPEAJIaratomel JJOrucTH-
YeCKHe YCIyT'H Ha yCJIOBHAX ayTCOPCHHTA.
B HekoTopoli crenenu oH JAaET OTBET Ha BOIPOC,
MOJKET JIM BTOpast KOHTPaKTyeMasi CTOPOHa yH0-
BJICTBOPHUTH CIIPOC Ha mepeBo3ku. [Tokaszarens
C naxonures B nrana3zone 0<0,5<1. Ecimn C<
0,5, To k03 dHULKEHT CBUIETEIBCTBYET 00 -
(EeKTHBHOCTH, 3TO KEJIaeMbId pe3yabTaT Iis
komnanuii. Ecnu 3nadeHune koddpduureHTta
C naxoaurcs B auanasone 0,5 < 1, mocTaBiiuk
JOTUCTHYECKHUX YCIYI CUUTACTCS YaCTHYHO
Heperpy>KeHHbIM U IIPeIIoaraeTcs, YTo OH He
CMOXET MOJIHOCTBIO YAOBJIETBOPHUTH IIOTPEOHO-
CTH HOBBIX KIIMEHTOB B IIEPEBO3KE.

6. Cmenens omcnexicusanus zpy3a

XOpoIIo M3BECTHO, YTO OAMH U3 Hamboiee
TPEBOKALMX IPY30BIIaEIbLEB BOIPOCOB CBI3aH
C X JKeJIaHHeM 3HaTb, IJle HaXOMUTCS UX I'Py3,
TO €CTh BO3MOXXHOCTBIO OTCIISKHBATh €T0 MEC-
TononoxeHne. KoHeuHo, OTciexuBaHue Ipysa
OYeHb Ba)KHO B paMKax OHM3HeC-IIaHUPOBAaHUS
U [IPEIIIOrPYy304HON ITOATOTOBKH HOCIIEAYFOIINX

Mup TpaHcnopTa. T.19. Ne 6 (97).

rpy30BbIX onepauui. Kak cieactsue, Bompoc
OTCIICKUBAHMA I'py3a B IyTU CIEJOBAaHUS B CO-
BPEMEHHOU NePEBO30YHOI 1A TEIEHOCTH HaX0-
JUTCS Ha MEPBOM MECTE B IIEpEUHEe KPUTEPUEB,
MPEIbABIAEMbIX MOCTABIINKAM JIOTHCTUYECKUX
ycayr. st onpeaeneHys CTeNeHH BO3MOKHOCTH
OTCIICKUBAHUSI TPY30B MBI [IPE/IaraeM CIeayro-
1iee BIpakeHHe:

3mechk N, — KOJHYECTBO OTCIEKUBAEMBIX
TPaHCHOPTHBIX CPEICTB, KOTOPBIE MOTYT OBITH
HCIIOJIb30BAHbI ITOCTABIIMKOM JIOTHCTHYECKUX
yenyr, N, — o0uee KOIMYeCTBO TPAHCTIOPTHBIX
CPEACTB, UCIIOIb3yEMBIX HOCTABIIUKOM TPAHC-
MOPTHBIX YCIIYT, & T — KPUTEPUI BO3MOKHOCTHU
OTCIICKHUBAHUSA I'Py3a.

3HaucHUE TIOKA3aTels 0 KPUTEPUIO OTCIIe-
JKUBaHus oneHnBaeTcs B quamnasone 0 < 1. Ko-
HeuHo, ecnu kodddunuent T 6au3ok k 1, TO
KOJIMYECTBO OTCIIEKHBAEMBIX TPAHCIOPTHBIX
CPEeACTB OIHM3KO K MOXKEJIAHUAM NPEATPHUATHH.

Pe3ynbTarhl, MOIydeHHBIE ITOCIIE BCEX 3TAIllOB
OLICHKH, TTO3BOJIAIOT CAENATh MPABUIBHBIN BbI-
6op mocraBiyka. OJHAKO CIEAyeT OTMETUTH,
YTO 70 MPHUHATHS PEIICHUS O COTPYAHUYECTBE
¢ MOCTAaBIIMKaMH AOJDKHA OBITH NMPOBEAEHA
CBEpKa pe3yJIbTaTOB BHYTPEHHEN U BHEIUHEH
OLeHKHU. UTOOBI yIIPOCTHUTH IIPOLIECC, MBI COCTa-
Buin Tabnuiy nokasareneit B Microsoft Excel,
pa3pabOTaHHYIO C HCIOJIb30BaHUEM KOPPEISIIIU-
onHoro merona (Puc. 1). Dta Tabmuma cocras-
JieHa C UCIIOJIB30BAHHEM IPOCTOH (QyHKIUH
cpaBHeHus. Takum 00pa3om, B Heil JIOTHYECKH
CPaBHHUBAIOTCS PE3yJIbTaThl BHYTPEHHEH U BHE-
IIHEH OLEHKH, B pe3yibTaTe 4ero B CTONOIe
IoKa3arenell JeMOHCTPUPYIOTCS MHIUKATOPHI
«COOTBETCTBUS MIIM «HECOOTBETCTBHS».
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Ota TabnHIa COCTOUT U3 YEThIPEX YacTei:

* CpaBHHBAaEMbIC KPUTEPHH.

* Pe3ynbrarsl BHYTpeHHEH OLIEHKH.

* Pe3ynbrarsl BHEITHEH OLIEHKH.

* [Tokazareiib COOTBETCTBUSL

Ha u3o0paxkennu asi oOpasiia 100aBJICHBI
ycioBHbIe 1UGpbL. ECiiu NpuHATH BO BHUMAaHUE
PE3YABTaThI, MBI MOXKEM YBHJICTh, YTO COINIACHO
TI0Ka3aTesIi0 COOTBETCTBHSI «COBIIAJINY YTBEPIKIe-
Hus 1o kputepusm 1, 3,4, 5 1 6, a «okazanuch He
COOTBETCTBYIOIIMMH JIPYT JPYTY» TI0 KPUTEPHIO
2. IlepeMeHHbIe MOKa3aTesst pa3IM4yaloTCs B 3aBU-
CUMOCTH OT BHYTPEHHEH M BHEIIHEH OIICHKH
(axropoB. Takum 00pa3oM, JIETKO CPaBHHUTH pe-
3yJIBTaThl, 3aHeCs UX B TAONMIy MOKa3aTeiew.
Eciu GosIBIIMHCTBO PE3yIIBTaTOB 3TOr0 CPABHEHHS
«IOJXOAIINCY, COTPYIHUICCTBO C JIOTUCTHYC-
CKUMH ayTCOPCHHTOBBIMH KOMITAHUSIMA MOYKHO
CUMTATh YCIEIUIHBIM.

B pesynbrare, kak ObLIO CKa3aHO B Havalie CTa-
ThH, TIPOOJIEMa HEAOCTATKA JIOBEPHSI M HEOBEPUS
MEX/Ty KOMITAHUSIMH U TTPETPHSTHSIMH, SIBIISTFOLLIASI-
Csl OJIHOW M3 NPHYMH OTHOCUTENIBHO Cl1aboro pas-
BUTHSI ayTCOPCHHIa HA SKOHOMHUYECKOM DPBHIHKE
Asepbarimkanckoit PecryOnuku, OyneT perieHa
MPABHIHHBIM METOJIOM TP MPUHSITHH [PABUIBHBIX
peteruii. C MOMOIIBIO 3TOr0 HOBOTO METOIA KOM-
TIAHUK CMOTYT OIPEAIEIIUTH O0JIACTH IS TENTEHOCTH,
B KOTOPBIX Y HUX HEIOCTATOYHO OIBITA U KOTOPhIC
TpeOyroT OONBINUX 3aTPaT U 00Jice PUCKOBAHHBI,
aTaKXKe CMOTYT BBIOPATh ONTHMAJTLHBIX TOCTABIIH-
KOB JIOTUCTHYECKHX YCITYT.

BbIBOAbI

DKxoHOMHUYECKHE pe(OpPMBI B CTpaHEe U CO3/1a-
HHUE MPO3PaYHOil OM3HEC-CPEIBI TS P IIPUHI-
Marejiell B pe3yJibTare CepbE3HOi OOPHOBI C PhI-
HOYHOUN MOHOIIOJIMEH KOCHYTCS MCHEE Pa3BUTHIX
otpaciieli sSkoHoMHKU A3epOaiikaHckoii Pecrry0-
JIMKH. YCTICIIHBIC TTOJUTUYCCKUE U 3KOHOMHYEC-
ckue peopMBbI, IPHUHSITast CTPATETHICCKAs TOPOXK-
Hasl KapTa CO3A0T OJIArONPUATHBIC YCIIOBUS IS
H3YYEHHST MAPOBOTO OIBITA JIOTHCTHYECKOTO ayT-
COpPCHHIa, MPOJBUKCHUS MOCTABIIUKOB YCIyT
3PL-70rucTiKH ¥ BEIXOJA HA PHIHOK ITOCTABIIHKOB
ycayr 4PL-noructuku. Ilockoneky mMonens ayT-

COPCHHTOBBIX YCIYT, IIMPOKO HCIIOJNb3yeMast
B COBPEMEHHOM MEHEIDKMEHTE, IIOBCEMECTHO
TIPHMEHSIETCS] CETO/IHSI B Pa3BUTHIX CTPaHAX MHPA,
TO W B SKOHOMHKe A3zepOaii/ykaHa B MOCIIENHES
BpeMs1 MBI MOKEM HaOJIIONATh Niepeiady yrpasiie-
HUs1 OM3HEC-TIPOLIECCAMH TPEThEH CTOPOHE, HAIPH-
Mep CO3aHue OOJBLIOr0 KOJIMYECTBA IPENIpHs-
THii, Takux kak «YOM Logistics Azerbaijany,
«Baku Logistics Centre», «Business Service
Centrey» [8]. IlpeacTaBieHHbII HAMA METO/ HE
TOJIBKO CTaHET MOJIE3HBIM PECYpCoOM ISl Mpen-
TIPHSTHH, KENAIOIINX BOCIIOIB30BATHCS YCIyTraMu
ayTCOPCHHTA, HO ¥ OyJIeT CIIOCOOCTBOBATH Pa3BH-
THIO YCIIYT JIOTHCTUYECKOTO Ay TCOPCHHTA B 9KOHO-
MHKe AzepOaiihkaHckoi PecryOmikm.
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AnHa BOTEP

AHHOTALIUA

AkmyanbHOCMb NPo8edeHuUsi cumyayuoHHO20 aHau3a
PbIHKa 2py308bIX NEPEBO3OK 3aKr4aemcs 8 ux obuieli cmpame-
2uyecKoll 3Ha4UMOCMU 8 KOHMEKCME IKOHOMUYECKO20 pa3sumust
Poccutickoli ®edepayuu. B yacmHocmu, 8bicmynas 8 kayecmeae
aKmUBHO20 y4acmHuKa 3KOHOMUYECKoU OesimenisHoCmu, 8 mom
yucne U BHEWHE3KOHOMUYECKOU, cghepa 2py30nepeso3oK seris-
emcs Kr4egoll 8 0CYWeCmaneHuU NOCMasok moeapos, Pecypcos,
npodogosIbcmeUst U UHbIX 2py308.

Bmecme ¢ mem, npedcmasnsem 0cobbili UHMepec makou
aHaru3 8 0mHoWeHUU HenocpedcmeeHHo nepuoda u nocrnedcmeut
naHdemuu. OH daém 803MOXHOCMb HE MOMbKO cOeramb 8b1800k1
06 U3MEHeHUU Konu4ecmeeHHbIX nokazameneli (obuwjee Konuyec-
Meo OCywecmensieMbIX 2py30Nepeeo3oK CHU3UTOCh, YMO HECKOSTb-
KO OCIOXHUIIO nonoxeHue psda xosslicmeyruwux cybbekmos),
HO U 8 onpedenéxHoli mepe paccMompems adanmauyuto UHCmpy-
MEeHMO8 CUMyayUoHHO20 aHanu3a 01 cumyayuli ¢ docmamoyHo
CUIMbHbIM 8M1UsIHUEM Hemunu4HbIX d)akmopoe.

Mpedmemom u3yyeHus e daHHOlU cmambe 8bicmynaem
npoyecc cumyayuoHH020 aHanu3a pbIHKa 2py308bIX NEPE8o3oK ¢
UESbi0 8bIsI8/IEHUST OCHOBHBIX 3aKOHOMepHocMell 8 cghepe asmo-

demuro, COVID-19.
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CuTyauMOHHbIW aHanu3 pPbIHKa rPy30BbIX
nepeBO30K U NEPCNEKTUBLI €ro pa3BUTUSA

Poccuiickuii ynusepcumem mparcnopma, Mockea, Poccusi.

MOBUbHO20, Xene3HO00POXHO20 U MOPCKO20 mpaHcnopma.
Kpome mozo, nony4eHHble nocpedcmeom aHasnu3a daHHble s6/1st-
tomcst 0cHOBOU 01151 COCMABIIEHUS OCHOBHBIX NPO2HO308 OanbHed-
Wwe20 COCMOSHUS 8Celi ompacu epy30nepeso3ok.

B koHmexcme uccnedosarus bbutu 3adelicmeosaHsl Memo-
Obl aHanU3a U CUHMe3a AKOHOMUYECKUX U CMamucmuyeckux uc-
MOYHUKO8 UHGhOPMALUU; 8 MO XKe 8peMs a8mop oNupancs Ha psio
amnupuyeckux memodoe uccrnedosaHus u nposedeHue SWOT-
aHanusa.

Pesynbmambi mekywie2o uccrnedosaHusi uMelom HeoOHo-
3HayHbIl xapakmep — ¢ 00HOU CMOPOHbI, MOXHO Habmodamb
obuwee passumue ompacnu ¢ NO3UYUU USMEHEHUs cocmaea
PbIHKa, @ makxe eé ycmoliqueocmbs OMHOCUMENbHO Opyaux chep.
B mo xe epems aHanu3 croxuswezocs 8 nepuod naHoemuu co-
CMOSIHUSI 2py30Nepeso30K MOXHO cyumame 6 60mbLol cmenexu
3asucAWuM om dasnbHelwe20 enusHUS nocrnedcmeuli naHoemuu
COVID-19 Onst akoHOMUKU 8 yeriom. BaxHo, 00Hako Ymo ompacsib
npodeMOHCMpUpOsana ebICoKyk adanmayuoHHyk cnocobHOCMb
Kk nepeHacmpolike desmenbHOCMU 8 yCrosusiX bbicmpo2o usme-
HEHUST BHEWHE20 SKOHOMUYECK020 (hOHA U KOHBIOHKMYPbI PbIHKA.

Knroyesbie croga; mpaHcnopmHas ompaciib, 2py30NepesosKu, CUMyayUOHHbIU aHasu3, naHdemusi, COCmMosiHUe ompacniu 8 naH-

[ns yumuposarusi: bozep A. 1. CumyayuoHHbIl aHanu3 pbiHKa 2py308bIX NEPEBO3OK U hepcnekmuskl e20 passumus // Mup
mparcnopma. 2021. T. 19. Ne 6 (97). C. 38-47. DOI: https://doi.org/10.30932/1992-3252-2021-19-6-6.

MonHb I mekecm cmambu Ha aH2nulickoM s3bike ny6nukyemcs 60 mopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

B nanneMuiiHbIi 1 HOCTIIAHIEMHUMHBIN IEPUO-
bl aHAJIM3 CETMEHTOB PhIHKA SABJISICTCS] OHAM M3
CTHI0CO0OB BBIABJICHUS 3aKOHOMEPHOCTEH (DyHK-
[MOHUPOBAHUS KOMIIAHUH B NEPHOJ KPHU3HCA.
I'maBHBIM 00pa3oM 3TO MO3BOJISIET OTPA3UTH Te-
KyIIHe TeHJCHINH BCETO PBIHKA, BEIIBUTH O0IIIEE
COCTOSTHHE OTACNIBHBIX COCTABIIAIOIINX 1 Ha 9TON
OCHOBE C(OPMHPOBATH MIEPCIICKTUBHBIC HAITPaB-
JICHUSI UX Pa3BUTHA M mpeobpazoBaHud. Tak,
B paMKax JaHHOW CTaThbW MPEATIONAraeTcs Ipo-
BEJICHUE CUTYAIIMOHHOTO aHAJIN3a JICITEIBHOCTH
PBIHKA TPY30BBIX IEPEBO30K B YCIOBHAX MPEOJIO-
nenns nocaencteuid mangemun COVID-19, uto
TIpeoaraeT MPOBEICHNE IIEPBUYHOTO aHATN3a
CHTYaIlH, TPEOYIOIIETO JATBHEHINETO YTOTHEHHS
o Mepe (HOPMUPOBAHUS OTIBITA U aHATTI3a COOBI-
THH, npomomennmx B nepuon 2021 roma, B Tom
YHCIIE TTOJTHBIX CTaTUCTHYECKHUX JaHHBIX. Kpome
TOTO, aKTyaJIbHOCTh 3asIBICHHONW TEMaTHKH 00-
YCIaBIMBAETCA CTPATEINIECKON 3HAYNMOCTHIO
9TOTO BH/Ia YKOHOMUYECKOH e TENbHOCTH JUTS
Bcei akoHoMHKH Poccniickoit denepanun. [an-
HBIA (QaKT MOTIEPKUBACTCS TEM, UTO TPY30BBIE
TIEPEBO3KHN (2 IMEHHO JKEJIE3HOOPOKHBIE, aB-
TOMOOWJIBHEIE, PEYHBIE W MOPCKHE) 3aHIMAIOT
KITFOYEBBIC TIO3UIIMH B TOBapOOOOPOTE, IIepepac-
TIPE/ICIIEHUH PECYPCOB U BHICTYTIAIOT IEHTPAITh-
HBIM 3BE€HOM LIETIOYKH TTOCTaBOK. C 3TOH mo3u-
LI1H, CIA)KWBAHNE TIOCTIIAHAEMHIHBIX ITOCTIE-
CTBHH (32 cu€T (OPMHUPOBAHUS CHCTEMBI PEKO-
MEH/IATEIBHBIX MEPOIIPUATHH, aKTyaTbHBIX JUIS
Pa3TNYHBIX KOMIIAHHU) TIO3BOJIUT B yCKOPEHHBIX
TEMITaX BOCCTAaHOBHUTD JIJaHHBIN CETMEHT PHIHKA,
KaK MHHAMYM, BEPHYB €T0 B JIOKPH3HUCHBIC T10-
KazaTey.

Taxum 06pazoM, GOpMYITHPOBKA Y e/ HCCITe-
JIOBaHHS — TPOW3BECTH KOMIUIEKCHBIM aHaIIN3
PBIHKA TPY30BBIX TIEPEBO30K U HEPCIIEKTHB €0
JabHEHILETr0 pa3BUTHS.

METOQONOrMA UCCNEQOBAHUA

B xoxe ncciaenoBanns ObIIH 3a4€HCTBOBAHBL
MemoObl aHANHW3a W CHHTE3a JINTEPaTypPHBIX
9KOHOMHYECKUX ¥ CTATUCTHUECKIX HCTOUHUKOB
nHbpOpMALNU; KPOME TOTO, 0C000e MECTO
B CTPYKTYpE OIEPAaTHUBHOTO AHAIN3a 3aHSIIH
SMIUPUIECKHE METOABI CpaBHEHMS, HaOIo/e-
HUS, abCTparnpoBaHus, 0000IIECHHS U P APY-
rux. B KOHTEKCTE CHUTYallMOHHOI'O aHAIU3a
TJIaBHBIM 00pa3oM 3aAeHCTBYIOTCS METOIBI
aHaJIN3a CTATUCTUYECKUX JAHHBIX (MX U3ydCHHE
B AWHAMUKe) ¥ (HOPMHUPOBAHNE PEKOMEHIAIINIH
Ha ocHoBe SWOT ananmza.

& Mwup TpaHcnopTa. 2021. T. 19. Ne 6 (97). C. 38-47

PE3YIbTATbI U UX OBCYXOEHUE

Ha coBpemenHoM 3Tamne macuraObl mocies-
creuit margemin COVID-19 umeror o6memmpo-
BOM xapakrep. B 4acTHOCTH, pbIHOK IPy301IEPEBO-
30K B TAKHX YCIIOBHSIX ITOABEPICS OCOOBIM H3Me-
HeHmsiM. Kak ormedaer Bloomberg, B cuity Bims-
HUS 9aCTH OTPAaHWYCHHUI Ha JEATEIBHOCTH
TPAHCTIOPTHON OTPAciH, B OTACIBHBIX PETHOHAX
HaOMIONAINCh TPYITHOCTH, CBSI3aHHBIE C PA3PHIBOM
IIETIOYEK MOCTaBOK TOBAapoB. B wacTHOCTH, 3TO
KacaeTcsl IesITeNIbHOCTH KoMnanuid EBponeiickoro
1 A3HAaTCKOTO PHIHKOB. JTO MPHUBETIO K HEKOTOPHIM
PHCKaM [UTSL ISATEIBHOCTH PSZia TPSITIPHSITHIA .
B cBoro ouepenp, MPaBUTEIBCTBA MPHHIMAIHN PAT
Mep, HalleJICHHBIX Ha MUHUMH3AIIO TAaHHBIX 3a-
neprkexk [ 1]; Tak co cropors! EBporieiickoii komuc-
CHY OBUTH BBEZICHBI MEPHI 11O BHEIPEHHIO «3ETIEHBIX
TIOJIOCY, MPETIONAralomuX Psii MEXaHU3MOB 10
obecrieueHnI0 (HYHKIIMOHUPOBAHUS JKEJIE3HOMO-
POXKHBIX, BOTHBIX W aBHANlEPEBO30K B paMKax
Enwuroro peiakaZ,

Kpome Toro, MHOTHE aBTOPBI BBIACISIIOT P
cnenu(UUeCKUX 3aKOHOMEPHOCTEH, CBS3aHHBIX
C BIMSHHUEM MaHAEMHHU Ha (yHKIMOHHPOBAHKE
TpaHCIIOpTHOM oTpaciu. B pabore /1. JIocke mox-
g€pKUBaeTCs, 9TO 00BEMBI TIEPEBO3KU CYyXUX
MIPOAYKTOB B PO3HHYHON JIOTHCTHKE OKa3aJINCh
3aBHCHMBI OT KOJIMIECTBA HOBBIX CITyJaeB 3apaxe-
HUS B ICHB — 3TO CTAHOBUTCS TIOBOZIOM JUTS KOH(-
JIMKTa HHTEPECOB, BOHHUKAIOIIETO MKy TPaHC-
TIOPTHBIMU KOMITAaHMSIMH M CEKTOPOM JIOTHCTHKH
(B wacTHOCTH, IPOIYKTOBOTO puTeina) [2].
3. A. Max 1 ipyTHe B IPOBEIEHHOM HCCIICIOBAHII
CHeNay psJl YTOYHEHHWH KacaTelIbHO 3aHATOCTH
paOOTHUKOB TPAHCIIOPTHOW OTPACIH — aBTOPEI
BBISICHHIIN, YTO Pa3JIM9HbIC TPAHCIIOPTHBIE CEKTO-
PBI ITOHECTH Pa3INYHBIE YOBITKH BCIIEICTBHUE
BIMAHUS TaHAEMHUH (OONBIIYIO YCTOHYMBOCTH
UMENTN KOMITAaHWH, Ybs JEATEIbHOCTh CBSI3aHa
C TPYy30MEPEeBO3KaMH, 8 IMEHHO C TIOCTABKOH IIPO-
JIOBOJIGCTBEHHBIX TOBAapOB); B TOM YHCIIE, 3TO Ka-
caercs W ypoBHS 0e3paboTHIBI — PabOTHHKH
TPAHCIIOPTHBIX CEKTOPOB, OPHEHTHPOBAHHBIX Ha
paboTy C JTIOIBMH, B TOM UYHCIIE C TTACCAKUPAMHU,
1 HE CBA3aHHBIX C JIOCTABKOH TOBAPOB, TEPSIIN
pabory Ha 20,6 % gamie apyrux [3].

! Bloomberg — Freight-Cost Pain Intensifies as Pandemic
Rocks Ocean Shipping. [DaekrponHslii pecype]: https:/
www.bloomberg.com/news/articles/2021-02—-04/freight-
cost-pain-intensifies-as-pandemic-rocks-ocean-shipping.
Joctyn 26.11.2021.

2 Transportation during the pandemic. [DaeKkTpoHHBIH

pecypc]: https://ec.europa.eu/info/live-work-travel-eu/
coronavirus-response/transportation-during-pandemic_en.
Jocrym 26.11.2021.

Borep A. 1. CATYaUMOHHbIN aHanu3 pbiHKa rpy30BbIX MEPEBO30K U NePCMNeKTUBLI Ero pa3BuTUS




1. Yxan, E. Xascu u Jlopenc JI. ®pank npous-
BEJM 3KCIICPTHBIN OIMPOC PYKOBOIMTENCH (yIpaB-
JISTIOIIMX CTELNAIIICTOB) KAcaeMo IPUHSITHS perie-
HMI1 B KOHTEKCTE BJIMSIHUS MaHneMud. B cpenaem
qyTh Oosiee 30 % ropozoB He MMENH PYKOBOISIIIX
JIOKyMEHTOB WJIH IUIAHOB JAEHCTBUH Ha cirydait
BO3HUKHOBEHHS CAHUTAPHO-3ITHIEMUOIOT MUECKHX
yrpo3. Hamume pykoBOIBSIIINX JOKYMEHTOB B TOPO-
J1ax, IPEZICTaBIICHHBIX PECIIOHICHTaMU, 3HAYHUTEb-
HO OTIMYAJIOCH 0 BUaM TpaHcnopTa — ot 33,5 %
JUISL KOMITaHWH, 3aHUMAFOIIUXCS aBTOOYCHBIMU T1e-
peBo3KaMu, 10 Bcero 6,7 %o A71s1 KOMITaHUNA PEYHO-
r0 cymoxonctra. «13,9 % onpoIeHHbIX 3asBUIIH,
YTO PYyKOBOJSIIMX JIOKYMEHTOB HET B CHCTEME HU
oiHOro Bra Tpancmopray. Ot 33,8 % no 44,7 %
OIIPOLICHHBIX HE 3HAJM WIM HEe ObUIM yBEpEHBI
B HAJIMYMH TAaKKX JIOKyMeHTOB. [ Ipn 5TOM cutyarius
ObL1a cXOXel B paBHOM CTEIEHH KaK B Pa3BUTHIX,
TaK ¥ pa3BUBAIONIMXCA cTpaHax [4, c. 70-71].

BosBpamasich K pacCMOTPEHHIO CHTYal[H
B A3MaTCKHX CTpaHax, BAYKHO OTMETUTh, uTo B KHP
3a 2020 ron HauboJIee MOIBEP)KEHHBIMH BIIHSTHUIO
TIaHJIEMUH OKa3aJIMCh MOPCKHE IPy30BbIE IIEPEBO3-
ku [5]. ITpu 310oM B padore 1lanp-tO Xo u apyrux
OTMEYaeTCst TUIIOTE3a O TOM, YTO Ha MaKpOypOBHE
(hakTOpBI BIMSHUS TaHJAEMUH TIPUBELYT K POCTY
B c(epe aBTOMOOMIIBHOTO MM BOIHOTO IPY30BOTO
TPAHCIIOPTA, YTO 00YCIIABIUBACTCS KPaHHEH CKIIOH-
HOCTBI0 (PM3MYECKHX 1 FOPUIIMUECKHX JIMLT K HAKOII-
JIeHuto 3aracoB. Kpome Toro, n3MeHeHus1 oTpeou-
TEJILCKOTO [TOBEICHHS 10 OTHOILIEHHUIO K IPOTyKTaM
THILEBOM POMBIIIICHHOCTH TOBOPST O Napaliesb-
HOM POCTE aBTOMOOMIILHOM TPAHCIIOPTHOM OTPaCIi
(B yacTH rpy30IepeBo30K) 3a CUET YCKOPEHHsI pac-
MPOCTPAHEHNSI ITUIIEBBIX POAYKTOB Yepe3 OHIANH-
KaHaJIbI CBs3U [6].

Takum 00pa3oM, IPOBEIEHHBII aHATH3 MU-
POBOIi CUTyalli CBUIETEIBCTBYET O BBICOKHX
MOTEPSIX TPAHCIIOPTHOM OTPACIIN B PaMKax PbIH-
KOB pa3iM4yHbIX cTpaH. CTOUT OTMETUTH, YTO
3as1BJICHHBIEC aBTOPAMU CY>KACHHSI KOPPETUPYIOT
MeXIy co00i. Tak, OObEKTHBHBIM CTAaHOBUTCS
(haxT TOTO, YTO BHE 3aBUCUMOCTH OT TOCYJapcTBa
W ero MOJMTHKH 10 OTHOIIEHHIO K MaHIEMHU
COVID-19, rpy30Bble epeBO3KH CHU3UIIN CBOU
000poThl. OZiHaKO, CHIKEHHE 110 CTPaHaM hMe-
€T Pa3IM4YHyI0 CTPYKTYpY — eciii B crpanax EC
noctpanan OoJiblIe BCEro aBTOMOOMIIBbHBIN
W BO3yLIHBIN Tpancnopt, To B KHP Gonbniemy
BO3JIEHCTBHUIO MOABEPICS MOPCKOH TPpy30BOil
TPAHCIIOPT, 4TO 00yCIIaBINBACTCS PSIIOM CHIELIU-
(uueckux 0coOEHHOCTEH CTpaH M UX MPSIMOU
KOppeJsiueil ¢ COCTOSIHUEM TPAaHCIIOPTHOM OT-
pacnu.

Mup TpaHcnopTa. T.19. Ne 6 (97).

[Nepexons k aHaJIM3y OCHOBHBIX TOKa3aTenen
TpaHcropTHOM oTpaciu B Poccuiickoit deneparmy,
BKHO TIOAYEPKHYTH €€ CTPaTernuecKylo 3Ha4u-
MOCTb KaK CIIELIMaJIbHOTO ITPOBOIHHKA BCEH KO-
HOMHYECKOH cCcTeMbI. JIaHHbII (hakT 00yCliaBim-
BAETCsl TEM, UTO TPAHCIIOPTHAsS OTPACIIb, B YaCTHO-
CTH, I'PY30II€PEBO3KH, BBICTYIAIOT B KaueCTBE
KJTFOYEBOT'0 3B€HA, 3aBEPILIAIOIIET0 X0 TPOU3BOA-
CTBEHHBIX MPOLECCOB, 3 UIMEHHO CTaHOBSATCS
IJIaBHBIM KOMIIOHEHTOM B 00JIaCTH IIepeXo/ia TOBa-
pa ot mpousBoauTelns K norpedurento. Kpome
TOTO, OT/IEJbHBIE Y4ACTHUKH PhIHKA TPAHCIIOPTHOM
OTpaciy, Halpumep, KeJIe3HOIOPOXKHBIE KOMIIa-
HHH, BBICTYIIAIOT B KAYECTBE IPOBOJJHUKOB MEXKITY
KJTIOUEBBIMH ITPOMBILIJIEHHBIMU 00BbekTamu Poc-
cuiickoii Dezeparinu (B TOM YKCIIE, JCHCTBYFOIIH-
MH 1101 YIIpaBJIeHUEM rocynapcrsa). Bmecre ¢ tem,
BCE TE e KEJIE3HOIIOPOKHBIE KOMITaHUH SIBIISFOT-
Csl aKTUBHBIMH BHEIIIHETOPIOBBIMH MAPTHEPAMU
WHOCTPaHHBIX KOMIAHUI B 00JAaCTH AOCTaBKU
TIPUPOZIHBIX PECYPCOB JIOOBIBAFOIIIEH TPOMBILILIEH-
Hoctu Poccun [7].

CocrosHME TPaHCIOPTHOI! OTpaciy ONpeaess-
€T BO3MOXHOCTH POCTa BCEH IKOHOMHUYECKOU
CHCTEMBI 33 CYET PEryTMPOBAHUS TIOCTABOK PECYp-
COB, MPOAYKLHH, & TaK)Ke TPAHCIIOPTUPOBKH OC-
HOBHBIX (’KM3HEHHO HEOOXOJUMBIX) TOBAPOB
B OTHAIEHHBIC Y4acTKH CTpaHbl. Tak, BbICTYIIas
B Ka4€CTBE HEPA3PBHIBHOIO CTPYKTYPHOI'O KOMIIO-
HEHTa Ha CTBIKE COLMAIBLHON Cepbl U IKOHOMH-
YECKOW JIesTeNIbHOCTH, TPAHCIOPT 3aHMMAaeT
0CO0YyI0 pOJIb B CTPYKType T'OCYAapCTBEHHOTO
pa3BuTHs. BaxXHO Takke OTMETHTH BBICOKYIO 3a-
BUCHUMOCTh MHOTHX XO3SIHCTBYIOLIMX CYyOBEKTOB
OT AESITETIbHOCTH TPAHCIIOPTHBIX KOMITAaHUH, KOH-
KypEHLIHsI CpEe KOTOPBIX B TEUEHHE TOCIEIHHUX
ner 0co0o Bo3pactaer. Beé BhIIEH3II0KEHHOE
CTAHOBHTCS] OCHOBOH 15 U3y4EHUsI TPAHCIIOPTHOM
OTPACIIH U OLIEHKU €€ COCTOSIHUS B IOKPU3UCHBII
U TTOCJIEKPU3UCHBIH [IEPUOIIBI C LIEITHIO BBISIBICHHS
OCHOBHBIX 3aKOHOMEPHOCTEH 1 u3MeHeHuH [8].

Harpumep, 3arparuBas 3Ha4MMOCTb OTPACIIH
cyry0o ¢ TOYKH 3peHHs] BaJIOBOTO BHYTPEHHETO
nponykra (BBIT), MO)XHO OTMETHTB, YTO JOJIA
TPaHCIIOPTHOM OTPACIIU B 1I€JIOM 3a MOCJIEAHNE
TpHU roja cocrasisuia B HEM 6,3-5,9 % (uTO
IIPUMEPHO COITOCTaBUMO CO CPepoil CTpOUTEIb-
crBa). [lTomumo npouero, B nepuox 1o 2020 rona,
cajbJUpPOBaHHBIN (DMHAHCOBBIA peE3yiabTaT
TPaHCIOPTHOM OTpacyu coctasisi oonee 7 %
B CTPYKType Bcero (PMHaHCOBOTO pe3yibTara
skoHoMuku Poccuiickoit @eneparmu. B 2019 ro-
Iy B paboTe B TPaHCHOPTHOH oTpaciu ObLIO
3aHsTO OoJiee 7,5 MIIH YEJIOBEK, YTO COCTABIISET
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daHHbIM Poccmama. [3nekmpoHHbIU pecypc]: https://rosstat.gov.ru/storage/mediabank/V8oK4Mr3/per-gruz.xls. Jocmyn 26.11.2021.

okosio 10 % ot Bceil YMCIEHHOCTH 3aHATOTO
HaCeJIeHUs CTPaHbI®,

OnHaxo, BAYKHO OTMETHUTB, YTO B IEPUOJ] KPH-
31Ca MHOTHE KOMITAaHUH TOJBEPIVIUCH BIUSIHHIO
(hakTOpOB pHCKa; BpEMEHHOE MPEeKpallieHue Jesi-
TEJIBHOCTH YaCTH MPEIIPUATHI U KOMIaHHUH
TIPUBEJIO K COKPAILEH IO 00bEMa rpy30BbIX Hepe-
BO30K, CHIDKEHHUIO TPy30000pOTa, a TaKkxKe Hapai-
JIEJIFHOMY POCTY Tapu(OB Ha TPaHCIOPTHPOBKY
pecypcoB. B mesnom, mokaszarenu CTaTUCTHKH
B c(hepe rpy30IepeBO30K U BI1aJICHHUS TPAHCIIOPT-
HBIMHU CPE/ICTBAMH UMEITH CJIEYIOLINE 3HAYCHUS
B niepuox ¢ 2015 o 2020 roms! (puc. 1, 2, 3):

Tak, paccmarpuBast JaHHBIE, IIPEIICTABICHHbBIC
Ha puc. | MOXXHO OTMETHTh CHIDKEHHE TPy30000-
pora B 2020 rozay; npuyéM OoJbIIasi YacTh €ro
U3MEHEHUsI, a UMEHHO 2,2 %, IPUXOIUTCS Ha JKe-
JIE3HONIOPOXKHBIN TpaHcnopt. B nienom rpy3oo0o-
POT B IEpHO/, TTAaHAEMUH COCTaBUI 95 % OT 3Haue-

3 BansrocTs u O6e3paboruna B PO. [DnexTpoHHbIi pecypc]:
https://nangs.org/analytics/rosstat-zanyatost-i-bezrabotitsa-
v-rossijskoj-federatsii. Joctym 26.11.2021.
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Huii 2019 roga. OcoOeHHO BayKHO OTMETUTH HE3HA-
YUTEIbHBIA POCT, HAONIOAABIIUICS B 001acTH
MOPCKHX TPY30IEepPEBO30K, KOTOPBIA COCTABHII
2 MIIPIL T * KM.

OOparuasich K 1mokasaressiM, IpeacTaBiIeH-
HBIM Ha pHC. 2, BAKHO OTMETHTh, YTO HANOOJIb-
1Iee 3MeHeHHe 00bEMOB NepeBe3EHHBIX IPY30B
HaOmonanock B 2020 roy: CHHKEHHE COCTaBH-
110 5,75 % wnum 5405 MITH T; Ha KeJIe3HOAOPOXK-
HOM TPaHCIIOPTE YMEHbIIIEHHE KOINYECTBA TIe-
PeBE3EHHBIX TPy30B cOCTaBMIIO 2,85 %. Mopckoit
TPaAHCIIOPT K€, HA00OPOT, YBENUYHI 00BEMBI
Ipy30IepeBO30K B MEPHOA NaHAEMHUH (OIHAKO,
Ba)KHO 3aMETHTh, YTO B OOILEH CTPYKType pOJib
MOPCKOI'O TPAHCIIOPTa BCE €I11€ 3aHUMAET CaMble
HU3KHE MTO3UIINH, 32 UCKITIOYCHNEM BO3LyLIHO-
ro). HecMoTpst Ha U3MEHEHUs, aBTOMOOMIIBHBIN
TPAHCIIOPT OCTAETCS INAEPOM PBIHKA TPy30IIe-
PEBO30OK.

CokpariieHre MepeBO30K Ha KEIe3HOIOPOXK-
HOM TPaHCIIOPTE MOYKHO CBA3aTh C TEM, YTO KOM-
narust OAO «PXK]I» sBisieTcst OMHUM U3 KITFOUEBBIX

Borep A. 1. CUTyaLMOHHbIN aHanu3 pbiHKa rpy30BbIX MEPEBO30K U MEPCNEKTUBLI Er0 Pa3BUTHSA
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Puc. 3. Hanuyue mpaHcnopmHbix cpedcme, mbic. Wmyk Ha KoHey, 20da. CocmaesieHo asmopom no 0aHHbIM Poccmama. [3neKkmpoHHb Il
pecypc]: https://rosstat.gov.ru/storage/mediabank/RBGEdfZZ/nalich.xls. Jocmyn 26.11.2021.

TIEPEBO3YMKOB YTOIBHOIO TOIUINBA, TPEAHA3HAYEH-
HOTO TS BEIPAOOTKH IIEKTPOSHEPTHH, IS 3apy-
OexHBIX cTpaH. KpoMe Toro, sKene3HONOpOKHBII
TPAHCTIOPT B [IEJIOM HMEET aKTHBHYIO B3aHMOCBS3b
C eBPONECHCKUMH CTPAaHAMH, B KOTOPBIX B TCUCHUE
maggemun COVID-19 Habmronanock He TpoCTo
CHIDKEHHE, a TIPAKTHIECKHU MOTHOIICHHOE FCKITIO-
YEHUE U3 XO3SHCTBEHHOW NIESATENBHOCTH MHOTUX
OusHec-CcTpyKTyp. Pesymprarom sToro cramu
CTPYKTYpHBIC H3MEHEHHS B 00IIACTH OCYIIIECTBIIC-
HUS TIOCTaBOK PECYPCOB B €BPOINEHCKHUE CTPAHBI
(a Taroke CHI') oreyecTBEHHBIMH TPaHCHIOPTHO-
JIOTUCTIYECKAMH KOMITAHHSMH, 3 IMEHHO COKpa-
IIeHue SKcropra’,

CoBpeMeHHBIE HCCISAOBAaHUA B 00JacTH
Pa3BUTHS IOTUCTUIECKHUX YCIYT MOTIEPKUBAIOT
0Cco0yI0 aKTyalbHOCTh U TapajuIeIbHBIH POCT
3HaYUMOCTH aBTOMOOWMIBHOTO TpPaHCIOpTa
B 00mIeH CTPyKType rpy3omnepeBo3ok Poccwmii-
ckoil degepanuu; OAHAKO, B TO K€ BpeMs,
MOKHO 3aMETHTh, YTO TAHHBIN (DaKT HE HCKITIO-
Y4aeT BBICOKOU pOJIN KEJIE3HOAOPOKHOTO TPAHC-
TopTa MpH MepeBO3Ke 0CO00 KPYIMHBIX MapTUi
rpy30B. Tak, COOTHOCS TIOKa3aTelH, MPEICTaB-
JICHHBIC Ha puc. | U 2, BAXXHO OTMETHTH, YTO
JKEIe3HOLOPOKHBIM TPAHCIOPT BBHICTYMACT
B Ka4eCTBE OCHOBHOTO IIPH ITEPEBO3KE KPYITHBIX
OTIIPaBOK T'Py30B Ha OoJiee MPOTKEHHBIE pac-
cTosiHUA. BMecTe ¢ TeM psif aBTOpOB IPHUIAIOT
0c000€ MPOTHOCTHYECKOE 3HAYCHUE aBTOMO-
OMIBHON OTpaciu B paMKaX OCYIIECCTBICHUI
MOCTAaBOK B Ipejenax Tepputopun Poccuiickoit
®enepanun. B To ke Bpems B pabore Typrae-
Ba P. C., Ky3menko 1O. I'., OKOTbHUIITHUKO-

4 HTOru BHENIHEDKOHOMHUUYECKON aesTenpHOCTH PD

B 2020 romy. [Dmexrponusiii pecypc]: https://economy.gov.
ru/material/file/ab03f167412ee7cbc60d8caf776bab70/itogi
ved v 2020g i 1 polugodie 2021.pdf. Hoctym26.11.2021.
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Ba U. 1O. ormMedaeTcs, 4To npeaenbHast BO3MOXK-
HOCTb CTPYKTYPHOTO YCHJICHHUSI 3HAYUMOCTH
I'Py30IIepEBO30K, OCYIIECTBIIEMBIX 3a CUET
aBTOTPAHCIIOPTA, CHUKAETCS 33 CIET BEICOKOTO
CpEIHEro BO3pacTa aBTOIapKa Cpeiy TPy30BBIX
aBToMOOMJIeH, Tie OONbIIas YaCTh U3 HUX HME-
eT Bo3pact Ooisee maTtHamary net [9, c. 957].
BwMmecte ¢ Tem, oOmue mokaszaTeiad B 00nacTu
KOJIMYECTBA TPY30BBIX TPAHCIIOPTHBIX CPEACTB
B T€UYEHHUE TOCIECTHHUX IIECTH JIET UMEIOT Cie-
nyromuit Bug (puc. 3).

[Ipuuém B CTpyKType BiaJeHUs TPy30BBIMHU
TPAHCIIOPTHBIMH CPEACTBAMH OOJBIIYIO YaCTh
3aHUMAIOT TPAHCTIOPTHBIE CPEJICTBA, HAXOAIINECS
B COOCTBEHHOCTH IrpaxkaH (okomo 85-87 % B cpen-
HEM 3a TIOCIIeIHIE IIeCTh JIeT). B mepnon manze-
MHH MOXHO 3aMETHUTBH CHIDKEHHUE IO BIIA/ICHUS
TPY30BBIMH TPAHCIIOPTHBIMH CPEICTBAMH CO CTO-
POHBI TpakJ1aH 1 TIOBBIIICHUE KOJIMYECTBA TPAHC-
TIOPTHBIX CPEZICTB OPTaHU3ALMIT BCEX BUJIOB 3KO-
HOMHYECKOH nesrenpHOCTH (0e3 yuéra Maioro
TIpepUHAIMATENbCTBa). Tak, B meprox ¢ 2019 mo
2020 To1 KONMMYECTBO TPY30BBIX TPAHCIIOPTHBIX
CpeacTB B COOCTBEHHOCTH Ipak/iaH CHI3HIIOCH Ha
1,2 %; mapasienbHoO ¢ STUM, B OPTaHN3aLHsIX POCT
coctaB 6,07 %. JlaHHBII (hakT MOKHO OOBSICHUTD
POCTOM 3HaYMMOCTH AESITEIHHOCTH OpraHN3aIHH,
CBSI3aHHBIX C JIOCTAaBKOHM TOBapoB B pamkax P®
(kpymHBIE MapKeTIuIelchl, Hanpumep, Ozon,
Wildberries) B iepro maHIEMIH, U COOTBETCTBY-
FOIIMM pacIpeHneM rux aBromapka [9; 10]. Taxum
obpazom, B 2020 roxy pactpenencHie B 001acTi
BIIaJICHUS TPAHCIOPTHBIMU CPEICTBAMH MMEIO
crenytormuii BUL (puc. 4):

HecmoTps Ha BenMUYMHY HpeACTaBICHHBIX
TOKa3aTeneil B 4aCcTH aBTOMOOWIIBHOTO TPaHC-
opTa, B 00IIeH crcTeMe Tpy30000poTa (COracHo
BUJOBOMY pPacIpeeIeHUI0 TPaHCIOPTHBIX
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cpenct B Poccuiickoit @eneparun), B 2020 roxy
BeJyllee MECTO 3aHUMaJl JKeJIE3HOJOPOXKHBIH
Tpascnopt®. OOpariasch K JaHHBIM, IIPEICTABIICH-
HBIM Ha PUC. 5, MOKHO OTMETHUTBH, YTO B TECUCHHUE
nocnenHux 20 JeT MpoCieKuBaeTCsl TeHACHIIHS
pocra rpy30000poTa, NPUXOISIIErocs Ha JKese3-
HOJIOPOXKHBIH TPAHCIIOPT; MapaJuIeNIbHO C ATUM
JIOJISl BOZIHOTO TPaHCIIOPTa CHUXKAETCS M3 roja
B 107 (B 2000 romy oHa cocrasisuia 5,3 % u3 o0Lei
cTpyKTypbl, a k 2020 cHusmiack 1o 2 %). [okaza-
TEJM Ipy30000poTa BO3IYLIHOTO TPaHCIOpTa —
caMble HHU3KHE, HO B TO )K€ BpeMsi M HanbOoJjee
YCTOWYMBBIE, OHU HE U3MEHSIOTCS YKe Ha MPOTSI-
skeann 20 setT. Tak, HECMOTPST HA OTMEUEHHYIO
B padote Typrnaepa P. C. u ipyrux, BO3pacTaromyro
3HAYMMOCTh aBTOMOOMJIBHOTO TPaHCIIOPTA, €ro
TIOKa3aTesM XOTs ¥ OTPKAIOT MOCTEINIEHHOE YBe-
JIMYEHUE, OTHAKO, B CPABHEHUH C HKEJIE3HOIOPOXK-
HBIM ¥ TPYOOIIPOBOIHBIM TPAHCIIOPTOM (2 IMEHHO
JMHAMHMKOW MX POCTa) MOKa3bIBAIOT HE CaMble
BBICOKHE pe3yJbTaThl (yBelaudeHne o0béma 3a
20 net coctaBuiio 0,8 %). IT0 MOKHO OOBSICHUTH
BBICOKOH POJIBIO TIEPBBIX JIByX B OCYILECTBICHUH
BHEIIHETOProBOW JIEATEILHOCTH (2 UMEHHO JKC-
1opTa pecypcoB, TOIUIMBA, a TAKKE HEKOTOPBIX
MPOMBILLJIEHHBIX TOBAPOB).

Kpowme Toro, paccmarpuBast BOIIPOCHI peasiu-
3anuu TpaHcmopTHO# cTpareruun Poccuiickoit
denepanyy, MOXKHO OTMETUTh, YTO OCHOBHBIE
€€ MOJIOKEHNUS1, B YACTHOCTH, CBSI3aHHBIE C pa3-
BUTHEM TPaHCIIOPTHBIX CETed B MHTEpecax
9HEProioOBIBAIOIIMX MPEANPHATHH U SKCIIOpTa
TOIUIMBA, TOAYEPKUBAIOT BO3MOXKHBIN JalIbHEH-
U MPOAOJKAIOUIUMNCS POCT MOKa3aTeneit
rpy30000p0OTa Ha KEJIE3HOIOPOKHOM TpaHC-
1opTe, YTO AMKTYETCsl MOTPeOHOCTAMH B (op-
MHPOBaHHHU BHEITHEIKOHOMHYECKUX OTHOILICHHUH
[11]. Onnako, monoxenust TpaHCIOPTHOM cTpa-
TEruH COJep)KaT yKa3zaHUs Ha BO3MOXHOCTb
ONTHUMH3AIUU JIOTHCTUYECKUX MPOLECCOB,
CBSI3aHHBIX C aBTOMOOMJIBHBIM TPaHCIOPTOM
U NIeATEIbHOCThI0 B KOHTEKCTE TEPPUTOPHHU
Poccuiickoit ®enepanuu. Be€ 310 cranoButcs
MOBOJOM J1s1 (YOPMUPOBAHUSI TIPEIIONOKEHUH
0 TOM, YTO I10CJIE BOCCTAHOBJICHHSI SKOHOMHUE-
CKOTO COCTOSTHUSI 10 ZIOTIAaHAEMUMHBIX 3HAYSHUN
MIPOM30MIYT MPOLIECCHI, CBSI3aHHBIE C Hapally-
BaHHEM Irpy30000pOTa aBTOMOOHIIBHBIM, JKeJIe3-
HOZIOPOXKHBIM, TPYOOIIPOBOIHBIM, & TAK)KE BO3-
JYLIHBIM TPAHCIIOPTOM OTpPACIIH.

® Crpykrypa rpy30000poTa 110 BiJaM TpaHcmopra mo Poc-
cuiickoii @eneparmm. [ DeKTpoHHBIH pecype]: https://rosstat.
gov.ru/storage/mediabank/O7{8s2Rz/gruz-ob.jpg. Hoctyn
26.11.2021.
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pr3OBLIC aBTOMOOUIIH BO BIaACHUN

B [Opuauueckue auua B Ou3HdecKue Tua

Puc. 4. CoomHoweHue enadeHus 2py308bIMU agmoMobunsimu cpedu
2paxdaH u cy6bekmoe npednpuHuMamenibcmea 3a UCK/TOYeHUeM
Manbix npednpusimuli [cocmaeneHo aemopom].

Takum oOpa3om, MPOBEAEHHBIA aHAIN3
MO3BOJISIET C(HOPMHUPOBATH PAJ BBIBOJIOB Kaca-
TETBHO OTAEIHHBIX COCTABHBIX KOMIIOHEHTOB
TpaHCHOPTHOM oTpacinu Poccuiickoit denepa-
WU, TP YCIIOBUH MIPEKPAIEHUS HETaTHBHOTO
BO3JIEHCTBHS CAHUTAPHO-3HAEMHOIOTTIECKUX
(haKTOpOB ¥ HEBO3HUKHOBEHISI HHBIX aHAJIOTHY-
HBIX 10 MacmTaly BHENTHUX MO OTHOIICHHS
K 9KOHOMUKE SIBIICHHH, a TaK)Ke, KAK MUHIAMYM,
COXpaHEeHHUs 00bEMOB 3KCIMOPTHO-OPUEH-
THPOBAHHEIX IMIEPEBO30K. B dncie Takux BEIBO-
JIOB CJIEIYIONINE.

1. B oTHOLIEHUH 5KENE3HOAOPOXKHOTO TPAHC-
IOPTa MOXHO MPOrHO3UPOBATH JalbHEUIINI
POCT TIOKazarenel rpy30000pora (mocie Boc-
cranoBienuss or COVID-19), gato mukryeTcs
(haKTOM yCHIJICHHUSI OPHEHTAIINH Ha BOCTOYHEIC
PBIHKH, a TaKXKe IMapauIeIbHOTO YIaCTHsI TOCY-
JIapCTBa B JKENIE3HOIOPOKHON OTPACiM B Kade-
CTBE KJIIOYEBOT0 HHHOBAIIMOHHOTO pehopmMaropa
[12]. B gactHOCTH, IpeoOIafaHue JKEIEe3HOMO-
POXXHOTO TPAHCIIOPTA B YaCTH KPYITHOMACIITA0-
HBIX T'PYy30INEpPEBO30K AUKTYETCS HEBO3-
MOKHOCTBIO €T0 3aMEIICHUS IPYTHMH BHIAMHU
TpaHcmopra. B To ke Bpems pocT 00bEMOB
MOXXET CBHJIETEIbCTBOBATh 00 yBEIWYEHUHU
KOJIMYECTBA TIEPEBE3EHHBIX I'PY30B B TOHHAX,
OJTHAKO, aX€E B 3TOM CJIy4ae OHH HE MTPEBBICST
MTOKa3aTesIi aBTOMOOMIIBHOTO TPAHCIIOPTA.

2. B oTHOMIEHNH aBTOMOOWMIBFHOTO TpaHC-
MTOpPTa MOXKHO OTMETHTH Psi/i TEHIACHIUH B CTO-
POHY TMPOIOIDKEHNS YBEIUYEHUS TIOKa3aTenei
00BEMOB TIEPEBO30K B paMKaX yMEPEHHOTO
pocTa; 3TO0 O3HAYaET, YTO, HECMOTPS HA TEKY-
A OO 3KOHOMHYECKUM cral, 00bEM Iie-
PEBO30K B TOHHAaX MPOXODKUT pactu. Ilocie

Borep A. L. CVITyaLI,I/IOHHin"I dHaln3 pbIHKa rpy30BbIX MEPEBO3OK U NMEPCNEKTUBLI €ro pasBUTUA




CrpykTypa rpy30000poTa 1o Bigam TpaHcmnopra no Poccuiickoit ®eneparuu
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Puc. 5. Cmpykmypa 2py3oo6opoma no eudam mpaHcnopma no Poccuiickoli ®edepayuu e npoyeHmax. CocmaeneHo aemopom no 0aHHbIM
Poccmama. [3nekmpoHHbIi pecypc]: https://rosstat.gov.ru/storage/ mediabank/V8oK4Mr3/per-gruz.xls. Jocmyn 26.11.2021.

BOCCTAHOBJICHUS JOMAaHIEMUIHBIX 3HAUECHUI],
ABTOMOOMJIBHBIN TPAHCIIOPT NPOAOJDKUT UIPaTh
KJIIOUEBYIO POJIb B IOCTaBKE TOBAPOB B PAMKax
Poccuiickoit ®enepanun.

B TO e BpeMs OTAeIbHbIE HCCIIEIOBAHUS
ABTOPOB MOJYEPKUBAIOT IOBHIIIEHUE CTpaTe-
TMYECKOH 3HAYMMOCTH aBTOMOOMIBHOTO
TpaHCIOpPTa 3a CYET YBEIMUEHUS KOJINYECTBA
OCYUIECTBIIIEMBIX I'Py30IIEPEBO30K B JpyTHe
crpansl [13-15]. Hecmorps Ha 3T0, ypoBeHb
KOHKYPEHIIMH MEXyHapOJHBIX KOMITAHUH Ha
oreuectBeHHoM priHKe (DHL, SCHENKEN
| psiia ApYTHX) OyIeT BO3pacTaTh Mapajuieiib-
HO POCTY OTE€YECTBEHHOTO pbIHKa. OmHaKo,
CTOUT OTMETHTb, YTO HaONIOJaromuecs TeH-
JCHIIMH K (OPMHUPOBAHHUIO COOCTBEHHOTO aB-
TOIapKa CO CTOPOHBI KIIOYEBBIX KOMITAHHH
Poccun, paboraromux B 00JIaCTH TOCTaBKHU
TOBapoOB, IIPOJOBOJBCTBUS, @ TakKe HMHBIX
IPy30B, MOXKET CTaTh (DAaKTOM CHM)KEHUS HEOO-
XOIMMOCTH B IIOJIb30BaHUHU yCIIyTaMH YaCTHBIX
MPEeNNPUSATHIA ¥ OPHEHTALMU HA PEealIn3ainio
COOCTBEHHBIX I'PYy30I€PEBO30K MEXIY Opra-
HU3aIHUIMH.

3. B oTHOWIEHNH MOPCKOTO TPaHCIOPTa
CJIO’)KHO (pOPMHUPOBATH KOHKPETHBIE IIPOTHO3EI,
TTOCKOJIBbKY, B II€JIOM B TMHAMHKE €r'0 COCTOSIHHUE
W3 TOJla B IO/l OTPaXKaeT TEHJIEHIIMU K CHIDKeE-
Hulo. B TO ke Bpems mociie 4aCTHYHOTO BOC-
CTaHOBJICHUS] PKOHOMHKH IPUOBLUIL B 00JIacTh
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MOPCKHX I'PY30II€pEBO30K OTpakasia aKTHBHBIH
pocr®.

Takum 00pazoM, MO)KHO HOTYEPKHYTh, YTO
BIIMSTHHE ITAHJIEMHH XOTSI, C OTHOW CTOPOHBI, U CTa-
JIO TIOBOJIOM ISl BOSHUKHOBEHUS TPYIHOCTEH
Y psiia KOMITaHHUH, OHAKO, C APYTOH, MO3BOJIMIIO
OCBOOOUTH PBIHOK OT 3aCTOSIBILIMXCSI MI'POKOB,
c(hOpMUPOBAB TEM CaMbIM ITOTEHIINAI JIs pa3BH-
THSI HOBBIX XO3SHCTBYIONMX CYOBEKTOB. B 11esiom,
TOTUEPKUBAsT yCTONUMBOCTB C(hepbl IPy30IIepeBO-
30K, MO)KHO OTMETHTbh, YTO B NEPUOJ MaHAEMUH
OHa WCIIBITHIBAJIA HAMMEHBIINI Craji, 0COOEHHO
B CpaBHEHMH €O c(epoii HaCCAKUPCKHX NTEPEBO3OK.
B obmnacty TpaHCIIOPTHOH OTpacin MOKHO OTMe-
TUTB HEKOTOPYIO e€ 3aBrcuMocTs oT BBIT Poccuii-
ckoif @eneparyy, B 4acTHOCTH, 1ot BBII TpaHc-
MOPTHOM OTPACITU B OOIIEH CTPYKTypE 3aHHUMACT
JIOBOJIbHO YCTOMYUBBIE 3HAYEHMs, a pazMmep e
3aBUCHUT OT uToroBoil BennuuHsl BBII. B To xe
BpeMsi MHOTHE HCCIIEA0BATENH NTPOTHO3HPYIOT
B IIepCIIeKTHBE OypHBIIl POCT Ipy30I1epeBO3OK,
CBSI3aHHBIX C MCIIOJIb30BaHIEM aBTOMOOMIIEH; O/l
HaKo, HECMOTPS! Ha 3TO, 3HAYUMOCTb JKeJIE3HO/0-
PO’KHOTO TPAHCIOPTA HE OylEeT CHUKATHCS, YTO
JUKTYETCS TEKYIIMM €€ OOIIMM IOJ0KEHHEM
1 YCTOHYHMBBIM POCTOM B IIOCJIEAHHE IIEPHUOIIBI.

6 IleHbl Ha IEPEBO3KHU: CHTYALHs HA PHIHKE 1 IPOrHO3 Ha 011K~
xkaifnree Oynyiee. [ DaeKTpoHHbIH pecypce]: https:/seanews.
ru/2021/07/27/ru-ceny-na-perevozki-situacija-na-rynke-i-
prognoz-na-blizhajshee-budushhee/. Joctym 26.11.2021.
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CuibHBIE CTOPOHS! (S)

Cuabsre cropons! (W)

»  CHW)KCHME KOHKYPCHIIMHU Ha PhIHKE 3a CUéT
BBIOBITHSI HEKOTOPBIX OpraHU3alUi B HEPUO
MaHJeMHUH (B OCHOBHOM MEJIKMX PHIHOYHBIX UTPOKOB);
> BBICOKas 3HAYMMOCTb OTPACIIH IS SKOHOMUKH
Poccuiickoii ®enepannm;

»  ycroWdYHBBIC TOKA3aTeN OTPACIH B CTPYKTYpE
SKOHOMHKH.

» HEpPaBHOMEPHOCTb POCTA OTAECIBHBIX KOMIIOHCHTOB
OTpAaciM C HATMYHUEM CKaYKOOOPa3HBIX TTOKa3aTelNei;

> BBICOKHMI YPOBEHb KOHKYPEHIIUH B OTACIBHBIX
COCTaBJISIOIMX OTPACIIH;

»  CHW)KCHHE 3HAYMMOCTH BOJHOTO TPAHCIIOPTA.

Bosmoxkroctu (O)

Yrpossr (T)

> HaJM4He NPEeANoChUIOK K Pa3BUTHIO
(TpancniopTHas crparerus PO n eé koHIenTyanbHbIe
MOJIOXKEHHS);

> HOBBILICHHE 3HAYUMOCTH IPY30BBIX aBTOMOOMIICHT
(pOoCT MX KOJIMYECTBA CPEAM OPraHU3aLHii, BHICOKOE
3HAYCHNE TIepEBE3EHHBIX TPY30B (MIH T)).

»  POCT CTOMMOCTH TOILIHBA;

»  CIO0XHOE MOCICKPU3UCHOE (BOCCTAHABIHBAIOLIEE)
COCTOSIHHE;

» I[OBTOpPHOE YCHWJICHHE OrpPaHHYCHHI;

» moBbluIcHHE TAPUPOB B chepe rpy30BbIX MEPEBO3OK.

Puc. 6. SWOT-aHanu3 2py3onepego3ok 8 Poccuiickoii ®edepayuu [cocmasieHo agmopom].

Kpowme Toro, nannble GakTopsl yCHIMBAIOTCS Ha
OCHOBAHMU MTON0OXKEHHUH TpaHCIOPTHOM CTpaTeruu
Poccuiickoit ®enepanuy 1 opueHTalUENR Ha IKC-
TIOPT PECYPCOB, B TOM YHCIIE OTHOCSIIIMXCS K TOT-
JIMBHO-3HEPTeTHIECKOMY KOMIIIEKCY.

B kagecTBe 4acTHOTO MpUMeEpa MOYKHO OTMe-
THTb PSIJ{ OCHOBHBIX TEHICHIIMH, TIPOU30IIEC/IIINX
B 2020 roxy:

1. Pe3koe (OTHOCHTENBHO yTIa/Ika BCeH TpaHC-
TIOPTHOM OTpacin) yBeJIMYeHNe 3HAYNMOCTH XKe-
JIE3HOJJOPO’KHOTO TPAHCIIOPTA B CTPYKTYPE IPy30-
obopora (1,4 %).

2. IlponomkeHue yCTOMYMBOTO POCTa JOJIU
ABTOMOOWJILHOTO TPAHCIIOPTA B CTPYKTYPE IPy30-
00opoTa HECMOTpSI HAa CHIKEHHE TOKa3areen
otpaciu B 1ientoM (poct coctasmi 0,1 %).

3. IIponomxkarommuiicst (HO B TO Jke BpeMsl 3Ha-
YUTENIFHO 3aME/IMBIINICS) YCTOWIUBBIA POCT
KOJIMYECTBA IPY30BBIX aBTOMOOMIICH.

4. CHIKEHHE KOJIMYECTBA IEPEBE3EHHBIX IPy-
30B (MJIH T), IPUXOIAIINXCS Ha TPY30BbIE aBTOMO-
owm, cocraBuBiiee 5,75 %.

5. I3MeHeHue CTPpYKTypBbI BIaACHUS TPY30BbI-
MH aBTOMOOWJISIMH CO CTOPOHBI TPaX<JJaH 1 Opra-
HH3aIMi B CTOPOHY YMEHBIICHHUS MX KOJTMIECTBA
y YacTHBIX JIMIl U pOCTa y OpraHu3anuii (poct
coctasui 6,07 %).

Taxum 06pa3oM, OCHOBBIBAsICh Ha BBIIIEH3IIO-
JKEHHBIX JTaHHBIX, HEOOXOAMMO IPOU3BECTH
SWOT-ananu3 TpaHCIIOPTHOM OTpaciIy B IEPUOL
naniemud (2020 rop) ¢ 1eNbi0 YTOUHEHHS IIPOTHO-
30B ¥ BO3MOKHOCTEH TeUEHHNS Pa3IMIHBIX TEH/ICH-
[HiA B cdepe rpy30repeBo3oK (puc. 6).

MOXHO OTMETUTB, YTO CETrOJHSIIHNA PHIHOK
Poccwniickoit @enepariv B O0JbIIeH Mepe OTKPBIT
JUTSL TPQHCTIOPTHBIX KOMITAHHUH — 3TO TIOAYEPKUBA-
€TCsl yCTOWYMBBIMHM IIOKA3aTENsIMU POCTA OTPACIN
(c To3MIIMK TPY30TIEPEBO30K ), a TAKKe e TeKyIIH-
MH BO3MOXXHOCTSIMU JUTS TAJIGHEHIIIETO YKpernie-
HUSI COOCTBEHHBIX TTO3HIINI (UMY CITOCOOCTBYIOT

& Mwup TpaHcnopTa. 2021. T. 19. Ne 6 (97). C. 38-47

TIPOHCXOJIAIIHE B paMKaX SKOHOMHKH CTPYKTypHBIE
nipeoOpazoBaHms). B T sxe BpeMsi CymiecTByeT psis
YIpo3 JIeITeNbHOCTH B c(epe rpy30NepeBo3oK,
KOTOpPBIE MOTYT YCYT'yOIATECS 32 CUET BOSHUKHO-
BeHMst HOBoM BoyHbI nanaemud COVID-19.

CooTHOCs crabble CTOPOHBI M BOSMOXXHOCTH,
BOXHO OTMETHTh, UTO TpaHCIOpTHAsI CTpaTerus
P® moxeT crare CTUMYNIOM [UIS YITyYIIEHHS 10-
3Lt Mopckoro Tparncnopra’. Kpome Toro, st
KPYITHBIX OM3HEC-UTPOKOB POCT KOHKYPEHIIMH Ha
PBIHKE Ha COBPEMEHHOM JTare HE BBICTYIIAacT
B Ka9€CTBE MIMPOKOH MPOOIEMEL.

CoOTHOIIEHNE CUIBHBIX CTOPOH U yTPO3 103~
BOJISICT OTMETHUTh, YTO BBICOKAs 3HAYMMOCTH
cepbl rpy30IepeBO30K CTAHOBHUTCS (HaKTOpOM,
MIPEOIPEACISIIONNM €€ OOJbIIYI0 HEe3aBUCH-
MOCTB OT [ICH Ha TOIUTUBO U TIOBBIILICHUS TAPH(OB.
B Takom cirydae nToroBast CTOMMOCTB I'py30I1epe-
BO30K XOTS U TOBIHUSACT HA WX KOIUYECTBO, HO
JTAaHHBIN ()aKT KOMIICHCHPYETCS 32 CIET YCTOHUIH-
BOCTH KPYITHBIX KOMITAHHH M TEXHOJIOTUYECKOMH
MOZICpHHU3AINHU (CMEHOW OPUCHTHPOB B 00JIaCTH
IPy30IEPEBO30K).

Ciabble CTOPOHBI ¥ YTPO3bI COBMECTHO 00pa-
3YIOT JIMHHIO TIPEIYTIPEIKICHUS, B PAMKaX KOTOPOI
Ba)KHO BBIJICITUTH (PAKT TOTO, YTO TEKYIIHE YTPO3BI
MOT'YT CTaTh OCHOBHEIM 0aphepoM [T UCTIONB30-
BaHMSI COBPEMEHHBIX BO3MOYKHOCTEH. Tak, BRICOKast
KOHKYPCHITHSA U TIOBBIIICHIE CTOMMOCTH TOILTHBA,
pocT Tapu¢oB 3a IEPEBO3KH, MOTYT CTaTh (hakTo-
paMH, CHIKAIOMIMMU OOIIUIA CIIPOC HA yCIyTH
TPY30BBIX TPAHCIIOPTHBIX KOMITaHHH (B YaCTHOCTH,
aBTOMOOWIIBHBIX) — 9TO TOTYEPKUBACT OCOOYIO
HE0OXOIMMOCTh MPOrHO3UPOBAHMS BCEX ACTIEKTOB
JIEITETFHOCTH ¥ BBICOKYIO CTETICHb 3aBUCHMOCTH

" TpaucnioprHas crparerus Poccuiickoit deneparuu 10 2030
To/la ¢ MPOrHo3oM Ha nepuox 1o 2035 roga. Pacnopsbxenne
IMpaButensctsa Poccuiickoit Denepanun ot 27 HostOpst 2021 &
Ne 3363-p. [Onexrponnslii pecypce]: http:/publication.pravo.
gov.ru/Document/View/0001202112030006?rangeSize=1.
Joctym 01.12.2021.
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OpraHu3alyii OT JaJbHEHIINX NeHCTBUI MpaBu-
TenbcTBa [ 16].

IIpoBenéunpiit SWOT-ananu3 nmo3Bosuser
OTMETHTB, YTO HECMOTPsI Ha BCE PUCKH U Cl1a0ble
CTOPOHBI TEKyIIeH TpaHCIOPTHON oTpaciu Poc-
cuiickoit denepanun, e€ yCTONIUBBIA POCT
1 0011ast 3HAYMMOCTh B YKOHOMHUYECKO# CTPYK-
Type (B JONaHJIEMHUIHBIE IEPUOJIbI) CTAHOBSATCS
(haxTOopamH, UCKITIOYAIOIIUMH TPEATIOCHUIKH JUIs
3aMeIUICHHs Pa3BUTHS HHXKE YPOBHSI Pa3BUTHS
9KOHOMHUKH B LIeJIOM. B menom, pe3ynbrarsl
MPOBEJEHHOTO aHaJIN3a KOPPEIUPYIOT C TEKy-
MMM CTaTUCTHYECKHMH I10Ka3aTesIMUA M BbI-
SIBJICHHBIMH B XOJI€ UX M3y4YCHUS TCHICHIUIMH,
CBUJIETENIbCTBYIONIMMHU O JajbHEHIIEM pocTe
Ipy30BBIX MEPEBO30K IOCIIE 3aBepIIEHHs 00-
YCIIOBJICHHBIX MaHJEMHUEN SIBICHUH.

CTOUT OTMETUTH, YTO HEKOTOPBIE MOCIE-
ctBus BnusiHUA nanaemun COVID-19 Ha ges-
TEIbHOCTh TPAHCIIOPTHBIX KOMIAHUU ObLIH
CMSITYEHBI 32 CUET MX ONEPATHUBHBIX JACHCTBUIA.
B wacrroctH, komnanus OAO «PX]I» ¢ nenbio
CTHMYJIMPOBaHMs aKTHBHOCTH Ha ()OHE CHIDKE-
HUs CIIpoca M0 I'py3olepeBo3KaM o0bsBHIIA
0 CKHJKax Ha TPaHCIOPTHPOBKY yrisi. Kpome
TOTO, COLMAJIbHO 3HAYMMBIE I'PY3bl B KPBITHIX
BaroHax cTaju oTnpasisaThesa Ha 40 % pemiesie;
KOJINYECTBO MOTPY3KH IIPOIYKTOB IIUTAHUS B I1e-
pUoOx MaHAEMHUHU YBEIUYHIOCH MO OoJbLIei
4acTH UX HauMeHoBaHwuii [17]. B obnactu aBro-
MOOMJIBHBIX TPY30I€PEBO30K, B IEPUOJ MaH e~
MHH HEKOTOPbIE OpPraHnu3aliiyi BMECTO ITPHUBBIY-
HOT'O DKCHOpPTa HAIPaBWJIM COOCTBEHHBIE CHJIBI
Ha paboTy B paMKax BHYTPEHHEIrO PBIHKA;
MOYKHO OTMETHUTb U pocT 3HaunmMocTu I T-TexHo-
JIOTUH B IESITENBHOCTH OTEUECTBEHHBIX OpPraHu-
sanuii®. TakuM 00pa3oM, B IIEJIOM TEKYILHUE Pe-
IIEHHs] HE TIO3BOJIMIIN CHEPIKaTh MOCIEICTBUS
KpH3HCa B TIOJTHOIM Mepe B CUITy CKOPOTEYHOCTH
BO3HUKHOBEHHSI 1 00bEMOB BO3HHKIIHX yrpo3,
OJIHAKO, B HEKOTOPO CTENIEHN OHM HE JaJIH JI0-
MIYCTHUTh CHIDKEHUS] 00bEMOB IIEPEBO30K IPY30B,
YTO CTAJI0 OBOJOM JIJIsl CTAOMIILHOTO (DYHKITHO-
HUPOBAHMSI.

Takum 00pa3oM, MOXXHO OTMETHUTb, YTO B Ha-
crosiiiee BpeMsi 00bEMBI IEPEBO30K TPY30B
BOCCTaHAaBJIMBAIOTCS TIOCNIE AJIUTENFHOTO CHU-
skeHusl. CerofiHsi PHIHOK I'PY30BBIX IEPEBO30K
YaCTUYHO «OCBOOOAMIICS» OT HEYCTOHUYMBBIX

8 Jloructuyeckue Tperbl 20202021 rona: BausHKE MaH-
nemun COVID-19 Ha nepeBo3ku. [DneKTpoHHBIN pecypc]:
https://www.retail.ru/articles/logisticheskie-trendy-2020—
2021-goda-vliyanie-pandemii-covid-19-na-perevozki/.
Joctym 26.11.2021.

Mwup TpaHcnopTa.

Ou3HeC-urpokoB. JlaHHBIA (HAaKTOp CTAHOBUTCS
OTIPEICIISIFOIIUM B BO3MOXXHOCTH CTPYKTYPHOT'O
BHEJIPCHMS UHHOBAIMU B JIEATSILHOCTH BHOBD
(dbopMupyeMbIX Oopranu3zanuid. BaxxHeIM 3/1€Ch
CTAHOBUTCS (PAKT OPUCHTAIMH HA COBPEMEHHbBIC
PBIHOYHBIC TEHACHIIUH C YIYETOM TEKYIIIMX PUC-
KOB ¥ BO3MOXKHOCTEH.

Tak, cooTHOCs1 OuIMaTbHBIC TaHHBIC CTa-
TUCTUKU ¢ TpoBeaEHHBIM SWOT-ananuzom,
MOYKHO OTMETHUTb, YTO CETOJIHSI UMEECTCS OPOM-
HBI TIOTCHIIMAN JJIs Pa3BUTHUS OTICIBHBIX Ha-
MPaBJICHUN IEATSIBLHOCTH B cdepe rpy3omnepe-
BO30K. B 4acTHOCTH, BRICOKHE TIOKA3aTEIIH 3HA-
YUMOCTH U YCTOHYMBOCTH OTPACIHU B ICJIIOM
(OTHOCHUTEIBHO CTPYKTYPBI SKOHOMHUKH PD 1 eé
U3MEHCHHI) CBUICTEIBCTBYIOT O BO3MOXKHOCTH
JanpHeiIero eé peopMupoBaHus U mpeoodpa-
3oBaHus [ 18]. Hampumep, opreHTanus He TOJb-
KO Ha BHCIIIHWE, HO U Ha BHYTPEHHHE PBIHKU,
MTO3BOJIICT TPAHCIIOPTHBHIM OpPTaHHU3AIMSIM CO-
XPaHITh 4aCTh MPUOBLIH U UCIIONIB30BaTh € IS
HMHBECTHIIMOHHOM nesiTenpHOCTH. KpoMe Toro,
CTaTUCTHKA TOBOPHUT O MPOIOJIKEHUH (HDYHKITHO-
HUPOBAHUS KPYIHEHIIINX HTPOKOB OTPACIIH, YTO
B COBOKYITHOCTH C COBPEMECHHBIMH TCHICHIHSMU
CTAaHOBUTCS (AKTOPOM, OIPEACIIAIONIUM UX
3HAYUMOCTh B KOHTEKCTE BOCCTAHOBJICHUS BCEi
OTpaciy rpy30IePeBO30K U AaJbHEHIIIEM Pa3BU-
THH UTHHOBAITUH.

BbIBOAbI

Pe3ynbrarhl MPOBENEHHOTO CUTYAI[HOHHOTO
aHaJIM3a MO3BOJIIFOT OTMETHTh, YTO COBPEMEHHBIC
KOMIIaHUH, JACHCTBYOIIHE B chepe rpy30IepeBo-
30K, HECMOTPSI Ha BCE BO3HHKIIKE TPYIHOCTH,
MOKA3aJIM BBICOKYIO YCTOMYUBOCTD K PHIHOYHBIM
u3MeHeHusiM. B yactHocty, 2020 ron, HeECMOTps
Ha aKTUBHOE Pa3BUTHE OIPAHUUYCHUIA, CBSI3aHHBIX
¢ COVID-19, cran 3HaYNMBIM 71 Pa3BUTHS JKe-
JIC3HOZIOPOKHOT'O TPAHCIIOPTA — BO BCEH CTPYKTY-
pe rpy30000poTa ero a0ist yBenuuuiack Ha 1,4 %.
B 10 e Bpemsi, aBTOMOOWITbHBIN TPAHCIIOPT, HE-
CMOTPpsI Ha IPEKPAICHHE ISSITSITIHBHOCTH CO CTOPO-
Hbl MHOTHX TPEIIPUATHI MaJIOTO U CPEIAHEro
ousHeca, nmokasan Manbiit poct (0,1 %). OnHako,
Ha PBIHKE TPY30BbIX [IEPEBO30K, MAHAECMHUS CTalla
TTOBOJIOM JIJIsSl PACCMOTPCHUSI MHBIX HATPaBICHUI
JIeATEITLHOCTH M PACIIAPEHHUSI COOCTBEHHOTO BIHSI-
HUSI B PaMKax paHee He OCYILICCTBIISBIIMXCS Ha-
npapieHruid. Tak, KOMIIAaHUH, OCYILECTBIISIONINE
IPy30IIePEBO3KU B CTpaHbl EBpoOMeiickoro cor3a,
MOCJIe BBEJCHUS TOTAJIBHOIO JIOKJIAyHa U poCTa
OTPaHUYMTEIBHBIX MeP (COMPOBOXKIAIOIICTOCS
SKOHOMHYECKHUMH TIOTEPSAMH) CTAIH B OOJbIIEH
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Mepe paccMaTpUBaTh IEPCIEKTUBY BHYTPEHHETO
peiHKa Poccuiickoit denepannu. Bmecte ¢ Tem
MHOTHE KOMIIAaHUM B NEPUOJ MaHAEMHU CTalld
pacumpsTh COOCTBEHHBI aBTONAPK I'Py30BBIX
aBToMoOmei (o0mmii poct cocraBmi 6,07 %).
[poGeMHBIMH BBICTYIAIOT BOIIPOCHI, KACAIOILIHE-
Csl OTPACIM MOPCKOTO TPAHCIIOPTA, — MPOIOIIKHU-
TEJBLHOE 10 BPEMEHH CHIKEHHE 00bEMA ITEpeBO30K
TOBOPHT O CHWYKEHUH MX KOHKYPEHTOCIIOCOOHOCTH;
B TO K€ BpeMsi 1o coctosiruio Ha 2021 ro npuObLIb
TIPY peau3aLii Mep cTalla BO3pacTarb, 4To Gop-
MHpPYET HEKOTOPYIO HEOPEIETEHHOCT CUTYalIUH.
B 1ienoM MOXKHO cenath BBIBO, UTO TPAHCIIOPT-
Hasl CUCTeMa M B YaCTHOCTH CETMEHT Ipy3oliepe-
BO30K 00JIa/laeT AOCTATOYHOM aaanTalMOHHOM
CIIOCOOHOCTBIO ISl JISSITENIbHOCTH B YCJIOBUSIX
KPU3HCHBIX SIBJICHUH, TIOI00HBIX aHJIEMHUH, U CTIO-
COOEH JIOCTAaTOYHO ONEpaTHBHO HACTPauBaTh HH-
CTPYMEHTBI Pa3BUTHSI [1O]] U3MEHSIIOILIECS 00CTOS-
TENbCTBA.
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Cepreii TACTYXO0B

Koncrantui CTENIbMALLEHKO

AHHOTALINA

BaxHbIM acnekmom noebILLeHUs aghghekmusHOCMU npoyec-
€08 ynpasrieHus Ha mpaHcnopme s8/IAEMCS pa3sumue HoBbIX
nodxodoe K (hopMUPOBaHUI0 MEXaHU3MO8 aHanumuku 0ns yenel
ynpaerneHus UeHamu ycrye.

B cospeMeHHbIX PbIHOYHBIX YCrI08USIX npodomkalom ocma-
8ambCs akmyanbHbIMU U 80cmpebosaHHbIMU uccredosaHus,
HanpagneHHble Ha COBEPLIEHCMBO8aHUE UHCMPYMeHmapus
onpederneHusi ONMUMarbHbIX NapaMempos8 COOMHOWIEHUS Kaye-
cmea u cmoumocmu 06cnyxueaHusi Onsi hopMUPOBaHUS KOHKY-
PpeHmocnocobHol u aghehekmusHOl mapugHOL NOUMUKU.

Llens uccnedosaHusi, npedcmassieHHO20 8 Cmambe, — aHasnu3a
U OUeHKa nepcnekmue peanusayuu makux Hanpasnexui no co-
8epWEHCMB08aHUI0 annapama OUeHKU UeHO080U anacmuyHocmu
cnpoca Ha ycryeu XenesHod0poXHO020 NAcCaxupCcKoeo mpaHc-
nopma, kak nepexod K UCnob308aHUI0 HEMUHELIHbIX No napamem-
pam yHKYUl Modenuposanus nogedeHus KUeHmos, a makxe
eHedpeHue Haubonee (hhekMUusHbIX aneopummog U3 apceHasna
CO8PEMEHHO20 UHCMPYMeHMapust 2obanbHol Mamemamu4eckol
onmumu3ayuu.

®opmuposaHue 8b180008 UCCIE008aHUSI 0CHOBbIBAEMCA
Ha NPUMEHEHUU MeXaHU3M08 CUCMEMHO20 aHau3a, Memodos
3KOHOMUKO-MameMamu4ecko20 MoOeUPOBaHUS U ONMUMU3a-

Mup TpaHcnopta. 2021. T. 19. Ne 6 (97). C. 48-60

HoBble noaxoAab! K ynpaBneHuIo LieHamm
Ha TPAHCNOPTHbIE YCNyru

Cepzeii Cepzeesuu Ilacmyxos,
Koncmanmun Bnaoumuposuu Cmensmamenko?

!.2 Hayuno-ucciedoamenbCKkuil uHCmumym
arcenesnodopooicnozo mpancnopma (AO «BHUMIKT»),
Mockea, Poccus.
04! pastuhovsergey@bk.ru,

2 Stelmashenko.Konstantin@vniizht.ru.

yuu, a makxe UHCmpyMeHmapusi Henapamempu4eckol cma-
mucmuku.

B umoee, Ha 0CHOBe UCNOMb308aHUS Maccuga OaHHbIX 0 Cnpoce
naccaxupog (hUpMeHHb X N0e3008 NpogedeHa CpaBHUMENTbHas OUEH-
Ka kayecmea MoOenuposaHusi UeHo8oU anacmu4yHocmu cnpoca npu
ucnonb308aHuu 15 HeruHelHb X N0 napamempam QyHKYUL, a makxe,
8 pesynbmame ocyuwecmesieHust mpéxamanHoll npouedyps! CpagHU-
menbHo20 aHanu3a aghghekmusHocmu pabomsi boree yem 60 aneo-
PUMMO8 ONMUMU3AUUU (BKITHo4aroLel, 8 MOM Yucre, pacyém MUHU-
Mymo8 u meduaH 0r1s1 cymM Keadpamoe OLIUOOK MOOenuposaHUs,
6ymcmpen-aHarus, mecmsi Kpackena-Yonneca u MaHHa-YumHu, a
maroke pacyém cneyuarnsHo paspabomarHol agmopamu Mempuku
OUEHKU cmeneHu npegocxodcmea 00HO20 arneopumma Had dpyaum 8
pamKax Henapamempu4eckoeo aHasnu3a) onpedesneHsl Hauboree
nepcneKMUBHb I MEXaHU3MbI NOUCKa HEU3BECHbIX NapaMempog Onsi
He211a0KuX HenuUHeUHb X (hyHKUUL MOOeUpOBaHUS N0BEOEHUS KITUEH-
Mo Xene3HOO0POXHO20 MpaHcnopma.

pedcmasnsemces, Ymo nosy4yeHHble 8b1800b1 MO2Ym bbimb
YCNEWHO UCNoMb308aHbl U NPUMEHUMENbHO K dpyeum eudam
mpaHcnopma npu peweHuU UMU aHanoauyHbIx 3aday popmupo-
8aHUs 3¢heheKMUBHO20 UHCMPYMEHMapUs ynpasneHus eHamu
MpaHeNopmHbIX ycnye.

Knroyesble crosa: ynpagneHue mpaHCnopmoM, naccaxupckue nepeeosku, mapughHasi NoauMuKa, UeHosas 31acmu4yHocmb
cnpoca, 3KOHOMUKO-Mamemamuyeckue MoOesu, 38pUCMUYECKUe anzopummbi ONMUMU3ayuU, cucmema ynpassneHusi 00xo0amu.

[ns uumuposarus: lMacmyxoe C. C., Cmenbmawenko K. B. Hogble nodxo0bi K ynpaseHuio UeHamu Ha mpaHcnopmHble ycryau //
Mup mparcnopma. 2021. T. 19. Ne 6 (97). C. 48-60. DOI: https://doi.org/10.30932/1992-3252-2021-19-6-7.

MonHbIli mekcm cmambU Ha aH2nUlicKoM si3bike ny6auKyemcsi 80 mopoli Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.

® ©Mactyxos. C. C., Ctenbmawenko K. B., 2021



BBEOEHUE

BocTpe6oBaHHBIMY 1 aKTyaIbHBIMH SBISIOT-
Csl UCCIICJIOBAaHUS, MOCBSIIEHHBIC Pa3BUTHUIO
TIOJIXOZOB K YIIPABJICHHIO ICHAMH TPAHCIIOPTHBIX
yeIIyT, 0a3upyromuxcs Ha peanm3anun d¢dek-
THUBHBIX MEXaHH3MOB MOJICIIMPOBAHUS IOBEIe-
HUS KITMCHTOB JUIS LeJieil HaXOKICHUS OITH-
MalbHBIX IIapaMeTPOB COOTHOIICHHUS KadecTBa
¥ CTOMMOCTH O0CITY>KHBaHHUS.

Peanm3anmst KOMIUTEKCHBIX IPOTPaMM ITOBBI-
meHus 3 (HEeKTUBHOCTH, POCT OPHEHTHPOBAHHO-
CTH Ha KJIMCHTOB U ITOBBINICHHE Ka4ecTBa Ipe-
JOCTaBIAEMBIX YCIIYT IPOAODKAIOT, COTJIACHO
NOJIOKeHUSIM [1porpaMMEI TOITOCPOYHOTO pas-
BUTHS !, 0CTABaThCsl BYKHBIMH HAIPABICHUSIMU
CTpaTeruy 00ecHeveHNs BEICOKO KOHKYPEHTO-
criocobrocT OAO «PX» B cOBpeMEHHBIX
PBIHOYHBIX YCIIOBHSIX.

B cdepe ympaBieHHus xeae3HOTOPOKHBIM
TPaHCIIOPTOM Ha PBIHKE ITACCaKHUPCKUX IEepPEBO-
30K 3a IToCIIeIHUE 15 JIeT JOCTUTHYT CYIIeCTBEH-
HBIIf Iporpecc B Pa3BUTHH METONOJIOTHH MOJIe-
JTUPOBAaHUS TOBEICHUS KIUCHTOB JJIS Ieei
[EHO00pa30BaHUs Ha OCHOBE HCCIICHAOBaHHSA
LEHOBOH JJIACTUYIHOCTH CIPOCA, K OCHOBHBIM
BeXaM KOTOPOTO MOJKHO OTHECTH:

* pa3pabOTKy MeXaHH3Ma OIpeIeICHUS OIITH-
MaJIbHBIX CTOMMOCTHBIX HHTEPBAJIOB JUIS IIATE-
KeCcIocoOHOro CIpoca Ha JOIOJTHHUTENbHEIC
YCIIyTH B Moe3nax, 0a3upyromerocs Ha creHap-
HOM aHaJIN3€ OTBETOB PECIIOHICHTOB O MPEIeTb-
HBIX I[ICHAaX C HCIIONB30BAHUEM PAHTOBBIX KA
IIEHOBBIX JTana3oHoB [ 1, c. 45-47;2, ¢c. 128-132];

* CO3JaHNe HHCTPYMEHTAPHsI OLCHKU OITH-
MaJIbHBIX Tapr(OB Ha IPUTOPOAHBIC A00HEMEH-
THI ITyTEM MOJIEIHMPOBAHMS MpoLecca PEIICHUS
KITMEHTOB O BBIOOpE Toe3akH [3, c. 51-63];

* 000CHOBaHHE KOHIENIIUH U NOAXOH0B
K pealu3aliy ANHaAMHYECKOro IIeHO0Opa3oBa-
HUS ¥ yTIPaBJICHUS JOXOTHOCTHIO TACCaKUPCKHX
TIepEeBO30K B albHEM cienoBanny [4, c. 27-30];

* pa3paboTKy ammapara >KOHOMHKO-
MaTeMaTHYEeCKUX MOJEJIEH A ynpaBiIeHUS
JOXOIHOCTBIO U pEHTA0CIBHOCTBIO OTEUESCTBEH-
HBIX ITACCAKHPCKUX ITEPEBO30K JATBHETO CIIe0-
BaHUS B paMKaX CHCTEMBI AMHAMHYECKOTO Iie-
HOOOpa3oBaHus [5, c. 10-15; 6, c. 33-39];

* pa3BHTHE MHCTPYMEHTApHs ONpeeTICHHS
ONTHUMAJIBHOI CTOMMOCTH OOCITY>KHBaHHS I1acca-

! Tonrocpounast nporpamma paszsutus OAO «PXK][»
1o 2025 roma (yTB. pacmnopskernem IIpaBurenscTpa
Poccuiickoii ®enepanuu ot 19 mapra 2019 . Ne 466-p).
[Onextponnslit pecypce]: https://docs.cntd.ru/document/
55392783 1?marker = 64UOIK. Toctyn 01.05.2021.
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JKUPOB HA OCHOBE SKOHOMUKO-MaTeMaTHUECKOTO
MOJICTTMPOBAHMS C UCIIOJIH30BAHHEM JIMHCHHBIX
o mapametpam [2, c¢. 123-128; 7, c. 10-20],
a B JaJbHEHINCM, U CYIICCTBCHHO HEIMHEHHBIX
[8, c. 50-59] dbopm Momeneit OIEHKH LIEHOBOU
AIIACTUYHOCTH CIIPOCA;

* COBEPIIICHCTBOBAHHKE anapaTa SKOHOMU-
KO-MaTEeMaTUYECKUX MOJENCH s yIpasie-
HHSI SKOHOMHUYECKOH 3 (PEeKTHBHOCTHIO Ha
OCHOBE OOBCAMHEHUS] UHCTPYMCHTApHUS -
HaMHYECKOTO [[EHOOOpa30BaHUs C MEXaHU3-
MaMu aHajiu3a Tapu(oB KOHKYPEHTOB [9,
c. 53—62] u nmoaxogaMu OonpeneneHus OnTU-
MaJIbHOW COCTABHOCTH MACCAXKHUPCKUX MOE3-
noB [10, c. 343-350].

L]envio riccnenoBaHusl, pe3ybTaTbl KOTOPOTO
CONIEPIKATCS B CTAThe, SIBJSICTCS JaJIbHEHIIee
MOCJEIOBATEILHOE Pa3BUTHE MEXaHHU3MOB
YIpPaBJICHUS [[EHAMH TPAHCIIOPTHBIX YCIYr Ha
OCHOBE COBEPIIICHCTBOBAHUS MPOLIECCOB MPO-
THO3MPOBAHHMS TOBEICHHS MACCAKUPOB 32 CUET
BBIOOpA HOBBIX MEPCIICKTUBHBIX (DYHKIHI aHa-
JIU3a I[ICHOBOM 3JaCTUYHOCTH CIpPOCa, a TaKKe
MMOKCKA U PUMEHEHUs Hanbosee 3PPEKTUBHBIX
aJTOPUTMOB [I00AILHOW MaTeMaTHYECKOU OIl-
TUMU3AIIH.

PE3YINbTATbI
AJbTepHATHBHbIE MO/IeJIM AHAJIN3a HEHOBOI
3JIACTHYHOCTH CIpoca

B8, c. 51] ObLI0 paccMOTPEHO MATH HEJIMHEH-
HBIX MO mapaMeTpam (GpopM 3KOHOMHKO-
MaTeMaTHYeCKUX MoJeNel aHanu3a LIeHOBOI
9TACTUYHOCTH [UTSI HCTIONB30BAHHS B ABTOMATH3H-
POBaHHBIX CHCTEMAaX YIPABICHHUS TOXOMHOCTHIO:
Tomneprua (Gompertz), [lepna—Puna (Pearl-
Reed), @epxronbera (Verhulst), a Taroke 18a Bapu-
anTa mozenu BeiiOyna (Weibull): nByxnapamerpu-
yeckuid (W2b) u ueTbipéxmnapamMeTpuyecKui
(W4b). OnHako MOXKHO BBIJIEIUTH U IPYTHE, HIU-
POKO HCIIONB3yeMbIC Ha MPAKTHKE, albTepPHATHB-
Hble (QYHKIMOHATBHBIE (POPMBI HETHHEHHBIX MO-
JIeNield, M3yYeHre KOTOPhIX MOYKET OKa3aThCs mep-
CIIEKTHUBHBIM TSI TIOBBIMICHHST 3(DPEKTUBHOCTH
aHANM3a MACTHYHOCTH CIIPOCA B PAMKaX yIpaB-
JICHUS [[CHAMH TEPEBO30K U COIYTCTBYIOILIETO
CepBHCa Ha JKeJIe3HOJOPOKHOM TPaHCIIOpTE:

o Jlurtna (Little), nu3BecTHas Takke Kak
ADBUDG [11, c. 484-485]:
(x) =B+ (B, —B)x™ /B, +x) (1)
e y(X) — MozienupyemMast 3aBUCHMOCTb CIIpoca
Ha YCIIYTy OT €€ CTOMMOCTH;

B — xoadduUIHEHTHI, TIONyYaeMble B XO/E
ONITHMH3AIHH.
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« Jlorut (Logit) [12, c. 78-79]:

Y(x) =B, exp(B, +Box)/(1+exp(B, + Byx)) . ()
* [Iponoprumii (Ratio) [13]:

* Rat-03: y(x) =B, / (x* +B,x" +Bx +B,) 3)
e Rat-12: y(x)=([31x+l32)/(x2+ng+54), (4)

e Rat-13: y(x)=(B1x+Bz)/(x3+ﬁ3xz +B4X+B5) 5 (5)
* Rat-21: y(x) = (Bx* +B,x+B,)/ (x+B,),  (6)
* Rat-22: y(0) = (Bx* +B,x +B,) / (x* +Bx+B5) . (7)
* PatkoBckoro (Ratkowsky’s) [14, c¢. 1-5]:

y(x)=B1/(1+exp(_Bz —[33x))/\(]/[34) . (8)
* Puuappca (Richards) [15, ¢. 290-300]:
»(x)= B1/((1+ Bz eXp(_ﬁsx)) " (]/34 )) . (9)

* DKCIIOHEHTHI C JIBOMHBIM PacTsDKEHUEM, Jajiee
HazsiBaeMoit DWM (Double Weibullian Model)
[16, c. 139-159; 17, c. 4402-4412]:

¥ =Byrexp((x/B,)" = (x/B.)") . (10)

ABTOpBI peImiIn cornocTaBuTh 3pdexTus-
HOCTh yKa3aHHBIX BbIIIEe Mojesied (popMyJbl
1-10) ¢ nsTHIO, paHee MpeACTaBICHHBIMU B [8,
c. 51], npu uX UCHIOIB30BAHUH TPUMEHUTETILHO
K MaccuBy HH(QOpPMAaLIMK O IEHOBOH 371aCTHYHO-
CTH CIpOCa, TOJyYSHHOH 10 pe3ylbraTaM aH-
KETHOT'O O1poca 3,5 ThIC. MacCaxupoB (pupMeH-
HBIX 10€3]10B (II0IpoOHOE OMHUcaHue mporecca
MOJIy4yeHUs] U 00pabOTKU MCXOJHBIX JaHHBIX
MmpeACTaBiIeHo B [7, c. 12—16]), Kypcupyrommx
Ha HanpasieHun MockBa—Cankr-IleTepOypr,
B paspese U3y4eHHs CIIeIYIOUIMX BOCBMH Klla-
CTEPOB JIaHHBIX, XapaKTEPU3YIOLIUX CIPOC Ha:

1) yenyry «HTepHe™ B Baronax Kyrme ¢up-
MEHHBIX M0€3/I0B;

2) ycnyry «HurepHer» B Baronax CB ¢up-
MEHHBIX M0€3/I0B;

3) ycayry «Cesi3b» B Baronax Kyme pupmen-
HBIX TI0€3/I0B;

4) yenyry «Cesi3p» B Baronax CB ¢upmen-
HBIX TI0€3/I0B;

5) ouners Kymne sxoHOM-Kiacca moesfa
Ne 3/4 «DupmeHHBIH SKCTIpECey;

6) owtetsl CB 6usHec-kimacca moesaa Ne 3/4
«DupMeHHBIH 3KCIpeccy;

7) 6unetst Kyne skonom-kinacca Ne 5/6 «Hu-
KOJIAEBCKHH KCIIPECC;

8) 6mets CB OusHec-kiacca moesma Ne 5/6
«HuxkonaeBckwuii sxcripeccy.

B [8, c. 55] mo uTtoram cpaBHUTEIHLHOTO
aHaJM3a KayecTBa OLEHMWBAHMS ONTHUMAaJIbHBIX
napaMeTpoB U3ydaeMbIX popm Mozeneit, Han6o-
nee 3phekTUBHBIM OKa3ayics aaroputM JIeBeH-
oepra—Mapksapara (nanee LM), moatomy
MMEHHO OH OBbLI IIEpBOHAYAJILHO BBIOpaH st
MIOMCKA HEM3BECTHBIX I1aPaMETPOB U3Y4aeMbIX
mogerneit (hopmyier 1-10). JlaHHBINA aITOPUTM,

®  Mwup TpaHcnopTa.

JieTajgbHO onvcanHbii B [18, ¢. 105-116], ocHo-
BBIBACTCS HA KPUTECPUHA MUHHMHU3ALUU CYMMBI
KBapaToB onmmbok moaenu (nanee SSE), koto-
PBIit 7S 11eTIeld COTTOCTaBUMOCTH ObLIT peai3o0-
BaH BO BCEX PAaCCMOTPEHHBIX B aJIrOpuTMax
onTumu3anui [8, c. 52].

B pamkax aaHHOIl cTarbil aBTOpPBI PELIMIN
HCTONB30BaTh MUHUMYM SSE He TOJBKO Kak
KPHUTEPHI ONTUMHU3ALIMH HEU3BECTHBIX TapamMeT-
POB, HO M PYKOBOZCTBOBAaThCsl UM IIPH CpaBHe-
HUSIX Ka4eCcTBa paOOThl AJITOPUTMOB ONITHMHU3a-
UMM, a Takxke 3QPEeKTUBHOCTH H3ydaeMbIX
(GyHKIHOHATIBHBIX (HOpPM I 1ieNieit IIeH000pa-
30BaHus. TeM He MeHee, CTOUT OTMETHUTD, YTO,
repes BHEAPEHNEM B PAKTHKY LIEHOOOpa3oBa-
HUSI, TIO-TIPEKHEMY 11eJ1ec000pa3HO MTPOBOIUTH
CpaBHEHHS M 10 OoJjiee YIOOHBIM sl Lieer
MEHEJ)KMEHTa TMOoKa3zaTelsiM, BKiawoudas [8,
c. 52-53] «uHTerpanbHBI KpUTEPUN CPaBHU-
TEJILHOM OMIMOKH MOZIEJH B UCCIIEyeMOM IpyTI-
Te», «CKOPPEKTHPOBaHHBINA UHEKC JeTepMHUHA-
LU, «CPEAHUI MOAYJIb aOCOIFOTHOM OIIUOKN
(manee MAD).

[Tony4yeHHbIe aBTOpaMH Pe3yJBTHPYIOLIHE
BenuuuHbl MuHUMyMa SSE 1o pesynsratam 15
3amyckoB anroputma LM, xapakrepusyromiue
3¢ (EeKTUBHOCTD HCIONIB30BaHUS Pa3IMUHbIX
(GYHKIMOHATBHBIX (hOPM MOJICITUPOBAHUS B KaXK-
JIOM U3 BOCBMH M3y4aeMbIX KJacTepoB (Taodi. 1),
TI03BOJISIIOT CJIENIaTh BBIBOJ, YTO BEIOOP MOAEIH
Ilepna—Puna B kauecTBE UCXOAHOW TOYKU MPH
aHaju3e IIEHOBOW 3JIaCTHYHOCTH CIIpOCa Ha
TPAHCIIOPTHBIE YCIIYTH MO-NPEXKHEMY SBISETCS
OTIMYHBIM peuienueM (B [8, ¢. 54-55] nannas
MOJIENIb YK€ OTMedajach Kak OJlHa M3 CaMbIX
MEPCIIEKTHUBHBIX, JIEMOHCTPUPYSI HaUOOJIBIIYIO
3G (PEKTUBHOCTh MO KPUTCPUIO MUHUMYMa
MAD).

IIpu stom anroput™m LM He coménca ans
mozened Puyapaca u DWM Hu B onHOM U3
H3y4aeMbIX KJIACTEPOB, YTO CBSI3aHO C MpobIIe-
MaMH OLIEHKH I'paJueHTa M3-3a HEIIaJKOCTH
9TUX HEJIUHEWHBIX (YHKIHOHAIBHBIX (HOPM.
Jlas pewieHuss JaHHOW NMpoOJeMbl aBTOPHI,
YUYHUTHIBAs aHAIU3 CBOWCTB 3TUX (QYHKIIUU
u cneuuUKy NpUMEHEeHHsI MOJeNiel B Mpak-
THKE aHaJM3a LIEHOBOW AJIACTHYHOCTH, OTpa-
HUYMIH 00JIaCTH CTAPTOBBIX TOUEK [TOUCKA IS
HEM3BECTHBIX IIEPEMEHHBIX (B IEPBOM ITPUOIIH-
XKEeHUH, — uHTepBajoM ot —10 g0 10 ns Heus-
BECTHBIX NMapaMeTpoB cTeneHu u ot —50 xo 50
JUISL OCTaJIbHBIX HEM3BECTHBIX BEJIMUMH ), TOCTIE
Yero CTajJl0 BO3MOXKHO HMCIIOJIB30BaHUE aJIr0-
PUTMOB ONTHUMH3ALMH HA OCHOBE TOCTPOESHHS
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Taoéauna 1

Pe3ynbTaThl ONTHMH3ANUM APAMETPOB HeJIMHEHHBIX (POPM MOJAEIMPOBAHNS LIEHOBOM
3J1aCTHYHOCTH cnpoca (aaroputv LM) [BpInoJiHeHO aBTOpaMu]|

®Dopma monenn | M3ydaemsblii KiIacTep JaHHBIX B MACCHBE HCXOTHOH HH(POPMAUH

1 2 [3 [4 [5 |6 [7 [8 | hiroro
Munumy™m SSE no pesynsraram 15 3amyckos LM, en.
T'ommepria 0,0101 0,0329 0,0301 0,0690 0,0685 0,0990 0,0282 0,0283 0,3661
ITepra—Puna 0,0072 0,0106 0,0095 0,0162 0,0498 0,0674 0,0282 0,0198 0,2088
DepxronbeTa 0,0080 0,0254 0,0256 0,0590 0,0508 0,0732 0,0317 0,0373 0,3110
W2b 0,0078 0,0261 0,0261 0,0590 0,0564 0,0843 0,0329 0,0450 0,3376
W4b 0,0071 0,0170 0,0172 0,0448 0,0527 0,0724 0,0304 0,0381 0,2796
Jlntna 0,0084 0,0098 0,0127 0,0286 0,0457 0,0422 0,0686 0,0529 0,2689
Jlorur 0,0080 0,0254 0,0256 0,0590 0,0508 0,0317 0,0732 0,0373 0,3110
Rat-03 0,0075 0,0096 0,0127 0,0226 0,0623 0,0497 0,0925 0,0653 0,3221
Rat-12 0,0074 0,0096 0,0130 0,0178 0,0908 0,0671 0,1021 0,0694 0,3772
Rat-13 0,0072 0,0096 |0,0122 0,0096 | 0,0459 0,0403 0,0728 0,0423 0,2400
Rat-21 0,0159 0,0403 0,0746 0,0733 0,3957 0,1889 0,1949 0,1870 1,1706
Rat-22 0,0072 0,0080 0,0129 0,0049 0,0533 0,0446 0,0778 0,0351 0,2439
ParxoBckoro 0,0172 0,0457 0,0880 0,0857 0,0454 0,0282 0,0683 0,0283 0,4068
Puuappca — — - — - — — — —
DWM — — — — — — — — —

IIpumeyanue: npuBeneHbl OKPYIIEHHEIE 10 4 3Haka BennmauHbl SSE.

JIOBEPUTEIbHBIX 00acTell METOJaMU: BHYT-
peunneit Touku (Trust Region Inner Point
Method, nanee TRIPM, neranbHO€ ONMcaHue
KoToporo mpexacTtaBieno B [19, c. 578-583])
U IOCIIEJIOBATENIbHOIO KBaJpPaTHYHOTO IMPO-
rpammupoBanus (nanee TRSQP, nznoxxeHHoro
B [19, c. 546-554]). Tak xak u3 15 3amyckoB
TRIPM u TRSQP B gacTu kiacTepoB ycmem-
HBIMH B IJIAaHE CXOJHMMOCTH OKa3bIBAJIHCH
Mmenee 30 %, — ObUI IPUMEHEH METOJ MYJIbTH-
cTapra, KOT/ia B KaXI0M 3aIlyCKe UCTI0Ib30Ba-
nuchk 30 CTApTOBBIX TOYEK, BHIOMPACMBIX H3
3a/laHHBIX UHTEPBAJIOB HA OCHOBE PaBHOMEP-
HOTO paclpeieIeHus C UCII0Ib30BaHUEM TeHe-
paropa ncesnociydyaiHbXx uyucen «Buxpsb
Mepcenna» ([20, c. 3-30]). B urtore, ans
paccMaTpuBaeMOro MaccuBa JaHHBIX B PAMKax
KaXXA0ro U3 15 3amycKkoB Mo Kax oMy U3 Kia-
CTEPOB yAaJIOCh MOJIYYUTh PEUICHHUS, MOJX0-

JSIIIue JJIs JajdbHEHIIero cpaBHUTEIBHOTO
aHanu3a (tadi. 2).

Cnenyet otmetuth, 4To TRIM u TRSQP,
YUHUTBIBasi 0COOEHHOCTH MX MOCTPOCHHS, HE
rapaHTUPYIOT MOJIy4YeHHE TI00abHBIX MHUHH-
MyMOB B Ccily4ae Heraakux GpyHkuuid. bonee
TOTO, Ja)kKe IIPH UCIIOJIB30BaHUH MYJIBTUCTAPTA,
MO-TIPEKHEMY HEJIb3sI MOTHOCTHIO UCKITIOYUTh
BEpPOSITHOCTH TOTO, YTO AJTOPUTMBI HE AAAyT
HU OJTHOTO NMPUEMJIEMOTO PEIICHUS B 3aJaHHBIC
HHTEpPBaJIBl BPEMEHHU, YTO MOXET OKa3aThCs
CepbhE3HBIM NMPEMATCTBUEM I UX MPUMEHE-
HUA B NMPAKTHKE YNPaBICHUSA [[EHaMU TpPaHC-
MOPTHBIX YCIYT Ha XKeJIe3HOJOPOKHOM TPaHC-
nopre. [loaToMy B KauecTBe aJTbTepPHATUBHOTO
MOIX0Aa K TIOMCKY ONTUMYMOB IJIsl MoJeseit
Puuapaca u DWM (yuuteiBas Haqu4ue mep-
CIIEKTHB MX HCIIOJIb30BAHUS, COTTIACHO PE3YIIb-
Taram, MPeCTaBACHHBIM B Ta0. 2) OBLIO pe-

Taodauna 2

Pe3yabTaThl ONTHMH3ANMH NAPAMETPOB HeJIMHEHHBIX (JOPM MOAETHPOBAHUS LEHOBOI
nactuyHocTH cnpoca (aaroputmbl: TRIPM u TRSQP) [BbInoiHeHo aBTOpamMu]|

Dopma Moaenu W3y4aemblii KiacTep JaHHBIX B MACCHBE MCXOJHOH HH(OpManm

1 [2 [3 [4 [5 |6 [7 |8 [ hroro
Munumym SSE no pesynsraram 15 3amyckoB TRIPM ¢ mynbsrucraprom, ea.
Pugapnca 0,0073 |0,0101 [0,0155 |0,0238 |0,0454 |0,0683 |0,0282 |0,0278 |0,2264
DWM 0,0069 |0,0140 |[0,0191 |0,0106 |[0,0518 |0,0784 |0,0291 |0,0197 |0,2296
Munumym SSE 1o pesynsraram 15 3amyckoB TRSQP ¢ mynsTucTaproM, ex.
Puvapnca 0,0073 |0,0101 [0,0155 |0,0238 |0,0454 |0,0683 |0,2615 |0,0921 |0,5240
DWM 0,0074 |0,0204 [0,0243 |0,0519 |0,0555 |0,0838 [0,0318 |0,0388 |[0,3139
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IIpumeuanue: npuBeieHbl OKPYIIEHHBIE 10 4 3HaKa BenuyuHbl SSE.
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Tadauna 3

Oo01me cBeieHUs 00 IBPUCTUYECCKUX AJITOPUTMAX ONITUMHU3ALIMH [COCTaB.]'leHO aBTOpaMll]

Ioanoe H METO0JIOTHH AJTOPHTMA Ab6GpeBuarypa
«Artificial bee colony algorithm» [21, ¢. 19-30] ABC
«Ant colony optimization for continuous domains» [22, c. 1155-1173] ACOR
«Artificial ecosystem-based optimization» [23, c. 9383-9425] AEO
«Autonomous groups particle swarm optimization» [24, c. 4683-4697] AGPSO
«Antlion optimizer» [25, c. 80-89] ALO
«Aquila optimizer» [26, c. 1-16] AO
«Bat algorithmy» [27, ¢. 313-315] BAT
«Biogeography-Based optimization» [28, c. 702-713] BBO
«A modified bees algorithm with statistics-based tuning parameters» [29, c. 287-301] BeAm
«The standard bees algorithm» [30, c¢. 2919-2938] BeAs
«Bacterial foraging optimization» [31, ¢. 52-67] BFO
«Black-Hole-Based optimization» [32, c. 879-888] BHBO
«Cultural algorithmy» [33, c. 187-192] CA
«Chaos Game optimization» [34, c. 917-1004] CGO
«The clonal selection principle optimization» [35, ¢. 239-251] CLONALG
«Coyote optimization algorithm» [36, c. 2633-2640] COA
«Constriction coefficient particle swarm optimization» [37, c. 58-73] CPSO
«Cuckoo search algorithm» [27, c. 306-312] CS
«Dragonfly algorithm» [38, c. 1053-1073] DAO
«Differential evolution» [39, c. 341-359] DE
«Hybrid particle swarm with differential evolution» [40, c. 629-640] DEPSO
«Earthquake optimization algorithm» [41, c. 78-86] EQOA
«Equilibrium optimizer» [42, c. 1-19] EOA
«Firefly algorithm» [43, ¢. 209-218] FA
«Flower pollination algorithm» [27, ¢. 315-318] FPA
«Real-coded genetic algorithm» [44, c. 2276-2280] GA
«Generalized normal distribution optimization» [45, c. 1-21] GNDO
«Grasshopper optimisation algorithm» [46, c. 30-47] GOA
«Gaussian Quantum-behaved particle swarm» [47, c. 1676-1683] GQPSO
«Generalized simulated annealing optimization» [48, ¢. 216-220] GSA
«Grey wolf optimizer» [49, c. 46-61] GWO
«Heap-based optimizer» [50, c. 1-17] HBO
«Harris hawks optimization» [51, c. 849-872] HHO
«Harmony search» [33, c. 182-186] HS
«Imperialist competitive algorithmy» [21, c. 51-65] ICA
«An improved grey wolf optimizer» [52, c. 1-37] IGWO
«Adaptive differential evolution with optional external archive» [53, c. 945-958] JADE
«Inertia based particle swarm optimization» [54, c. 32-41] IPSO
«Invasive weed optimization» [55, c. 355-366] WO
«Jaya optimization» [56, c. 19-34] JAYA
«Mexican Axolotl Optimization» [57, c. 1-20] MAO
«Marine predators algorithm» [58, c¢. 1-23] MPA
«Manta ray foraging optimization» [59, c. 1-20] MRFO
«Multi-Verse optimizer» [60, c. 495-513] MVO
«Neighborhood consensus continuous optimization» [61, c. 115-141] NCCO
«Nelder Mead optimization algorithm» [62, c. 973-980] NM
«Standart particle swarm optimization» [33, c. 232-237] SPSO
«Queuing search algorithm» [63, c. 464-490] QSO
«Real-coded adaptive simulated annealing optimization» [27, c. 287-290] SA
«Shuffled complex-self adaptive hybrid evolution algorithm» [64, ¢. 215-235] SC-SAHEL
«Shuffled complex evolution» [65, c. 501-521] SCE-UA
«Sunflower optimization» [66, c. 619-626] SFO
«Salp swarm agorithmy» [67, c. 163-191] SSA
«A two-stage state transition algorithmy» [68, c. 1-13] STA
«Time-varying asymmetric acceleration particle swarm optimization» [69, c. 2134-2139] TACPSO
«Teaching-Learning-Based optimization algorithm» [21, c. 41-49] TLBO
«Tug of war optimization algorithm» [21, c. 123-135] TWO
«Vibrating particles system optimization algorithm» [21, c. 153-165] VPS
«Water evaporation optimization algorithm» [21, c. 138-152] WEO
«Whale optimization algorithm» [70, c¢. 51-67] WOA
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LIEHO PAacCMOTPETh NPUMEHEHHE dBPUCTHUE-
CKHX aJTOPUTMOB IT100abHON ONTHMH3AIHH,
W3HAYaJIbHO CIPOEKTUPOBAHHBIX TaK, YTOOBI
NIpU OTPAaHMYEHHOM BPEMEHHU BBIUMCICHUI
CTaOMIILHO HAXOAMUTH XOPOLINE PELICHUs, 1aXKe
B Clly4ae HETIaJKUX HEJIMHEHHBIX (YHKIIHH
B MHOTOMEPHOM NPOCTPAHCTBE HEM3BECTHBIX
NepeMEeHHBIX.

Bb160p 3BpUCTHYECKUX AJTOPUTMOB
100aJIbHO ONTUMM3AIUM JJISI
HCIO0JIb30BAaHUS B YIPaBJIeHHH IEHAMU
TPAHCHOPTHBIX YCJIYT

B [8, ¢. 52] 6b110 paccMOTPEHO JUIIb TPH
BapuaHTa BPUCTHYECKONH YUCICHHON ONTH-
MU3AIUH, JTYYIIAM U3 KOTOPBIX (110 MUHUMYMY
SSE Bo Bcex kiacTepax) oKazajucs METO[
Henbnepa—Muna (Nelder—Mead, nanee NM),
KOTOPBI, TEM HE MEHEE, CYIIECTBEHHO YCTYy-
nain B 3¢p¢dexTuBHOCTH anroputmy LM
[8, c. 57]. OnHako B mocieaHue aeCATUIETUS
HaOJoaeTCsl CYIECTBEHHBIH Iporpecc B pas-
BUTHUH TEOPHUHU IBPUCTUK I100ATBHOI ONITUMH-
3allMH, Pe3yIbTaTOM KOTOPOTO CTaJIO TOsBIIe-
HHUE MHOXECTBa 00IIeq0CTymHBIX (0e3 orpa-
HUYCHHH Ha UX J0pabOTKy U KOMMEpYECKOe
HCIOJIb30BAHUE) AJITOPUTMOB, YACTO COITPOBO-
KJAEMBIX MPUMEPAMU OTMUCAHUS HCXOIHBIX
KOJOB Ha sI3bIKaX NPOTPaMMHUPOBAHHUS
(R, Python, Matlab, Ruby). Yno6¢TB0 mpakTu-
4YecKoW pabOoThl ¢ HUMH B PAcIIpOCTPAaHEHHBIX
B HaCTOsILIEeE BpeMsi OeCIUIaTHBIX HHTEPAKTHB-
HBIX Cpefiax pa3paboTKu MPOrpaMMHOT0 odec-
neueHus: Rstudio, Spyder, GNU Octave
(nonnepkuBatonie cuarakcuc Matlab), a Tak-
)K€ CYLUIECTBEHHBIH POCT BBIYMCIHTEIbHBIX
MOIIHOCTEH COBPEMEHHBIX KOMIBIOTEPOB
NPEJOCTaBISIOT LIMPOKUE MEPCIEKTUBBI IS
OBICTPOIl pa3pabOTKH U MHTETPAIUU JTYUIIHX
peleHni B CyIIECTBYIOUIME MPOrpaMMHBIE
KOMIUIEKCHI, 00CITy)KMBaIOI[€ MHOTOYHCIICH-
HbI€ TPOIECCHl OTPACIEBOr0 YIpaBICHUS,
BKJIOYas 1eHooOpaszoBaHue. [Tosromy mis
ompeeacHuss Hanboyiee 3pPEeKTUBHOTO MOJ-
X0/la K OTHMH3AIMH [1apaMeTPOB HETNIAAKUX
HEJMHEWHBIX MOJieJIel, UCIOJIb3yEeMBIX s
OLIEHKH [IEHOBOM AJIACTUYHOCTH CIIPOCA, aBTO-
pamu ObLI IPOBEAEH CPaBHUTENBbHBIN aHAIN3
pabotel 60 CTOXaCTHYECKHX IBPUCTUUYECKUX
AJITOPUTMOB ONTUMU3ALMH (Ta0JI. 3), KOTOPBIN
BKJTIOYaJI TPH OCHOBHBIX dTara: 0TOOp JTy4IInX
25 % no muaumyMmy SSE; cokpaiieHue cnuc-
ka 10 10 % Ha ocHoBe aHanu3a meauaH SSE;
UTOTOBBIH BHIOOP HECKOJNIBKUX Haubosee mnep-
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CIIEKTHBHBIX aJITOPUTMOB Ha OCHOBE Hemlapa-
METPUYECKHX METOJOB CTAaTUCTHUYECKOTO
aHaIM3a.

Jnist cokpartenunst 00bEMa BBIYHUCIICHHH OBLITO
pelIeHo cHayaia MpoBecTH oTOop Hambolee
MEePCIEKTUBHBIX AJITOPUTMOB Ha OCHOBE ONTHU-
Mu3zaiuu Mozrend DWM u Tonbko mocie 3Toro
OCYUIECTBUTh ONTHUMM3ALMIO AT Mojenu Pu-
qapjca.

Pesynbrare! onienku Muanumyma SSE B paz-
pe3e U3y4aeMbIX KJIaCTepoB MO pe3yasraTaMm 15
3aITyCKOB 3BPUCTUYECKUX aITOPUTMOB ONTHUMHU-
3auu Juis Mogenn DWM (co cMeHoit 3HaueHust
HMHHUIHATA3ALUHI TeHepaTopa MCeBIOCTyYalHbIX
yuces «Buxpb MepceHHa» B KaXK0M), a TaKxkKe
OrpaHUYeHHEM BPEMEHH BBINIOJIHEHUsI (He Oosiee
12 cexyHa) Ha ONTUMHU3AINIO B PaMKax 3aIlycKa,
NIPE/ICTaBJICHBI B Ta0I. 4.

ITony4deHHBIE pe3yiIbTaThl PaHXKUPOBAHUA
N3y4aeMbIX IBPUCTHUK II00aJIbHON ONTUMHU3ALINN
(Tabi. 4) MOKa3bIBAIOT, YTO CyMMAapHbBI MHHH-
MyM SSE n3y4yaeMbIX KJIaCTEPOB IO KaXKAOMY U3
15 nyummx anroputmoB (25 % oOriero Kosye-
CTBa) OKAa3bIBAETCSl HUXKE, YEM Y allfTOPUTMa
TRIPM c mynbrHcTapToM (Tabi. 2), 4To CBHIE-
TENbCTBYET O BEICOKOM MOTEHIIMAJE UX MPaKTH-
YECKOT0 HCIOJIb30BaHHUS.

Kputepuit Mmunumyma Benuuussl SSE, no-
CTHraeMblii 1o pe3yasraTaM 15 3amyckoB, oTpa-
KAeT TaKhe acreKThl 3PPEKTHBHOCTH aJIrOpUT-
Ma ONTHUMHU3AIMH, KaK NepeMelleHre B Mpo-
CTPaHCTBE pa3MEpPHOCTEH 3ajauyd M MOUCK
B [IEPCIIEKTUBHBIX JIOKAJILHBIX 00JIACTSIX, HO JUIsI
MPaKTHYECKOIO MCIIOIBb30BaHUs B IIEHOO0Pa30-
BaHMM, YUYUTHIBAS CTOXAaCTUYECKYIO IPUPORY
BCEX PacCMaTpPUBAEMBIX 3BPHCTUYECKHX aJro-
PHUTMOB, Ba)KHBIM SIBJISIETCS KPUTEPHI CTAaOWIIb-
HOCTH, OTpaXkaroIllUi BEPOSTHOCTh TOTO, 4YTO
aNropuTM CMOXeT Haitu MUHUMYM SSE 3a
MeHbIIee YHCIIo 3amyckoB. [ToaTomy, ans yuéra
KpuTepus CTaOUIBHOCTH, OBLIO IMPOBENEHO
cpaBHeHue MenuaH SSE, pe3ynpraTsl KOTOPOro
a1 18 mydmux anropuTMOB MPENICTABICHBI
B Ta0I. 5.

Pesynerarel cpaBHeHus meaunaH SSE
(Tabi. 4) MOKA3BIBAIOT, YTO CAMBIM CTAOUIIBHBIM
spisieTcst anroput™ CS. CTOUT OTMETHUTh, UTO
U 1o cyMMapHoMy MUHUMYMY SSE oH He 3aHA1
JUANPYIOIINE TIO3UIIUH TOJIBKO U3-3a pe3ysbTa-
TOB Pa0OTHI HA YETBEPTOM U3y4aeMOM Ki1acTepe.
B narépky nyummux raxoke Bouutu MRFO, FPA
u TLBO, 4T0, yuuThIBas UX JUAEPCTBO MO MHU-
Humymy SSE, nenaet ux sBHbIMH (haBOPUTAMHU.
B 1o xe Bpemsa SC-SAHEL, xors nocruran
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-~ Tab6auua 4
if o Panm:xupoBanue aaropurmon no muanumymy SSE nist mogessu DWM
fi [BbIIOTHEHO aBTOpaMH|

AJTopHTM W3yuaeMblii KJIacTep JaHHBIX B MACCHBE HCXOIHOM HH(OPMALHI

1 [2 [3 4 [5 [ 7 8 Hroro

Munumym SSE 1o pesynbraraM 15 3amycKoB anroputMa, .
SC-SAHEL 0,0069 0,0072 0,0191 0,0110 0,0509 0,0278 0,0748 0,0197 0,2174
MRFO 0,0069 0,0072 0,0192 0,0109 0,0510 0,0278 0,0748 0,0197 0,2174
FPA 0,0069 0,0072 0,0191 0,0106 0,0509 0,0284 0,0748 0,0197 0,2177
TLBO 0,0069 0,0072 0,0191 0,0108 0,0510 0,0284 0,0748 0,0197 0,2179
CS 0,0069 0,0072 0,0191 0,0118 0,0509 0,0278 0,0748 0,0197 0,2182
CGO 0,0069 0,0072 0,0191 0,0103 0,0509 0,0284 0,0748 0,0213 0,2190
EOA 0,0069 0,0072 0,0193 0,0133 0,0510 0,0278 0,0749 0,0206 0,2210
FA 0,0069 0,0072 0,0193 0,0141 0,0511 0,0278 0,0750 0,0197 0,2211
WEO 0,0069 0,0072 0,0196 0,0142 0,0511 0,0279 0,0749 0,0200 0,2218
AEO 0,0069 0,0072 0,0205 0,0103 0,0509 0,0279 0,0748 0,0233 0,2218
VPS 0,0069 0,0072 0,0192 0,0141 0,0511 0,0291 0,0749 0,0206 0,2231
GNDO 0,0069 0,0140 0,0191 0,0104 0,0509 0,0278 0,0748 0,0197 0,2236
STA 0,0069 0,0076 0,0194 0,0144 0,0520 0,0278 0,0760 0,0197 0,2238
AGPSO 0,0069 0,0072 0,0193 0,0124 0,0511 0,0279 0,0750 0,0248 0,2246
JADE 0,0069 0,0072 0,0191 0,0103 0,0509 0,0318 0,0748 0,0262 0,2272
CPSO 0,0069 0,0141 0,0206 0,0117 0,0510 0,0307 0,0749 0,0206 0,2307
GA 0,0069 0,0074 0,0196 0,0221 0,0520 0,0278 0,0759 0,0197 0,2314
GWO 0,0069 0,0073 0,0196 0,0148 0,0527 0,0318 0,0753 0,0239 0,2323
MVO 0,0070 0,0072 0,0197 0,0227 0,0524 0,0294 0,0757 0,0220 0,2360
IGWO 0,0071 0,0072 0,0194 0,0117 0,0531 0,0318 0,0818 0,0249 0,2370
ICA 0,0069 0,0147 0,0197 0,0195 0,0517 0,0285 0,0756 0,0206 0,2371
TACPSO 0,0069 0,0072 0,0192 0,0302 0,0510 0,0279 0,0749 0,0197 0,2371
DEPSO 0,0069 0,0072 0,0191 0,0104 0,0509 0,0318 0,0748 0,0382 0,2393
ACOR 0,0069 0,0073 0,0200 0,0174 0,0540 0,0286 0,0814 0,0250 0,2406
Qso 0,0069 0,0072 0,0193 0,0119 0,0510 0,0748 0,0318 0,0382 0,2411
MPA 0,0071 0,0072 0,0198 0,0135 0,0526 0,0308 0,0750 0,0353 0,2412
GSA 0,0069 0,0072 0,0198 0,0116 0,0509 0,0748 0,0318 0,0382 0,2413
ABC 0,0069 0,0147 0,0197 0,0182 0,0513 0,0318 0,0752 0,0262 0,2440
DE 0,0069 0,0145 0,0208 0,0276 0,0513 0,0284 0,0754 0,0197 0,2447
SCE-UA 0,0069 0,0140 0,0191 0,0103 0,0509 0,0307 0,0748 0,0388 0,2455
JAYA 0,0069 0,0077 0,0198 0,0145 0,0521 0,0318 0,0752 0,0384 0,2466
HHO 0,0071 0,0073 0,0196 0,0196 0,0531 0,0318 0,0787 0,0298 0,2470
SPSO 0,0069 0,0072 0,0194 0,0401 0,0511 0,0279 0,0750 0,0197 0,2472
NM 0,0069 0,0072 0,0200 0,0098 0,0555 0,0308 0,0809 0,0363 0,2474
HS 0,0069 0,0153 0,0205 0,0272 0,0525 0,0284 0,0765 0,0205 0,2479
WOA 0,0072 0,0076 0,0196 0,0192 0,0532 0,0318 0,0825 0,0304 02515
BeAm 0,0069 0,0090 0,0218 0,0259 0,0526 0,0290 0,0750 0,0363 0,2566
COA 0,0069 0,0075 0,0199 0,0262 0,0523 0,0318 0,0761 0,0385 0,2592
WO 0,0074 0,0080 0,0197 0,0269 0,0538 0,0318 0,0767 0,0388 0,2632
CA 0,0069 0,0146 0,0212 0,0410 0,0518 0,0318 0,0756 0,0237 0,2667
GA 0,0074 0,0179 0,0206 0,0276 0,0519 0,0318 0,0750 0,0388 0,2710
HBO 0,0069 0,0072 0,0196 0,0404 0,0514 0,0318 0,0753 0,0384 0,2711
BHBO 0,0071 0,0182 0,0243 0,0412 0,0541 0,0318 0,0756 0,0222 0,2745
GQPSO 0,0076 0,0087 0,0220 0,0251 0,0560 0,0327 0,0841 0,0384 0,2745
AO 0,0075 0,0204 0,0198 0,0259 0,0555 0,0312 0,0832 0,0315 0,2750
IPSO 0,0069 0,0141 0,0192 0,0400 0,0510 0,0318 0,0749 0,0382 0,2763
DAO 0,0073 0,0168 0,0241 0,0294 0,0536 0,0318 0,0785 0,0388 0,2804
BBO 0,0069 0,0146 0,0212 0,0410 0,0518 0,0318 0,0756 0,0382 0,2812
BeAs 0,0070 0,0124 0,0224 0,0375 0,0542 0,0318 0,0773 0,0388 0,2813
NCCO 0,0069 0,0146 0,0212 0,0410 0,0518 0,0318 0,0756 0,0388 0,2818
CLONALG 0,0071 0,0114 0,0233 0,0397 0,0551 0,0320 0,0785 0,0386 0,2855
TWO 0,0072 0,0161 0,0234 0,0461 0,0533 0,0307 0,0769 0,0363 0,2900
SSA 0,0073 0,0184 0,0243 0,0466 0,0538 0,0318 0,0762 0,0388 0,2972
GOA 0,0074 0,0204 0,0214 0,0431 0,0560 0,0319 0,0837 0,0388 0,3027
BAT 0,0074 0,0124 0,0243 0,0519 0,0549 0,0319 0,0829 0,0388 0,3045
BFO 0,0072 0,0203 0,0242 0,0519 0,0555 0,0333 0,0776 0,0388 0,3089
SFO 0,0074 0,0203 0,0243 0,0519 0,0548 0,0318 0,0828 0,0388 0,3120
ALO 0,0074 0,0204 0,0243 0,0519 0,0555 0,0318 0,0838 0,0388 03138
MAO 0,0103 0,0223 0,0316 0,0600 0,0555 0,0483 0,0875 0,0636 0,3792
EQOA 0,0209 0,0468 0,0453 0,0242 0,1100 0,0597 0,1238 0,0531 0,4837
HpHMeanHe: TIPUBEACHBL OprFJIéHHI:Ie a0 4 3HaKa BETUYHHEI MUHHUMYMa SSE.
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Taoéauua 5

Pan:kupoBanue anropurmoB no cymme meauad SSE nis mogenn DWM
[BbIMOIHEHO aBTOpamMHu]

AJH‘OpPITM I/I3y‘IaCMHI‘;I KJIacTep NJaHHBIX B MaCCHUBE PICXOI[HOﬁ I/m(bopmaunn

1 [2 [3 [4 [5 [6 [7 [8 [ Wroro

Menuana SSE 1o pesynbsratam 15 3amyckoB anropurma, ex.

cs 0,006  |0,0072  |0,0193 0,0119 0,0509 0,0278 0,0748 0,0197 | 0,2186
MRFO 0,0069 | 0,0073 0,0206  |0,0130  |0,0510  |0,0279  |0,0749 0,0213 0,2229
FA 0,0069 | 0,0072 0,0194  |0,0142 0,0521 0,0296  [0,0750  |0,0218 0,2261
TLBO 0,0069 | 0,0072 0,0191 0,0112 0,0518  |0,0318 0,0748  [0,0250 | 0,2278
FPA 0,0069 |0,0140  |0,0205 0,0165 0,0510  |0,0284  |0,0748  |0,0197  |0,2319
WEO 0,0069 | 0,0092 0,0205 0,0199 0,0516  |0,0294  |0,0752  |0,0224  |0,2352
DEPSO 0,0069 |0,0140 |0,0191 0,0130  [0,0518  |0,0318 0,0748  |0,0382 0,2496
VPS 0,0069 | 0,0141 0,0206 | 0,0141 0,0519  |0,0296  |0,0809  |0,0382 0,2565
JAYA 0,0069 | 0,0081 0,0200 00230  |0,0534  |0,0318 0,0765 0,0384 | 0,2582
MPA 0,0074  |0,0074  |0,0203 0,0152  |0,0550  |0,0318 0,0835 0,0388 0,259
IGWO 0,0077 0,0080  |0,0199  |0,0145 0,0555 0,0320  |0,0828 0,0391 0,2595
DE 0,0069  |0,0146  |0,0208 0,0407  |0,0524  |0,0291 0,0754  |0,0218 02617
EOF 0,0069 00142  |0,0207 0,0401 0,0520  [0,0304  |0,0784  [0,0206 |0,2634
COA 0,0070  |0,0092  |0,0203 0,0290 0,053  |0,0318  |0,0785 0,0386  |0,2678
€GO 0,0074  |0,0204  |0,0243 0,0104  |0,0555 0,0318  |0,0808 0,0388  |0,2694
HHO 0,0075 0,0076  |0,0207 0,0248 0,0555 0,0318  |0,0838 0,0388 | 0,2704
SC-SAHEL 0,0069  |0,0140  |0,0191 0,039 0,058 0,0284  |0,0748 0,0382  |0,2731
GWO 0,0074  |0,0204  |0,0213 00192  |0,0539 0,0318 0,0825 0,0388 0,2754

IIpumeuanue: npuBe/IeHbl OKPYIIEHHBIE 10 4 3HaKa BeIMUMHbI Menanbl SSE.

HaMMEHBIIHX 110 CPAaBHEHHIO C JPYTUMH ajro-
putMamu BennuuH SSE, nenan 310 nuims B He-
00JIBIIIOM KOINYECTBE 3aITyCKOB (T. €. C MCHbILEH
BEPOATHOCTHIO), IEMOHCTPUPYS B OCTaIbHBIX
CIIy4asix CyIIECTBEHHO MeHee KOHKYpPEHTOCIIO-
COOHBIE pe3yNbTaThl, YTO 0COOEHHO 3aMETHO MO
pe3yabraram ero paboThl B kiactepax: 2, 4 u 8
(Tabm. 2).

B ntore, B pamkax aHanaHM3a MeTOJaMH Herla-
paMEeTPUYECKOH CTaTHCTHUKY OBLIO PEelIeHo Co-
MIOCTAaBUTB PE3YNBTATHI 10 CIEAYIOMUM IIEeCTH

anroputmam: SC-SAHEL, CS, MRFO, TLBO,
FPA, a Taxxe FA (oka3aBierocs B Tpoiike JTyd-
IIMX [T0 MHHAUMYMY cyMMBI MeanaH SSE u Bo-
MISAMNI B AECATKY JTHIEPOB [0 MUHUMYMY
SSE).

Pesynprarsl OyTcTpen-oneHKH (MeXaHu3M
KOTOpo# neransHO ommcaH B [71, c. 11-77])
cpennux BenuauH SSE 171 n3yyaeMbIx anropur-
MOB 10 uroram MmoznenupoBauus 5000 crparu-
(UIPOBaHHBIX BHIOOPOK HAa OCHOBE JTAHHBIX
0 pesyiprarax 15 3amyCcKOB ONTHMH3ALUHU

0,036
0,035

===== Bepxuuii 95% NOBepHT. HHTEPBAI
Cpenuee SSE 1o BCeM KIacTepan., %o
seceeeees HingHHN 95% TOBEpHT. HHTEPRAT

0,034
0,033
0,032
0,031
0,030
0,029
0,028

setssssssssnnsnnanann”

.
.
.t

0,027 . . :
MRFO

TPA TA SC-SAHEL
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Puc. 1. Bymcmpen-oyeHka pe3ynsmamoe onmumu3sayuu modenu DWM [ebinonHeHo asmopamu].
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Aaropurv=>  MRFO |  TLBO MRFO |  TLBO
pM-W 1o kaactepy 1 (mpu HKW=35,848; p<0,0001) DTMDaf no kaacrepy 1
CS 0,0000 0,0000 -1,00 -0,93
MFRO 0,0002 +0,80
pM-W no kaactepy 2 (mpu HKW=10,191; p=0,006) DTMDof mno kaactepy 2
CS 0,0081 0,6318 -0,56 -0,10
MFRO 0,0045 +0,61
pM-W no kiaacrtepy 3 (mpu HKW=32,289; p<0,0001) DTMDof no kaacrtepy 3
CS 0,0003 0,0050 -0,78 +0,60
MFRO 0,0001 +0,87
pM-W 1o kaactepy 4 (mpu HKW=32,369; p<0,0001) DTMDof no xknacrepy 4
CS 0,0322 0,0321 -0,46 +0,46
MFRO 0,0051 +0,60
pM-W 1o kaactepy 5 (mpu HKW=29,366; p<0,0001) DTMDof no knacrepy 5
CS 0,0000 0,0000 -1,00 -1,00
MFRO 0,9174 -0,02
pM-W no kaactepy 6 (mpu HKW=19,371; p<0,0001) DTMDaf no kiaactepy 6
CS 0,0106 0,0000 -0,54 -0,84
MFRO 0,0174 -0,44
pM-W no kiaacrtepy 7 (mpu HKW=20,365; p<0,0001) DTMDaof no kaacrtepy 7
CS 0,0000 0,0014 -0,89 -0,68
MFRO 0,0922 +0,36
pM-W 1o kaactepy 8 (mpu HKW=10,289; p=0,006) DTMDof no knacrepy 8
CS 0,2297 0,0004 -0,25 -0,75
MFRO 0,1908 -0,28

Puc. 2. Pesynbmamb1 Henapamempu4ecko2o aHanu3sa pesynbmamoe onmumu3ayuu DWM [ebinonHeHo aemopamu].
HKW-mecmoeass cmamucmuka Kpackena-Yonneca; p - cmamucmuyeckas 3Hayumocms mecma Kpackena-Yonneca;
PM-W - cmamucmuyeckas 3Hasumocmb mecma ManHa-YumHu.

B K&)KJIOM M3 KJIACTEPOB (pHC. 1), XapaKTepu3yro-
e O0IIyFo OLeHKY 3 (HEKTUBHOCTH (B JOTION-
HEHUE K paHee MMOMYYCHHBIM OLIEHKaM Ha OCHO-
BE CyMMbI MHUHUMYMOB ¥ MEJTUaH), CBUICTCIb-
CTBYIOT O TOM, YTO Ha HAYAJIBHBIX JTaIlax MOUC-
Ka HEW3BECTHBIX NapaMEeTPOB HEIHHCHHBIX
Mozenel Ui 1enel aHaau3a eHOBOH 1acTuy-
HOCTH TIPEAMOYTHTEIIEHO HE HAYHMHATH ONITUMH-
3anuio ¢ ucnonp3zoBanus FA u SC-SAHEL.
Taxoke K HeJOCTaTKaM 3TUX aJlTOPUTMOB CIICIY-
€T OTHECTH HEOOXOMMOCTh YCTAHOBKH OOJIBIIO-
ro KOJIMYECTBA CTAPTOBBIX METamapaMeTpoB
ontumu3aimu (BoceMb it FA u Oonee necsatu
st SC-SAHEL), B orume ot nByx st TLBO,
u tpéx ans CS, MRFO u FPA.

JLitst hopMupOBaHHsT OKOHYATEITEHOTO 3aKITIO-
YeHHs IS TPEX JIyduX (1Mo pe3yipraraM OyT-
CTpPEI-OIICHKU) aJITOPUTMOB ObLlIa MPOBEICHA
OIICHKA CTATUCTHYCCKON 3HAYUMOCTH Pa3IHIrit
SSE (1o pe3ymeratam 15 3amyckoB) Ha OCHOBE
pacuéra HenapameTpuyeckoro Tecta Kpackema—
VYonneca [72, c. 559-581] ¢ nocnenyrouum

MIPOBEZICHUEM TONIAPHBIX CPAaBHEHHUI HA OCHOBE
merona Manna—Yuthu [72, c. 540-550]. Kpome
TOTO, 7151 y100CTBA OLIEHKH CTENICHH ITPEBOCXOI-
CTBa OJHOTO AJTOpPUTMa Haj APYruM (IIpHU I10-
TIapHBIX CPAaBHEHUSX B paMKaxX aHAJIUTUYECKUX
MaTpHIl) aBTOpamu ObiIa paspaborana (Gopmyrna
11) cnenuanu3upoBaHHAs METPUKA DTMDQB,
3HAYEHHsI KOTOPOH HAaXo/sATCs B UHTEpBaje oT —1
(xorna Bce BenmuuHbl SSE y anropurMma o HIKe,
yeM y airoputma f3) 10 +1 (koraa Bce BEeTMYHHBI
SSE anroput™Ma [} MEHBIIIE, YEM y alITOPUTMA O).

ivui _:zlhﬁi B

DTMD,, ==

— i=1 i=l

" n(n+1+2n) n(n+1) -

2 2

n n
Z Voi = 2 hy;
_ =1 i=1
S S

n

(11)
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Taoéauna 6

Pan:kupoBanue anropurmon no MuHumymy SSE s monesnn Puuapaca
[BbIOIHEHO aBTOpaMH]

Anropurm | M3ydaemslif KJ1acTep JaHHBIX B MACCHBE CXOAHON MH(pOPMAIIUH
1 [2 [3 [4 [5 |6 [7 |8 | hiroro
Munnmym SSE* no pesynsraram 15 3amyckoB anroputMa, €.
CS 0,0073 0,0082 0,0155 0,0202 0,0454 0,0282 0,0683 0,0278 0,2209
MRFO |0,0073 0,0082 0,0155 0,0202 0,0454 0,0282 0,0683 0,0278 0,2210
TLBO 0,0075 0,0082 0,0155 0,0202 0,0454 0,0287 0,0683 0,0313 0,2252

IIpumeyaHue: npuBeIeHBl OKPYIIEHHBIE 10 4 3HaKa BeMMIUHBI MUHUMYMa SSE.

e X Va,

> h, — CyMMBbl PaHIOBbIX MECT, HO-
=1 i=1
Jlyqyaemble 1o Metony MaHHa—YWUTHU IpHU TO-
nmapHoM cpaBHeHuH BennuuH SSE B BRIOOpKax
anropurMa o (OTPakaeMoro B aHAJUTUYECKOM
MAaTpHIie 110 BepTUKaIK) U aaropurMa 3 (oTpa-
’KaeMOTO B aHAJIMTHYECKOW MaTpHIe MO TrOpH-

30HTaJIN);

2n n
Y. Z— 2.7 —MaKCUMaJbHas Pa3HULA MEXKILY

z=n+l z=1

CyMMaMH PaHTOBBIX MECT NpH O0BbEIUHEHNUU
JIBYX BEIOOPOK OIMHAKOBOTO pa3Mepa N, HalIrto-
maeMas B ciydae, Korja Bce BemWduHBI SSE
B OTHOW M3 BBIOOPOK OK&XYyTCS HIDKE JIFOOOTO
3raueHus SSE B apyroii BEIOOpKE.

Pe3ynpraThl HemapaMeTpHIECKOTO aHAIH3a
(puc. 2) cBHIETENBCTBYIOT O TOM, YTO BO BCEX
KJIacTe€pax y CPaBHUBAEMBIX aJTOPHUTMOB Pa3-
muans B cpeaHux oneHkax SSE He sBusioTCS
CITydaifHBIMH, TaK KaK CTaTHCTHYECKas 3HAYH-
MocTb Tecta Kpackena—Yosieca Huxe noporo-
Boro ypoBHA B 0,05. AHanIM3 OIEHOK TECTOB
MaHHa—YUTHH ¢ KCIOJIB30BaHUEM IIOPOTOBOTO
ypoBas B 0,05/3, cormacuo nonpaske bordep-
pouH (cM. [72, ¢. 565-566]), coBMecTHO ¢ pe-
3yJIbTaTaMu pacuéra DTMDuB, MIO3BOJIAIOT 3a-
KITFOUUTB, 9TO anroputM CS sBiseTcs Hanboee
MIPEIIOYTUTEIbHBIM, TaK KaK AEMOHCTPHPYET
CTaTUCTUYECKH 3HAYMMO JyYIIHE PE3YIbTaThI
B Kiacrepax 1, 5, 6, 7, a Takke He yCTymaeT
IPYTHM ajropuTMaM Ha KilacTepax 2 u 8.

Pesymprarer onenkn muanMyma SSE mns
Mogen Pugaprica (Tabi. 6) Taroke OATBEPKIAI0T
a¢dexTuBHOCTE anropur™a CS, X0Ts, B JAaHHOM
ciydae, ero npeumytiectBo nepex MRFO oxa-
3bIBACTCS HECYITIECTBEHHBIM.

Ha ocuoBe cpaBHeHUss MUHHMYMOB SSE
(Tabu. 4 u Tabi. 6), MONYYSHHBIX IIPU HCTIOTB-
30BaHWH IBPUCTHUECCKHUX AITOPUTMOB OITH-
MU3AIIH, MOXHO 3aKIIOYUTh, 9TO (DYHKIHO-
HanpHas popma DWN BHITISANT HECKOIBKO
Ooylee MPEeAIOYTUTEIBHONW, YeM Monenb Pu-
yapnca. Takxe, XOTd CyMMapHbIi MUHUMYM
SSE nns momenu DWM mpu onTuMHU3anuu
anropuT™MoM CS HECKOJIBKO BEIIIE, YEM y MO-
nenu Ilepna—Puna npu onTuMu3anuu airo-
putMoM LM, cpaBHEHUE pE3ynbTaTOB OTAEIIb-
HO B KaXJoM W3 kiacTtepoB (tabm. 1
n Tabn. 4) mokassiBaet, 4To DWM naér 6omee
() PeKTUBHBIC OICHKH B ISTH KIIacTepax W3
BOCBMH, YTO TIO3BOJIIET CUUTATh 3TY MOJACIb
Oonee yHuBepcanbHOU. [IpH 3TOM HCTIONB30-
BaHHE PAacCMaTPHUBAEMBIX dBPHCTHYECKHX
aITOPUTMOB ONITHMHU3ALNN A1 Mogenu Ilep-
na—Puna oxaseiBaeTcs MeHee 3P PEKTHBHEIM,
YeM N3Ha4YaIbHOE HCIIOIb30BAHNE aITOPUTMA
LM (tabn. 7).

Takum 06pa3oM, QyHKIIMOHATBHYIO (Op-
My DWM c ontumuszamnueilt napameTpoB aj-
roputMoM CS MOXHO PEeKOMEHIOBATh Kak
KOHKYPEHTOCIIOCOOHYIO albTePHATHBY B aHA-
JU3€ IEHOBOW 3IaCTHYHOCTHU CIIPOCa, B CITy-

Taoauua 7

¢ PeKTUBHOCTH IBPUCTHUECKOH onTUMuU3anun Ajs moxean [lepia—Puaa no cpaBHeHHIO
¢ HCIoJIb30BaHHeM ajaropurva LM [BeInojiHeHO aBTOpamMu]|

AJNTOpUTMBI W3y4aemblii K1acTep AaHHBIX B MACCHBE MCXOAHOH HHMOpMALU
1 2 [3 [ 4 [5 [6 [7 |8
CorHomrenne MuanMymoB SSE (1o pesynbsraram 15 3amyckoB),%
CS/LM 100,3 100,0 132,3 126,3 100,0 100,0 102,3 100,3
MRFO/LM 100,0 100,8 147,3 100,0 100,0 100,0 113,1 101,4
TLBO/LM 103,5 100,1 147,1 127,3 100,1 100,0 113,1 106,8
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yae, KOrja UcIoib3oBaHue mopenu Ilepia—
Puna e oOecrnieymnio 3aJJaHHBIX MEHE)KMEH-
TOM mapaMeTpoB 3P HEKTUBHOCTH.

BbIBOAbI

B pamkax pa3BUTHS MEXaHH3MOB YIIpaB-
JICHUsI IIEHAMH TPAHCIOPTHBIX YCIYyT pac-
CMOTPEHBI IEPCIICKTUBBI COBEPIIICHCTBOBAHMS
amnmapara MOJACIMPOBAHUS TOBEACHUS KIUCH-
TOB Ha OCHOBE MIPUMEHEHUS Pa3IMYHBIX (POpM
HEJIUHEHHBIX (YHKIIMH aHAlW3a EHOBOM
9JIaCTUYHOCTH CIpoca, a TakXke Mepexoaa
K MCIIOJIb30BAHHIO IBPUCTHYECCKOTO HHCTPY-
MEHTapHs N100aIbHON ONTUMH3AIIKH.

Ha ocHoBe ncnonab30BaHus MacCuBa JaH-
HBIX O CIPOCE MacCaXMpOB PaCCMOTPEHBI
MEePCIEKTUBBI MPUMEHEHUS 15 HeIMHEeHHBIX
mo mapaMerpam (QYHKIHH IS MOJEIUPOBa-
HUS I[EHOBOW 3JACTHYHOCTH CIPOCa, KpOMe
TOTO, JIJIS BBISBIICHHS HAMOO0JIee TIEPCICKTHB-
HOTO MHCTPYMEHTAPHUsI OIEHKH UX MapaMmeT-
pOB mpoBeieHO cpaBHeHUE G (HEKTUBHOCTH
6osiee 60 alIrOPUTMOB ONITUMHU3ALIHH.

HecMoTpst Ha HCIIOJIB30BAHKE B aHAIH3E
JIaHHBIX O LIEHOBOM 3JaCTHYHOCTH CIpoca
MacCaXUPOB GUPMEHHBIX MTOE3/I0B, IPEACTAB-
JIeTCS, YTO CHOPMHUPOBAHHBIC BHIBOJIBI O TIEP-
CIICKTUBHBIX HAIPaBICHUSIX PAa3BUTHUSI MeEXa-
HU3MOB YIIPABICHHS [IEHAMHU TPAHCIIOPTHBIX
YCIAYT MOTYT OBITh YCIEHIHO HCIIOJIb30BaHbBI
MPUMEHHUTEIBHO U K APYTHMM BUIAMHU TPaHC-
nopTa.

BaxHbIM HampaBieHUEM AaIbHEHIINX
HCCIICIOBAHUM SBIsETCSA pa3paboTka mMexa-
HUA3MOB MHTErPAIlMU MPEIiaraeMbIX MOIXO0-
JIOB CO CIEIHAIM3UPOBAHHBIMU METOIaMU
KOHKYPEHTHOI'O aHaJIN3a U HHCTPyMEHTapHUeM
OIICHKHU ONTHMAaJbHON COCTABHOCTH MOE310B
JUTSL KX TIOCJICYFOIIIETO COBMECTHOTO UCIIOJb-
30BaHUs B paMKax ITHUHAMHUYECKOW CHUCTEMBbI
1eHooOpa3oBaHus sl MOBbILIEHUS dPdek-
TUBHOCTH (DYHKIIHOHUPOBAHHUSI TPAHCIIOPTHON
oTpaciu.
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WHTEHCMBHOCTb

OBWXEHUSA 62
|

0606WéHHb I aHanu3 mpaduyuOHHbIX
memoQdo8 (3kcmpanonsiyus,
ucmopuyeckull aHanus,
annpoKcuMayust) U NepcneKkmMugHbIX
UHHOBAUUOHHBIX N00X0008

(Ha ocHoge meopuu Heyémkoli
I02UKU U Hellpocemesozo
modenuposaHusi) Ons peweHus 3a0adu
NPO2HO3UPOBAHUS UHMEHCUBHOCMU
0BUXEHUS NPU cCMpoumesiscmee
nnamHbix asmodopoz.

NPOrHO3
NACCAXWPOIMOTOKA

B XYIKAHOE 68
|

Ycnonb3osaHue umerowe2ocs
maccuga cmamucmu4eckux daHHbIX
N0 Hanu4u0 MpaHcNOPMHbIX cpedcms,
naccaxuponomokam U MoOesuposaHusi
0nsi nocmpoeHus 6a3080l Modenu
npoeHo3a 6ydyujux nompebHocmell

8 NACCaXUPCKUX nepesoskax
06WecmeeHHbIM a8MOompPaHCNOPMOoM.
OhhekmusHble pelieHus 8 Uensx
OarnbHeliwe20 NepcnekmusHo20
pasgumus cucmemb| 0bCTyKusaHus
naccaxupos 8 20pode Xy0xaH0,

8 Pecnybnuke Tadxukucman.

MPOBJIEMbI YNPABJIEHUA

CKOPOCTHU
OBWXEHUS
HA XENE3HOW

[OPOTE 73
|

KomnnekcHas paboma, gkrtoyarowiast
pempocnekmugHbIli aHanu3s
mexHu4eckux docmuxeHul,
npesanupogaguiux nodxodos

Kk onpedenieHuro U pacyémy ckopocmu,
aHanu3 umetowuxcs npobnem u nymeli
pelueHus, Mamemamuyeckue Memodsb!
U KomnneKcHbIl nodxo0 k 83aUMOCesi3u
cKkopocmu U Opyaux HeOmbeMIeMbIX
Xapakmepucmuk nNepeeo30yHo20
npouecca.
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KoncraHTuH MUKPIOKOB

AHHOTALNA

IMpu paspabomke npoekmos cmpoumenbCcMea HosbIx 0opoe
00HOUI U3 2NaBHbIX Xapakmepucmuk, onpedensowux 0CHOBHbIE
napamempb1 dopo2u, SI8nSIeMcsi NePCNEKMUBHast UHMEHCUBHOCMb
0BUXEHUS.. VIMEHHO OM NepCNeKmMUBHOL UHMEHCUBHOCMU 3a8UCSM
pacyémHas ckopocmb, KOHCMPYKLUst A0POXHOU 00ex0bl; obuwjee
yucno nosoc OBUXeEHUS; WupuHa noaoc 0BUXeEHUS U 060YUH;
NpodobHBIL YKIOH; paduyc KpUBbIX & NiTaHe; NONEPEYHbIL YKIOH;
paduyc ebINyKIbIX U 802HYMbIX KPUBHIX 8 NPOOObHOM NPOGUIE;
WupuHa pa3denumenbHOU NOMOCkI; cXxema nepeceyeHust U npu-
MbikaHusi ¢ dpyaumu dopozamu.

Cywecmeytowue memoObl NPO2HO3UPOBAHUS UHMEHCUS-
Hocmu deuxeHusi O nnamHbIX agmomazucmpaneli makxe

Mup tpaHcnopra. 2021. T. 19. Ne 6 (97). C. 62-67

OcobeHHOCTU MeTOA0B OLEHKN NepCneKTUBHON
WHTEHCUBHOCTU ABUXEHMSA NPU NPOEKTUPOBAHUN
NNaTHbIX aBToO4OpOr

Koncmanmun Cepzeesuu Mukpiokoe

Tocyoapcmeennas komnanusi «Aemooopy, Mockea, Poccusi.

umetom 0emepMUHUPOBaHHbIU Xxapakmep U He mMo2ym Ciy-
Kumb oyeHke duana3oHa 3Ha4yeHul Onsl Nepevuc/eHHbIX
nokasamened.

B c8s13U ¢ 3muM uesbio UccredogaHus s6/1Siemcs 8bIsieNieHue
ocobeHHocmel, 00CMouHcMe U HedOCMamKog Cywecmeyruiux
Memodo8 OUEHKU NepCneKmuBHOU UHMEHCUBHOCMU O8UXEHUS
05151 nnamHbIx agmomazgucmparned.

B npouecce uccrnedogaHusi paccMompeHb! Kak mpaduyuoH-
Hble, Knaccuyeckue MemoduKu (3Kcmpanonayus, UcCmopuyeckuli
aHanu3, annpoKcUMayUsi), mak U NepcneKmuBHbIe UHHO8AULIOHHbIE
no0x00b1, 6asupyro4uecs Ha Meopuu HeYémKoU M02UKU U Helipo-
cemegom MoOenuposaHuU.

Krrouesb e crioga: mpaHcnopm, npoekmuposaHue agmomoBUTbHb X Aopoe, UHMEHCUBHOCML OBLKEHUS, namHasi agmomazucmparts,
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BBEOEHUE

TpaaNIIOHHO CTPOUTENBCTBO U COAEPKAHNE
aBTOMOOHMIIBHBIX JOPOT NMPOHUCXOIUT 3a CUET
rocynapcTBa (IEHTPATbHBIX H/WIM MECTHBIX
opraHos Biactu). Cpencrea ais prHaHCHPOBA-
HUS JOPOT B OCHOBHOM (hOPMHPYIOTCS Onaroma-
PsI TOCTYIUICHNIO HAIOTOBBIX (AKIIU3bI, MECTHBIC
HaJIOTH), TAMOXXCHHBIX M APYTHUX (ZOPOXKHBIE
cOopsr) muratexei [1]. Bo Bropoii monoBune
XX Beka BO MHOTHX CTpaHax MUpPa IMOBBICHIIACH
aKTyaJbHOCTh BOIPOCOB BPEAHBIX BHIOPOCOB
aBTOTPAHCIIOPTA U MACCOBBIX MPOOOK HA JOPO-
rax.

[Ipo6xu Ha [Oporax — 3To riTodaNbHas Ipoo-
jeMa, ¢ KOTOPOH NMPUXOIUTCSA CTAJIKHBAThCS
MIPAKTUYECKH KAXIOMY UYEJIOBEKY, )KUBYIIEMY
B O0JTBIIIOM TOpOie. DTO IPUBOAUT K OTPOMHBIM
roTepsiM BpeMeHH. K Tomy e OpIcTpoe pa3BUTHE
TPAHCIIOPTa, OCOOCHHO HBIHEIIHEE HEOTPaHH-
YEHHOE HMCIOIb30BAHUE JTUIHBIX aBTOMOOWIIEH,
BBI3BIBAET CEPHE3HOC 3arPSA3HEHHE BO3IyXa
¥ SHEPreTUIECKUI KPU3UC. DTH MPOOIEMBI CY-
IIECTBEHHO OTPaHIYHBAIOT JAIbHEHIIIEE pa3BH-
THE HH(PACTPYKTYPBI ¥ TOPOZOB 110 BCEMY MUPY.
B cBsi3u ¢ 3TUM Ha CETOOHAIIHMNA JIEHb CyIIe-
CTBYET OCTpas HEOOXOOMMOCTh B pa3paboTke
aJalTUBHOM TOCYIapCTBEHHON MOJUTHKHU U CO-
OTBETCTBEHHO peanu3anui 3peKTHBHBIX Mep,
KOTOPBIE TTO3BOJIAT MPEOAONIETh 0003HAYCHHbIC
MIpoOJIEMBI, BEI3BaHHBIE HEYCTOMYMBBIMHU TPAHC-
TIOPTHBIMH CHCTEMaMH, a BIOCIIEACTBHN OymayT
CII0COOCTBOBATH Pa3BUTHIO 3P(HEKTUBHBIX,
HU3KOYIJIEPOIHBIX W YHEProcOeperarommx ro-
POACKNX TPAaHCHOPTHBIX CHCTEM.

Ha nmepBoMm 3Tamne pemeHust JaHHBIX TPOO-
JIEeM HEKOTOpPBIC CTPaHBl HAYaIH CTPOUTH
miatHele goporu. Ilnarta 3a mpoesn sBisercs
OIHUM M3 PPEKTHBHBIX METOJOB, KOTOPBIH
MT03BOJISIECT YNPABISITH CIIPOCOM Ha TIOPOKHOE
IBIOKEeHME. Taxke oHa IMHPOKO M3BECTHA KaK
TIOJIE3HBII WHCTPYMEHT IS YMEHBIICHUS 3a-
TOpPOB Ha JOPOTax M COKPAIIEHHUsI BHIOPOCOB
OT TpaHCcHOpTHHIX cpencTB [2]. [Tocmennue
IOCTHXEHHS B 00MacTH MH(YOPMAIIMOHHBIX
1 KOMMYHHUKAI[HOHHBIX TEXHOJIOTHUH yIIPOCTH-
JI1 BHEAAPEHHUE CXEM JIOPOKHOTO IIEHO00paso-
BaHUA. B MHpe ecTh HECKOJIBKO XOPOUIO H3-
BECTHBIX yCIICITHBIX IPUMEPOB JIEKTPOHHOTO
1IeHO00pa30BaHusl Ha JOPOTax, B TOM YHUCIE
CXEMBI B3UMaHHMS TIIAThl 33 BbE3AHBIE TOPOTH
B Kanudopuann, Curranype u Jlonmone, KoTo-
pble 0a3upyIoOTCsA Ha pacyéTe CpeaHEeroI0BOMH
CYTOYHOH NEPCNEKTUBHON MHTEHCUBHOCTHU
JIBVKCHUS.
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B kayecTBe MepcHEeKTUBHOTO OOBIYHO IPH-
HUMaeTcst nepuon paBHbid 20 rogam. To ecTb,
B TeueHue 20 jgeT aBTOMOOMIJIBHAs J0pora
JowkHa 3((GEeKTUBHO (QyHKIMOHMPOBATh B TEX
rapaMeTpax, KOTOpbI€ ONPEJIEIISIOTCS KaTeropH-
il 10pory 1 3a/1aHbl Ha dTane e€ CTPOUTENbCTBA
[3]. CnenoBatenbHO, B 3aBUCIMOCTHU OT HaAEK-
HOCTH YCTaHOBJICHHS CPEIAHET0/I0BOI CyTOYHOU
NEepPCIIEeKTUBHOW MHTEHCUBHOCTH JIBU)KEHHS Ha
JTare NPOeKTUPOBAHMS IOPOTH OyIeT 3aBUCETh
CTOMMOCTb €€ CTPOUTENBCTBA U 3P (PEKTUBHOCTD
(YHKIIMOHUPOBaHUS B OyIylIeM.

ITpu 3TOM HEOOXOAUMO OTMETUTD, YTO CYyILIE-
CTBYIOILIMI€ METOIUKH OIPEEIICHNS IEPCTIEKTUB-
HOW MHTEHCUBHOCTH JIBHIXKEHUSI JUISI CTPOUTEIb-
CTBa HOBBIX IUIATHBIX JOPOT CYIIECTBEHHO OT-
JIMYAIOTCS B 3aBUCUMOCTH OT cnenudukanuu
METOJIOB, COCTABIISIOIIMX UX OCHOBY, yu€Ta Tex
WJIM MHBIX IapaMeTPOB aBTOCTPAAbl, IPUMEHSsIe-
MBIX M3MEPUTENBHBIX MPUOOPOB, LieNel ycTa-
HOBJICHUS TUIaThI 32 MIPOE3I.

[TosTOMy € y4ETOM BBIILIEH3II0KEHHOTO, H3-
yueHHE 0COOEHHOCTEH, BOBMOXKHOCTEH, OrpaHu-
YeHUH M cep NPUMEHEHUS METOJOB OLIEHKU
MEePCIIEKTUBHON HHTEHCHUBHOCTH JIBHXKSHUS ITPU
CTPOUTEIBCTBE IUIATHBIX JIOPOT SIBJISIETCS aKTy-
aJbHON HAayYHO-TEXHHUYECKOW MPOOIeMOi, pe-
LIEHHIO KOTOPOW M MOCBSILEHA IaHHAS CTaThsl.

AHanu3 nocieHUX NCCIeI0BaHUH U yOnu-
KalMii CBUJETENbCTBYET O TOM, YTO BOIPOCHI
IUTaTHBIX JOPOT HEOJHOKPATHO CTaHOBWIINCH
NpPEAMETOM HCCIIeIOBAHUI OTe4eCTBEHHBIX
1 3apyOeKHBIX aBTOPOB.

Hawnbonee KOMIUIEKCHOE PAacCKpBITHE YKa3aH-
Has poOriemMaryka nosy4mia B pynax B. 1. bpbiz-
rasnoBa, M. O. Kapnymko [4], 1. I'. Aifro Annasu,
JI. JIs e ITyamno, K. T. I'épca (1. G. Ayu Andani,
L. La Paix Puello, Karst T. Geurs) [5].

Bormpocamu onTUMansHOro MPOEKTHPOBAHMS
IUIATHBIX JIOPOT' C TOYKU 3PEHUS] YCTOHYHBOTO
pa3BUTH TepPUTOPHil 3aHUManuchk A. B. Bumi-
meBckuit, C. C. Uromun, M. O. Kapnymixo,
. JI. baptonomeii [6].

[Tporuo3upoBaHuIo NapamMmeTpoB TPAHCIOPT-
HBIX TIOTOKOB C IMPUMEHEHHEM aHAJIUTHYECKUX
METOIOB IMOCBATHIIN cBOU Tpy/sl B. C. AHIperoK,
0. A. Areesa [1; 7], 1. X. Cyceno, M. Arynr
Bub6ogo, baryc Xapuo Cernamku (Yudi Harto
Suseno, Muhammad Agung Wibowo, Bagus
Hario Setiadji) [8].

OpHaKo, HECMOTPS Ha OOJIBIION CIIEKTp Ha-
YUHBIX UCCJIE0BAHUM 10 yKa3aHHOM podiiema-
THKE, BOIPOC MHTEHCUBHOCTH JBIIXKEHHS IO
Oy/y1iell aBTOMarucTpaiy, airOpuT™ e€ pacué-
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Ta M ONPEAEIIAIONINe (PaKTOPhI BIUAHHUSA, a TAKKE
MEXaHH3M KOPPEKTHPOBKH C yUETOM M3MEHEHHUH
COIUAIbHO-9KOHOMHYECKOTO PAa3BUTHUS TEPPH-
TOPHH JIO CHX [TOP OCTAIOTCS HEPELIEHHBIMH.

Takum 00pa3oMm, yevio MPOBSIEHHOTO UCCITe-
JIOBAHUSI SIBJIIETCS TTOBBIIIIEHHE TOYHOCTH 0060C-
HOBAHUsI TEXHUYECKUX MIAPaMETPOB U pacIiupe-
HHE TIOJXO0/I0B K OLIEHKE MMEPCIIEKTUBHON HHTEH-
CHBHOCTH JIBHYKEHUSI [UIATHBIX ABTOMATHCTpasIel,
yepe3 BBIBICHHE HEAOCTATKOB M PEUMYILECTB
B CYILECTBYIOILIHMX Memooax 00OCHOBAHUS Iep-
CIIEKTUBHOM HHTEHCUBHOCTH JIBHYKEHUSI, KOTOPbIE
HE YYUTHIBAIOT MHOYKECTBO (DAKTOPOB.

METOZb! OLIEHKW NEPCMEKTUBHOW
WHTEHCUBHOCTU ABUXEHUA

VHTEHCHBHOCTD SIBJISICTCSI OTHUM M3 OCHOB-
HBIX ITOKa3aTreseil, KOTOPBbIH XapaKTepusyer
YCIIOBUS ABMOKEHHsSI TIOTOKA, U OIIpe/essieTcs
KOJIMYECTBOM TPAHCIOPTHBIX CPEJICTB, IEPECEK-
IIMX YJIHUILY WU I0POTY B €AMHUILY BpeMeHH [8].
OnHOM U3 0OCOOCHHOCTEH JaHHOIO MOKa3aress
SIBJISIETCSI TO, YTO OH U3MEHSETCSl BO BPEMEHH,
Y 3TO U3MEHEHUE HOCUT CTOXaCTHYECKHUI Xapak-
Tep, MOJy4YeHHbIE 3HAYCHUSI WHTEHCUBHOCTH
MOTYT 3HAYMTEIbHO OTINYATHCS B TEUEHUE
OIpeIeIEHHBIX YacOB JH, THEW HeAeIH, Mecs-
LIEB B TOAY U T.1I.

ITpu coxpaHEeHUH CYIIECTBYIOLIMX TEHEH-
Ui Tpauka pocT MHTEHCUBHOCTU JIBU)KEHHMS
Ha IUIaTHBIX JIOPOTaX paHO WIIU MO3JHO AOCTHT-
HET YpPOBHsI IPOIYCKHOI CIOCOOHOCTH, 4TO,
B CBOIO 04€pPE/lb, HETaTUBHO OTPA3HUTCS Ha yCIIO-
BUSIX JBHIKEHUsI, BRI3OBET CHIKEHHE KOM(OpTa,
3aTOpHl, MOBBIIIEHHE OMACHOCTU Ha JOpOrax
U Tak ganee. Bece aTu pakTopel HAHOCAT BpE.
3[J0POBBIO JIFOACH 1 BHI3BIBAIOT HEMIPE/IBUICHHBIE
pacxoabl Jyist JOPOXKHOTO CEKTOPA, YBEJINUNBAs
9HEPro€MKOCTh Jopor [9].

Ha ceropnsiiHuii ieHb Ha MPAKTHKE ITUPOKO
UCIIOJIb3YIOTCS PACYETHBIE METO/IbI OLIEHKHU IEep-
CIIEKTUBHOW MHTEHCHUBHOCTH JBM)KEHHsS Ha
IUTaTHBIX aBTOCTPajax, KOTOpPbIE JAEJSATCS Ha
HECKOJIbKO OOJIBIINX TPYIIIL.

Ilepsas epynna MeTof0B NpeIIOIaraeT npo-
BeJIeHHEe pacyE€TOB UCXO/l U3 MEPCIIEKTHBEI CO-
UaJIbHO-9KOHOMHYECKOTO Pa3BUTHS PETrHOHa,
rJe IUTAHUPYETCS MOCTPOUTH HOBYIO IUIATHYIO
Jopory. B pacuér npuHiMaeTcs IMPOKUI KpyT
Pa3HOO0Opa3HbIX JTaHHBIX, HA OCHOBAHUH KOTO-
PBIX MOXKHO ONPENENIUTh CTETECHb BIMSHUS TeX
WJIY MHBIX ()AKTOPOB Ha UHTEHCUBHOCTD JIBIIKE-
HUSL U BBISICHUTD, CYLLIECTBYET JIM CBSI3b, M €CIIN
Jia, TO B Kakoil Gpopme (psiMoit, oOpaTHOM, Ju-
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HEWHON WM HEJIMHEHHOI) U Kakoe ypaBHECHHUE
MOXET e€ omucarb, a TaK)Xe B KaKOl CTENeHU
HWHTCHCHUBHOCTb JIBIDKCHHUS MTOIBEPIKEHA KojteOa-
HuAM (u3MeHeHusaM). K Takum hakropam 0THO-
CSITCSI COCTOSTHHE, 00YCTPOUCTBO U OJIaroycTpoii-
CTBO JIOPOT; YUCJIICHHOCTh HACEJICHUs B pailoHe
HccieI0oBaHus; COCTaB TPAHCIIOPTHOT'O MOTOKA;
reorpaduyueckie U KIUMATHYSCKHUE YCIOBHS,
HaJIM4Me MECT NPUTSHKEHUS;, TNIOTHOCTH JIOPOXK-
HO1 ceTu U Jip. OCHOBY TaHHBIX METOJIOB COCTaB-
JI€T SKCTpanoyisinus. TOYHOCTh MPOTrHO3UPOBa-
HUS Pa3BUTHSI MHTCHCUBHOCTH JIBU)KCHUSI 3aBH-
CHUT OT IPABUJIBHO BEIOPAHHOW TUIIOTE3bI H3Me-
HEHHs ATOTO MpoIiecca — TeMIa NPUpPOCTa.

I'paduku, MOCTPOCHHBIC MO JAHHBIM y4ETa
Tpaduka B TeUCHHE NIEPUOIa HAOIONCHUS, 3a4a-
CTYIO UMCIOT TOYKH C ONPENeIEHHBIM Pa3opo-
COM, 4TO IO3BOJISIET, MPH 00pabOTKe NaHHBIX
MPUMEHATh Pa3JIMYHbIE 3aKOHOMEPHOCTU JKC-
TPANOJUPOBAHMSI C MPAKTUYECKH OJUHAKOBOU
MOTPEIIHOCTHIO. B pe3ynbrare paccuuThIBaOTCS
MPOTHO3HBIE 3HAYECHUSI MHTEHCUBHOCTH [8].

HaubGonbiee pacnpocTpaHeHHE MOTYYHIH
CJIeTyIOIINE TUTIOTE3bI:

1. PocT MUHTEHCUBHOCTH IBH>KEHUS COOTBET-
CTBYET JINHEHHOW 3aBUCUMOCTH:

N,=N, (1 +q), M
e N, — NepCreKTHBHAs HHTEHCUBHOCTD 4€pe3
t et (pacuértHasi), aBT/;

N, — MHTEHCHBHOCTB B TOJI TIPOEKTUPOBAHUSA
(pakrrueckas), aBr/x;

g — TMHAMUKA PUPOCTA/COKPAIICHUS HHTCH-
CHUBHOCTH B JIOJISIX OT MHTEHCUBHOCTH 3 MPEJIbI-
JyTIAH TO.

2. Bozpacrarormiye TeMIbl IpUpocTa HHTEH-
CHUBHOCTH JIBHKEHUSI:

N,=N, (1 +q)t, 2)

3. IlepcnieKTUBHAS MHTEHCUBHOCTD JIBHIKE-
HUS BBIpaXKaeTcs JIOTUCTUYECKON KPUBOIi C Ha-
YaJIbHBIM CTPEMHUTEILHBIM POCTOM, KOTOPBIH CO
BpEMEHEM TMEPEXOJUT B HE3HAUUTENbHBIN MPH-
pocr:

=1

N,=N, |:1+0,01[k1t+kzz”:t,.§ﬂ R 3

rie k, u k, — ko3 GUIHEHTHI, HOTy4eHHbIE SKC-
MEPUMEHTAJIbHBIM MYTEM U 3aBHCSIINE OT Ha-
YaJILHOT'O MMPUPOCTA HHTCHCUBHOCTH, OIPEICIIS-
10TCS 10 BeIpakeHuto [11]:
k =6,7-0,3q,, 4)
k,=13q,-6,7. 5)
4. TlepcrieKTHBHAsE MHTCHCUBHOCTD JIBIIKE-
HUS MOYKET OBITh OTpeeIeHa OTUHOMOM Clie-
JYIOILIETo BUJIA:

T.19. Ne 6 (97). C. 62-

MwukprokoB K. C. OCobeHHOCTU MeTOAOB OLEHKU nepCI‘IeKTVIBHOﬁ WHTEHCUBHOCTU OBUWXEHUA

NpU NPOEKTUPOBAHUN NNaTHLIX aBTO[OpPOr




]\[t:N0+at+bt2+ct3+"'+mtn’ (6)
e a, b, ¢ ...m — k03 UITMCHTBI, TIOTy4YCHHBIC
IKCIICPUMEHTATBHBIM MTyTEM.

B yka3zaHHOM MHOTOUJICHE KOJIMYECTBO YJie-
HOB PsiJIa 3aBUCHUT OT TUIIA KPUBOM U TaHHBIX 00
WHTCHCUBHOCTU JIBHIKCHUS.

Bmopas epynna 6a3upyercs Ha HCTOPUIECKU
CIIOKUBIIUXCS 00bEMAX Tpaduka Ha aHATIOTHY-
HBIX JIOPOTaX, Ha OCHOBAHHMH YETO COCTABIISICTCS
MPOTHO3 00 M3MEHEHUSIX HHTCHCUBHOCTHU B TE-
YyeHue pacy€THoro nepuona. JlaHHBIH METON
MMO3BOJISACT MOJYYUTh OUYCHb YCPCAHEHHYIO,
MPUOTU3UTEIBHYIO OIICHKY, KOTOPAst XapaKTepu-
3yeTCsl 3HAYMTEIbHBIM YPOBHEM HETOYHOCTH,
MO3TOMY JIaHHBIE METOJIBI 1eJIeCO00pa3HO UC-
MOJIb30BaTh TOJBKO Ha MIEPBOHAYATBHOM ATaIle
MPOSKTHPOBAHUS CTPOUTEIILCTBA IUIATHBIX aBTO-
JIOPOT C JaTbHEUIIIAM 00s13aTeIbHBIM YTOUHCHH-
€M TOJTyYCHHBIX JaHHBIX.

Tpemuwio epynny cOCTaBISIOT METOIbI, OCHO-
BaHHBIC Ha MHOTO()AKTOPHOM aHaIu3e, HO HX
CJICIyEeT UCIOJIb30BaTh TOIBKO JUIS TEX PAilOHOB,
rje coOpaHa ImmMpokas 0a3a JaHHBIX 00 MHTCH-
CHUBHOCTH JIBIDKCHUS U (haKTOpax, BIUSIONINX HA
HeE.

JlocTatouHO MIMPOKOE pacnpoCTpaHEeHHE
B 3apyOC)KHOW MPAKTUKE B MPOIECCE OICHKHU
WHTCHCHUBHOCTHU TpaduKa MOJYUHIO HCIIOIb30-
BaHUE ANMPOKCUMUPYIOMUX QyHKIuniA. s
peai3auy TOro METO/1a HEOOXOIMM UCXOHBIN
PAI CTATUYCCKUX NAaHHBIX, KOTOPBIA BhIPABHH-
BaeTCs rpaduko-aHATUTHYCCKUM I MaTeMa-
THYECKHUM MOAO0POM aHATUTHICCKON (PyHKIIHUH,
MO3BOJISIOIICH MAaKCUMAaIbHO MPHOIU3UTH TEO-
PETHYECKUE U CTAaTHCTHYCCKUC AHHBIC B MaK-
CUMaJIbHO BO3MOXHOHU crenenu [12]. /lannas
rpyIina METOIOB UMEET ONPECIEHHBIC CXOCTBA
C BBIYMCJICHUEM HHTCHCUBHOCTH Ha OCHOBAaHUH
HCTOPUYECKUX AaHHBIX, HO €€ HECOMHCHHBIM
MPEUMYIIECTBOM SIBJISICTCSI BOBMOXKHOCTh HC-
MOJIb30BaTh IU(PPOBYIO 00pabOTKY JaHHBIX,
a TaK)Ke OTCYTCTBHUE «KECTKO» 3aJaHHOM anpu-
OPHOM CBSI3M HCKOMOT'O PEIICHHS C KOHKPETHOM
MO/ICITBIO, YTO TIO3BOJIICT METOaM TTOKA3hIBATh
JIYIIIAE PE3yIBTaThl B YCIOBUAX HEOMPEACIEH-
HOCTH.

HWrak, u3amepeHusi MPOBOISATCS HA aHAJIOTHY-
HOW MarucTpasy Ha MPOTSHKCHUH OTPaHUICHHOMN
BBIOOPKH JTHEH, PACCUMTHIBAIOTCS CPEIHEE 3HA-
yenune (M) u craHgapTHoe oTkiIoHeHHUE (S)
©KEIHEBHOM HArpy3KU B YacChl 3arPyKCHHOCTH.
OI1lcHKM HOPMAJIBbHOTO M BBICOKOTO YPOBHS Ha-
rpy3ku (L) ocymectBistores o ¢popmye:

L = M+ keS, )

&  Mwup TpaHcnopTta. 2021. T. 19. Ne 6 (97). C. 62-67

pa3nuyHble 3HaYCHUS K03 duItueHTa k ucromnb-
3YIOTCSI [T HOPMAJIBHOTO M BEICOKOTO YPOBHEH
HArpy3KH.

1« , 1/2
S=[E;(X,-—M)} , ()

rae X, — COIIacoBaHHBIA MO BpeMeHH Tpaduk
B 4achl 3arpy>KEHHOCTH, U3MEPEHHBIH B i-if JIeHb;

1 n
M= ZZX , — CpenHee BHIOOPOYHOE 3HAYCHHE;

i=1

N — KOJINYECTBO THEH M3MEPEHHSI.

Ecnu mepro 13MepeHus COCTaBIsieT MEHee
30 mHel, To olicHKa OyeT HE OUCHD HaIEKHOM.
B aToM cnyuae nenecoo06pa3HO MPOBECTH CIIe-
LUaJIbHbIE M3MEPHUTENbHBIC HCCICIOBAHUS IS
oTpeJesIeHUs] THITMYHBIX 3HAUCHUW CTaHIapT-
HOTO OTKJIOHEHHUs (Hampumep, Kak (YHKIHH
CpEeIHEero 3Ha4YeHUs! BBIOOPKH).

Psi1 aBTOPOB CUMTAET, YTO C [EITBIO MPOBE/IE-
HUSI OLIGHKU MEPCIEKTUBHOW WHTEHCUBHOCTHU
JIBYDKEHUS! JJIsl IPOCKTOB CTPOUTEHCTBA TLIaT-
HBIX aBTOZIOPOT HEIOCTATOYHO MPUMEHSTB TOJTb-
KO METOAMKU Ha OCHOBE TPSIMBIX 3KCTPAros-
L, a 11eJ1ecO00Pa3HO JTOTIOTHUTEIBHO UCTIONb-
30BaTh METOJ JKCIIEPTHBIX OIEHOK U METOJ
HelpoceTeBoro moaenupoBanus [13; 14].

Ocoboro BHUMaHHMs 3aCIy)KUBaeT Helipoce-
TEBOE MOJICITMPOBAHNE HHTEHCHBHOCTH TPaHC-
MOPTHOTO MOTOKA B 3aBUCUMOCTH OT 3KOJIOTH-
YEeCKOHM Harpy3ku M mapaMeTpoB HPOCKTHPYe-
MOH aBTOTPAHCIOPTHON MHPPACTPYKTYPHI.
B 9T0ii cBSI3M BO3HMKAET HEOOXOJUMOCTH BbI-
JICJICHHSI B MOJIEIIH KJIFOYEBBIX TPYIII CO CMBIC-
JIOBBIMU KOHTEKCTHO-3aBUCHUMBIMH CBSI3SIMH,
YTO TO3BOJISIET Pa3CIUTh MOJICIIbHBIN aHAIIN3
Ha rPYMIIbL:

* I'pynma Ne 1. AHanu3 mpoCTpaHCTBEHHO-
BPEMEHHONW MHTEHCHUBHOCTH, JIaHHAs I'pyTIia
COJICPKHT TOJBKO MH(OPMAIIHIO 00 UHTCHCUB-
HOCTH JIBHIKCHUS;

* I'pynma Ne 2. IIpocTpaHCTBEeHHBIN aHATU3
WHTEHCHUBHOCTH, JJAaHHAs IpyMIa uMeeT HHPOop-
MalHIO O IUIOTHOCTHU TpaduKa, 00bEKTax TOpOXK-
HOTO CEpBHCa U JOPOXKHOI CETH Ha MpHIIeTaro-
el TeppUTOPHH;

* I'pynma Ne 3. TIpocTpaHCTBEeHHBIN aHATU3
BO3JICHCTBHS Ha OKPYXKAIOLIYIO Cpeny, AaHHas
rpynmna COAEpXUT BO3MOXKHBIE JOPOKHO-
TPaHCIOPTHBIE MPOUCIIECTBUS, TEXHUYECKHUE
CpPE/ICTBA YIPaBJICHHUS IBI)KEHUEM, TPAHCIIOPT-
HBIH MOTOK ¥ MH(QOPMALIUIO O TOPOXKHOI ceTn
Ha MpUJIEraloIieil TEepPUTOPUH.

Pemenue mpoOieMbl MPOTHO3UPOBAHUS,
B KaXXJJOW BBIOpAHHOI IpyIie, BKIOYAET BbI-
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Puc. 1. MepcenmpoH Po3eH6nama 0nsi npo2Ho3uposaHusi
UHMeHcusHocmu AopoXHO20 mpaghuka Ha nnamHoil
asmomazucmpanu [8bINOTHEHO a@mopom].

MOJIHEHHE OMpPEAeIEHHBIX [IAroB, TAKUX, KaK
ucxoaHas 00paboTKa JaHHBIX, TOA00P IIKAJIBI
M3MEpEeHH, cO3JaHie MOJENN JUIs aHalln3a,
POBEpKa MPUTOAHOCTH MOJEIH [UIs MOCTPO-
SHHOW MOJIENU MO MPOTHO3UPOBAHHUIO WHTEH-
CHBHOCTH JIBHXKCHUSI Ha IPOCKTUPYEMOH aBTO-
maructpanu. Mcxonnas o6paboTka BKIFOYAET
B ce0s1 HOPMANIU3ANUI0 TaHHBIX, KOJAUPOBKY
HEYHCIIOBOI MHDOPMAIIMU U YCTPAHCHUE CBSI-
3eil. [1aBHas 11eJ1b HCXOMHON 00PaOOTKH 3aKITHO-
YaeTCsS B MAKCUMHU3AIIUK SHTPOIIMU pacipe/ie-
JIeHUs TapaMeTpoB AaHHbIX [15]. Hanbonbmee
3HAUCHUE PHTPOIHHU MO3BOISET HCIONB30BATH
HH()OPMAIIHFO, HAXOIAIIYIOCS BO BXOJHOM Ha-
06ope MaHHBIX, HA MPEJCIBHOM YPOBHE, YTO
B UTOre ONArOMpHUATHO BIHUSCT HA TOYHOCTh
MojieNnel HeHPOHHBIX CeTeH.

Ha puc. 1 npeacrasieHna HeilpoHHas ceTh,
KOTOpasi MOKET OBbITh HCTIONB30BaHA TS OIICHKH
NEPCIEeKTUBHOW MHTCHCHBHOCTH JBYIKCHHUS
B Mpollecce MPOCKTUPOBAHUS CTPOUTEIHCTBA
TUTATHBIX aBTOIOPOT.

Llenb mpocTpaHCTBEHHO-BPEMEHHOM MO
HEUPOHHOM CETH COCTOMT B TOM, YTOOBI Hpe/-
cKa3arh 00bEM TpaduKa Ha y4acTKe aBTOOPOTH
Ha OCHOBE MH(pOpMAaIHK 0 HaKTHUECKONH HHTCH-
CHBHOCTH B MOJOOHBIX TOYKAX B 3aJaHHBIA MO-
MEHT BpeMeHH. Mogienb Gy/ieT BBIOIHATD pac-
4&T MO PA3HOCTH MIAGIOHHBIX OMEPAIHi, KOTO-
PpbIe COCAMHSIOT 3HAUYCHHE PAKTUICSCKON HHTCH-
CHBHOCTH CO 3HAYCHHEM HHTCHCHBHOCTHU
B 3aJJaHHbI MOMCHT BPEMEHH.

C yu€TOM BBIIICH3IOKEHHOTO TS CHHTE3a
MPOTHO3a HHTEHCHBHOCTD IBIXKEHHS (HOpMalTh-
HO TIPEJCTaBIISIETCS CIEIYIOMINM 00pa3oM:
1=(Q.G.X,Y,U,T,p.y.C),

e Q=1{Q,Q,,...,Q  } - 1Mana3oH yCIoBHH
(YHKIMOHUPOBAHHUS aBTOMATrUCTPAJIH;
G =(V.(D,W)) — MofeNb MePeKPECTKOB, MPH-

MBIKaHUH, npencrasieHHas rpagom G B mpo-
cTpaHcTBe R;

Mwup TpaHcnopTa.

V' = {v} — rpaduueckue BepimHbl (y3mbl),
COOTBETCTBYIOIIHE Y3/IaM IIEPCIIEKTHBHOTO Tpa-
¢uka;

DcVxV — Habop auarpamm IO y4acTKy
JIOPOTH ¥ IOPO)KHOM CETH C BECOBBIMH KO3(h(H-
unentamu W =(A,P,Z) (AHTEHCHBHOCTB, CKO-

POCTB 1 COCTAB JOPOKHOTO JBIKCHHS Ha 3aJaH-
HOM y4acTKe JIOpOTH);

X =1{X, X, ..., X} —HabOp CBOKCTB U Jie-
TEPMHHAHT, KOTOPHIE OIMHUCBIBAIOT COCTOSHUE
JOPOTH ¥ IPUHUMAIOT CBOM COOCTBEHHBIE 3Ha-
YEHUS,;

Y=1{Y,7Y, .., Y } — InanasoH HCXOIHBIX
3HAYCHUH (KOTMYECTBO M TUIIBI TPAHCIIOPTHBIX
CPEACTB, IOBOPOTOB, EPEKPECTKOB, MEMIEXO-
HBIX TIEPEXOJIOB U T.11.);

U={U,U,, ..., U} — nuana3zon BO3MOXHBIX
PEKUMOB JBIKCHUS 110 aBTOIOPOTE;

T={t,t,..,1, ...} — INCKPETHOE WIIH He-
IIPEPBIBHOE BpEMS;

p: XxUxT—Q — onucanne n3MEHEHUH B CO-
CTOSHHU OOBEKTa B 33JlaHHOM COCTOSHHU (JH-
HaMMKa MHTEHCHUBHOCTHU JIBID)KCHMS IIPH H3Me-
HEHHH BHEIIHHUX N1apaMeTPOB);

p: QxT—Y — 3aKIIOYEHHE C ONMHCAHUEM
HaOIIONEHNH 3a JUHAMHKON MHTEHCUBHOCTH
JBIDKCHHMSI (OIICHKH, BHIBOJIBI H T.]1.);

{ — BHeIIHNE HEKOHTPOIMpPYEeMbIe (PaKTOPEI,
BIIMSIIOINNE HA N3MEHEHHUS HHTCHCUBHOCTH.

OT1enpHOTO BHUMAHUS B IPOIIECCE aHATM3a
METOJIOB OIICHKH IEPCIIEKTHBHON MHTEHCHUBHO-
CTH JBYDKEHUS TSI IPOSKTOB HA CTPOUTEIHCTBO
IUTATHBIX aBTOJOPOT 3aCITyKUBAET PAJ] TEXHIUE-
CKHUX TOIXO0B, U3 YHCIIa KOTOPBIX MOXHO BbI-
JETUTH CIEAYIOIHE:

1. MeToapl MOHMKAIOIIUX KOI(DDHUIHUEHTOB
TEOPETUIECKON MPOMYCKHONH CIOCOOHOCTH,
MTO3BOJIAIOIINE OMPENEIUTh MaKCUMaJIbHBIN
00BEM IIOTOKOB Ha aBTOJOPOTe MIIH OTIEIbHBIX
e€ sneMeHTax 0e3 yuéra MpomycKHO# crocoo-
HOCTH IIEPEKPECTKOB U ITpuMbIkaHuid. Hemocrar-
KOM 3TOTO METOJa SABISETCSI HEBO3MOXKHOCTh
ONpEACTUTh UHTEHCUBHOCTh ABUIKEHHUS Ha
Y4acTKe JIOPOTH MEXy HepeKpECTKaMU U Mpu-
MBIKaHHSMH. PacxoxaeHne pacu€THHIX U (ak-
TUYECKUX PE3YJIBTATOB pacyéTa MaKCUMAJIbHOU
WHTEHCUBHOCTH JABMKEHHS HA Y9aCTKE aBTOMO-
OMIBPHOM JOPOTH C MCIONB30BAaHHEM JaHHBIX
MeTonoB cocTasiisgeT ot 200 1o 600 aBr./4ac.

2. Metonbl omnpeneneHns MaKCHMaJlbHON
WHTEHCUBHOCTH IBIKCHUS Ha OCHOBE (YyHK-
LHMOHAJIBHBIX 3aBUCUMOCTEH MOJeIed TpaHC-
MIOPTHOTO IIOTOKA KMHTEHCHUBHOCTb—CKOPOCTDY.
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HepnocrarkoM sToro merona siBIsieTcs OTCYT-
CTBHE Y4ETa BIMSHHUS IEPEKPECTKOB U IIPUMBbI-
KaHUW Ha MHTEHCUBHOCTBH IBMXKEHHS. DTH
CIIOCOOBI ONpeNeJsIoT JUIIb HauboJsbIIee
3HauYCHNE MHTEHCUBHOCTH JIBMKEHUS TIPH CPEl-
HEl CKOPOCTH JABW)KEHUS M HPH YaCTHYHOM
y4éTe cocTaBa TPaHCIOPTHOTO IOTOKa. Pac-
XOXKJI€HUE MOIYUYEHHBIX pe3ynbTaroB — oT 200
10 400 aBT./4ac.

3. MeTozbl, 0CHOBaHHBIE Ha HCIIOJIb30BAHUN
(YHKIMOHAJIBHBIX 3aBHCUMOCTEI «MHTEHCHB-
HOCTb—CKOPOCTB», IOJYy4YECHHBIX Ha OCHOBE
9KCIIEpPUMEHTAIBHBIX HcCienoBaHui. Taxxe
JIaHHBIE METOIBI HE JIEIal0T MONPABKH Ha Iepe-
KpECTKHM M NPUMBIKaHMS, B pE3yJIbTaTe pac-
XOKIEHUE TIOJIyYEHHBIX Pe3yJIbTaToB pacuéra
HaxoxuTes B ipezese — oT 100 go 300 aBr./4ac.

3AKNOYEHUE

Cy1ecTByonHe METOANKH OLIEHKH ITePCTIeK-
TUBHOW WHTCHCUBHOCTH JBIDKCHHS JUIS IPOCK-
TOB Ha CTPOMTEJILCTBO IUIATHBIX aBTOAOPOT CY-
IIECTBEHHO OTIMYAIOTCS Mexay coboil. Kak
NIPaBUIIO, NMEPCIEKTUBHYI0O HHTEHCUBHOCTD
JBIDKCHUS OIPEJIEIISIOT C IOMOIIBIO 3KCTPAIIo-
JUPOBAHUS, ANMPOKCUMAIINU HAKOIIJICHHBIX
CTaTHUCTHYECKHUX JaHHBIX. TOUHOCTH NPOTHO3U-
POBaHHMs C UCIIOJIB30BAaHUEM ITHUX METO/OB 3a-
BHUCHUT OT IPaBHWJIHLHO BHEIOPAHHON THUIIOTE3HI.
[TepcIeKTHBHBIMU METOJAMKAMH SIBIISIOTCS T€,
KOTOpBIEe 0a3upylOTCsl Ha TEOPHH HEUETKOH JI0-
TUKU U HEHPOCETEeBOTO MOJEIMPOBAHUS, I10-
CKOJIBKY ITO3BOJISIIOT HMCIIOJb30BaTh COBPEMEH-
HBIE METO/IbI BHICOKOMHTEIUICKTYJIbHOTO aHAIIU-
33, OCHOBaHHOI'O Ha METO/IaX YIOPsA0YHBaHHS
Y TIPUBENICHUS KaYeCTBCHHBIX JaHHBIX K KOJH-
YEeCTBEHHOW BEJIMUYMHE.
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AHHOTALINA

B cmambe paccMompeHo COCMOsHUE MPaHCNOPMHO20 06-
cnyxueaHusi eopoda XydxaHd, Pecnybnuka TadxukucmaH.
Ocoboe eHUMaHUe yOeneHo Pa3sumuIo NacCaxuUPCKUX Mapuwpy-
mog agmomobuIbHO20 mpaHenopma.

B pamkax aHanu3sa nepcnekmue pasgumus 06UuecmeeHHo-
20 mpaHcnopma npednioxeH agmopckuli Memo0 aHanusa nep-
cnexkmue nompeGHocmell 8 NacCaxupcKux Nepegoskax, Komopbli
0CHOBbIBAEMCS Ha 8bICMpauUsaHUU MpeHA08 ¢ LCNOMb308aHUEM
psida Mamemamuyeckux mModesneli, 8 moM Yucne PensyUoHHoL
modenu, Ha ocHose 06pabomku Maccuga cmamucmuyeckux
0OaHHbIX N0 06bEMaM NaccaxuponomoKos 8 NPowIbie NepuodbI.
Modenb npoeHo3a nodmeepdunack 3a c4ém CpagHeHust aHanu-
muyeckux u hakmudeckux O0aHHbIX Ha 200 uccredosaHus.

obcryxugaHus, NpoeHo3uposaHuUe, Mamemamuyeckud Modyrb.

Mup TpaHcnopta. 2021. T. 19. Ne 6 (97). C. 68-72

AHanu3 cocTosiHMSA NaccaXupCcK1X nepeBo3ok
B ropoge XymkaHa v nepcneKkTMBbI UX Pa3BUTUSA

Paxmuooun Canom Canomsooa*,
Mysagpap Myxudounosuu Boboes®

t TaooicuxcKutl mexHuuecKull yHueepcument UMeHu
axademuxa M. C. Ocumu, [Jywanbe, Pecnybnuxa
Taoocukucman.

2 Honumexnuyeckuti uncmumym Taoddcuxckozo
MEXHUYECKO20 YHUBepCUmema UMeHy aKademuka

M. C. Ocumu, Xyooucano, Pecnybnuxa Taoocuxucman.
04 salomzodal 975@gmail.com.

PacuémHbie mpeHObI pocma nompebHocmu 8 naccaxuponepe-
803Kax makxe Hawiu nodmeepxaeHue 8 IKNePMHbIX OUeHKax.

Ha ocHoee aHanusa npoesHo3upyemcsi pocm cnpoca Ha
naccaxupckue Nepesosku 0bLEeCMeeHHbIM MPaHNOPMOM 8 20-
pode XydxaH0.

MpedcmasneHHble Memodbi sisnisitomes 6a3osbimu. B yensx
6oniee MoYHO20 NTaHUPOBaHUS X03LICMBEeHHOU OessmesnbHoCmu
ucnonb308aHuUI0 nodnexam 6oriee MoyHble UHCMPYMEHMbI NPO-
2Ho3uposaHus. Tem He MeHee, cognadeHue obLe20 mpeHda Ha
YCKOpeHHoe yeernuyeHue obbEMa naccaxuponepesosok npu uc-
Nosb308aHUU PasuyHbIX 6a306bix MeM0OO08 N03eossem 6bi-
cmpaugamb 00/120CPOYHYI0 CMpameauio passumus 20p00cK020
mpaHcnopma.

Knroyesnbie crioga: haccaxupckoe o6cny>KueaHue, a8momobubHb Il mpa+Hcnopm, 06béM naccaxuponepesosok, aemoo'yc, Kavyecmeo
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BBEOEHUE

B Tamxukucrane B ciily reorpadpuyecKux
YCII0BHIT 0c000€ BHUMAHHE YACISETCSI Pa3BUTHIO
aBTOMOOMIIBHOTO TPAHCIIOPTA, KOTOPBIH SBIISACT-
Csl IOMHHHPYFOIIIM BUIOM TPaHCIIOPTA IO Tie-
pemeteHuro moneii. Pa3Butre aBTOMOOMITBHBIX
JIOpOT ¢ pa3pabOTKO HOBBIX METOIOB OPTaHU-
3aIl1H TACCAKMPCKHUX MepeBo30K B PeciryOmike
MPOUCXOAUT C MPUMEHEHHEM COBPEMEHHBIX
aBTOMATH3WPOBAHHBIX CHCTEM YIPaBICHUS {BH-
KECHUEM.

OCHOBHBIMH TEHACHIUSIMH COBPEMEHHOTO
TIepHoIa SIBIISIOTCS L

* mpeoOpa3zoBaHNe TOPOACKUX YIUIl U TPO-
TyapoB TI0 Ha3HAYEHHIO W TUILY JBIKCHUS C IIe-
JIBIO MTOBBIMICHUS] PABHOMEPHOCTH ABHKCHHS;

* CHCTEMHBIH TOIXOA K PEIMICHHIO POoOIeM
TOPOZCKON TPAHCIIOPTHOM CETH Iy TEM NPUBSI3KU
JIMHUI BCEX BUOB TOPOJICKOTO TPAHCIIOPTA;

* MaKCHUMaJIbHOE yCTPaHEHHE TOYEK KOH(-
JIKTA 1 TPOBEJICHNE TPAHCIIOPTHOTO ITOTOKA Ha
Pa3HbBIX YPOBHSAX;

* pacIIMpeHHe TOPOJCKUX CKOPOCTHBIX Ma-
TUCTpaneil.

Ve nBarona l'ocynapcTBEHHOE KOMMYHaJIb-
Hoe npeanpusiTie «Myco(hupKaloHu Aap max-
pu XymKaHI» TPEOCTaBIsSET CBOU YCIyTH Ha-
ceneHuio B ropoze. Ero mapk cocrasnsior 104
aBToOyca mapok JImA3 429260 (25 enunun),
JInA3 529265 (75 equan) 1 TATA (4 equHUIIED).

Ha ocHoBannm HaOmroneHnii Ha 00BEKTAX
TPAHCHOPTHOH MHGPACTPYKTYPHI U COOpaHHBIX
CTAaTUCTUYECKNX JAHHBIX OBIIM TPOAHAIU3HPO-
BaHBI IACCaKMPOTIEPEBO3KH, MACCAKUPOIIOTOKH,
KOJIMYECTBO 00OPOTOB TPAHCHOPTHBIX CPEICTB
1 ux oOree yrcio (Tadmuma 1).

AHanm3 mokasai, 4To MaccaXxnpcKuil TpaHc-
MOpT ropoja XyIKaHJ HE CMOT IOJHOCTBIO
BEITIOTHUTG TUIAHBI TI0 OOPAICHUI0 aBTOOYCOB
B 2019 romy B COOTBETCTBUM C TPEIBAPUTEINb-
HBEIMH pacu€Tamu. ABTOOYCHI HE OTpaboTaiu
CBOE BpeMsI B COOTBETCTBHH C YCTAHOBICHHBIMU
HOpPMaMH ¥ HOPMaTHBHBIMH aKTaMH.

B xozme HaOmoeHN OBLIO BBISBICHO, YTO
TPaHCIIOPTHBIE YCIYTH OCOOCHHO BOCTPEOOBAHBI
sxutessvu Topora ¢ 5% o 22% yacos, HO, k coxa-
JIeHunto, aBToOychl padorarot ¢ 5%° no 19%° gacos,
a Ha HEKOTOPBIX MapIIPyTaX OHU pabOTaroT JIUIIIb
10 18% gacoB. B cBsI3u ¢ 3TMM 3aIUIaHUPOBAHHOE
KOJIMIECTBO 00OPOTOB HE BBITIOIHSIETCS.

! HamuownanbeHas crparerusi pazsutus Pecry6iuku Ta-

JUKUKHCTaH Ha nepuon a0 2030 rona. Y1Bepxkaena [locra-
HoBieHueM IlpaBurensctBa PecniyOmuku TakukucTan ot
1 oxts10ps 2016 rona, Ne 392.
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O0BEM MacCaXUPCKHUX MIEPEBO30K TPAJUIIU-
OHHO YMEHbIIIAETCS JIETOM, & B IPYTHUE CE30HBI
pactér. [IpuurHO# CHIKEHHUS MAaCCaXKUPOTIOTOKA
B TPU JETHHX MECSIIa SBISIFOTCS KAHUKYIIBI
y CTYACHTOB U MIKOJIbHUKOB. COTIIACHO CTATHC-
TuKe, nopsaaka 30-35 % maccaxupoB — 3TO
CTYIEHTBI, IKOJbHUKH U PAOOTHHKH Cepsl
obpaszoBanus?.

Ceroast BOCTpeOOBaHHOCTH TPAHCIIOPTHBIX
YCIIYT HOCTOSIHHO PacTér, pacTyT 00bEM macca-
JKHPOIIEPEBO30K M OTPEOHOCTH B OOIIECTBEH-
HOM TPaHCIIOpTE.

OueBHIHO, YTO HEOOXOANMO 3a0IaroBpeMeH-
HO TPOTHO3UPOBATH MACCAKHUPOMOTOK Ha ONH-
JKaHIIe TOMIBI M, OCHOBBIBASICh Ha ITHX TAHHBIX,
JIeTIaTh TIPaBUITBHBIN BHIOOP COCTAaBa aBTOMApKA
U MOBBIIIATH KAYECTBO 00CITYKUBAHHS ITACCAKH-
POB. DTH IIATH MO3BOJISAT M TOBBICHTH MPUOBLITE-
HOCTh CAMHUX TPAHCIOPTHBIX MPEAMPHITHH,
U JaTh CEPbE3HBIA MMITYJIbC Pa3BUTHIO BCEH
9KOHOMHKHU TaPKHKUCTAHA.

Jnsi mOCTHXXKEeHHS MOCTABICHHOW yenu,
a MMEHHO, aHaJM3a COCTOSHHUS MACCAKHUPCKUX
MepeBO30K ropojaa XymKaHg U ONpelAeIeHHs
MEPCIICKTHBEI €0 pa3BUTHs Ha Omkaiiiiee Oy-
nyliee, HeoOXOANMO HCTIONIb30BaTh MaTeMaTu-
YECKHe MemoObl aHAITN3A, JAIOIIHE a1eKBATHBIC
pelieHus.

PE3YNbTATbI

Jist Toro, 4TOOB! C/eIaTh MPOTHO3 N3MEHE-
HUS M1aCCaKUPOIOTOKOB Ha CPEIHECPOUYHBIN
THIepHoJI, HEOOXOIMMO ITPOAHATM3UPOBATH Macca-
JKUPOTIEPEBO3KH B XyIKaHJE 32 HECKOJIBKO
npowmenmux Jier. O0bEM naccaxupornepeBo3oK
B XyJDKaH/ie 3a MOCIeJHHE TATh JIET IIPEACTaB-
JIEH CIIEYIOIIUMH CTaTHCTHYECKUMU JAHHBIMU
(Tabn. 2).

W3 Tabi. 2 BUAHO, 4TO 00BEM Maccaxup-
CKHMX MEpPEeBO30K yBEJIWUYMBAETCS M3 Toja
B rofa. B 2019 rogy o cpaBuenuto ¢ 2015 ro-
JIOM 00BbEM IaCCAKUPCKHUX NEPEBO30K YBEIH-
yuics Ha 51,6 %. Mlcnons3ys 3Tu TaHHbBIE, MBI
MOXEM paccuuTarh nporHos mo 2025 roxa.
JIJ1st 3TOTO MBI UCIIOJIB3YE€M MOJENb MPOTHO-
3UPOBAHUS.

Monenb ecth abCTpakTHOE IpEICTaBICHHE
pPEaILHOCTH B Kakoi-mubo (opme (Hampumep,
B MareMaTHuecKoi, puznyeckol, CUMBOIHYE-
CKOM, rpaduueckoil MM JEeCKPUIITUBHOMN),
npe/iHa3Ha4YeHHOE ISl TPEACTaBIICHUS OIIpe/ie-

2 Taprukucta B udpax 2019: Crarucrudeckuii cOOpHUK. —
Hyman6e, 2019.
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Taoauma 1
Iloxa3arenu pa6oTsl aBTOGYcOB Mo MecsinaMm 2019 r. [cocTaBiaeHO aBTOpaMHu |

KonmaectBo o60poTos KommuectBo ITaccaxupo- IMaccaxnpoobopoT, mace.-kM
Mecsiupi roga | [To many DaxTuueckoe | IEPEBE3EHHBIX | 060pOT, Bcero C
MMaccakMpoB, | Mmacc.-KM I1acca)Mpamu
gell.
SHBaps 38090 25367 1899834 28512158 566373 556916
Deppanb 32444 24269 2029321 30577002 543637 535521
Mapr 32738 25073 1994136 30175980 565297 556065
Anpeinb 32818 24272 1937239 29484286 557546 548093
Maii 33258 22402 1900677 28454251 571911 563199
Hronp 30584 22987 1602420 24083188 533920 527056
Hionp 29450 21477 1460112 22299933 507947 501333
ABrycr 25634 18449 1443757 22011988 449070 442562
CeHnTs6ph 29584 21766 1854558 27849930 505511 498824
OkTs6pb 29752 21527 1930247 29025388 506235 498989
Hos6ps 27782 19871 1747894 26522211 471176 463964
Jlexabpb 27910 19763 1789615 27139416 476547 468578
Bcero 370044 267223 21580810 326135731 6255170 6161100
B rozy
Tadauna 2

O0béM nacca:kuponepeBo3ok B ropoie Xymxanae (2015-2019 rr.) [cocTaBieno aBropamu]

Toxst O06bEM NEpeBO30K KosnnuecTBo 06CIy)KMBAIOLIET0 TPAHCIIOPTA (€/IMHMLY)
Tacca)MpoB (THIC. Tmacc.) Bceero OO61uero nonb3oBanus | O6CIYKUBAIOLINE TAKCH
2015 40151,5 951 890 61
2016 43531,1 943 877 66
2017 46664,1 917 782 135
2018 53793,7 1057 895 162
2019 60863,7 940 725 215

Taéauna 3

PacuéT nokazareneii 1uHeliHoOH (popMysbl 1151 pacuéTa 00bEMa maccakuponepeBo3oK
¢ 2020 10 2025 rox [cocTaBaeHO aBTOpaMH]|

Toger | O6BEM maccaxuponepeBo3oxK, X X2 X, yx= a+bex
TBIC. 11aCC

2015 | 40151,5 -2 4 -80303 38663,4

2016 43531,1 -1 1 -43531,1 43832,1

2017 | 46664,1 0 0 0 49000,82

2018 | 53793,7 +1 1 53793,7 54169,5

2019 | 60863,7 +2 4 121727,4 59338,2

Cymma | 2450041 0 >10 51687

2020 +3 64506,9

2025 +8 90350,4

NEHHBIX ACMEKTOB 3TOW PEaJbHOCTU U MO3BO-
JISIFOIIEE TIOTYYUTh OTBETHI HA M3y4aeMbI€ BOII-
POCHL

W3BecTHBI TpU THIIA MOJEICH: HepapXuue-
CKasl, CeTeBast ¥ PessIIIHOHHAS.

Hepapxuueckass Mooenb UMEET CTPYKTYpY
B BUJIC IEPEBA U BBIPAXKACT BEPTUKAIILHBIC CBSI3H
MOJYMHEHHS HIXKHETO YPOBHS BHICIIIEMY.

Cemesast mooenb ABISETCS 0OJIee CIOXKHOM
¥ OTJIMYAETCS OT UEPAPXUICSCKON MOJICIN HATU-
YHEM rOPU30HTAIIBHBIX CBS3EH.

Pensiyuonnas MOJIeTIb IPECTABIISETCS B BUJIE
COBOKYITHOCTH TaOJIUII, HAJl KOTOPBIMHU BBIMOI-

HSIOTCSL onepanuy, GOpMyIIUpyeMbIe B TEPMH-
Hax peJILMOHHON anreOpsbl.

Jnst peanu3zanuy Hamen 3a1aqu HCTIONIb3YeM
MaTeMaTHYECKyIO PEISIIUOHHYIO MOJIETIb.

Mamemamuueckue mozenu GopMaTU3yeMBbl,
TO €CTh NPEACTABISAIOT COO0H COBOKYITHOCTH
B3aMMOCBSI3aHHBIX MaTeMaTHIeCKUX 1 (hopMaltb-
HO-JIOTHYECKHX BBIP@KEHHH, KaK IPaBUIIO,
0TOOPaXKAIOIINX peajIbHBIC TPOLIECCHI U SIBJICHHS
(bu3uveckue, NCUXUYECKHE, COIUAIBHBIC
A T.I.).

Jis moacuéToB aBTOpaMM MCIOJB3YyeTCs
METO]] MaTeMaTHIeCKOro MozienpoBanus. ['pa-
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(UK TaHHBIX, paHee NMPUBEIEHHBIX B TaOmI. 2,
OIpeJeNéH Ha OCHOBE IMHEHHOTO YPaBHEHHUS 10
cieayromel popmyie:
yXx=a+bex, )
IJIe yX — PErHOHAJbHBIH 000POT MacCaXXUpOB,
yel. (maccaxupoB);

X — [IEPUOJT U3YUEHHS IACCAKUPOB;

a— 1oKasarelib CpeIHero 00bEMa maccaxup-
CKHX IEPEeBO30K, I1acc.;

b — mokasaresnu cpeaHero 00béMa yBesrue-
HUSI [IACCaKUPOIIEPEBO30K, Macc.

CpenHuii maccaxupoIoTOK 3a MOCJIEAHNE
AT JIET (@) OIpeessieTes Mo caeayomei Gop-
Myie:
a=&, macc.;

n

@

a= @ =49000,82 TrIC. MAcc.

VBenuueHne CpeIHEro KOMHYEeCTBA MACCaKH-
porepeBo3ok (b) HaxoauM 1o cieayroLIeH Gop-
Mylie:
p=Z%

>x

b= % =5168,7 ThIc. macc.

nacc.;

3)

ITokazarenu 2020 roga onpeenseM nocpe-
CTBOM JKCTPAIOJISILIMHU Psijia:

y = 49000,82+5168,7 * 3 =64506,9 TrIC. Macc.

ITocne pacuéra 3TUX NOKa3aTesen pe3ynbrar
BBIBOJIUTCS B TaOII. 3.

Takum 006pa3oM, MBI ONPENEIHIH, YTO
B 2020 roxy maccaxuporepeBo3Ky B XymKaHIe
JIOJDKHEL ObUIH cocTaBUThL 64506,9 ThIC. Imacca-
*kupoB. K 2025 romy maccaXxupoIoToK JT0HKEeH
yBenuunuthes Ha 48,4 % no cpaBHenwo ¢ 2019 ro-
oM. IIo MHEHHIO YY€HBIX U HCCleNOBaTeneil,
TaK{e MPOTHO3bI ONM3KU K PEabHOCTH M Ha UX

Taoauna 4
TpeHaoBblii aHaIM3 00bEMa
naccakKuponepeBo3oK

No | Tum ananm3za IToka3zarenu

1 | JIuneiinsiii y =5168,7x + 33495,
TPEH]L R2=0,9631

2 | Ksanparuuneii |y =812,67x2+292,67x + 39183,
TpEH/L R2=0,9964

3 | Kybuueckuit y = 15,583x3-672,42x? + 660,44x
TPEH] + 38922,

R2=10,9965

Hcrounuk: Pacuérel aBTOPOB C UCIOIB30BAHMEM JTaHHBIX
Tabm. 2.

OCHOBE MO)KHO IJIAHMPOBATh [IPeBAPUTENIbHbIE
pacuérsl.

[TpoBepuM NpaBUIBHOCTE 3TOTO METOA IPO-
THO3UPOBAHUSI C TOMOIIIBIO IporpamMmbl Microsoft
Excel. TTomoOHbIe MeTOmbI onucansl B [3; 4].
C IIOMOILIBIO 3TOH IIPOTrPaMMBI MBI BBISIBUM TPEH-
JIb] YBETIMYCHUS B IACCAKUPCKUX HIEPEBO3KaX.

TpeH —3T0 THIT BXOJHOU (YHKIMH, KOTOPYIO
MOJKHO HCIIONIb30BaTh IS AlllIPOKCUMALIIH T'pa-
¢uka ¢ raHHbIMU B TaONHIEe. TPeH CIYKUT JUis
OIIpeIeNIeHUsI BOCXOAIICH TeHICHIIUH, OH IIOJLy-
yaeTcs B )opMe AUarpaMMBbl U BBITOJHACT aHAIIN3
JUIS Pa3IMYHbBIX 33JaHHbIX IIEPHOIOB.

IMonyuum opmysbl, UCTIONb3ys (QyHKIMK
nporpammbl Microsoft Excel.

Jnst nonmy4enys JaHHbIX COCTaBJIeHHBIE (Hop-
MyJIbl NPUBEJEHBl B CleAyomed Tadaune
(Tabm. 4).

IIo pesynbsraram pac4€ToB, NPUBEAEHHBIX
B Tabn. 4, cocraBisercs rpaduk (Iuarpamma)
MaccaXHpomnepeBo3okK (puc. 1).

HUcnone3yst ¢pynkuun Excel n nanubie Taomn. 4,
MOXKHO TaKKe CIIPOrHO3UPOBATh IMHAMUKY POCTa
MAaCCAKUPOTIOTOKa B Xymkanae Ha 2020-2025
roJIbl, YTO MOKA3aHO B CleAylolel Tabiuie
(Tabm. 5).

Taoauna 5

JluHaMuKa pocTa naccaKupcKUux nepeBo30K M MPOrHo3 ux pa3sutus 10 2025 roga
[cocTaBieHo apropamu]

Ne Tonbl O0OBEMBI Jluneiinbiit Tpenn | KBagparuusslii Kybudeckuii TpeHx

MIACCAKUPOIEPEBO30K, THIC. TpeHn

macc
1 2015 40151,5 38663,7 40288,34 40270,44
2 2016 43531,1 43832,4 43019,02 43057,22
3 2017 46664, 1 49001,1 47375,04 47375,84
4 2018 53793,7 54169,8 53356,4 53319,79
5 2019 60863,7 59338,5 60963,1 60982,58
6 2020 64507,2 70195,14 70457,69
7 2021 69675,9 81052,52 81838,63
8 2022 74844,6 93535,24 95218,9
9 2023 80013,3 107643,3 110692
10 2024 85182 123376,7 128351,4
11 2025 90350,7 140735,4 148290,6
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KPATKWUWA BbiBOAO

TTonyuennsle B pe3ysbTare MpUMEHEHUs Me-
TOJIOB MareMaTH4eCKOro MOJIEIUPOBAHUS MPO-
THO3BI MOJYYHJIM OMOCPEIOBAHHOE MOATBEPXK-
JIEHHE B pe3yJIbTaTe UHTEPBbIO SKCIIEPTOB, COTIIa-
CHUBIIUXCS C 0003HAYCHHBIMH TPCHIAMH.

ITony4ennble pe3yabTaThl IPOTHO3a, IEMOH-
CTPUPYIOIIKE POCT MOTPEOHOCTEH B IEPEBO3KAX
MACCaKUPOB OOIIECTBEHHBIM TPAHCIIOPTOM TO-
pona XymkaH]l, MOKHO UCTIOJIb30BaTh IS pas-
PpabOTKH COOTBETCTBYIOIIUX MPEABAPUTEIBHBIX
IJIAHOB PA3BUTHUS MACCAKUPCKOTO TPAHCIIOPTa
¢ yu€TOM yJIOBJICTBOPCHHUSI IIOTPEOHOCTH TOPOJI-
CKOTO HACEJICHHUS, YIYUILIEHUS! KaueCTBa YCIYT,
a TaKXke CO3/1aHUsI aBTOMAaTU3WPOBAHHOW CHC-
TEMBI yIIPABIICHHS TACCAKUPCKAM aBTOMOOMITb-
HBIM TPAHCIIOPTOM.

Hecmotpst Ha To, 4TO TIpeACTaBICHHBIE Me-
TOJIBI SIBJISIOTCS 0A30BBIMH M HE 00€CIIEUNBAIOT
TOYHOCTH MPOTHO3a, BaXKHO, YTO MOIYUYEHHBIE
Pa3IUYHBIMU METOAAMHU PE3YJABTAThI COIIACOBa-
HBI MEXKIY CO00# B IUIaHE OJHO3HAYHOTO IO~
TBEPIKJICHUS TPEH/1a Ha pocT noTpedHOocTel. [Tpu
IJIAaHUPOBAHUM HETIOCPENICTBEHHBIX MEPOIPHUSI-
TUH 10 Pa3BUTHIO OOIIECTBEHHOTO TPAHCIIOPTA
B paMKax X035HCTBEHHOM J1eATeIbHOCTH MOJIjIe-
JKaT UCITIOJIL30BAHUIO 00JICe TOYHBIC HHCTPYMCH-
ThI IPOTHO3UPOBAHUS.
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Paccmampugaemcs 3HayeHue ckopocmu 0LXeHUs noe30oe
8 dessamenbHOCMU Xene3HoA0pO)HO20 mpaHcnopma, npedcmas-
JleHa WUpoKasi naHopama /1UsIHUS, ¢ 00HOL CMOPOHbI, CKOPOCMU
Ha nNepeeo3oyHbIll NPOUECC 2py308 U haccaxupos, ¢ dpyeoli
CMOPOHBI, — NOOBUXHO20 COCMaga, UHGhpacmpyKkmypbI U op2aHu-
3aluU NEpeso3ok Ha CKOPOCMb.

Llenblo cmambu si8isiemcest paciupeHue npedcmagneHus o
cKkopocmu Ha Xene3Ho0OPOXHOM MpaHcnopme ¢ NOMOWbI0
aHanusa omeyecmeeHHoll U 3apybexHol ucmopuu pasgumusi u
nomyyeHHbIX pesynbmamos ucciedo8aHust CKopocmu O8UXEHUS
noe3dos.

Hecmompsi Ha, ka3anocs 6bl, 8Cto onpedenéHHOCMb CKOpo-
cmu dsuxXeHus, ucmopus eé passumus ceudemenbcmgyem o

Jmumpuit FOpvesuu Jlesun
AO «HUHAC», Mocksa, Poccust.

60r1bLLIOM QUana3oHe MHEHUL U HeoYe8UOHOCMU OUEHOK. Mcmo-
puyeckuli 0630p codepxxum MHeHUsI 0 pasgumuu npobnemsi u
83aumodelicmeuu ckopocmu ¢ Apyaumu nokasamensmu.

Bsaumodelicmeue ckopocmu 08UXeHUs noe3do8 co
8CEMU COCMaBnSIOWUMU NePego304YHO20 NPOUECCa ONUCKIBa-
emcsi pasnuyHbIMU 3agucumocmsamu. [1oamomy 3KoHoOMuYe-
ckasi a¢hcheKkmueHOCMb 0OM NOBbILEHUS CKOPOCMU OBUXEHUS
noe3dos moxem 6bimb NOTy4yeHa MOMbKO NPU CUCMEMHOM
nodxode.

AHanu3 cospemeHHbIx uccnedosarull Nokasbieaem 803MOX-
HOCMU NnoebILeHUs ckopocmu. Pe3yibmamei uccnedogaHull ae-
mopa packpbisatom 2/1yb6uHHbIe 803MOXHOCMU U Ueniecoobpas-
HOCMb NOBbILEHUS CKOPOCMU O8UXEHUS N0e3008.

Kntoyeebie cnosa: )Keﬂe&‘HO@OpO)KHbIU mpaHcnopm, CKOPOCMb, 83aumodelicmeue CKopocmu ¢ dpyaumu nokasamessamu, Hopmu-
posaHue, sec noe3dos, cucmeMHbIii N0AX00, UHMEHCUBHOCMb U NAIOMHOCMb NOMOKa Noe3dos, pacnpeOeneHue ckopocmed.
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BBEOEHUE

CKOpOCTh C HE3aIIaMATHBIX BPEMEH BOJIHO-
BaJjIa 4YeJI0BEYECTBO. JTO HANPABICHNE HAYTHO-
TEXHUYECKOTO MPOTPecca MO3BOIMIO OCBOUTH
MTOBEPXHOCTH IIJIAHETHI, OKOJIO3EMHOE MpPO-
CTPaHCTBO, a B OyIyIIEeM ITOMOXET IepeMe-
marbkes 3a npeaenamMu COTHEYHONH CHCTEMBI.
U, Tem He MeHee, MMOKa HE MOCTaBJICHA TOYKA
B M3yYEHHUH BOIIPOCOB CKOPOCTH ABMKECHHUS Ha
JKEIE3HOAOPOXKHOM TpaHCIopTe. M3BeCTHBI
(hakTOpPBI, BIUSIONINE HA CKOPOCTH ABYIKCHUS
TI0€3/10B, ¥ (JaKTOPHI BIHMSIHASI CKOPOCTH Ha BEC
TI0€3/10B, PACXO]] TOIUIMBA W IPOITYCKHYIO CIIO-
cobHOCTE. HO HET moKa LeT0CTHOI KapTHHBI
CKOPOCTH IIEPEBO30THOTO MpoIIecca.

CKOpOCTh JIBHKEHUS MOE3/I0B CBSI3BIBAIOT
co cpokamu noctaBku rpy3oB [1]. Ho B mepe-
BO30YHOM IIPOIIECCE MEPEMEIIECHUE TPY30B
B IT0€3/1aX COCTABISICT MEHEE TPETH BPEMEHH
noctaBkd. OCTambHOE BPEMSI TOCTABKH TPY3bI
HaXOZATCSA Ha CTAHIUSX JUTSI BBITTOJTHEHNUS T'Py-
30BBIX, TEXHHYECKUX M TEXHOJIOTHUIECKHUX
orepanuii. A HaX0X/JICHHUE I'PY30B Ha CTAHIUAX
7 TPY30BBIX ()POHTAX HE CBA3BIBAIOT CO CKOPO-
CTHIO W Ha3bIBAIOT «BPEMEHEM HaXOXKICHUS»
U «BBIIIOJIHEHHEM onlepaluii». B pe3ynsrare Ha
YacTH ITyTH ITePEBO3KHU TPYy30B UAET Oopr0da 3a
YCKOpEHHE, U3MEpseMOe B MUHYTaX, a Ha JIpy-
THX y9acTKax 3TOTO IyTH — IPOCTOH, H3Mepsie-
MBIE B 4acax.

CKOpOCTB IBM)KEHUSI TIOE3/I0B — 3TO MAKCH-
MaJIbHO AONyCTHMAas, pacuéTHas, XOmoBasd,
TEXHUYECKas, yIaCTKOBas, MapuIpyTHas, a Ha
CTaHIUSAX HAa3bIBACTCS: HAXOXKICHHUE U TIPOCTOH.
Jns nBrmxeHus He0OX0MUMBI HH)PACTPYKTYpa,
MTOJBIDKHON COCTaB, TOIUIMBO, & AJIST TIPOCTOS
Ha CTAHIMSIX HUYETO HE HYXXHO KPOME ... «dy-
JKUX» BarOHOB.

CKOpOCTb, KaK M BCE IIEMEHTHI TEXHOJIOTHH
TIEPEBO30THOTO MPOIECCa, IMEET ABE CTOPOHBI
meganmu. OnHa — 3TO HOPMATHBHO-TEXHOJIO-
TUYECKHE JOKYMEHTHI, PErJIaMEHTHPYIOIIHE
CKOPOCTB, pyTasi — X BBIIOJIHEHNE. B HacTOsI-
mee BpeMsl 3HAaYUTEIbHO OOJbIIE BHUMAHHS
yaemnsieTcsa pa3paboTke HOPMATHBHO-
TEXHOJIOTUIECKHUX JOKYMEHTOB, YEM HX HCIION-
Henmro. Kak Ob1 mozmpasymeBaercsi, 9To IJIaB-
HOE — pa3paboraTs rpauK IBIDKEHUS, TUIAH
(hopMHpOBaHUS MTOE3/I0B U T. 1., U OHU aBTOMa-
TUYECKH PEan3yloT CBOM BO3MOkHOcTH. Ho
YPOBEHBb BBINOJHECHHUS Tpaduka ABHUKCHUS,
0COOEHHO Ipy30BBIX MOE370B, nanék ot 100 %.
W, noctatouno abcypAHO MOXKET BBITTIAACTD
aBTOMATHU3MPOBaHHAsI CHCTEMa KOHTPOJS BbI-
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MOJTHEHHUS T1aHa (GOPMHUPOBAHUS MTOE30B, KO-
TOpas MOJHOCTHIO UTHOPUPYET OMEPATHBHYIO
aJanTalyi0 OpPraHU3allid BaroHOMOTOKOB
K pealbHBIM CUTYAIMsIM — y4&T KoneOaHuid:
pasMepoB CTPy# BArOHOIIOTOKOB, BPEMEHH Ha-
KOIUIEHHS COCTABOB, 3arpy3KH CTAHIUA, BO3-
MOKHOCTH CBOEBPEMEHHOTO 00ECIIeUCHHS CO-
CTaBOB JIOKOMOTHBAMH H T. 1.

[TosTOMy paccMOTpUM MpoBIIEeMy CKOPOCTH
M CO CTOPOHBI HOPMHUPOBAHUSI, U C TOUKH 3PCHHS
BO3MOXHOCTEH peaTn3aiim.

U3 Bcero MHOr0OOpa3us mokasarenei sxc-
IUTyaTalMOHHOM paboThl HanboJiee CUCTEMHOE
BIHSHHEC Ha OPraHU3AIHUI0 MEPEBO30YHOTO
mpoilecca UMEIOT BEC U CKOPOCTh BHIKCHHS
moe3noB. Hemb3st paccMarpuBaTh CKOPOCTh
NBIDKCHHUS] B OTPBIBE OT Beca moe3noB. A oba
9TH TIOKA3arelisi SBISIOTCS MPOU3BOAHBIMHU OT
BO3MOXHOCTEH MOJBHKHOTO COCTaBa M HH(ppa-
CTPYKTYpbL. [IOCTOSIHHO TIPOUCXOISIT OOIBIIIHE
HU3MEHEHHUS B TEXHUUECKOM OCHAII[CHUH JKeJIe3-
HOJIOPOXKHOTO TPAHCIIOPTa, KOTOPhIE MOKHO
HCIIOJIBb30BaTh J100 Ha MOBHIILIEHHE Beca, TH00
Ha YBEIUYCHHUE CKOPOCTH IBIDKCHUS TTOC3/I0B.
Bec 1 cCKOPOCTH — HE KOHCTAHTBI, & BAYKHEHIIIHE
mapaMeTpsl PEryIUPOBAHUS PEKUMA PabOTHI
CETH, KOTOPBIE OIMPEACIIOT Ka4eCTBO TPAHC-
MOPTHOM mpoaykuuu [2].

VBenuueHne CKOPOCTEH IBHKEHHS TPy30-
BBIX M MACCAXKHUPCKUX MMOC3I0B SBISIETCS BaXK-
HO¥ BO3MOXKHOCTBEO HAPAIIIUBAHHUS POy CKHOM
CMOCOOHOCTH KENEe3HOJOPOKHBIX JTHHUH,
YCKOPEHHUS JAOCTaBKH T'PY30B, COKpAIICHHUS
BPEMEHH TIOE3[IKH MacCaXHPOB, MOBBIIICHHS
3¢ PEKTUBHOCTH HCIOIb30BAHHS JTOKOMOTHB-
HBIX OpHTaj U IOKOMOTHBOB. [IpH 3TOM cCrcTEeM-
HBIH TIOIXOT K YCIIOBHSAM U OPTaHU3AIMHU [Iepe-
BO30YHOTO TPOIECCa U €ro MOKa3aTelsiM Tpe-
OyeT yYHTBIBATh, UTO, BO-IIEPBBIX, B YCIOBHUIX
OTPaHUYCHHBIX TEXHUYECKHX U TEXHOIOTHYE-
CKHX BO3MOXXHOCTEH CETH KEIe3HBIX JOPOT
MIPOCTO MOBBINICHNUE YCTAHABINBAEMbBIX CKOPO-
cTell JBUXKEHHs He Bcerma 3G (HeKTHUBHO.
Bo0-BTOPBIX, MEXIY CKOPOCTHIO IBUIKEHHUS
M BECOM IT10€3/10B 00paTHO MPOMOPIUOHANbHAS
3aBHCHUMOCTbD, CJEIOBATEIbHO, YBEIHYCHHE
CKOPOCTH IIPH HEM3MEHHOM TEXHHUYESCKOM OCHA-
[ICHUH BBI3BIBACT CHU)KCHHE Beca MOE3/I0B
W YBEIWYCHHE YHCIIa MOE3/0B Ha ydacTKe.
B-TpeTbux, yBenHUCHHE CKOPOCTEH ABHKEHHS
MOE3/I0B CBSI3aHO C YBEIHYCHUEM PACXOIa TOI-
JTUBHO-YHEPTeTHYECKUX pecypcoB. B-ueTsép-
TBIX, CKOPOCTh BIUsAET HA 3)(HEKTUBHOCTH HC-
MOJTb30BAHUS TIOKOMOTUBHBIX OpHTaj U JIOKO-

JleBuH [. 10. OnTuMu3auvs CKOPOCTH ABUNXXEHUA noe3noB




MOTHBOB, 2 TAK)KE YCKOPEHHUE JTOCTABKH I'PY30B.
B-nsThIX, TOBBIMIEHNE CKOPOCTH BBI3BIBAECT
JOTIOJTHUTENIbHBIE PACXOJbl HA TEXHUYECKOE
o0cny)KuBaHue 0ObEKTOB MHPPACTPYKTYPHI.
B-11ecthix, ©MeeTCst 101l BarOHOB M I'Py30B,
TpeOyIOLINX OrpaHUYEHUsI CKOPOCTH JIBUIKEHUSI.
B-cenpMbIx, Oonee ObICTpBIE TEMITBI Pa3BUTHS
MaccaXxMpCcKOro KOMILJIEKCa CHEPIKHUBAIOT
U OTPaHUYMBAIOT CKOPOCTH TPY30BBIX IIEPEBO-
30K, COCTaBISIIOIUX OCHOBHOH moxon OAO
«PXJI». B-BoCbMBIX, Ha CKOPOCTb JBHIKEHUS
BIIHSIOT: JIe(DULINT IPOIMYCKHOM U mepepadarbl-
BalolIel ClIOCOOHOCTH, BPEMEHHO OTCTaBJICH-
HbIE I'PY30BbIE M0€3/1a, COJEepKaHUE M3OBITKA
pabouero mapka BaroHOB W NEpEeHACHIILEHUE
Yy4acTKOB Itoe3amu. [103ToMy n3oa1poBaHHOE,
OT/IEJIbHOE OT JIPYyTHUX I0Ka3arelieil paccMoTpe-
HUE MOBBIIIEHUS CKOPOCTEW ABHKEHHS [T0€3/10B
CBHJIETEJIBCTBYET O HECHCTEMHOM DPEIICHHUH
BOIIpOCA.

[IpoTsKEHHOCTH TIIABHBIX MYTEH, Ha KOTO-
PBIX pa3pelieHa CKOpOCTb JBHKEHHS IPY30BbIX
noe3noB 90 km/4 (B coorBeTcTBUU ¢ [ITD),
cocTapiget nopsaka 10 % skcmryaTarinoHHOM
JUIMHBI CETH JKeJIe3HBIX Nopor. Emé Heckobko
JIET Ha3aJl Y4aCTKOB C TaKOH MaKCHUMAaJbHO
JIOITyCTUMOM CKOPOCTBIO BOOOIIE HE OBLIO.

[ToBbllIeHNE TOJNBKO YCTAaHOBJICHHOM CKO-
pOCTH IBVKEHHS TPY30BBIX MOE370B Oe3 mpo-
BEJICHUSI MEPONPUSATHI, HalpaBICHHBIX Ha
HapallMBaHHWE TEXHHUUYECKOH, y4acTKOBOH,
MapUIpyTHON CKOPOCTEH 1 CKOPOCTH JIOCTaBKH
rpy30B, ManodpdekTuBHO. Peanuzanus xe Mep
10 YBEJIHMYECHHUIO YCTAaHOBJIEHHOW CKOPOCTH
JIBIDKEHUS Ha y4acTKax CeTH, Hampumep, ¢ 80
110 90 KM/4, IPH YCHIICHUH JKEJIC3HOLOPOKHOMN
HHPPACTPYKTYPBI, HO O€3 yuéTa TATOBBIX CBO¥-
CTB JIOKOMOTHBA MOXKET ¥ HE ITPUBECTH K MOBBI-
LICHUIO TEXHUYECKOM M y4acTKOBOM cKopocTeit
nBrxeHusd [3].

PaccmarpuBasi HanpaBieHHUs] HOBBIIICHUS
YCTaHOBJIICHHOM CKOPOCTH JIBUKEHUS IOE3/10B,
HE00XO0IMMO CHCTEMHO, B KOMILIEKce (opMu-
pOBaTh MEPOIPHSITHS 110 YCUICHUIO ITyTEBOTO
XO035UCTBA, YHEPTOCHAOKEHHUSI C ITPOBEICHUEM
TATOBBIX PAcYETOB JJISl ONIPEJESICHHUS BO3ZMOXK-
HOCTEH peajn3aluy JIOKOMOTHBAMH YCTaHOB-
JIEHHBIX CKOPOCTEH C y4ETOM IPOXOKIACHHS
Pac4ETHBIX MOIBEMOB C PaCUETHON CKOPOCTHIO
IIPH OTCYTCTBUH TIEPErpeBa TAr0BOTro 000pyo-
BaHus1. CUCTEMHBIN 01X0/] TpeOyeT yYUTHIBATh
U BO3MOXXHOCTH IOBBIIIEHUS YYaCTKOBOMU
U MapHIPyTHON CKOPOCTEH 3a CUET COKpAILIEHUs
MIPOCTOEB Ha CTAHIIMAX.
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Puc. 1. [laposo3 muna 1-3-1 cepuu C nepgozo 8binycka.

UCTOPUYECKUA OE30P
OTeyecTBeHHBIH ONBIT MOBBIIIEHHSI
CKOPOCTH JIBHKEHUS

B ictopun pa3Butus sxese3HbIx gopor Poccun
MPOCIIEKHBACTCSI [IOCIIEA0BATENLHOE YBEINUCHHUE
ckopocreil. B Hayane XX Beka ObUIO CO31aHO
HECKOJIBKO MapOBO30B, KOTOPBIE 00CITY)KHBAJIN
CKOpbIe U Kypbepckue noesna. Eme B 1901 romoy
Ha ese3Hoi popore Cankr-IlerepOypr—Mocksa
KypBbEPCKHE MO0e3/1a 00paIlaIuch C MAKCUMAaIbHON
ckopoctbto 110 km/u. B 1910 . Ha CopmoBcKoM
3aBojie ObUT OCTPOEH CKOPOCTHOM MapoBo3, MO-
myuyuBmni uHAeKC C, MPU3HAHHBIA OHUM M3
JIYUILIMX €BPOINEHCKUX JIOKOMOTHBOB CBOETO Bpe-
MeHH (puc. 1).

B 1913 rony B OIBITHBIX IO€3/KAX C ITAPOBO30M
cepuu C focturanack ckopocts 125 km/4,aB 1915
¢ 1apoBo3oM cepurt JI — MakcUMalbHasi CKOPOCThb
117 km/u.

IMpodeccop H. JI. Llykun ¢ Hauana XX Beka
BBIHAILIMBAJI /IO O BBEIEHHU B DKCILTyaTalHIO
Mmexay Cankr-IlerepOyprom u MockBoit ckopocT-
HBIX [I0€3]10B, O/IHAKO Ha4aBIIIasicsi BOIHA HE TI03BO-
JIMJIa PeasTu30BaTh 3T IUIaHBL.

B 1938 rony Ha maructpanu Mocksa—JIeHuH-
rpan Briepsbie B CCCP Obu1a 10CTUrHYTa CKOPOCTB
177 kM/4 1ipH UCTIBITAHWUH [IAPOBO3a, U3TOTOBJICH-
Horo KosoMeHCKUM 3aBOZIOM ¢ OCEBOM (hopMyIToit
2-3-2 (uuco oceil — nepenHue OeryHKOBBIC, BETY-
11IMe, 3a/IHIe MOJIEPKUBAIOILIE) U HArPy3KOH Ha
ocb 20,5 1. TToe3axu (OIBITHBIE U AKCILTYaTallOH-
HbIE) MPOM3BOIMIIMCK Ha peNbcax Maccoi 43,6 Kr/M.

B CCCP B nocneBoeHHbIi MEprO OCYIIECTB-
nsuicst OecripeneIeHTHBIN [ eHepasbHbli IU1aH
TEXHUYECKOTO TIEPEBOOPYIKEHUSI KEJIE3HOIOPOXK-
HOW OTpaciyd Ha OCHOBE 3JICKTPU(PHUKAIHH.
B 1960-x romax mexxay MockBoii 1 JIleHuHrpagom
OBUT MPOBEIEH KOMILJIEKC ONBITHBIX ITOE3/0K,
B KOTOPBIX MakCHMaJIbHasi CKOPOCTb JIOCTHIaja
220 xm/u.

B 1972 rony B CCCP ObuH IpOBE/IEHBI OTIBIT-
HbIE TTOE3/IKX NACCAKUPCKOT0 BaroHa ¢ TypOopeax-
TUBHBIM JIBUTATEIIEM CO CKOPOCTHIO 240 KM/4.
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Taoauna 1

OcHoOBHbBIE TOKA3aTeJIN psda CKOPOCTHBIX KEJIE3HBIX 10POI' B NIEPUOA O0KOJIO 1965 rona

Crpana VYuactok (nmuns) | IIporsskéHHOCTH Haumenosanne MakcumaneHas | MapmpyTHas
y4acTKa, KM 9KCIpecca CKOPOCTb, KM/4 | CKOPOCTb, KM/4
CCcp Jlennnrpan— 650 «ABpopa» 160 130,4
MockBa
Bemukobputanust | Jlongon—Jlecrep 169,5 «Mumnesn 140 112
ITynbman»
Wranus Pum—Heanons 210 «Crpena Besysus» | 140-160 120
CLIA Jloc-Anmkenec— «Cynep-Uud-Dnb- | 160 132
Yukaro Kanuran»
DOpanmus IMapmwx—Mapcens— | 314 «MmucTtpans» 160 131
Hunma
OPI-IIgeiinapus | dyiicoypr—Kenesa | 570 «PeltHronsa» 160 107

I[aHHI:IC I10 pa3JIMYHbIM HCTOYHUKAM 3HAYUTCIIBHO OTIMYArOTCs, B TabIMIEe TIPUBOJATCA HEKOTOPBIE U3 HUX B IOPSAKE
I/IH(l)OpMaIII/II/I, TIOCKOJIBKY MCCIICIOBAHUEC TAHHOTO BOIIPOCA HAXOAUTCS 3a paMKaMH CTAaTbU.

IIepBble MPOEKTHI CKOPOCTHOM MAarucTpaiu
MockBa—JlenuHrpan pa3pabaThBaluch emé
B 1930-x romax (K. H. Karmkun, I /1. yOwuep,
W. B. Pomanos). CaMbIM H3BECTHBIM CKOPOCTHBIM
noesnoM crana «Kpacnas crpenay». B nepBbiii peiic
JKcTpecc oTnpaBuics u3 JleHnHrpaga 9 nionHs
1931 . OtHAKO peatbHO PadOTHI IO OPraHU3aIuH
JKEJIE3HOIOPOXKHOTO JIBW)KEHHS C TTOBBIIICHHBIMH
CKOPOCTSMH HauaJIiCh JIUIIb B KoHIE 1950-x T

OnHUM M3 NEPBBIX TOKYMEHTOB, OIPE/ICINB-
KX TIPOrpaMMy TOBBIIIEHHS! CKOPOCTEH JIBIKE-
Hus 110e3710B Ha OKTA0pHCKOM JKEeTIe3HOU Topore,
cTaul MprKa3 MUHHCTEPCTBA Iy TeH COOOIIEHHS OT
29 mas 1957 . «O noxroroske muHMY Mocksa—Jle-
HUHTPa] K JIBIDKCHHIO MACcCAKMPCKUX IOE3/10B
C MOBBIILICHHBIMH CKOPOCTSIMI». B TOM ke rosy Ha
OKTAOPBCKYIO JKEJE3HYI0 J0POTy MOCTYIWIN
TepBbIe TEIUI0BO3bl TO7, ChIrpaBLIe 3aMETHYIO
POJIb B pa3BUTHH CKOPOCTHOTO JABMKEHHMS. Makcu-
MaJlbHasi CKOPOCTh MAaCCAXHUPCKUX MOE3/10B JI0-
cturia 140 km/4. Bes moe3mka o MOCKBHI 10
Jlenunrpana umnace S 4 54 MuH.

IMocne yknanky 6ECCTHIKOBOTO MyTH U3 PENlb-
coB P65, 3amMeHBI CTpenouHbIX NEPEBOIOB, 3aBEP-
LIEHUS MEKTPU(MUKALUHA U C MCIOJIB30BaHUEM
anekTpoBo3oB cepun UC2 B 1964 1. Ha nuHUU
MockBa—JIeHnHrpas BBEIM B 0OpalieHre THEBHOM
9KcHpecc «ABPOpay C MapUIPyTHOH CKOPOCTBIO
130,4 xm/a.

Pesynerarel, 1OCTUTHY THIE B CKOPOCTHOM JIBU-
JKEHNH Ha IMHUH JIeHUHT pai-MOCKBa K CepeiiHe
1960-x To710B, OBLITH CONIOCTABUMBI C TIOKA3aTeIs-
MH CKOPOCTHBIX JKeJIe3HbIX gopor SAnoxnu, dpan-
nuu, Utanuu, CHIA u apyrux nuaupyromux
B 9TOW 00JIACTH CTPaH, 4TO BUIHO M3 Ta0m. 1.

ITepssiit B CCCP ckopoctHol noesn 9P 200
(«OnexTpormnoesn Pyxckuii»), MMEBIINI MakCH-
MaJIbHYI0 ckopocTh 200 kM/4, pa3paboTaH 1 13-
rotosiieH B 1968—1974 rr. C 1984 r. anekrporo-
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e3n OP 200 skcrutyarupoBaincs Ha nuHUM Mo-
ckBa—Jlenunrpan. Bpems B myTH moesna Mexuy
KOHEYHBIMU MTyHKTaMH COCTaBisuIo 4 4 30 MuH,
MapIpyTHasi CKOpocTh — 144 xm/4. OmgHOBpE-
MeHHO ¢ OP 200 Benack pa3paboTka emnié oqHoro
CKOPOCTHOTO T10€3/1a, MOJTYYMBIIETO HANMEHO-
BaHue «Pycckas Tpoiikay, pacCUMTaHHOTO Ha
ckopocTh 10 200 xm/u. [Toe3n momkeH OBLI
TIPE/ICTABISITH COOOI COCTAB MOCTOSTHHOTO (Op-
MupoBaHus U3 BaroHoB PT 200 Kanununckoro
(c 1990 r. TBepckoro) BaroHOCTPOUTEIHLHOTO
3aBoza u anekrposo3a UC 200 (mpousBoxacTsa
YCCP). Bputo H3roToBICHO BOCEMb OIBITHBIX
BaroHOB, KOTOpHIE MOKa3ajlW HA HCIBITAHUSIX
XOpOIINE Pe3yJbTaThl, OTHAKO B KOMMEPUYECKOH
JKCIUTyaTanuu noesn «Pycckas Tpoiika» He uc-
TIOJTb30BAJICSL.

C 1994 rona B Poccun ocymiecTsisiiacs orpac-
JIeBast MpOrpamMMa pa3BUTHsI CKOPOCTHOTO JIBHIKE-
HUS1, B COOTBETCTBUH C KOTOPOH OBUTH peai30Ba-
HBI IIPOEKTHI CO3/IaHMs CIIELIHAILHOTO MOIBHKHO-
T'O COCTaBa Ha MAaKCUMAJIbHBIE CKOPOCTH JABDKCHUS
110 200 KM/9 CKOPOCTHBIX MACCAKUPCKUX ACKTPO-
B030B JII 100 nocrostnHoro Toka 1 311 200 nepe-
MEHHOTO TOKa, NacCaXMPCKUX BaroHOB PasHOTO
KJ1acca JUIsi CKOPOCTHOTO JIBMKEHHSI.

B 2009 rony nHa nunuu MockBa—CaHKT-
[NeTepOypr HawaM SKCILTYaTHPOBATHCS CKOPOCT-
Hble oe3za «Carcany, pou3BeIEHHBIE B COTPY/I-
HUYECTBE C KOMITaHueH Siemens. MakcuMaltbHas
CKOpPOCTh 3THX 10e310B — 250 km/4. PaccrosHue
650 kM peonioneBaeTcs 3a 3 4 45 MuH. 3a nepBbIil
e roJ] OBUIO MEepeBe3eHO 2 MITH MacCaXKHpPOB.
Jlerom 2010 1. opraHM30BaHO JBMKEHUE TTOE3/I0B
«Cancan» Ha HampasneHuH MockBa—HukHuit
Hogropon.

B nexabpe 2010 r. HauyaaoCh peryaspHOE
JBI)KEHUE CKOPOCTHBIX IOE3I0B «AJIIIETpOY,
IIpon3BoICTBa KomnaHny Alstom, mex ity CaHKT-

JleBuH [. 10. OnTuMu3auvs CKOPOCTH ABUNXXEHUA noe3noB




ITerepOyprom u XeiabCUHKH. MakcuMaibHas
CKOPOCTB JIBH)KEHHsI HOBOTO 3JIEKTpONOe3/a o
Tepputopuu Poccun — 200 km/4, OuHISIHANN —
220 km/4. Bpewmst B 1y TH Ha 5TOM MEXTyHapOIHOM
MapHipyTe cokparmiock ¢ 6 4 18 mun 10 3 1 30
MHUH.

OnHUM U3 CTpaTernueckuX HarpaBIeHNH HH-
HoBanuoHHOro pa3sutusi OAO «PXK]» sensercs
paciupeHre BhICOKOCKOPOCTHOTO JBHIKEHHS
MacCaXUPCKUX Moe3noB. O 3HAYCHUH, KOTOPOE
MIPUIAETCS BBICOKOCKOPOCTHOMY JBHIKEHHMIO Tac-
CaXKUPCKUX II0€3/0B, CBUACTENIHCTBYET OTHCAH-
Heli 16 mapra 2010 1. Ilpesunentom Poccuiickoit
Oenepanun Ykaz «O mepax Mo opraHu3anuu
JIBIDKEHUSI BBICOKOCKOPOCTHOTO JKEJIE3HOI0POK-
Horo TpaHcnopTa B Poccutickoii deneparym.

Bonpocsl BbIGOpa ONTUMATBHON CKOPOCTH

B camom Hauane XX Beka urxenep b. /1. Boc-
KpeceHckuii B Tpyne «Teopust paboThI kKele3Ho-
JOPOXKHBIX MOE30B» B Kau€CTBE OCHOBHOI'O
KPUTEpUS TS PELLIEHNS] BOIIPOCa O HAUBBITOIHEH-
1IeM BeCe U CKOPOCTH JAJIS TPY30BBIX MOE310B
TPEUIOAKHUI ONPENENATE BEMMUMHy max OV Ha
9KBHBAJICHTHOM TOIBEME M MPUILIET K BHIBOAY,
YTO Ha y4acTKax C JIETKUM Npo(QHIeM IIyTH BbI-
TOJIHEE BOJUTH TSKENbIE COCTaBbl C MEHBLINMHU
CKOPOCTSIMH, a Ha y4acTKax C TPYAHBIM IpoduiieMm
11e71eco00pa3HO BOAUTH [10€3/1a MEHBIIIETo Beca,
HO ¢ 00J1ee BEICOKUMU CKOPOCTSIMH.

IIpodeccop A. JI. BacloTHHCKUIA, HUCXOMs U3
pacu€roB ce0ECTOMMOCTH IEPEBO30K, CBI3aHHOM
¢ paboTOii MOJBMKHOTO COCTaBa, IPUILEI K IIPO-
TUBOIIOJIOXKHOMY BBIBOLY, UTO 110 MEpe yBeIude-
HUSI SKBUBAJIEHTHOTO MOABEMA 11eecoodpasHee
BEC COCTaBa MOBBIIIATh, & CKOPOCTh CHUXKATb.

Wmxenep B. H. lllernoBuToB [4] ciipaseu-
BO ITOCTaBHJI BOIIPOC O HaXOXKAeHUU He max QVx,
a BEJIMYUHbI max Qqu, T.K. IIPOBO3HAsI CIIOCO0-
HOCTbh Y4acTKa ONPEAENseTCs] y4acTKOBOH (B TO
BpeMsI KOMMEPYECKOil — aBT.) CKOPOCTBIO, a He
XOJIOBOH, ITPUYEM C yBEIUYEHUEM YHCTIa TOE30B
Ha OJHOIYyTHOM y4yacTKe y4acTKOBas CKOPOCTh
cHkaeTcs. OTcrofa Jenajncst BBIBOI, 4TO JUIS
OJIHOIYTHBIX Y4YaCTKOB HauOOJIBIINI COCTaB SIB-
JISIeTCSI HAUBBITOHEHIIINM.

B 1920-x rogax 3KOHOMHYECKYIO OLIEHKY
CKOPOCTH NPEJUIOKUIN ONPEIeNIATh BIUIHUEM
MOIIIHOCTH JIOKOMOTHBOB Ha CE0ECTOUMOCTB I1e-

PEBO30OK:

9=A+g,

e O — MOJIHbIE OKCIUTYyaTallMOHHBIC PACXObI;
A- pacxoabl, HE 3aBUCAIIUE OT BECA COCTABA,
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B — pacxonpl, 3aBUCSIIIE OT Beca COCTaBa;

Q — Bec cocTasa.

ITpodeccop U. U. Bacunses B padote [5]
MPHUIIEN K BBIBOLY, UTO IS TIOJYYECHHUS MUHH-
MaJIbHOTO pacxojia TOILUIMBA Ha 1 T*KM mepe-
BO3KH U JIOCTHXECHUS] MAKCUMaJIbHON HPOITYCK-
HO# COCOOHOCTH y4acTKa BeC COCTaBa
U CKOPOCTH JIOJKHBI COOTBETCTBOBATh IMpHU
MapoBOH TAre TOUKE NEepecedeHus: KPUBBIX,
COOTBETCTBYIOLIMX OTPAHUYEHHUIO CHUJIBI TSTH
0 CLEIUICHHUIO U KOTJIOBOI CHJIE TSTH.

ITpodeccopa A. M. baduukos u B. ®. Erop-
YeHKO B KHuUre [6, ¢. 247] mumyT: «[lns rpy-
30BBIX I10E€3/10B 32 PAacYETHYIO CKOPOCTh Ha
nogbéMe 00bIYHO MPUHHUMAETCSI Ta HAuOOJb-
11asi CKOpOCTb, IIPH KOTOPOIl MOJIHOCTBIO HC-
MOJIb3YETCS CUJIA TATH JIOKOMOTHBA TI0 CIIETI-
JICHUIO U N0 TeHEePaTOpy WM MalluHe, HHa4e
roBOps, CKOPOCTh, COOTBETCTBYIOLIas Ha
nuarpamme Fx = f(V) Touke nmepeceueHus
JIUHUM CWJIBI TSATH 10 CLEIUICHHIO C JIMHHUEH
CWJIBI TATH IO TEHEpaTopy WM 10 MalIMHE.
DTa CKOPOCTh MHOT/IA Ha3bIBAETCSI CKOPOCTHIO
MOpOTa MJIM CKOPOCTHIO BBIX0/1a HA aBTOMATH-
YECKYIO XapaKTePUCTHKY, TaK KaK Ha Tuarpam-
Mme Fk = f(V, z) oHa COOTBETCTBYET TOUKE IIe-
pesioMa KpUBOH CHIIBI TATH». TakuM 00pa3om,
HCXOJHBIM KPHUTEpPUEM IPU YCTAHOBJIEHUHU
Beca cOCTaBa aBTOPBI CUMTAIOT HaWJIydllee
WCIIOJIb30BaHUE CHIIBI TSATH JIOKOMOTHBA, OTIpe-
JEJSIONUM Tak)Ke MUHMUMabHOE 3HAUCHHE
ce0EeCTOMMOCTH MEPEBO30K.

IIpodeccop B. H. Opros [7] caenan Bbi-
BOJl, YTO HAMBBITOJ(HEHIIIasl XOZ0Basi CKOPOCTh
IIpY HEM3MEHHOM Bece 10€3/1a UMeeT MHUHH-
MyM ce0eCTOMMOCTH NEPEBO30K, a HA PYKOBO-
JsueM noabéMe — HauMeHbIyo cebecTou-
MOCTh IEPEBO30K NpPH 3aJaHHBIX pa3Mepax
rpy3oobopora.

IMpodeccop A. 1. NonnucsH [8] yTBepxK-
JlaJ1, 4YTO C MOBBILICHHEM MaKCHMaJIbHO JIOTY-
CKaeMOM CKOPOCTH JUJIsl MOIIHBIX JIOKOMOTHBOB
HEoOXOJMMO IMOBBICUTHh TaKXe pacuE€THbHIE
CKOpOCTH Ha pykoBojsuieM mnogbéme. Cko-
POCTB Ha PYKOBOJISIILIEM TTOIBEME AOJIKHA OBITH
YCTaHOBJIEHA 10 YCJIOBHUSIM JOCTHIKECHUS MU-
HUMaJIbHOI ce0eCTOMMOCTH EPEBO30K.

IIpodeccop A. E. T'ubmman [9] npemsio-
JKMJI METOJI HEMOCPEICTBEHHOr0 pacuéra
CpaBHMBAEMbIX THUIIOB MapOBO30B Ha OCHOBE
MPeIBApUTENLHOTO TOCTPOCHUS ClIEIHaIbHON
CETKH M OKOHTYPEHHBIX JIMHUH 3aBUCUMOCTHU
U3JIEPIKEK OT Beca M CKOPOCTH ABMXKEHUS T10-
€3/1a IIpU Pa3JInYHbIX pa3Mepax rpy30000pora.
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Puc. 2. 3agucumocms npou3sgodumesnbHOCMU TOKOMOMUBa
om mexHu4eckol ckopocmu.

B IIpaBuiax TAroBbIX pacué€ToB AJs MOE3 /-
HO#l paboThl, u3gaHHBIX B 1956 1. 1 1985 1.
[10], mpenmaraercs Bec 1 CKOPOCTH ABHIKEHUS
1oe3/1a ONPEeNsITh HCXOAS U3 YCIOBHH MOJI-
HOT0 HCIIOJIb30BaHMS MOIIIHOCTH JIOKOMOTHBOB
¥ KHHETHYECKOM YHEPTHH 10e3/1a, T. €. UCXOIAT
W3 IPUHIINIA pean3alii HanOoIbIIeTo BO3-
MOJKHOTO BeCa COCTaBa IO MOIIHOCTHU JIOKO-
MOTHBA.

Emé B cepennne XX Beka akaJeMHK
T. C. XauatypoB uccienoBaji npobdiemMy 3aBu-
CHMOCTH TIPOU3BOUTEIHEHOCTH JJOKOMOTHBOB
OT CKOPOCTH IBWXEHHS TPYy30BBIX MOE3I0B
W YCTaHOBHJI 3Ty 3aBUCHMOCTB IPH Pa3TMIHBIX
BEITMYMHAX PYKOBOIAIIETO M SKBUBAJIEHTHOTO
yKkI0HOB (puc. 2). Jnsg 3agaHHBIX PYKOBOIS-
IET0 ¥ SKBUBAJEHTHOTO YKJIOHOB IIPHHUMAII-
Cs HadaJBHBIH BEC TPYy30BOTO IMMOe3/a, I
KOTOPOTO PacCYUTHIBAIICS ITYTh, TPOXOAUMBIN
3a | gac. 3areM Bec 1moe3aa IMomaroBo yBen-
yuBaJics. BHayane noesn npoxoaui pacuéTHOE
paccTosHHE C MaKCHMaJbHO pealn3yemMoi
ckopocTsio. [Ipu yBennaeHnu Beca moes3aa ero
CKOPOCTH CHMKANIACh, & IIPOU3BOAUTEIHHOCTH
JIOKOMOTHBA pOCIIa 3a CYET MOBBIIICHHS Beca
noesna. IIpu nanpHeiemM NOBBIIEHUN BECA
1moe3/1a CHHKCHIE CKOPOCTH YK€ HEe KOMITCH-
CHpPOBAJIOCH YBEJIWYECHHBIM BECOM I0€31a,
¥ TIPOU3BOAMUTENBHOCTh JOKOMOTHBA Hadaja
CHHUXAThCS.

IIpodeccop b. O. Tleiicax3on [11] uccnue-
JIOBaJI ¥ pa3padoTas MEeTOANKY BbIOOpa OMTH-
MaJIbHBIX 3HAYCHUH Beca M CKOPOCTHU JIBIDKE-
HUS TOE3MI0B ISl pa3lIMYIHBIX BUIOB TSTH,
KOTOpasi MO3BOJSAET MPOU3BOANTH BEIOOP HO-
BBIX THIIOB M pa3MEIICHHE CYIIECTBYIOITUX
JIOKOMOTHBOB Ha OCHOBE IKCIITyaTallMOHHBIX
TpeOOBaHUI W TEXHUKO-?KOHOMHYECKHUX pac-
4ETOB.
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3apy0e:KHbIii ONBIT NOBBIIIEHUS
CKOPOCTH /IBUKEHUS

Hctopus pa3BUTHS KEIE3HOLOPOKHOTO
TpaHCIIOPTa HACUUTHIBAET HEMAJIO JTOCTHKEHUI
B 00JIAaCTH TOBBIMIEHUS! CKOPOCTU ABHKEHUS,
YaCTO OHU SIBISUIMCH CBOETO POJIa TEXHUUECKUMHU
cencansamu. Emé B 1847 . B AHIIINK Ha OTHOM
n3 ygacTkoB bornbimoii 3amnagHol xKexe3HoH 10-
poru MpOTsHKEHHOCTBIO 92 KM Macca)XMpcKue
noeszia gocturanu ckopoctu 93 km/4. K koHity
XIX cronerus B BenmukoOpurtannu, OpaHuum,
I'epmannn, CIIA maccaxupckue moeszaa pa3Bu-
Bayu ckopocTh 70-80 xm/4. B 1890 1. mapoBo3
«Cramptony» Bo @paHINK C MOE3I0M Maccoi
157 T pazBu ckopocts 144 km/4. PyGerx ckopoctr
200 xM/9 BriepBbIe MPEOIO0IIEI HEMEIIKUIT IEeKT-
ponoesn. B 1903 r. Ha yuactke Mapuenbenbie—
[{0cceH Bo BpeMsi UCTIBITAHUI ObLTa JOCTUTHYTA
ckopocTh 210 km/u.

B 1955 . Bo @pannmu BriepBhIe MPEBBIIICH
py6ex 300 KM/4 1 yCTaHOBIIEH PEKOPIT CKOPOCTH —
331 km/u. OtoT pexops Obut yiayuien 28 ¢espa-
ng 1981 1. — moe3gq TGV goctur ckopocTu
380 km/4.

[pomomkaromumecs B 3TOi 001acTH paboThI
TIOKa3bIBAIOT, YTO TPAAUIMOHHAS TPAHCIIOPTHAS
CHCTEMa KOJIECO—PENIbC HE HCUepIana CBOUX
Bo3MokHOCTEH. B 1988 1 B 'epmanuy ipu UCTIBI-
TaHWAX SKcriepuMeHTansHoro moesna ICE peanu-
30BaHa ckopocth 406,9 km/4. Ho u atoT pydex
BcKope 011 mpeB3oiaéH: B 1989 1. moe3n TGV Bo
Opaniuu gocTUr ckopoctu 412 km/4, 3aTeM
482,4 xm/4 u, HakoHerl, B Mae 1990 r. Ob11 ycTa-
HOBJIEH HEBEPOSITHBIH PEKOPA CKOPOCTH —
515,3 kM/4.

Briepsble B Mupe nzesi BBICOKOCKOPOCTHOTO
AKEJIE3HOZOPOKHOTO ABIDKEHHS ObLiIa peaT30BaHa
B Snonuu (puc. 3), Mmexy roponamu Tokrio 1 Oca-
Ka, e B 1964 1. Obula cZlaHa B SKCILTyaTaIHI0
BBICOKOCKOPOCTHAs1 MarucTpayib ToKaiiao Mmpots-
#EHHOCTHIO 516 kM. MakcumansHast CKOPOCTh
JIBIDKEHMS HAa HOBOM JIMHUM cocTasirsiia 210 km/y,
anoesaka u3 Tokno B Ocaka 3aunmaia 3 9 10 MuH.

briarogapst BBICOKOiT ckopocTH U KoM(opTy
BBICOKOCKOPOCTHBIE IT0€3/]a 3aBOEBAJIH IITUPOKOE
NIPU3HAHUE y HACEJECHUs. YK€ uepe3 IATh JIeT
TIEPEBO3KH [TACCAXXMPOB HA 3TOH JIMHUH BO3POCIH
Ooree yeM B JBa paza U gocTHrI 70 MIH 4edl.
B rof. Ctoip 3HauNTENbHBIE 00BEMBI PabOTHI
obecreyniy IPOYHYI0 OCHOBY 3KOHOMUYECKOH
3¢ heKTHBHOCTH BBICOKOCKOPOCTHOM MarucTpaim
U TO3BOJIMIIN AMOHCKUM JKEJIE3HBIM JOpOraM
IUTAaHUPOBATH JaTbHENINIEE CTPOUTETBCTBO TAKHX
JIMHUM.

JleBuH [. 10. OnTuMu3auvs CKOPOCTH ABUNXXEHUA noe3noB




B 1970 r. B SImoHWN IPHUHAT 3aKOH O CO-
31aHUHU OOIIEHAIMOHAIBHONW CETH BBICOKO-
CKOPOCTHBIX JKEJIE3HOJOPOKHBIX JIMHUH, KO-
Topas monyd4mia Ha3BaHue CHHKaHCEH. DTO
J1aJ10 HOBBIH MMITYJIHC PA3BUTHIO BBICOKOCKO-
pocTtHOTO ABMXeHUA. B 1975 r. Berynuna
B CTpOH BBICOKOCKOpOCTHas nuHHUS CaHbe.
[lepemarnyB uepe3 MpoJIMB, 3Ta JTUHUS JO-
cruria ropoga dykyoka, COEIMHNB /IBa OCT-
poBa — Kiocto u XoHcro.

1982 1. 03HAMEHOBAJICS OTKPBITHEM €IE IBYX
HOBBIX BBICOKOCKOPOCTHBIX MarucTpajieH
(BCM): nmuann ToxoKy, pacioIoeHHOH K ceBe-
py ot Tokmo m cBa3pBatomeil ropona Omus
u Mapuoka, u muHuM J{3es1y, nepecekaromen
0CTpOB XOHCIO OT TOOEPEXbs SIMOHCKOTO MOPs
J0 mobepexpsi THXOro oKkeaHa Ha MapuIpyTe
Owmmsi—Huwrara. B Hagane 2000-X romoB mports-
XKEHHOCTH BHICOKOCKOPOCTHOH KEIE3HOIOPOXK-
HO¥ ceT B SIMOHMHM, BKITIOYAIOIIEH B ceOs IIeCTh
Maructpaneii, mpessicmia 2100 kM, a MakcH-
MaJIbHast CKOPOCTh 00pAIIaouXCst MO HeH 1mo-
e310B cocrasisieT 240-260 km/4 (puc. 4).

Marucrtpann CHHKaHCEH IpeIHa3HAuYeHBI
TOJIBKO JUTSI TTACCa’KUPCKOTO JIBYOKEHUs. B oT-
JIMYUE OT OOBIYHBIX KEJE3HBIX JOPOT, KOTOPHIE
HMMEIOT y3KYIO KOJICIO, IIMPHHA KOJIEH BBICOKO-
CKOPOCTHBIX JTHHHI COOTBETCTBYET €BpONEH-
CKOMY CTaHIapTy M cocTasisieT 1435 mm.
B pesynbrare noesna tnna CHHKaHCEH BBIHY K-
JIeHbI 0Opamarbscsi B 3aMKHYTOH cucreme. Bol-
COKOCKOPOCTHBIE MarucTpasid 3aXOAsT HEIO-
CPE/ICTBEHHO B IICHTPBI TOPOIOB M HACEIIEHHBIX
ITyHKTOB, TIEpECceKast NX Ha ACTAaKagax BEICOTOH
25-30 m.

[Tpu coznannu cetrn CHHKaHCEH STMOHCKUMHA
CHELMATNCTaMH PEIIEH PsJl CIOKHEUITNX HH-
JKEHEPHBIX 3a/1a4, CBSI3aHHBIX C BEIOOPOM ITyTe-
BOW CTPYKTYpPBI, CO3aHHEM HOBOTO TTOJBHKHO-
r0 COCTaBa, HCKYCCTBEHHBIX COOPYXXEHHH
1 IpyTUX TEXHUYECKUX CPEACTB.

Ocoboe MecTo B 3THX pa3paboTKax 3aHUMa-
0T ycTpolicTBa obecmedueHuss 0e30macHOCTH
JBIDKCHUS. [IpHHINI X paOOTHI 3aKII0YaeTCs
B TOM, 4TO MPH BO3HHUKHOBEHHH JIO00H HEmc-
MIPaBHOCTH WM HAPYIICHUH PEXHMa padoThl,
CO3JIAIONINX YIpo3y OE30IMacHOCTH, MOe3] He-
MEJICHHO OCTaHaBiuBaeTcs. [JIs Ha3eMHBIX
BHJIOB TPAHCHOPTA 3TO O3HAYAET yCTPaHCHHE
omacHocTH. [IpakTHKa moKa3ana BBICOKYIO 3(-
(EeKTHBHOCTH MPHUMEHIEMON CHCTEMBI Oe301ac-
HOCTH. 3a BCE BpeMsl HKCIUTyaTallMH JIMHUH
CuHKaHCEH He ObUIO HU ONHOM aBapw® N
KpYIICHHS, HE TTOTHO ¥ HE ObLT paHEH HU OJIUH
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Puc. 3. Iepebiii 8bicokockopocmHoli anekmponoe3ad (noHus).

raccaxup. A repeBe3eHo K KoHIty 1990-x ronos
OKOJIO 3 MJIp eIl

Execyrouno mo maructpann CHHKaHCEH
KypcupyeT 427 CKOPOCTHBIX SKCIIPECCOB, KOTO-
pole nepeBo3sT 6omnee 440 ThIC. Yen.

Benyrtcest 6onpmme paboThl MO CO3aHUIO
MI0€37I0B HOBOTO TIOKOJICHHS C LIEJIBIO IOCTIKE-
HUS Ha yke umerometics cetn BCM Anonun
ckopoctu 300-350 xm/4. TToCKOIBKY MOCTOSTH-
HBIE YCTPOICTBA ATOHW CETH OBUIM pacCUUTAHBI
Ha CKOpOCTH 10 250 kM/4, moTpedoBaIoch Cy-
IIECTBEHHO CHU3HUTH HATPy3Ky Ha 0Ch. DTO OBLIO
JIOCTHUTHYTO — B OTIBITHOM TIO€3/I¢ Harpy3ka Ha
0CBH COCTABIISIET MEHBIIE § T.

W eosioroM BEICOKOCKOPOCTHBIX JKEJIE3HOMO0-
POXHBIX cuCTeM B EBporne sBisgercs OpaHuus.
ITocne aByX JIET TEOPETHUYECKUX pa3pabOTOK
B 1976 1. obmectBo xene3npx popor (SNCF):
MIPUCTYTIIIO K CTPOUTENBCTBY BEICOKOCKOPOCT-
Ho#t maructpanu Ilapmwxk—JInon, a B ceHTIOpe
1981 r. Ha THUM OBLT 1aH 3eNEHBII CBET BBICO-
kockopoctHoMy noe3ny TGV (puc. 5). Ilpoek-
tupoBanue cucteMsl TGV Benoch TakuM o0pa-
30M, 9TOOBI 1TO€3/]]a MOTJIM KypCHPOBATh 110 HO-
BOW JIMHUM €O CKOPOCTHIO 270 KM/, U TIEpexo-
JIUTh Ha OOBIYHYIO JKEJIE3HOZOPOXKHYIO CETh.
Bnaronapst sTomy Obl1a 0OecrieueHa yCKopeHHast
JKEJIe3HONIOpOXKHas CBs13b [Tapmka ¢ 1oro-BocTod-
HbIMU parioHamu @pannuu. B HacTosee Bpems
noesna TGV 10ro-BOCTOYHOTO HAIpaBICHUS
obcmyxwuBarot 6osree 50 HaceIEHHBIX MyHKTOB,
B KOTOPBIX TPOXKUBAET 56 % HaceJICHUS CTPaHbI.
IMporsxénnocts cetn TGV—IOro-BocToK co-
craBisieT 2487 kM, U3 KOTOpBIX 417 KM mpuxo-
JIITCSl Ha HOBYIO JIMHUIO.

Pe3ko Bo3pocia KomMMepdeckasi CKOPOCTh
nemkeHus. B coobmenun [lapmk—JInoH oHa
cocraBmsuia 213 kM/4, a BpeMsl B IyTH MEXKIY
STHMH FOPOAAMH COKPATHIIOCH JI0 2 U.

Basupysice Ha mepBbIX ycnexax, (hpaHIfy3cKoe
0OIIECTBO JKENE3HBIX IOPOT MPEIIOKHIIO, a Ipe-
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Puc. 4. SInoHckuii ebicokockopocmHoli anekmponoe3d cepuu 300.

3UACHT PECIyOINKH W MIPAaBUTEIBCTBO TPHHSIIH
peIIeHne O CTPOUTENBCTBE HOBOH BBICOKOCKO-
poctHo# N TG V—ATIaHTHK, ITyCK B 3KCILTya-
TaIMIoO KOTOPOH cocTosuicst B ceHTsI0pe 1989 1.
OO1mast AMHA MarucTpaiy cocTaBiseT 285 KM.

Taxk ke, kak v Hus TGV-HOro-BocTok, HoBast
BBICOKOCKOPOCTHAsI MarkcTpaib MpeJHa3HadeHa
HCKITFOUUTEIIBHO JUTS TTACCAKUPCKHUX MEPEBO30K.
Jnst ATimaHTHYeCKOH JIMHAH CO3]aHO HOBOE TIOKO-
JICHHE BRICOKOCKOPOCTHBIX 1oe310B TGV—Atnan-
THK, MaKCIMaJIbHas! CKOPOCTh KOTOPBIX TIPH KOM-
MEpPYECKOH KCILTyaTaliK Ha BHOBb TIOCTPOEHHBIX
yuaacTkax cocraBisier 300 kKM/d, a Ha OOBIYHBIX
JKEJTE3HOMOPOXKHBIX JTIMHMSX — 220 KM/4.

3arem OBUTH BBE/ICHHI B dKcIDTyaranuio BCM
«CeBep» — HampaBieHne Ha benbruro u x TOH-
Hemio nof Jla-Manmem (332 kM); oOxomHas
BCM Bokpyr [apmxka, coeqMHUBINAS B €AHHYTO
CETb BBICOKOCKOPOCTHBIC INHNU DpaHImu U psi-
Ja eBporneickux ctpad (102 km). O6mias nmpots-
xEaHOCcTh BCM @pannum k 2014 1. cocTasisiia
mouta 1500 KM, ¥ CTPOUTENBCTBO 1€ HECKONb-
KHX JJMHUH TPOJOIDKUIOCH.

@Dpaniry3ckas KOHIETIUS BBICOKOCKOPOCT-
HOTO TOJBIKHOTO COCTaBa MPEAYyCMAaTPHUBACT
CO3/IaHHE TTOE3/10B IIOCTOSTHHOTO (hOpMUPOBAHHMS
C JIOKOMOTHBHOM TATOM. J[Ba 2JIEKTPOBO3a TOME-
IIAfOTCS MO0 KOHIIAM COCTaBa, a MEXIY HUMH
pacronararoTcs maccakupckue Baronsl. OcoOeH-
HOCTBIO (ppaHITy3ckoro moe3na TGV sBusercs
HCTIONIb30BAaHNE COWICHEHHBIX BArOHOB Ha ITPO-
ME)XyTOYHBIX TEJIEKKaX.

B I'epmannu nepsast tuanst BCM nosiBuiach
B 1991 ., cerogus NpoTHKEHHOCTD TaKUX JIMHUH
cocrasisier 800 kM (puc. 6). B Ucnanum u Uta-
JIMH BBICOKOCKOPOCTHBIE MAarvCTPaNl JTHHOW
cooTBeTcTBEHHO 471 1 236 KM OBLIM BBEIEHEI
B 1992

B 1992 r. B llIBennu Hauanm KypcupoBaTh
110€3/1a, COCTOSIIINE U3 BATOHOB C IPUHYANTEIb-
HBIM HaKJIOHOM Ky30BOB. Takue moesna pa3Bu-
BaroOT CKOpocTh 220 kM/4. B pa3HBIX cTpaHax yxe
co3nano 10 20 THIOB TAKUX BarOHOB.

B BennkoOpuTaHWM yCOBEPIICHCTBYIOTCS
TpHU OCHOBHBIX MapmipyTa: JlIongon-Inasro,
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Puc. 5. ®paHuy3cKuli 8bICOKOCKOPOCMHOL 08YX3MakHb I
anekmponoe3d TGV Duplex.
Jlornon—HprokacTi—aunbypr 1 JJonnon—bpu-
crone—Kapaudd ans peanusanuu cKOpocTer

225 xm/4.

Bcnen 3a EBponoit u SlnoHueil BBICOKOCKO-
POCTHOE IBIKEHHE TTomydaeT pazsutre u B CLLIA,
TJI€ JONTO€ BpeMs NIABHYIO POJIb UTPAIT aBTOMO-
OMNBHBIA W BO3AYIIHBIH BUIBI TPAHCIOPTA.
B CIIIA umeercst ceMb IPOEKTOB CO3AAHUS CHC-
TE€M BBICOKOCKOPOCTHOTO JKEIE3HOJOPOKHOTO
TpaHcnopra. OfHA U3 HUX HaXOJSTCS B CTaANHN
paccMOTpPEHHs, IO APYTUM IIPOBEICHBI HAYYHBIE
HCCIIEIOBaHMS U TIPENPOCKTHBIE pa3pabOTKH.
B HacTosimee BpeMs HaWBBICHIAsA CKOPOCTh
(240 x™m/1) 11 TACCAKNUPCKHX MOE3/I0B PEATTH3Yy-
€TCsl Ha OJIHOM M3 YYAaCTKOB B TaK Ha3bIBAEMOM
Cesepo-Bocrounom kopumope mMexmy Barmmar-
ToHOM 1 Heto-Mopkom. Ha HOBEIX MarucTpansx
CKOPOCTH JBMXEHHS OynyT mocturarh 270—
300 xm/4.

PaGoThI 110 CO3MaHUIO CBEPXCKOPOCTHBIX
JKENIE3HOMOPOXKHBIX MarkCTpasel BELyTCs IPaK-
THYECKH Ha BCEX KOHTHHEHTax. O HaMepeHusX
MIOCTPOUTH BBICOKOCKOPOCTHYIO JIMHHIO MEXKIY
roponamu Cuznnedt m MensOypH 00bsBHIa AB-
cTpanus. BEICOKOCKOPOCTHBIE MMO€3a Ui Heé
OyAyT MOCTaBIATHCS BEAYIIMMHU (GUPMaMHU
®pannuu 1 OPT, koTopsle Npeycneny B co3aa-
Hun noe3noB tunoB TGV u ICE. I'epmaHckue
TIPEATIPUATHS TOJDKHBI TIOCTaBUTh ABCTPAINH
CBEPXCKOPOCTHBIE JIOKOMOTHBEI, a (paHIry3-
ckre — BaroHbl. Ha HOBO# §70-KuiIoMeTpoBOit
THUH OymyT Kypcuposarh 30 map moesnoB co
CpeIHel CKOpOCThI0 292 KM/9 M MAKCUMATTBHOH
350 xm/4.

JlaHHBII 0030p B KOHTEKCTE CTaThH HE OXBa-
TeIBaeT passutne BCM B mocneanue rofsl ¢
TOYKH 3PEHHS COBEPIICHCTBOBAaHUS HH}pa-
CTPYKTYpBI, CTPOUTENIBCTBA HOBBIX BEICOKOCKO-
POCTHBIX JIMHHH, CO3JaHHS MOABUXKHOTO CO-
CTaBa, Y€MY, B TOM YHCIIE€ W IPUMEHHUTEIBHO K
yckopeHHOMY pazButrio BCM B KHP, mocssie-
HO OOJIBIIIOE YHCIIO HCCIIEOBAHMUM, CTaBsI 33139y
MOKa3aTh JBOJIIOLUIO CKOPOCTH 1M0e310B. [Ipu
9TOM HEITb3sl HE OTMETHUTB Psifl CBA3aHHBIX aCIIEK-
TOB.
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Ha BBICOKOCKOPOCTHBIX JIMHHMSX KOHCTPYK-
s myTH, yerpoiictsa CLIb 1 cBsI31 B OCHOBHOM
COXPaHSIOT TPAJUIIMOHHbIE TPUHITUITEI.

OnHaKO OHH CTAaHOBSTCS Kau€CTBEHHO HOBBI-
MH 110 HayKOEMKOCTH, HaIE&KHOCTH U criocobam
coziepxanust. IX HeoOXOOMMBIMHU 3JIEMEHTaMU
SIBIIIIOTCST MUKpoIporieccopsl 1 9BM, nuarso-
CTHYeCKHe U MH(POPMALMOHHbIE AATUYUKH, TIPH-
OOpBI TOHKOH YyBCTBHTEIILHOCTH ISl OTIpeielie-
HUS 3€MIIETPSICEHUI, CHETonaa0B U APYTUX CH-
Tyarmit. Bc€ 3o B 1BOITHOM, a MHOTIA B TPOMHOM
pe3epBupoBanuu obecneunsaet 100 % OGe3omac-
HOCTb JBIDKEHHS.

OCHOBHBIMHU TEHJEHIMSIMU B CO3JJaHUU HO-
BBIX THIIOB BEICOKOCKOPOCTHBIX JIEKTPONOE3I0B
SIBIISIIOTCS] MAKCUMAJTLHOE O0JIer4eHne KOHCTPYK-
LIMM BarOHOB, YMEHbBILICHHE YHEPronoTpedIeH s
Orarogapsi BBICOKMM a’pOIMHAMUYECKUM TT0Ka-
3arensM, npuMmeHenne OBM u mukpomnporec-
COPHBIX YCTPOMCTB, a TakXe HOBBIX, Ooiee
SKOHOMUYHBIX U HaAEXKHBIX CHCTEM, 3JIEKTPO-
000pyIOBaHUS ISl TSTH.

B Hacrosmee Bpems cuctema BCM texHu-
YEeCKH, TeXHOJOTHYECKH U IKOHOMHYECKHU
anpoOupoBaHa. BrICOKOCKOpOCTHBIE Maru-
CTpaJIH YK€ OCTPOEHBI, CTPOSITCS WU IPOEK-
TUPYIOTCS BO MHOTHX CTpaHax MHpa Ha Mpo-
TspKkeHuH noutu 50 net. Boicokas addexTus-
Hocth BCM noka3aHa, U IO3TOMY, CETOAHS
mo0as cTpaHa, eCiH JJIs 9TOr0 UMEIOTCS He-
00XOMMbIE IKOHOMUYECKUE YCIOBHS, MOXKET
MpoeKTupoBarh U cTpouth BCM, ucnons3ys
H3BECTHBIE TEXHUUECKHE U TEXHOJIOTUUECKUE
peuieHus.

CoBpeMeHHBIE HCCJIE0BAHMSA

IToBBIllICHHE U ONTUMHU3AIUS CKOPOCTH
JBW)KEHUS TI0€3/10B — IPUOPUTETHBIC 3a/1a41
OAO «PX». Pemienriem 3Tux 3a1a4 3aHUMa-
€TCsl MPAKTHYECKH BECh HAYYHBIH MOTCHIIHAT
OTpaciH.

Kang. sxon. Hayk A. B. Kyapssuesa [12]
HCCIIeIoBaNIa JJOITOCPOYHYIO AUHAMHUKY BECOB
U CKOPOCTEH rPy30BBIX [T0E3]J0B C TOUKHU 3pEHHS
HMHHOBAIIMOHHOTO Pa3BUTHSA KEJIE3HOIOPOKHOTO
TpaHCcropTa U 0000IIIIIa MTOy4YaeMble SKOHO-
Mu4eckre 3P (EKThl OT MOBBIIICHUS 3TUX MTOKA-
3arenei.

Crneuunanuctsl AO «MI3PT» [3] mpu ananuze
MOBBIIIEHUS] CKOPOCTH TPY30BBIX HOE3]I0B Ha
yuactke bapadunck—Tarapckas—MockoBka ¢ 80
10 90 KkM/4 caenany BBIBOA, YTO IMTOKa3aTelIH
9KOHOMHYECKOH 3PPEKTUBHOCTH 3aBUCAT OT
HaJIMuus (WM OTCYTCTBUS) PE3€PBOB MPOITYCK-
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Puc. 6. Hemeuxuli ebicokockopocmHoii anekmponoe3d ICE 3.

HOH CIOCOOHOCTH MH(PACTPYKTYPBI, BO3MOXK-
HOCTH ITPUBJICYESHUSI JOOJIHUTENBHBIX 00bEMOB
IPY30BBIX MEPEBO30K WM ONTHUMH3ALUK Nepe-
BO30YHOI0 Ipolecca 3a CUéT NepeKIIoUeHUs
(Bo3Bpara) rpy30I0TOKOB Ha KpaTyanIiie Mapii-
PYTBI, HAJIMYUSI JONOJIHUTEIBHON Ipy30BOM Oa-
3bl, TIOATBEPIKAEHHON COOTBETCTBYIOLIUM IPO-
THO30M, Pa3MepOB JABHKEHHS 10 paccMaTpHBae-
MOMY y4YacTKy, CTOUMOCTH MEpOIPHATHIHA, Ha-
NpaBJICHHBIX Ha HOBBIIMIEHHE CKOPOCTHU
JIBYDKEHUSI.

Cneruanuctsl AO « BHUMXT» [13] uccne-
JIOBAJIM BO3MOXKHOCTH YIOPSIZIOYUTH TEXHOJO-
THIO JIBHDKEHHUS IPY30BBIX IOE3]10B 32 CUET aK-
Tyanm3anuu rpaduka IBrKeHHs, pa3padarTpiBae-
MOTO C IOMOIIBIO aIapaTHO-IIPOrPaMMHOTO
komiuiekca (AIIK) DJIBBPYC, yro no3Bonuio
YBEJIMYHUTh YYACTKOBYIO U MapIIPyTHYIO CKOPO-
cTH Ha HanpasieHun Mcuibkynb—YensOnHck
IOxHo-Ypanbckoii 1oporu.

Crnenumanuctsl [IBI'VIIC [14] ¢ nomombio
CHCTEMBI CETEBOT'0 IUIAHUPOBAHUS U YIIPaBJICHHS
(CI1Y) u nporpammuoro komiuiekca DPA ucce-
JIOBAJIN 3aBUCHMOCTb TEXHUYECKOM M y4acTKO-
BOM CKOPOCTEH OT YCTaHOBJIEHHOM 10ITyCKaeMOoit
CKOPOCTH JIBUKEHHS 110€370B. PacuéTsl nokasa-
JI SKOHOMUYECKYI0 3(Q()EKTHBHOCTh MOBBIILIE-
HUSL CPEJHUX CKOPOCTEHl ABWKEHHS 3a CUET
IUTAHUPOBAHUS U YIPABIICHUSI YBEJIMYCHUEM
JIOITYCKaeMBbIX CKOPOCTEH JIBUIKEHUS II0€3]10B Ha
MOJINTOHAX CETH.

Creuunanuctel Caml YIIC [15] Ha HanipaBme-
Hun Kysbacc—UYens6uHck—CpI3paHb—UM.
M. Topbkoro—Tuxopenkas—nopTsl A30BO-
YepHOMOpCKOro OacceliHa IMpoaHaIU3UPOBAIIH
B3aUMOJICHCTBHS CKOPOCTH JABHKEHHS [T0E3]10B
C IpYrMMH OOBEMHBIMH M DKOHOMUYECKHMHU
nokazarensiMu. [loirydeHa 3aBUCMOCTb MEXKIY
CKOPOCTBIO JIBHIKEHHUS! I1OE3]10B M MPOITYCKHOU
crocoOHoCThIO yyacTka. Ho xapakrep kpuBoi
CBUJICTEILCTBYET O HEM3MEHHOH JUInHE OJIOK-
Y4YacTKOB, B TO BpeMsI KaK C MOBBILIEHUEM CKO-
POCTH ABM)KEHUS ITOE3/]0B JUTNHA OJIOK-y4acTKOB
JIOJDKHA YBEJIMUUBATHCS, M ITPU BBICOKOCKOPOCT-
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HOM JIBU)KEHUH 3TO PUBOJIUT JJaXKe K YMEHbILIe-
HHIO MIPOITYCKHOW CIIOCOOHOCTH.

Cnenuanuctel PI'YIIC [16] ucciaenoBanu
BJIUSIHUE TOBBIIICHHUSI CKOPOCTEH JIBHXKEHUS
Ipy30BBIX [I0€3/I0B Ha OIICHKY J0XO/0B M pac-
xonoB. [Ipoananu3upoBansl HakTOPbI, BIUSIIO-
1IMe Ha CKOpOCTh. PaccMoTpeHa uenecoobpas-
HOCTB pa3/ieJIeHusl IPy30BOTO U MaCCaKUPCKOTO
nemwxkenus. Jna CeBepo-KaBkasckoit noporu
YCTAHOBJIEHA 3aBUCUMOCTH MEXAY pabouyuMm
MapKOM BaroHOB, y4aCTKOBOW CKOPOCTBHIO
1 OIO/KETHBIMU TTOKa3aTeISIMH.

B nocnennue necstuieTHs paspadarbiBa-
I0TCSl U PEaJIM3YIOTCSl PYKOBOJSILUE yKa3aHUs
OAO «PX», nporpaMMbl, METOAUYECKHE
PEKOMEHIALMHU U MIPOEKTHI, HallpaBlIEHHbIE Ha
MOBBIILIEHHE CKOPOCTH JIBM)KEHHSI I10€3/10B.

AHAJIU3 CKOPOCTU OBWXEHMUA NOE3NOB

ITpr MaKCUMaJbHBIX pa3sMepax JBHKEHUS
W MUHUMAJIbHBIX MEXIIOE3HBIX HHTEpPBagax
MOTOK I10€3/I0B CTAHOBHUTCS HEYCTONYHBBIM,
a TPOIIECC JBIDKCHUS HECTAI[MOHAPHBIM. Pa3-
JUYHAs KBaTH(UKAIUS MaITHHUCTOB, COBpE-
MEHHasi KOHCTPYKIIHSI CKOPOCTEMEPOB U JPyTue
(hakTOpBI HE MO3BOJIOT PEaM30BaTh MAKCH-
MaJbHO JOMYCTHUMYIO CKOPOCTbD.

PacuingpoBka CKOpOCTEMEPHBIX JICHT ITO-
Ka3aja, YTO MAIIMHUCTHI TPY30BBIX MMOE3I0B
MOYTH BCETa CICAYIOT CO CKOPOCTHEO MEHBIIIE
pacu€THOM MM YCTAaHOBJICHHOM HPeAyIpekKae-
HueM 00 orpanuuyeHuu. [1pu ciiez0BaHUH OE3-
JIOB TIOJT 3€NIEHBIIN Ha 3€NEHBIA OTOHB ITyTEBOTO
cBerodopa, T.€. KOrJa pacCTOSTHUE MEKIY 10-
esnamu Oosee TPEX OJOK-yIaCTKOB, pacuéTHast
HOpMa XOJIOBOM CKOPOCTH B CPEHEM HE BBIMOJI-
usiercs Ha 20 %, a rpaduxosas — Ha 8 %. Korna
paccTossHUE MEXAYy Moe3JdaMH MeHee TPEX
1 0oJiee IByX OJIOK-YYaCTKOB M YACTh ITyTH OHU
CJICIYIOT Ha KENTHII OTOHb, CPEIHSISI CKOPOCTh
COOTBETCTBEHHO HUXe HOpMBI Ha 46 u 38 %,
MOCJIC ITPOCIICIOBAHUS K€ MMyTEBOTr0 CBETOhopa
¢ k€nThiM OorHéM — Ha 63 %. dakTuueckas
CKOPOCTh JIBHDKEHUS MOE3JI0B OTINYACTCSA OT
pacuétHoii B mmpokoM Auanaszone ot 0,2 o 1,2.
Bonwmioit pa3zdpoc ckopocrteit 00biIcHsIETCS,
MPEXK/IC BCEr0, Pa3HOM KBaTH(PUKAI[UCH Mallln-
HHUCTOB, HEOJMHAKOBO PEarupyONUX Ha MOKa-
3aHUs CBETO(OPOB, 3a4aCTyIO OCYIICCTBIISSA
MPEKICBPEMEHHOE TOPMOKEHHE.

VBenuueHune CpeTHIX CKOPOCTEH IBIIKCHHUS
OE3/10B OOBIYHO BBI3BIBACT MOBBIIICHHUE Y/ICIb-
HOTO Pacxojia IEKTPOIHEPTHH WM TOILIUBA,
TaK Kak IPU 3TOM BO3PAcTarOT OCHOBHOE CO-
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MIPOTUBJICHHUE JIBXKCHHUIO M MOTEPH DHEPTHH
B TOpMO3aX. YBEIHYEHHE CPEIHHUX CKOpOCTei
JBUKCHHSI 00ecIeYrBaeT HAuOOIBIINI 3KOHO-
MuuecKuit 3 PEeKT Mpu pamoHAILHOM PEXUME
BOXJIEHUS MOE3/10B, KOTOPBIH MPU CTPOTOM
coOmoneHnu rpaduka ABUIKCHHS BBI3HIBAET
HauMEHBIINHI YIeTbHBIN PacXo] AEeKTPOIHEP-
run uin ToriuBa. CIOXXHOCTh pa3paboTKu
U TIPaKTUYECKOTO UCIOIb30BaHUS PalluOHAIIb-
HBIX PEKUMOB BOXKJICHUS MO€3/10B 3aKIII0YaeT-
Cs B TOM, YTO OHM Pa3JINYHbI AJI Pa3HbIX JKC-
MIyaTallMOHHBIX YCIOBUHN, IPU SIEKTPUIECKOI
TATe MOJABEPKEHO M3MEHEHHUIO HalNpsHKeHHE
B KOHTAaKTHOM CETH, B 3aBUCMOCTH OT TE€XHH-
YECKOTO COCTOSIHUS OTIINYAIOTCS XapaKTEePUCTH-
KM JIEKTPUYECKUX MAIIUH Ha JTOKOMOTHBAX.
CocraBieHHbIE A HEKOTOPBIX CPETHHUX IKC-
IJIyaTallMOHHBIX YCJIOBUH KapThl PEKUMOB
BOXKICHUS II0€3/I0B HA OJHUX U TeX XKe ydacTKax
Y Pa3IMYHBIX MAITMHUCTOB UMEIOT OTKJIOHEHHS
KaK B OOJIBIIYIO, TAK M B MEHBIIYIO CTOPOHY OT
YCTaHOBJIEHHON HOPMBI yIEIBbHOTO pacxoia
3JIEKTPOIHEPT Uy, TormuBa. CTpemMieHre Malllu-
HUCTOB JJOOMTBHCSI SKOHOMHUH Pacxoja EKTPO-
SHEPIruy WIN TOIUIMBA MPUBOAUT K CHIKEHHIO
CKOPOCTH JIBUXKEHUS IPYy30BBIX TOE3/10B.

JIro6oe CHMKEHHE CKOPOCTH JIBUKEHUS
M0€3/10B 10 CPaBHEHUIO C PAacYETHOH CKOPO-
CTBIO JIJIsl TAHHOTO y4acTKa, a TeM OoJiee nepe-
PBHIB B BHXKCHHUU MPHUBOAT K MOTEPSM B HC-
MOJIb30BAaHUU MPONYCKHOH CIOCOOHOCTH
U COOTBETCTBEHHO K 5KOHOMHUYECKHUM MOTEPSIM.
3a/iep KK [0E3/10B Ha MeperoHax BbI3BIBAIOTCS:
HECHHXPOHHOCTBIO JBI)KCHHS I0€3]I0B, He-
CBOEBPEMEHHBIM OTKPBITHEM CUTHAJIOB Ha
CTaHIUSIX, BOSHUKHOBEHHEM HEHCIPAaBHOCTEH
MOABHM)XHOTO COCTaBa M TEXHUYECKHX
YCTPOICTB, NepeHACHIIIIEHHEM YYaCTKOB M0€3-
JlaMH, HaJIMYUeM MpeayTpex1eHuid 00 orpaHu-
YEHUU CKOPOCTH JBHUIKEHHUS U MPOIMYCKOM
OMa3/bIBAIOIINX AaCCAKUPCKUX MTOE3/0B.

[Ipy HECMHXPOHHOCTH JABMIXKEHUS MoOe3aa
CJIETyIOT BMECTO 3€JIEHOTO Ha JKENTHIH, a 4acTo
U Ha KpacHbIil oroHb cBetodopa. Tak, ecnu
Mayka MOe3/I0B CIeNyeT C IMIeCTUMHHYTHBIMU
MEXIOE3IHBIMU UHTEPBAJIaMH U OIMH U3 JIOKO-
MOTHBOB CHHU3UT CKOPOCTH JBW)KEHHS MPOTHB
cpenHeil rpaMKOBOI BCEro JIMINb HA 5 KM/4,
HUIYUIUH 32 HUM 1toe3] uepe3 1,5 MuH nopoitnér
K cBeTodopy ¢ kEnTeiM orHéM. HecuHXpoH-
HOCTB CJIEIOBaHUsI OOBSICHIETCSl TEM, UTO Ma-
LIMHKUCTBI TTOJIL3YIOTCS PACTIMCAHUEM JABHIKEHHS
10€e370B, B KOTOPOM YKa3aHO TOJBKO BpeMs
xona no neperoHaM. CKOpOCTh ClIeZIOBaHUS Ha
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Pa3IMYHbIX AJIEMEHTaX NPO(UIIs My TH Onpeie-
JISTEIOT SKCIIEPTHO, BBIOOP PEKHUMA IBUKCHHUS BO
MHOTOM 3aBHCHUT OT KBaJIM(DHUKAIIMKA MAIIMHU-
CTOB.

ITo HEKOTOPBIM OlLIEHKaM, OKOJIO 1 MIIH mo-
€3710-4aCOB B I'OJl COCTABIISIIOT 33JJePKKH M10€3-
JIOB M3-32 HECBOCBPEMEHHOTO NpUéMa UX TeX-
HUYECKHMU CTaHIUAMHU, TAKIKE BEITUKH 3aCPIK-
KH TIepel CTHIKOBBIMH ITyHKTaMH H3-3a HECBOE-
BPEMEHHOI0 NMpHEéMa MOE30B COCEIHUMH
JIOPOTaMU M OTJEJICHUSIMHU.

Ha 3axeprxku oe3ioB npu BO3HUKHOBEHHH
HEUCIIPABHOCTEH BarOHOB, JIOKOMOTHBOB, ITyTH,
yerpoiicte CLUb u cBsI3U, KOHTAaKTHOW CeTH
U JIp. BIMSIOT CPEJACTBA CBSI3U 10 IBHXKEHHIO
MOE3/10B, YMCJIO IJIaBHBIX NMyTel, BUI TSiTH,
ME)KITO€3/IHOM HHTEPBAJ U KOJIMYECTBO acca-
KUPCKUX 10e3710B. OTKa3bl B paboTe TEXHUYE-
CKUX YCTPOWCTB COKpAIalOT HAJIMYHYIO HPO-
ITyCKHYIO CIIOCOOHOCTh Y4acTKOB 10 15 %.

YBenuueHue MI0THOCTH M0€3/10II0TOKa Be-
JOET K POCTY YHCIIa MOE3/I0B, CIEAYIOMINX Ha
KENTHI ¥ KpacHBIA OTHU CBETO(OPOB, a ITO
BBI3BIBAET YMEHBIIEHHUE XO/J0BOW CKOPOCTH
Y YBEJIMYEHHE BPEMEHH 3aJIEPXKKH MOEe3/10B Ha
reperoHax.

AHanu3 3amuceid CKOPOCTEMEPHBIX JIEHT
MO3BOJISET YCTAHOBUTH PEKHUM IBMXKCHUS I10-
€3710B Ha y4acTKe NP Pa3JIn4HON IIOTHOCTH
Y MHTEHCHBHOCTH T0€3/10TI0TOKA, J0JIe Pa3iny-
HBIX oka3anuii ceetodopos u AJICH u ckopo-
CTH JIBW)KCHUS HA HUX, PEaJIU3yeMbIC TEXHHYE-
CKYIO M Y4aCTKOBYIO CKOPOCTH I'PY30BBIX [10€3-
noB. [TokazaHusi CKOPOCTEMEPHBIX JIGHT MOTYT
HCIIOJB30BaThCS KaK CaAMOCTOSITEIbHO, TaK
U B KQUECTBE UCXOIHOM MH(DOPMALIUU IS MO-
JIeNIMPOBAHMUS IBU)KEHHSI TI0€3/]0B Ha Y4acTKe.
B nmocnennem cinydae, B OTIIMYKE OT pe3yibTa-
TOB TATOBBIX PacYETOB, YUUTHIBACTCS UYEIOBE-
yeckuid (pakTop (BIUSHUE MAIIMHUCTA Ha pe-
JKUM BEJICHUS 110€3/1a).

Jis conocTaBieHNss CKOPOCTH JIBHIKECHHUS
M0€3/10B, MOJYYEHHON C IMOMOIIBIO TATOBBIX
pacy€ToB U CKOPOCTEMEPHBIX JICHT, 11eJeC000-
pa3HO HCIIOJB30BaTh X OTHOLICHUE IIPH Clie-
JIOBAaHUH HA Pa3JIUYHbIC MMOKA3aHHS MyTEBBIX

ceetodopos miu AJICH.
v v v v
Vi ) vi , —2¢ — COOTHOUICHHE (PaKTHICCKOMN
P P

U pacy€THOM CKOPOCTH ABMXKEHUS MOE30B CO-
OTBETCTBEHHO Ha 3CIEHBIH, JKEITHIM U IOCIC
MIPOCIIENOBAHUS KEITOTO OTHS ITyTEBOTO CBETO-

¢opa (puc. 7, 8).
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Ha pasHbIX yuyacTKax pa3Hble MalldHHCTHI
0-Pa3HOMY PEaTH3YIOT JI0ITyCKaeMbIe CKOPOCTH
JBIDKEHHS moe3710B. Ho pH OTiIMYHU KOHKpET-
HBIX 3HAYCHHI CKOPOCTH JBUKCHUSI [TOE3/I0B, UX
pacrpezieneHus 1 COOTHOLLICHHUS] UMEIOT OOt
Bu/ (puc. 7, 8). O0I1eli 3aKOHOMEPHOCTHIO SIBU-
JIOCh CJIeIOBaHUE Ha 3€JIEHOE MOKa3aHUE CBETO-
¢dopa Ha OfHOI MONOBUHE OJIOK-YYacTKOB CO
ckopocThio Ha 20-25 % Huxe pacu€THOH U Ha
JPYToii — MOYTH B JIBa pa3a MEHBIIIE, YeM IOy~
YEHO TATOBBIMHU pacuéramiur. Ha BTOpoii momoBu-
He OJIOK-Y4acTKOB Tako€ CHUKEHHE CKOPOCTH
CBSI3aHO C HAJIMYMEM OTPaHUYEHUIl CKOPOCTH
1 pa3roHOM MOCJIE UX NPOCIIe0BaHuUs, KOTOPOE
OCYLIECTBIISIIOCH MEAJIEHHEe M0 CPaBHEHUIO
¢ pacuéTHbIM pexxuMoM. CHIKEHHE 3HAYCHUMH

v
COOTHOIIICHUS v—"‘ 00BACHAETCS YCTaHOBIIEHHBIM
P

Ha JKEJIE3HBIX I0POTax OrpaHNIEHHEM CKOPOCTH
IIPU CIIEZOBAaHUH Ha CBETO(OP C KETTHIM MOKa-
3aHHEM U MPEkKAECBPEMEHHBIM TOPMOKCHHEM
Mmaioit s dexruBroCTH. [Ipraém B 75 % ciryua-
€B IIpY CIIEJOBAHUH [10E3]]0B Ha JKENTHIA OTOHb
MOKa3aHue CBETO(OPOB MEHAJIOCH HA 3€IEHOE
MIOKa3aHKE 1 3apeTrUCTPUPOBAHHBIX TOPMOYKEHUH
MOTIJIO BOOOIIIE HE OBITE.

DaKTHUECKIE CKOPOCTH IBHXKCHHUS ITOE310B
paccMaTpUBaINCh 10 OTHOLIEHHIO K CKOPOCTSIM,
[I0JIyYE€HHBIM TAroBbIMU pacuéramu. Ho B HOp-
MAaTHBHBIX rpadMKax JBMKECHUS NCTIOIb3YIOTCS
CKOpOCTHU HUKE pacy€THbIX. Ha paccMoTpeHHbIX
ANEeKTPU(PUIUPOBAHHBIX YUACTKaX B Tpaduke
JIBIDKEHHS XOZ0Basi CKOPOCTB I'PY30BBIX MIOE3/10B
V= 57,7 xm/9 MeHbIIe pacu€THOI Ha 8,7 KM/4.
IToaToMy OTHOLIEHHE CKOPOCTEH Vv, V. U V_
K rpa(prKOBOI HOPME XOIOBOH CKOPOCTH OOJTBIIE
B 66,4:57,7= 1,15 paza (tabmn. 2). IIpu cnemopa-
HHH TIO€3/10B Ha 3eNIEH0E TIOKa3aHue CBETO(GopoB
XOJI0Basi CKOPOCTh HIXKe pacuéTHoi Ha 20 %,
a rpa¢ukoBoil — Ha 8 %. Ha xénrtoe moxazanue
cBeTO(OPOB 1Moe3/1a CIEYIOT C XOJOBOH CKOPO-
CTBIO COOTBETCTBEHHO HMKE Ha 46 u 38 %.
ITocre mpocnenoBaHus ke IMyTeBOro cBeTodopa
¢ )KENTBIM OTHEM — HIDKE Ha 63 %.

Pe3ynpraTsl, mModydeHHbIE Ha ydacTKax
C TEIUIOBO3HOMU TSATOH, MIpUBENEHHI B Ta0m. 3.
Paznnune oTHOIMIEHUHN CKOPOCTEN B HEUETHOM
(rpyx€HOM) ¥ YETHOM (TTOPOKHEM ) HAIIpaBIie-
HUSIX 0OBSICHAETCS TOYTH B JIBA Pa3a MEHBIINM
BECOM NOPOXKHUX ITOE30B, MEAJICHHBIM pa3-
TOHOM TPY>XEHBIX MOE3/10B MOCJIE MPOCIeNO-
BaHUS YYaCTKOB C OTPAHWYCHHUSIMH CKOPOCTH
n Oosiee BBICOKHMH CKOPOCTSMH IBUKCHUS

JleBuH [1. 0. ONTUMMN3aLINA CKOPOCTU ABMKEHUA NOE3A0B
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Puc. 7. QuipgpepenyuansHbie (a) u unmezpanbHele (6) kpusbie
pacnpedeneHusi ckopocmeii npu 08 uXeHUU noe3006 Ha PasNuyHble
nokasaHusi ceemoghopa Ha I1eKmpUhUYUPO8AHHOM y4acmKke.

MOPOXKHUX T0€37I0B Ha 3eJEHBIE U KEITHIC
MMOKa3aHUs CBETO(OPOB.

OTtHoueHne (HaKTHIECKUX CKOpOCTell IBH-
JKEHUSI IOE3/10B K PacYETHBIM NPH MTPOCIIeI0Ba-
HUH MPOMEXYTOYHBIX CTAHIUH MO TIABHOMY
ITyTH, KOTZIa HAa BXOJJHOM M BBIXOZTHOM CBETO(]O-
Ppax 3eJIEHBII OrOHb, Ha MEKTPUPHUIIUPOBAHHBIX
nuHUSAX B cpenHeM paBHo 0,78, Ha ydacTkax
C TEII0BO3HOM Tsaroi — 0,75, uro Ha 7-8 % mnu
5—6 KM/4 HHKe, YEM Ha TIepEeroHax.

dakTrueckoe YUCIOo MpeaynpexIeHuid 00
OTpaHUYEHUH CKOPOCTH JBIDKCHUS TI0€3/10B Ha
MHOTHX YYacTKax CEeTH OOJIbIle, YeM Iperyc-
MoTpeHo Trpadurom. OOmiee paccTosHHE, TIPO-
XOJMMO€ II0€3/I0M C OTPaHMYCHHUEM CKOPOCTH
l,.,» PABHO CyMMe NPOTSKEHHOCTH JICHCTBHS
TIPEYNPEIKICHHS [, JUIMHE [T0e3/1a [, 1 paccTosi-
HUSI, IPOXOJMMOTO C MOHIKEHHOH CKOPOCTBIO
¢ y4€TOM 3aMeUIeHHs U pa3roHa 1oesja 0

1%
orp
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Puc. 8. JueppeperyuansHbie (a) u uimezpanbHble (6) Kpusbie
pacnpedesnieHusi ckopocmeil npu deuxeHUU noe3doe Ha pasNuyHble
noka3aHusi ceemoghopa Ha y4acmke ¢ menaogo3Hol msazoll.

U IIOCJIE MECTA, Tie OTpaHudYeHa CKOpOCTh. Dak-
THYECKOE PACCTOSHUE, IPOXOJUMOE MOE30M
C OrpaHUYEHUEM CKOpPOCTHU, B CpeldHeM B 2,5
pasa OoJblie MPOTSHKEHHOCTH IYTH JIEHCTBUS
TIpeynpexIeHUsI. AHAIN3 CKOPOCTEMEPHBIX
JICHT TI0Ka3aJ1, YTo (pakTHyecKasi CKOpOCTh HIKE
YCTaHOBJIEHHOH MPEnyNpeKaeHHEM B CPEIHEM
Ha 20-25 %. KonngecTBo noe31oB, Ha KOTOpbIE
BIMSIET OIPaHMYEHUE CKOPOCTH Ha IMOJXOJe
K MECTY €ro AeUCTBUSL:

(g Ve 1
vorp(v I l pLG—y) ’

TJie v, — CPEe/IHs CKOPOCTD JBHKCHHS I0C3/0B,
KM/d;

[ — Mex1moe3THOM HHTEPBaJ, U;

P — MUHHAMAJBHOC YHCIIO OJIOK-yYaCTKOB,
pa3rpaHUYMBAOIIIX TOE3/1a, IIPH KOTOPOM 00eC-
MEeYEeHO YCTOWYMBOE JBHM)KEHUE Ha 3eJEHBIN

JleBuH [. 10. OnTuMu3auvs CKOPOCTH ABUNXXEHUA noe3noB




Tadauma 2

OTHoweHNe (paKTHYECKUX CKOPOCTEl IBHKEHHS K PACHETHBIM U IPadHKOBbIM
Ha 1eKTPUPHIHPOBAHHBIX YYACTKAX

Pexum JBHKXCHHUS TTOE3/10B Ha CUTHAJIBI aBTOGJIOKPIpOBKH

Yucno ciyyaes

v

Vs

Ha 3enénoe nokazanue cseroopa 1795 0,80 0,92
Ha »xénroe nmokaszanue ceetodopa 543 0,54 0,62
IMocne mpocnegoBanus )ENTOro MOKa3aHus cBerodopa 125 0,32 0,37
Ta0nunna 3

OTHOmeHUe (PAKTHYECKUX CKOPOCTEl IBMKEHHUA K PACYETHBIM H Irpa(MKOBbIM
HA Y4aCTKAaX ¢ TeIJIOBO3HOI TAroi

PexuM JIBIKEHHS N0€3[10B HA CUTHAIIBI aBTOONOKMPOBKH | HeuéTHoe HampaBiieHne YErHoe HampaBieHUe
Yucio ciydaes ¥ Yucio ciryyaes >
% %
Ha 3enénoe noxazanue cserodopa 1060 0,77 778 0,85
Ha xé&nroe nokasanue cerodopa 140 0,55 77 0,67
Tocre mpocnemoBanust )ENTOTO MOKa3aHus cBeTohopa - - 29 0,46
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Puc. 9. 3asucumocms cpedHe2o keadpamuyHo20 OMKIIOHEHUS1 8pemMeHU xoda Noe3doe om NJIOMHOCMU NOMOKa (a), Mexnoe3dHo20

uHmey (6), uHm

mu deLxeHusi noe300e (8).

OTOHB CBeTO(Opa (15 TPEX3HAYHOM aBTOOIOKH-
poBkH p = 3);

LG_y — CpenHss ITHHA OJIOK-ydJacTKa, KM.

dakTHueckas CKOPOCTb ABHKEHHS ITOE3/10B
B MecCTax JIEeHCTBUS HNpedyNpexkACHUN Ha
2,7+5,6 XM/4 MeHbIIIE, YeM YCTaHOBJICHA Orpa-
HUYCHHUSAMH.

HccnenoBanus nmokasanyu, 4TO yBEIWYEHHE

TUIOTHOCTH ITOTOKA MOE300B IIPUBOAUT K YBCIIH-

& Mwup TpaHcnopTa. 2021. T. 19. Ne 6 (97). C. 73-90

YEHUIO CPEIHEr0 BPEMEHHU MPOXOXKICHUS HMH
yuactka. YToObI olieHKa paccessHus (abcomroT-
HbIe pa3Mepbl KoJIeOaHHil) nMena pa3MepHOCTb
Cclly4allHOM BEJIMYHMHBI, UCIOJIb3YEM CpeIHEe
KBaJPAaTUYHOE OTKIOHEHUE M BBIYUCIUM €ro
3HAYEHHMS JJIsI BPDEMEHH X0/a IOE3/I0B 10 y4acT-
Ky (puc. 9a), MeXI0e3QHbIX MHTEPBAJIOB
(puc. 96) 1 UHTCHCUBHOCTH JBHKCHHUS TIOE3/10B
(puc. 9g).
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Taoauna 4

HN3meHnenue CKOPOCTH ABHKCHUSA B 3AaBUCHUMOCTH OT PACCTOSIHUS MEXKAY IMoe31aMu

Puc. 10. BnusHue nnomHocmu nomoka noe300e Ha cpedHull
uHmepean Mexdy noezdamu Ha exode (1) u ebixode (2) ¢ yyacmka.

Hanuune paccesiHust BOZMOXKHBIX 3HAUECHHH
BOKPYT CPEIHET0 3HAYECHUS XapAKTEPUCTHUK MO-
TOKA MOE3A0B CBUAETEIBCTBYET O HECHHXPOH-
HOCTH JIBHXKEHHS [TOE3/]10B, KOTOpast IPUCYTCTBY-
€T JJaXKe IIPU CBOOOTHOM JIBKEHHH OINHOYHOTO
MO€3/1a U BO3PACTAET C YBEIMUEHHUEM 3arpy3Ku
ydacTka. HECHHXpPOHHOCTB IBUKEHUS BBI3bIBA-
€T TaKoe BIMSHHUE MOE3/0B APYr Ha Ipyra, 4To
CpeaHuH (paKTHICCKIA MEXKITOC3THON HHTEPBAJ
GornpIe pacy€THOTO ¥ MHTCHCHBHOCTH JIBIIKE-
HHS NOTOKA MOE3[0B Ha BBIXOAE C y4acTKa
MEHBIIIE, YEM Ha BXOJE.

IIpu cOmmxeHnn mMoe3goB UX pacuéTHas
CKOPOCTb V CHHXKAETCs 10 V, U YMEHBIIAETCS
HCIIOIB30BAHUE MPOIYCKHOW CIOCOOHOCTH.

B stom ciyyae:
IV orkyma B =S
605 60, OV Ty MR T

UtoObI HE JIOMYCTUTh CHUKCHUS UCIIOJIB30-
BaHMS MPOMYCKHON CIOCOOHOCTH, CKOPOCTh
JIBUOKCHUS TTOC3/I0B MOXKET CHIXKATHCS TIPOTIOP-
IUOHAJIBHO COKPAIIICHUIO PACCTOSHUIO MEXKILY
noe3namiu (taom. 4).

TIpu cokpameHnu MEeXKITOS3THOTO HHTEePBAaa
Ha TOJIOBUHY OJIOK-y4YacTKa IO CPaBHCHHIO
C pacu€THOW HOPMOH CKOPOCTb CHIIKAETCSl Ha
11,9—-13,6 xm/4 u cocrarisier 0,83 oT pacyéTHOM.
IIpu nanpHeHIIIEeM YMEHBIICHHN MEXKITOC3THOTO
MHTepBana 10 S = 2/, Korja 1noesi cleayeT Ha
KENTHIA OroHb CBeTO(OpPa, CKOPOCTH JOKHA
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IIpocTpaHcTBEHHBIH CootHomurenue S,: S npu yiiHE 610K-Y4aCTKOB, KM CKkopocTs v,, kM/9
HHTEPBAJ MEX/LY
oe3aaMu 1,5 2,0 2,5
3l 1,0 1,0 1,0 80 70
2,751, 0,92 0,92 0,92 73,6 64,4
2,504/, 0,83 0,83 0,83 66,4 58,1
2,251 0,75 0,75 0,75 60,0 52,5
24l 0,67 0,67 0,67 53,6 46,9
r noenfodfioee mep
z !
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Puc. 11. Juazpamma nomoka noesdoe: 1- n(A); 2 - v(A).

6b1Th paBHa 0,67 pac4éTHOI. AHATN3 CKOPOCTE-
MEPHBIX JICHT IOATBEPANII, YTO C YBEIINIYCHUEM
TUTOTHOCTH MTOE3/J0NI0TOKA CKOPOCTh 3HAYHUTEIh-
HO CHIMXXAEeTCs. DTO YMEHBIIEHHE CKOPOCTH CO-
KpaliaeT MCIOoNb30BaHUE MPOITyCKHON CIOC00-
HOCTH JI0 N, TOTa:

n_ 607vS vS

n 607vS,

R
CHUXEHHE HCIONB30BAHUS TPOMYCKHOM
CHOCOOHOCTH TIpH v, 1 S, onpejienseTcs o Gop-
Myle:
An= [1—£]100 % .
VS,

HccrenoBanust MOCIIEI0BATEIBHONO YBEIHYe-
HUSI pa3MepOB JIBIYKCHHUS HA YYACTKE TIOKA3AITH, 4TO
TPY YBEITMYCHNH HACBIIIICHHOCTH yJ4aCTKA [0e3/1a-
MH BO3pAcTaeT MX BIMSHUE JAPYT HA JAPYTa, U OHH
BCE yallle CIIey 0T Ha XKENTHIA M KpacHBIH CHTHAIIBI
cBetoopa. B pesynsrate cHimkaeTcs CKOPOCTh
JIBIDKCHUSI TOE3/I0B. YBETMUIHBACTCS BPEMsI 3aHSITHSI
M0e3/1aMH OJIOK-YJacTKOB, BO3HHKACT U BO3PACTaeT
ouepe/ib B OKUAHNH TIPOITYCKa 110 YUACTKY.

MojiennpoBaHHEM JIBIKESHHS [IOS3I0B YCTa-
HOBJICHO, YTO YBEIHWYCHUE MJIOTHOCTH MOTOKA
BBI3BIBACT PA3HUILY HHTEPBAIOB MKy MOE3/1a-
MU Ha BXOJIE U BbIXOJe ¢ yuacTka (puc. 10).

I'paduxu 3aBucumMocreii N(A) u v(A) u3meHe-
HUS HHTCHCUBHOCTH ITOTOKA U CKOPOCTH JIBHKE-
HHS OT IUTOTHOCTH MPE/ICTABIICHBI HA IHarpaMme
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noroka moes3nos (puc. 11). Ha Heil orpakeHsl
MHOTHE CBOICTBA TPAHCIIOPTHOIO MOTOKA, 0CO-
OCHHO MPOCTPAaHCTBCHHO-BPEMEHHbBIE COOTHO-
[ICHUS U BO3MOXKHOCTh BOBHHKHOBEHHUS TIOMEX
JUTSL IBHDKEHUS TI0€3/10B.

B Toukax 0 u 0, HIHTEHCUBHOCTD JBMKEHHUS
paBHA HYJIO, T.€. MO CYIIECTBY HET JBUXCHUS
WIH TOTOK IOE€30B HAXOMMTCS B COCTOSHUU
3aropa (HernonsruxHocTH). [To Mepe yBennyeHus
INIOTHOCTH IMOTOKA MOE30B CHHXAETCS €ro
CKOPOCTb, BBICOKHE 3HAYCHHSI KOTOPOW MOTYT
OBITh TOJIYYCHBI JIMIIH TPU MAJIbIX 3HAYCHUIX
IUIOTHOCTH, T. €. B YCIIOBUSIX OTHOCHTEIBHO CBO-
0OIHOTO JBMKEHHS TOE310B. DTO UMEET OO0JIb-
1I0e MpakTudeckoe 3HaueHue. [Ipu HopMupoBa-
HUU TI0Ka3aTesieil 3KCIUTyaTallHOHHONH PaboThI,
OIEePaTUBHOM IUIAHMPOBAHUH U PETYIUPOBAHUHI
JBIDKCHUS MOE3/I0B CICAYET YYUTHIBATh, YTO
YBEJIMYCHHUE TUIOTHOCTH IOTOKA (pa3MepOB JIBH-
JKCHUS) BBI3BIBACT CHIDKCHHE CKOPOCTH JIBUXKE-
HUS TI0€3/I0B, a MPH MEPEHACHIIIICHUH YIACTKOB
Moe37[aMH — ¥ CHIDKEHHE UCITIOIb30BAHMS HATHY-
HOU TPOIYCKHOI CHOCOOHOCTH.

B3AUMOLENCTBUE CKOPOCTU C APYTUMU
MOKA3ATENAMU NOTOKA NOE30B

Hcxonst U3 OCHOBHBIX XapaKTEPUCTHK HOTO-
Ka I10€3/10B, IIPOITYCKHYIO CIIOCOOHOCTD y4acTKa
MOYKHO OIUCATh (YOPMYJION:
n=Av, )
re N — HHTEHCHBHOCTD JIBUIKCHUS, TTOC37I0B/U;

A — TUIOTHOCTB NIOTOKA, TI0€3/10B/KM;

V — CKOPOCTb JBHKEHUSI IOE3I0B, KM/4.

Ecnu n3BecTHBI ABE U3 ATHX TPEX NepeMeH-
HBIX, TO TPEThsl OINpPEAEsAeTCS OJHO3HAYHO.
Cpenu paccMaTpuBaeMbIX HEPEMEHHBIX HET
TaKo#, YTO 3aBHCENa TOJILKO OT OJHOTO Hapa-
MeTpa. OHAKO TOCKOJIBKY HHTEHCUBHOCTb SIB-
JISIeTCSl KOJIMYECTBEHHON XapaKTepHCTHUKOM Iie-
PEBO30YHOrO MpoLEcca, a CKOPOCTh OTpaKaeT
YPOBEHb TEXHUYECKOI'O OCHAIIEHUS Yy4acTKOB
Y pa3BUTHS MOABMKHOTO COCTaBa, TO MX CIIEAY-
€T CYMTATh HE3aBHUCHMBIMH MEPEMEHHBIMU,
a TWIOTHOCTh — 3aBucuMoil. CooTHowmenue (1)
MOYKHO HaIJISITHO U300pa3uTh B BUJIE TOBEPXHO-
CTH B TpEXMEpHOM IIpocTpaHcTBe. Kpome nepe-
YHCJIEHHBIX YK€ CPEJHHX 3HaueHui, Ooublioe
MPaKTUYECKOE M TEOPETHUYECKOE 3HAaueHHUe
HMEET OIpe/IeSIeHNE CIeAYIOINX BEIHYHH:!

N .. — MaKCMMajbHasi MHTEHCHBHOCTb JIBH-
KEHHUS;

V_, — CKOPOCTb JIBUKEHHS MOE3/10B B CBOOO/I-
HBIX YCIIOBHSAX (B COOTBETCTBHUHU C TATOBBIMH
pacuyéramu uii rpauKOM JBIKSHUS);
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V, = CKOPOCTB, DU KOTOPOH HHTCHCHBHOCTh
NBWKEHUA MakcuMalbha (N=n_ );

A ., — MaKkCHMMalbHas IIOTHOCTh, HPU KOTO-
PO¥ IBMIKCHHUE TIOE37I0B HEBO3MOXKHO (v > 0);

kp — IUIOTHOCTB, IPH KOTOPOI HHTEHCHBHOCTh
IBWKEHHA MakcUMalbHa (N =N _ ).

3aBUCHMOCTb «MHTEHCUBHOCTb—TUIOTHOCTBY
(puc. 12) sBnsieTcss OCHOBHOM JAMarpaMMoi mo-
ToKa moe3oB. C poCcTOM IJIOTHOCTH IOTOKA
M0E3/J0B MHTEHCUBHOCTh YBEJIMYHUBACTCS 10
MaKCHMaJIbHOTO 3Ha4€HHs N, COOTBETCTBYIO-
LIeT0 HaJWYHOW MPONMYCKHOW CIOCOOHOCTH
yyacTka (Touka B). Hauunas ¢ 3TOH TOUYKH,
YBEJIMUYEHNE MHTCHCUBHOCTH Ha BXOJIE y4acTKa
He MPUBOJINT K €€ YBEITMUYCHHIO Ha BBIXOZIE, O YEM
CBUJIETEIILCTBYET CHU)KEHHE WHTEHCHUBHOCTHU
NpU TAJIbHEHIIEM yBEIMYeHUH TUIOTHOCTHU I10-
ToKa. BepTukanbHas MMyHKTUpHAs JIMHUSA, MIPO-
BeNIEHHAs M3 TOUKH B, Kak Obl pa3nessieT yCIoBHs
JIBHOKCHHUSI TOE3/10B Oe3 3ajieprkeK (CieBa) ¢ 3a-
nepxkamu (copasa). Touka 4 xapakTepHa is
CBOOOJHBIX YCIIOBUIl JABMIKCHHS MOE310B Oe3
3agepxek. Touka C HAXOMUTCS B 30HE YCIOBUI
JIBIOKEHUS C 3aJiep)KKaMH U MTOKa3bIBaET, 4TO
TaKOH K€ WHTEHCHBHOCTH MOXXHO JIOCTHTHYTb
NIPY 3HAYUTEIHHO MEHBIICH TNIOTHOCTH ITOTOKA
(0,16 moe3noB/KM), T.€. COIEpIKaHUEC U3OBITKA
pabouero nmapka BaroHOB He IPUBOJIHT K YBEJIHU-
YEHHIO KOJIMYECTBEHHBIX ITOKa3aresnei, a, Ha000-
POT, YMEHBIIIAET UX U YXyALIaeT KaueCTBEHHbIC
MOKa3aTeNy 3KCIUTyaTallMOHHOW paboTthl. Ecnn
K€ Ha KOHKPETHO B34TOM ydacTke (puc. 12) He-
00XOMMO YBEITMYUTh UHTEHCUBHOCTb, TO TJIOT-
HOCTh IOTOKA IOE37I0B CIlIeyeT JAOBECTH JI0
0,214 oe3g0B/xM.

JIist XapakTepuCTHKU MCIIOIb30BaHUs MPO-
MYCKHOM CITIOCOOHOCTH y4yacTka OyJieM MoJb30-
BaThCsl YPOBHEM 3arpy3KH, KOTOPBIH MPeACTaB-
JISIET OTHOLIEHHUE JIOCTUTHYTON HHTEHCUBHOCTH
JBHKEHHA N K MakCHMaJbHOH N aHHOTO
ydacTka, T.e. y = n/n__ . C HOMOIIbIO 3TOTO 1o-
HSTHSI MOXKHO TTOJYYUTh CONIOCTaBUMBIE XapaK-
TEPUCTHKHU TOTOKA MOE3/10B Ha Pa3IMYHbIX
ydacTkax, Tak Kak Y — BeJIMUMHa Oe3pa3MepHast
Y MOXKET IPUHUMATH J1F00bIe 3HaueHus1 oT 0 1o 1.

B 3aBHCHMOCTH OT CKOpPOCTH IOTOKAa U €T0
IUIOTHOCTH (CM. puc. 12) HavyaJbHBIA y4acTOK
KPHBOH COOTBETCTBYET CBOOOTHOMY JIBUYKEHHIO
noe3oB. [Ipy yBenMYeHUH TUIOTHOCTH TTOTOKA
CKOPOCTh JBMJKEHHS YMEHbBIIACTCS B CBSI3U
C YMEHBIIICHHEM CPEAHEr0 MEXIOe3THOTO MH-
TepBaJia ¥ BO3PACTAHHEM BIHSHHS OE3/10B IPYyT
Ha Jipyra. CKOpOCTH IBMKEHHS V_ B CBOOOHBIX
YCJIOBHUSIX COOTBETCTBYET TOUKA A. DTa CKOPOCTH

JleBuH [1. 0. ONTUMMN3aLINA CKOPOCTU ABMKEHUA NOE3A0B
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Puc. 12. 3agucumocms Me)«dy CKOPpOCMbH NOMoOKa noe3008, UHMEHCUBHOCMBIO U NIIOMHOCMbIO €20 08UXEHUS.

OTIpe/ieTIsIeTCS] TATOBBIMH pacuéTaMu. 3aBHCH-
MOCTB HE ITepeceKaeT BEPTUKATBHYIO OCh, a TIPH-
OmmKkaeTcs K Hel acuMnToTHaeckd. KagecTBeH-
HOE COCTOSHHUE TTIO0TOKA TIOE3/I0B MOKHO Xapak-
TEpU30BaTh C IIOMOIIBIO MOHATHH KO3 QHITHEH-
Ta CKOPOCTH IBWD)KCHUS W YPOBHS HACBHIIICHUS
ydacTKa Ioe31aMHu.

Koaddurment ckopocT IBUKEHUS U — 3TO
OTHOIIICHHE MAaKCUMAaJIbHO JOITyCTUMOMN CKOPO-
CTH v, TIPH JOCTHTHYTOH IJIOTHOCTH K CKOPOCTH
CBOOOIHOTO JIBUKEHHA V_

u=v/v_.

Koaddurment ckopocTn ABMKESHUS TTO3BO-
JISIET OICHUTH BIHSIHAE PA3IMIHON TUTOTHOCTH
TTOTOKA Ha CKOPOCTh. Benmunna 1 6e3pa3MepHas
¥ MOXXET IPUHUMATh JIFOOBIC 3HAYCHHUS B THATIa-
30He ot 1 710 0.

YpoBeHb HACHIIICHHUS y9acTKa — 3TO OTHO-
MIEeHNE TUIOTHOCTH MOTOKa MPHU Pa3UIHBIX
pasMepax ABWKCHHA A K MAKCHMAIbHOM IIOT-
HOCTH ), :

S=EAI L

[Ipu yBemmueHNY MHTEHCUBHOCTH 0 MAaKCH-
MaJIbHOTO 3Ha4Y€HUs N, COOTBETCTBYIOMIETO
TOYKe B, CKOPOCTh yMeHbIIaeTcs (cM. puc. 12).
YacTb KpUBOM, paclOJI0KEHHOH BbIIIE TOUKU B,
COOTBETCTBYET HOPMaJIbHEIM YCIOBUSIM JIBHKE-
Hus 0e3 3alIepiKeK MOe3q0B, HWKHSSI JacTh
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KPHBOH — yCIIOBHSIM JIBIDKCHUS C 33/ICPKKAMH.
Touxn A n C Ha KpUBOH «CKOPOCTH — MHTEHCHUB-
HOCTB» COOTBETCTBYIOT aHAJIOTHYHBIM TOYKAM
Ha KPHUBOH «MHTEHCUBHOCTb—IIOTHOCTHY. 3aBH-
CHUMOCTH Ha pHC. 12 MoxydeHbl Ha OCHOBE MOJIe-
JIMPOBAHMS JIBHXKCHHS TTOTOKA ITOE3/I0B C TOMO-
mpio OBM.

Baxneimel XxapakTepUCTHKONW y4acCTKOB
SIBISIETCS] MAKCUMAJIbHAS! HHTEHCHBHOCTB MTOTO-
Ka 1moe3oB (ImpomycKkHasi cmoco0HocTh). OT
HCIIOIB30BaHUS MPOMYCKHOW CIIOCOOHOCTH
1 ONTUMH3AINH €€ Pa3BUTHS BO MHOTOM 3aBHCHT
YIOBIICTBOPEHHE IMTOTPEOHOCTEH TPy30BIaieIb-
IICB ¥ HACEJIECHH B IEpeBO3Kax Ipy30B U Iacca-
KHPOB.

[TmoTHOCTH MTOTOKA MOE37I0B MOXKET TIPHHU-
MaThCsl 9acoBast, CyTOUHas, MECSIYHasl, TOAOBas
1 33 COOTBETCTBYIOIIHMI IEPHO OyACT MOTydeHa
MIPOIyCKHAasl CIIOCOOHOCTh, HO (opmyna (1)
BEpHa JIMIIb MPY HEOOJBIION 3arpy3Ke ydacTKa
noe3naMu. [1ocKoIbKy yBeIn4eHne IOTHOCTH
MTOTOKA TI0€3/10B IIPHBOJNT K YMEHBIICHUIO CKO-
POCTH ABMKEHUSI, TPaBUIIbHAS (PyHKIMOHATBHAS
¢opma Beipaskenns (1) Oyaet uMeTs BUA:

n(A) = Av(4). 2)

CKOpOCTb IBIKEHUS ITOE37I0B pacipesiesieHa
B IpeJieiIax HEKOTOPOTo Anara3ona (cm. puc. 13),
TIO3TOMY IIeJIecO00pa3HO ONMPEAEIATH 1Ba BHIA

JleBuH [. 10. OnTuMu3auvs CKOPOCTH ABUNXXEHUA noe3noB




CPEeIHUX CKOpOCTEH (IPOCTPaHCTBEHHYIO U Bpe-
MEHHYI0) ¥ COOTBETCTBEHHO JIBE IUIOTHOCTH
pachpe/iesieHHs: BEpOSATHOCTEH CKOPOCTEH V.

[IpocTpaHCTBeHHAS IUIOTHOCTD pacpesnese-
HHSI CKOPOCTEH f(V) OIpesenseTcs A HOe3/I0B,
3aHHMAIOIINX YYacCTOK B 3aJaHHBII MOMEHT
BPEMEHH, BPEMEHHAsI INIOTHOCTh PACIIPe/ICIICHUS
CKOpOCTEH f(V) — AJIs TO€3/10B, MPOXOAMINX
JaHHYIO TOYKY Y4acTKa B TECUCHHE 3aJaHHOIO
WHTepBaja BpeMeHu. Toraa cpeHue mpoCcTpaH-
CTBEHHAsl ¥ BpPEMEHHas CKOPOCTH:

* IUIS IBYXITYTHBIX YYACTKOB:

Vmax

vo= [ v ; 3)

vi= T VAG N 4
® U1l OMHOITYTHBIX YYaCTKOB:

Vs = ].\v Ly ; &)

vi= | WAy (6)

0

B dopmynax (3) u (4) HIKHAIH Tpeaen npu-
HST PaBHBIM HYITIO, TAK KaK 0 KaXIOMY OT/IEIThb-
HO B3STOMY ITyTH JIBYXITyTHOTO y4YacTKa HET
BCTpeyHOTo ABI>KeHUs. HyokHMi npenern B ¢op-
Mynax (5) 1 (6) TOKa3bIBAET, YTO HA OTHOITY THBIX
ydJacTKax I0oe3/1a CIEAYIoT B IPSIMOM M 00par-
HOM HaIpaBJICHUSIX.

J171s1 TeOpMH IOTOKOB TTOE3/10B IPEACTABIISIOT
HHTEpeC TAPMOHUYESCKHE CPEIHHUE CKOPOCTH 'V,

u ’V, , OCHOBAHHBIC Ha COOTBETCTBYIOIUX IIJIOT-

HOCTAX paclpeseleHus; HapuMep, Uil AByX-

IIYTHOT'O y4aCTKa:
1

v, TR (7
[PAGE
oV

. 1

KT ®
| SARLE

Heo0xonumocTs MpUMEHEHHSI B HEKOTOPBIX
ciay4dasgX rapMOHHYECKOI cpeaHell CKOPOCTH
MIPOMJLTIOCTPUPYEM Ha MPOCTOM IIpHMEpE, U3
KOTOPOTO BUAHO, KaKH€ TPYAHOCTH BO3HUKAIOT
IIpH PacCMOTPEHUH MOTOKa moe3nos. Jlomy-
CTHM, YTO TPH T0O€3]1a MPEOAONIEIH MEPETOH
mmHOH 10 kM co crkopoctsamu 40, 50 u 60 km/4.
OueBHIHO, YTO CPEHSS CKOPOCTH paBHa
50 kM/4. AHaJIOTMYHO cpegHEE BpeMsl ABHIKE-
Hus paBHO 0,206 u. OnHAKO 3TH 3HAYCHUS
(10 kM, 50 xm/4, 0,206 4) HE yIOBICTBOPSIOT
PaBCHCTBY § = VI.
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Puc. 13. Pacnpedenerue xodosoli ckopocmu
dsuxeHus1 Noe3doe Ha y4acmke.

[TpyunHa 3aKII0YAETCS B TOM, YTO JaHHOE
PaBEHCTBO CIPABEIIMBO ISl CPEIHUX 3HAUYCHUH
TOJIBKO B TOM CIIy4ae, €CJIH IJIsI CKOPOCTH Oepert-
Csl TapMOHHMYECKOe CpelHee, a JUlsl BPEeMEHU —
cpenHeapudmMeTrIeckoe, Ui Ha000poT. 3/1eCh,
Kak ¥ BBIILIE, [IOAPa3yMeBaeTCs, YTO MOTOK I10-
€3/10B SIBJISICTCS CTAL[MOHAPHBIM U YTO CKOPOCTh
Ka)KI0TO 10€3/1a NIOCTOSHHA B TEUCHUE UHTEp-
Bajla BPEMEHH, ONpPEIeNSIONIET0 CPEIHIO0
BPEMEHHYIO CKOPOCTB, MM BIOJb y4acTKa,
OIIPENEISIOIIETO CPEIHIOI0 TPOCTPAHCTBEHHYIO
CKOpOCTb.

[Tycte A dv m N dv mpencTaBisoT cobou
COOTBETCTBEHHO Au(depeHnrazaM IIOTHOCTH
Y UHTEHCUBHOCTH JJBHKEHHUS MI0€3/10B, Ybs CKO-
POCTB JISKHUT B AMANa3oHe MEXIY V H v + dv.
Torma cnpaBeUIUBBI CIIENYIOIINE BBIPAKECHHS
JUISl TUIOTHOCTEH pacnipenenenus f(v) u f{(v):

S Wdv=kdv/)\, )

fdv=ndv/n (10)

7€ A ¥ N— COOTBETCTBEHHO INIOTHOCT M HHTEH-
CHUBHOCTD TIOTOKA TIO€3/I0B.
W3 Beipakenns (1) crnemyert, 9to nv = vAv.
Hcnons3ys 3T0 BeIpakeHHE, MOIYyYUM M3
tdhopmyi (4) u (5):

() =VA() . (11)

@

Torma v, = [v,(Wdv=n/2 takkak [ f;(»dv=1,
0

0

B pesynbrare:
n=»1v,. (12)
Taknm oOpazom, ypasaenue (1) cnpasenu-
BO ISl CpeAHEH MPOCTPAHCTBEHHON CKOPOCTH
V., IAKE €CITH CKOPOCTH TTOE3/10B HE OJIMHAKOBbI,
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a SIBJISIFOTCS CITy4aliHBIMH BEIMYMHAMU C ITPOM3-
BOJIbHBIM paclipeJlelIeHHEM BEpPOSTHOCTEH.
C apyroii CTOPOHBI, ITyTEM HOICTAHOBKU ypaB-
Henust (12) u (11) Haiiném, uTo:

L) =£0w /v, (13)

VYpasuenue (13) onmceiBaeT 3aBHCHMOCTD
MEXIy TPOCTPAHCTBEHHON W BPEMEHHOM IUIOT-
HOCTAMHM pacnupenencHust ckopoctei. I[lytém
JIeTICHNS HA V M HHTETPUPOBAHUS 00EHX JacTer
ypaBaenus (13) momyunm:

1 1% 1
J'ff,(v)dv =:J.f5(v)dv ==
0 v v: 0 vs

Bospamrasics 3arem k ypaBHEeHHIO (8), 3aMe-

yaeM, 4to V,=v,. Takum oGpa3zom, cpeaHss

MPOCTPAHCTBEHHAs] CKOPOCTh paBHA CpelHEeH
TapMOHUYECKON BPEMEHHOM CKOPOCTH.
3areM pacCMOTPHUM CBSI3b MEXKAY V, U V.

IMoncrasum ypasHenue (13) B (4):
v, = jvzfs(v)dv /v,
0

Ecnu onpenienuts AUCIepCHIo cpeaHei mpo-
CTPAHCTBEHHON CKOPOCTH KaK:

o = [r=v) £y =¥ fr)dv—2,

TO MOIY4YHM:
v, =y, [1+(0, /)7 ]

Taxum 06pazom, 111 CONMBIIKMX BENTHYMH G
pa3HHIIAa MEXKIY CpeIHEH MPOCTpaHCTBECHHOU
W CpeTHEH BpEeMEHHOM CKOPOCTSIMH CTaHOBHTCS
TaKXe OOJIBIIIOMN.

PE3IOME

PacnpocTpanéHHast IpakTHKa U3MEHEHUS
TOJIBKO OIHOM COCTAaBIISIOIIEH MOKA3bIBAET, UTO
B AMHAMHUYHON M BHYTPEHHE CBA3aHHOU CIOX-
HOM CHCTEME JKEJIE3HOJOPOKHOIO TPaHCIopTa
9TO MPUBOIUT K U3MEHEHHUI0 MHOTHX APYTHUX
CcOoCTaBIAOIMMNX. Pe3ynbrarsl ucciaenoBaHUs
B3aMMOJICHCTBHS CKOPOCTH ABIKEHHS MOE310B
C APYTHUMH MOKa3aTeIsIMU MEPEBO30YHOIO MPO-
necca MOATBEPAUIN 3TO YTBEPKIACHUE.
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NCTOPKUA C NPOAOJIKEHMEM
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Ob6a mamepuana e pybpuke «Koneco
ucmopuuy npedcmaensom coboll
nepeble Yacmu neyamarouwjuxcs

¢ npodomkeHuem nybnukayud.

CYXOMYTHASA

WHOPACTPYKTYPA 92
|

B nepsoli yacmu peyb udém

0 3apox0eHuu cosdagaemoli
yer108eKkom OOPOXHOU
UHGhpacmpyKmypbI U 0 NepabIxX
mpaHCcnopmHbIX cpedcmeax.
Hecmompsi Ha mo, Ymo 8 XypHarne
HEOOHOKpamHo nybrukosasnuck
Mamepuarbl 06 38onyuU
mpaHcnopma, mema Heucyepnaema
U kaxdblil a8mop Haxo0um & Heli caou
0cobble npueiekamesbHble Yepmal
u mobonbimHble hakmb!.

KONECO UCTOPUU
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KAK XOTENW
YNYYWUTb
YMPABJIEHUE
XENE3HbIMK
[IOPOrAMMU:

110 NNET HA3A 103
|

Yacmb doknada eudHo=20 akcnepma
8 Poccutickom mexHuyeckom
obwecmsa e 1910 200y.

B npednazaemoli nybnukayuu
OCHOBHOE BHUMAaHUE y0eneHo
KkadposbIM 8onpocaM, Kak bbi

MbI celiyac ckasanu, pasgumuro
Yeso8eYeCcKUX Pecypcos

u komnsekcHol kadposol

U coyuanbHol NonumuKe XesesHbIx
dopoe. M moeda, kak u celivac,
NOHUMaU, YMo 3a502oM ycnewHou
OessmeibHoCMU MPaHCNOPMHUKO8
s8/151eMCA K8anupuyUPoBaHHb Il

U MOMUBUPOBaHHbIL NEPCOHaT.
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Anekceit PA3YBAEB

AHHOTALIUA

B cmambe, cocmoswel u3 dsyx Yacmed, aHanu3upyemces
UCMOPUKO-3KOHOMUYECKUL acnekm U meXHUKO-mexHomo2u4yeckasi
0CHOBa BO3HUKHOBEHUSI, CMaHOBIEHUS U 380/IOUUOHHO20 passu-
musi cyxonymHou mpaHchopmHoU UHgpacmpykmypsI. B omauyue
0m 800H020 U 8030YLWHO20, Ha3eMHbILi mpaHcnopm, egudy cgoeli
meppumopuainsHoli Npuesi3aHHOCMU, Pa3euBascs 04eHb coepxa-
HO u HenuHelHo. Eeo uHgppacmpykmypa, npedcmaeneHHas
npocmediwumu mponamu u 0opozamu, KOHEYHO, uepasna onpede-
NEHHYI0 9KOHOMUYECKYH0 porib, HO 0o XVIII-XIX es. He paccmam-
pusasnach Kak 0CHoga peaynspHo20 NPOOBUXEHUS U MO8apHO20
obmena. [lpu 3mom & pasfuyHbIX Yacmsx ceema UHpacmpyk-
mypa cyxonymHo20 mpaHcnopma ¢hopmuposanack no-pasHomy,
4mo 80 MHO20M 0BYCrI08/IEHO CIOKUBLUUMUCS COYUATTbHO-3KOHO-
MUYECKUMU UHCMUmymamu.

Ha npomsixeHuu MHO2UX 8EKO8 MEXHUYECKOE COCMOsIHUE
cyxonymHol mpaHcnopmHoU uHgpacmpykmyps! U eé 3KoHo-
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WUcTopusa pasBuTna CyxonyTHOM TPAHCNOPTHOM
WHPPaCTPYKTYpPbI: TEXHMYeCKan Oa3a
W 3KOHOMUYeCKMe acnekTbl. YacTb 1

Anexceit Imumpuesuu Pazysaee

Poccutickuii ynusepcumem mparcnopma, Mockea, Poccus.
b4 razuvaevalex@yandex.ru.

MUuYyeckoe 3Ha4YeHUe He npemepnesasnu 0CobbIX U3MEHEHU(.
Moamomy okoH4aHue cpedHe8eKo8ol 3NoXU U 3HaYUMENbHbIL
PbIBOK 8 passumuU CyxonymHo20 mpaHcnopma — 83auMoob-
ycnasnugaroujue npoyecchl. 3apoxaeHue anoXu IKOHOMUYE-
CK020 pocma, ekoyaweao passumue MexdyHapooHoU
mopeoenu u ygenu4yeHue obuiecmeeHHo20 61a2ococmosHus,
6b1710 bb1 HEBO3MOXHO 6€3 omaaxeHHoU mpaHcnopmHou
cucmembl Ha cywe. TeM He MeHee, cyxonymHbil mpaHchopm
0o Havana XIX 8. He accoyuuposascs ¢ Ha0ExHbIM, bbicmpbIM
u peaynsipHbiM cpedcmeom obmeHa u nepemewieHust. Tonbko
C NosiBNEHUEM Xene3HbIx A0poe cumyayust U3MEHUIach KOPeH-
HbiM 0bpa3om. [pu 3mom napannessHo npPoucxoduno paseu-
mue dopoe ¢ meépdbimM NOKpbImueM. IMEHHO ¢ 3m020 MOMEH-
ma epemeHU CyxonymHbiil mpaHcnopm U e20 UHgpacmpykmypa
cmanu 0CcHo80U akmugHOU 3KOHOMuyeckol OesmenbHoCmu
obwecmea.

Kntoyesbie crosa: CyXonymHbIll mpaHcnopm, penbcosbie hymu coobweHuSs, UHd)pacmpmeypa XenesHbIx dopoe, coyuanbHo-
3KOHOMUYECKoe pa3sumue, 3KOHOMUYECKas UCMOPUS, UCMOPUYECcKUU aHanus.

2021-19-6-11.

[ns yumuposaxusi: Pasysaes A. []. icmopusi pasgumusi CyxonymHoU mpaHcnopmHoli uHghpacmpykmypbl: mexHudyeckas 6asa u
3KoHomuYeckue acnekmbl. Yacme 1// Mup mparxcnopma. 2021. T. 19. Ne 6 (97). C. 92-102. DOI: https://doi.org/10.30932/1992-3252-

MonHb I mekecm cmambu Ha aH2nulickoM s3bike ny6nukyemcs 60 mopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE
CraHoBJIeHHe CYyXONYTHOI TPaHCIOPTHOIi
HHPACTPYKTYPHbI

WHudpacTpyKTypa CyXOImyTHOTO TPaHCIIOPTa
HU3BECTHA C ApeBHENIMX BpeMEH. Tpoma win
TPYHTOBasl AopoTra — MPOCTEHmHUH 0OBEKT
TPaHCTIOPTHOHN HHPPACTPYKTYPHI. 32 HECKOIb-
KO TBICSY JIET TOPOTH 3HAYUTEIHHO YBOITFOIIHO-
HUPOBAJH, IPEBPATHBIIICH B CIIOKHBIC TEXHH-
YECKHE CUCTEMBI, SBIISIONINECS apTEPUIMHU JUIS
TOPTOBIH ¥ TIEPEIBIKEHHS JIFoeH. DKOHOMH-
YecKast 3HAYMMOCTh HAa36MHOTO TPaHCIIOPTa
OYCHb BEJIMKA, TOCKOIBbKY MPOHHUKAS B JTIO0YIO
TOYKY KOHTHHEHTA OH «CTSTUBAET» PACCTOSHUSA
7 co3naér Hamboyiee OIArOTBOPHBIC YCIOBUS
Ut OOMeHa | pasfienieHns Tpyna. CyXomyTHBIH
TPAHCHOPT U €T0 HHPPACTPYKTYpa YHUKATHHBI
1 T€M, 9TO BBIHYKACHBI KOHKYPHPOBATH C IPY-
TFIMH BUJIaMH TPAHCTIOPTA — BOXHBIM M BO3LY -
HBIM — B HEPABHBIX YCIIOBHAX, OCKOIBKY HY-
KTAIOTCSI B CO3MAHNU MCKYCCTBEHHOTO ITyTH.
Bo mHorom mmenso nostomy no XVIII-
XIX BEKOB MEPEBO3KH I10 CYIIIE OBIIH CIIOKHEH-
el 3aaa4eil. Toapko ¢ NOSIBIEHUEM PENbCOBO-
ro MyTH (KENe3HBIX AOPOT) Ha3eMHBIH TpaHC-
MOPT CMOT KOHKYPHPOBAaTh C BOAHBIM M CTal
ITTaBHEHIIINM KaTaJIn3aTOPOM STIOXH COBPEMEH-
HOTO SKOHOMHYECKOTO POCTa.

JlelicTBUTENBHO, CTOMT OTMETUTD, YTO Ha4H-
Hasl ¢ IPeBHUX LMBHIN3aLuii, B Me3oamepuke,
Ha 3eMJISIX Maiisl, CyIlleCTBOBaJIa pa3BETBIEHHAs
JIOPOXKHASL CETh — cakOe («Oeast Joporay — Mo-
mEHHAasl U3 KaMHs fopora) (puc. 1), pa3BUTHIO
KOTOpOH NpHIaBaoch 0coboe 3HaYeHHE, HEB3H-
pasi Ha JOMHHUPOBaHKE BOIHBIX IPYy30IIEPEBO30K
U OTCYTCTBHE TAIIOBBIX KMBOTHBIX [1].

AHaJIOrMYHO Pa3BUTHE JOPOT IPOUCXOAUIIO
B PaHHHMH NEPHOJ CYLIECTBOBAaHUS aHACKOU
nuBunu3anuy, B I-11 BB. 10 H.3. Torga Gmaromno-
Jy4ue U COLUAIbHO-DKOHOMHUYECKHH CTaTyc
MPOBMHLUK 3aBHCENN OT HAJIMYUS JOpOTH [2,
¢.261]. K cepenune 1 TeicaueneTus H.3. B AHIaX
CKJIAIIBAETCS CETh MaruCTPAJIBHBIX ITyTEH — yKe
He TpoI, a 6JaroyCTpoeHHBIX, 000PYAOBaHHBIX
KapaBaHHBIMHU TEPMHUHAJIAMH JIOPOT; IO KOTOPHIM
MEPETrOHSUIN KapaBaHbl U3 MHOTHX COTEH JIaM.
Braronapst aToMy B aHJICKOH LIMBUIIN3AIMHN pa3-
BUBAJIaCh CELMAIN3alHs, BOZHUKAIN T10Ceie-
Hus [3].

Haubonee npotspk€HHAs U3 MHKCKHUX AOPOT
COCTaBJIslJIa CBBIILE 5 THIC. KM. DTO BIBOE 00JIb-
1e 3HaMeHuTo! «llapckoit noporu» — raBHOM
cyxonyTHo# Maructpanu Ilepcuackoit umne-
pun. OOmas aynuHa ONaroyCTpOCHHBIX IMyTeH
Y MHKOB, [0 HEKOTOPBIM OLIEHKaM, JOCTHUIJIA
30 ThIC. KM. DTO O3HAYAET, YTO 00ECIIEUEHHOCTh

-
'

A

Puc. 1. Cak6e. MowéHHas u3 kamHsi dopoza. (Cakbe — YHbIE 0|

a Mais1. [SnekmpoHHbIU pecypc]: https://zen.yandex.ru/
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Puc. 2. Yyacmok «Ljapckoli dopozu», coxpaHueuwuticsi do Hawux OHell. (lepcudckas depkasa: ucmopusi 803HUKHOBEHUS, 6bIM U Kynbmypa.
([@nexmpoHHsbIi pecypc]: https://autogear.ru/article/165473/persidskaya-derjava-istoriya-vozniknoveniya-byit-i-kultura. Jocmyn 11.06.2021).

¥ TEPPUTOPHH, ! HACEIICHNS CyXOITyTHON TPaHC-
TIOPTHOW MHPPACTPYKTYpOH MpeBHIIIajIa Toraa
ypoBeHb PuMckoit UMiiepun, KOTOpYI0 MOXKHO
CYMTATh 3TAJOHOM TPAHCIOPTHOTO Pa3BUTHA
(B 0coOeHHOCTH — CyXOIyTHOTO) B [IpeBHeM
MHupe. A B COITOCTAaBHMOM 110 BpEMEHH C UMIIe-
pueit makoB EBpome BooOme He OBLTIO HOPOT,
OMM3KUX MO OIaroyCTPOMCTBY MHKCKHM. Bo
MHOTOM pa3BETBIEHHAs CETh AOPOT CIOCO0-
CTBOBaJIa 00BEIMHEHUIO M EAWHCTBY MMIIEPHU
HMHKOB [2, c. 263; 4].

[MnpokomacoITabHOE YCTPOHCTBO CYXOIyT-
HBIX IyTe# cooOmeHnst Ha BocToke ocymiecTs-
nsutock Accupuiickoit u [lepcnackoii mmrepus-
mH [5].

B Ilepcunckoit mmnepun, oObeIMHIBIICH
TIpaKTH4IecKu Bech JpeBanii BocTok, Opu1a co-
3[1aHa YHUKAJIbHAasA JOPOXKHAasI ceTh. biaroycrpo-
€HHbIE JTOPOTH ITIepeceKalyl CTpaHy B pPa3HbBIX
HalpaBleHUAX. YnoMsHyTas paHee «llapckas
JIOpOTa» NMeNa MPOTSHKEHHOCTD MOYTH 2 THIC. KM
(puc. 2).

I'pexu TakKe MMeNN XOPOIINE TOPOTH, CITy-
JKUBIIKE, OHAKO, TTIABHBIM 00pa3oM UL CO00-
LICHUS CO CBSIICHHBIMH MecTamH. [IpumMeuare-
JIEH ONBIT ['peny B cO30aHUH KOJIEHHBIX JOPOT.
CaMmas u3BeCTHas — JIHOJK — KOJEHHBIA BOJIOK

®  Mwup TpaHcnopTa.

Broibs Kopua(pcekoro xanana (puc. 3). Taxke,
B JlpeBHel ['penny Mcnonb3oBaid KOJIEKO AJIS
Pa3IMYHBIX HYXI, KOTna ObUIa HEOOXOIUMOCTh
MIEPEBO3KM Ha HEOOIBIIIOE PACCTOSHHIE TSKEBIX
rpysos! [6, c. 9; 7].

B PumMckoM rocymapcTse (peciryOnuke, a mo-
ToM — MMmiepun), cTaBIeM MPeeMHUKOM JJLIH-
HHUCTHYECKOTO MHpa B Cpean3eMHOMOpbE, OblIa
CO37]aHa MOIITHAs JOPOXKHASI CETh, UMEBIIIAs, KaK
u B [lepcuackoil umnepuu, npexzie BCEro BOSH-
HO-CTpaTernIecKoe 3HaYeHNE, HO, ECTECTBEHHO,
oOJervaBIIas TOProBEIE CBSA3U M ITyTEIICCTBHSA
[8-10].

MoxHo cka3aTb, uT0 PuMcKoe rocyaapcTBo
pa3BUBAJIOCH BMECTE C PA3BUTHEM JOPOKHOM
ceru. [lepBas apeBHepUMCKas MOLIEHAs 1OPO-
ra— Anmwuesa (amHa 62 kM) — OBIIa COOpYkKeHa
B KoHIle [V B. 10 H.3. (puc. 4).

Uepes ISITh CTONETHH, B IIEPUO]] HANOOITBIIIe-
ro MorymecrBa PuMmckoro rocymapcTsa, yxe
crasimrero MiMmnepueit u mogauHUBIIETO ceOe He
ToBKO BCE Cpenu3eMHOMOpPbE, HO U A yAa-
JIEHHBIX OT HETO 3eMelTb, TaM CYIIeCTBOBajO 372
MOIIEHBIX KAMHEM TOPOTH, OOIIel MpOTHKEH-

! Koneinsie poporu pesHeit [peunn. [DneKTpoHHsIii pe-
cypc]: https://aldanov.livejournal.com/364552.html. loctyn
11.06.2021.
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Puc. 3. KameHHbIli )eno6 01151 mpaHcNopmupoeKku MaXEnbIX 2py308.
(Quonk. [SnekmpoHHbIi pecypc]: https://ru.wikipedia.org/wiki/Juonk. Jocmyn 11.06.2021).

Puc. 4. Y4acmok Annuegoii dopozu (cospemeHHbIii 8ud). (Annuesa dopoza.
[3nekmporHbIi pecypc]: https://a-dedushkin.livejournal.com/630813.html/. Qocmyn 11.06.2021).
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Puc. 5. XydoxecmeeHHas unmocmpayusi mexHoI02uu cmpoumenicmea pumckux dopoa ¢ nocroliHoli demanu3ayuei knadku. (Kak
cmpounuck pumckue dopoau. [AnekmpoHHbIll pecypc]: https://pikabu.ru/story/kak_stroilis_rimskie_dorogi 5870592. fJocmyn 11.06.2021).

HOCTBIO 0KOJIO 80 ThIC. KM. DTH IOPOTH CTPOU-
JIKCh TI0 MPSIMOM JIMHUH, TI0 OOKaM MX BBIKAIIbI-
BAJINCh KAaHABBI JJIsI CTOKA BOJBI, Yyepe3 peKu
Y OBparu nepedpachiBaJuch MOCTBI, HEKOTOPbIC
U3 KOTOPBIX COXPAHIIKCH JI0 HAIIIETO BPEMEHH.

VYeepaue Pumckoit mnepun B 10poskHOM
CTPOUTENBCTBE OBLIO OYEHb 3HAYMTEIbHBIM
H TIOJI/IEPYKUBATIOCH PA3IHYHBIMU COLIMATbHBIMU
HHCTUTYTAaMH M Pa3BUTON MHXXEHEPHON MbIC-
aeto [11, c. 179-180]: «Jopoeu 6 dpesnux 06-
wecmeax OvlIU HaWe 6ce20 2PYHMOGLIMU,
U 8 pasHvle 8peMeHa 200a OHU NPespaAuaIUC
6 bonomucmule KAHABbL UNU NbLIbHBIE MPONB.
Pumnsane, nauas c Annuesot dopoeu (Via Appia)
u3 Puma ¢ Kanyio ¢ 312 200y 00 n. 3., é10sicunu
02POMHOE KOTUHEeCME0 mpyod U OP2aHU3AYUOH-
HbIX yCUunuil, ymoobwvl co30amov 0OUUPHYIO Cemb
dopoe c meépovim nokpuimuem. Kauecmsennvle
PpUMCKUe viae’ cocmosnu u3 cioée epasutino2o
bemona, OYIbIAHCHUKOS, UTU 3aKPENIEHHbIX PAC-
meopom Kamenuwvix naum. K npaenenuio [uo-

2 Iloporu (nam.).
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knemuana (285-305 ee.) pumckas cucmema
dopoe (cursus publicus) evipocia 0o 85 moeicsu
Kkunomempos. <...> B 3anaonou Eepone pum-
CcKUe 00CHMUINCEHUsL 8 OOPOICHOM CHPOUMElb-
cmee Ovliu npessotidenvt monvko 6 XIX eexe,
a 8 BOCMOYHBIX Pe2UOHAX KOHMUHEHMA — TUULb
6 0saoyamom» (puc. 5).

TpynoBbie 3aTpaThl Ha COOPYKEHUE PHM-
CKHX JIOpOT OAPOOHO aHAIM3UPYIOTCS B pa-
6ore [11, c. 180]. B Hell mpuBOaATCS JaHHEIE,
YTO U3 pacuéra NoTpeOHOCTH B CTPOUTEIbHBIX
MaTepuallax U TPyAo3aTpaT Ha COOpPYKEHHE
JIOPOTH MOXHO MOJYYUTh CYyMMY B 1,2 Mipn
TpyZHOIHEH (JaHHas CyMMa CKJIaJbIBaeTCs U3
CIEAYIONUX TPAHUYHBIX YCIIOBHIA: IPY IIHPH-
HE JIOPO’KHOTO MOJIOTHA, PaBHOW 5 M U IITyOH-
He, paBHO# 1 M, a TakXke MPOTHKEHHOCTH
~85 ThIC. KM, NepBOHAaYaJIbHBIC 3E€MIISHBIC
paborbl npuHuMaroTcs paBHbiMu 800 Mm3,
a mocijeayonye padboThl MO NepeMeNeHUI0
CTPOMTEIBHOTO MaTepuana — 425 Mwm. J{omy-
CTHB, 9TO OJIUH pabouuii cupasisercs ¢ 1 m®
MaTepualia B JIeHb, IOJIY4YaeTCs CyMMapHOe
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3HaueHue 1,2 mapa Tpynoaseil.). Haxe ecnan
MTOCTOSIHHOE OCYIIIECTBIEHUE TEKYIETr0 COAep-
JKaHMsI 1 PEMOHTA JIOPOT YBEJIH4aT 3Ty uudpy
BTpOE, TO MPONOPIHOHAIBHOE €€ pacnpesaene-
Hue Ha 600 eT cTpOUTEeNbCTBA JACT B PE3YIIb-
TaTe €XEroJHOe CpellHee 3HAYCHHE IMOpsIKa
6 MJIH TPYJIOAHEH, UTO SIBJISIETCS SKBUBAJICHTOM
pabotsl 20 THIC. cTpoUTENEH (IPH IPUMEPHOM
kosmuectBe 300 pabouux AHEH B roxay).

PuMckue goporu, yuuThiBass Macuitad
CTPOUTENIbCTBA, 3aTpaThl YHEPTUH, BPEMEHH,
MaTepuaia u Tpyaa, MO)KHO CMEJO OTHOCHTD
K OIHOMY M3 uyziec cBeTa. CKOpOCTb JBUIKEHHS
110 HUM U 00BEMBI IIEPEBO30K 110 Cylle ObUIH
Ha TOT MOMCHT CaMbIMHU Pa3BUTHIMH, YIUTHI-
Bas, UTO CKOpPOCTh Nepenauu MHdpopmanuu
¢ AHTHYHOCTH 10 KoHIIa CpeTHEBEKOBBS ObLIa
MOYTH HEM3MEHHOM 1 COCTaBJIsIa OKOJIo 1 MU-
nu B yac [12, c. 253].

Torna Gonpuive paccTOSHUS MOKPBIBAIN
TOHIIBI Ha OBICTPBIX JIOMAASX: 3a(UKCHPOBAH-
HBIA MAaKCUMYM JJIs PUMCKHUX JIOPOT COCTABIISLI
oxojio 380 km/nens [11, c. 180].

ToBapHbIe MepeBO3KH 10 CyIIe ObUIN ILIOXO
pa3BuThl. Hu3kue ckopocT 1 Majible BO3MOKHO-
CTH Ha3eMHOT'O TPaHCIIOPTa MPUBOIMIH K OOJIb-
muM 3arparam. B 301 romy nepeBo3ka 3epHa Ha
120 kM 10 JOpOTe CTOMIIA IOPOKE, YEM TIEPEMPaB-
Ka ero Ha kopabuie n3 Erunra B Octuro — Mopckue
Bopota Pumckoit umnepuu [11, c. 182].

Ha teppuropuu MycynbMaHCKOTO MUpa He
OBLIO HUYETO CPAaBHUMOTO C PUMCKUMHU JIOPO-
raMu, XOTs KOMMYHHUKAIIMK ObUTH WHTCHCHUB-
HbIMU. [laneko oTnaléHHBIE IPYT OT JApyTra
ropoja ¥ CTPaHbl COEIMHSUIMCH KapaBaHHBIMH
MaplIpyTamMH U MyTSIMHU, KOTOPbIE TEXHHYECKU
ObLIH Beero nunib Tpormamu [11, c. 180].

[Ipo oTMeueHHYI0 paHee UCTOPHIO COo3/a-
HHUS yINYHO-TOpOoXHON ceTn MHKkckoit Mmme-
puu, obnajgaBiiell 3HAYUTENIbHON HPOTIKEH-
HOCTBIO, HO Ha KOTOPOIl HE HMCIIOJIb30BAJICS
KonécHBI TpaHcmopt, B pabdore [11, c. 181]
oTMeuaeTcs: «HMHKuU, YKpensas c8010 umMnepuio
6 XIII-XIV gexax, nocmpounu neyamasaiouyio
cemb dopoe. <...> Obwas ux OruHa docmuea-
na oxkono 40 mvicau KuromMempos, 6KA0UAs
25 mulcay Kuiomempog 6ceno200nblx 00poe,
nepecexawux Openajcuvie mpyovl U MOCmbl
U 060pYO0BAHHBLX YKA3ZAMENSIMU PACCTOSHUL.
U3 06yx enaemvix Koponesckux 0opoe 00H4,
svlowasicsi yepez AHObI, umena noKpvimue u3
kamua. Eé wupuna eapvuposanace om 6 me-
MPO8 HA peduHblX meppacax 00 6ce20 MUl
1,5 m mam, 20e ona utna uepes ckanwl. Jluwén-
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Has KAMEHHOU nogepxnocmu dopoza y nobe-
pedxcvsi bvina 5 mempog 6 wupuny. lopozu
Y UHKO8 He Obliu npeoHa3Hauyensl 01s KONEéC-
HO20 MPAHCNoOpma, no HUM OBUSANUCH TUULDL
Kapaeamul 1i00ell U 6bI0YHbIX 1AM, HECYUUX NO
30-50 ke epyza Ha sHcueomHoe U nPOXOOUSUIUX
menee 20 km/cym.». Ipu stom K. Mapkc oT-
Medal, YT «...8 Yapcmee UHKO8 mpaHCcnopm-
HAsl NPOMBIUIIEHHOCHb UZPaid OONbULYIO POy,
xomsi 06ugecmeeHHblLl NPOOYKM He 0bpawancs
KaKx mosap, He pacnpeoeusiics nocpeocmeom
Menosou mopeognu» [13].

B Kurae, Bo BpemeHna nunactuii I[{unp
1 XaHb, MOCTPOMIIN OOIIUPHYIO CUCTEMY JI0-
por obmieit JuHON 0k0J10 40 THICSY KUITOMET-
poB. Co3naHHas IPUMEPHO B TO K€ BpeMs
pUMCKasi TOpPOXKHAasl CeTh MMelia OOJBIIYIO
MPOTSHKEHHOCTh M JOPOXKHYIO IUIOTHOCTh Ha
€AMHHUILy TEPPUTOPHUH, U el obyiazana Jyd-
ITUM TOKPBITAEM.

HNHppacTpykTypa Ha3eMHOTO TPAHCIIOPTA
B 310Xy CpesiHEeBEKOBBSI HE TOJBKO HE IMOJY-
yajia JajbHeiero pasBuUTHs, HO U Oblia
(dakTUYECKH YHHUTOXKeHA. [IponcxoauBiiue
B EBpone conuanbHO-5KOHOMUYECKHE MTPOIIeC-
Chl, B YaCTHOCTH HAa0OCTH YCHJIMBIIHUXCS Bap-
BapCKHX MJICMEH U HAaTypaIu3alus X035 iCTRa,
oTOpocuiIn HHPPACTPYKTYPY AOPOXKHOI ceTn
Ha MepHoJ 0 aHTUYHOH d110XH [8].

IlepBoil xepTBOI ynaaxa u pa3Baja TOpPro-
BOH CHUCTEMBbI aHTUYHBIX BPEMECH CTAH PUM-
ckue goporu. [Ipu 3ToM MOSIBISIFOIUECS TO3XKE
CpEIHEBEKOBBIE JIOPOTH, C MAaTepUaIbHOU
TOYKHU 3PCHUs, ObLIA HE CTOJIBKO IOPOraMu,
CKOJIbKO TyTsiMH [ 14, c. 36].

Jloporu nmpakTU4ecKH HE COOPYXaJuCh
u He oOcaykuBanuchk [15]: «lloumu ece cyxo-
nymuvie 0opocu Obliu ePYHMOGbIMU, YN0
Kpaune 3ampyoHsio uiu oaxce 0elano Hego3-
MOJICHBIM UX UCHONL30BAHUE B0 BDEMSL GECEH-
Hell u ocennell pacnymuyvl. I[Ipu smom onu
4acmo 6vlIU HACMONBKO Y3KU, Yo 08¢ NOB03-
Ku He moenu paszvexamvcs. Coxpanuguuecs
yuacmru MOweéHbiX OPeeHePpUMCKUX O0pO2
OKpecmHubie dHcumeny Hepeoko pazdoupanu,
umobvl 000bIMb KAMEHb 051 CEOUX HYHCO.

«Cpeonesexosas dopoza bvina yopyuaroue
doneoul, medienHouy. /[HeeHble nepexoobl
«BAPLUPOBATUCH 8 3ABUCUMOCIU OM XAPaKme-
pa mecmuocmu om 25 0o 60 km» [14, c. 166].

Jlo KOHIIa YHUYTOKUTHh PUMCKYIO JTOPOXK-
HYIO CeTh HE yAalloCh, UMEHHO No3ToMy Bu-
3aHTUsI, YHaclenoBaBiias or Pumckoi umie-
PHH CETh CYXONYTHBIX TOPOT U MOPCKHE
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Puc. 6. lpocénoyHas dopoza no mexHonoauu Makadama.
(Macadam. [nekmpoHHbIii pecypc]: https://en.wikipedia.org/wiki/Macadam. Jocmyn 11.06.2021).

MOPTHI, CTalla UTPaTh KJIFOUEBYIO POJIb B TOP-
roBie Mexay BocTokoMm u 3amamom.
KiroueBbIM cOOBITHEM, O0YCIOBUBIIUM
CTaHOBJICHHE COBPEMEHHOM HHPPACTPYKTYPhI
Ha36MHOTO TPAHCIOPTA, CTAJO CO3JaHUE UC-
KYCCTBCHHOTO MyTH, B JaJbHEHIIEM 3BOJIO-
IIHOHUPOBABIIIETO B JKEJIC3HOAOPOKHBIA MyTh.

IBOJIOIMOHHOE Pa3BUTHE CYXONMYTHOM
TPAHCHOPTHON HH(PPACTPYKTYPHI

Pa3sBuTHe 1OpOXKHOH CETH M TPAHCHIOPTHBIX
CPEJICTB TECHO CBA3aHBI MEXAy co0oH, Ha-
CTOJIBKO TE€CHO, YTO COBEpPIICHCTBOBAaHHE
TPAHCIOPTHBIX CPEJICTB 3aBUCHUT OT KauecTBa
JIOPO>KHOTO TIOKPHITHUA, T. €. KaUeCTBa MyTEeBOMH
uHopactpykrypsl [16]. K npumepy, B AHIIHMHK
npu npasieHun Kapna I kakoe-To BpeMms 3a-
Mpelasy IBUKEeHUE JUIH)KaHCOB 110 IoporamM
o0miero moyb30BaHus, 1a0bl OrpaguTh UX OT
n3Hoca. Ho 0wl 1 Gosiee cTporuii 3amper.
3aKOHOM OIpaHHMYMBAJIACh MUHUMAJIbHAS IIU-
pUHA >XeJe3HONH MNOKPHIIKH MOBO3KHU
(mo 40 mwm). IIpu 3TOM HMIMPOKOKOJIECHBIC
TPaHCIIOPTHBIE CPEJCTBA Jake 0CBOOOKIAIH
OT HaJlora Ha 3acTaBax [17, c. 232].

ITo xauecTBY TOPOXKHBIX IOKPHITHUI, HEO-
CPE/ICTBEHHO Nepes HauyajaoM MPOMBIIIIEHHOH
peBomionuu nuaupoBana OpaHnus, BHEAPSA
HOBBIE BHJIbI MOIICHUS U CHIDKasl TapuQbl Ha
Tekyuiee cogepxkanue. B cepeaune XVII Bexa
B BenmkoOpuTaHuu cTaau NOsSBISATHCS CHEIH-
aJbHble OpPraHU3AIMY 110 TeKYIIEMY COfepkKa-
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HUIO JIOPOXKHBIX MOKPBITHH — TOPOXKHBIC Tpe-
CTBI, TPOOOpa3 COBPEMEHHBIX HHPPACTPYKTYP-
HBIX TPAHCIIOPTHBIX KoMMaHui. J[o HUX comep-
JKaHUE JAOPOT OCYIIECTBISNIOCH CHUJIAMU
JKUTENEH OKpyTra, IJe 3Ta Jopora MpoxXoauia
[17, c. 477].

DBOJIIONUS MOIIECHUS 0por B Bennkoopu-
TaHuU no3Boynia B 1832 1. (kak pa3 BO BpeMst
MacCOBOTO HCIIOJIb30BAHUS KapeT U MOBO30K)
YBEIUYHUTH CPEIHIOK CKOPOCTh BHKCHUS J10
15 xM/4, a myTh 10 MapupyTy JIoHHOH—DIUH-
Oypr, KOTOpKIi 10 1776 I. cOCTABIIST YEeThIpE
JTHSI, MOKHO OBLITO TpeojoieTh 3a 42,5 yaca.
Texuonorus momenus [[. JI. Makagama crana
Hanbojee TPUMECHUMOIN B MHpPE BO MHOTOM
Onaromaps MPOCTBHIM PEIICHUSIM U HU3KOH
CTOUMOCTH CTpouTenbcTBa (puc. 6) [17,
c. 480].

C yBeTMYCHHUEM HHTEHCUBHOCTH JIBUKCHHUS
Ha CMEHY MOUIEHBIM MOKPBITUSIM IMPUIILIU
achanprobeTonnbie. B XVII u Hauame
XVIII Beka B AHIMIUM TOSIBUJIACH PENHCOBAs
JIopora, KoTopast B caMoil IPUMUTHBHOU (op-
Me OblIa y HeMelKux maxTtépoB yxke 30—-60 et
Hazaa. CHayana Ha BaroHETKY CTaBHWJICS Ha-
MPaBJISAIONIUIH BEAYIIUH IITHIPh, TepeMeIiar-
uruiics mo x&no0y, a 3aTeM MONTYYUITH IPUME-
HEeHHe JiepeBsHHbIe (aHeBble Konéca (puc. 7,
8) [17, c. 233].

AHIIIMYaHe BIEPBBIC MPUMEHWIH PEIbCHI
B 1597-1598 rr. B maxrax mo qo0bYe KaMeH-
HOTO yris. Kosleco BaroHeTKH KaTUiIoCh B Maszy
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Puc. 7. flep mKa ¢

JIA0WUM oceebIM wmupéM.

(Minecart. [3nexmpoHHbIl pecypc]: https://en.wikipedia.org/wiki/Minecart. Jocmyn 11.06.2021).

Puc. 8. flepessiHHas a20HemKa Ha 0epessiHHbIX HanpasnsoWuX (NEXHsX) ¢ konécamu, uMelowumu pe6opob.
(Ucmopusi xene3HodopoxHO20 mpaHcnopma.
[3nekmporHbIil pecypc]: https://ru.wikipedia.org/wikiMcmopus_xene3HodopoxHozo_mpaHcnopma. Jocmyn 11.06.2021).

TI0 JIKHSIM, TI0 IPUHLIUITY ABMKEHHS I10 aHTHY-
HOM KOJIEHHOHM A0pore, HO 3aT€M M3MEHMJIACh
¢dopma u penbca, U kojeca. [leppoHaganbHO
PpenBCHl IPOU3BOAMIH U3 AepeBa. B 1767 roxy
OBUTM M3TOTOBJIICHBI TEPBbIE METANINIECKUE
PEIBCHI U1 METAILUTyprudeckoro 3aBoga B Kon-
Opyxaeiin [17, c. 234]. 3atem, B TeueHHE AeCs-
TH JIET BO BCEH 3aBOJCKON PEIBCOBOM cCUCTEME
(e€ mpoTsKEHHOCTH cocTaBisia 16 Muib,
OKOJIO 26 KM) IepeBSIHHBIE PEIBCHI OBLIH 3aMe-
HEHBI JKEJIE3HBIMH.

[TosiBEHME KENE3HBIX JOPOT 00YCIOBICHO
JBYMsI MakpoH300pETEHUSMH: BBIIIABKOU
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OTHOCHUTEIBHO JICMIEBOTO YyT'yHa U MOSBICHH-
eM mapoBoro asurarens [12, c. 253].

ITepBast B Mupe xene3Hasi Jopora o0IIero
MTOJIB30BAHMS C TAPOBOM TATOM OBLIA TIOCTpOE-
Ha B AHrnuu xopaxem CredeHCOHOM
B 1825 r. — mexnay CtokroHOM U JlapauHTTO-
Hom® [18]. ITapoBo3 «JIokomoTHB» 27 CEHTSI-
Ops mpoBE&n moe3n u3 34 BaroHoB, BKIoUas 28
BaroHoB ¢ 400 maccaxupamu, CO CKOPOCTHIO
10 24 km/4. B 1830 r. no mpoekry Credenco-

3 JKenesHas nopora CtokToH—/lapuHITOH. [ DIEKTPOHHBIH
pecypc]: https://ru.wikipedia.org/wiki/>Keneznas_gopo-
ra_CrokroH_— Jlapnmunrron. Joctyn 11.06.2021.
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Ha ObljIa MOCTpPOEHA M BBEJEHAa B HKCILTyarTa-
nuio Jlupepnyns-MaHuecTepckas jkele3Hast
Jlopora MpoTsHKEHHOCTHIO oKkosio 50 kM [19,
c. 28].

T'oBops e 0 MEePBBIX JKEJIE3HOAOPOXKHBIX
JUHUSIX, HEJb3sl HE OTMETUTh MHUJUITOHCKYIO
JKEIJIE3HYI0 JIOPOTY — CcTapeiiyi B MUpe 00-
IIECTBEHHYO JKEJIE3HYIO JI0POTY, PA0OTAIOIIYIO
0e3 mepepbiBoB ¢ 1758 roga. OHa mporiia Bech
MyTh paHHEH SBOJNIOLMU — OT KOHKH U UyTyH-
HBIX PEJIbCOB O 3yO4aTroro peibca M mapa.
W3HavaiapHO 3KCIIyaTHpoOBajach Kak Ipo-
MBIIIJICHHAS, & 3aTeM KaK KOMMepUecKas *.

B To Bpemsi OTNINYUTEIBHBIMU OCOOCHHO-
CTAMH JIOPOKHOIO (IIOCCEHHOTO0), a 3aTeM
U KEJIE3HOJZOPOKHOTO CTPOUTENHCTBA CTANIN
MaciTaOHble 3eMJIsSIHbIE paboThl, OCyIlEHUE
060710T, HEOOXOAMMOCTEL COOIIONEHUST MUHH-
MaJIbHOTO MPO/IOJIBHOTO YKJIOHA U MPEeoaoIie-
HUE €CTeCTBEHHBIX NPEINTCTBUHN (peKH, yIe-
JIbsi, TOpbl). B cBsI3u ¢ 3TuUM, HauuWHad
¢ XVIII Beka, HOBBIM BUTOK pa3BUTHUSA MOJIY-
910 MOCTOCTpoeHHe. MI3BecTHBI MOCTHI XKaH-
Pononsda Ileppone (dpaunnus), Podepra
Maiinna, />xona Pennu, Abpaxama [lap6Owu,
Tomaca Tendopna (Bce Benukobpuranus),
Jmurpus XKXypasckoro (Poccuiickas Mmnepust)
[17, c. 498-508].

Ha HOBBI# ypoBeHB BBIIIUIO TOHHENIECTPOE-
HUE, 10 TOr0 aKTUBHO MPUMEHSIBIIEECS TOJIb-
KO JUIs1 TOPHOAOOBIBAIOLIECH TPOMBIILIEHHOCTH.
B 1830 rony coopyx€H TOHHEIBHBIH y4acTok
Jkene3Hol noporu Ha JluBepnynbs. ToHHeNnn
npokaaeiBany noj Temsoit — Tayspckuit ToH-
Henb (1869 1), u B Anbnax B koHIie XIX Be-
ka—Hayaje XX Beka — Mou-Cenunc, CeH-
Totapa, Cummuion [17, c. 508-514].

WHudpacTpyKTypHbIE OrpaHHYEHHS OCTaBa-
nuck Bo MHoTuX cTtpaHax 1o XVIII Bexa [11,
c. 182]: «Hanpumep, 6 nauane sexa onpede-
NEHHblEe Mosapsl OBLIO deutesiie 0OCMAGUMb
6 Anenuto mopem us Esponsi, uem npugesmu
cywet U3 omoaiéHHblX patioHo08 CMPAHbL.
IlymewecmgeHHUKY ONUCHIBANU COCMOAHUE
bpumanckux 00poz Kax 8apeapckoe, omepda-
mumenvHoe, Mep30CmMHOE U AOCKOe».

Joporu B koHTHHEHTaIbHOW EBporie Obuin
He sydiie. OyHaaMeHTalbHbIE YIy4YlIeHUs
B IOPOXKHON MHPPACTPYKTYPE HAYAIUCH TOJb-
ko nociyie 1750 roxga. CHauana OHU BKJIIOYATH
pacuupeHue 10por 1 o0ecreueHrue XOpoIero

4 MunnroHckast xese3Has 1opora. [neKTpoHHsIi pecypc]:
https://ru.wikipedia.org/wiki/MuToHCKas_xeae3Has_Jo0-
pora. loctyn 11.06.2021.
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OTBOJIA BOJIBI (JpeHaxa), a Mo3Ke — Co3JaHue
U yCWJIEHHE MOKPBITHUS C NMOMOIIbI0 Oojee
MIPOYHBIX MarepuayioB (rpaBuii, achainst, Oe-
toH). K cepenune XIX Beka MakcHUMaJIbHBIN
pa3peménHsbli 11 mpoBo3a rpys Bo @pannuu
YBEJNIMYWICS MOYTH 10 1,4 TOHHBI, B YETHIpE
pasa Oousblie, YeM B puMcKue BpemeHa [11,
c. 182].

3aMeTKH OTeYECTBEHHBIX My TEIECTBEHHH-
KOB, MPEOJI0JIECBIINX 3HAYUTEIbHBIE PACCTOSI-
HUS B 910Xy JI0 )KEJIE3HBIX I0POT, aHAJIOTHYHO,
H300MITYIOT MHOXKECTBOM HEJIECTHBIX OT3bIBOB
0 IopoxHOIt nHppacTpykType. Maisio Toro, 4to
JIOPOTH MIPUEMIIEMOT0 Ka4ecTBa CyIIEeCTBOBAIN
TOJBKO B 3anajgHoil yactu Poccuiickoit Ummne-
pHH, CPEelIU X YUCIIa BCETO HECKOJIBKO MapIi-
PYTOB IO3BOJISIIIN IIEpEMEIAThCsl Ha KOJIECHOM
TpaHcIopTe 0€3 MHOTOYacOBBIX HIIH Aaxe
MHOTO/IHEBHBIX OCTaHOBOK (1oporu n3 CaHKT-
[TetepOypra B Mockay, B [IckoB, B HoBropon).
[Ipo HeynoOcTBa mepeBUIKECHHS MHUCAIH
A. C. Ilymikun, A. H. Pagumies, anrmuickuii
yuéHbIil Y. Kokc, raHHOBEpCKHH pe3uAeHT pU
pycckoMm nBope @. X. Bebep, mouérHeIii j1eiio-
XUpypr 1 n4Hbli Bpad Anekcanapa [ 1. K. Ta-
pacoB u MHorue japyrue. Tem He MeHee,
CTPacTh K MyTEIIECTBUAM Y OTEUECTBEHHBIX
nycaresiel, I0ATOB U JiesTeNel NCKyCCTBa He
yracia, a ¢ INOsIBJICHHEM JXEJIe3HBIX J0pOT,
Hao00pOT, Hayaja MPOSBIATHCS B OOIbIICH
CTENEeHH, 0 YEM CBHUJETEIbCTBYET UX ITyOJIH-
KallMOHHAs aKTHMBHOCTb U BOBJIEYEHHOCTH
B TPAHCIOPTHYIO TeMaTuky [20-22].

KacarenbHo TeMBbl pa3BUTHSI JKEJIE3HBIX
JIOPOT, CTOUT OTMETHTH, 4To [11, ¢. 236]: «Ha-
yaewuecs ¢ nepeoil Mexcoy2opoonell 6emKu
6 56 km (Jlusepnynv—Manuecmep) ¢ 1830 200y,
bpumanckue siceneznvie 00pPO2U NPOMSIHYIUCH
00 30 moic. km k 1900 200y, 6 Egpone ux obwas
oauna cocmaesuna 250 moic. km. Ilo ecemy
MUpy Hauboiee MOWHAsL IKCHAHCUSL HCENE3HbIX
0opoe Habnoanacy 6 mpu nocieOHux 0ecs-
munemus XIX eexa. K 1900 200y cemv 6 Poc-
cuu docmuena 53 moic. km (ho Tpanccubup-
ckyio maeucmpans 0o Tuxoeo okeana 00-
cmpounu monvko 6 1917 2.), ¢ CLLIA na mom
oice momenm 6wino 6onee 190 moic. km (8K0-
uas mpu MmpaHCKOHMUHEHMAlbHble GemKuU),
a 6ce2o 6 mupe (c 6orbuLeli Hacmbvio U3 0OCMag-
wezocs 6 bpumanckoi Unouu) nacuumeiea-
a0¢b 775 muic. km. B pesynomame pacuupenue
JHCENe3HO00POINCHOU Cemu CMano 2iaeHoll
NPUYUHOL He UMeBULe20 NPeYedeHmos Cnpoca
Ha cmanv 60 6MOPOU NONOSUHE CINOLEMUAY.
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Crnenyer OTMETHTbh UHTEPECHBIH (akT, YTO
B FOPOJICKOM TPAHCIOPTE MUK BaXXHOCTH JIO-
maaeil npuméncs Ha 3py MapoBO30B, MEKIY
1820-mu rogamu u xonioMm XIX Beka. B To
BpeMsl Kak >KeJIie3HbIe JOPOTH OCYIIECTBIISIN
MePEBO3KH Ha OOJIbINNE TUCTAHIIUH, TATJIOBBIN
TPAHCIIOPT CTaJl JOMHUHHPOBATh BO BCEX ObI-
cTpopactymux ropogax EBponsl u CeBepHoii
AMepUKH, BBIOJHSAS MEPEBO3KH Ha HEOOJIb-
[IUe PACCTOSHUA. Dpa MapoBBIX JBUrareiei
MOBBICHJIA YPOBEHB UCITOJI30BAHUS JIOMIACH.
Tak, rpy3bl JJIs )KEJIE3HBIX JOPOT TPEOOBAIOCH
co0OpaTh U NPUBE3TH HA CTAHIIMIO Ha TeJierax,
3anpsoKEHHBIX JomaapMu. O0oUTHCH 0€3 HUX
HE yIaBajoCh M MPHU JOCTaBKE MPOIAYKTOB
U CchIpbs U3 npuropozos [11, c¢. 182]. B ckopom
BpeMeHH, B KoHIle XIX Beka, ¢ pa3BUTHEM
3JICKTPUYECTBA U JABHUTATENIsI BHYTPEHHETO
CropaHusi, TpaMBau U aBTOMOOWUJIU CTaju BbI-
TECHSTh YKUMAKHU C JOPOT.

CoopyXeHHe KeJe3HbIX JI0pOT pa3BUBa-
J0Ch OecrpeneeHTHBIME TeMIIaMH, MEHSS
0OJIMK TOPOJIOB U CTPaH, BIMSS Ha )KU3HEACS-
TenbHOCTh Jtoaelt [11, c. 314]: «Kenesnvie
0opozu npeobpasuiy MpaHcnOPpmMHYIO CUcC-
memy Ha RPOMSACEHUU BCe20 TUULb OeCamuie-
muil. brazooaps um He MONbKO CHCALOCH
U USMEHUTIO CB0I0 KOHPUSYPAYUIO NPOCMPAH-
CMB0, NOBLICULCS U YPOBEHb KoMpopma 05
nymewecmeennuxog. CKopocmo Mus 8 MUHY-
my (96 km/u) 6vL1a nepsviil paz 0oCcmueHyma
Ha Kpamxoe 8pemsi psooGblM AHSAUTUCKUM NO-
e30om 6 1847 200y; smom 200 maxoice omme-
yeH eenuyaliuiell AKMUEHOCMbIO 8 NOCMPOIIKe
Jicenesnbix 0opoe 8 Benuxobpumanuu, komopas
NOAYHULA NIOMHYIO CeMb HOB020 MPAHCHOPMA
8ce20 3a 08a NOKOJLEHUS.

3agaB temm, bputaHus crana TEpsTh JU-
JIEPCTBO B CKOPOCTH U MPOTKEHHOCTH JKEIE3-
HOZOPO’KHOTO CTPOUTENIBCTBA, HO TIPOJI0IDKAIIA
CTPOUTEILCTBO B KOJIOHHAX. AKTHBHBIMH
MPOAOKATEIIIMU OPUTAHCKUX CTPOUTEIBHBIX
tpaaunuit asunucs CIIA u Poccusa [11,
c. 314]: «Obwas npomsidcénHocmes OPUMAaHCKUx
JiCeNIe3HbIX Q0PO2 6CKOpe Oblia Npeg30udeHd
AMEPUKAHCKUMU, KOMOPbIE HAYALU COOPYIHCAND
6 1834 200y ¢ @unadenvpuu. K 1860 200y
6 CIIIA 6bi10 48 muic. km nymeti, 6 mpu pasa
oonvwe, uem ¢ Coedunénnom Koponescmee.
K 1900 200y pasznuya yeenuuunacy noumu é oe-
came pas. Ilepsas mpanckonmuneHmanioHas
eemka Oviia 3axonuena ¢ 1869 200y, u k Konyy
8eKa NOCMpOUnU ewjé yemvipe maxux JUHUU.
B Poccuu oceneznodopodichviii mpancnopm
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modice pazsusancs oueHs boicmpo: k 1860 20dy
ObLI0 MeHee 2 mblc. KM nymel, HO yudpa Gvl-
pocaa 0o 6onee 30 moic. k 1890-my u 0o noumu
70 moic. 6 1913-m. TpanckonmuneHmanvbHyio
eemky uepes scio Cubupv 0o Braousocmoxa
Hauanu cmpoums 6 1891 200y, Ho noanocmoio
sakonuunu moawvko 6 1917-m. Koeda anenuuane
yuiiu uz Unouu ¢ 1947 200y, onu ocmasuiu
nocie cebs 54 moic. KM Jicene3nbix 00poe
(u 69 muic. Ha 6cem cyokonmunenme). Huxaxas
Opyeas mamepuroeas cmpana Azuu ne cmpouna
Jrcenesnvle 00pocU 8 3HAUUMENbHBIX 00bEMAX 00
Bmopotii muposoti eotinuly.

ITocne BOHHBI ycUIHIIach KOHKYPEHIIUS CO
CTOPOHBI HOBBIX BHJOB TPAHCIOPTA: aBTOMO-
owneld u camon€roB. OHM CHU3WIM CPaBHH-
TEJIBHYIO0 B&XXHOCTD JKEJIE3HBIX JIOPOT B OOJIb-
LNIMHCTBE NMPOMBIIJIEHHBIX CTpaH. TeM He
MEHee, Ha MPOTSKEHUU BTOPOU MOJIOBUHBI
XX Bexka CCCP, bpazmnus, Upak u Amxup
SHEPTUYHO COOPYXkaJIH HOBbIE TUHUH, a KuTaii
cran aunepom B A3uu (coopyxeHo Oojee
30 Teic. kM Mexay 1950 u 1990 romamm).
A camas ycreuiHas eJe3H0I0OpOKHasi HHHO-
BalUsi OCJIEBOCHHOTO IEPHO/Ia — CKOPOCTHBIE
noesja AajbHEro CleloBaHUs (SMOHCKUE
Shinkasen). OHn HauaJ K OCYIIECTBIATH JBU-
xeHue B 1964 rony mexnay Tokuo u Ocaxoit
U pa3dBUBAJIHM MaKCUMAJIbHYIO CKOPOCTH JI0
250 kM/4. Ha ceromusmuuii aeHp SAnoHus
SIBIIIETCSl CTPAHOM, UMEIOIINI OoJiee YeM Io-
JYBEKOBOH OIIBIT JKCIUTyaTallid BBICOKOCKO-
POCTHBIX JTMHHI Ha MHHOBAIIMOHHOW OCHOBE
[11, c. 314-315; 23].

C 1983 ropna Havara skcryatamus ¢ppaH-
ny3ckux trains a grand vitesse (TGV). 310
nepBbIil mpoexT BCM B EBpone, ckopocTHOI
PEXHUM KOTOPOTO MOJPa3yMeBaeT CKOPOCTH JI0
280 km/4. [Toxoxkue CKOPOCTHBIC IHHUU CYIIIC-
ctByloT B Ucnmanuu (AVE), Utanuu
(Frecciarossa) n T'epmanuu (Intercity). 3a
nocnenuue 20 net Kuraii cran HOBBIM pexop-
CMEHOM B 00mLIeH MPOTSHKEHHOCTH JMHUN
BBICOKOCKOPOCTHOTO eJIE3HOJOPOKHOTO
Tpancnoprta. B 2014 roxy Tam 06110 16 THIC. KM
mono0HBIX Jopor, a B 2019 roxy — yxe 6omee
30 Thic. kM. K npumepy, B8 CLIA Acela (bo-
CTOH—BammHITOH, cpeaHssi CKOPOCTh BCEro
100 xM/4) CIIOKHO Ja)ke OTHECTH K YHCIY
COBPEMEHHBIX BBICOKOCKOPOCTHBIX MOE3]10B
[11, c. 315; 24].

IIpononxenne
B CJIeIYIOIINX HOMEpax :KypHaja @
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EEIBEHD.EDP[IHHDE ']Im Ilpecc-apxus

i r b — Onvimublii pykogooumens dicenesnuix 0opoe H. I1. Bepxosckuti nanucan knuey «JKeiesnooopoichas

o v Hepazbepuxay, NOCESUEHHYIO KOJ HOMY P 0 WIUPOKO20 KpY2a HACYUSHBIX BONPOCO8
SRR, AT T AR I s op paboml i x dopoe. B 1910 200y on npedcmasnan eé 6 doknade 6 VII Omoene

UHC )6 nymeil coot

Hmnepamopcrozo Poccuiickoeo Texnuueckoeo Obwecmea. Joknad no cymu npedcmaeisii cooou
aKyeHmuposamnHoe uznodicenue eé cooepoicanus. [lyonuxyemvle usgiedenus us nepeotl acmu 0oKaoa
nocesiueHbl NOOPOOHLIM U aPYMEHMUPOBAHHBIM PACCYICOCHUAM ASMOPA O MPebOaHUAX K 00PA3068aHUI0
UHdICeHEPOB, pyKosooumeneti 0opoe. Eciu ucnonw306anms cogpemenible mepmuHbl, mo peydb uidao
Haubonee nooxoosuyeil Oisl 3aHAMUUSL PYKOBOOSIUYUX NOCIMOB KAPbEPHOU Mp
NPOPECCUOHANLHBIX U CMSAKUX» KOMNEMEHYUT, TUOEPCKUX KA4eCmBax u KOMAHO000PA306aHul, 0 poiu

i

U BKTIOUEHULL 8 00PA3C npoep PAOA HACYUHBIX
nanpasnenuil. [anee H. I1. Bepxogckutl 3ampazusaem no cymii 6eC KOMIIEKC 60NPOCOS, OMHOCSUUNCEL

IpUl, P

K YnpaeiieHuto NepcoHaiom U co

Kniouesble criosa: ucmopus, pocculickue xefesHble dopoau, 06pazosarue, ynpassieHue NepcoHasoM, y4unuwa, UHCmumymei,
demckasi u MOTTOOEXHash NONUMUKa, COUUasTbHash NOUMUKa Ha Xene3Hbix dopoaax, kapbepa, KOMNemeHyuu.

CreHorpadunyeckuii oT4€T 10 JOKIANY
H. I1. BepxoBckoro u 6ecene
B VIII Otaene U. P. Texunveckoro
OobmecTBa 2-ro nexadps 1910 rona, nox
npeacenareabcTsoM A. H. Topuakosa.
Ilpedcedamens. — MunoctuBsle Trocynapu!
IIporpamma noxnanga Huxonas IlerpoBuua mo-
MeleHa B noBecTke. Kak BbI BUnuTE, OHa OUCHb
o01mmpHa, 1o KpaitHeit Mepe, 10 YHhCiIy CTpoUeK,
KOTOPBIE OHA 3aHUMAET.
IIporpamma noxmana H. I1. Bepxosckoro.
Bo3HUKHOBEHHME €W O COCTAaBICHUHM KHHUTH
«KenesnonopoxkHast Hepazoepuxay.

OpeaHU3aYUS. CUCTEMbL JICENEHOOOPONICHO20 OBPAB0BAHUS, OCSMETLHOCHb YHUTIULY U UHCIMUIMYMOS,
3a060ma o 0emsx Jicene3sHOOOPOICHUKOS, 30PABOOXPAHEHUe U MHO2UE Opyeue ACHeKNbl.

ol no. B nep paccmomp X UM B0NPOCOE —

Coaep:xanue KHUTH

A. O nuunom cocmase:

1. Kpaiine ocTopokHBII 1 cTpOro 00xyMaH-
HBI BBIOOp HOBBIX HayallbHHUKOB JOPOT
U YTIPABJISIONINX.

2. TloaroToBICHNE WHKECHEPOB K 3aHITHIO
mocta OyIyIero Ha4aabHUKA U YIIPABIISIONICTO
JIOpOTH, CEPbE3HEHILIEro U TPYAHEHIIIETO.

3. [loaroTopieHue BCEro JUYHOIO COCTaBA
K JKEJIC3HOAOPOXKHOW NEATeIFHOCTH MOCPE-
CTBOM CIICIYIOIIEH OpraHu3alny:

a) Husmux 00pa3oBaTeIbHBIX KO U YUH-
JIUTI.

Jna yuumuposarus: O kHuee H. 1. Bepxosckozo «)KenesHodopoxHas Hepa3bepuxay // Mup mpascnopma. 2021. T. 19. Ne 6 (97).

C. 103-116. https.//doi.org/10.30932/1992-3252-2021-19-12.

briazodapHocmb. Pedakyust 8bipaxaem npusHamensHoCMb compyOHukam 6ubnuomexu Poccutickozo yHusepcumema mpaxcnopma

3a nomouwjb 8 nod2omoske Mamepuana.

MonHbIli mekcm apxueHol cmambU Ha aH21UlCKOM si3bike ny6ukyemcs 80 mopoli Yacmu 0aHHO20 8bINYCcKa.
The full text of the article in English is published in the second part of the issue.
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KOJIECO UCTOPWN



0) CpeaHux creluaibHO-TEXHUYECKUX
IIKOJI.

B) BeuepHux kypcos.

r) Jlexmuii.

1) OG11ecTB coeiicTBUS yUaIUMCs AETSIM.

¢) OOIIeKUTUH sl YUAIIUXCs JeTeH.

) [ToTemHBIX TONKOB.

3) bubnuorex, unranex.

1) BecTHUKOB XeNe3HbIX JOPOT.

K) [MMHacTHYE€CKHX M CIIOPTHUBHBIX 00-
IIECTB.

1) XenezHOHOPOKHBIX OOLIECTB TPE3BO-
CTH.

M) YCTaHOBJICHHUS 1ie€H3a JUIS CIIY)KObl HH-
JKEHEPOB My TeH COOOIIEHUs U JPYTUX CIyxKa-
KX,

b. O6 ynopsoouenuu 6vima cuyxcawux —
66edene CcredyIouux MeponpUAmuiL:

1. YerpoiicTBO nepkBeid.

2. OpraHu3anusi KypopToB.

3. Vny4iieHue )KUIIbIX TTOMELIEHUH U CIryxk0
K HUM.

4. ConeiicTBHE KeJIEe3HOAOPOKHOMY CTPOH-
TEJIBbCTBY CIIyKaIIHX.

5. IlpaBunbHOE pacnpesieieHne 3eMeIbHbIX
yroaui.

6. Opranu3anus pa3yMHBIX HPDaBCTBEHHBIX
yBECEJICHHH.

7. Opranusanus KpeAUTHBIX YUPEKICHUN.

8. Pa3paboTka Bompoca 0 KEHCKOM TpYIIE.

9. Pa3paboTka Bompoca 0 BO3HATPaXKACHUH
Y IPEMHUPOBKE pabOoThI CIIYKaIINX, KX HArpaj-
HBIX U TIOCTENEHHBIX MPUOABOK K ’KaJOBaHUIO
Y 0 IPaBHJIBHOW periaMeHTaluu TPyla U OT-
JIpIXa.

10. I3meHeHust npaBuiI 00 OTIIyCKax.

11. Ilepenenka ycTaBa IEHCUOHHOM KacCHI.

12. YcuneHHoe pacnpocTpaHEeHUEe CTPaxo-
BaHUSI.

13. Opranuszanusi CyJoB 4Y€CTH U TOBAPHU-
IECKUX.

B. 06 opeanusayuu ynpasnenus sxcene3no-
OOPOICHLIM OENLOM:

1. Opranuzanus )Keae3H0A0POKHBIX OKPY-
TOB.

2. OpraHu3zanusi MECTHBIX COBETOB YIIPaB-
JIeHUsI B IPEIKHEM cOCTaBe ¢ OOJBIIMMH Ipa-
BaMH M OTBETCTBEHHOCTHIO.

3. Opra"u3anusi MUHUCTEPCKUX PEBU3HM
JOpOT.

4. OpraHu3anus cChe3/0B CTapLINX CIIyxkKa-
IHX.

5. YcTaHOBNIEHHE JOMHUHHUPYIOLIYTO I0JIO-
JKEHHSI CITYIKOBI JIBHIKSHHUSI.
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6. Peopranusanus ciryx061 cOOpOB.

7. Peopranuzanus OT4ETHOCTH MO CUYETO-
BOJICTBY.

8. YBenuueHue IOpUANIECKUX OTAEIIOB.

9. YBenuueHHe NepcoHaa BpaueOHOM Cryx-
Obl 1 ero obecneyeHus OOJBIINMU MaTepHab-
HBIMHU CPEJICTBAMHU.

10. M3mMeHeHne nporpaMMsbl JIesITEIbHOCTH
KOMMEPYECKHX OTJIEJIOB.

I O meponpesimusx no oowum 6onpocam:

1. OcnabneHre aHTaroHN3Ma MeX1y CITyKa-
[IMMHU.

2. YperynupoBaHue OeCIUIaTHOTO Mpoe3aa
U TIOJIb30BaHUsI CIYKEOHBIMH M MPOTEKIIMOH-
HBIMHU BaroHamH.

3. Bopn0a ¢ 6ecOUICTHBIM MPOE3IOM.

4. YMeHblIeHUE TePEHCKH.

5. Bopn0a ¢ 3acuireM HHOPOIIIEB.

6. bopr0a ¢ XuIEeHUSIMH.

7. Pedopma caun B apeHly CTaHIIMOHHBIX
oyderos.

/. O mexnuueckux 060py0osanusix sicenes-
HbIX 0opoe:

1. TlocTenenHas cucremMaThueckas mnepe-
KJIa/IKa CTAaHIIMOHHBIX ITyTel cooOpa3Ho (QyHK-
LUSIM CTaHIIHH.

2. [locTenenHas niaHoOMepHas epecTpoii-
Ka [akray3oB 1 m1ar(opM Harpy3KH 1 BBITPY3-
KM TPY30B ¥ U3BMEHEHHUEM THIIOB.

3. OpraHuzanusi KpyrmHOTO U MEJIKOTO pe-
MOHTA IOJIBM)KHOT'O COCTaBa Ha Oolee pauno-
HAJIBHBIX JUIsl CIIYKOBI TATH U JBH)KEHHS OCHO-
BaHMSIX.

4. TlocTeneHHOE MJIaHOMEPHOE pacIpee-
JICHHE Pa3HOTHITHBIX MAapOBO30B IO JOpOram
U YHUUYTOXKEHHE THIIOB MTAPOBO30B U BaroHOB,
HECOOTBETCTBYIOIINX COBPEMEHHOM TEXHHKE.

5. IMocTpoiika B HEOOXOIMMOM KOJIHYECTBE
Tapka crielialibHbIX BAroHOB-pedprxkepaTopoB
JUIS TIEPEBO3KH Ha JJAJIbHUE PACCTOSHUS CKOPO-
MOPTALIUXCS IPY30B.

E. O suympenneii opeanuzayuu xozaiicmaa
cayonco:

1. BeipaOoTka 1 y3aKkoOHEHHUE TUIaHOMEPHOU
CHCTEMBI CMEHBI ILITIaJI U PEIbCOB 1 Koddduiu-
€HTOB CTOMMOCTH PEMOHTa BEPXHETO MOJI0THA
JKEJIE3HBIX JIOPOT U uuciia paboyux Ha BEPCTY
ydacTka.

2. BripaboTKa crenHuansbHbIX MPaBHI IS
PEMOHTa WHBEHTAPSI CIYKOBI ABHIKCHUSI.

3. BripaboTka crieruaibHbIX MpaBmil yuéra
OpEe3eHTOB, IUTOB, CKOTCKHX PEIIETOK, BO H3-
OexaHUe MOTEpPh MX MO JOpOoTaM, a PaBHO
Y TIPaBWJI UX COZIEPKAHHSI U PEMOHTA.
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4. BripaOoTKa CrieluaIbHBIX TIPABUII IIIOM-
OMpOBaHMS BaroHOB.

Joxknaduux — Munoctussie ['ocynapu!
IIpencenatens VIII Otnena U. P. T. O. mpocun
MEHS JI0JO)KUTh OCHOBHBIE TOJIOXKEHUS, B3sI-
Thle MHOIO MO COAEPXKAHUI0 MOEH KHUTH.
51 0XOTHO B3sICS 3a 3TO, XKeask OOMEHSIThCS
C ITOYTEHHBIM COOpaHHEM MHEHHSIMH IO pa3-
HBIM BOIIPOCaM, BO30YX/IEHHBIMHU MHOIA. 51, KO-
HEYHO, HE MOTY JOJOXHTh BaM BCEH CBOEH
KHHTH. 5] 10 BOBMOXKHOCTH COKPATHII. ..

[Ipexe Bcero s JOJKEH Pa3bsCHUTS, I0-
YyeMy y MeHsSl BO3HHMKJIA UIES O COCTaBICHUH
TaKOW KHHTH.

Bo3HUKHOBEHHE U1 O COCTABIICHHH KHH-
ru. [TocTossHHOE HEeYJOBOJILCTBHE Ha JKEJIE3HOM
Jopore myOJIMKU, HaceJIeHHs, YKOHOMHUECKHUX,
MPOMBINIJICHHBIX U TOPTOBBIX OpTraHU3aIUi,
U (huHAHCOBBIX cep, BhIpakaeMoe B IeUaTH,
a TaKk)Xe W IMOCTOSTHHbIE HapeKaHMs JKEJIEe3HO-
JIOPOXXHBIX CIIYXallUX Ha HEyIOBJIETBOPEH-
HOCTb UX 110 OTHOLIEHHIO NPAaBOBOTO, HPaB-
CTBEHHOT'O M MaT€pHaIbHOTO UX CYIIECTBOBA-
HUSL, ¥ IOSIBJICHUE B MIEYaTU KHUTH HE-TEXHUKA,
JlaJT¥ JIUIIb MOBOJ BBICKa3aTh CBOW MBICIIH,
HaBEsIHHBIE JIOJITOJIETHUM IPAaKTUUECKHUM OIIbI-
TOM, — MBICIIM Pa3HOCTOPOHHHE, OCBEIIAIOLIIE
OCTPBIE JKEJIe3HOAOPOXKHBIE BOIIPOCHI.

MHoii pyKoBOJIWIa UCKIIOUUTENBHO yTH-
JIMTapHas CTOPOHA Jiella, B MHTepecax jKeyes-
HBIX JIOPOT, Ha KOTOPBIX s POAMIICS, BBIPOC
u ciayxul 39 netr. Kak mponykT xkene3Hojo-
poxxHOU cdepsl, st mepexun Bcé 1o, 0 4€M
HalMcal, ¥ KaKk He 0100psIBILUIT 1€ TeIbHOCTH
MHOTHX Ha4aJbCTBYIOLIUX JIUI[, C KOTOPBIMHU
MHE NPHUXOAUIIOCH CIIY)KUTh, 51 HE MOT TIACCHB-
HO OTHOCHUTBCS K HEMY. DTUM OOBICHIETCS
HEKOTOpasi Pe3KOCTh, JIONMYLICHHAs B OLIEHKE
KOHKPETHBIX (paKkToB, ykazaHHBIX MHOU. Cpoa-
HUBIINCH C )KEJIE3HOJOPOKHBIM JICJIOM H Y-
HIEBHO CKOpOs O ero aedekrax, s crapaics
yKa3aTh Ha T€ MEPOINPHUITHUS, KOTOPHIE, 11O
MOEMY MHEHHIO, MOTYT CIIOCOOCTBOBATH €ro
YIHOPSA0YEHUIO.

He npeTennyst Ha HENOTPEIMMOCTb, 5 BbI-
CKasaJl CBOM B3IVl Ha JIEJI0, KaK OHHU CIIO-
JKUJIMCh BO MHE BO BPEMsI MOEH MPOJOJIKH-
TeJBbHOM City)O0bl. S He cTapascs ObITh 00beK-
TUBHBIM, TaK KakK NPHBOJAMI Maccy KOHKpET-
HBIX ()aKTOB U3 COOCTBEHHOM NPAKTUKH.

J10J0XKUTD MOYTEHHOMY COOPaHHIO BCE, UTO
HalucaHo B MO€#l KHUTE Ha 15 mevaTHbIX Juc-
Tax, B KOPOTKOE BpPEMsi, IPEIOCTaBIEHHOE MHE,
HEBO3MOJXKHO, I03TOMY 5l OTPAHUYYCh KPATKUM
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H3JIOKCHHEM TOJILKO Han0oJiee BaKHBIX OT/IC-
JIOB.

HaunGosnpiee 3HaYeHnE B MJIaHOMEPHOM
CHCTEMATHYHOM YJTYYIICHUHU JKEJIE3HOJOPOK-
HOTO Jiena sl Mpuial JIUYHOMY COCTaBy Kak
pa3syMHOMY MEXaHH3MY, ABUTAIOIIEMY BCE 1€J10.
C Hero ¥ HauYHy CBOM JOKIIA.

JIM4HBIi cocTaB

Henoozomognennocms undicenepos K 3ams-
MU0 OONIHCHOCIU HAYAIbHUKA 00pocu. Beibop,
HA3HAYeHUe U NOO2OMOBKA UHICEHEPOB K 0esl-
menvbHoCmU HauanbHuka oopoeu. ImaBHeHIIHHA
HUMITYJIbC, aKTHBHAsi SHEPTHs BCEro Jjeija Ha
KEJIE3HOAOPOXKHBIX JIMHUAX — 3TO TaBa Qup-
MBI — Ha4aJbHUK JJOPOTH U YIPABISIOMUI J10-
poroii. OH HocHTENb 00bEAMHSIONIETO H PYKO-
BOJISILIIETO Hayasia, KOTOPOE JI0JDKHO HAIPaBIISTh
BCIO paboTy eJIe3HOW JOPOrd K BO3MOXHO
YCIIEHIHOMY JOCTH)KEHHIO BCel COBOKYITHOCTH
BO3JIOKEHHBIX Ha He€ 3a1ad.

VYnoBneTBopeHHe MOTpedHOCTEl rocynap-
CTBa, IIPOMBINICHHOCTH U TOPTOBJIU, KYJIBTYP-
HBIM Y 9KOHOMUYECKHM MHTEpECaM HaceJIeHHs
U aJMUHUCTPUPOBAHHE NPOMBIIIJIEHHOTO
MIPEANPHUATHUS C MHOTOMUJUTHOHHBIMH 000pOTa-
MU, — 33/1a4a KpaliHe Ba)KHasl, CepbE3Has U OT-
BeTCTBEHHas. PaccMOTpHM, HACKOJILKO Ha4ajIb-
HUKH JIOPOT TIPU HACTOSIIEH TOCTAaHOBKE Jieja
MOTYT OBITh IOJOTOBJIEHBI K YCIEITHOMY BbI-
MIOJTHEHHIO TAKUX Pa3HOCTOPOHHUX, OOIIUPHBIX
W KapAMHAIBHBIX 0053aHHOCTEH.

Wzyyenune cienuanbHOI TEXHUKH KEJIE3HO-
JIOpOKHOTO nena B MHCTUTYTE myTeit coobrie-
HUSI, M BCS [TOCIIEYFOLIast IeATEIbHOCTh HHIKe-
Hepa Kak 10 MMOCTPOHKE JOpOT, TaK M MO JKC-
IUTyaTall UX B CIIy’)KO€ MYTH, MOATOTOBIISET
€ro TOJILKO K NMPUOOPETEeHHIO ONBITHOCTH
B 3HaHUH B c(hepe UHKEHEPHOH TEeXHUKH.

HavanpHuky ciryObl Iy TH, KOTOPBIX OOBIK-
HOBEHHO Ha3HAYalOT HAYaJbHUKOM U YIPaB-
JISIOMIMM J1OpOTaMHu, HET BO3MOKHOCTH HE
TOJIbKO U3YYHTh, HO JIa)K€ U O3HAKOMHUTBCS
MMOBEPXHOCTHO C JKCIJlyaranueil A0poru
B QYHKITUSX, BXOAIIUX B 00JIACTH TEXHHYECKO-
ro JBHXKCHHS, YKOHOMHUYECKUX M TOPTOBBIX
cthep. OH HACTONBKO 3aHAT COOCTBCHHBIM Jie-
JIOM, KacaloUIMMCS PEMOHTa IyTH W 3/1aHUM,
Y IPOEKTaMHU HOBBIX Pa0OT M UX HCIIOJHEHUEM,
YTO €My HET BO3MOXKHOCTH O3HAKOMUThCS C 3a-
JladaMu JIOPOTH T10 YJIOBJIETBOPEHUIO roCyaap-
CTBEHHBIX MOTPEOHOCTEH, IPOMBIIUIEHHOCTH
U TOPTOBJH, KYJIBTYPHBIX M dKOHOMHYECKHUX
WHTEPECOB HACEJICHHS U paliloHa MECTHOCTH, 1O
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KOTOPOH IpoJIeraeT 3KCIUTyaTHUpyeMast xKejes-
Has Jopora.

HauanpHuky poporu BMEHSIOT B 00s3aH-
HOCTB OBITh «IIPEXKE BCEr0 XOPOILIMM XO3SH-
HOM MOPYYEHHOTO eMY JIeJIay, HO KaK e MOXK-
HO OBITh XOPOILUM XO3SMHOM B JieJie, IIaBHbIC
(DYHKLMH KOTOPOTO, 3KCILTyaTallHOHHAs CTOPO-
Ha JieJla ¥ BCE CBSI3aHHBIC WJIHM BBITEKAIOIUE U3
He€ BONPOCHI TEXHUYECKOTO 1 KOMMEPYECKOTO
JIBHDKEHHS, JJIs1 HETO COBEPILIEHHO HE3HAKOMBI?

®UHAHCOBBIN ycleX KaxIol KeJIe3HOU
JIOPOTH, KaK KOMMEPUYECKOr0 MPeINpHUsTHS,
3aBHCHUT TJIABHBIM 00pPa3oM OT IPAaBHIbHOCTH
JIBIDKEHUS TI0€3/10B M Y THIIM3aLUH ITO/IBHIKHOTO
COCTaBa, T.€. IMEHHO TOH 4acTH Jeja, B KOTO-
po¥i Ha4aIbHUK JTOPOTH, BBIIEALINHN U3 CIIY)KObI
MyTH, HaMMeHee KOMIETeHTEeH. DTa OTpacib
9KCIITyaTallMOHHOTO Jiena, Tpedyromas Haubo-
Jiee 3HaHUH U ONBITHOCTH, MY, KaK He IPOX0-
JIMBILEMY IIKOJIbI B CIIy»O0e IBUIKEHUS, COBEP-
IIEHHO HEU3BECTHA.

YTunu3zanus NoABMIKHOTO COCTaBa — TAKOH
TPYAHBIH 3JIEMEHT XKeJIe3HOLOPOXKHOIO Jeia,
C KOTOPBIM HE BCEerJa CIpaBISETCS U Clienua-
JIMCT, HAYaJIbHUK JABHMIKEHHUSI, KAKUE )K€ AUPEK-
TUBBI MOXKET JIaTh €My HEOIBITHBIH HaYaJIbHUK
noporu?

[TpaBUIBHOCTH ABMKEHMS MOE3]0B U Ipa-
BIWJIBHOCTH 000pOTa apOBO30B U BarOHOB 3a-
BHUCAT, KOHEUYHO, OT PaclopsIIUTEIbHOCTH
CIyKOBbl NBH)KEHHS, HO NPU HENPEMEHHOM
YCIOBUHU OKa3aHHs el HeoOXOQMMOIro Copei-
CTBHS CO CTOPOHBI JPYTUX ciyx0, 0COOEHHO
ciryk0bI TSTU. B mocneanem ciyvae crajikuBa-
I0TCSI HHTEPECHI JIBYX CIIYXKO.

Jlyis peneHust CropoB M B3aMMHOI'O HECO-
r1acusi CiryK0 Hy)Ha aBTOPUTETHOCTh apOUTpa
B 00pa3e HayalbHKKa gopory. Eciu ke Havasb-
HUK JIOPOTH ITpodhaH B ITOM JIejIe, TO KaKoi xe
OH TpeTeickuil cyaps?

[Tpu Takux ycinoBUSX Cily)KOe JABM)KEHUS
KpaiiHe TPYIHO NPaBHJIBHO U XO3SHCTBEHHO
BECTHU [I€JI0, a MPH MOCTOSHHOM OTCYTCTBHU
MOAEP)KKH HavalIbHUKa JOPOTH — COBEPLIEHHO
HEBO3MOJKHO.

HavanbpHUK JOpOTH JOJKEH PYKOBOAMTH
BCEM JIEJIOM, /1aBaTh CBOU AMPEKTHUBBI M IIPOSIB-
JSATh COOCTBEHHYIO MHHLIMATUBY B YIy4IlICHUH
MOPS/IKOB aIMUHUCTPUPOBAHMS JINHKEH U yCII0-
BUU JIOPOTH, 4aCTO MEHSIOUIUXCS, COIIacHO
TpeOOBAaHUSIM TOPTOBIU M MPOMBIIUIEHHOCTH.
JIuno, He KOMIIETEHTHOE B JIeJIe SKCILTyaTaluH,
a PaBHO HE 3HAKOMOE C YKOHOMUYECKUM I0JIO-
JKEHHEM Kpasi, He MOXXET BBINOJHATh TAKYIO
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nporpaMmy. BepHOCTh TakoTo 3aKJIHOYCHUS
MTOJITBEPKIACTCS 1EPUIIUTHOCTHIO JTOPOT.

KakoBo mojioskeHue OMBITHOTO HaYadbHUKA
JBUKCHHUSI, KOT[A MY MPUXOUTCS UMETh JIEJI0
C Ha4YaJIbHUKOM JIOPOT, HE MMEIOIIUM CaMBbIX
3JIEMEHTAPHBIX TIOHITHH O CITyKOe TBUKCHUS,
coCTaBIsIONEH albdy U OMEry KeJIe3HOI0-
POXKHOTO Jena.

Kak 3To0 HM CTpaHHO, HO HCOMBITHBIC Ha-
YaJIbHUKUA TOPOT OOBIKHOBEHHO HE MOTYT
HMETH JEJO C ONMBITHBIMH U 3HAIOUUMH JEJI0
U Ciyx0y HayaJbHUKAMHU JBUKCHHUSA, U OHU
CTPEMATCS K HA3HAYCHHUIO TAKUX MOJOIBIX
Ha4YaJIbHUKOB JIBUXKCHHUS, KOTOPBIC CaMH, HE
HUMes OTIBITA ¥ 3HAHHUH, HE PaCcXOJIaXKHUBAIH ObI
abCcypaHbIX TpeOOBaHUI CBOErO HAYaJIbCTBA.

3HAIOUIHI I€10 U ONBITHBIM IMOJUMHEHHBII
BCET/Ia CTECHSICT HEOMBITHOTO U HEPA3BUTOI'O
HaJyaJbHUKA, T.K. HA BCAKOE HEIpPHEMIIEMOE
MPEIOKECHUE MOCIeHEeTO MepBhIid Bceraa
HaiAET Maccy aBTOPUTETHBIX BO3PaKCHUH,
MPOJUKTOBAHHBIX OMBITOM IPEKHUX JICT.

IIpuBecT TOPOry B COCTOSTHUE IPaBUIIb-
HOW OpraHMW3aIlNH, MOPSAKAa U JOXOIHOCTH,
OYEBHJIHO, HE IO IJIeYy HaYaJIbHUKAM JOPOT,
HECBEAYIIUM B JIeJI¢ KCIUTyaTaIl[uu JOPOTH.

CoBceM rHaue BeAETCS AeJI0 HauadbHHKOM
JIOPOTH, KOTOPBIN paHee CIIYKUI HadaIbHUKOM
CIY)KOBI IBHIKEHUS, HO, K COXKAJICHHUIO, TAKUX
HavyaJIbHUKOB JOPOT MOXXHO HACYUTATh HE
Oosee NBYX-TpEX, M JTOPOTH, MU YIIpaBJsie-
MbIe, KOHEYHO, HE HAXOMATCS B dmciie Aeu-
LHUTHBIX.

Crnyx0a TATH, KaK HCKITFOYUTEIIBHO CIICIIH-
aJbHas C Y3KMMH TOPU30HTAMU, TOXKE HE MO-
JKET JIaTh JOCTATOYHOM IMOATOTOBKH K 3aHSATHIO
JIOJDKHOCTH HayaJbHUKA JTOPOTH.

W3 cka3aHHOTO MHOW BBITEKAaeT HACTOS-
TeJIbHasi HEOOXOIUMOCTh OPTaHU3aLUH TOTHON
MTOJITOTOBKH HH)KEHEPOB K 3aHATHIO UMH JIOJDK-
HOCTH HaYaJIbHUKA JOPOT. DTO MHE KaXeTCs
BO3MOXHO CJEJIaTh CIACAYIOIUMHA MEPOIIPHUs-
TusiMU. VIHXeHepa, OTIMYar0IIerocs TalaHTa-
MH, JIFOOOBBIO K JICITY, SHEPTHEH U TPYAOCIO-
COOHOCTBIO, €Ilé B MOJOJBIX rojax CICAyeT
MIPOBOJIUTH 10 TPEM [IABHBIM CIyKOaM: Iy TH,
JIBYOKEHUS W TATH, Ha3Hayas €ro Ha OTBET-
CTBEHHBIC CTapIIUe JUHECHHBIC TOHKHOCTH, 110
OCHOBATCJIbHOMY U3YYCHHIO KOTOPHIX, Ha3HA-
YaTh €r0 HAYaJIbHHUKOM CJIYXKOBI Ha 4eThIpe-
[ATh JIET, B KQXKIYIO U3 3THX IJIABHBIX CIYXKO.
ITocne Takoro Wckyca emy CJleayeT MPOCiy-
JKUTH JIBa-TPH rojia TOMOIIIHMKOM HavyaJIbHUKA
JIOPOTH, JJIsI 03HAKOMJICHHSI CO BCEMH OCTaJIb-
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HBIMHU CIyX0aMu W OTJelIaMH, 0COOEHHO
C KOMMEPYECKHUM OTHEJIOM.

[Ipoiins Takyto MWKOIY U MPUOOPETs Mpak-
TUYECKU LIeH3 HauyaJbHHUKAa JOPOTH, HHXKEHEP
MTOJIYYHT BIIOJTHE YHUBEPCAIbHBIC 3HAHUS (QYHK-
Uit BCeX CiryK0, MpHOOPETET OONBIUIYIO OIBIT-
HOCTh U yXe€ B KaueCTBEe Ha4aJbHUKA JOPOTHU
Oy/ieT BO BCEOPYKHHU BCEX CEPbE3HBIX TPeOoBa-
HUH, TPEAbIBIIEMbIX K JHILY, 3aHUMAIOIICMY
TaKoW Ba)KHBIN MOCT. TONBKO MPHU TaKUX YCIIO-
BHSIX BO3MO)KHO BBIBECTHU JIOPOTH U3 X XaOTHU-
YECKOTO COCTOSIHUS U CIeNIaTh UX JOXOTHBIMHU.

E1mé onHO M3 I1aBHBIX KayecTB, HEOOXOIH-
MBIX JJIS JIMIa, HA3HAYa€MOTO0 Ha4aJIbHUKOM
JIOPOTH, 3TO TBEPAOCTH XapakTepa. OHa CIIyKUT
0a30i HaNpaBJIEHUs! BCETO MECTHOTO MUPKA.

CnabocTh XapakrTepa OYeHb KpPYMHBIN
U, MOXHO CKa3aTh, HEJOIYCTUMBIH ae(peKT
B JIMIlEe, 3aHMMAIOIIMI TaKOoil OTBETCTBEHHBIN
MOCT.

ITo cepp€3HOCTH U OTBETCTBEHHOCTH J€Na
HavaJbHUK JJOPOTHU BPSJ JIM HE BBILIE KOPILYC-
HOT'O KOMAaHJIHMpa, I KOMaHIUpa OOJbIION
(ItoTCKON ICKAAPBHI, OJJHAKO HE HA3HAYAIOT JKe
3THX KOMaHAUPOB U3 JIUIl, HE MPOIIEIIIUX
YCTaHOBJICHHBIX LIEH30M BCEX IOATOTOBUTEINb-
HBIX K TaKHM IIOCTaM JOJDKHOCTEH, HECMOTPs
Jake Ha MPOTEKIHNIO TETYIIEK, ASAeHEK U BCA-
Kkux poauued. B ['epmaHun ycTaHOBIIEHBI 3K3a-
MEHBI Ha KaXAyIO >KeIe3HOJOPOKHYIO JOJIK-
HOCTb, [TIOYEMY )K€ HaM HE BBECTH YKa3aHHBIN
MHOIO HCKYC.

Jlo npuBeneHus ero B MCIOJHEHUE HE0O-
XOJMMO Ha3HayaTh HAYaJIbHUKOB JOPOT U3
MTOMOIIHUKOB, BBIAAIONINXCS CBOUM 3HAHUEM
U onBITHOCTHIO. HO Ipu 3TOM crenyeT Ha3Ha-
4aTh Ha JOJDKHOCTH MOMOIHUKOB HayaJlbHU-
KOB JIOPOT He JIIo/IeH, TOTePABIIUX yKe TPYHO-
CIOCOOHOCTb, KaK 3TO YacTo JeJaeTcs Terepb,
a HaIpOTUB — BBIJAIOIIUXCS CBOCIO JESATENb-
HOCTBIO M DHEprHed HavyaJbHHUKOB CIYyXO,
MPEUMYIIECTBEHHO U3 CIYXOBbI IBMIKCHUS,
U, TAKUM 00pa3oM, MOATOTOBISATh MX K 3aHsI-
THIO TaKOTO CEpbE3HOTO MOCTa, KaK MOCT Ha-
YyaJbHUKA TOPOTH.

B nmocnennee Bpems, 1.e. B 1909 roay, co-
CTOATIOCH /IBa Ha3HAYECHHS Ha4aIbHUKOB JIOPOT,
Ha Ka3€HHYIO U YaCTHYIO JOPOTrY, U 00a Ha3Ha-
YEHHS MaJIM Ha OBIBIIMX HAYaIBLHUKOB JBHKE-
HUS MHXeHepoB DHMaHa u bopucosa. 310
OYEHb OTPAJHOE SIBIICHUE B COBPEMEHHOM Ke-
JIE3HOJIOPOKHON KU3HHU, HUMeEIoIee 0c000
Ba)KHOE 3HaueHue. V3 Hero MoKHO yCMOTPETb,
YTO yNpaBJIeHUE XKeJIEe3HBIX JOPOT U PaBICHUSA
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YaCTHBIX JIOPOT, I10J] BIMUSHHEM, OYEBUIHO,
BESHUI HOBOI'O MUHHCTEPCTBA, CTAHOBSTCS Ha
NIPaBUIIbHBIN Iy Th HA3HAYEHUH PyKOBOIUTEICH
JieJia, U3 YMCIia CIeHaluCTOB I10 CIIyK0e 1BU-
JKEHHSI, KaK CaMOM IJIaBHOM CIIy»KOBI, OT KOTO-
pOW 3aBHCHUT YCIIEIIHOCTh TEXHUYECKOTO JIBU-
s)kenus poporu. [IpuckopOHO Oyaet eciu
B MOCJENYIOIMX Ha3HAYEHUSIX 3TOT HPUHIIMII
He OyIeT puMeHsIeM.

CoOCTBEHHO rOBOPSI, COBEPIIEHHO HE BBISIC-
HEH TOT IPUHIIUII, B CUIIy KOTOPOTO Y Hac, KaK
OBl IPEEeMCTBEHHO, HA OCHOBAaHHUHM JIaBHUIITHUX
MpEeUEeeHTOB, IPUHATO MpenoiaraTb, 4To
Ha4yaJIbHUKOM HJIW YIPABISIOMIMM JOPOTrOH
JIOJDKEH OBITh MHXKEHEP MyTeH COOOIEHHS.

Hamu ny4imme ynpasnsouue, Bo Bpems
Ono, kak U. E. Ananypos, C. FO. Burre, ta-
JIAHTJIMBO CO3/1aBLIME HOBOE TOI/IA XKEJIe3HOI0-
POXKHOE JIe]10, ObUIH HE My TEHIIbI.

B AHmuu ynpapisiolmue JoporaMu Bce
WCKJIFOYHMTENBHO MPAaKTHKH, BbIpabOTaBIINECs
MIPOXOXKJCHUEM CITY)KOBI Ha pa3HBIX OTpacisix
Jieia, IPEeUMYIIEeCTBEHHO TEXHUYECKOro J[BU-
JKEHHMSI 1 KOMMEPUECKHX JKEeJIEe3HOAOPOKHBIX
orepanui U BBIBUHYBIIUECS CBOCH MOJIE3HOU
W TaJaHTIMBOU JesTenbHOCThI0. OHM HeE cIie-
LUAJIMCTBl CTPOUTENHHON M MeXaHUYEeCKOU
TEXHHUKH, HO JIIOJAM TalaHTa, yMa U CMETKH,
B pyKax KOTOPBIX JOPOTH BBIPACTaJIH B JJOXOA-
Hble peanpusaTis. OHU CaMH HEITOCPE/ICTBEH-
HO 3aBEJYIOT IIepeIBMKEHHEM I0E3/10B U I'Py-
30B, HE UMes 0COOBIX HauaJIbHUKOB JIBUYKEHUSI.
[Tocneaneit JOMKHOCTH HA aHTIIUUCKUX AOPO-
rax HeT BOBCE, €CTh TOJIBKO IIOMOIIIHUKH yIIpaB-
JISIOIINX, PA0OTAIOIIHUE 110 UX YKa3aHHSM.

J11s1 BeZleHUs1 TEXHUYECKOTO JieJia HOCTPOH-
KM, PEMOHTA 3J1aHU, IyTH, 3aBEAbIBAHUS T1a-
pOBO3aMH, BATOHAMHU U MaCTEPCKUMU B AHIIIUH
HUMEIOTCSI MHIKEHEPHI-CIEIUAIUCTBI, KOTOpPbIE
HE BBICTYNAIOT B POJIH YHPABJISIFOIIUX JIOPOT,
KaK HETO/I'OTOBJIEHHbIE K TAKOW JIEITEIbHOCTH.

51 nané€x OT MBICIIM NPENSITCTBOBATH Iy TEH-
aM 3aHUMaTh JOJDKHOCTH HAa4aJbHUKOB
U YNPaBISIOMIKX JOPOT, HO sI 3asBJISIO TOJIBKO
0 He0OXOAMMOCTH, B MHTEpECax Jeia, Cepbeés-
HOM MpakTHYECKOW MOATOTOBKU HUX K DTOMU
TPYIHOM 00513aHHOCTH, CIIOCOOOM, yKa3aHHbBIM
MHOIO BblIIlIe. 5] HacTanBato Ha HEOOXOAUMOCTH
JIepXKaThCsl MYZIPOr0 aHIIMICKOrO MPHHLUIA,
MPEKPACHO BBIPAXXEHHOTO B M3pEUYeHUU: «the
right man on the right place» T.e. mogxoasiuuii
YeJIOBEK Ha HaJJIeXKAaIIeM MECTe.

B uHCTHTYTaX MH)KEHEPOB IyTel cooduie-
HUSI CIIEJIOBAJIO OBl OTKPBITh JOTIOJHHUTENIbHBIC
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KypCBI SKCILTyaTaluy )KeJIe3HbIX Jopor, oonee
MO/IPOOHBIE, YEM YUTAIOTCS B HACTOSIILEE BPEMs,
a Tak)Ke KypChl CTaTUCTHKH, CUETOBOACTBA
Y TOBAapOBEACHUS VIS JIML, UMEIOIUX B BUIY
MOCBSITUTD CE0s IKCILTyaTaIl[HOHHOW Cc1yx0e Ha
JKeJe3HbIX Joporax. Kanamparam Ha MOCTBI
YIPaBISIONIMX U HAYaJIbHUKOB JIOPOT CIIEAYeT
pa3BuBaTh B cebe KOMMEPUYECKYI0 CMETKY, He-
00X0IMMYI0 JIJIsl TJIaBapel KPyIHOro KOMMep-
YECKOro Jeja.

TananTIMBEI HAYaJILHUK JOPOTH OepéT Ha
ce0st HeMOCPECTBEHHO JUPEKTHBY BCETO JeJIa,
B KOTOPO# MPOSIBISIET CBOIO JIMUHYIO MHHIUA-
TUBY: OH CTAHOBHUTCSI aBTOPUTETHBIM apOUTPOM
IIPU HEJOpa3yMEHUSIX MEXAYy HadaJlbHUKAMU
CITy>K0 M OTIEJIOB, CBOJISL M COINIACYSI UX MEXY
€000l B COBMECTHBIX JIeIax U KOONEPHPYs UX
JesTeabHOCTh. OH OCTaBIsAeT 32 COOO0I TONBKO
Jena ocodoii BaxkHocTH. OCTalnbHOE OpyYaeT
CBOMM ITIOMOIIHUKAM, TIPABUTEIIIO J1EJ1 1 UHKe-
Hepy 0COOBIX MOPYYEHUH, KOTOPHIM BMEHSET
B 00SI3aHHOCTbH IIOCTOSIHHO JIEPKaTh €ro B Kyp-
Ce BCEro, COBEPIUIAIOLIEToCs Ha J0pore, A0Kia-
JIbIBaTh 000 BCEM CAelaHHOM, MMEIOLIEeM
cepbE€3HOe 3Ha4YeHHE, U B 3aTPYJHUTEIBHBIX
u 0oJiee MM MEHEe BaXKHBIX CIIy4asiX COBETO-
BaThCsl C HUM M I1OJIy4aTh €ro yKa3aHus U pac-
MOPSKEHHS.

YMeHrne MMIOHHPOBATh BCEM, OCBELIATh
JIEJI0 ¥ COrpeBaTh CBOUM UMITYJIBCOM BCEX CITy-
JKaIUx, — 3T0 TpebyeT OOJIBIIOro TallaHTa,
1 B HEM-TO M €CTh BECh CEKPET ycIexa padoThl
Jnoporu. TonbKO TOT Ha4aJbHHMK, KOTOPBIA MO
yMy, TaJlaHTaM ¥ 3HaHHUIO JeJla CTOUT TOJI0BOM
BBILIE CBOMX ITOJYNHEHHBIX, MOXKET UIMIIOHUPO-
BaTh UM, KOOIIEPUPOBATh UX TPYH M CIYXHTh
HaCTOSLIMM KaMEPTOHOM CBOEI'0 OpKeCTpa.

CTpoifHOCTh XOpa B KEJIE3HOJOPOKHOM
JieJie IPUBOAMT K MOPSAKY U IOXO.Y, — TUCCO-
HaHCHI K OECTIOPSKY U 1e(DUIIHTY.

TananmimBoe pacrpeeseHrue Tpyia MexIy
CBOMMH HENOCPEICTBEHHBIMH COTPYIHHKAMU
MPEAOCTABIISET HAYAJIbHHUKY JOPOTH AOCTATOY-
HO CBOOOJTHOTO BPEMEHH JIJIs1 [T0€3/J0K 10 JINHUU
HE TOJIBKO B 00s13aTeNIbHbIe BECEHHUE U OCEHHHE
OCMOTPBI, HO U BO BCSIKOE JIPYro€ BpeMsl, Korjia
JMYHOE NPUCYTCTBHE Ha JIMHUU TIIaBbl QUPMBI
JieJlaeT 3T0 HeoOXoANMBIMU. YTOOBI HE BO3Bpa-
maTbcs OoJiee K Ha4ajIbHUKaM JIOpOT, 51 KOCHYCh
BOIIPOCA O BO3ZHAIPAXKJIECHUH MX; MHE KaXKETCs,
UX OKJIa/Ibl HE MOTYT CYMTAThCSI IPEYBEIHYCH-
HBIMH, B CPAaBHEHHHU C TEM BO3HATrPaKACHUEM,
KOTOpOE TOJIY4aloT MPEeICTABUTENN YaCTHBIX
Oonpmmx komMmepueckux ¢upM. [ToHmxenue

Mwup TpaHcnopTa.

T.19. Ne 6 (97). C. 10

OKJIaI0B BBI3OBET TOJIHKO HEBO3MOKHOCTH IIPH-
BJIEKATh K 3aHATHIO 3TUX JOKHOCTEH Jromel
CIOCOOHBIX U TaJaHTIMBBIX, KOTOPbIE CBOMM
SHEPrUYHBIM M Pa3yMHBIM TPYJIOM MOTYT pa3-
BUTb JABIKEHUE I'PY30B Ha JI0POTe U JOCTABUTh
el BO3MO)KHOCTb CJIe1aThCsl J0X0AHOM. [Inoxoit
HavyallbHUK, KOHEYHO, HE 3aCITy)KUBaeT OOJIBIIO-
T'O OKJIaJa, HO TAKOTO HEJIb3sl CTaBUTh BO IJIaBe
Jiena, TaK KaKk OH BpeJeH I ieJia He3aBUCUMO
OT MOJIy4aeMOT0 OKJIaJa.

HeoOxoauMo nmpHHATH BO BHUMaHUE, YTO
JesITeIbHOCTD HaYaJIbHUKA JIOPOTH HE OIpe/e-
JISieTCS YacaM¥, Ha3HAYSHHBIMHU JUIsSl 3aHSTHIA;
OHa HE IpepbIBaeTcsl HU JTHEM, HU HOYBIO, HU
B OynHHU, HU B npa3gHUKU. OH €KEMHHYTHO
JOJKEH OBITh BO BCEOPYXKHMH HEOTIONKHBIX
pacniopsbxeHuid. Kak He mpepbIBaeTcst IBUKEHUE
II0E3/10B Ha JIoporax, Tak U JesTeIbHOCTh Ha-
YaJlbHUKA JOPOTH HenpepbiBHa. Takoe cocTosi-
HUE 4Yero-HuOyAb CTOMT HEpBaM OpraHu3Ma
U B BOIPOCE O BO3HATPa)XJIEHHH JOJDKHO, MO
BCEM CIPaBEIJUBOCTIM, — YYUTBIBATHCA
B I10J1b3Y HaYaJIbHUKOB JIOPOT.

Camoe npaBuiIbHOE OBIIIO OBI YACTH OKJIa/1a
BbIJIaBaTh B 3aBUCHMOCTH OT JIOXOJHOCTH JI0-
poOrH, HO BBIpaboTaTh OOLIMH, YHUBEPCATBHBII
K03((DUIMEHT TAaKOTO BO3HATPAXKICHHUS MTOUYTH
HEBO3MOXKHO, BCJIEJICTBHE PAa3HOCTHU PadOTHI
KaxJ0#l ornenpHOit noporu. Ilpumiocs Ob
BbIpabaThIBaTh KOIQGUIMEHT sl KaXKA0H J10-
POTH OTJENBHO, YTO MPEICTABISET 3HAYNTEIb-
HBIE TPY/IHOCTH.

Bo BcsikoM ciydae, OIMH M3 DJIEMEHTOB
JIOTIOJTHUTEIBHOTO BO3HATPAXKACHUS, Tpeia-
raemoro «He-TeXHUKOM», B 3aBUCUMOCTH OT
MIPOU3BOJICTBA HOBBIX paboT, 51 CYMTAIO HETIPH-
emiieMbIM. HauanbHuku gopor m Tak Oosbiie
BCEro 3aHSThl TEXHUYECKOH CTPOUTENbHOU
4acThl0, HECMOTPS Ha TO, YTO Ha JIOPOTe UMe-
€TCsl CIeLUAINCT — HaYaJIbHUK IYTH C TEXHH-
YEeCKOW KOHTOPOH, U MaTepualibHbI MHTEpEeC
HavyaJbHUKA JOPOTHU B COEPEKEHUSX 110 HOBBIM
MOCTpOiiKaM enié aKTUBHEE 3aMHTEPECYET €ro
9TOH 4acThlO Jieia, B IPSMOHN yIepO ApyruMm,
OoJiee BaXKHBIM KOMMEPYECKHUM OTPACIISIM CITy K-
Obl.

KoadpduuuneHt npeMupoBKH HauajlbHUKA
JIOPOTH JIOJDKEH BBIPabOTAThCsI TOJIBKO B 3aBH-
CUMOCTH OT YHMCTOW MPHOBLIM MEPEBO30K, OT
YCIEIHOCTH 000pOTa MOABUIKHOIO COCTaBa
U OT IIPOU3BOJIUTEIHLHOCTH €r0 paboThI.

Pacuér koa¢ppunmenTa Tpedyer TaKoi TOH-
KOCTH ompeneieHus pyHKIHH JAOPOTH, YTO,
BEPOSITHO, OH HUKOT/Ia, WITH, 110 KpaiiHel Mepe,
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OYCHb MPOIOHKUTEIBLHOE BpeMs IPUMEHEH HE
oyzer.

PesynbraThl QUHAHCOBOM ACATEIBHOCTH
JIOPOTH HAXOISATCS B HACTOSIIIICE BPEMsI B IOJI-
HOW 3aBHCHUMOCTH OT TapU(QHBIX CTABOK, OT
MacChl 00sI3aTEbHBIX HEOIJIAYUBAEMBIX TIEpe-
BO30K MOYTOBOTO BEIOMCTBA, TIHOPEMHOTO
yIOpaBieHHs, ¢1a00 OIIaunBaeMbIX BOMHCKHX
U [IEPeCesICHUCCKUX TOCYIapCTBEHHBIX MIEPEBO-
30K, MacChl TPeOOBaHU, NPEABABIACMBIX
K Joporam YIpaBlIeHHEM KEJIE3HBIX JOPOT
“ MUHHUCTEPCTBOM IMyTeH COOOIICHMSI, BBUIY
periaMeHTaluH Aena, ¥ o Beicouaium npo-
e3/1aM, a TaK)Ke BOCHHBIM BEIOMCTBOM, B MHTE-
pecax 4pe3BhIYAHONW BaXHOCTH — OOOPOHBI
rocyaapcTaa.

Bce 3T epeBo3ku U TpeOOBaHUS, MPEBOC-
X011 OOBIKHOBEHHO pPa3Mephbl CMETHBIX IPEI-
MMOJIOKCHUH M aCCUTHOBAHUH, BBI3BIBAIOT HE-
MPEIBUICHHBIC PACXObl, HEIOCTYIHBIC YUETY
ce0eCTOMMOCTH JTOPOTH; OHH UMEKT, HECO-
MHEHHO, CephE3HOEC BIUSIHHUE HA JTOXOIHOCTh
JIOPOTH U TEM CaMBIM IPECTABNISIOT PaKTOPHI,
BHOCSIINE TPYAHOYUYHTHIBAEMBIC 3JIEMEHTHI
U JTaXKe 9acTo MOIHBIN CyMOyp B pacuérax mpe-
MHUPOBKH, OCHOBAHUIO KOTOPOH MOJIKHBI CIIy-
KUTh YHCTO MAaTEeMaTHYCCKHE BEJIMYHUHBI,
BIIOJIHE OCSI3a€MbIC U JOCTYIHbBIC YUETY.

OcTaétcs TOMBKO MPUMEHUTD K HAYAJIbHUKY
JIOPOTH CIIOCO0 TOTIOTHUTEILHOTO BO3HATPAXK-
JICHYSI KPYITHBIMHU HATPaJIHBIMHU 32 YCIICITHOCTh
PE3YJIBTaTOB SKCILTyaTaI[K JOPOTH TaK, KaK 3TO
JIeNIaeTCs MPAaBJICHUSIMH YacTHBIX jopor. [Ipu
TaKo# cucTeMe, KOHEYHO, HEOOXOAMMO YMEHb-
LIUTh pa3Mepbl CMETHOT'O JKaJOBaHUS J0 TaKO-
ro MUHUMYMa, MPU KOTOPOM OHO, BMECTE
C HarpaHbIMH, ObLTO ObI SKBUBAJICHTHO HACTOS-
[[UM OKJIaJiaM Ha4aJIbHUKOB JIOPOT.

B uaero npeMupoBKH TOHKHO BXOIUTH HE
CTPEeMJICHHE YMEHBIIUTh 3apa00TOK HaYaIbHU-
Ka JIOPOTH, a TOJIBKO CTPEMJICHUE TIPUYPOUUTH
K OoJiee CripaBeUIMBOM OIUIATE YTHIUTAPHOCTH
TPYIOB.

Tloozomoska tuunozo cocmasa. — Ilepeiiny
K BOIIPOCY, COCTABJISIONIEMY OJIHY M3 CaMBbIX
TPYIHBIX 33724 BEJJOMCTBA, 8 UMCHHO K ITOJT0-
TOBKE JINYHOTO COCTaBa K PasyMHOMY HCIIOJI-
HEHHUIO CBOMX O0SI3aHHOCTEH, rapaHTHPYIOIIe-
MY, 10 BO3MOKHOT'O MakCHMyMa, 0€3011aCHOCTh
JIBIDKCHHUS TACCaXUPOB, IEJIOCTh M yCIell-
HOCTbH TIICPEBO3KH IPY30B.

Hurne, HU B KakoM JPYroM MPEANPHUSATHH,
YCHEIIHOCTh JieJla He HAXOJUTCS B TAaKOH da-
CTUYHOM 3aBUCHMOCTH OT MHIAMBUIYaIbHBIX
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Ka4eCTB, CBOUCTB, 3HAHHIA, OMIBITHOCTH, T00POit
1 37101 BOJIX KaX0T0 OTAEIBHOTO CIIYKAIero,
oT Maa 70 Beauka. HecMoTpst Ha 0co0yro Bak-
HOCTh TaKOW MOCTAaHOBKHU JeJia, OT KOTOPOM
3aBUCUT XU3Hb U UMYUIECTBO Tpa)KJaH Ha
JKEJIE3HBIX JOpOrax, K CThIIy HAIllleMY, B 3TOM
OTHONIECHUH CJICJIAHO €Il OYEHb MaJo.

Paccmotpum Bce yupexkaeHHs, OpraHu30-
BaHHBIE Ha JKENE3HBIX JOPOTax IS JUYHOTO
COCTaBa B OTHOIICHUHU MOJTOTOBKH €ro K Ke-
JIC3HOIOPOIKHOM S TSILHOCTH U 00€CIICUCHHUS
€ro YMCTBEHHOT'0, HDaBCTBEHHOTO, CEMEIHOTO0,
TUTHEHUYECKOT0 ¥ MaTepUalibHOTO CYIIECTBO-
BaHMsL.

[TocMoTpUM, HEJB35 JI TOCTABUTH YCIOBUS
CyIIECTBOBAHUS JKEJIE3HOAOPOKHOTO MEPCOHA-
JIa B TaKOE MOJIOKEHHE, TPU KOTOPOM JIFOIU [IUTH
OBl Ha CIIY)KOY JKEJIe3HBIX JOPOT C 3amacoM
3HAHUS, BOCITUTAHUEM, [IUTH ObI HE IIOTOMY, YTO
0O0JIbIIIe HEKYIA IEBATHCS, HO JIJIS IPHIIOKEHHUS
CBOUX MO3HAHWMN, CUJI M SHEPTHUH K JIeNTy TaKOH
KOPIIOpAIKH, CIIy)k0a B KOTOPO# MPEI0CTaBIIsA-
Jia OBl HEKOTOpbhIC MPUBHIIETHH JIOCTOWHBIM
areHTaMm M TOoNacTh B KOTOPYIO HEBO3MOXKHO
[IEPBOMY BCTPEUHOMY.

Obpaszosamenvhbie YupexrcOeHus, Huzuue
wKonvl u yuuauwa. — bonee momycroneTus
CyIIECTBYIOT JKEJI€3HbIE IOPOTH, HO 10 CHUX TOP
HUYETO elllé CyIeCTBEHHOT0, CUCTEMAaTHUYeCKH
ONPEJIENIEHHOTO B IOJITOTOBKE JINYHOTO COCTaBa
HE CJIeJIaHo.

[TepeycTpoicTBO KEJIE3HBIX JOPOT HAJA0
HAYaTh C yCTPONCTBA OBITA JIMYHOTO MEPCOHAIA.
Hy’xHO MOJHATH €ro HU3KUM KyJIbTYPHBIH ypo-
BCHb U YCTAHOBHUTH NPABOBYIO U OBITOBYIO
00€CIeYHOCTD.

EcTb MOMBITKH HECKOIBKUX OTAEIbHBIX I0-
POT K YCTPOWCTBY pa3IMIHbIX 00pa30BaTeIbHBIX
yUpexJIeHnH, 00LIel mporpaMmel emé He ycrie-
JI1 BBIPA0OTATh, XOTS HA COBEHIATEIBHBIX ChE3-
JlaX HauyaJIbHUKOB JIBUKCHUS HE pa3 BO30YKia-
JIUCh 00 3TOM BOIIPOCHI, YUTAIUCH pa3paboTaH-
HBIC JOKJIa (bl U MPOCKTHI MEPOTIPUSITHH.

IToka Ttonbko omna KOro-3anagnas gopora
Ooraye Ipyrux MKOJIAMH, TAIONIMMUA HEKOTOPOe
00pa3oBaHHE JCTSIM CIY)KAIIUX M MOJTOTOBKY
CaMHM CIIyXallhuM, HO ¥ OHM eIlé aleKu OT
CUCTEMATHYHOM, IMIKOJBbHOM, CleUaIbHOMN
MOATOTOBKH CIYXaIIMX K Pa3jIu4YHbIM CIIEIH-
aJIbHBIM OTPACTISIM U 3aHATHUSIM.

B o06pa3oBareibHOM BOIPOCE HAO Pa3iu-
Yarh JIBC KaTCTOPHH YUYPEIKICHHMN, HMCIOIINUX
MeX1y co00i BecbMa OTAAJIEHHYIO CBSI3b — 3TO
HU3IIKE 00pa30BaTEIIbHBIC IITKOJIBI IS MAJIOJICT-
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HUX U CPEIAHHUE — CIICIUATIBHO-TIOITOTOBUTEIIbHBIC
JUISL B3POCIIBIX.

I[TepBble narot od1ee, HU3LIee 00pa3oBaHue,
HEO0XOMMOE BCSIKOMY PEOEHKY, Ha KaKOM ObI
MOTPHIIIE OH HU MoABU3aJICs B OymyieM. K xxe-
JIE3HOJOPOXKHOMY /€Ny 3TH LIKOJbI UMEIOT
TOJILKO TO OTHOLICHHUE, YTO OHH COJIEPKATCS Ha
KPEAMTHI KEJIE3HBIX JOPOr U 00ydaroT neTeit
JKEJIE3HOAOPOKHBIX ciayxamux. OHu 00ydaroT
TOJILKO TPaMOTE, MOJIUTBAM U MEPBBIM IPaBU-
nam apuMeTHKH.

D10 00y4YeHHE TPOU3BOIUTCS B IIKOJILHOM
BO3pacTe, KOTOPBI HE MOXKET yTHIU3UPOBATh-
Cs1 KEJIC3HBIMH JIOPOTaMH ISl HECCHHSI KAKOTO-
nbo mpaxkruyeckoro tpyaa. OHO cocTaBisieT
TOJIKO OCHOBY M HUMITYJIbC K JajbHEHUIIEMY
00pa30BaHMIO JIsl yICHUKOB U YUCHHUII, UMCIO-
IIMX CPEJCTBA U CIIOCOOHOCTH K YCOBEpIIECH-
CTBOBaHHUIO.

Kareropus mocieaHux mpeacTaBiseT eau-
HUYHOE SIBJIEHHE, OOBIKHOBEHHO K€ JKEJIE3HO-
JIOPOXKHBIC MAJIBUMKH, TIOTYYHBIIHE 00pa3oBa-
HUE B HHU3IMIKX JKEJIC3HOMOPOKHBIX IIKOJIAX,
PAacCeUBAIOTCS MO Pa3HbIM IMOMPHUIIAM TEXHH-
YEeCKOM, DKOHOMHYECKON U 00IeCTBEHHOM
JKM3HHU, KaK allJIMKaHThI, MOJTOTOBJIsIEMbIC
K Oyaymieil caMOCTOSATEIbHOW JKU3HH, YTOOBI
rapaHTUpPOBaTh COOCTBEHHOE COJEpIKaHUE
U cBoell Oyaylieid ceMbU MM MpPECTapelibiX
poauTenei.

Hekotophkie 13 HUX, KOHEYHO, BO3BPAIIAOT-
Csl Ha JKEJIC3HBIC TOPOTH MO OCTHIKCHUH UMHU
FOHOCTH HJIA COBEPIICHHOJICTHS ¥ IIPUCTPanBa-
IOTCS CBOMMH POJIUTEIISIMH WM POJHBIMH Ha
Ppa3Hble OJDKHOCTH, Kak Tenerpad, BCeBO3MOX-
HBIC KOHTOPBI M JTUHCHHBIC TOJIKHOCTA OTMET-
YHKOB, IJIOMOUPOBIIMKOB, BECOBIIUKOB, KOH-
JIyKTOPOB, PEMOHTHBIX pabo4ux u T.11. OOy4eH-
HBbIC MacTEPCTBY HIYT B KEJIC3HOAOPOKHBIC
PEMOHTHBIC U TATOBBIC MACTEPCKUE.

Cpeonue cneyuanvrvie wikonvl. — Bropas
KaTeropHsl IIKOJ — 3TO CPE/IHUE ClIeIHaIbHbIE,
MOJrOTOBUTEIILHBIC, & U3 TAKUX HMEIOTCS TOJIb-
KO TEXHUYECKHE KEJIE3HOLOPOKHBIEC YUHIIHIIIA.
OtH 00pa3oBaTesbHbIC yUPEKISHHS HEMOCPE-
CTBEHHO MOATOTOBIISIOT MOJIOIBIX JIFOMICH K JKe-
JIE3HOZOPOKHOM NesATeNbHOCTH, B KauyeCTBE
JIOPOXKHBIX MacTEPOB W, TJIaBHBIM 00pa3oM,
MarmHACTOB. CTPOro rOBOPS, TOJIBKO 3TH YUHU-
JIUIIA U MOTYT CUUTAThCS, KaK YUPEIKICHUS,
MOATOTABIIMBAIOIINE MOJIOAEKD K JKEJIEe3HOJ0-
poxxHOU nestenbHOCTH. Ho, K coxalieHuro,
TaKUX YYHJIMLI HEMHOTO, HE 00JIee OJHOTO-/IBYX
Ha JIOPOT'Y, @ Ha HOBBIX IOPOTax MX U BOBCE HET,
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MMOYEeMYy W KOHTHHICHT IOJTOTOBJICHHBIX JIHI]
BeChMa HE3HAuMTEJICH. B Hacrosmiee Bpems
umeercs 41 yaunuuie.

EcThb emié ocoOblit po/1 MOArOTOBUTEIBHBIX
YUpEeXKICHUHN — 3TO BeuepHHUe Kypchl. Ho u oHu
BEChbMa MaJi0 PaclpOCTPAHEHBI, U TO TOJIHKO Ha
HEKOTOPBIX CTapbhIX JOPOrax.

Ha ynpaBneHuHU XKeIe3HBIX JOPOT JECKHUT
oco0asi 3a7a4a, 110 CBOSH CephE3HOCTH COCTAB-
JISIOIIAs aTb(y M OMETY BCETO KEJIe3HOAOPOK-
HOTO Jiejla — 3TO UMEHHO BBIPa0OTKa CHCTEMa-
TUYECKOM MJIAHOMEPHOI OpraHu3aIiy yIUITUIII,
IIIKOJT ¥ KypPCOB, HACTOJIBKO PacIpOCTPaHEHHBIX,
YTOOBI HU OJ[HA YKEJIC3HOIOPOIKHAS JIOJKHOCTb,
HOCSIIasi KAaKOW-TH00 TEXHHUYECKHUI XapakTep,
B YHHBEPCAJIbHOM 3HAYCHHH 3TOTO CJIOBA, HE
Oblia 3aMellleHa HUKEM WHBIM, KaK TOJbKO JIH-
LIOM, TIOJATOTOBJIEHHBIM CIIEIIHATLHO K 3aHATHIO
ero.

Tonbko Takue MOArOTOBUTEIIBHEIC 00pa3o-
BaTEJIbHBIC YUPEKICHUSI MOTYT BhIpaboTaTh
TEXHUYCCKU MOATOTOBICHHBINH Kaap JTUYHOTO
cOoCTaBa MJIAJIIIMX CITYKAIUX, MOTYIIHH IPEJI-
CTaBUTh rapaHTa MPaBUIBHOTO U CO3HATEIBHO-
TO UCIIOTHEHHS CBOUX 00S3aHHOCTEM.

Crnenyer BBECTH B ITPABIIIO K HEYKIIOHHOMY
HCIOJHEHUIO, YTOOBI HU OJHA CIelualbHas
JIOJDKHOCTh Ha JIOpOrax He ObLia 3aMerniacma
HMHAYe KakK I10 MPEACTABICHUIO YI0CTOBEPEHUS
00 00y4YCHHH U BBIJICPIKAHUIO UCIIBITAHUS B CO-
OTBETCTBYIOIICH CIICI[HAIBHON IIKOJIE.

B Hacrosiiiee Bpemst Ha TOJDKHOCTH, CBSI3aH-
HBIE C TEXHUYECKUM JBHKEHHEM TOE3/0B, HE
MPUHUMAIOTCS JIUIA, HE UMEIOIIHE YI0CTOBE-
peHUs O BBIICP)KAHUU dK3aMeHa, U, JaXKe, BCe
TaKue JIMIA, BHOBb MOCTYIAIOIIAE HA IOPOTH,
MOJIBEPTAIOTCS MCIBITAHUIO B 3K3aMEHAI[MOH-
HBIX KOMUCCHSIX, OPI'aHU30BaHHBIX MPU KOHTO-
pax ABHXKCHHUS, WIH OTACICHUSIX CIYKOBI
nBrkeHus. [laccaxupsl MOTYT OBITH YBEPEHBI
B TOM, YTO CJIYXAaIIKe, OT KOTOPHIX 3aBUCHUT
0€30MacHOCTh OTIPABJICHUS IOE3/I0B Ha mepe-
TOHBI M PACIOPSKCHUS MEPEIBIKECHUS UX IO
CTaHI[MOHHBIM MYyTSIM JEHCTBUTEIBHO CIICIH-
aJIbHO 3HAKOMBI cO cBouM jesioM. Ciry:xeOHbIe
OIIMOKH X BO3MOKHBI TOJIBKO IT0 HEBHUMAHHUIO
K MCIIOJIHEHHUIO CITy)KEeOHbIX 00s3aHHOCTEH, a He
10 HE3HAKOMCTBY C HUMH M C YCTaHOBJICHHBIMU
MpaBUWJIaMHU. B 3TOM OTHOIICHUH JOPOTH MPEI-
CTaBJISIOT MACCAKUPAM PCATBHYIO TAPAHTHIO.

Ho Oe3omacHOCTh CieIOBaHHUSA MOE3qa Ha
MeperoHax HaxoOJHWTCS B HEMOCPEIACTBEHHOMN
3aBUCUMOCTH OT MPABUJILHOTO, TIIATECIHHOIO
U YMEJIOTO OCMOTPAa BCEX XOJIOBBIX YacTei Ba-

O kHure H. 1. BepxoBckoro «>Kene3HoaopoXHasAs Hepa3oepuxa»




TOHOB, CMa3KH OYKC, OT ITPaBUIIBHOTO COAIEpIKa-
HUS CTPEJIOK W MyTeil, moyemMy BCe MIIAJLINE
Clly’Kalliye, Ha 0053aHHOCTH KOTOPBIX JIEKUT
BBITIOJTHEHHE YKA3aHHBIX (DYHKIIHH, KAK OCMOTP-
[IMKH, CMAa34dKH, CTPEIOYHHKH, PEMOHTHBIC
pabourie U crapiiue padoudue, JOHKHBI OBITh
00y4eHbI CBOEH CIIeUaIbHOCTH M 9K3aMEHOBa-
HBL.

Ho Henb3s ycnokanmBaThbcsi OpraHu3anuei
9K3aMEHAIMOHHBIX KOMHCCHUH, T.€. IPOBEPKOH
MpUOOPETEHHBIX 3HAHUI; HAJI0 elIE IpeaocTa-
BUTb CIIY)KaIlIMM ¥ IIOCTOPOHHHM JIMLIAM 00J1er-
YEHHBIE CIIOCOOBI K U3YUYCHUIO KEJIE3HOTOPOK-
HOTO JiejIa B CIIeIHaJIbHBIX IIKOJIAX, YUUIIHNIIAX,
T.€. K IPHOOPETEHUIO 3TUX 3HAHUMH.

B HHUX 0COOEHHO HYXXIAaeTcs KOHTHHIEHT
JIFOZIEH, TOATOTOBIISIIOIINX CE0S K TEXHUYECKOM
JeSITeIbHOCTH IO JIBXKEHUIO 1oe3noB. [Ipak-
TUYECKH K 9TOH JIeSITEIbHOCTH ITOITOTOBIISIOT-
cs1 OOBIKHOBEHHO TeJerpaducTbl ¥ TO TOJIBKO
MyTEM JOJITOTO MPUCMATPHBAHHS Ha CTAHIIUAX
K JIeJTy TEXHHUYECKOTO ABHKEHHS MEXIY CBOUM
nenoM. Ha MHOTHX toporax 1o CTaHIMSIM pac-
CBUIAIOTCS PAa3JINYHbIE PYKOBOJCTBA U KAaTeXH-
3UCHI, CllyXallue MOCOOUAMH K M3y4YECHUIO
NpaBWl, YCTAHOBJIEHHBIX Ha Aoporax. Takylo
PacChUIKy CJIEAYET BO3BECTH B CHCTEMY, ClIEIaTh
00s13aTeIbHOM, 4TO0 CyXKallue KXol CTaH-
I[UH UMEJIH T10]1 pyKaMU CPEACTBA JUIsl CIIPaBOK
U CaMOO0OyUeHHS.

[IpakTnyeckoe U3y4eHUe U MOATOTOBKA MO
PYKOBOJCTBAM M KaT€XH3HCaM TOJBKO M AT
BO3MOXKHOCTB BBIJIEpKaTh dK3aMeH Ha IpaBa
JIeKypCTBa 110 JBIKeHuto. Ho aToro coseprieH-
HO HEJ0CTaTOYHO, HEOOXOAMMBI MIKOJIBI M CH-
CTEeMaTHYECKUE KyPCHI.

He Oyner cucremaruuHO# IJIaHOMEpHOM
MOATOTOBKH CITyXKaIluX, He OyIeT U IMOIXOos-
MKUX JIOJeH W BCIEICTBHE ITOrO MOpSaAKa
Y NIPaBHJIBHOCTH XOJ1a BCETO JeJa.

B cronunax MMEIOTCs YaCTHBIE KeJIe3HOI0-
POXHBIE KypChl, HO OHH, K COKaJIEHUIO, IIO/TO-
TOBJISIFOT CIIEUAIIUCTOB HE CTOJIBKO JKEJIE3HO-
JIOPOXKHOTO Jiej1a, CKOJIBKO KOMMEPUYECKOTro.

B IlerepOypre, npu MmneparopckoM pyc-
CKOM TEXHHYECKOM OOLIECTBE, UMEIOTCS CIie-
HaJIBHO JKeJIe3HONOPOXKHBIE Kypchl. Ho Beé aTo
Karuisi B MOpe, CPAaBHUTEIBHO C ACHCTBUTEIb-
HOUW MOTPeOHOCTHIO B MOATOTOBKE Ka/IPOB Ke-
JIE3HOOPOXKHBIX TEXHUKOB.

Xenesnsle noporu B3suM Ha cedsi JOOpo-
BOJIbHYIO 00513aHHOCTB 3a00THUThCS 00 00pazo-
BaHUH MOJIOZOTO JKEJIE3HOJOPOXKHOTO MOKOJIe-
HUS MITQJIINX CITYXKAIINX.
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O0s13aHHOCTD BIOJIHE TOYETHAS, HO, K CO-
KaJICHUIO, KPEUThI, OTIyCKaeMble Ha 00pa3o-
BaHMe, MOYTH BCET/a, Ha BCEX JI0porax, Hello-
CTaTOYHBI, BCIEICTBHE YETO JIETH HE BCEX JKe-
JIE3HOJIOPOKHBIX CIYXAaIUX, HE MMEIOLINX
CPEZCTB MOJIb30BAThCS TOPOJCKHUMH IIKOJIAMHU
U Ka36HHBIMU y4eOHBIMU 3aBEJICHUSIMHU MOTYT
oOy4arbcs B HUX. [Ipy 3TOM 0coOeHHO cTpaja-
I0T JETH CIYyXalluX, XKUBYLUIMX Ha MaJbIX
CTaHIIHMAX, HE UMEIOIINX LIKOJI.

JlelficTBUTENBHO, BCE KEIE3HOJOPOKHBIE
LIKOJIBI, YCTPOEHBI Ha OOJIBIINX CTAHLUSX, T1e
MMeeTCsl 3HAYUTEIIbHBIA KOHTHHT€HT CITYKaILHX.

EnnHCcTBEHHAS BO3MOXKHOCTD JIETSIM CITyKa-
KX Ha MPOMEXYTOYHBIX MaJIbIX CTaHLHIX
MOJIyYUTh HaudajbHOE 00pa3oBaHHE B TaKUX
LIKOJIaX — 9TO MOCEJATh UX Ha OOJBIINX CTaH-
LUAX B YYXKUX ceMbsiXx. Ho 3To compsikeHo
C CYIIECTBEHHBIMH PacX0JaMt, KOTOPbIE MOTYT
cebe MO3BOJIUTH TOJILKO HEMHOTHE M3 CITyXkKa-
LIMX, CaMble MIIQAIINE Kak pabodue, CTopoxa,
CTPEJIOYHUKH U APYTHE, MOTyYaroume HeOob-
1I0€ KaJloBaHWE, BBIHYKJEHBI OTKa3aThCsl OT
3TOTO ¥ OCTaBHUTh CBOMX JI€T€l — HErpaMOTHBI-
MH.

KoHeuHo, cityyaiiHO, MHOTIA HAXOMSATCS Ha
CTaHLUH CITy’KalllKe, a Yalle uX *KEHbI, KOTOphIe
OepyT Ha cebs 3a Majioe BO3HArpaKIcHHE 00-
y4aTh TaKMX JIeTeH rpaMoTe, HO JTO SIBICHUE
JIOBOJILHO PEJIKOe.

XoTs opraHu3anys UKo 1J1sl HEpBOHAYAIIb-
HOTO 00Y4EHHs1 eTeH CITyKaIIUX HEe IPHHOCHUT
HEIMOCPEACTBEHHON BBITOJBI ISl KEJIE3HBIX
JIOPOT, HO TEM HE MEHEE 3TOr0 POjia MEPOIPHSI-
THSI KpaiiHe HeoOXOIHMMBbI, YTOOBI BHI3BATH
B CJIy)KallUX WHTEpPEC B MOCBSIIEHHH cels
CITy’KEHHIO JKEJIE3HBIM J0pOraM M MPUBI3aTh UX
K HUM.

B 3TOM OTHOWIEHHH AOPOTH JOJIKHBI Clie-
J1aTh BC€ BO3MOXKHOE, YTOOBI JIBIOTHI 110 00yue-
HUIO JIeTel MMENIM XapakTep MpHUBJICUYECHUs
CIIy’KalllUX U BBI3BIBAJIM CO3HATENIBHYIO OJ1aro-
JIAPHOCTB J0pOTraM 3a 3a00THI O JIETSIX.

OO0yueHue J0KHO OBITH OECIUIATHOE, C BhI-
Jadei KHUT, TeTpajell, kapaHaamieil, nepres
U T.11. IIKOJbHBIX MMOCOOUN HATYypPOH.

upkynsap YipaieHus )KeJe3HbIX JOPOT OT
13 auBaps 1909 rona 3a Ne 765, ycTaHOBUBIINI
HOPMY IUTaTHI 32 00yUYCHHE JICTEH, TOJIKEH OBITh
OTMEHEH.

HecBoeBpeMeHHO BBOAUTH ILIATy 3a IPaBO
yudeHwus, Koria Bcs Poccus crpemurcst k opra-
HU3alUU 0053aTeIbHOTO U OECIIaTHOTO ISt
Bcex 00y4eHUs rpaMoTe.
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Ho sxene3Hble JOPOTry OIKHBI UATH Aaliee,
4TOOBI MTPEJOCTABUTh BCEM JETSM CIIyXKaIUX
BO3MOXHOCTb II€PBOHAYAJIBLHOTO OOYYEHHS.
«Stand still is to go back» — roBopsiT aHIIM4aHe,
T.€. CTOSITh HA MECTE — 3HAYUT WUATH Hazan.
B nene obpazoBanus HaJ0O MHOTO U J0JITO TPY-
JIUTHCS, YTOOBI JOCTUTHYTh MPABUIBHOM €ro
OpraHu3aIiy.

Ha GoibImmx cTaHIusIX, UMEFOIIUX IIKOJIbI,
HE0OXOIUMO yCTpauBaTh OOIICKHUTHUS IS 110-
MEUICHHUS JACTEH, )KUBYIIUX BHE 3TUX CTAHIUH.
Ha HexoTophIX J0porax MMEITCs Takue oo1ie-
JKUTHSI, OCHOBaHHbBIE Ha CPEJICTBA CIY)KallIUX,
HO OHHM BECbMa PEJIKH, M CyIIECTBOBaHUE MX
JIaJIEKO He 00eCcneyeHo.

OOUIEKUTHS JOJKHBI HAXOJAUTHCS B BEJe-
HUH y4eOHOTO IepcoHaja J0porH, T. €. KOMUTeE-
Ta 00pa30BaTeNbHBIX yUPEXIECHHH. 3a KUTHE
W HaJ30p 3a JIETbMH JIOJDKHA B3BICKUBATHCS
camasi MUHUMaJIbHasl IjIaTa, €clid Helb3s Jie-
JaTh 3T0 OE3BO3ME3/HO.

Boobiie, Bce ynoOcTBa U JIIOTHI, MPEIO-
CTaBJEHHBIE JETSIM CO CTOPOHBI JOPOTH,
JIOJDKHBI UMETh I'POMajHOe HPaBCTBEHHOE
BIMSIHME Ha CIYXal[UX M, KOHEYHO, OyAyT
YYTEHBI UMH U TIPUHSTHI B COOOpaKEHUE TIOCTO-
POHHHMMH MIPH BHIOOPE 3aHATUI U CITYKOBI.

OTo ofHA W3 IVIaBHBIX 3a]a4 MOJATOTOBKU
KaJpOB JOCTOWHBIX M HAJEXKHBIX CIIYKaIIUX,
U Ha He€ HeoOXOoAMMO 00paTUTh 0coO0E BHU-
MaHHe.

Mexy TeM U3 OTYETHBIX JaHHBIX Mbl BU-
JIIM, YTO JKEJIEC3HBIMH JIOpOTaMH, B BOCIIUTA-
TEJILHOM OTHOLICHUH JIETEeH CIIy)KalluX, c/esa-
HO elé OYeHb HEMHOT'O, U KeJIE3HOAOPOKHOE
HaceJICHHE COBEpIICHHO He o0ecrnedyeHo Ha-
YaJlbHBIM 00yUeHHEM.

K 1 suBaps 1907 rona nereit HIKOJIBHOTO
BO3pacTa Ha BCEX JKEJIE3HBIX Joporax ObUIO
322 825 4esoBek, 13 KOTOPBIX 00y4anoch BCEro
75035 yenoBeK, U, CIECA0BATEIBHO, 0CTaBAJIOCH
BHE HIKOJBHOTO oOpasoBanus 247790, T.e.
6onee 75 % Bcero JeTCKOro HaceJIeHHUsI.

Uro KacaeTcsi uucia KeJIe3HOIOPOKHBIX
IIKOJI [0 CPABHEHHIO C IPOTSHKEHHEM JKEJIE3HBIX
Jopor, To Ha 127—-128 BEPCT NPUXOAUTCS TOJIb-
KO OJIHA ILKOJIa, — TaK Majio el UX YHCIIO.
B stoM oTHOIIeHNU BegoMcTBy myTeit cooOriie-
HUS HAJIO cleiarh el OYeHb MHOTO, YTOOBI
3aCTaBUTh CIYXallUX CEPbE3HO CUMUTATHCA
¢ 00pa3oBaTelIbHBIMH HKEJIE3HOAOPOKHBIMU
JILTOTAMH, IPEAO0CTABICHHBIMH UM JIOPOTaMH.

CoOCTBEHHO TOBOpS, BO3MOXKHOCTb I10JTY-
yarh MepBOHAYAIbHOE O0yUEHHUE JKEeJIe3HO/I0-
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POXHBIM JIETSIM HEJIb3sl Ha3BaTh JIBIOTOM, 3TO
JIOJDKHO BXOJMTH B OOSI3aHHOCTDH JKEJIE3HBIX
JIOPOT, TaK KaK IIPH CPaBHUTEIBHON PEIKOCTH
HacesieHust B Poccun BooO1ie 1 pazdpocanHo-
CTH CTaHLU Ha BCEM MPOTSHKEHUU KOJIOCCATb-
HO¥ TEpPUTOPUHU CTPaAHbI, HUKAKOE IPyroe Be-
JIOMCTBO HE MOXXET B35Th Ha ceOs 3200ty 00
00pa3zoBaHUM AETEH CIyKallMX Ha JOpOTrax.
MHoro Tpyaa U JeHer HaJo BJIOXKUTH elé ro-
CylapcTBEHHOM Ka3He, 4TOOBI IPUBECTH ITOT
BOIIPOC B HOPMAJILHOE COCTOSTHHE.

Uro kacaeTcsl Ka4ecTBa HU3IIUX LIKOJ, TO
MPAKTHKA BBISICHIIIA, YTO HYKHBI IIIKOJIBI IBYX-
KJIACCHBIC C JBYXJICTHHUM YUYCHUEM, NAIONUM
OoJiee 0CHOBATEIbHOE 3aKOHYEHHOE HauaJIbHOE
obOpa3oBaHue.

B sTuX mkoiax HeoOX0IMMO OpraHu30BaTh
MUTaHKE JIETeH 3aBTpaKaMu.

IIporpamMMbI HAITUX TEXHUUECKUX JKEIC3HO-
JIOPOKHBIX YUYHIIUIL TaK)Ke HEOOX0IUMO mepe-
cMoTpeTh. B HUX ecTh uTo-TO HenmaaHnoe. OHH,
KaK W BCE HAlllM pycCKHEe 00pa3oBareibHbIC
YUPEXKACHUS, CTPAAAIOT OOLIMPHOCTHIO TEOpe-
TUYECKUX CBEIACHUHN U CPABHUTEIBHON HUUTOXK-
HOCTBIO IPAKTHYECKUX 3aHATHUH.

[pu TEXHUYESCKUX JKEIC3HOTOPOKHBIX YUH-
JIMIAX HEOOXOIMMO YITYUIIUTh YCIOBUS 0011e-
JKUTHS JJISL TEX YUCHUKOB, KOTOPBIC ChE3IKAIOT-
csl M3JalieKa, a TaKUX HauOOJBIINKA MPOLEHT.
JKu3HeHHBIC YCIOBUS MX YacCTO KpaiHe TsDKE-
JIbIC, MEIIAIOIINE MPABUIBHOMY XOAY 3aHITHU
B YUMJIHINAX.

J1J1s ipaBUITBHOM ITOCTaHOBKH BOCITUTATEIIb-
HOTO JieJ1a He00XouMa IUPOKasi OpraHu3alus
0011eCTB COACHUCTBUS YUALIMMCS JICTSIM.

Qusuueckue ynpaxcruenus. — O0pasoBaHue
IOHOIIECTBA M JIETEHl B KEJIE3HOJOPOIKHBIX
LIKOJIaX U YYWIIMINAX OyJeT HENOJHO, eCli He
BBECTH B HUX TMMHACTHYCCKHE YIPaKHCHUS,
MapIIUPOBKY U UTPhL. J[aBast 1eTAM CIyKaIux
YMCTBEHHOE BOCIIMTaHUE, HEOOXOIMMO M03a-
OOTUTHCS M O Pa3BUTHUHU UX (PU3UUESCKUX CHI U
0 MPaBWIBHOM POCTE OpraHu3Ma, YToObI MO-
TOTOBUTH BIIOJIHE 370POBYIO IUCIHUILTUHHPO-
BaHHYIO MOJIOAEXKb, CIIOCOOHYIO BEBIHOCHTD BCE
HEB3TOJIbI Oy/yIIIeH )KU3HU U OBITh TOCTOWHBIMU
rpaxjaHamu cBoero OreyecTBa, TOTOBBIMHU KaK
K TPYAHOH KeJe3HOAOPOKHON NIesITeILHOCTH,
TaK ¥ K HECCHHIO BOMHCKOW MOBHHHOCTHU IS
3alUTHI CBOETO OTEUECTBA.

Huuto He mpuydaeT Tak K MOPSAKY, BbI-
JIEpKKE ¥ IUCLUIIMHE, KaK 00yueHHe BOCHHO-
My CTporo. IM-TO U HY)XHO 3aHATh JETCH, M0-
CBATHB Ha HEro He MEHEE 4aca eXEIHEBHO.
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51 661 00yyan MapIMpoBKe U ieBo4eK. Mapiiu-
POBKa C THTHEHUYECKOI TOUKH 3pEHHUS HaydaeT
MIPaBUIIBHO XO/IUTh, Oerarh, AbILIATh U AEPKaTh
CBOH TOpC. DTO OMHAKOBO MOJIE3HO K HEOOXO-
JIUMO KaK MYXYUHE, TaK U KCHIUHE.

Jns sxene3HbIX JOpOTr HYKHa 310poBas
MOJIOZEXKB, a eif, B CBOIO O4epeib, 340POBbIE
KEHBI M MaTepH MX OyIyLIUX JETeH, TOXKE JKe-
JIE3HOIOPO’KHUKOB.

BoeHHBIM ympaXHEHHSAM IEeTH ydaTcs
OYEHB JIETKO U C OOJIBIIUM YIOBOJILCTBUEM
NpeaaTcs UM. JTO NoJIe3Has HayKa U pa3Biie-
YeHHE MEXKAY KJIACCHBIMU ypOKaMH. DHEPIHus,
BO30YkJIEHHAsT B MOJIOABIX OpraHu3Max Iuia-
HOMEPHBIMU TEJIO/IBHXKEHUSMHU, Oy/IET C MOJIb-
300 oOpalieHa Ha YMCTBEHHbIE 3aHSATHUS U T10-
ciieiHue NoiayT ycnemnee. Henapom npeBHsist
KyJIbTypa nponarangupoBaia «Mens Sana in
corpore sanoy.

YroOb! BHIOIHUTH LEIBHOCTh TPOTPAMMBI
JKEJIE3HOAOPO’KHOTO BOCIIUTAHHSI, OHO JTOJDKHO
ObITh HALIMOHAJHHO-HPABCTBEHHOE M TUTEHH-
yecku-puznyeckoe.

Ha moii B3misi1, MUITUTapU3aIIKs KeEJIe3HO-
JIOPOXKHOM LITKOJIBI — 3TO MaHales Bced pa3pyxH,
BHEJIPUBILICHCS B XKEJIE3HOJOPOXKHBIE CepHl,
Y caMo€ paJKaIbHOE JIeueHHe €€ JJ0JKHO ObITh
HAyaTo ¢ MOJIOJBIX MMOOETOB, JOCTYIHBIX JIET-
KOMY BOCIIPHUSITHIO U YCBOCHUIO TUCIMILUIMHBI
U TOpsIIKa.

Ecnu npoTuB npoekra MHJIMTapU3aLUH
B3pOCJIBIX KEJIE3HOIOPOKHUKOB, BEIIBUHYTOTO
renepasioM GoH BeHnapuxom, Oblia 3asBieHa
Macca BO3paKeHHH, TO TPOTHUB MUITUTAPU3ALIH
MOJIOAEKH BPsJ JIM MOXKHO BO3pakaTh, HE Ha-
pyliasi 3ApaBOro CMbICIa U OJIaromoKeNaHui
JUIS TIOJIB3BI Jenia. Bee cTpaHbl MUIMTapHU3yIOT
MOJIOIEXb B UHTEPECaX MPABUIBHOTO Pa3BUTHS
opranusMa u Oyayliel oxXpaHbl rOCyAapcTBa.
Hawm orcraBath He cienyer.

ITotemnsie monku Ilerpa Benukoro nomo-
JKUJIM HAa4YaJlo PYCCKOM HEmoOenuMoi apMuu,
CO3/aBILeH KOJIOCCATIbHOE TOCYAaPCTBO; IIKOJIb-
HBIC KEJIC3HOIOPOXKHBIC MOJIKH 00pa3yroT Oy-
JOYUIMHA Kajap KeJe3HOJOPOKHBIX CIyXKaInX,
KOTOPbIE OKOHYATEJIbHO BOIBOPSIT MOPSIIOK
U 01aroycTpoucTBO AOPOT.

I'myOoKko Io0TBOpHAsT MBICIIb O MUJIUTA-
pHU3alUK IIKOJIBI NOAaHa B MOCIEIHEE BpeMs
HamuM [ocynapem, jxeje3Hble TOPOTH, Kak
MUOHEPHI KYJIBTYPhl U IIUBUIU3AIINH, JOKHBI
U B IIKOJIBHOM OTPAaciy UATH BIEPEAN JAPYTHX
BEJIOMCTB U COICHCTBOBATh BHINOJIHEHUIO MPE-
HayepTaHUH, UCXOMSIINX C IPECToa, KOTOphIe
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TaK IMOJIC3HBI Il 00ecreyeHus OyIyIero ca-
MHX JIOPOT |, B CYIIIHOCTH, TaK JIETKO UCIIOJIHU-
MBbI. DTO MOJDKHBI CO3HABAaTh HAYallbHUKHU
U YOPABISIONIUE JOPOTAMHU U MPHHITH MEPHI
K CKOpEWIlIeMy BBIIOJHEHHIO I[ApCKOTO XKeJla-
Hus. [ooc MUHHCTpA MyTeH COOOUICHUS BbI-
3BaJ1 ObI B 3TOM BOIPOCE YCUIICHHYIO JESITEIb-
HOCTB BCEX JIOpPOT.

HekynbrypHOCTh — Hama OoJblias cliia-
00CTb, a 4TOOBI MPUOOPECTH KYJIBTYPHOCTH
Heo0xouMo oOpa3oBaHue, 00pa3oBaHue U 00-
pa3oBaHue.

Opras, crosmMi y KOpMUIIa o0pa3oBaHus,
KomureT 06pa3oBaTeibHBIX YUPESHKICHUHN T0JT-
JKEH YHEPTUYEeCKH U HEYCTaHHO paboTaTh,
YTOOBI ClleNiaTh BCE BO3MOXKHOE IS JKEJIE3HO-
JIOPOXKHBIX IIKOJ KaK B KOJIMYECTBEHHOM, TaK
U B KaY€CTBCHHOM OTHOIICHHUSIX.

bubnuomexu u yumanohu. — YMCTBEHHOMY
Y HPABCTBEHHOMY Pa3BUTHIO CITY>KAIIMX HEMa-
JIO COZIEHCTBYIOT €IIE XKeJIe3HOAOPOKHBIE OHO-
JINOTEKHU, YATAIbHHU, TIOMOIb IPH BBIMHCKE
razeT ¥ KypHaioB. CTapumiuM CiyXalum,
a PaBHO U YIPABJICHHIO JKEJIE3HBIX JIOPOT HEOO-
XOJIUMO TIPUIIOKHUTh BCE CTAPAHUS IJIS CO3MaHUS
XOPOIIIMX MOCTOSHHBIX M MOJBUXKHBIX OUOIHO-
TEK Ha BCEX XeJIEe3HBIX JI0porax, 0COOEHHO Ha
HOBBIX, KOTOpPBIC HAUOO0JIEE HYXAIOTCS B Kpe-
JIUTaX JUIsl CBOCTO BO3HUKHOBCHHUS.

TouHo Tak ke HEOOXOAMMO MPOBEPSATH JIH-
TepaTypHO TEXHHUYECKHE PabOThI CTApPUIUX
CIyXallliX U MMOMEIAeMbIC UMHU CTaThU B Ka-
38HHBIX JKypPHaJaX OIIaYMBaTh TOHOPAPOM KaK
HEKOTOPBIM CTUMYJIOM K pabore.

JKenesnodopooichuiii « Becmuuxy. — 51 Haxo-
)Y YPE3BBIUANHO MOJIC3HBIM IS CITYKAIIUX HE
TOJBKO YUTATh CIEHHATbHBIC TEXHUYCCKHUE
CTaThU 10 Pa3IMYHBIM OTPACISM JKEJIEe3HO0-
POXHOIO Jejia, HO U MHUCAaTh WX, MOMeIlas
B CIICIMAJIBHBIX KypHaJIax U B CBOEM «BecTHu-
Ke», W3/1aHHe KOTOPOro Ha Ka)JOoH Jopore,
Ka38HHON M 4YaCTHOM, cliefoBajao OBl BBECTHU
B 00bruaii. [IpoToTunamu Takux «BeCTHUKOBY,
MOTyT ciyxkuTh «Bectauku FOro-3amamgabix
1 3aKaBKa3CKHUX JOPOI».

Taxumu «BecTHHKAMU» TOPOTH JOJIKHBI
B3aMMHO OOMEHHUBATHCS, YTOOBI 3aMMCTBOBATh
BCE MOJIE3HOE JIPYT OT Apyra u ObITh B Kypce
Jielia IPYrux J0por.

JlutepaTypHbie ¥ TEXHUYESCKUE TPYIBI CIIY-
JKalIMX JOPOTH, MOMeIEHHbIe B 3TUX «Bect-
HHUKAax», JOJDKHBI OTUIaYMBAThCS MOCTPOUYHOMN
IJIATOM, YTOOBI TPHUBJICYb TOOOJIBIIIE CHIT U BO3-
Oy/ZIUTH OXOTY K HCCIIEIOBAHHIO KEJIE3HOI0POXK-
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HBIX BOIPOCOB M MUCHBMEHHOMY H3JI0KEHUIO
HaOJIIOIeHUH U UCCIIeIOBaHUH.

Yerpoennsle 3aeck B [lerepOypre, o nHu-
HUaTUBE MHUHUCTpa NMyTed cOOOLEeHHUs
C. B. PyxinoBa, BeuepHUE JEKIIMU B aKTOBOM
3asie HCTUTYTa MHXKEHEpOB IyTel cooOiie-
HUS KpailHe MOJIe3Hbl U MOYYUTENbHBI HE
TOJILKO JUIsl CTYJ€HTOB MHCTUTYTA, HO U IS
JKEJIE3HOIOPOMKHBIX CITYKAIUX U JIJIsI ITyOJINKH.

XKenesnooopoocnvie obuecmea mpesgo-
cmu. — 1715 TOr0o 4TOOBI OTBIIEUb MOJIONEKD OT
JIYPHBIX U BPEIHBIX CTpAacTeil U YKPEMHUTh UX
OpraHu3M, HEOOXOJUMO IpPU YIPAaBICHUIX
OpTraHH30BBIBATh THMHACTUYECCKHE U CIIOPTHB-
Hble KiyObl. JIérkas atieruka, miBeackas
Y BOCHHAsi THMHACTHKA, MapIINPOBKa, CTPEIb-
0a, KaTaHHe Ha JIOJKAaX, KOHbKaX, OeraHbe Ha
JBDKaX, €371a BEPXOM U Ha BEJIOCHIIEAax, Urpa
B TEHHHUC, B KEIJIM — BOT 3aHATHS, KOTOPBIC
MOJIIEP>KUBaJIH ObI 310pOBbE U OOJPOCTH AyXa
CIIy’KalllMX U BMECTE C TEM COEAMHSIN OBl NX
MeX]ly cO0OW M pa3BHBaIU Obl KOPIOPATHB-
HYIO COJIMJIAPHOCTh, YyHUUYTOXAsl BPEAHBIH 1151
JieNa ¥ JUIs HUX CaMHMX aHTaroHU3M, KOTOPBIH,
K COXKaJICHHIO, BHEJPSIETCS B JKEJIE3HOJOPOXK-
HYIO )KU3Hb.

BBoast ciymaress B JeTanu ObITa xeles-
HOJIOPOXKHBIX CIyXKaluX, 1 He MOTY yMOJI4aTh
00 o1HOM OYeHb IpUCcKOpOHOM nedekre, mpo-
HUKHYBIIIEM B HPABbI U )HU3Hb KEIEC3HOIOPOXK-
HUKOB U COCTaBJISIONINX, HEKOTOPBIM 00pa3oMm,
IUIOT OT TUIOTH CaMOTo O0IEecTBa U BCEro Ha-
cesneHus. JleekT 3TOT — aJKOTOIU3M.

K coxanenuro, B mocieaHee Bpems 3TO
rpoMajJiHOE 3JI0 JelIaeT 0COOCHHO CHIIbHBIC
yCIIeXH Be3J/ie, B TOM YHCIIe U Ha JKEeJIEe3HBIX
JIoporax.

HNuTepec 6e30macHOCTU MacCaxXupoB
U CIIyXaIuX TPeOyeT, YTOOBI CITyKalTiue TAaKUX
HCIIOJIHUTEIbHBIX CITY)KO, KaK ABHKCHUE U TSI~
ra, OBbUIH JIFOJIM BITOJIHE 3/I0POBBIE, C OCTPHIM
3pEHHUEM H CIIyXOM U BCET/a BJaJCIolIie CBO-
UM TOJIHBIM Pa3yMOM. AJIKOTOJIM3M JINIIAET UX
BCEro 3TOTO.

Macca paccieqoBaHuil BCEBO3MOXKHBIX
CJIy4aeB Ha JIOporax BBISICHSET HEHOPMaJbHOE
COCTOSIHHE CJIY’Kalllero, BAHOBHOTO B IIPOMC-
mectBud. HeHOpManbHOCTh 3Ta BO3HHKAET
HCKJTFOYHMTEIEHO HA MOYBE BIMSHUS BUHHBIX
apoB.

Be3oumbo4H0 MOXXHO CKa3arh, 4TO aOCOJIIOT-
HBIX TPE3BEHHUKOB Ha JKEJIE3HBIX JOpOrax HH-
YTO)KHO€ MEHBUIMHCTBO. MHOTO CIIy)Kalux,
MBIOIIMX CUCTEMATUYHO IO OJTHOH, JIBYM PIOM-
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KaM BOJIKH Iepes 00eJoM W 3aBTpakoM. ITO
caMoe NpPaBHIILHOE, €CJIM YK€ Helb3sl BOBCE
OTKa3aThCsl OT AJIKOTOJISL, U [I0YTH OE3BPEITHO IS
OpraHu3Ma U CIIy>KObl, @ B CEBEPHBIX HINPOTaX
Jlaxke MOJKET OBITh 1 T10JIE3HO. MHOTO CiTyKalnx
MIBIOT HEYMEPEHHO, HO, M0 KpaitHell Mepe, cBoe-
BPEMEHHO, BHE CITY)KObI; MHOTHE CTPaJaloT 3a-
1I0€M, HO, YTO BCETO XyXe U OIacHee, 3To 0e3-
HaIEKHBIE aJIKOTOJIMKHU, KOTOPbIe BEYHO HAXO-
aaTcs B noinbsiHa. OHU camble OMacHbIe
CyOBEKTBI, KOTOpBIE, IPUXOJIS HA CIIykKOy, 1O0-
BUJAMMOMY B HOPMAJIbHOM CTOSIHUH CKOPO Ibsi-
HEIOT OT BBINUTOW YapKH, NPHUHECEHHOU C CO-
0010, U, OCTaBasACh Ha CIIY)KOC HE3aMCUCHHBIC
CTapIIUMH, IPUYUHSIOT CBOUMH O€CCO3HATENb-
HBIMHU JICHCTBUSIMU MacCy HEIpaBHIbHOCTEH,
KOTOpBIE YacTo, IPH HEOJIArONpPUSITHOM CTeue-
HUH 00CTOSTEIIHCTB CTAHOBSITCSI POKOBBIMHU.

[IpakTrka oOHApy>KMBAET BO3SHUKHOBEHHE
HECYACTHBIX CIIy4aeB OT yNyIleHU I, ONHOBpE-
MEHHO CJIEJIAaHHBIX HECKOJIbKUMHU CITY)KalUMHU
pas3HbIX CIIyXk0; eciu ke XOTs Obl OAMH U3
CIy)KalluX OKa)XeTCs MCIOIHUTEIbHBIM, TO
HecyacTHe npeaynpexjaercs. BospMy koH-
KpeTHbIH npuMep. CTpeIoOuHUK, HECMOTPS Ha
MIPOBEPKY CTPEJIKH JIE)KYPHBIM TOMOILIHUKOM,
MOYTH B BUJy TI0€3/1a IEPEBEIN CTPEIIKY, TOCTa-
BHB €€ olIMOOYHO Ha MyTh, YXKE 3aHATHIN 10-
€310M. MalHICT HEBHUMATEIILHO OTHOCS-
muics K ciayx0e, He oOpaTui BHUMaHHE Ha
MOJIOXKEHHUE CTPEIIKH, U MTPOU3O0ILIO CTOIKHO-
BEHHeE 110€3/10B. BHUMaTeIbHBIHN K€ MAallIMHHUCT,
HCIIOJIHUTENbHBIN, 3aMETUT HENpPaBUIbHOE
IOJIOXKEHHE CTPEJIKH 1 CBOEBPEMEHHO MPUMET
MepBl K 3aMeIJICHHIO X0/a 10e3/1a, WU ero
OCTaHOBKE, U HECYACThE MPEJOTBPAILEHO.

BBuy Takoit mocTaHOBKH CITy>KOBI Ha XKe-
JIE3HBIX JIOPOTax, NPH KOTOPOW NeHCTBUE OJ1-
HOTO CIIy’KaIlero MpoBepsieTcsl IPyruMHU, He-
CYACTHUsI MPOUCXOIAT 3HAYUTEILHO peXKe, YEM
OHH MOIJIH ObI TpoHCX0UTh. CaMble KPYITHBIE
city4an 0OBIKHOBEHHO IIPOUCXOAAT ITPU HEBHU-
MaTeJbHOCTH LI€JI0OH CEepUH JIML, U 00paTHO —
BHUMATEJIbHOCTh U TPE3BOCTh OJTHOTO Mapaju-
3yeT OIUIOMIHOCTH JIPYTHX.

Taxum 006pazom, 3a4acTyro 3JOpPOBBE U ca-
Ma XH3Hb MACCAXKHUPOB M CaMHX CIyXalluX,
a TaK)ke [eNOCTh YaCTHOTO U Ka38HHOTO UMY-
LIECTBa, BUCHUT, TaK CKa3aTh, Ha BOJIOCKE, OT
OIUIOIIHOCTH CITY)KAIKX, KOTOPasi 3HaYNTEb-
HO YCHUJIMBAeTCs 0]l BIWSHUEM IMPOAYKTa
MOHOIIOJIUH.

Tpe3Boe nmoBeneHUE CIyKaIIUX HA Kele3-
HBIX JIOpOrax HeoOxoaumee, 4yeMm rue-auoo,
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1 60pb0a C aNKOrOIM3MOM JIOJKHA COCTaBIATh
OJIHY U3 IIaBHBIX 3a00T HaYaIbCTBYIOIIHX.

MenuuuHa Npu3HaET BIEUYEHUE K BHHY —
00J1e3Hb. 3aOiHbIE MbSIHUIIBI, ACHCTBUTEIBHO,
noau OONbHBIE — MX HAaJo0 JICYUTh. Tex e,
y KOTOPBIX 3Ta CTPacTh He nepenuia e B 60-
JIe3Hb, HaJ0 BCEMU MepaMu HCKYCCTBEHHO
OTBJIEKaTh OT BHHA.

Mexy TeM y Hac Ha A0porax B 9TOM OT-
HOILIEHUH MOKa e1l€ HUKaKUX Mep, HU Bpaueo-
HBIX, HU aJMHUHHCTPATUBHBIX HE MPUHHMA-
nock. OOLIECTB TPE3BOCTH y HAc HET, U He-
CJIBIIIHO O BOBHUKHOBEHMH UX. Jaxke B meyarn
HECJBIIIHO TojJoca 0O MEPONPHUATHAX MO
0CJIa0JICHUIO U YHUYTOXKCHHUIO AJKOTOJIU3Ma
CPEeIH KEJIEe3HOJOPOKHUKOB. YBOJIBHEHUE OT
CITy>KOBI IIbSTHUIL BOT [TOKA €UHCTBEHHAs Mepa
B 60pr0e ¢ anmkoronu3smMoM. Ho Beb aikorosuk,
YBOJICHHBIH C OJHOW JOPOTH, MOCTYNaeT Ha
JIpYyTyI0, IPOJODKaeT HeyMepeHHOe yIoTpeo-
JICHHE CIIUPTHBIX HATTUTKOB U CITY>KUT 0 HOBOM
KaracTpodbl. YBOJbHEHUE OT CJIYXKObI HE UC-
MPaBIsIeT U HE U3JI€YUBAET OOIBHOTO, & TOJb-
KO CIIMXHBAET €ro CO CBOMX IUIeY Ha JIpyrHe,
HE YHUYTOXKasl €ro BPEJHOTO BIHSHHS.

Cama u3HB U CiIy’)k0a Ha JJoporax cliara-
eTcsi 0JaroronpusITHO AJIsi Pa3BUTHUS AJIKOTO-
JM3Ma, KOTOPBIH 0COOEHHO Pa3BUT CPEIH XO-
JIOCTOM MOJOAEKHU CIIY)KOBI TBUIKEHHUS Teje-
rpada. JlexxypcTBa CMEHSIOTCSI CHOM, a COH
JeXKYpPCTBOM. B KOpOTKHE NMPOMEXKYTKH, OT
HEYero Jiejarb, UIIYyT IPUATHBIX Pa3roBOPOB
C TOBapHILaMH, B KOTOPBIX CIUIETHH HUIPAIOT
MEPBOCTENEHHYIO POJIb; IEPEMBIBAIOT KOCTOY-
KM CTapIiMX M BBITAJIKHBAIOT HapYyXKy BCIO
Ips3b MIIAJIINX, a ISl yCIIOKOSHHS B3BUHYEH-
HBIX HEPBOB 32 Oece/10i pa3ryJuBacT Yapoyka.
[Tocne He€, KOHEYHO, CIIOPBI, CCOPBI U YaCTO
CKaHJall, a, B KOHIIE KOHI[OB, HEHCIIOJIHUTEb-
HOCTb IO CIIyx0e.

3a py0exoM JaBHO CO3HAIM BpPE]| aJIKOTO-
JM3Ma Cpe/in HKEJIE3HOIOPOKHUKOB, U IIPUHH-
MaloTcsi Mepbl B 00pbOe ¢ HUM. AHIIIUS emé
B 1882 romxy B3siack 3a 3TOT BONIPOC U cTajia
OpraHHM30BHIBaTh COIO3bI U 00I1IeCTBa OOPHOBI
C IbSIHCTBOM. 3a Hell mocnenosana Hopeerus —
B 1892 rony, nanee IlIBenus B 1901 rony,
I'epmanus, llselinapus u OuHasHAUS —
1902 rony, Hanus u ®@panuus B 1903 roxy;
Agctpus — B 1906 rony u, Hakosen, [ omnan-
nust — B 1909 ropy.

B 1907 rony B CTOKroibMme cocTosics
ChE3J1 TPE3BEHHUKOB M OpraHu30BaH «Mexy-
HapOAHBIN COI03 TPE3BOCTH KEIE3HOLOPOXK-
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HBIX ciayxamux». B 1909 rogy HacuuTeIBasoCh
clenyrolee KOJHYeCTBO YIECHOB 3TOTO COI03a:
B Anruu — 43 000, IBeunu — 4 500, ®pan-
uuu — 3 200, Gunnsuauu — 900, HIBeiinapun —
550, Hanuu — 500, 'epmanun — 460, Hopse-
ruu — 450 u Asctpo-Benrpuu — 125, a Bcero
53 685 uneHoB.

VY Hac B Poccuu Heo0X0MMO OpraHu30Barh
00IIECTBO TPE3BOCTH JKEJIE3HOIOPOKHBIX
CIY)KAIUX C OTACICHUSIMHU Ha KaXJIOW He
TOJBKO Ka3&HHOM, HO U yacTHOU mopore. [lo
opranuszanuu Komurera odmecrtsa B Ilerep-
Oypre OH JOJKCH MPUMKHYTh K MEXIYHAPOI-
HOMY COI03Y.

S mogan 06 3TOM 3aMKUCKy MUHUCTPY My TeH
COOOIIeHUS U cliesiai Kiud B xypHaie «[lytu
Coob6menust». [lait bor, 4To0bI 3Ta Hxes ocy-
IIECTBUJIACH B BO3MOXKHOM CKOPOCTH U pa3BH-
JIOCh OBI COJIM/IHOE O0IECTBO, PACKUHYBIIIEE-
cs1 1o Becert Poccuu 11 BOABOPEHUS TPE3BOCTH
Cpelu BCeX XKeJIe3HOAOPOXKHUKOB.

Tpe3BOCTh CiTyKalUX €CTh 3aJI0T MOPSIIKa,
a MOPSIIOK — IpeJBEPUE TOXOMHOCTH. byaem
CTPEMUTHCS K MOPSAJKY U BBIBEIEM JOPOTH M3
JNeGUITUTHOTO UX COCTOSHHUS.

Yemanosnenue cayscebnozo yenza 0
cayacawux. — B 0JHOM U3 CBOUX TaTaHTIMBBIX
crated M. O. MeHBIINKOB BBIpPA3HIICA TaK
00pa3HO U MOAXO/ISINE K JAHHOMY CIy4aro, 4YTo
s IO3BOJIIO ce0e UTHPOBATH €ro: «/[1s 8CAKo-
20 Oena, umeruezo npumszanue Obims gblue
HOCPEOCMBEHHOCU, HYICHA 21yOOKAs 3AUH-
Mepeco8aHHOCMb, Yyem cepbésnee 0eno, mem
Heobxooumee, umobwvl OHO 3a0assL0 Oessmes,
VBILEKANO0 €20 CAMUM NPOYECCOM OeUCMBUSL .

BoT 3TO TO CBOMCTBO KpaitHe HEOOXOIUMO
JUTS JKEJIE3HOJOPOXKHOTO JeJ1a, HO €ro-TO YacTo
HEJOCTaéT B COBPEMEHHBIX BBICIIUX CIIYXKa-
uux. Pa3 n3dpanue H3BECTHOM JAeATEIbHOCTU
€CTh BOIIPOC Kaphepbl, — TO OHO HU 3a0aBJIATh,
HU yBJIeKaTh He MOXKeT. COBPEMEHHBII Ha4Yallb-
HUK OYCHBb YaCTO €CTh YEJOBEK JBAaJIIaTOTO
Yucia; THINb Ja [JaJb — BOT €ro OCHOBHOM
CIY)KeOHBIHA MPUHITHUII.

KoHeuHO, OBIBAIOT CYACTIMBBIC UCKIIOYC-
HUS, Ja U CTPAaHHO U 4yepecdyyp Oe30TpagHO
66110 ObI, eciik ObI UX HE OBLIO.

51 BBICKa3an 31ech MOE JIMYHOE MHEHHE,
OCHOBAHHOE Ha MHOTHX HAOJIOICHUSX, HO S HE
MPETEHAYI0 Ha HEemorpemuMoctb. Kak deno-
BEK, YBIICUEHHBIN JEJIOM JXEJIE3HBIX JOPOT,
sI CepJICYHO paj ObUT ObI OIIHOATHCS.

Yooernemesopenue perucuosnvix nompebro-
cmeti. — JI0J0KUBIIN TOYTEHHOMY COOPaHUIO
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BOIPOCHI, OOHUMAIOIIKE UHTEPECHl JIUYHOTO
COCTaBa, Mepeily K MEPOIPHUATUIM 10 YIO-
BICTBOPCHUIO PEIIMTHO3HBIX MOTPEOHOCTEH
JIUHEHHBIX CJIyKalux. TONBKO O HyXaaX M0-
CJICTHUX M MOYKHO TOBOPHUTH. Bech ciry:keOHBII
MEePCOHAI, )KUBYIIUHI B rOpojiaX, HE HYKIaeTCs
B 3a00Tax yIpaBJieHHsl, K €ro yCiIyram ropoj-
CKHE LEPKBH U JIyXOBEHCTBO. J[pyroe nemno
JIUHUS, 1 OCOOCHHO B MaJOHACEIEHHBIX Me-
CTax HaIIMX OONMIMPHBIX OKPaMH.

Yempoiicmeo yepxegeii. — Ha okpanHHBIX
Jloporax, MPOXOISIINX B MaJlOHACEIEHHBIX
MECTHOCTSX, HEOOXOMMMO MMETh BaroHO-
IIEPKBH, KaK BPEMEHHAs Mepa I OOJIBIINX
CTaHIMH U KaK MOCTOSHHAS Mepa I MaJIbIX
craHiuii. Ha Gonpmmx e CTaHLIUSAX HYXKHO
CTPOUTH I[EPKBU. ECiIM HET KOPEHHBIX aCCHUT-
HOBAHUH U CPEJICTBA CIYKAITUX HE3HAUYUTEITb-
HBI, TO MmoJiarajg Obl BO3MOXHBIM CTPOHUTH
TJIMHOOUTHBIC WU TIECYaHOOUTHBIC IICPKBH.

Ha crapbix goporax He peJKOCTh BCTPETHTh
Ha OOJIBIINX CTAHLMUSX IPEKPACHBIE KEIEe3HOI0-
POXHBIC I[EPKBH, BO3HUKIIINE UCKIIOUUTEIHHO
Ha JTOOPOBOJIBHBIC MPUHOIICHHS CIYKaIl[UX.
Crapsle toporu 6orarsl IEpCOHAIOM JTHYHOTO
COCTaBa, OCEBIIIEr0 Ha MECTaX yXKe C JIAaBHUX T10p
1, KOHEYHO, 00J1a/Ial0Iero HEKOTOPhIMHU cOepe-
JKCHUSIMH, YaCThIO KOTOPBIX 0€3yOBITOYHO MOTYT
nozieNnuThes A Onaroro nena. Be€ 3aBucur or
HWHHULUATOPA. SIBUTCS TAKOBOM, — [VISTHIIIb, YePE3
TOJ-PYTOM, M pa3aacTcs 01aroBecT, IPU3bIBAIO-
IIMA TIPABOCIABHBIX HA MOJIUTRBY.

JKenesnodopoocnas cpeda — Cuiia BeTUKas,
HaJI0 TOJILKO JKEJaTh U YMETh HAIPaBJIATh ¢&
Ha Onarue nena. Ilyrém camomomoniy u eau-
HEHHUS MOXHO CO37aTh MHOTO HEOOXOIMMBIX
U TOJIC3HBIX IS AYIIM U Tella YUPEHKIACHHI.
T'ne ecth HacToOsIIMI XO3SMH, TaM U paboTa
kunut. [ToOosbiie ux ToabKo!..

BpauyeOHO-canuTapHas opraHu3anus. —
VYhpaBieHusI U MPABJICHUS JKEIC3HBIX OPOT
Bcerjma OBIIM MauexaMH JJis BpadyeOHO-
CaHUTaApHOI CTOPOHBI jeia. PazBurue u yco-
BEPILECHCTBOBAHUE KEJIE3HOJOPOKHOTO JieJia
[IUIO CBOMM 4Y€pPEeIOM, HE KacasCh MEIHIHH-
CKOI 4yacTH, HaXOAUBIIIEHCS BCerga B 3aroHe.
Iudpsr pacxoga g0por Beei ceTH 1mo Bpaueo-
HO-CaHUTAPHON YacTH peibe(hHO MOATBEPIK 1A~
0T 3TO 3aKJIIOYEHHE.

B 1875 romy pacxon Ha BEepCTy AOPOTH
coctaBisi — 26 py6. 37 x., B 1887 romy —
40 py6. 37 k., B 1901-79 py6., B 1907 r. —
126 py6. 26 k.
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Kpome GonbHHIL, aMOy1aTopuii 1 IPUEMHBIX
MTOKOEB, HEOOXOUMO 3aBOAUTH M HKEJIE3HOM0-
POXHBIE COOCTBEHHBIE KypOPTHI JJIsl JISUCHUS
NETOYHBIX U PEBMaTHYECKUX 00JIeH, KOTOPHIMHU
IJIaBHBIM 00pa30M CTpaJaloT CiIyKallue.

I[TocoGus, BeliaBaeMble Ha JIEUEHUE,
B OOJIBIIMHCTBE CIy4yaeB HE JOCTHUTAIOT LIEJIH.
B moé Bpems1, Ha [IpuBHcInHCKOH emié yacT-
HOHM Jlopore yIpaBiieHHE MOCTYyNajlo O4YeHb
OnaropasyMHO, BXOJIsl B COTJIAIIEHUE C KypOp-
TaMH O JICUSHUH CIIY)KAIIHX, 32 KOTOPBIX CaMO
BHOCHWJIO YCTaHOBJICHHYIO TLIATY.

B Hacrosiiiee BpemMsi HEKOTOpbIE AOPOTH
IIPOXOJISIT TIO CTEISIM, B KOTOPBIX MacyTcs Ta-
OyHBI JIOLIa/Iel U rJie BIIOJIHE BO3MOXKHO Opra-
HHU30BaTh KyMBICO-JiedeOHbIe 3aBeJEeHUS,
a paBHO W BOJM3M COJSTHBIX MCTOYHHKOB,
B KOTOPBIX MOYKHO YCTPOHTD JKEJIE3HOAOPOXK-
HbIE Ky[aHHsl.

TamkeHTCKas 1opora npeacTapiseT 60b-
mue ygoOcTBa aisi yCTpOHWCTBAa KYyMBICO-
JedeOHOTo 3aBeleHus, o0mero s Bcex
CITy aluX KeJE3HbIX JOPOT, a TAKXKE U COJIsI-
HBIX KyTnaJjieH npu Venkux CosHbIX KOMsX.

CrapmuM BpauoM 3Toi 1oporu I. OpiioBeIM
yKe BBIOPaHO COOTBETCTBYIOIIEE MECTO IS
3TUX KypOPTOB, ¥ OH XJIOTIOUYET 0 Kpeaurte. Ha
1909 u 1910 roast accurrosano o 2000 py6-
neit. Ho 3To cinuiukoM Majas cymMma, 4TOOBI
BO3MOXHO OBIJIO YTO-JIMOO NMPEeANPHUHATH
B 9TOM HallpaBJICHUH.

51 mopan MUHHUCTPY myTeil cooOLIeHus 3a-
MHUCKY 00 yCTpOWCTBE KyMBICO-JI€4eOHOTO
3aBefieHUs Ha cTaHIK bep Yoryp u consHbIx
KyTnalieH Ha craHiuu Mieuk, npeyiaras B Ipo-
€KTe aCCUTHOBaHHE KaXJAO0HW Jopore mo
2000 py0uieit, KOTOpBIE OBLIH IIEPEAAHBL B pac-
nopsbkeHue TallKeHTCKOM JAOpOTH ISl opra-
HHM3alUH KypOPTOB, KOTOPBIMHU MOIJIH OBl
M0JIb30BAaThCsI BCe Joporu. JKenarenbHO MpH-
BJIEYb K yYaCTHIO U YaCTHBIE IOPOTH VIS Jie-
YEHUsSI UX CIIY)KallHX.

He 3Hato, kakoil Oyaer pe3yibTaT MOEro
MPOEKTa, HO MCIIOJIHEHHUE ero OyneT OoJbuioe
npuoOpeTeHne B UHTEpecax 3a00T 0 MIIAAIIUX
CIIyXalluX U UX CeMbSIX.

Konen yactu 1

H. I1. BepxoBckuii
(Kene3nopopoxHnoe geso. — 1911. —
Ne 21-22. — C. 351-43n)

IIponoskenne nydaukanuu
B CJIEAYIOIIMX HOMePAax :KypHaJIa @

O kHure H. 1. BepxoBckoro «>Kene3HoaopoXHasAs Hepa3oepuxa»
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0630p nybnukayuli «bronnemeHs
OCX/»: ogpuyuarnbHele cO0BWEHUS,
UHGbopMayusi, aHanumuka, Hay4Hble
nybnukayuu.
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+ Paspabomka cucmembi nod0epxKu
npuHAMusI pewerus Ans 3adayu
yembIpExMepHOU Hagueayuu

8 epaxdaHckol aguayuu.

* MpumereHue mpy6obemoHHbIX
KoHcmpyKyut ¢ 060s104Kol

U3 NOSTUMEPHBIX KOMNO3UUUOHHbIX
Mamepuasoe npu cmpoumenbcmee
MaribIx Mocmos.

* OcobeHHocmu aspoduHaMuKu
nodgagoHHO20 NpocmpaHcmea
8bICOKOCKOPOCMHO20 NOOBLXKHO20
cocmasa.

+ Paspabomka memo0os
cmabunusayuu YumuHOPosbIxX
MouyHocmel Qu3esns Ha pexume
X0710cmo20 X00a NpU 31eKMPOHHOU
cucmeme ynpassneHus nodayel
monnusa.

HOBBIE KHUTU
O TPAHCIMOPTE 126
|

Hoenble uzdaHus, ebiwedwiue
8 usdamesnibcmeax U yHusepcumemax
CMpaHbI.
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B caBoennom Homepe 4-5 3a 2021 roa, B
YaCcTHOCTH, pa3MelleHbl:

» MaTepuaisl o aesrensHocTd ['pymmer ITKIT
(Tlombckue rocynapcTBEHHbIE KeJIe3HbIE TOPO-
rH) B cBs3H ¢ 20-netnemM Kommanum;

» ctatba npeacenarens Komuccun OCXK] no
TpaHcropTHOMy npaBy Hukonas Hocenko
K 70-meTHelt maTe AByX BaKHEHIINX JTOKYMEH-
TOB, 00ECIICYNBAIOLINX PABOBOE I0JIE OCYIIe-
CTBJICHHS MK IYHAPOAHBIX KENE3HOTOPOIKHBIX
MIEPEBO30K MACCAKUPOB U TPY30B MEKIY CTpa-
Hamu — wieHamu OCXK]I na EBpasuiickoM KoH-
TuHeHTe: COrJalleHuIo 0 MEXAYHapOJIHOM
naccakupckom coodmennn (CMIIC) u Corna-

Mup Tparcnopra. 2021. T. 19. Ne 6 (97). C. 118-121

Matepuanb! bronneTens
OCX[ so BTopom nonyroauun 2021 roga

B oannom Homepe Mbl 3HaxoMum yumameietl ¢ cO0epUCanuenm 8bIueOUUx 60 GMopom
nonyeoouu 2021 200a nomepos Bionnemens Opeanuzayuu compyonuiecmea
arcenesnvix 0opozo (OCXK]]). Onu 3ampazugarom wupoKutl CHeKmp 3aumooericmeus
JHCENLEZHOOOPONCHBIX AOMUHUCIPAYULL U KOMAAHUI U3 CIMPAH — YIEHO8 MOt
asMopUMemHol MeXCOYHAPOOHOU OPeAHU3AYUL.

Kntouesbie cnosa: OCXKL, bronnemers OCXKL], OpeaHusayus compydHudecmsa xese3Hbix dopoe.

HICHHUIO O MEKIYHAPOJHOM JKEJIE3HOAOPOKHOM
rpy3oBoM coobmennu (CMI'C);

* crarhsl HauanmbHUKa OTena MexayHapos-
HBIX CBSI3eH U B3aUMOZICHCTBUS C peniepaibHbIMHU,
PEruoHaIbHBIMU OpraHaMy BIACTH U OOIIeCTBEH-
HeMH 00benuHEeHUSIMA AO «DITK» Urops Jle-
muHUHA «[lepCreKTHBBI BOCCTAHOBIICHUS MEX-
JTYHApOIHBIX MaCCAKUPCKHIX KEITE3HOIOPOKHBIX
MIEPEBO30K B «IIOCTHAHAEMUHHBIN TIEPUOI;

« craths npeacenarens Komuccun OCXK]] mo
Ipy30BbIM IepeBo3kam 3. A. AcriaeBoiit, mpodec-
copa III'VIIC B. JI. Benoseposa, npodeccopa
PYT (MUUT) II. B. KypenkoBa u crapuiero
npenonasaressi PYT (MUUT) A. B. Acradrbesa,

[lns yumupoeanus: Mamepuansi bronnemers OCX/] 8o smopom nonyzoduu 2021 eoda // Mup mpaHcnopma. 2021. T. 19.
Ne 6 (97). C. 118-121. DOI: https://doi.org/10.30932/1992-3252-2021-19-6-13.

MonHb1li mekcm pedakyuoHHOU nybnukayuu Ha aHenulickoM si3biKe pa3MeuwéH 80 8mopol Yacmu 0aHHO20 ebINycKa.
The full text of the editorial publication in English is posted in the second part of the issue.

® © Mwup TpaHcnopTa, 2021



nouenta CamI'YIIC B. A. CapuukoBoii «MH}-
pacTpyKTypa *keJe3HbIX opor Poccun u ctpan
OCXI: mpobaeMbl 1 TePCIIEKTHBED), B KOTOPOI
TIPOBOJMTCS KPAaTKUI aHAIM3 pean3aliy HaMe-
YEeHHBIX IUTAHOB I10 PA3BUTHIO HH(PACTPYKTYPHI
B Poccuiickoit denepanun, a Takke NPUBOAUTCS
CTaTHCTHKA TPy30BBIX EPEBO30K 10 XKEJIE3HO-
JIOPOXKHBIM TpaHCTIOPTHBIM Kopuaopam OCXK]I,
TIPOXOSAIINM 10 TeppuTopun Poccru; mokasaHo
9KOHOMHYECKOE 3HaueHHe obecredeHus 0e3-
OTIACHOCTH TIEPEBO30YHOTO TpOIiecca;

* CTaThsl KaH/W/1aTa TEXHUIECKHUX HayK AJIeK-
canzpa Jlysummca «JlokomoTHBBI U noe311a 6e3
MallMHUCTOB Ha JKEJIE3HbIX JOporax Mupa
1 OCX/I», B KOTOpOIA C/1esIaH akI[eHT Ha TOM, YTO
«poOOoTH3aIMS MOBIKHOTO COCTaBa — 3TO PEBO-
JFOLIMOHHOE M3MEHEHHUE JKEJE3HBIX JI0POT, CPaB-
HHMOE C TIEPEXO0/IOM OT ITAPOBOH K AIIEKTPUUECKOH
TSIre, KOTOPasi CIOCOOCTBYET MOBBIIIICHUTO D heK-
THBHOCTH, 0€30MaCHOCTH ¥ KOHKYPEHTOCIIOCO0-
HOCTH JKEJIE3HOAOPOKHOTO TPAHCHIOPTaY;

* nH(popMaIIOHHOE COOOIIeHNE 00 yJacTuu
IIpencenarens Komurera OCXKJ Mupocnasa
AnToHOBHYA B XXX FOOWICHHOM IJICHAPHOM
3acenanun KCTII, npoxoauBiieM B CTONUIE
Poccuiickoit @enepanyu r. Mockse 15—-16 cen-
Ts16ps 2021 rona, pabounx BCTpedax ¢ 3aMeCTH-
TeJIeM MUHUCTpa TpaHcnopra PO Bnagumupom
TokapeBbIM, a Takxke ¢ pykoBogcTtsoM OAO
«Poccuiickue xene3nsie poporm» (PX/I) Bo
IJ1aBe C FeHepalIbHBIM JAUPEKTOPOM — IpeJiceia-
tenem npasienus Onerom beno3€posbiv;

* uH(popMaIys o Berpede aeneranun Komu-
teta OCXK]] c UpesBbryaiinbiM 1 [ToHOMOUHBIM
[ocnom Pecny6onuku Kopeu B Pecnybnuke
Ilompra;

* naopmanus crneuunaiucra Komuccuu
OCXK ] o TpaHCTIOPTHOM MOJIMTHKE U CTPATETHU
passutus duanst FOprockn o IX MexyHnapon-
HOM MEXBEJJOMCTBCHHOM COBEIAHWU CTPaH —
unieHoB OCXK]I «IIpaxTuka nepeceyeHus rpaHMIL
JKEJIE3HOIOPOXKHEIM TPAaHCIOPTOMY, KOTOPOE
B coorBercTBUU ¢ [lmanom paborsl Komuccun
OCXK]] o TpaHCTIOPTHOM MOJIMTHKE U CTPATETHU
pazBuths Ha 2021 rox o Teme «Pa3paboTka mep,
HaIpaBJICHHBIX HA O0JIerYeHUe IepecedeHHs
TPaHHUI] IPA MEXTYHAPOIHBIX KEJIE3HOJOPOXK-
HBIX IepeBo3kax B EBpoasmarckom mpocTpan-
cTBe» ObLIO mpoBeneHo ¢ 21 mo 22 ceHTAOps
2021 r. B ['manbcke;
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* nHpopManroHHoe coobuienne o Copenra-
Huu | rpynner xenesusix nopor OCXK/ mo
pa3paboTKe U OKOHYATEIbHOMY COITIACOBAHHIO
pacIycaHui ABHKEHHS AaCCAKUPCKUX TIOE3/10B
B MEX/TyHapoaHoM coodmienny Ha 2021/2022 o,
cocrosiBemcsi B Onomoyue (Uexust) 9-13 asry-
cra 2021 r;

* uadopmarmonHoe coodbuienue o Coperia-
HUH 9KCTIEPTOB JKEJIE3HBIX JOpOT 1o Teme «Cuc-
TEMbl PE3E€pPBUPOBAHUS MECT, CIPABOYHO-
MH()OPMALIMOHHOTO 00CITYKUBAHHS ITACCAKHPOB,
TIpeoCTaBIeHust yeuyr u GopmupoBanus Gu-
HaHCOBOW OTYETHOCTUY, IPOBEAEHHOM B COOT-
BercTBuH ¢ [Imanom paborsr Komuccrnu OCK]]
IO TTaCCaKUPCKUM TiepeBo3kaM Ha 2021 rox ¢ 28
o 30 centsiops 2021 roma 8 Komurere OCK]]
(r. Bapmrasa) B peskuMe BHICOKOH(EpeHINY;

» uadopmanus crernuanucra [locrosHHon
paboueii rpynmnsr OCX]] o ¢punaHCcOBBIM U pac-
4yétHbIM Bonpocam Kynku Kupkooii 06 Mrtoro-
BOM coBemianuu npezacrasuteneii Cropon [lo-
roBopa o «IIpaBuiax o pacuérax B MeXIyHapoOI-
HOM ITaCCaKUPCKOM 1 TPY30BOM KEIE3HOIOPOXK-
HOM COOONIEHHMHU», COCTOSABIIEMCH
B cooTBeTcTBUU ¢ [Lmanom padbotel [TocTosHHOMN
paboueii rpynmnsr OCX/] o ¢punaHCcOBBIM U pac-
yétHBIM BotipocaM (ITPI'®) ¢ 12 mo 15 okTsadps
2021 r. B peskxuMe BHICOKOH(EPEHIIHH;

* uHpopmanus crnenuanucra Komuccun
OCX ]I no TpancnioprHoMy npaBy Enenst AHTO-
HeBHY 0 2 1-M 3acenanuu Paboueii rpymst [{HIB/
CMIIC (IIUB — MexayHapoaHasi KOHBEHIUS I10
MIEPEBO3KE ITACCAKMPOB U Oaraxka >KeJIe3HOM0-
poxubM Tparcnoprom, CMIIC — Cornamenue
0 MEXX/TyHapOTHOM ITacCa’KMPCKOM COOOIICHUH),
npoBenénHoMm ¢ 20 mo 21 oxtabps 2021 t.
B wtab-kBaprupe LUT (r. bepn, LIBeiinapust)
B pEXHUME BHICOKOH(EPEHINH C y4acTHEM
npeAcTaBuTeNed ['eHepanbHOro cexperapuara
IUT (I'C LUT), I'enepansHOTO CEKpeTapHuara
OTU®, OBB, AO «IIKII Hurepcutn», OAO
«PXKI» / AO «DIIK» u AO «YKp3aTH3HEIIY,
a taxoke npencrasuresst Komurera OCXK/] B ka-
YeCcTBE HaOJII0IaTeIs;

* nH(popMaTMOHHOE coo0IIeHIEe 00 00yUaro-
meMm cemurape OCXK/] na Temy «IIpumenenue
HakiagHon LIUM/CMI ' Cy», mpoBeAEHHOM B CO-
orBeTcTBUH ¢ Ilmanom paborel Komuccun
OCX/]] mo rpy30BbIM IepeBo3KaM 7—8 U0
2021 rona, B paboTe KOTOPOTo MPUHSIN y4acTHe

MaTtepuansi bronneteHsa OCX[ Bo BTopom nonyroaumn 2021 ropa




MPE/ICTaBUTEIH JKEJIE3HBIX JOPOT CTPaH — dJjie-
HoB OCXK]I: 3AO «AXK]I», APA, BY, BX]I, I'P,
PAU, AO «HK KTX» (K3X), Korail, KPT, YOM,
AO «YBX]1», MunncrepcTa HHGPacTpyKTYPBI
Pecnybnukn IMonsma, AO «IIKII I'pynm»
(AO «IIKII Kapro», AO «I1KIT Mapopmaruxay,
00O «IKIT JIXC»), OAO «PXy», TIK, TPK,
YTU, ¥3, U]1 Kapro; nadmrongareneit OCXK]] —
VR Group, HaumonansHoro o6muiecrsa ®pan-
IIy3CKHX JKEJIE3HBIX 10por — [ py30BbIe IEPEBO3-
xu (CHLI® ®per); nprcoetMHEHHBIX TPEIIPHs-
it OCX/] — AO «OTFIK EPA», AO «EBpocn6
CII6 TpancnoprHsie cuctembi», AO «[TJIACKE»;
MEXAyHapoaHbIX opranusanuit — BTAMO,
EADK, IIUT, KCTII, OFOJI MA TMTM; npu-
rmaménnasie npeacrasutenu AO «TL/I-ITepe-
BO3KHM», a Takxke npenacrasutenn Komunrera
OCXK/I;

* uH(opMaIroHHOe coodmeHue o KOoueii-
HOM MEXyHapOIHOM KEIE€3HOAOPOKHOM Cajlo-
He npoctpancTBa 1520 «PRO//[IBuxenue.
OKCIIO» (2629 aBrycra 2021 roxa Ha TeppH-
TOPHH 3KCIIEPUMEHTAILHOTO JKEJIC3HOIOPO’KHO-
ro xonbiia AO «k BHUMKTy, lllepOunka, ropoxn
Mockea, Poccus);

* H(GOPMAIIMOHHOE COOOIIICHHE O ITPOXOIHB-
tieit B 14-it pa3 Imanbeke ¢ 21 o 24 ceHTsiOps
2021 roma MexIyHapOIAHOI KeJIe3HOAOPOKHON
BeicTaBke « TPAKO» (TRAKO);

» nnpopmanus Ilpencenarens Komurera
OCX]] MupocnaBa AHTOHOBHYA U CTICIIHATIICTa
Komuccun OCXKJ mo uHdpacTpykType U 1o-
IBIKHOMY cocTaBy AHrenuusl llypranoBoit
o cocrosiBiemcs ¢ 18 mo 19 aBrycra 2021 roma
B Bapmage «IX ®@opyme HHTEpMOAATIBHBIX TIE-
peBozox» (FRACHT)».

B nomepe 6 3a 2021 roa, B 4aCTHOCTH,
pa3MelleHbI:

* uHpOpManUs 0 rogoBoM coBemannu Ko-
muccun OCXKJ] mo TpaHCTIOPTHOW MOJUTHKE
U CTpaTeruy pa3BUTHs, B KOTOpoM 19-22 okTs-
ops 2021 roga B Komurere OCXK/] (r. Bapriasa)
¢ ucnoab3oBanueM pexuma BKC mpunsnu
ydacture npencraButens crpad — wieHoB OCK]]
oT: Azepbaiimkanckoii Pecrryomuku, PecrryOmu-
xu benapycse, Pecrryonuku bonrapun, Benrpuwy,
I'py3un, Pecnyonuku Kazaxcran, Kuraiickoit
Hapoganoii Pecniyomnuku, Keipreizckoit Pecry6-
nuku, JlarBuiickoit Pecnyonuku, JIuToBckoi

Pecny0nuku, Pecryomuku Mosiosa, MoOHTofHH,
Pecny6nuku [Monbiua, Poccuiickoit denepanni,
Pymeranm, Croartkoit Pecmy6muiku, PecryOmm-
K1 Y30ekucraH, Ykpaunsl, Yemckoi Peciry6mu-
K#, ICTOHCKOM PecmyOnmky, a Takxke MpUCOeIH-
nénnoro npexnpustus OCXKJ] —Metrans Group,
MeXTyHapOAHBIX opranusauuii — EBpazuiickoit
SKOHOMUYECKOH KOMHUCCUM, MEKIyHapOogHOro
CO103a XKeJNEe3HBIX AOPOr, MeXIyHapoaHOTO
KoopanHanmoHHOro coBeTa 1o TpaHCheBpa3uii-
CKHM TiepeBo3KaM, MeXIyHapOIHOH accolma-
uun «TpaHckacnmuUCKUM MeXIyHApOIHBIN
TPAHCIIOPTHBIN MapIIpyT».

* H(HOPMAIIMOHHOE COOOIICHUE O COBMECT-
HOM COBEIIIAaHWU YIIOJTHOMOUYEHHBIX MTPEICTaBU-
tener wienoB Cosentanns Munanctpos OCK]]
u Kondepenunn ['eHepanbHBIX AUPEKTOPOB
(OTBETCTBEHHBIX MPEICTABUTENICH) KEIC3HBIX
nopor OCX/I, B kotopom 30 HOsI0psi-3 nekadpst
2021 ropa npuHAIN yyacTHe YIOTHOMOYEHHBIE
npeactasuteny wieHoB CoBemanns MUHUCTPOB
OCX ] n/unu YromrHOMOYEHHBIE TIPEICTaBUTE-
i wieHoB Kordepennnu [eHepambHBIX THPEK-
TOPOB (OTBETCTBEHHBIX ITPE/ICTaBUTENEH ) Kene3-
HbIX topor OCXK/I.

« crarbs npeacenarens Komuccun OCXK/] o
IPY30BBIM MepeBo3kaM 3y0aiinbl AcmaeBoit,
MIOCBAMIEHHAS Pe3ylbTaTaM padOTHI, KOTOPHIE
OBUTH OTMEYCHBI Ha UTOTOBOM coBemanuu Ko-
muccun OCXJ[ mo rpy30BbIM MepeBO3KaM
(12—15 okrs6psa 2021 roga B Komurere OCXK]]
(r. BapriraBa) B peskrMe BUICOKOH(DEPEHIICBI3H)
1 331a9axX Ha MPEICTOSIMINHN IePHOL;

* HHPOPMALTMOHHOE COOOIIEHUE O TOIOBOM
cosemannu Komucenn OCX] o nadpactpyk-
Type W MOABIKHOMY cocTaBy (8—10 Hoa6ps
2021 roga B Komurere OCXJI B popmare Bu-
neokoHpepeHnnn) ¢ yaactueM 3A0 «AXK]»,
BY, HK «XW» (bonrapmust), 3A0 «MAB» u 3A0
«MAB-IIItapt», AO «HK KTXK», AO LTG Infra,
YdM, AO «IIKII», OAO «PX]», JKCP, «UDP»
—AO, AO «Ykp3anuzsbiis», AO «HY», a Takxke
npucoequHEHHbIX npennpustuil OCXK] — FOro-
3anagHOro yHHBEPCUTETA MyTeH COOOIICHNUs
(Kuraii, . Ysany) u OOO «beramont» (CioBa-
KHA); MEXAyHapoOHEIX opranuzanmii — OTUO,
MCXK], a taxxe Komutera OCXK/;

e craThs [NaBHOTO penakTopa >KypHaja
«bromnerens OCXJ[» Cepres Kabenkoa, mo-
CBsIIIEHHAS 3HAMEHATEIbHOMY COOBITHIO: OoJiee
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50 net Hasan, B HosOpe 1970 roma, 8 CCCP
ObuTH yTBEpKIeHBI HOBBIE «lIpaBmia TexHIUe-
CKOM JKCILTyaTalli XKele3HbIX gopor Corosa
CCP», corntacHO KOTOPBIM Ha TEPPUTOPHH BCeH
CTpaHbl OblJIa YCTAHOBJIEHA HOpPMa IIHPUHBI
penbscoBoit koien (PK) B 1520 mm;

* nH(OPMAIIMOHHOE COOOIIEHHE O BCTpEUE
¢ neneranueii Pecrryonmku Kopen B Komurere
OCX ], cocrosBuretics 8 mexadbpst 2021 rona,
JIeNleraliil CTOPOH Ha Hell Bosmiasisud [lpen-
cenarens Komurera OCXJ] Mupocnas AHTO-
HOBHY U MHUHHCTD 3eMIIH, HHOPACTPYKTYPHI
u TpaHcnopta Pecnyonuku Kopen Ho Xénr Vk.
B cocraB nenerannu Pecnyonuku Kopen Taxoke
Bxoauiu YpesBbraaiinbiil v [Tomnomounslii [o-
con Pecrryomuku Kopen B Pecniyonuke ITonbmra
Mupa CyH, 3aMeCTHTE]Ib MUHUCTpPA 110 BOIIPO-
cam aBuanuu Kum Ex Cok, COBETHHK MUHHCTpa
no BompocaM uHppacTpykTypbl KBoH XE&k
Ixun, mupextop OTnena mOAAEpKKH CTPOHU-
TenbeTBa 3a pyoexom Lot [Ixon MuH, ipezace-
narenb Kopelickoit acconuaryu 1o 3apy0eKHO-
my crpoutensctBy (ICAK) IMak Cyn Xo, 3ame-
cTutens aupekropa Otaena noanepKKu CTpou-
TenbeTBa 3a pybexom Keax Mn Monr u apyrue
ounmaIbHbIC TUIIA;
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* Marepuall, OCBAILEHHbIN TOCBAIIEH XV Mex-
JyHapomHoMy (GopyMmy U BbicTaBke «TpaHcropT
Poccuny. B HEM oTMedaeTcst, 4To yKazaHHbIE MEPO-
HPUATUS COCTOSUTICH B paMKaxX «TpaHCTIOPTHOMI
Hegemu 2021» B Mockse, npoxoqusiuei ¢ 13 no
19 Hos10ps1. Dopym mpoxomiil B O4HOM (hopmare
C COOJTFOIICHHEM BCEX TPEOOBAHMIA SITHICMHOJIOTH-
YeCKoii 0e30I1aCHOCTH, a JIIs TeX JIeNIeraroB, KOTO-
Ppble He CMOTIIH IPHOBITE [T YIaCTHSI IO IPAIIHAM
SMUIEMUOJIOTHIECKUX OrpaHIMYEHNH, Oblia opra-
HHI30BaHA BO3MOXKHOCTb y4acTHs B PEXKHUME BUICO-
koH(epeHucBs3u. Ha ¢opyme n BbIcTaBke Tpaau-
LIMOHHO 00CYKIaach BCsi POOIIeMaTHKa Pa3BUTHS
OCHOBHBIX BHJIOB TpaHcHopTa B Poccunt 1 B Mex-
JTyHapOIHOM CETMEHTe, a TaKkxke OBLIH MPOIeMOH-
CTPUPOBAHBI OCHOBHBIE JOCTYKEHUS TPAHCIIOPTHOMN
OTpaciy 3a NPOLLIEAIINIA TO;

* MH(OPMALIOHHOE COOOIIEHHE O COCTOSIBIIICH-
cs1 9 nexadpst 2021 rona B Mockse XIX MextyHa-
poxHO# KoH(pepeHH «PBIHOK TPaHCIIOPTHBIX
YCIIYT: B3aUMOJIEWCTBUE U TAPTHEPCTBOY, KOTOPYIO
TPaIULIMOHHO NPOBOAUT peaKius xypHaa « P/
[aptuEp». B 3TOT pa3 oHa npol1iuia B 0O4HOM PExu-
Me, a [T JIETIeraTtoB, KOTOpbIe HE CMOTIN IIPHUEXaTh
BBHJIy OTPaHUYCHHUH, OB TAKKE OPraHW30BaH OH-

naitH-popmar. °

MaTtepuansi bronneteHsa OCX[ Bo BTopom nonyroaumn 2021 ropa




ABTOPE®EPATbI IMCCEPTALIMM

Tekcm Ha aH2nulickoM si3bIKe ny6ukyemcs
80 8mopoii Yacmu daHHO20 6bINycKa.

The text in English is published in the second
part of the issue.

DOI: https://doi.org/10.30932/1992-3252-2021-19-6-14

Bynkos A. C. PazpaboTka cucreMbl IOJ-
JAep>KKH NPUHATHS pellleHus /Il 321a41 YeThl-
PéxMepHOii HABUTrallMU B IPa:KIAHCKOI aBHA-
uun / ABToped. IuC... KaH/J. TeXH. HayK. — M.:
MAMWN, 2021.-22 c.

OmHrM U3 HAaNIPaBJICHNH Pa3BUTHSI a9POHABUTA-
LIU1 B COOTBETCTBHUH C INIO0AJILHBIM a3POHABUT AL~
OHHBIM IUIaHOM MeXyHapoqHOI OopraHu3alnuu
rpaxaanckoi apuarmu (MKAO) sBnsercs BHenpe-
HHE BO3MOKHOCTH IFI00AJIBHOTO YIIPABICHHS YEThI-
PpEXMEPHBIMHU TpaeKTopHusMu. 17151 peanu3anuu 3Toi
BO3MOXXKHOCTH TPeOyeTCS MOJACPHU3AIHS HE TOJIBKO
Ha3eMHOU adpOHABUTAMOHHOIN HH(PPACTPyKTYpHI,
HO U MOJEPHU3ALUS CYHIECTBYIOIINX KOMIIIEKCOB
60pTOBOTrO 00OPYAOBAHMSI.

OnHO# U3 OCHOBHBIX OOPTOBBIX CHUCTEM, 00ec-
neyrBaromux Nonér BosmyniHoro cyaaa (BC) mo
3aJaHHOMY MapIIpyTy, SIBJSIETCS CUCTEMa CaMOoJIE-
TOBOX/CHUSA. FIMEHHO OHa B IEPBYIO Ouepelb
JIOJDKHA OBITH CIIOCOOHA ITOIEeP KUBATh MONETHI T10
YeTBIPEXMEPHBIM MapIIpyTaM.

KitroueBoif 3agaueit 4eThIpEXMEpHOI HaBUT AU
sBisieTcst ooecrieueHue Bo3MoykHocTy BC npuObITH
B 33/IaHHYIO TOYKY MapIIpyTa B 33JaHHOE BpeMs.
B ¢yHKIMIOHANE COBPEMEHHBIX BBIYMCIATENHHBIX
CHCTEM CaMOJNIETOBOXKICHHS YKe CyLIECTBYET (DyHK-
s, KOTOpast B TOW WM MHOIl Mepe pelraeT 3Ty
3amady. Jta ¢yHkuus HasbiBaercst RTA (ot aHm.
Required Time of Arrival).

[enp auccepranmoHHO# paboThI — MOBBILICHHE
YpOBHs 6€30IIaCHOCTH NOJIETOB 32 CUET aBTOMATH-
3alUH ONEPaTUBHOTO OOPTOBOTO ITAHUPOBAHUS
YeTBIPEXMEPHBIX MapLIPYTOB C YYETOM BIIHSHUS
BETPOBOH 0OCTaHOBKH, 3aIIPETHBIX 30H U 30H CJIOXK-
HBIX METEO0YCIIOBUI.

B muccepranmoHHoi paboTe MOy YeHbI CIIeIyIo-
1€ OCHOBHBIC BBIBOJIBI M PE3YNIBTATHI.

IMocraBneHa u perieHa 3a1a4a pa3padoTKu CUC-
TEMBbI TOAJCPKKH MPUHATHS PEIICHUs, 00eCIeun-
BaloIIel pelieHne NpodiIeM, BO3HHKAIOIIUX TPH
MOJIETAX IO YETBIPEXMEPHBIM MapLIpyTaMm.

Pa3paboTana apxuTeKTypa CUCTEMBI HOIEPKKU
HPHHATHS PEIICHHsI, KOTOpast COAEPKHUT BCe HE0O-
XOIMMBIE IEMEHTHI M CBS3U C BHEITHUMH CHUCTe-
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MaMH Ui o0ecredeHUs] BO3JIOKECHHBIX Ha Heé
¢yskiuii. CuctemMa COCTOUT U3 TPEX MOAYJIEH,
a Taloke B3auMoJelcTByeT ¢ 6a3oit naHHbIX JITX,
CHCTEMOM CaMOIETOBOXKIEHH S, ICTOUHUKOM METEO0-
JTAHHBIX W JAHHBIX O 3alPETHHIX 30HaX.

PaspaboTrana MeToaMKa MOMCKa ONTUMAIIBHBIX
YeTBIPEXMEPHBIX MapIIPyTOB, YAOBIECTBOPSIOIIAS
TpeOOoBaHMM, ONpeIeNEHHEIM K Hel B pe3ynbrare
aHaJIM3a BBISIBICHHBIX MPOOJIEM MpH MOJIETAX IO
YeTHIPEXMEPHBIM MapIIpyTaM, a UMEHHO:

* o0ecreyrBaTh MOUCK PEIICHUH 0 YETHIPEM
KPHUTEpHUSIM ONITUMU3ALIUH;

* BBITIOJHATH PAcu€T TPEXMEPHOH TPaeKTOPHH
3a OJIVIH 1T BEIYMCIIEHUH Oe3 pa3siesieHHs TOpPH30H-
TaJbHON U BEPTUKAILHON INIOCKOCTEN;

* YYUTHIBaTh BIIMSHHE BETPOBOW OOCTaHOBKH,
a TaKXKe HaJIMYHUE 30H CIIOKHBIX METEOYCIIOBHH HIIH
3alpEeTHBIX 30H;

« JITX BC.

Paspabotansl npaBniia GopMUpOBaHHS IPU3HA-
Ka HeJOCTYITHOCTH JIBFDKEHHSI 110 aKTHBHOMY MapIil-
PYTy, ONpeAeneHbl YCI0BUI UHPOPMHUPOBAHUS
9KHIIAXKa O BOSHUKHOBEHHU HELITAaTHOH CUTyalluu
MpU MOJIETE MO YETHIPEXMEPHOMY MApLIPYTY UL
(GyHKIMH MOHHUTOpHHTA aKTUBHOTO IUIaHA MONETA
U MIOAJEPAKKU IPUHSTHS PELLIEHHS COOTBETCTBEHHO.

Pa3paboTaHbl alTOPUTMBI, pealn3yomue oc-
HOBHBIE ITard METOAMKH TOHMCKa ONTUMAaJIbHBIX
YeTHIPEXMEPHBIX MapIIPYTOB, TPaBUIa MOHUTOPHH-
ra cTaryca BBIIOJIHEHHS YETHIPEXMEPHOIO Mapill-
pyTa, a Takke HOPMHUPOBAHHUS MPU3HAKOB BO3HUK-
HOBEHUsSI POOJIEM B MIPOIIECCE BHIIIOITHEHHS YEThI-
PEXMEPHOTO MapIIpyTa.

Pa3paboTaHHOE MaTeMaTH4eCcKoe 00ecredeHne
pear30BaHO B BHIE MPOTPAMMHOTO 0OeCHeueHHs
Ha si3bIKe Java Script, UMeeT MOIYJIbHYI0 apXHUTEK-
Typy ¥ BKJIIOYaeT B ceOsl: MOYJIb IIOUCKA OITHUMAITb-
HBIX YeTHIPEXMEPHBIX MApHIPYTOB, MOILYJb MOHH-
TOPHMHIAa aKTUBHOTO IIIaHA MOJNETa U MOAYIb TOJI-
nepxku npuasaTas pemenust. [10 «murarop moxy-
7 TMOMCKAa ONTHMAJbHOTO YETHIPEXMEPHOIO
MaplIpyTa CUCTEMBI MOAJEPKKU NIPUHATHS pelle-
HUSD» 3aperucTpupoBaHo B PeecTpe mporpamm ams
OBM (cBHIETENHCTBO O TOCYJAPCTBEHHOW PErH-
crpatuu rporpammsl 1uist OBM Ne 2021616587 or
23.04.2021).

[IpoBeneHo Tpu Tara MOIETUPOBAHHSI, KOTOPBIE
MOJIHOCTBIO MOATBEPIMIN PabOTOCTIOCOOHOCTD
1 aJeKBaTHOCTh Pa3pabOTaHHOTO NPOrpaMMHO-
TOPHUTMUYECKOT0 O0eCIIedeH s sl pacuéra OI-
TUMAJIBHBIX YETHIPEXMEPHBIX MApIIPYTOB.

PesynbraTsl MOAENHPOBAHUS YHCIECHHO TOJ-
TBEPAWIH 3G PEKTUBHOCTD:

* IPUMEHEHNS! BEIOPaHHBIX KPHTEPUEB ONITHMU-
3aIMH JUTS PEIIeHHsT 3a/1a91 TTIONCKa ONTHMATBHBIX
YeTHIPEXMEPHBIX MapLIPYTOB;

* aHa/IU3a TPEXMEPHOTO IPOCTPAHCTBA 33 OIUH
[Iar BEIYHCIICHHIA;

* IPUMEHEHUS alTOPATMA A-Star ¢ TOUKH 3PeHHS
aJIeKBaTHOCTY BPEMEHH BBIYUCIICHUI Ha MapIIPyTax
Pa3IMYHOHN JaNbHOCTH.




Pesynbrars! AUCCEpTAIMOHHOM PabOThI BHEPE-
HBl B HayYHO-UCCIIEI0BATEIbCKYI0O U OIBITHO-
KOHCTPYKTOPCKY!0 paboTy «Pa3paboTka 60pTOBOrO
PaaMO3IEeKTPOHHOTO 000PYIOBaHIS TS CEMEHCTBA
MaructpaibHbx camonéroB MC-21 (MC-21-200
nMC-21-300, ¢ nBurarenssmu PW-1400 u I11-14)»
¢mnana ITAO «Kopnopanus «pkyt» «LleHTp
KOMILIEKCHPOBAHYISD M y4eOHBI Iporrecce Kadenps
703 «CucremMHOE TPOESKTUPOBAHUE aBHAKOMILIIEK-
coB» UuctuTyTa Ne 7 «PoOOTOTEXHUYECKUE U HH-
TeJJIeKTyasIbHbIe cucTeMbl» MAU, uTo noaTBepx-
JAETCsI COOTBETCTBYIOLIMMY aKTaMU O BHEJIPEHHU.

2.3.1 — Cucmemmblii ananu3s, ynpasierue u 0o-
pabomka ungopmayuu (mexHuveckue HayKu).

Paboma evinonnena u sawuwena 6 Mockos-
ckom asuayuonnom uncmumyme (Hayuonanvholil
UCCIe008amMeNnbCKUll YHugepcumen,).

Muxanabikus E. C. IIpumenenue Tpy6oode-
TOHHBIX KOHCTPYKIM ¢ 000/104K0il U3 MOJIH-
MEPHBIX KOMIIO3ULMOHHBIX MATEePUAJI0B NPHU
CTPOUTEIbCTBE MAJBIX MOCTOB / ABTOpEd. THC...
KaH/. TexH. Hayk. — M.: MAJIH, 2021. - 25 c.

AKTyanbHOCTh Pa3pabOTKH HOBBIX KOHCTPYK-
THBHBIX PEIICHHUIT IS BO3BEICHUS MAJIBIX MOCTOB,
TIO3BOJISIONIMX CHU3UTH CTOMMOCTB M CPOKH CTPOH-
TENbCTBA, a TAKIKE YBEIIMUHUTH CPOK CITYKOBI COOpY-
JKEHHH, BEITEKAeT U3 COCTOSIHUS MOCTOBOTO IapKa
aBTOMOOMIIBHBIX fopor Poccuiickoit denepanun.

IIo mannbiM Poccrara, cocrosinue 6onee 500
MIOCTOSIHHBIX COOPY)KEHHH OLICHHBAETCs KaK aBa-
puiinoe. Kpome Toro, 6oibiyio npodnemMy BbI3bI-
BAaIOT BPEMCHHBIE COOPYXKCHUS, TAKUE Kak Jiepe-
BSTHHBIE MOCTBI C OTPaHHYEHHBIM CPOKOM CITY>KOBI —
eciu B YJIbSIHOBCKOM 00JIACTH YHCIIO JIEPEBSHHBIX
MOCTOB COCTaBJISIET 79 IT., TO B Xa0apoBCKOM Kpae
ux yxe 706 wT. Kak ykazaHo B BbIBOJAX MEXIY-
HaponHoro peidituara Global Competitiveness
Report BcemupHOoro skoHomMudeckoro gpopyma
2019, Poccuiickas ®enepauus 1o KauecTBy JOpOT
3aHuMaeT 99-e Mmecto u3 141. KocBeHHO HEXBaTKy
MOCTOBOTO ITapKa MOYKHO OLIEHUTH T10 KOIUYECTBY
TIOCTOSTHHO JICHCTBYIOIIMX Niepenpas — 257 IeTHUX
1 3500 3MMHHUX, a TaKKe [0 BEJINUUHE TPAHCIOPT-
Horo nepernpobera — 70—-80 % it MockBHI U He
meHee 50 % o Beceit Poccun. C npyroii cTOpoHslI,
aKTyaJIbHOCTb HCCIICOBAHUS — IPUMEHEHHUE MOJIU-
MEPHBIX KOMIO3HTHBIX MaTepPHANIOB B CTPOUTEIIb-
CTBE — ITOATBEPIKTACTCS BKIFOUECHIEM JAHHOH TEMBI
B [ocymapcTtBennyto nporpammy «Pazsutue mpo-
MBIIUIEHHOCTH U MOBBIIIEHHE €€ KOHKYPEHTOCIIO-
COOHOCTH».

OctpoTa npoOIeMbI HOATBEPIKAAETCS BCECTO-
POHHUM 00CYX/ICHUEM O HEOOXOAUMOCTH BKITFOYC-
HUA IpOorpaMMbl « MOCTBL U Y TENPOBOIB) B CO-
craB HanuonansHoro npoexra «beszomnacHsie
W KauyeCTBEHHBIE aBTOMOOMWIBHBIE IOPOTH
(BKAJT), a Taxxe BKIIFOUCHHEM BOTIPOCA O perie-
HHH IIPOOJIEM MOCTOBOTO napka B «KoMIUIeKCHBIH
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[UIAH PACIIUPEHUS ¥ MOICPHHU3AIUH MarkCTPalib-
HOI1 mHppacTpyKTyps! 10 2024 roma (KIIMI)».

Lens quccepTaimOHHOTO UCCIIEIOBAHMS — Pa3-
paboTKka METONOJIOTHMH NPUMEHEHUSI apOYHBIX
TpyOOOETOHHBIX KOHCTPYKIUH ¢ 00010uKOi U3
MOJIMMEPHBIX KOMIIO3UIIMOHHBIX MAaTepHAaIoOB MPH
CTPOUTEIBCTBE MAJBIX MOCTOBBIX COOPYKEHUH.

B paMkax AHMCCEpPTAIIOHHOTO HCCIIEA0BAHUS
B COOTBETCTBHH C ITOCTABJICHHOI IENBI0 pa3pado-
TaHa 00IIast METOJOJIOTHS POSKTHPOBAHUS H Pac-
yéTa apoOYHBIX TPYOOOETOHHBIX KOHCTPYKIMM
¢ 000JI0YKOH M3 MOIMMEPHBIX KOMIIO3HUIIMOHHBIX
MAaTePHAJIOB MPU CTPOUTETHCTBE MaJIbIX MOCTOBBIX
COOPYKECHHM.

Pe3ynbTarsl 1 OCHOBHBIE BHIBOJIBI AUCCEPTALIH-
OHHOH PabOThI COCTOST B CIEAYIOLIEM:

* NpoBeNEH 0030p M aHAIN3 CYIIECTBYIONINX
WCCIIEOBAHUM U allpOONPOBaHHBIX METOIUK pac-
4y€Ta KaK TPaJULUOHHBIX TPYOOOCTOHHBIX KOH-
CTPYKLHH CO CTaJIbHOH 00O0JIOUKOM, TaK U KOH-
CTPYKLUH C HOIIMMEPHON KOMIIO3UTHOH 000I0UKOM.
[Moka3zana ucTopHYecKkas peTpOCHEeKTHBA Pa3BHTHS
HanpaBJIeHUs UCCIEAOBAHUN TPyOOOETOHHBIX
KOHCTpyKUMH. PaccMoTpensl cymecTBylomue
MO/IXO/BI K MPOSKTUPOBAHUIO MOCTOBBIX COOPYIKe-
HUH C TVIABHBIMHU HECYIIUMH dJIEMEHTaMHU U3 TPY-
600eTOHHBIX KOHCTPYKIIMiT HA OCHOBAHUH aHAJIN3a
BO3BEJIEHHBIX COOPYKEHHH;

* pa3paboTaHa MaTeMaTH4ecKas MOJIENb TPY-
0600EeTOHHON KOHCTPYKIIUH C TIOJIMMEPHON KOMITO-
3UTHOW 00O0JIOYKOH, OMTUPAIOIIASCS HAa TEOpETHYC-
CKHIl moAxon pacrpeseincHus nedpopmanuii mo
BBICOTE CEUEHHsI U3 MPEANOCHUIKA COONIONEHHS
TUTIOTE3HI TUTOCKUX cedeHnid. [Ipemmokens! kpuTe-
PHH IPOYHOCTH, OCHOBAHHbIE Ha XOPOILIO anpoou-
POBAaHHBIX MOJEINISIX pabOTHI OETOHA, UCIIONB3Ye-
MBIX B JEHCTBYIOIEH HOPMAaTuBHOW JOKyMEHTa-
nun. Pa3paboTaH aJropuTM METOIUKH pacdéra
Hecyel cnocoOHOCTH COOPYXKEHHH;

* pa3paboTaHa IporpaMMa HCIIBITAHUH Mate-
PHAJIOB ¥ KOHCTPYKTHBHO-NOJOOHBIX 3JIEMEHTOB
0aJIOYHBIX U apovHBIX 00pasioB u3 [IKM B Hary-
palbHYI0 BeIHUYHMHY. [IpoBeaeHb! HCTIBITAaHUS Ma-
TEPHUAJIOB JUISl ONPEISIICHUS] MEXaHUYECKHUX U (u-
3UYECKUX CBOMCTB, CTOMKOCTH K BO3ICHCTBHIO
arpeccuBHBIX cpell. [TokazaHo, 4To cyniecTByomas
B 'OCT 25.601-80 meToauka UCTILITAHUIA HE MOA-
XOJMT JJIsl ONIPE/ICNICHHUsI MTPEe/ieNia MPOYHOCTH KO-
COApPMHUPOBAHHBIX AaHU30TPOITHBIX 00PA3IIOB C OH-
aKCHAJIBHBIM IIeTeHueM. [IpennoxeHa MeToIuKa
UCTIBITAaHUH TOOOHBIX MaTEPUAIIOB;

* 110 pe3yJIbTaTaM UCTIBITaHU T KOHCTPYKTHBHO-
MOZI0OHBIX OAJIOYHBIX W aPOYHBIX 00pa3IOB B Ha-
TYpaJbHYIO BEIMUUHY IIPOBEAEH aHAIN3 BO3MOXK-
HBIX JeQEeKTOB 00OJIOUKH U UX BIUSHHUE Ha HECY-
IIyI0 CHOCOOHOCTS. [ToKa3aHO OTCYTCTBHE HAKOII-
nenus nedopmanuii ¥ APYTUX HEraTUBHBIX
3¢} exToB mocIe MaJOUUKIOBBIX HCHBITAHUH.
DKCIEPUMEHTAILHO 000CHOBAHO OTCYTCTBHE ITPO-
CKaJb3bIBAHUS MEXIY 000JIOYKOH U OETOHHBIM
CEepICUYHHKOM;




* O0TpaboTaHbl TEXHOJOTHYECKHE MapaMeTph
W3TOTOBJICHUS] aPOYHBIX TPYOOOCTOHHBIX KOHCTPYK-
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* IPUBEJICHBI PE3yIIBTaThl BepH(UKAIMU pa3pa-
0OTaHHOI METOIMKH M CPAaBHEHHE €€ JIOCTOBEPHOCTH
C IPYTUMH aHAJIOTHYHBIMH MeToarKamH. [okazaHo,
41O pazpaboTaHHAs METOAMKA NAa€T CPEIHIOI MOo-
rpemmHocTh 13,5 %. BrinonHeHo cpaBHEHueE ¢ anpo-
OMpPOBaHHON METOIMKOW MHCTUTYTa IuTara Mo3H,
KOTOPOE MOKA3aJI0 CPEIHIOIO ITOTPELIHOCT C KCIIe-
PUMEHTATBHBIMU JAHHBIMH JAHHOW PabOTHI BEIH-
quHOH 75 %;

* aHaJNM3 JAHHBIX YKCIEPHMEHTA MO3BOJINII
cAenaTh BBIBOJ O HAAEKHOCTH U OE30IIaCHOCTH
9KCILTyaTaIUH COOPYKEHHIT C INIABHBIMH HECYIIIMHU
3NIeMEHTaMH B BUIE TPYOOOSTOHHBIX KOHCTPYKIIHH
¢ 000JI0UKOI N3 TOMMMEPHBIX KOMITIO3UTHBIX MaTe-
puanos. {i1s MOATBEPKIECHUS CETaHHbIX BHIBOJIOB
ObLTa pa3paboTaHa CHCTEMa MOHHTOPHHTA 3a CO-
CTOSIHHEM ITHIIOTHOTO COOPYKCHIIS;

* B paMKax NpUBEAEHHOI paboThI ObLIH pa3pa-
60TaHbl OCHOBHBIE ITOAXOJbI K MPOEKTUPOBAHHIO
CXKATO-M3rH0AaEMBIX TPYOOOCTOHHBIX KOHCTPYKIIHIA
¢ 000JIOUKOI N3 TOMMEPHBIX KOMITO3UTHBIX MaTte-
puanoB. Ha oCHOBaHMM BBINOJHEHHOTO aHAJIN3a
BIIMSIHUS Pa3IMYHBIX Je()EKTOB Ha HECYLIYIO CIIO-
COOHOCTB KOHCTPYKIIMH OBLTH pa3paboTaHbl TPeOO-
BaHUS K JIOMYCTUMBIM JeeKTaM 000IOUKH.

05.23.11 Tlpoexmuposanue u cmpoumeibCmeo
00po2, MempOnOIUMeHO8, as3poOPOMO8, MOCMO8
U MPAHCNOPMHBIX MOHHEEU.

Paboma evinonnena u sauwuyerna 6 Mockosckom
asmMoMoOUIbHO-00POHCHOM 20CYOaAPCMEEHHOM
mexnuueckom yHusepcumeme (MAJIH).

IloasikoBa E. 5I. OcoGeHHOCTH a3poANHAMHU-
KM TOABATOHHOTO0 MPOCTPAHCTBA BBICOKOCKO-
POCTHOIO NOABHKHOTO cocTaBa / ABToped. auc...
KaH/. TexH. HayK. — CI16.: [IT'VIIC, 2021. - 16 c.

OpHUM U3 IPUOPUTETHBIX HAIPABIICHUH pa3BH-
THsI COBPEMEHHOT0 JKEJIE3HOIOPOXKHOTO TPAaHCHIOPTa
SIBJISIETCS CO3/IaHME CETH BBICOKOCKOPOCTHOTO JKe-
JIE3HOIOPOJKHOTO COOOIIEHHS, 00€CIeYHBAIOILETO
ONTHUMAJILHOE JUIS ITACCAXXMPOB COOTHOLIEHHE CKO-
poctHu, 6e30MacHOCTH, KOMPOPTa H CTOMMOCTH
rpoe3aa. YBearmdeHHe CKOPOCTH JIBHIKCHHS TIOE3/I0B
BIICUET 3a cOOO0M HEOOXOAUMOCTh PEIICHHUS LIUPO-
KOTO KpyTra 3aja4, B TOM YHCJIe CBSI3aHHBIX C aHAJIH-
30M IPOLIECCOB, BO3HUKAIOIINX B Pe3yJbTaTe a3po-
JIMHAMHYECKOTO B3aNMOIECHCTBIS YaCTHIL OaiacTa
1 KyCKOB JIb/1a (B XOJIOTHOE BPEMs Tofia) C BO3IYI-
HBIMU NOTOKaMH, T€HEPHUPYEMBIMH HPOXOISAIINM
BBICOKOCKOPOCTHBIM TTOJIBFDKHBIM COCTaBOM, ITO-
CKOJIbKY YaCTHIIbI OaJuiacTa, IoJXBaUCHHbBIC YKa3aH-
HBIMH BO3IYIIHBIMH ITOTOKAaMHM, OOaAaroIue J10-
CTaTOYHO BBICOKOM KHHETUUECKOU SHEPTUEH U IBU-
JKyILIHecs 10 JOCTaTOYHO CIIOKHOM TpaeKTOpHH,
HECMOTPS Ha CBOM MaJIbIe pa3Mephl MPEACTABIISIOT
CepbE3HYI OMACHOCTH KaK Js HAMOJbHBIX
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ycrpoiicte CLIB 1 y3710B OABMKHOTO COCTaBa, TaK
U JUIS TIETICXO/I0B, TACCAXKUPOB M PAOOTHHUKOB JKe-
JIE3HOAOPOYKHOTO TPAHCIIOPTA.

enpro auccepTallniOHHON PabOTHI SBISETCS
PpelIeHNe HayYHO 3a1a41 UCCIISIOBaHNs IIPOLIECCOB
JBIDKEHHMS BO3AYIIHBIX MacC B IOIBarOHHOM IIPO-
CTPAHCTBE BBICOKOCKOPOCTHOTO ITOJBIYKHOTO CO-
CTaBa, MEXaHU3Ma YBJICUCHUS YaCTHI] BO3LYIIHBIM
MIOTOKOM M B3aMMOJICHCTBHUS UX C Ky30BOM, IIO/IBa-
TOHHBIM 00OPYIOBAaHUEM U XOIOBBIMH YACTSIMHU.

B paboTe BBIOIHEH KOMITIEKC TEOPETHIECKHX
1 9KCIIEPUMEHTAJIbHBIX HCCIICOBAHUH MO PEIICHHUIO
HAy4YHO# 3aJa4M IBHYKCHHMS BO3YILIHBIX Macc B MO/~
BaroHHOM MPOCTPAHCTBE BBICOKOCKOPOCTHOTO TI0-
JBIDKHOTO COCTaBa, MEXaHU3Ma YBJICUCHHUS JaCTHIL
BO3YIIHBIM IIOTOKOM U B3aUMOJEHCTBHSA UX C KYy-
30BOM, ITO/IBATOHHBIM 00OPY/IOBaHUEM U XOTOBBIMA
yactsiMu. [pu aTom:

* YCTaHOBJIEHO, YTO CYLIECTBYIOIIAst KOHISIIIUS
MOJICITUPOBAHUS BEICOKOCKOPOCTHOTO MOJIBHXKHOTO
cocTaBa MPEe/ICTaBIIseT UCCIIEyeMbIil 00BEKT B BHIE
TOHKOTO TeJa GOIBIIOTO YIUTHHEHHS C III0X000Te-
KaeMoit (popMoii, UMEIOIINIT HHTCHCUBHYIO TYpOY-
JIeHTHYI0 Tuddy3uto B pailoHe TOJOBHOTO M XBO-
CTOBOTO OOTEKaTeNeH, a TakKe B HUIIIAX XOAOBBIX
YacTeil 1 MeKBArOHHBIX MPOMEKYTKOB. B OI0OHBIX
MOJIEIISIX OTCYTCTBYET BO3MOXKHOCTD OTIPENENCHHS
YaCTHBIX CIy4aeB B3aUMOJCHCTBHS BO3IYIIHON
cpensl, BO3MYIIaeMOH ITOJBHXHBIM COCTaBOM,
1 00BEKTOB OKpPYKarOIIel HHPPACTPYKTYPBI, HAMPH-
Mep, MOIBArOHHOTO MPOCTpaHcTBa. [lokasaHo, 4To
CYILECTBYIOLIUE MOJIENIH, METOIUKU X HOPMATUBHbIC
JOKYMEHTHI HE PACCMaTPHUBAIOT BO3SMOXKHOCTD OB~
€Ma YJacTHIl ¢ >KEeJIe3HONOPOXKHOTO IyTH B JIETHEE
BpeMsI H JICISIHBIX YacTHI] B 3UMHEE;

* pa3paboTaHa METO/MKA 10 OIPEEICHUIO Ha-
TIpaBJICHHS TOTOKOB 0OBEMOB BO3yXa M3 HIDKHEH
YacTH Ky30Ba BaroHa, HHIII XOIOBBIX YacTe B OOKO-
BBIX HaIIPaBJICHUSX, a TAKOKE B IPOCTPAHCTBO MEXKILY
Ky30BOM U pamoil tenexxu. [IposeneHa e€ Bepudu-
Kalus M MPOrpaMMHAsl pealn3anus Ha OCHOBE
CPaBHEHUSI C pe3y/bTaTaMy HCTIBITaHUH aHaIOrnd-
HBIX [0 THILy T€OMETPUU MOJETeH B a3pOANHAMU-
YeCKHX TPyOax U IPH HAaTypHBIX 3aMepax;

* YCTaHOBIEHO (3KCHEPUMEHTAIBHO U YHCIICH-
HO), YTO TIPH HU3KOUACTOTHBIX KOJICOAHHSIX JKeIe3-
HOJOPOYKHOTO HIOJIOTHA ITPH IBHKCHHHU BEICOKOCKO-
POCTHOTO ITOIBIKHOTO COCTaBa YacTUIA OaJiacra,
CcBOOOIHO JIeKalas Ha Imnajje JOPOKHBIX IyTeH,
croco0OHa MOTePATH KOHTAKT ¢ 3eMJIeH 1 3aBUCHYTh
B BO3/yX€, YTO HAa3hIBACTCS «BUTAHHEM YaCTHIIBD).
Taxoke onpenenéH 1uaMeTp 4acTUIbL, KOTOpask MO-
JKeT OBITh yBJIeYeHa IIOTOKOM BO3/yXa C IIOBEPXHO-
CTH BEPXHETO CTPOCHUS ITyTH.

IIpennoxkena kmaccuuKanus MOBPEKICHUN
HIDKHHX JIFOKOB ¥ OOKOBEIX 3JIEMEHTOB (Dabmoop-
TOB TTOJBAarOHHOTO NPOCTPAHCTBA BBUIETAIOIIUM
ieOHEM 10 XapaKTepHO# GopmMe 0CTaTOYHOM TiTa-
CTHYECKOH Je(opMaliiy Ha TP BUAA:

* neopMarms «KOIOKOI000pa3HOi» (GopMsbl,
nedopmartst B BUIE O0pO3IbI U «Ipo0oi» B BUC




OTBEPCTHsI HempaBUIbHOW (Gopmbl. TIpemnokeHb
CXEeMbl B3aMMOZICHCTBYSI BUTAOILEH 4acTHUIIbI C 110-
BEPXHOCTBIO JIFOKAa KOpITyca: YNPYrHi PUKOIIET,
IUTACTUYECKUH PUKOILIET;

* pa3paboTaHO MaTeMaTHYecKoe OIHCAHHUe IH-
HaMHYECKOTO HarpyXeHHsl Ha KOMIIO3UTHYIO IlIa-
CTUHY YacTH 3alliUTHOro OGopTa Ky30Ba IpH yrape
TBEPIOI YACTUIIBI C ITOMOIIBIO MOIH(DHIMPOBAHHON
Mozienu 3uHepa;

* Y3y4EeHO TPH BapUaHTa YUCICHHOTO MOIEIH-
POBaHMS TUHAMHYECKOTO HArpy»KEHHs 3al[UTHOTO
0opTa Ky30Ba: KOMIIO3UTHasI MeMOpaHa, KOMIIO3HT-
Hasi CTPYKTypa ¢ 0aIOYHBIMH OOBEMHBIMH AJIEMEH-
TaMU, KOMIIO3UTHAs CTPYKTypa MOCIOHHOTO Mpes-
craBineHus. IlokaszaHo, uTo Haubosee aJeKBaTHOM
MOJIETIbIO, OTBEYAIOLIeH peaJbHbIM (DU3MUSCKUM
XapaKTePHCTHKaM BEICOKOCKOPOCTHOTO JMHAMHIE-
CKOTO Harpy’keHHsl, COOTBETCTBYET KOMIIO3UTHas
CTPYKTypa MOCIOHHOTO PECTaBICHNUS,;

* JaHbl PEKOMEHIALNHU IO MPEAOTBPAILIECHUIO
YBJIEUCHUSI YaCTHIL] OATACTHOTO CJIOSI BBICOKOCKO-
POCTHBIM IOJBHXKHBIM COCTaBOM;

* [IPeJUIOKEHA IPOCTPAHCTBEHHAS a3POUHAMU-
YyecKasi MOZIENb CTPYKTYPbI ABWKYIUXCS BO3ILYII-
HBIX MacC B ITOBarOHHOM IPOCTPAHCTBE BBICOKO-
CKOPOCTHBIX COCTaBOB, IIO3BOJISIIOLIAS YCTAHOBUTD
0COOEHHOCTH (POPMUPOBAHYISI CHETOBBIX H JICIISTHBIX
OTJIOXKEHMI Ha KPUTHIECKH 3HAYMMBIX IS Oe301ac-
HOCTH JIBIKCHUS lIEMEHTaX KOHCTPYKLUH XOJ0BOH
YacTu.

05.22.07 — Ilodgudicnoui cocmag Hcene3nbix
00poe, msza noe3008 U NeKmpUpUKayus.

Paboma evinonnena u 3awuujena 6 Ilemepoype-
CKOM 20CYOapCmeeHHOM YHUgepcumeme nymei co-
obwenuss Mmnepamopa Anexcanopa I.

Crpynraps C. A. PazpaGorka MeTo10B cTa0H-
JIM3aIMH TUIHHAPOBBIX MOINHOCTEH Tu3eisi HA
pPe:KuMe X0JIOCTOr0 X0a MPH I1eKTPOHHOIl cuc-
TeMe ynpaBJieHUsl Nonaveii Tonmmsa / ABroped.
JHUC... KaH[. TexH. Hayk. — M.: PYT, 2021. - 24 c.

Ienpio auccepTaniMOHHON PabOTHI SABISAETCS
MIOBBIIIEHNE YKOHOMUYHOCTU paboOTHl AM3ENs
1-I1]1411 ¢ DCYBT.01 mytém pa3paboTku METOIOB
TEXHHYECKOTO JTUArHOCTHPOBAHKS U CTAOWITH3AluH
LOMJIMHIPOBBIX MOILIHOCTEH Ha PEXHMME XOJIOCTOTO
xo7a.

B nuccepraryy nonmy4eHsl CIeayrOUre 0OCHOB-
HBIE pE3yIBTaThL:

* aHanm3 pabotsl auseneit 1-I1J14]1 TermnoBo3oB
TOMI8IM ¢ DCYBT.01 B sKcIuTyaranuu Ha pexu-
M€ XOJIOCTOTO X0/1a BBISIBUJI HEPAaBHOMEPHOCTH Pac-
TpeIeNIeHIs] HHIUKATOPHBIX MOITHOCTEH IO LMJINH-
JipaM, BEIMYUHA KOTOpoii cocrasisieT 1o 11,5 % ot
BCEil MOIIIHOCTH IU3€Ls;

* pa3paboTaH U anpoOUPOBaH CIOCOD ompesiene-
HUSL MHIUKAaTOPHON MOIITHOCTH LIMJIMH/IPA TA3EIIst Ha
PEeKHMME XOJIOCTOTO XOZa C MOMOIIBIO U3MEPEHUS
NpHUpaLICHNs TPOIOIKUTEILHOCTH TI0[auk TOTUTUBA

AJIEKTPOYTPABIIIEMbIMUA TOILTUBHBIMH HACOCAMHU
OCYBT.01 npu OTKIIIOUYEHUH ITOAAYH TOIUINBA B ITU-
JIMHTIP;

* pa3paboTaHbl U anPOOMPOBAHBI METOABI TEX-
HUYECKOTO AUarHOCTHPOBAaHUS pabOThI IMJIMHAPOB
JTU3eI1d, TO3BOJISIONINE YTOYHUTD IPUYMUHY OTKa3a
LTHHAPA;

* pa3paboTaH pacyETHBIA U IKCIIEPUMEHTAIIb-
HBIA METOJbI CTA0MIIM3ALMN IMIMHIPOBBIX MOLI-
Hocreit auzens 1-11J14J1 ¢ OCYBT.01 nHa pexume
XOJIOCTOTO XO0/1a;

* Ha OCHOBE Pa3pa0OTaHHBIX METOJOB COCTaB-
JICHBI QJITOPUTMBbI TEXHUYECKOTO AMAarHOCTHPOBA-
HUsI pabOTHI HWIMHIPOB M CTAOMIM3a[N [IMJIHH-
JIPOBBIX MOILITHOCTEH AM3EIS;

* IPOBEPKa AJITOPUTMOB Ha CTCHIOBOM JU3€JIb-
reneparope 1-I1AT'4/1 moka3auna, 4To B pe3yJbrare
CTa0MIIN3ALIH MOIITHOCTEHN 10 pacUETHOMY METOILY
MIPOM30ILIO TepepacipeieNieHne HHANKATOPHBIX
MolIHocTell o nunuHapam. IIpu 3ToM pasHuna
MHIUKATOPHBIX MOIIHOCTEH HEe M3MEHMIIACh U OCTa-
nack paBHO#t 2,2 kKBT. B pe3ynbrare crabmmzannu
MOIIHOCTEH HKCIIEPUMEHTATEHBIM METOIOM IOy -
YEHO CHIXKCHUE PA3HHUIBI HHAWKATOPHBIX MOIIHO-
creii no mumuHIpam ¢ 2,5 kBT 1o 1,8 kBr;

* mpoBepka anroputMoB Ha auzene 1-T11J14]1
terioBoza TOMI18IM Ne 1022 B ycnoBusX 3Kc-
IUTyaTalyy 1oKas3aia, YTo B pe3yJibTaTe CTaOMIH-
3allUM MOIIHOCTEH SKCIIEPUMEHTAILHBIM METOIOM
MOJTyYEHO CHIDKEHUE PasHUIBl WHIMKATOPHBIX
MoIHocTel no nuauHapam ¢ 3,0 kBt go 1,0 kBT;

* IpOU3Be/IeHa OlleHKa 3 (HEeKTHBHOCTH peau-
3l TPEIOKEHHBIX TEXHUYECKUX PEIICHUH.
DKOHOMHS HKCIUTYaTallHOHHBIX PacXOOB 32 CPOK
cayx0b1 cucrembl OCYBT.01 B 15 ner 3a cuér
peanu3anuy alropuTMOB TEXHUYECKOTO JAHArHo-
CTHPOBAHUS U CTAOMIIN3AIMH IIMITHHIPOBBIX MOII-
Hocteit Ha nuzensx 1-11J14J1 mapka TerioBo30B
TOM18/IM npunucku 3KCIUTyaTalMOHHOTO JIOKO-
MoTuBHOTO Jeno bomorosckoe B konmuectse 20
enuHUI cocTaBisteT 4,35 MiH py6. Cpok oxymae-
MOCTH NPEAIOKECHHBIX TEXHHUSCKHUX PEIICHHH
0,65 rona;

* pe3yJIbTaThl HACTOSIIEH PaOOTHI INTAHUPYETCS
WCIIOB30BaTh IPH JaJbHEHIIIEM COBEPIICHCTBOBA-
HUHM CHCTEMBI JJIEKTPOHHOTO BIPBHICKA TOIIIMBA
TETJIOBO3HBIX AU3ENEH.

B kauecTBe pexoMeHAAUMH M NEPCIEKTHBBI
nanpHenen pa3paboTKH TEMbI IUCCEPTALHHI
IIpe/IaraeTcss KOppeKTUPOBKA PACYETHOTO METOA
cTabuIM3aiy HWIMHAPOBBIX MOIHOCTEH B 4acTh
YTOUHEHHUS BEIMIMHBI U3MEHEHUS UHIUKAaTOPHOTO
KIIJ] nmpu BapbUpOBaHUN KOJIMYECTBA IMOJAHHOTO
B IWJIMHJP TOIUINBA, @ TAK)KE YTOYHEHHUS BEINYUH
OTJIMYUSl MEXaHHYECKHUX MOTEPh MO OTAEIbHBIM
LWIMHAPAM AU3eIs.

05.22.07 — IoosudicHoti cocmag dicenesHvix 0o-
o, msiza noe3008 U AneKmpughurayus

Paboma svinonnena u sawpuyena 8 Poccutickom
VHUGEpCUumeme mpaxHcnopma.
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JluHaMuKa TOABIKHOTO COCTaBa M BEIOOP IapaMeTpoB racuTenel koiaebaHuit Ne 4 (95) C.13-20

Qununnosa H. A., bawmakos Y. A., Koweeypa [. fO.
Ienn 1 pucKM EATENBHOCTH KaK (GaKTOPbl PEryIMPOBaHHs
B COI[MAJIBHBIX CHCTEMax Ha TPaHCIIOpTe Ne2(93) C.13-18

HAYKA U TEXHUKA

BbyHbkosa T. I'.
IToBblIeHNE XKUBYYECTH KEIE3HOIOPOXKHOTO KoJleca 3a CUeT
MIPUMEHEHUS TOBEPXHOCTHO-YIPOUHSIOIINX TEXHOMOTHH Ne1(92) C.48-59

BopoH O. A.

Mertoonorus uccieJoBaHus HOTPEOHOCTeH pa3BUTHS

TPaHCHOPTHOH MHPPACTPYKTYPHI ¥ IOJBIKHOTO COCTaBa JUIS IEPEBO30K

CKOPOTOPTSIIUXCS TPY30B Ne3(94) C.6-15

Humumpos P,
OreHka pecypca 1 OCTaTOYHOTO PECypca OTHOTO

13 KJIACCOB PEIEHHBIX LEHTPATH3aLUI Ne5(96) C.6-16

Kasarckud H. A., Jlbicrok I1. U.
MCTO}II:I aHalin3a U CUHTE3a KOMMYTallUOHHBIX

cxeM (pOTOHHBIX KOMMYTaTOpOB Ha npuMepe cxems! Lllnanke Ne 5 (96)
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KeawHuH H. M., boHdapb N. C., KeawHuH M. 4.
Meronuku 00pabOTKU IKCIIEPUMEHTANBHBIX JAHHBIX MOHHTOPHUHTA
COCTOSIHMSI MOCTOBBIX KOHCTPYKIIMH

Komues I'. O., Escees K. b., [00xaeg 3. A.
AHaJ'II/I3 KOHCTPYKTHBHO-KOMIIOHOBOYHBIX I/ICHOJ‘IHeHI/Iﬁ T'YCECHUYHBIX ITOE310B
JUI1 BHEIOPOXKHBIX KOHTCﬁHCpHBIX TIIEPEBO30OK

Kynukoe M. FO., bBuptokos B. I1., MNMpuHy A. H.
AHanmm3 TpUOOTEXHIYECKIX CBOMCTB M CPaBHHUTEIbHAS OIIEHKA MTOTAMEPHBIX
MaTepI/IaJIOB nu peSI/IHH, HpI/IMeHSIeMBIX B ITIOABHXHOM COCTaBE

Hemuoe 0. B., Cepéeun U. B., BonbHos I1. Y.
PaborocniocoOHOCTh 6a30BBIX CTaHIMIT B IU(POBBIX CETSIX PaJHOCBI3N
JKCJIIE3HOAOPOXKHOI'O TpaHCIIopTa

Hukuweuku A. T1., y6posuH J1. M., [JasbiOeHko B. U.
(Depp030H)1L1 B 60pTOBLIX CHUCTEMAX B3BCIIMBAHUA 60J'II>HIel"py3HI>IX CaMOCBaJIOB

Mempywunr A. 1., CmayHbit B. 1O., JlobbiHyes B. B., ®okuH C. I
ABTOMaTH3aLWsl YIPABJICHHS EKTPOIPUBOIOM OOUTaeMOTO MOJBOIHOIO arlapara

Mocmonum A. B.
HCpCHCKTI/IBLI NPUMCEHEHUA UCKYCCTBEHHOI'O MHTEJIJICKTA U KOMIIBFOTEPHOI'O
3p€HHSA B TPAHCIIOPTHBIX CUCTEMAX U NOAKIIIOUCHHBIX aBTOMOGI/IJ'ISIX

lMocmonum A. B.

ABTtomaTH3anus cOopa NEPBUYHBIX JaHHBIX A7 (YOPMHUPOBAHUS MATPHUIIBI
KOPPECHOHICHINI MOE3I0K acCa)KHPOB HA OCHOBE KOMITBIOTEPHOTO 3PEHHMS
Y HEMPOCETEBBIX TEXHOIOTHHI

CmekornbHukos M. B., MunoeaHosa /1. P, Yenbkiwesa Y. A.
MOI[CJ'II/IpOBaHI/Ie MEXaHU3MOB KaK MeTOZ[I/I‘IeCKI/Iﬁ HUHCTPYMEHT
(Ha mpuMepe POSKTUPOBAHUS KON IATBHO-IIEBOYHOM IIepejain)

Tpouukud I1. C.
[Mpumenenue ra30TypOMHHOH TATH B IPOEKTaX BHICOKOCKOPOCTHBIX
JKEJIE3HOAOPOKHBIX MarucTpaneil B Poccun

YepHsiee N. O., Eemiokos C. A.
Hcnonp3oBanue JaHHBIX MOHUTOPHHIA SKCIUTyaTallui TPAHCIIOPTHBIX CPEICTB
JJ1s1 OLICHKH JOPOXKHBIX yCJlOBI/Iﬁ JBHKCHHUS TPAHCIIOPTHBIX MOTOKOB

UabenbHukos A. H., Onbeelsep Y. A., CyxaHos A. B.
Konnennust g poBoii marhopmMbl Ha COPTHPOBOYHBIX CTAHIIUAX

9KOHOMUKA

Akumos A. B., bybHosa I'. B.
Jloructuka NacCa)XUPCKUX MEPEBO30K HA O6H_[CCTBCHHOM TPaHCIOPTE I yc.]'IOBPIfI
UQpPOBOIi TpaHCHOPMAIIUH CUCTEM OPTaHU3AIMH TPAHCTIOPTHOTO OOCITY>KUBAHUS

AHmuneHko B. C., babuy H. C., lankux K. B.
OHTI/IMI/ISaHI/I}[ ypOBHSI 3aI1acoB KakK 3aJ1a4a JOTHCTUKH

Boeep A. .

CI/ITyaIII/IOHHHﬁ aHaJIN3 pbIHKA I'PY30BbIX IIEPEBO30K U IEPCIIEKTUBLI €TI0 Pa3BUTUA

lycbkuHa H. B.
Bnmsiame TpaHCIIOPTHOTO KOMITIEKCa Ha YIKOHOMHKO-TEXHOJIOTHUESCKHI
MOTEHLNAN TEPPUTOPUIL
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Egumosa O. B., CypoduH 0. H.
MonenupoBaHue 1 ONITUMH3ANKS OU3HEC-TIpoIIecca JOKYMEHTAIBHOTO
COIPOBOK/AIEHUS TPY30TIEPEBO30K /Il IIOCTPOSHUS

1r(pOBOIA CHCTEMBI JOKYMEHTOO00pOTa Ne2(93) C.57-63
XKykoe B. E.
O1eHKa CTOUMOCTH 4aCTO JICTAIOLIEr0 accaxupa Ne 4 (95) C.74-80

KynpusiHosckuti B. I1., Hamuom [j. E., Nokycaes O. H.
PU3NUECKUI HHTEPHET U TPAHCIIOPTHO-IOTUCTHYECKUE
CHCTEMBI IU(PPOBOIT SKOHOMHUKH Ne1(92) C.92-109

Mamanuesa O. FO., KasaHues Y. C., Huzoe M. A., Cnupux Y. B.
MeTOZ[I/I‘IeCKI/Ie OCHOBBI paCIIMPEHHOTO BOCIIPOU3BOACTBA

ABTOTPAHCIIOPTHBIX CPEICTB Ne 4 (95) C.48-61
Hadxadghos 3. M., lMacarnei O. H.
MeToz OLIEHKH YCIIYT JIOTHCTHYECKOTO ayTCOPCHHTa Ne 6(97) C.32-37

Hukynura H. J1., AsepuHa J1. M.
Ponb perrnoHanbHO# TPaHCIOPTHO-JIOTHCTUYECKOH HHPPACTPYKTYPBI
B ()OPMHUPOBAHUU SAMHOTO SKOHOMUYECKOTO MTPOCTPAHCTBA Ne3(94) C.34-44

NMacmyxoe C. C., CmenbmaweHko K. B.
HogBbie nmoaxozs! K yrpaBieHHIO LIEHaMHU Ha TPAHCIIOPTHBIE YCIIyTH Ne 6(97) C.48-60

lMonoea T. A., lNonos A. 1.
DopMaT30BaHHbIN TOIXO K ONTHMAJILHOMY BHEAPEHUIO
KOMIIIEKCA TEXHHIECKHIX CPEICTB Ne3 (94) C.45-52

TapaceHko E. A.
Knaccuguxarus o6beKTOB yrpaBIeHHUs LEMsIMH II0CTaBOK
C LIeJbI0 00eCHeUeH s UX YCTOHYNBOCTH Ne2(93) C.50-56

Tpouykudi I1. C.
Monenb HI3KOOIOKETHOTO TACCAXKUPCKOTO M0e3/1a JaTbHETO CIeIOBaHUs Ne5(96) C.45-49

Tanyxun A. I1., Konosepmtosa M. FO.
TToToku B 1IeTsIX CO3MaHMS IEHHOCTEH Ne1(92) C.110-134

HOcynosa O. A.
AHaJH3 JOSTEHOCTH KJIMEHTOB-YaCTHBIX JIUI] C IIENTBI0 TOBBIIICHHS
KIIMEHTOOPUEHTUPOBAHHOCTU KOMIIAHUU-TPY30I€PEBO3UUKA Ne5(96) C.36-44

NPOBNEMbI YIPABNEHUA

Anekcees H. 0., 3ro3uH I1. B.
Onenka npuMeHrMocTH Wi-Fi-aHaINTHKN B NCCIIEIOBAHMSX TACCAXKUPOIIOTOKOB

TOPOJICKOTO OOIIECTBEHHOTO TPaHCIIOPTa Ha puMepe MOCKBBI Ne3(94) C.54-66
Enux []. B.

TToaxomb! K ONPeIeeHHIo YPOBHS AyOIUpOBaHU

MapUIPYTOB PETYISAPHBIX MEPEBO30K Ne1(92) C.210-228

XKenesrnos M. M., Kapaces O. U., TpocmbsiHckuli C. C., CmupHos P. I
BBICOKOCKOPOCTHBIE MACCAKUPCKHE JKETE3HOTOPOIKHBIE TTIEPEBO3KU —
MIPUOPUTET JIOITOCPOUHOIO PA3BUTHUS Ne1(92) C.194-209

XKenesHoe M. M., Kapaces O. ., Pakoe /[]. A., LLlumos E. A.
Onenka fpaifBepoB U CAECPKUBAIOMNX (AKTOPOB PA3BUTHUL
BBICOKOCKOPOCTHBIX ITACCAKUPCKUX JKEIE3HOLOPOXKHBIX IIEPEBO30K Ne 4 (95) C.102-109
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Kouxesa []. N., Cusbiti C. B., YaH Xao
MeTOﬂI/IKa ONITUMAJIBHOTO pa3MCIICHUs KOHTCﬁHCpOB B Ioe3gax 1rnpu HaJlniuu
TPY30BBIX ONEPALUil B IIyTH CJICOBAHUS

Koweeea E. O., JlanuHa C. fO.
TIpo6nemMbl IPUHATHS PEIICHHIT O peaTn3ai TEXHOIOTHIECKUX
HMHHOBALMI Ha TPaHCIIOPTE

JlapuH O. H.
CTpyKTYpHO-COJIEpKATEIbHAs XapaKTePUCTHKA 0OBEKTa
KOMOMHHPOBAHHBIX IEPEBO30K

JlesuH . 1O.

OHTI/IMI/I38.III/I$I CKOPOCTH OBMXCHUA MTOE3/10B

Mexedoea E. A.
AHaJ'II/I3 BJIIMAHUSA KOJIMYECTBA OCTAHOBOK NMACCAKUPCKUX U TPUTOPOAHBIX
I10€310B Ha BBIIIOJIHCHUC rpacpm(a UX IBUXXCHUS

Mukprokos K. C.
OCc00EHHOCTH METOIOB OLIEHKH MEePCIIEKTUBHON HHTEHCUBHOCTH JBU)KEHUS
TIpU MPOCKTUPOBAHUU TUIATHBIX aBTOA0POT

Msyun B. H., Axmemos 1. P, lllynsee B. B., KoHdpawkuH M. I".
OcobeHHOCTH (POPMUPOBAHKS MAPIIPYTHBIX CETEH FOPOICKOTO MAacCaKHUPCKOTO
TpaHCIIOpTa OOIIETo MOTB30BaHMs B MOHOTOPOIAX

Poccun Ha npuMepe ropoaa Hwmxnekamck

Heyumatdino H. M.
3aga4y TPAHCIIOPTHOTO TUIA [0 KPUTEPHUIO BPEMEHH € YUETOM XapaKTEPUCTUK
NPUMEHAEMBIX TPAHCIIOPTHBIX CPEACTB

Mawkoea T. H., ®ununnosa H. A., [To30HsK A. H.
MexcnyHaponHaﬂ TNEPEBO3Ka KPYIMHOTOHHAYKHBIX I'PY30B Ha MPUMEPE IEPEBO3KU
KOMIIOHCHTOB BeTpoaHepreTqucmﬁ YCTaHOBKU

lobeduHckuti A. A.
IMpoexT opram3anuy 6€30CTaHOBOYHOTO IBHKEHHUS
1o T-o0pa3HbIM epekpécTkaM Ha IpuMepe ropoza TromeHH

lMonewkuna Y. O.
TpancnoprHas cucrema Pecryonuku Caxa (SIkyTtus):
QHAJIU3 COCTOSIHUA U MPOOJIEMbI PA3BUTHS

lMonewkuxa Y. O., Jlymux A. H.

Pa3BI/ITI/Ie TpaHCHOpTHOﬁ JAOCTYIIHOCTHU U TpaHCHOpTHOﬁ CBsI3aHHOCTHU
I‘IE}pHOMOpCI(Ol"O HOﬁepe)I(bﬂ B LICJISIX ITOBBILLICHUS MO6I/IJ’ILHOCTI/I
HACEJICHUA U Pa3BUTHA TypHU3Ma

lMonsik M., llaxmemkuHa H. fO.
HeﬁTpaﬂH3aIII/ISI TPaHCIOPTHBIX JOKYMEHTOB Ha aBTOM06I/IJ'II>HOM TpaHCIIOPTE

lNoHomapes M. J1., ®ununnosa H. A., Benukaros A. FO., HepemuH A. A.
OcHOBHEIE (baKTOpLI, BJIMAIOIINE HA MYJIBTUMOAAJIbHYIO TPAHCIIOPTHYIO CUCTEMY

lMonos A. T., Cycnosa O. A., KobepHuukul A. A., Xmenes A. C.
CoBeplieHCTBOBaHHE HHPOPMALIOHHOTO B3aUMOACHCTBHS METALTY PrHIECKOTO
KOMOMHATa 1 OIepaTopCKUX KOMITaHUH

Carnom3solda P. C., boboes M. M.
AHau3 maccaKuporoTOKOB, 00CTYKUBACMBIX
aBTOOYCHBIMU MapIIpyTaMu XymKaHaa

Carnom3sooda P. C., boboes M. M.
AHaJIH3 COCTOSTHHA NMACCAXKUPCKUX NMEPEBO3OK B TOPOAC
Xy}l)!(aH}I U NIEPCIEKTHUBLI UX Pa3BUTUA

Tpogpumosa J1. C., Tpogpumos b. C., SAHkesuy H. B.
[TnanupoBaHue pabOThI TOABHKHOTO COCTABa IIPU MEPEBO3KE
HE(TEPOIYKTOB B MEXKIYTOPOJHOM COOOIIECHNH
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Tynynos A. B., benowuukuti A. B., LLlumos E. A., lLlumosa fO. A.
MHHOBalMOHHBIE U HAYYHO-TEXHOJIOTUYECKHE TPUOPUTETHI TPY30BOTO
JKEJIe3HOOPOXKHOTO TPAHCIIOPTa Ne5(96) C.58-68

BE30MACHOCTb, 3KONOruA YCTOWYMBOE PA3BUTUE
Bbypak B. E.

[Tym kak xpuTepuii opMHPOBaHHS CAHUTAPHO-3aIUTHBIX
30H TPAHCIOPTHBIX MarucTpaien Ne 4 (95) C.126-130

[AmumpeHko A. B., Konnakos M. U.
AHaIu3 COCTOSHUS BOIIpocCa yTUJIM3allui HU3KOTIOTCHIIUAJIbHBIX

9HEPreTHYEeCKUX PECypCcoB Ha OOBEKTaX MAJIOH SHEPTeTHKH Ne2(93) C.100-106
Muwuna 4. FO.
CHero3zajiepKHBaOILKeE JIECHbIC HACAKIEHHUS B MUPOBOM MTPAKTHUKE Ne2(93) C.94-99

Hee3oposa A. b., Ckupkosckuli C. B.
JIuueBbie MacKH Kak (hakTop IBEHTYaJIbHOCTH H3MECHEHHI
0€3011aCHOCTH BOXK/ICHHUS Ne 4 (95) C.118-125

Heseeak B. 1.
ToBeimenne 3 GeKTHBHOCTH peKynepanny MyTéM IPUMEHEHHS CHCTEM
HaKOIUICHHS SJIEKTPOIHEPTUH JJIsl COOCTBEHHBIX HYKJ TATOBBIX MOACTAHINI Ne3(94) C.82-95

OcuHues H. A.
MHorokputepuaabHble METOABI IPUHATUS PEIeHUN B «3€JIEHOMN JIOTUCTUKE Ne5(96) C.105-114

lMoros A. B.
HccnenoBanue CKIIOHHOCTH K PUCKY CPEIIH BOJUTEINECH JIETKOBBIX
aBTOMOOWMIIeH B Bo3pacte 18-25 yiet Ne3(94) C.96-102

Cnadkoea J1. A., Ky3arHeuyos @. A.
HccenenoBanue xapakrepa Harpy>KeHHs! METAJUIOKOHCTPYKIMI OallleHHOro KpaHa Ne5(96) C.100-104

OBPA30BAHUE U KALIPbI

lpysep H. B., 3emnuHa O. M., Hasaposa P. K.
BononTépckas NoMOIs HHBAIMAAM H MaJIOMOOHIIBHBIM IpaXIaHaM
B 00pa30BaTeNbHBIX OPraHU3aLKsIX BBICIIETO 00pa30BaHKs TPAHCIIOPTHOM OTpacin Ne1(92) C.246-258

KoearneHko H. U., byukuH B. A., bbikos FO. A., lpuHb E. H.
Ipumenenue nudPOBU3ALMY IPH IUIAHUPOBAHUU KOHTHHICHTA 110 TEXHUYECKOMY
00CITY)KUBAHHIO JKEIE3HOIOPOKHOI HHYPACTPYKTYPBI Ne2(93) C.116-121

Hukumun B. H., KanawH+ukos M. FO., JlumeuHosa O. C.
HopMmuposanue Tpyna pykoBOAMTENEH TPAHCIIOPTHON KOMIIAHUHU HA MIPUHLIUIIAX

OpraHU3aIllMOHHOTO Iu3aifHa Ne2(93) C.108-115
lMnamonosa O. A., lNyaura /1. B.

Mexay MaTeMaTHKOM, )KeJIe3HON TOPOTOi U IUTEepaTypo. . . Ne3(94) C.114-122
Cwmbik A. @., Tkayesa T. M., Tumogbeesa I". FO.

OmnbIT MPUMEHEHUsI OHJIAH-TEXHOJIOT Uil B TPAHCIIOPTHOM 00pa30BaHUU Ne1(92) C.230-245

®edsikuH A. B., Medsedes C. B., TaHuesosa A. B.
B aBanrapze TpancnoptHoro o6pa3oBaHus U oTpacyieBoi Hayku Poccun:
K 125-neruro Poccuiickoro yHuBepcuTeTa TpaHCIOpTa Ne3(94) C.104-113

KOJNNECO UCTOPUK
Jlesux [1. 1O.

3os0Tast NpsHKKa CTANBHOTO Tosica Poccuu.
K 120-neruto Kpyrobaiikanbckoii xene3Hoi noporu Ne1(92) C.260-271

Jlesun [. 1O.

IlepBas >xene3HomopoxHas MarucTpais Poccun Ne2(93) C.124-136
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:’?’i Tlesur 1. 1O.
Vcropuyeckue apXUTEKTYpHbIE LIEIEBPhI —
pOoCcuiicKHe CTOMYHBIE KEJIC3HONOPOKHBIC BOK3AJIbI Ne 4 (95) C.132-148

Pasysaes A. [.
HWcTopus pa3BuTHs CyXOMYTHOM TPaHCIOPTHOI HHPPACTPYKTYPHIL:
TeXHUYECKast 6a3a U SKOHOMHUYECKHE acreKThl. YacTp 1 Ne 6(97) C.92-102

Pouwesckas /1. I1., Powesckuti M. T1.
TlocneBoennsie mpoekTs! akagemuka B. H. O6pa3mnosa mo pazsutuio

TpaHcopra Ha EBponetickom Cesepe CCCP Ne 3 (94) C.124-132
NPECC-APX1B

BaronsI-camoxobl Ha PyCCKHX JKeJe3HBIX J0porax Ne5(96) C.119-120
Benuuaiimmii macca)xupckuii mapoBo3 B MUpe Ne2(93) C.137-138

Bepxosckuti H. 1.

O knure H. I1. Bepxosckoro «XKenesnonopoxnas Hepa3bepuxa». Yacts 1 Ne 6(97) C.103-116
CagBa l1BaHOBHY MaMOHTOB 0 JK€II€3HOAOPOKHOM X03stiicTBe B Poccnn Ne 1(92) C.272-278
Cmpyse O. A.

Hoknan O. A. Ctpyse, kanauaata o npeacenareno VIII Orgena. Yacts 1 Ne 4 (95) C.149-152
Cmpyse O. A.

Hoxnan O. A. Crpyse, kanauaara no npezacenarento VIII Ornena. Yacts 2 Ne5(96) C.116-118
TexHUIECKHUE KENE3HOJOPOKHBIC YUMININA U PEMECIICHHBIE

JKETIe3HOMOPOXKHBIE KYPCHI Ne 3 (94) C.133-136
KHWKHAA nouua

HamackuH O. B.

OpraHn3alOHHO-IIPABOBEIC MPOOIEMBI HA TPAHCHIOPTE B YCIOBUAX MaHAEMHUHI Ne3(94) C.138-140
Egparos 4. B.

O0630p kuurn «CHHTE3 CUCTEM YIPaBJICHNS ABH)KCHUEM ITO€3/10B Ha

JKEJIE3HONOPOKHBIX CTAHLUAX C MCKIIFOYEHUEM OIAaCHBIX OTKa30B» Ne5(96) C.122-124
Marepuainst brommerenst OCX]] Bo Bropom momyroauu 2021 roga Ne 6(97) C.118-121

Mampocosa A. 1O.
00630p kuuru «Tpyzbl IO TEOPUH CHHTE3a CAMOIIPOBEPSEMBIX CXEM

BCTPOSHHOTO KOHTPOJISI HA OCHOBE ABOUYHBIX H30BITOYHBIX KOIOBY Ne2(93) C.140-143
Cydakos M. A.

Knura 06 Urope Cuxopckom Ne 4 (95) C.154-157
Llapos B. A.

VipasneHue nepeBo3kaMu: ONTUMU3aLHs PELICHUI Nel(92) C.280-283
3KCMPECC-UHOOPMALINA

MKAO: noxroroBka repconana no obecredenuro 6ezomacuoctu Ha BIIIT Ne2(93) C.122

ABTOPE®EPATbI AUCCEPTALIUNA
Ne1(92) C. 284-293, Ne 2 (93) C. 144-147, Ne 3 (94) C. 141-145, Ne 4 (95) C. 158-163,
Ne 5 (96) C. 125-131, Ne 6 (97) C. 122-125

HOBbIE KHA'M O TPAHCMNOPTE
Ne 1 (92) C. 294-296, Ne 2 (93) C. 148, Ne 3 (94) C. 146, Ne 4 (95) C. 164, Ne 5 (96) C. 132, Ne 6 (97)C. 126 @
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XV MEXXOYHAPOIHbIN ®OPYM
N BbICTABKA «TPAHCTIOPT POCCUW»

eporpusThs roduneiiHoro XV MexayHapon-
Horo ®opyma u BeicraBku «Tpancnopr

Poccumy, OpraHi3aTopoM KOTOPBIX SBISUIOCH
MunucteperBo TpaHcnopta Poccuiickoit ®enepa-
uH, poxonuwin ¢ 16 mo 18 HossOps B Mockse
B pamkax «TpancriopTHOi Hexemm».

Tema storo roga — «Tpancnopt Poccun — 2035.
Ot cTparerny — K peaym3aiyiy. 3a TPH THs COCTOS-
70Ch 27 1enoBbIX (OPMATOB, B KOTOPBIX PHHSUIN
yuactue 1189 uenosek u3 15 crpan. bosnee 300 criu-
KEepOB BBICTYNIJIN C JOKJIAaMH TI0 HanOoIee aKTy-
albHBIM BOMpOcaM pa3BuTHs oTpaciu. Ha momsax
«Tpancnopra Poccun» 6bu1o mommmcano 31 conma-
IIEHNE O COTPYIHIYECTBE U B3anmozericTeum. Cre-
JIUTh 32 BCEMH OTKPBITBIMH JIETOBBIMH CECCHSIMH
MOYKHO OBUIO OHJIAIH, 32 TPH JTHST YACII0 IPOCMOTPOB
OHJIAIH-TPaHCIALHI COCTaBIUIO 232 THICSYN.

Cpemu 60mee 90 SKCIIOHEHTOB BBICTABKH ObLIN
BEIYIIHEe UTPOKU TPAHCIIOPTHOTO phIHKA. [loceTn-
TEJN MOTTIN YBH/IETh 371eCh BCE aKTyalIbHbIE, HHHO-
BALMOHHBIC Pa3pabOTKH OTPACIIH.

Jlenoyto nporpamMmmy Popyma OTKpbUIa IIIe-
HapHas muckycens « Tpancmopt Pocenn —2035. Ot
CTpaTeruu — K peanusauun». Ha Heli npuBeTcTBEH-
Hoe obpaieHne K ydacTHukam Qopyma ot IIpesn-
nenta Poccniickoit @eneparmu Bnaqumupa [lytnna
3aunrain nomouHuk Ipe3unenra Urops JleButun.

[Tpono/mKKIN IeJOBYI0 IIPOrpaMMy IIEpBOTO
TTHSL KPYIIBIA cTON «OTKPBITHE COBMECTHOH 00pa-
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30BaTeNbHOI ImporpamMsel Oaxanaspuara BIID —
PYT (MUNT) «OKoHOMHKA TPAaHCIIOPTA M TPAHC-
TIOpTHASI MHKEHepHs», KoHhepertmn «Lndposmuza-
IMsI TIPOLIECCOB YIIPABJICHHsI TOPOACKUMHU TpaHC-
MOPTHBIMH CHUCTEMaMu: 0€301acHOCTh, KadeCTBO
1 3¢ pekTHBHOCTEY U «KpyrocBeTHoe IiaBaHKe
napycHoro y4eOHoro cynaa «Mup» B 20222023 ro-
nax», puckycenn «lludposast orucruka 2021—
2024-2030: ot TpaHChopMaIi KOMITAHHH K JIAEP-
CTBY BCel TpaHCIIOPTHOM oTpacm» 1 «VHdpacTpyk-
Typa vs Tapud. [Tonck KOHCTPYKTUBHBIX peIeHNID,
a Take 3acemanne Komucenn [ocynapcTBeHHOTO
coBeta Poccuiickoit denepaiyu o HanpaBIeHUIO
«Tpancnop».

Bo Bropoii neHb B paMKax MeXAyHapOJHOM
(bopcailT-nuckyccun «becnuIoTHBINA TPaHCIOPT:
Oy/Ly1Iee HaCTYTIIIIO, TOTOBBI JIM MBI?) 00CYK/IaIIHCh
BOMPOCHI 0€30MaCHOCTH JBIDKEHHS TIPU CO3IaHUN
OECITMIIOTHBIX JIOTUCTUYECKUX KOPHIOPOB, KOMMEp-
IaJIM3ali U POBOH HHAPACTPYKTypEI, obecte-
YEHHs 3alIUTHI IEPCOHANBHBIX TAaHHBIX. Tarke
COCTOSUTUCD YETBIPE OTPACIICBbIC KOH(PEPEHLMH, JBE
TIAHEJTBHbIE JAVCKYCCHH, KPYIIIBIN CTOJ, TIPE3CHTALIHS
HCCTIENIOBAHHS 00 aKTyaTbHOM COCTOSTHIM, TIEPCTIEK-
THBaX Pa3sBUTUSA U NPEUMYILECTBAX NPUMEHEHUS
0eCIMIIOTHBIX ABUAIIMOHHBIX cHcTeM B Poccniickoit
®Deneparyu. Takxe B 3TOT IeHb MPOILLIO PACILIMPEH-
Hoe 3acenanue Komurera ['ocynapcreenHoit lymbl
Poccuiickoii ®enepanuy 10 TPaHCIOPTY U Pa3BU-
THIO TPAHCIIOPTHOW HHPPACTPYKTYPHL.
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B 3axsrounrenbHbiil eHb, 18 HOsOps, nponuia
TIaHeNbHAsT TUCKYCCHs «3enéHas TIOBECTKA TpaHC-
MOPTHOH OTPACITI, TJIe PACCMATPHBAIINCH MEPCITeK-
THBbI PeAIM3aLMH MEXaHU3MOB «3eJIEHOT0» (hHHAH-
CHpOBaHMS B TPAHCIIOPTHOH OTpaciy, e€ TpaHchop-
Mallii B YCIOBUAX NMEPEXofa K HIU3KOYTIEePOTHON
SKOHOMHKE ¥ MEpbI, HEOOXOIMMBIE JUIsl CTHMYITHPO-
BAHIS PA3BUTHS IKOJIOTMUIECKY YHCTOTO TPAHCIIOPTA.
Cocrostmack koHhepenims «Hayunoe conpoBoskie-
HHE Pa3BUTHS TPAHCIIOPTA: NHHOBAIIMOHHBIE TPEH-
JIbD», BBIe3Has ceccrst KpacHOSpCKOro SKoHOMIYe-
ckoro (opyma «TpancropTHbIid Kapkac CHOUpm»,
KPYIJIBIH CTOJI, MOCBSIIEHHBII 00IECTBEHHOMY
TPAHCIIOPTY U TPH OTpaciIeBbIe KOH(EPSHINN.
3aKpbLIa AETOBYIO MPOrpaMMy HTOTOBAs IIEHap-
Hast iucKyccst. [Ipenpapruia e€ 1iepeMOoH¥s Harpask-
Jnennst mobeureneit npemim « DopMyrta JBIDKSHUSD.
B xone auckyccun 3amMecTUTEN MUHHCTPA TPaHC-
niopra Kupusn bornanos, Mrops Yanik u Anexcanap
CyxaHOB, 3aMeCTHTeNb pykoBoxuTenss Pocmopped-
¢nora Koncrantin AnucumoB 1 aupektop emap-
TaMEHTa MEXK/TyHapOIHOIO COTPY/IHUYECTBA AJieKceit
CarreTko 0000 UTOTH AMCKYCCHIA IO TIpo0eMa-
THKE Pa3BUTHsI OCHOBHBIX BUJIOB COOOIIEHHS, TIPO-
meammx Ha nomsix «Tpaxcriopra Poccuny, u cdop-
MYJTHPOBAJIM 3a[a41 TPAHCTIOPTHOTO KOMIUIEKCAa Ha
Ommxaiiimii rox. Kupunn bornaHoB HamomMHuI, 4To
HeJaBHO Obuta paspaborana u npuHsta Crparerus
1M(POBOI TpaHCHOPMAIH TPAHCTIOPTHOH OTPACIH,

B KOTOPYIO BOLLIN LIECTh OCHOBHBIX LM(POBBIX
MHHIUATHB: OCCIIMIOTHHUKY HA BCEX BHJAX TPAHC-
nopta (OeCIIOTHOE TaKCH, OECTIMIOTHBIE IPY30BbIe
HEePeBO3KU, aBTOHOMHOE CY/IIOBOXKJICHHE, JIPOHBI,
OCCITIIIOTHBIE KETIE3HOOPOXKHBIEC JIOKOMOTHBHI),
«3eNEHBII ITH(POBOI KOPUIOP MACCAKHPA, OSCIIIOB-
Hasi 'py30Basi JIOTUCTUKA, IM(POBOE yIpaBieHHE
TPAHCTIOPTHOH OTPACIIBIO, IA(POBH3AIMS TPAHCTIOPT-
HOM 0€30MacHOCTH, 1H(pPOBbIE TBOHHUKH 0OBEKTOB
TpaHCIOPTHOH MH(pacTpykTypsl. Urops Yammk
pacckasa 0 SAMHON TaTbHEBOCTOYHON aBHAKOMITA-
HHMHU U B 3aBEpIIEHNE IUCKYCCHHU MOJABEN UTOTU
XV MexnaynapomHoro dopyma «Tpancmopt Poc-
cnm». «Pelenns, KOTOpbIe IPHHSATH Ha IIIEHAPHBIX
3aceJIaHMsX, Oe3yCIIOBHO, OKaXKYT BIIMSTHUE HA XKH3Hb
K&)XJI0TO M3 HAC U B IIEJIOM Ha TPAHCIOPTHYIO OT-
Ppaciiby, — 3asIBUJ 3aAMECTHTEIh MIUHUCTPA.

Ha ocHoBe MaTepnasioB U Mpecc-pen3oB
MunucreperBa Tpancnopra Poceuiickoii
Desepalu U onepaTopa MeponpHsITHsI

000 «JIunepKonrpece»: https://2021.
transweek.digital/2021/ru/media/organizatory-
podveli-itogi-xv-mezhdunarodnogo-foruma-i-
vystavki-transport-rossii/; https://mintrans.gov.
ru/press-center/news/10105.

®ororpadum ¢ caiita MeponpusTHs
https://2021.transweek.digital/2021/ru @
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TRANSPORT OF RUSSIA: 15" INTERNATIONAL
FORUM AND EXPOSITION

he 15" anniversary International Forum and
T Exposition «Transport of Russia», organised
by the Ministry of Transport of the Russian
Federation, were held in Moscow from 16 to 18
November 2021 as part of the «Transport Week».

This year’s topic was «Transport of Russia —
2035. From Strategy to Implementation». 27
business formats were attended by 1189 visitors
from 15 countries, and more than 300 speakers
made presentations on the topical issues of the
industry development. 31 agreements on
cooperation and interaction were signed on the
side-lines of the event. It was possible to follow
all open business sessions online, for three days
the number of views of online broadcasts had
amounted to 232 thousand.

More than 90 exhibitors included the leading
actors on the transport market. Visitors could see
here current innovative developments of the
industry.

The business program of the Forum was
opened by the plenary discussion «Transport of
Russia—2035. From Strategy to Implementationy.
At its opening Igor Levitin, Assistant to the
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President of the Russian Federation, read out
a welcoming address to the forum participants
from the President Vladimir Putin.

The business programme of the first day was
continued by the round table «Inauguration by
Higher School of Economics and Russian
University of Transport of the joint Undergraduate
Educational Programme in Transport Economics
and Transport Engineering», the conferences
«Digitalisation of Urban Transport Systems
Management Processes: Safety, Quality and
Efficiency» and «Round-the-World Voyage of the
Sailing Training Vessel Mir in 2022-2023», the
discussions «Digital Logistics 2021-2024-2030:
From the Transformation of Companies to the
Leadership of the Entire Transport Industry» and
«Infrastructure vs Tariff: Search for Meaningful
Solutionsy, as well as the meeting of the Transport
Commission of the State Council of the Russian
Federation.

During the second day, the international
foresight discussion on the topic of «Unmanned
Vehicles: the Future Has Come, Are We Ready?»
covered traffic safety issues referred to unmanned
logistics corridors, commercialisation of digital

wi



infrastructure, and protection of personal data.
There were also 4 industry conferences, 2 panel
discussions, a round table, a presentation of
a study on the current state, development
prospects and advantages of using unmanned
aircraft systems in the Russian Federation. Also,
the agenda of this day comprised an extended
meeting of the State Duma Committee on
Transport and Development of Transport
Infrastructure.

On the final day, November 18, a panel
discussion on «Green Agenda of the Transport
Industry» considered the prospects for
implementing green financing mechanisms in the
transport industry, its transformation in the
context of the transition to a low-carbon economy
and the measures necessary to stimulate the
development of environmentally friendly
transport. The agenda also included a conference
«Scientific Contribution to the Development of
Transport: Innovative Trends», the visiting
session of the Krasnoyarsk Economic Forum
«Transport Framework of Siberia, a round table
dedicated to public transport and 3 industry
conferences.

The final plenary discussion closed the
business program. It was preceded by the
ceremony of handling the «Formula of Movement»
awards. During the discussion, Kirill Bogdanov,
Igor Chalik and Alexander Sukhanov; Deputy
Ministers of Transport, Konstantin Anisimov,
Deputy Head of the Federal Agency of Sea and
River Transport, and Alexey Sapetko, Director of
the Ministry of Transport Department of
International Cooperation Alexey Sapetko
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summarised the results of discussions on the
development of transport and transportation held
in the framework of the event and formulated the
tasks of the national transport system for the
coming year. Kirill Bogdanov recalled that the
recently developed and adopted Strategy for the
Digital Transformation of the Transport Industry
included six main digital initiatives: drones’ use in
all modes of transport (unmanned taxi, unmanned
cargo transportation, autonomous navigation,
UAVs, driverless railway locomotives), a «green»
digital corridor for passengers, seamless freight
logistics, digital management of the transport
industry, digitalisation of transport safety, digital
twins of transport infrastructure facilities. Igor
Chalik spoke about the single Far Eastern airline
and closing the plenary discussion summed up the
results of the 15" Transport of Russia International
Forum and Expostion. «The decisions taken at
plenary sessions will certainly have an impact on
the life of each of us and the transport industry as
a whole», the deputy minister said.

Compiled based on materials and press
releases of the Ministry of Transport of the
Russian Federation and the operator of the

event LeaderCongress LLC: https://2021.
transweek.digital/2021/ru/media/
organizatory-podveli-itogi-xv-
mezhdunarodnogo-foruma-i-vystavki-
transport-rossii/; https://mintrans.gov.ru/
press-center/news/10105.

Photos of the event website https://2021.
transweek.digital/2021/ru @
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AUTONOMOUS

DRIVING 134
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Driverless vehicles have already
become part of our life. To ensure
safety of their running, digital twins,
machine vision, technology are being
actively developing allowing to identify
the distance to the obstacles. Accuracy
is particularly needed in measuring
distance itself and stopping distance.
What are permissible errors there-of?
The study proposes certain evaluation
models.
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|
Is it possible to describe motifs and
decisions of a passenger to make

a trip, to choose a nide of transport

and a route? And how is it possible?

Is it feasible to build a mathematical
model of transport behaviour?
Previously suggested approach has got
its development in a new study.
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by Technical Vision Means and in Forecasting Braking Distance
in Driverless Train Control Systems
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ABSTRACT

Technical vision systems are sources of information about an obstacle on the track
inthe case of driverfess train control. Based on the information received, the traffic control
system decidles to tum on the braking mode to prevent a collision with an obstacle.

Inaccordance with international and domestic expertise and standard ratings,
it is necessary to ensure the probability of a dangerous failure, in this case, the
probability of hitting an obstacle, not more than 10® with a confidence probability of
0,95 according to SIL-4 ([Russian state standard] GOST-R61508). Considering the
presence of an errorin measuring the distance to an obstacle by the technical vision
system and an error in calculating the stopping distance, it is required to determine
the coordinate of the braking start point when an object is detected on the track in
such a way as to ensure that the train stops before the obstacle with a probability
determined in accordance with SIL-4.

Afeature of the problem being solved for estimating the errors in measuring
the distance to an obstacle and calculating the stopping distance implies the need
to determine the estimates of their maximum values and to develop an algorithm
for using these estimates in such a way that the collision probability does not exceed
the normalised value.

distance, error estimation.

Ekaterina P. BALAKINA

Andrey L. OKHOTNIKOV

Leonid A. Baranov', Petr F. Bestemyanov?, Ekaterina P. Balakina®, Andrey L. Okhotnikov’

*Research and Design Institute of Railway Informatisation, Automation and Communications (JSC NIIAS), Moscow,

Atechnique is described for determining the maximum value of the error
in measuring the distance to the obstacle, the probability of exceeding which is
quite small (from 102 to 10%). A proposed algorithm for multiple measurements
of the distance to an obstacle allows choosing the minimum measurement result
for decidling on the start of braking, which ensures meeting standard indlicator of
a probability of a train colliding with an obstacle according to SIL-4. A method for
estimating the error in calculating the stopping distance has been developed,
which, together with the algorithm of multjple measurements by the technical
vision system of the distance to the obstacle, provides the standard indicator
according to SIL-4. The need for the second channel of technical vision due to
the presence of curves along the route is shown. The necessity of using algorithms
for multiple measurements to an obstacle through the second channel located
outside the train is also substantiated. It is noted that the methods described in
this article for choosing the maximum values of random errors in measurements
and calculations, the values of which can be exceeded with a very low probability,
can be used to solve various applied problems of traffic control in transportation
processes.

Keywords: transport, technical vision, error in measuring the distance to an obstacle, autonomous traffic control systems, calculation of the stopping

Acknowledgements. The study was financially supported by the Russian Foundation for Basic Research, NTU Sirius, JSC Russian Railways, and the
Talent and Success Educational Foundation within the framework of research project No. 20-37-51001.

DOI: https.//doi.org/10.30932/1992-3252-2021-19-6-1.

For citation: Baranov, L. A., Bestemyanov, P. F., Balakina, E. P, Okhotnikov, A. L. Errors in Measuring the Distance to an Obstacle by Technical Vision
Means and in Forecasting Braking Distance in Driverless Train Control Systems. World of Transport and Transportation, 2021, Vol. 19, Iss. 6 (97), pp. 134-140.

¢ © Baranov,

. A., Bestemy:

The text of the article originally written in Russian is published in the first part of the issue.
Texcm cmambu Ha pycckom si3bIke ny6nukyemcs 8 nepeoll yacmu 0aHHO20 8bInycka.




INTRODUCTION

The most important function of an automatic
intelligent transport system is the perception of
the environment and the ability to detect the
presence of obstacles, including in the process
of movement as well [1-3]. Hence the main
areas of application of technical vision are
visual control and robotic vision [1; 4]. To solve
the problems of detecting obstacles, many
approaches are used in these areas. The most
superficial approaches refer to «qualitative»
algorithms, their feedback contains only «yes»/
«no» answers regarding the presence of
obstacles in the field of view [5]. Another
common approach to obstacle detection refers
to analytical and statistical methods that involve
motion estimation and development of maps
based on statistical information [6]. In recent
years, most algorithms have begun to use stereo
vision or 2D/3D sensor technology. Their main
advantage is the ability to determine various
parameters of the obstacle, for example, the
height of the obstacle above the ground and the
distance to it [5; 7; 8]. Stereo vision is based on
spectral analysis methods [9], genetic algorithms
and neural networks [10].

In driverless train traffic control systems,
technical vision is used to prevent a moving train
from colliding with an obstacle on the way [11].
The control device receives information about the
distance to the obstacle and, at a fixed distance,
generates a command to trigger an audible
warning signal so that the obstacle is removed. In
the case that the obstacle is at a distance equal to
the distance of the service brake application (or
emergency stopping), a braking start command is
generated. The objective of safe control is to
ensure that the train stops before the obstacle. The
moment of formation of the braking command is
selected from the condition of equality of the
calculated stopping distance SStop of a train moving
ataspeed V to the distance measured by the vision
system to the obstacle:

SeorM =L 0]

At the same time, the calculated value of the
stopping distance Ssmp(V) may differ from the real
one due to the always existing simplifications in
the train model used in the calculation, to the
presence of random perturbations that lead to a
change in the resistance to train movement, to
errors in setting track’s horizontal alignment and
profile in the zone of movement, etc. Measuring
the distance to the obstacle in the technical vision
system is also implemented with a random error.

Let ASSmp(V) and AL are absolute errors in
calculating the stopping distance and measuring
the distance to the obstacle, respectively; S, (V)
and L, are the actual values of the stopping
distance and the distance to the obstacle,
respectively. Then, proceeding from the safety
condition, the choice of the braking start moment
is determined as:

SOstop(V) = L09 (2)
and the expression (1) is transformed as follows:
SOstop(V) + Ssmp(V) < LO+ AL. (3)

From the point of view of traffic safety, the
worst situation is when ASSmp(V) <0,AL>0,1i.e.,
if condition (1) is met, while the calculated
stopping distance is less than the really
accomplished one, and the measured distance to
the object is greater than the real one, the train will
collide with an obstacle. Hence, the upper estimate
of the probability of a collision between a train
and an obstacle, given the distribution laws of the
probability density of random variables ASSmp(V)
and AL(L), with known V and L, is:

Py (V.L)=] 1(8S,,1V)dAS,, (V)] f(ALIL)dAL, (4)

where f(ASSmp|V) and f(AL | L) are distribution
functions of conditional probability densities
ASSwp(V) and AL(L). This estimate can be adjusted
by determining, with known probability density
functions of statistically independent random
variables ASsmp|V and AL(L), the probability
density distribution function ¢(z) of the random
variable Z = AS_ +ALat fixed V and L.
Then:

P, =fo(alV,L)dz.
0

This value can be estimated again from above:
™ MK P (V. L) )

Determining the probability density
distribution functions based on the results of
processing the results of numerous calculations
and measurements, when estimates of the
probability of a dangerous situation of the order
of 10*-10 are significant, require high reliability
in the description of the «tails» of distributions,
which is known to be difficult. Therefore, in this
work, while the objective was to solve the
problem of evaluation of the errors of measuring
the distance to an obstacle and of stopping
distance, to determine estimates of their
maximum values and to develop an algorithm to

P

use this estimate so that the probability of [

collision does not exceed the standard value, we
have used a different method for solving the
problem.
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To reduce the probability of a train collision
with an obstacle, a well-known technique can be
used, replacing the expression in the conditions
of generation of a command to start braking by
the following:

SV +AS =L . —AL . 6)
whereAS  =max ASSmp(V ) is the maximum value
of the modulus of negative calculation error and
AL = max AL(L) is the maximum value of
positive measurement error.

In substance, this condition determines the
length of the «protective section of the track» in
front of the obstacle, which, as will be shown
below, will be able to ensure the required safety
indicator. At the same time, determination of the
values S op max and AL__ is also associated with
probabilistic estimates of these values, which, in
turn, determine the estimate of the probability of
a train colliding with an obstacle. A feature of
solving this problem is that the admissible safety
estimates are determined by very small values.

The choice of the maximum values of random
variables with always existing constraints on the
number of trials is a task of probability theory and
mathematical statistics. A feature of using this
mathematical apparatus for the problem being
solved is the small admissible probability of
exceeding by the value of a random variable of its
chosen maximum value [12].

Under conditions when the length of the
protective section is chosen equal to S +AL__,
a collision is possible when the sum of the errors
exceeds the sum of the maximum values of these
errors, selected with a calculated probability at a
fixed confidence interval. Therefore, the
probability of a dangerous situation P can be
subject to upper estimate as the product of the
probabilities of events AS, _ (V)>S  and AL(L)
>L

‘max”

Pren < P[(ASy (V) > AS

max col

“P[AL(L)>AL,, |. @

It should be noted that the problem of choosing
the length of the «protective» section according
to the given admissible probability of a dangerous
event also requires its solution when analysing
systems for ensuring man-driven train traffic
safety on hauls [13].

RESULTS
Method for Estimating the Maximum
Measurement Error

Let us consider an approach to estimating the
maximum error AL (L) when determining the

distance between a moving train and an object on
the track. Knowing the maximum error allows
choosing the starting point of braking of a moving
train, which ensures, with a given normalised
probability, that the train does not collide with an
obstacle. Information about the random value of
the distance measurement error is contained in the
distribution law of the probability density of this
value, obtained from the results of statistical
processing of experimental data [14]. Since the
probability of an outcome is allowed with a
probability of 1078 (within Safety Integrity
Level-4, SIL-4), then determining the probability
of the maximum error value under these conditions
corresponds to the «tails» of the distribution. An
approximate method for determining the
confidence interval for a probability based on
replacing the frequency distribution law with a
Gaussian one is not applicable, since the
probabilities are very small. Under these
conditions, the following method can be used [12].
Let, following n experiments, the value of the error
AL __ has never been fixed. We denote this event
as B. It is required to find the maximum value of
the probability that AL>L . which is compatible
with the event B observed in the experiment.

Letus introduce the notation: p—the probability
that AL>AL_ , p_ — the maximum value of p.
The confidence interval range forpis 0 <p<p,_.
Those values of p for which the probability of the
event B is less than A = 1 — B, where B is the
confidence interval, are incompatible with the
event observed in the experiment.

For any probability p, the probability that for
N measurements there was no result AL>AL s
determined by the expression P(B) = (1 — p)". For
P(B) = A we get the equation forp_ :
(1-p,.)r=1-p.

Hence:

Py =1-41=B. ®)

Given the admissible probabilities that the
error AL>AL__ and the confidence interval f it
is possible to obtain from (8) what number (n) of
experiments in which the event AL > AL __ has
never been observed, should be carried out to
consider the value of p, _not contradicting the
results experiment:
n=_20-p

1e-p,..)

The results of calculating the number of
experiments with rounding to a larger integer for
B=0,9;0,99; 0,999 and p, =102 10% 10° are
summarised in Table 1.
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The number of experiments (n) to determine p__with the set confidence

interval [developed by the authors]

Table 1

P,.= 102 p,.=10* P,.= 10°

n B n B n B
229 0,9 23025 0,9 2302534 0,9
459 0,99 46050 0,99 4605168 0,99
688 0,999 69075 0,999 6907752 0,999

As follows from the data in the Table 1, it is
advisable to conduct a number of experiments to
select AL _atp, =107atp=0,9;0,99; 0,999
and to justify safety conditions by choosing an
algorithm using the value of AL _atp =102

Let the distance to the obstacle be measured
twice at some point of the track: the first time the
result of measurement is L, the second time the
result of measurement is L,. In each of these
results, the probability that the measurement
error exceeds AL is p = 107 at a fixed
confidence interval. Then the probability that
in both cases the error exceeds 4L, isp =
10*. If we select the smallest value out of L, and
L, and use this value to make a decision on
braking, we can already justify the choice of 4L,
with a probability of exceeding 10+, Similarly,
when using three measurements, p’° = 10°. To
meet the requirements of SIL-4, the number of
measurements is 4. Thus, using several
measurements distributed over time in decision
making reduces the likelihood of a dangerous
situation. Obviously, knowing duration of one
measurement and speed of a moving object, the
value of AL increases by the length of the
distance travelled by this object during &
measurements.

Let’s consider an example. Let it be known
that as a result of 459 tests, the maximum error
did not exceed 20 % of the measured distance.
The maximum measurable distance is 2 km.
Then 4L, =400 m and the probability that the
error will exceed this value in accordance with
the data in Table 1 with a confidence interval of
0,99 is p, = 107 If we choose the smallest of
the values out of the results of three measurements,
then the probability that AL > 400 m is 10°.
Obviously, in this example, the maximum
measurable distance exceeds the stopping
distance of the train moving at the maximum
allowable speed.

An additional way to reduce the probability of
collision is to use the second measurement
channel. In this case, the minimum measured
distance to the object is selected out of multiple

measurements through each of the channels. Let,
for example, through each of the two channels,
the results of two measurements are used atp, =
107 Then the choice of AL _is ensured with the
probability that the real error will exceed 4L, is
1078

It should be noted that the presence of the
second technical vision channel, the equipment of
which is located outside the train, is also necessary
because on-board devices do not see obstacles if
there are curves on a section. In this case, the
admissible probability of a dangerous situation
should be provided by the algorithm described
above with £ measurements through the second
channel.

Estimates of the Maximum Error
in Calculating the Train Stopping Distance
A significant number of experimental and
theoretical studies have been devoted to the
analysis of the accuracy of target braking.
Theoretical studies, as a rule, used mathematical
modelling, in particular, simulation methods. In
these studies [14—17], the train was simulated
through its well-known mathematical models used
in traction calculations, when analysing the
braking process in long-haul heavy trains with
distributed traction. Various control laws were
modelled, implemented in the feedback of target
braking systems belonging to the class of terminal
systems [14—16; 18]. Target braking systems
ensured that the train stopped with a given
accuracy at a certain point on the track. Particularly
high requirements are placed on such systems
regarding metro, when it is required to stop the
train in front of a fixed point with an error not
exceeding 20 cm. It is required also to ensure
minimum braking time since if this time is 1 sec
longer within the set travel time along the haul, it
increases the energy consumption for traction by
about 1 %. On mainline railways, a similar error
can attain 5 m. In traffic safety systems, in which
the task of «avoiding a collision with obstacles»
is solved, it is required, first, when an obstacle is
detected, to ensure that the train stops before this
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obstacle, possibly even at a reasonably acceptable
distance.

Target braking systems must provide a given
stopping accuracy regarding a variety of track
profile types located in front of the stopping
point.

In some situations, it becomes necessary to
apply emergency braking system. In this case,
the maximum permissible braking force is used,
the control system becomes open-loop system.
The main requirement is to ensure the minimum
length of the stopping distance.

To consider the influence of disturbances on
the magnitude of the error in implementation of
a given stopping distance, simulation methods
were used, in particular, the method of statistical
tests (Monte Carlo method). At the same time, a
random value of the error of the measured speed
used in the feedback of the target braking
comparison system, random deviations of the
value of additional resistance to movement from
the calculated one are simulated. It should be
noted that the additional resistance to movement,
as arule, is much less than the braking force, and
its variations have an undesirable effect on the
accuracy of the target stopping. In statistical
modelling, different sets of track profile and
horizontal alignment are selected. In the problem
considered in this article, it is possible to set the
«worsty track profile from the point of view of
safety conditions. This reduces the amount of
statistical testing.

When choosing stochastic models of random
variables, there is always the question of
substantiating not only their probability density
distribution functions, but also of substantiating
the range of changes in these variables. In
particular, the range of change in the speed
measurement error can be selected from the
technical characteristics of the measurement
channel, determined by the manufacturer under
the conditions of using devices in good condition.
At the same time, it is necessary to stipulate the
measures regarding possible involvement of
anomalous errors and the set of measures to parry
them. For example, they may include the
presence of several measurement channels and
methods for diagnosing these channels, the
presence of anti-skid systems, methods for
adjustment of the measured path travelled by the
train, etc. It should be noted that the existing
experience in the operation of automatic target
braking systems, many years of experience in
comparing real parameters of train movement

with the results of traction calculations, indicate
the adequacy of models describing the movement
of a train to real processes. The existence of
instructions and rules for traction calculations,
verification of the software for these calculations,
allows us to consider these models as digital
twins of trains.

We will consider the normal value of the
stopping distance calculation result to be the
value obtained under the assumption that all
parameters of the mathematical model are
determined accurately. The stopping distance
calculation error is the difference between the
nominal value and the braking distance calculated
when the model parameters deviate from the
given ones. Let us present the results of the
analysis of the influence of measurement errors
in the speed measurement channel on the
magnitude of the error in calculating the stopping
distance [15]. In simulation experiments, it is
assumed that the maximum error in measuring
the train speed does not exceed a tenth of the
current speed value, the probability density
distribution function of a random variable is the
law of uniform probability density with zero
mathematical expectation. Then:

AV =0,1V(rnd(2) — 1), )
where Vis train speed; AV is speed measurement
error;

rnd(2) is a function to generate evenly
distributed numbers in the range from 0 to 2.

The results of simulation experiments were
obtained for suburban train models equipped with
braking control systems with different control
laws [15; 16].

For each of these models, based on the results
of at least 200 simulation experiments, histograms
of'the relative error frequencies were constructed
(Pics. 1; 2), the distribution laws for probability
density of errors in the calculation of the stopping
distance were proposed; in accordance with the
Pearson criterion 2, it was shown that the chosen
laws of density distribution of the probabilities
do not contradict the results of the experiment.

The resulting statistics is described by the
Pearson type I distribution. When building a
braking control system based on acceleration [16],
the experimentally observed range of measurement
errors in calculating the stopping distance was -3m
<AS,,< 1,5 m; when building a braking control
system based on speed [15] it was -2m < AS,, <
3,5 m. The number of simulation experiments
carried out and sufficient to determine the
distribution law of the probability density of a
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random variable of the error in calculating the
stopping distance does not allow us to assert with
the necessary probability required by international
standards that the random variable is within this
range. Therefore, it is additionally necessary to
increase the number of simulation experiments in
accordance with the data in Table 1, for example,
to increase their number to 229, to state with a
probability of 102 and a confidence interval of 0,9
that the maximum modulo value of the negative
value of the error in calculating the stopping
distance will not exceed 3 m (Pic. 1) when using
speed braking control systems. For the same
statement with a probability of 10~ and a confidence
interval of 0,9, it is necessary (see Table 1) that
46050 simulation experiments are carried out.

To reduce the number of experiments, another
approach is possible, also using modern computer
technology. With a known mathematical model
of the object, it is required to solve the optimisation
problem of minimising the module of the
negative value of the error in calculating the
stopping distance for given areas of determination
of variables that affect the results of the
calculation. This approach, due to the limited
volume, is not considered within the scope of
this article.

The set of results that allow, with a given
probability, to determine the limiting values of
the error in measuring the distance to an obstacle

and predicting the stopping distance, make it
possible to develop algorithms for operation of
the safety system and to justify its compliance
with international requirements.

CONCLUSIONS

1. When building driverless traffic control
systems, it is necessary to ensure that the train
stops in front of an obstacle that appears on the
way. This function must be implemented with a
probability close to one. In accordance with
international standards, the permissible
probability of a dangerous situation is 10 for
SIL-4. Technical vision systems are used as an
obstacle sensor. To fulfil the required safety
conditions, it is necessary to use the algorithm
of multiple measurements of the distance to the
obstacle with the choice of the minimum
measurement result to decide on the start of
braking.

2. Given the presence of curves along the
route, which leads to the impossibility of
indicating an obstacle by the onboard technical
vision system, it is necessary to have the second
vision channel with equipment located outside
the locomotive. It is also necessary to use
multiple measurements of the distance to the
obstacle through this channel.

3. The choice of the number of measurements
through each channel to justify the unconditional
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fulfilment of the safety indicator is not carried
out according to the methodology considered in
this paper.

4. The length of the protective gap in front of
the obstacle is equal to the sum of the maximum
modulo value of the negative error in calculating
the stopping distance and the maximum value of
the positive value of the error in measuring the
distance to the obstacle. The choice of these
values is determined by the requirements of
unconditional fulfilment of safety standards.

5. The methods under consideration for
choosing the maximum values of random errors
in measurements and calculations, with a very
low probability to exceed their values,
corresponding to the «tails» of the probability
density functions, can be used in solving various
applied problems of traffic control in
transportation processes.
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ABSTRACT

Continuing the study, the purpose of which was to develop a
new approach to determining the transport behaviour of residents of
urban agglomerations, to outline the main ways of its development,
a new description of transport behaviour is proposed based on various
scientific disciplines and the theory of macrosystems.

This, according to the authors, will make contribution to laying
the foundation for creation of a currently missing theory of transport
behaviour.

A developed mathematical model of transport behaviour
based on the provisions of academician Yu. S. Popkov’s theory
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of macrosystems, uses the entropy approach to determine the
equilibrium state of the transport system. At the same time,
the model identifies an initial list of parameters responsible
for describing the «transport behaviour». The latter is
considered as a collective phenomenon that creates a
deterministic representation resulting from interaction of many
stochastically acting elements (road users). A compiled
preliminary scheme can be used to solve the problem of finding
unknowns in the system of equations and inequalities within
the model.

Keywords: transport system, macrosystems theory, transport behaviour, mathematical model, entropy approach.

Acknowledgements. This work was supported by the grant of Russian Foundation for Basic Research 19-48-710015\20 r_a.

For citation: Agureey, I. E., Akhromeshin, A. V. Mathematical Model of Transport Behaviour Based on Transport Macrosystems Theory.
World of Transport and Transportation, 2021, Vol. 19, Iss. 6 (97), pp. 141-146. DOI: https://doi.org/10.30932/1992-3252-2021-19-6-2.

The text of the article originally written in Russian is published in the first part of the issue.
Texcm cmambu Ha pycckom si3bIke ny6nukyemcsi 8 nepeoll yacmu daHHO20 ebInycKa.

¢ ©Agureey, l. E., Akhromeshin, A. V., 2021

World of Transport and Transportation, 2021, \




INTRODUCTION
Problem Statement

The article [1] presented a new approach to
definition of the transport behaviour of the
population of urban agglomerations, outlined
the main routes of the development of the topic,
and proposed a «new approach to describing
transport behaviour from the standpoint of
various scientific disciplines, of the theory of
macrosystems, which lays the basis for creating
the theory of transport behaviour that is
currently missing» [1]. The objective implies
that «the study of transport behaviour is carried
out at the level of the «system as a whole», and
not of its individual elements, which makes it
possible to form general approaches to
management of transport behaviour to achieve
optimal characteristics of functioning of the
transport system of a city (agglomeration). The
mathematical description of the transport
system, presented in the work, has a general
form, requires expansion and addition» [1].

The construction of mathematical models
based on the theory of macrosystems, assuming
that any transport system is a multicomponent
heterogeneous open system, «has scientific
novelty and is promising to be further studied
and implemented in the transport industry. An
urgent task on this path is to study the nature of
collective behaviour from the standpoint of the
influence of motives when deciding on a trip and
of the emergence of spatial structures of
movement of passengers and vehicles, i.e.,
formation of passenger flows and of transport
vehicle flows, as well as consideration of the
concept of transport behaviour from the point of
view of psychology, sociology, and urban
studies» [1]. At the same time, construction of
an appropriate mathematical model should reflect
in a certain manner the features of individual
behaviour at the level of the entire system.

This work is a continuation of work [1].

The formation of an idea about movements
of the population consists currently of four types
of trips [2-5]: «trips from places of residence
to places of employment and back (the so-called
trips for work purposes); trips from places of
residence to cultural and public facilities (shops,
etc.) and back; trips between workplaces
(business or job trips); trips between cultural
and community facilities. The following
methods of calculating origin-destination trip
matrix are most widely represented in the
literaturey» [2]:

» Normative [standard-based] methods [6].

« Statistical methods [6].

* Gravitational [gravity] model [3].

* Entropy models [4; 5].

* Models of self-organising flows [7].

* Method of competing centres [8].

* Stouffer [Samuel A. Stouffer] intermediate
capabilities models [8], etc.

The following conclusions can be drawn
from the publications discussed above:

1) Transport behaviour can be considered
from various standpoints, namely, from the
point of view of factors that determine the
choice of a mode of travelling in accordance
with certain purposes of a trip.

2) Transport behaviour can be studied by
various methods, in particular, the general
picture of mobility of individuals by purpose,
time, travel distance and mode of transport used
is described using the method of connectivity
graphs.

3) Collective transport behaviour is the
result of interaction of individual transport
processes of each of the passengers.

4) There is a constitutive term «pattern of
daily individual activity of a passenger», which
underlies the study of patterns in the passenger
behaviour and is consistent with the concept of
a transport system of individual trips (TSIT)
proposed earlier by the authors in [1].

5) The expediency of studying transport
behaviour with the help of the theory of
transport macrosystems is confirmed.

It is important to note that the domestic and
foreign scientific literature contains little
information about how exactly the passenger
decides whether he will make a trip or not, that
is, behavioural models are practically not
studied.

Brief Information about the Current State
of Research on Transport Behaviour [9-14]

«Transport behaviour has a complex nature,
the description of this term is associated with
the definition of the concepts of «transport
mobility (or mobility) of the population» [1].

«Transport behaviour as a phenomenon is
distinguished by the following properties that
relate to the collective level of its description:

1) Stochastic nature.

2) Multitude of participants that determine
the characteristics of transport behaviour.

3) Plurality of factors influencing the choice
and shaping the dynamics of the phenomenon.
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4) Interdisciplinarity as a knowledge base
for the study of the subject. The problem of
transport behaviour should also be considered
comprehensively, explored not only within the
framework of transport science (the theory of
passenger transportation), but also of related
fields of knowledge, such as: sociology, urban
studies, economics» [1], etc.

In this work we are primarily interested in
the measurable parameters of transport
behaviour, which could be included in the
mathematical model as an initial data or be
calculated with its help. These parameters
should include:

1) Factor of splitting of passenger flows by
modes of transport within the simulated period
of time.

2) Factor of splitting of passenger flows by
purpose of the trip.

3) Distribution of origin-destination trips
along specific routes.

4) Interchange (transfer) factor.

5) Distribution of trips by range (distance).

6) Distribution of waiting time for passengers
at embarkation/disembarkation points.

7) Exchanges of passenger flows at
embarkation/disembarkation points as a
function of time, etc.

The necessary and sufficient list of
parameters that unambiguously characterise the
transport behaviour within a mathematical
model will have to be identified and substantiated
as a result of further research and calculations.

RESULTS
Mathematical Model of Transport
Behaviour (Version)

Transport behaviour in its entirety can be
described using the mathematical apparatus of
macrosystems theory, because the transport
behaviour of an individual passenger (as an
element of the TSIP) «has a random nature, is
practically not subject to description, and in
some cases could not be described even
logically. The behaviour of a single passenger
is a particular case», while «the description of
the transport behaviour of groups of passengers
is of practical interest for the purposes of
management, planning and development of the
transport system of a city (agglomeration) to
issue practical recommendations» [1].

In the article [1] a mathematical model is
given, which describes the transport system
regarding the most general case:

Gr = Gr(y;
p=p();
q=4q(1);

K
T, <1<, +AT;ATZZATk;
k=1

Vs
V(t)={V1,...,Vm,..‘,VP Vo= n0|ve pa};

v=1
v=L1...,v.(0);

T, =m,(1);

PO = {m(0),oes 7y (1), (O3
G(t)=g, ® P(t) < G*;

H(V-(Ar,{))=—il/"ln

Y, -(G,+V,)In(G, +V,) - max,
ap,

where £ is index (individual number) of a time
interval At,;

K is total number of time intervals At,;

Gr is street-road network graph;

p is matrix of transport connectivity
(connections);

g is matrix of effective carrying (transit)
capacities;

t is continuous time;

V(?) is a set, each of the elements of which is
equal to the number of cars (vehicles) that are on
the route (or participating in origin-destination
trip) o at the time #;

v is car index (its unique identifier);

v, =N, is the largest car index corresponding
to the number of vehicles at the current time;

p is total number of routes (origin-destination
connections);

n, is Boolean variable, which is determined
by relation (2) and equals 1 if the vehicle is on
the route p, and 0 otherwise;

p, is a-th route;

m, is equation of the transport process for a
car, which determines the share of the completed
transport process (transport work);

P(?) is a set consisting of separate equations
of the transport process;

B is transport process index;

G(¢) is vector function of resource(s)
spending;

g, is vector of specific resource costs for each
vehicle;

H is information entropy of the transport
system,;

G* is vector of constraints regarding resource
consumption;

ap, is a priori probabilities of finding an
element in state n;

G, is capacity of state n;

8  World of Transport and Transportation, 2021, Vol. 19, Iss. 6 (97), pp. 141-146

Agureev, Igor E.; Akhromeshin, Andrey V. Mathematical Model of Transport
Behaviour Based on Transport Macrosystems Theory




(), n{=)
a 'xa

Pic. 1. Scheme of transport connections (origin-destination trips) between districts [performed by the authors].

n is ordinal number of the state of the
elements;

m is total number of different states.

In the theory of macrosystems, there are several
ways to fill the states of the system (Yu. S. Popkov
[5]). To calculate the information entropy H in system
(1), the Bose—Einstein statistics was chosen as the
most preferable one. This statistic means that a large
(up to infinite) number of elements can be in the same
state. For example, there may be a sufficiently large
number of vehicles on the same route at the same
time to warrant the use of this statistic.

The system of equations and constraints (1)
is solved by numerical methods to find an

Q0

— e t

A Ty

Pic. 2. Dependence of intensity of source of vehicles
[performed by the authors].

equilibrium state (maximum information
entropy), which gives the distribution of
elements of the set V(?) over correspondences.
These elements are the main unknowns of
system (1).

The scheme of origin-destination trips in the
system is shown in Pic. 1.

Then,
n(r>=f<x):{]’ve"“

Ovep,.

@

To close the system (1), it is necessary to add
a set of elements to it:

1) The characteristics of transport sources can
be written in the form (3) and make it possible

A

07

— e t
ﬂ.'!'k

Pic. 3. Dependence of intensity of vehicles’ runoff
[performed by the authors].
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Pic. 4. Chart of the route [performed by the authors].

to calculate the number of vehicles «generated»
for any time interval (Pics. 2 and 4):
Q" =Q(0. 3
2) Characteristics of the runoff (absorption
centre, centre of mass gravity) located at the end
of route a (Pic. 3);
3) Equation of balance of cars, which are on
the route o
V.|, =V,

+AVO | —AVD

“)

where the number of cars which are on the route
within the time interval At, is considered (Pic. 2).
AVO|, = [ o war . 5)

o
Aty

At Aty A Ay s

The number of cars, which terminated the
transport process of the route within the time
interval At, (Pic. 3):
AV |, = [Vt

a
Aty

(6)

Thus, the variables requiring calculations in
model (1) are the members of the sets: a) V(¢);
b) P(?).

To search for unknowns, it is necessary at
each step At, to solve a problem containing the
calculation:

1) Q.

2) Q" that is, the volumes of departures and
arrivals for all transport districts.

3) H_ that is maximum value of entropy,
with an appropriate distribution of the elements
of the sets V(¢) along the routes p , presumably
considering only those vehicles that have reached
the trip destination point (x, = 1).

4) Elements of the set P(#), which requires to
introduce additional conditions on the speed of
vehicles.

5) A priori probabilities that presumably
reflect the generalised cost (price) of the trip.

Thus, it is additionally required to enter into
the description a formula for calculating a priori
probabilities p,, p,,..., p,, as well as a method
of accounting of Cﬁ* (generalised trip cost

(price)).

CONCLUSIONS

The mathematical model of transport
behaviour developed in this work within the
framework of the macrosystem approach [15]
requires at this stage knowledge of the following
parameters as of a priori information:

1) Factor of splitting of passenger flows by
modes of transport within the simulated period
of time.

2) Factor of splitting of passenger flows by
purpose of the trip.

3) Distribution of origin-destination trips
along specific routes.

It is assumed that this model will allow to
determine as a result of calculations:

1) Interchange (transfer) factor.

2) Distribution of trips by range (distance).

3) Distribution of waiting time for passengers
at embarkation/disembarkation points.

4) Exchanges of passenger flows at
embarkation/disembarkation points as a function
of time, etc.

Certainly, answers should be obtained in
the near future to questions about how the
origin-destination trip matrix will be calculated
for the proposed model [16—18], as well as on
the applicability of entropy methods for
solving problems of the equilibrium of the
transport system to modern urban systems
[19-23].
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ABSTRACT

Currently, there is an intensive development of manned and
unmanned submersibles due to development of offshore oil and
gas fields, development of underwater archaeology and exploration
activities in transit zones regarding seabed mineral extraction. The
depth of immersion and the nature of the underwater technical
works performed determine not only the design of the underwater
vehicle, its power-to-weight ratio and technical equipment, but also
impose high requirements on reliability, survivability, and habitability,
ifthe underwater vehicle implies that the operator is on board inside
a pressure hull. The main objectives of the study carried out by the
authors were to achieve high reliability and survivability of the main
elements of the propulsion-steering complex, which ensure
movement of a human-occupied vehicle in the water column, its
positioning and retention at a given point in the water area.

For this purpose, it was proceeded to development of an
automated control system for the electric drive of the propulsive
device of manned immersible. The proposed developments include
a flowchart of the movement control system, circuitry engineering
solutions using power semiconductor devices to maintain operability

fault tolerance.
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of the electric drive in extreme and emergency operating conditions,
and movement control algorithms. Electromagnetic calculations of
the active part of the electric machine were performed by the finite
element method, considering the geometric features of the dental
zone of the rotor and stator. The proposed mathematical apparatus
served to calculate optimal control actions of the electric drive and
to quantitatively assess the reduction in electrical losses once
optimal control was applied. The calculation of the optimal control
parameters was carried out using the maximum principle. The initial
conditions for auxiliary functions are determined by the Newtonl
Raphson method. A comparison of various modes of operation of
the electric drive was made regarding their influence on duration
of the campaign, and other parameters.

The calculations did not consider the parameters and geometry
of the propulsive device (the propeller) since the developers of
electric propulsion systems for manned and unmanned underwater
vehicles of various classes often deliberately reduce the efficiency
of the propeller to increase speed of the electric motor shaft,
resulting in a decrease in the dimensions and weight of the latter.

Keywords: automated control system, manned submersible, human occupied vehicles, reliability, energy efficiency, optimisation,
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INTRODUCTION

Smart information technologies providing
automated control functions are a mandatory
attribute of specialised transport equipment while
working in an environment alien to human,
including under water. High risk of underwater
technical works imposes exceptional requirements
on reliability of units, parts, and systems, and on
survivability of the entire manned submersible.

Some success in design and production of
domestic manned submersibles intended for
various immersion depths with an objective
dominant of electrical engineering components
still leaves not definitively solved a set of issues
to increase energy efficiency with extension of
duration of the campaign, optimise the cost of
production and maintain competitiveness in the
world market.

Relevance and Analysis of the Problem

The desire to explore the oceans led to
creation of two manned submersible vehicles
which once descended into the Challenger Deep,
the deepest place of the Mariana Trench: the
bathyscaphe Trieste and the deep-submergence
vehicle Deepsea Challenger, designed for
a maximum depth of 11,000 m [1]. Underwater
technical works of the survey of the condition,
repair and restoration of various objects located
on the seabed and near it involve the use of deep-
sea equipment including habitable underwater
vehicles?.

The Russian manned project 03660
submersible with a transparent spherical solid
hull, designed for performing underwater
technical work on offshore gas pipelines, was
presented to the public at the Gasprom science
and innovation exhibition at 9% St. Petersburg
International Gas Forum. The project is being
implemented by Gazprom with involvement of
the National Research Centre «Kurchatov
Institute», the Malachite Marine Engineering
Bureau of St. Petersburg, and the Underwater
Research Centre of the Russian Geographical
Society?.

The motion of the unmanned submersible
through the water column, its positioning and

! To the bottom of the ocean: top 5 Russian deep-
sea submersibles [Na dno okeana; top-5 rossiyskikh
glubokovodnykh apparatov]. [Electronic resource]: https:/
tvzvezda.ru/news/201707121549-v8fk.htm. Last accessed
22.08.2021.

2 Domestic habitable underwater vehicle [Otechestvenniy
obitaemy podvodny apparat]. [Electronic resource]: https://
urc-rgs.ru/activity/project?id=9. Last accessed 22.08.2021.

manoeuvring is provided by moving and steering
complex consisting of two sustained, two vertical
and one horizontal thruster columns. In modern
practices, developers of underwater vehicles
often reduce the efficiency of the propeller by
increasing speed of the engine shaft to optimise
its dimensions and weight to achieve the required
flow parameters with a given traction effort. In
this regard for various reasons propellers
continue to be the main effective type of engines
despite development of water-jet systems that
can endow unmanned submersibles with greater
manoeuvrability [2].

Depending on the operating requirements the
propellers can be driven by: DC electric motors,
asynchronous and synchronous electric machines,
including those with the use of permanent
magnets in the rotor of the traditional layout and
of ring type, of dry or oil filled versions with an
outboard pressure compensation system; less
often by open-type electric motors and hydraulic
motors. AC motors do not have manifolds, allow
so to smoothly adjust the shaft speed but require
a relatively more sophisticated control system.
At the same time the operational features and
efficiency of the unmanned submersibles depend
directly on the parameters of the drive of the
propulsive device®.

Problem Statement and Research Methods
Pic. 1 shows the flowchart of the automated
system controlling moving and steering complex
of the manned submersible intended to improve
its reliability, survivability, and dynamic
characteristics. Interactive remote controls allow
setting, controlling and quickly adjusting
movement parameters through direct and
feedback connections by influencing the
microprocessor system with automatic
visualisation of the response. The microprocessor
system provides communication with all
elements of the electric drive, realising automatic
setting of the specified parameters of movement
or positioning at a given point optimising control
algorithms, and simultaneously performing
diagnostic, protective and information functions.
Switched Reluctance Motor (SRM) is
considered as an electric drive prototype. This
electric machine, thanks to a number of positive

8 Domestic propellers for underwater vehicles
[Otechestvennye dvizhiteli dlia podvodnykh apparatov].
The «www.Korabel.ru» journal. [Electronic resource]: https://
www.korabel.ru/news/comments/otechestvennye_dvizhiteli_
dlya podvodnyh_apparatov.html. Last accessed 22.08.2021.

8  World of Transport and Transportation, 2021, Vol. 19, Iss. 6 (97), pp. 148-153

Petrushin, Alexander D., Smachny, Vladislav Yu., Lobyntsev, Vladimir V., Fokin, Sergey G.
Automation of the Control of Electric Drive of Manned Submersibles




Interzclive remele comrds

Microprocessor sysiem
of the sutmatic control |

Me, Nom o, min’! |

Power supply
{rechurgeable battery)

Power unit
af tls comverter

Prapeliant

Valve-inductor
€ ipropeller)

maching

Pic. 1. Flowchart of the motion control system of an unmanned submersible [performed by the authors].

Pic. 2. Power circuit of a SRM single phase
[performed by the authors].

features, is used in various vehicles [3-5]. With
its simple design and reliability, SRM has a high
efficiency value, which is important for analysing
duration of the campaign, time of travel and the
range of navigation at the target depth of
immersion.

To ensure a high level of survivability of the
moving and steering complex, the power circuits
of'the electric drive control system which connect
the phases of the electric machine with the power
source should be designed and manufactured using
galvanic separation. The power supply is
partitioned, the independent section feeds
a separate SRM phase. With such a structure of
the power part, the failure of any element such as
the winding, the semiconductor component or the
power supply section does not lead to interrelated
failures and does not impact the performance of
the remaining phases of the electric drive, and
therefore the damaged unit of the moving and
steering complex retains survivability with
a partial loss of power. In this case, the power
supply circuit of a phase of SRM (Pic. 2) will have
one semiconductor switch ¥, which makes it
possible to form two circuits of the voltage
supplied to the winding: a positive one with energy
entering the electromagnetic circuit and a negative

one with energy returning to the source at the end
of the switching cycle [6].

Pic. 3 shows the active part of the SRM
designed by the authors of the paper and
optimised using the Monte Carlo method
according to the criterion of maximum
electromagnetic torque in a given geometric
volume with the placement of all elements of the
electric motor and considering its external
design. The SRM dental zone is formed using
optimal design tools with a curved shape of the
air gap between the stator and the rotor [7]. The
dental zone is selected from the ratio of 10-teeth
stator and 8-teeth rotor [8]. With this magnetic
circuit design, the rotor teeth are divided into
teeth fragments, and the angle between the axes
of the rotor teeth in each fragment is equal to the
angle between the axes of all evenly spread stator
teeth. The stator teeth with the coils placed on
them are evenly spread over the inner surface of
the stator.

The task of the research was to ensure the
energy efficiency of SRM operation by controlling
the electric machine according to the optimal
algorithm, which allows to significantly reduce
the electrical losses in the winding during
electromechanical energy conversion.

The calculations are carried out for an electric
machine with a rated power of 5 kW and
arotation speed of 500 s, the moment of inertia
of the rotor and of the rotating parts attached to
it of 0,25 kgem?, the supply voltage being 220 V
for the rectangular voltage pulse supply option
and 400 V for the winding supply with optimal
control.

RESULTS
Theoretical Part

The mathematical model of SRM is based on
the assumption that there is no magnetic
connecting between the phases. The Kirchhoff
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Pic. 3. The active part of the SRM with an excited phase [performed by the authors].

equations of the electric circuit for the first phase
of the winding have the form [9]:

) )

where V' is the supply voltage of a phase, V;

i, — current of the first phase, A;

R — active resistance of each phase, Ohm;

W.(0, i) - interlinkage of the first phase,
depending on the angle of rotation of the rotor 6,
electric deg., and current i;

t —time, s.

Equation (1) expressed in terms of SRM
parameters and reduced to the Cauchy form, is

presented in the following form:
di 1y iR iewez -k
00 ooz L AR b Z e, 2

v = Rj, + 2000)
ar

where o is angular speed of rotation, s';
Z —number of rotor teeth.

The equation of motion is represented as:

do 1
%=W(TM—TJ, (3)
where N — number of SRM phases;

J—moment of inertia, kgem?;

T — electromagnetic moment, Nem;

T —moment of resistance on the shaft, Nem.

To determine the optimal control actions for
SRM control, the maximum principle was used.
The square of the input voltage to the stator
winding is chosen as the optimisation criterion

[10]:

02
“4
For linear electrical circuits, criterion (4)

allows to obtain the minimum electrical losses.
However, SRM works with periodic saturation

of a magnetic circuit having a nonlinear
magnetisation curve, so criterion (4) will not
correspond to the minimum of electrical losses,
but, as calculations have shown, will significantly
reduce them.

The dependence of the supply voltage on the
angle of the rotor’s rotation is selected as the
control action [11]. At the optimisation stage, the
following assumptions are made: the dependence
of the inductance on the angle of rotation of the
rotor is approximated by a harmonic function,
the saturation of the magnetic circuit was not
considered. Then, the intermediate function H
according to the maximum principle has the
following form:

1 . . d
H={m'(V—’1Rs —hrocZ, - dlg)}‘l’l‘*

n i
A E gy,
=~ 2 do

Let us define the optimal supply voltage V*
as a partial derivative of the intermediate function
with respect to the control action V:

1
JeowZ,

Yy
yr= .
2L Z, ®)
Let us then define auxiliary functions V', and
Y,
dy, _ R 1.4l iy, dL
a0 "\ Loz L d6) Jo do

(6)

dy, Y ; v, (i, dL
= V-iR L.2% 1
o Tear VTR G T e T

When solving the optimisation problem, the
initial conditions for auxiliary functions are
determined using the Newton—Raphson method
[12].
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Pic. 4. SRM phase parameters when powered by DC pulses:
1- supply voltage, 2 - current, 3 - electromagnetic torque [performed by the authors].

The calculation results for SRM control
without using an optimisation algorithm for one
phase of stator winding are shown in Pic. 4.

DC voltage pulses with an amplitude of
220 V were applied at the following control
angles: the switching angle was of 15 electric
degrees to the tooth-groove position and the
turn-off angle was 85 electric degrees to the
tooth-tooth position.

The results of the calculation for SRM control
using the optimisation algorithm under the
condition of equal performance with the non-
optimisation option are shown in Pic. 5.

In the optimal mode, the current of the SRM
stator winding, in contrast to the mode without
optimisation, does not have an explicit maximum
(Pic. 5) but has a flat characteristic in the range
of 135-185 electric degrees. In the optimal mode,
when performing the same work, the electrical
losses in the winding are reduced. If the electrical
losses for one switching cycle in the non-
optimised mode are taken as 100 %, then in the
optimal mode the electrical losses will be by
67 % less.

To implement the optimal mode, you should
increase the supply voltage of the SRM while
reducing the capacity of the batteries, so that the
space for placing the batteries remains the same.

Practical Significance

The practical implementation of the optimal
SRM control algorithm is achieved using the
microcontroller control program, which generates
the parameters of the control pulses in real time
according to the mathematical model of optimal

SRM control. The current in the winding is
generated using Pulse—Width Modulation
(PWM). The quality of the supply current shape
with optimal SRM control is ensured by
a rational choice of PWM parameters.

The practical significance of the results
obtained is associated with the increase in the
reliability, survivability and energy efficiency of
the SRM electric drive of the moving and steering
complex, in better quality of functioning of the
proposed automated motion control system of
manned submersibles, which are decisive for the
operational attractiveness and achieving
competitiveness in the world market.

CONCLUSION

The proposed automated system intended for
the control of the electric drive of the manned
submersible’s moving and steering complex
makes it possible to increase the reliability and
survivability of the entire vehicle. The use of
galvanically separated power circuits connecting
the phases of the electric machine to the power
source additionally provides fault tolerance and
emergency operation when the power on the shaft
decreases.

The developed mathematical apparatus and
the quantitative estimates of energy efficiency
carried out with its use had a positive impact on
the possibility of optimising the consumption of
electricity from the onboard power source.
Reducing electrical losses during electro-
mechanical energy conversion directly affects
the range of manned submersible and duration
of the campaign.
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Pic. 5. SRM phase parameters with optimal control algorithm:
1- supply voltage, 2 - current, 3 - electromagnetic torque [performed by the authors].
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ABSTRACT

Recently, the issue of advisability of building dedicated high-
speed railways (HSR) in Russia for transportation of passengers
and goods has often been raised in the scientific and industry
environment. The key risk of such large-scale investment projects
is a significant or rather long payback period due to the lower
population density in the areas of the proposed HSR compared to,
for example, China. In addition, when planning such capital-
intensive and resource-intensive investments, it is necessary to
consider plans for development of other modes of transport, namely,
express highways, air traffic, as direct competitors to speed and
high-speed railways.

A way to increase the competitiveness of HSR may be to
reduce capital costs during the construction. The creation of HSR,
where multiple-unit trains powered by gas turbine engines (GTE)
and using AC-AC electric drive, will allow to renounce investments

in expensive design, construction, and subsequent maintenance
of energy facilities, specialised HSR catenary, which will ensure
reduction in the cost of HSR projects, in construction time, and
accelerated payback of railways.

The article describes the advantages of operating gas turbine
traction on speed and high-speed railway lines. The possible
structure and layout of such trains are shown. The risks of operation
of rolling stock powered by GTE are considered as well as the ways
to neutralise them. The objective of the study was to identify the
comparative advantages of multiple unit trains powered by GTE
compared to high-speed electric trains. The study used methods
of comparative analysis, content analysis of technical information,
and ranking. It is concluded that introduction of GTE will reduce the
investment and operating costs of speed and high-speed railways
while maintaining the power and dynamic characteristics of trains.
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INTRODUCTION

The operating mode of high-speed and
speed trains is characterised by the use most
of the time of rated power. The key role in
movement is played by constant atmospheric
resistance, and not by the variable impact of
the track profile, therefore, the requirements
of low weight and aerodynamic shape of such
rolling stock come to the fore.

The objective of the article is to show, using
the methods of comparative analysis, content
analysis of technical information, ranking, the
conceptual possibility of replacing electric
trains with gas turbine multiple-unit trains
during construction of HSR to reduce the
investment and operating costs of such projects.

According to experts of the Scientific
Centre Track infrastructure and issues of
wheel-rail interaction of JSC VNIIZhT, the
arrangement of 1 km of HSR traction power
supply facilities may amount to 48 million
roubles. Thus, during the construction, i.e., of
Moscow—Adler HSR (1900 km), investment
costs will decrease by 91,2 billion roubles,
which, with a total estimated cost of the main
line of 2,5 trillion roubles, will generate
savings in investments of about 4 %.

RESULTS
Comparative Advantages and

Disadvantages of Turbo-Trains powered by
GTE

The following main advantages of traction
GTE were revealed based on full-scale and
analytical studies:

1. High power features, operation with
maximum efficiency at rated power, at which
high-speed trains operate most of the time.

2. Halfthe cost of consumed fuel (liquefied
natural gas, LNG) compared to the cost of
1 kWeh of electricity.

3. Modular design, small dimensions, and
weight of the GTE which is an order of
magnitude lower than that of a locomotive
diesel engine. In particular, when comparing
PDI1M diesel engine of TEM18DM shunting
diesel locomotive and the GTE for the shunting
locomotive based on MSU-800 series
locomotive, the weight reduction attained
12,16 times (12,6 tonnes versus 1,04 tonnes),
the dimensional reduction (the total engine
volume) attained 10,19 times (20,17 m® versus
1,98 m®) with comparable engine power of 882
and 860 kW, respectively.

®  World of Transport and Transportation, 2021, Vol.

4. Accessibility for inspection, control and
diagnostics allows operate GTE according to
their condition and reduce repair costs by
15-20 %, and the cost of lubricating oils up to
by ten times compared to diesel engines of the
same power [1].

5. GTE operation is in good agreement with
energy storage devices, which makes it
possible to stabilise the engine operation
during the period of train departure and arrival.

6. High autonomy and ability to operate
high-speed turbo-trains in any weather
conditions, including strong wind loads, sand
and snow drifts, icing of power lines.

7. Significant improvement of the
environmental situation in the areas of HSR.
«Thermodynamic and environmental
advantages of gas motor fuel compared to
diesel fuel are due to the energy and physical
characteristics of gas. The values of emissions
of toxic substances in terms of hydrocarbon
composition and nitrogen oxides are by 1,5-2
times lower» [2].

8. «A gas turbine is a rather soft damping
element under dynamic impact, therefore, even
on powerful GTEs, one can expect fairly stable
and reliable operation of gimbal systems» [2].

It is worth noting the most significant
disadvantages of operation of turbo-trains with
GTE, as well as ways to eliminate them:

1. The need to place large containers on
rolling stock for gas supply. Based on the
results of the several meetings of scientific
and technical councils and brainstorming
sessions in 2003-2005, JSC Russian Railways
made a strategic decision that development
ofrailway rolling stock running on compressed
natural gas (CNQG) is unpromising, primarily
due to the failure to provide the required range
of a train running on CNG [4], and liquefied
natural gas (LNG) should be used as the main
fuel, including in a supercooled state [5].

2. The high temperature of the exhaust
gases of a gas turbine can lead to burnout of
the contact wire when turbo-trains operate on
electrified lines. In this regard, it is necessary
to use exhaust gas coolers, as well as the
installation of exhaust pipes directed towards
the track infrastructure.

3. Large gas consumption in the low load _

mode, as well as when starting the GTE. In
such modes, the power supply of turbo trains
must be provided from energy storage devices
(batteries, supercapacitors).
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4. Fire and explosion hazard of LNG.
«CNG is more consistent with safety of its use
since in case of leaks it quickly goes up, while
LNG vapours or oil gases (propane, butane)
concentrate in the lower part of the body of the
rolling unit, which requires constant monitoring
of the gas-air state under the rolling stock and
its forced ventilation» [5]. At a gas concentration
in the air of 4-15 %, flammable and explosive
mixtures are created. «To improve safety of
gas equipment of turbo-trains and reduce gas
leaks, it is necessary to reduce the length of
train gas pipelines, to use welded joints instead
of threaded ones, reduce the number of flange
and nipple connections, reduce the number of
devices built into gas pipelines: thermometers,
pressure sensors, electromagnetic valves,
gates» [5].

The advantages of using multiple-unit
trains in cargo traffic are described in the
articles [6; 7] and consist in improving train
controllability, increasing acceleration, and
braking characteristics, traffic safety, energy
efficiency of'this type of traction, and increasing
railway transit capacity.

Proposed Concept

Comparing the power of 8500 kW GThl
gas turbine locomotive created in Russia in
2010 with the total power of the Sapsan ten-car
high-speed electric train, we can conclude that
it is possible to create a multiple-unit train
powered by GTE, comparable in power to an
electric multi-car train. The layout of the power
plant of turbo-trains equipped with GTE
should include the following set: control
cabin — power plant — gas cylinder — trailer
cars — gas cylinder — power plant — control
cabin. Thus, trains of this type must have
a constant composition. With a decrease in the
mass of trains, it is possible to turn off the
turbine in the tail section of the train. When
the GTE is located on the roof of the train, it
is most simple to ensure the process of suction
of clean air into the compressor, removal of
exhaust gases from the turbine, noise
suppression, etc. The onboard gas supply in
one tank of GTh1 gas turbine locomotive is 40
tonnes, which is sufficient for a cruising range
of 1400 km [8]. Thus, two cryogenic tanks
located at the head and tail of the turbo-train
will be able to provide a range of up to 2800 km
without refuelling. Considering the small
weight of a GTE, the mass of the cryogenic

tank of 40 tonnes, the standard requirement for
the maximum axial load of a high-speed turbo-
train up to 17 t can be met.

Equipping gas turbine trains is possible in
two ways:

» Refuelling directly into the cryogenic
plant from the discharge rack.

* Use of tanks that are removable or
connected to cryogenic product pipelines. This
option is more technologically advanced and
allows you to quickly refuel the locomotive
tank with LNG at different stations, however,
it requires large investment and operational
investments in the gas distribution infrastructure
[9; 10].

International and domestic experience

Projects aimed at developing turbo-trains
using various types of fuel were carried out in
Canada, the USA, France, and the former
USSR.

In 1968, Canadian Rail introduced a seven-
car, 185-tonnes turbo-train made of aluminium
alloys. In the head car of the train, five gas
turbine engines were installed, with a capacity
of 295 kW each, four of them provided train
traction, and one supplied electric power to the
cars. During testing, this turbo-train reached
a speed of 274 km/h [11].

In France, the high-speed rail project
initially focused on the use of gas turbine
traction (turbine grande vitesse TVG — high-
speed turbine). The gas turbine was chosen as
the engine thanks to its relatively small size
and high specific and output power. However,
the energy crisis of 1973, caused by growing
gas prices, forced to abandon turbines in favour
of electric traction.

Inthe USSR in 1970, an experimental train
was built that consisted of two head motor cars
equipped with an aircraft twin-shaft gas turbine
engine. The front part of the roof of each car
had an elevation with blinds, the power plant
was located here. It consisted of a gas turbine
engine weighing 135 kg and supplying power
of 662 kW, with forced ventilation and
a generator with a speed of up to 6000 rpm,
generating current with a frequency of up to
200 Hz. The efficiency of the train was 19 %.
The estimated speed of the train was 180 km/h.
The engine was started electrically, and
kerosene was used as fuel [12].

In 2000, a diesel high-speed gas turbine
train with a design speed of 250 km/h was
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Table 1

Assessment of the main parameters of autonomous locomotives

Parameter Power plant
o0
g — 5 %
i) g g 'g 'g =
3 =
S s ERy
[a) =) & ] ] =
g O &} O
O
Cost 2 2 2 3 1
Maintenance and repair cost 1 1 2 3 3
Fuel consumption 2 3 1 1 1
Fuel cost 1 3 2 3 3
Oil consumption 1 2 2 3 3
Environmental friendliness 1 1 2 3 3
Power 2 1 3 3 3
Efficiency 3 2 2 1 2
Weight and dimensions parameters 3 1 2 1 1
Total 16 16 18 21 20

developed in the USA. The gas turbine engine
had a power of 3750 kW with a rotation speed
of 16000 rpm and AC traction drive [13].

The operator of Indian Railways plans to
operate multiple-unit trains and locomotives
for passenger trains powered with LNG.

In addition, experimental locomotives and
multiple-unit trains were produced in Spain,
Indonesia, and the USA [14]. With high gas
and combustible fuel prices, projects of gas
engine turbo-trains are mainly developed in
oil and gas producing countries.

Evaluation of the Main Parameters of
Autonomously Powered Locomotives

We have carried out a scoring of the main
parameters of autonomously powered
locomotives, where 3 is the best indicator of
the parameter, 1 is the worst. The results are
shown in Table 1.

Thus, according to the results of the
qualitative assessment, locomotives with gas
turbine and gas turbine and hybrid installations
scored the highest number of points.

CONCLUSION

Considering potentially incomplete
loading of HSR capacity, the operation of
speed and high-speed multiple-unit
autonomously powered turbo-trains will
make it possible to renounce construction and
maintenance of an expensive high-speed
catenary, i.e., to reduce investment and

®  World of Transport and Transportation, 2021, Vol.

operating costs, to implement the potential of
gas-powered engines in Russia, to implement
using a single transport infrastructure,
including electrified one, mixed cargo and
passenger traffic at different speeds. It should
be noted that Russia has the largest proven
reserves of natural gas in the world (50,5
trillion m?®) [15, and development and
operation of turbo-trains with gas turbine
engines fits into the government strategy for
development of gas fuelled vehicles.
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ABSTRACT

Outsourcing services widespread in developed countries have
been used in the economic market of the Republic of Azerbaijan in
recent years mainly in the fields of accounting, human resources,
marketing, information technology and logistics.

Our previous study on «Logistics in the transport complex of
the Republic of Azerbaijan» based on 11 criteria for the development
of logistics outsourcing concluded that the lack of mutual trust
between companies and their desire to maintain own control in
most areas is one of the reasons explaining poor development of
logistics outsourcing.

The proposed article proposes for discussion new criteria
developed by us, in addition to ones existing and described in the
scientific literature, to assess the existing concerns of companies
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before concluding a mutual agreement in the field of outsourcing
and to conduct internal and external evaluations of logistics
outsourcing services.

Considering that the criteria described in the research papers
do not fully cover the internal evaluation of logistics outsourcing
services, an additional criterion of risk assessment was proposed
by us. In addition to the criteria already known from the scientific
sources, two other criteria were developed by us also for the external
evaluation of logistics outsourcing services, those criteria reflect
the capacity of logistics providers and tracking of vehicles in use.

The problem of unreliability and mistrust between companies
and enterprises will be solved to some extent by making the optimal
decisions through the new method discussed in this article.
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INTRODUCTION

Outsourcing is an area of focus for many
researchers around the world. They have studied the
effectiveness of outsourcing, application methods and
other aspects of implementation of outsourcing in
different fields. An example of this is the research
conducted by D. McTernan on the application of
outsourcing in financial matters. The author
interviewed twenty experts and based on their opinions
assessed the attitude of entrepreneurs to outsourcing
and the prevalence of this service [1]. Another
European expert, S. Liittringhaus, Professor at
Darmstadt Technical University, analysed the
technical and financial problems in this field by
applying the outsourcing service to a single enterprise
[2]. Researchers from the University of Alicante in
Spain, R. Gonzalez, J. Gasco, J. Llopis analysed in
their research the application of outsourcing to
information technology [3].

From our part, we also conducted a series of
studies on outsourcing in Azerbaijan. Our research
using the expert method revealed that logistics
outsourcing services are relatively poorly developed
in the transport complex of the Republic of Azerbaijan
[4]. According to experts, many local companies have
their own warehousing network, transport, and
«natural» logistics facilities, and they don’t have
intention of renouncing them although they might
reduce direct production or sales costs. Therefore, they
don’t rely on transferring most logistics services to
foreign logistics intermediaries. In addition, experts,
pointing out that the market of logistics intermediaries
providing high level services at a reasonable price is
relatively limited, highlighted that logistics in the
country has received great development pursuant to
the Decree of the President of the Republic of
Azerbaijan dated December 6, 2016, which approved
«Strategic Roadmap for Logistics and Trade
Development» [5].

What are the reasons for the low prevalence of
outsourcing in the Azerbaijani economic market? If
we summarise the opinions of experts, we can
conclude that companies do not trust logistics
providers enough in terms of providing logistics
services.

Objective of the research. To overcome this
«unreliability», even if they trust each other,
companies need to study and evaluate the service
potential and quality of service of logistics providers
who want to contract with them to provide outsourcing
services. At the same time, companies need to
identify and evaluate their areas of activity and make
optimal decisions by comparing the proposals of
logistics providers. Based on this assessment,

companies will be able to identify their weaknesses,
as well as providers that offer professional services
in this area. As the famous saying goes, «Everyone
must do what he knows best». One of the biggest
mistakes made by many companies is that they focus
on secondary activities rather than on core activities
that prevent them from achieving high quality results
and low costs [6].

Of course, all of this requires a valuation method
that companies will use. Turkish researcher O. Yilmaz’s
research on «Outsourcing in businesses and effects on
business performancey outlined the criteria for internal
and external evaluations (in terms of a company’s key
areas, costs, risks) [7]. However, we think that these
criteria are not sufficient for companies to make an
optimal decision on cooperation in the field of logistics
outsourcing. To this end, we have developed a new
method by adding two more criteria that concern
companies: «freight tracking» and «providers’

carrying capacity».

METHODOLOGY AND RESEARCH RESULTS

As mentioned above, companies must conduct
internal and external assessments before deciding to
use outsourcing services.

Internal Assessment

Internal assessment consists of the following steps.

1. Assessment of Key Skills and Experience

The basic competences of the enterprise are the
most important area of application of the company’s
efforts. But can companies do enough? Do they have
enough experienced and qualified staff to do this? For
the evaluation of experience, the management of the
enterprise should prepare a list of experienced staff
with consideration of the qualifications, work
experience, professional diplomas, and certificates of
the employees. The practice criterion of the company
is then determined by the following statement:

- Pcom .
N

w

Here, N, denotes the number of experienced
employees, N is the total number of now working
employees, and P, is the criterion for practice of
company.

The practice criterion is rated from 0 < 1. When
the result is 1, the number of experienced employees
is maximum and when it is 0, their number is the
minimum. A score of more than 0,5 is considered
effective [7].

2. Expense Estimation
At this stage it is necessary to identify areas that
are more labour intensive and costly than the core and
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supporting activities of the enterprise. Then, by
determining the monthly total expenditure and
expenditure on that area, the expense criteria are
determined based on the following statement:

Here, E  is the expense of the being evaluated
area, E, is the total expense, and £ is the expense
criterion of company.

The expense criterion ranges from 0 < 1. The
desired result for enterprises is close to 0 [7].

3. Quality Assessment

At this stage, to determine the quality level of
service provided by the enterprise, the total number
of operations performed during a given period, as
well as complaints (negative feedback, troubled
relationships) should be determined. The quality
criterion is then determined based on the following

statement:

Nc —
N Q-

K

Here, N, denotes the number of complaints, N,
is the total number of services provided (in
numbers), and Q_ is the quality criterion of
company.

The quality criterion ranges from 0 < 1. If the
result is close to 1, then it is a very negative
indicator for the enterprise.

Besides, we also propose risk assessment
assuming that the three criteria mentioned in the
literature above do not fully cover the internal
evaluation of logistics outsourcing services. Of
course, safety is one of the most important factors
when it comes to transportation. For this reason, it
is important to assess safety and risks in transportation.

4. Risk Assessment

At this stage, the number of accidents and errors
made during a certain period of operation of the
enterprise is determined. The risk criterion is then
calculated based on the following statement:

Na = Rcam .
N

s

Here, N, denotes the number of accidents,
errors, N represents the total number of logistics
services rendered, and R represents the risk
criterion of the company.

The risk criterion is rated from 0 < 1. The result
that is close to 1 is considered rather dangerous for
the enterprise.

Based on the four-step evaluation in accordance
with the above four criteria, enterprises can determine

areas where the use of outsourcing will be useful. Of
course, these are areas where they are less experienced,
more prone to mistakes, more costly, and riskier.

External Evaluation

After these stages been completed, the right
choice of service providers, that is, external
appraisal, becomes actual. Naturally, every
enterprise desires an optimal, reliable, experienced
cooperation. But how can you trust the service
providers? What are the benefits of cooperation?
To answer such questions, enterprises should also
conduct an external evaluation. Unlike internal
evaluation, the researchers offer a four-stage
evaluation for external assessment.

1. Evaluation of service providers

At this stage, a survey method can be used to
evaluate the service provider. The factors listed
below in the questionnaire are assessed in the range
of 0-10 points.

» Company recognition.

* Activity duration of company.

* The number of experienced employees in the
field of activity.

* Repeated and new customers of the company
(number, name, etc. of the other partner
organisations).

* Financial capabilities of the company.

* Equipment and systems that are owned.

* Open communication opportunities (intensity
of responding to clients’ requests, breadth of
communication facilities).

After the questionnaire has been compiled, the
service provider’s experience criterion is determined
based on the following statement:

TP _ P

n e

Here, P, represents the points given to the
factors, n is the number of factors, and Ppm denotes
the experience criterion of service providers [7].

High criterion of experience is a desirable result
in the first stage of provider selection. However,
this is not an indicator sufficient to sign an
outsourcing contract. For this reason, it is essential
that the service providers are financially viable.

2. Expense estimation

At this stage, the expense criterion is determined
by the ratio of service provider’s services cost to
the total costs of the company:
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Here, E_ is the price for service, £, is the total
expenses, and E,., is the expense criterion of
providers.

The expense criterion ranges from 0 < 1, and
enterprises are trying to get the result closer to 0. But,
in assessing costs it is necessary to consider not only
the cost of the service, but also the quantity and
quality of the proposed works in return for the funds.
For this reason, sometimes companies are interested
in partnering with providers even if E_ > E,_[7].

3. Assessment of service quality

At this stage, to determine the quality level of
service provided by the service provider, it is
necessary to determine the total amount of operations
performed during a given period, as well as the
number of complaints (negative feedback,
troublesome relationships). The quality criterion is

then determined based on the following statement:

N,

N7W=Q,,m.

5p

Here, NCP refers to the number of complaints, N, »
—the total number of services provided (in numbers),
and me — the quality criteria of providers.

The quality criterion ranges from 0 < 1. The result
close to 0, is what enterprises expect from their
service providers. As noted in the internal assessment,
the risk factor in transport is also important for
external evaluation [7].

4. Risk Assessment

At this stage, the number of crashes and errors
that have occurred during a certain period of service
provider’s activity is determined and the risk criterion
is determined based on the following statement:

NH
N =R

P

Here, Nap refers to the number of accidents,
errors, N — the total number of services provided,
and R - the risk criterion of providers. The risk
criterion is rated in the range of 0 < 1.

Of course, companies require guaranteed service
from a service provider in terms of reliability. That’s
why risk criterion is so important.

It is important to note that, in addition to the
above-mentioned criteria, companies want to ensure
that the shipments are delivered accurately and on
time, and that they are always aware of the position
and condition of goods. For this reason, in addition
to the external evaluation criteria described in
different sources, we offer two more criteria:

a) Criterion for calculating carrying capacity.

b) Criterion for tracing loads.

5. Calculation of carrying capacity
The following expression was prepared by us to
describe the carrying capacity.

z:L" =C .
n

Here, L represents the load factor of a vehicle of
logistics provider (t/km), n represents the number of
flights operated by the vehicle (in numbers), and C
represents the average utilisation coefficient of
carrying capacity.

C criterion is an indicator of carrying capacity of
the company to offer logistical outsourcing services.
It will give some sort of answer to the question of
whether opposite side can meet demand for
transportation. C is rated in the range of 0 < 0,5 < 1.
With C < 0,5 criterion is considered effective, this
result is a desirable indicator for companies. If C
coefficient is rated in the range of 0,5 < 1, logistics
provider is considered to be partially overloaded, and
it is supposed not able to fully meet the needs of new
costumers for transportation.

6. The degree of tracking of freight

It is well known that one of the issues most
worrying freight owners is the desire to be aware of
where their cargo is, that is to track it. Of course, freight
tracking is very important in terms of business
planning and pre-load preparation for cargo operations.
Therefore, the issue of tracking freight in modern
transportation is at the forefront of the list of criteria
required by logistics providers. To determine the
degree of traceability of freight we offer the following
statement:
N,

v
N,

1

Here, N, represents the number of trackable
vehicles that can be used by the logistical provider, N,
the total number of vehicles used by the logistics
provider, and T is the criterion for the tracking of cargo.

Tracking criterion is rated in the range of 0 < 1.
Of course, if the T coefficient is close to 1, then the
number of trackable vehicles meets desires of
enterprises.

The results obtained after all the evaluation stages
allow you to select the right provider. However, it
should be noted that before making the decision to
cooperate with the providers, the results of internal
and external evaluations must be met. To simplify the
process, we have compiled an indicator table in
Microsoft Excel that has been developed by using a
correlation method (Pic. 1). This table is designed with
a simple comparison function. Thus, it logically
compares the results of internal and external
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Pic. 1. Table of result comparison [compiled by the authors].

evaluations and shows «appropriate» or
«inappropriate» signs in the indicator column.

This table consists of four parts:

+ Comparable criteria.

* Internal assessment results.

* Results of external evaluation.

* Indicator of conformity.

Conditional numbers have been added to illustrate
the sample. If results are considered, we can see that
the conformity indicator has made «eligible»
statements regarding criteria 1, 3, 4, 5, and 6, and
«inadequate regarding criterion 2. Indicator variables
vary according to internal and external evaluation of
factors. Thus, it is easy to compare the results by
entering the results in the table of indicators. If most
of the results of this comparison are «appropriate»,
cooperation with logistics outsourcing companies can
be considered successful.

As aresult, as mentioned in the beginning of the
article, the problem of mistrust and distrust between
companies and enterprises, which is one of the reasons
for the relatively weak development of outsourcing
in the Azerbaijani economic market, will be solved
by the right method by making the right decisions.
With this new method, companies will be able to
identify areas where they are inexperienced, that
require more cost and are riskier, so that companies
will be able to choose the optimal logistics providers.

CONCLUSIONS

The economic reforms in the country and the
creation of a transparent business environment for
entrepreneurs as a result of the serious struggle against
monopoly in the market will affect less developed
sectors of the Azerbaijani economy. Successful
political and economic reforms, adopted strategic
roadmap create favourable conditions for the study of

world experience in logistics outsourcing, for
promotion of 3PL-logistics service providers and
introduction of 4PL-logistics providers to the market.
Along with the wide use of the outsourcing services
model in modern management, in developed countries
of the world, we have also been able recently to
witness the transfer in the Azerbaijan economy of
business processes management to the third party,
establishment of plenty of enterprises. i.e., YOM
Logistics Azerbaijan, Baku Logistics Centre, Business
Service Centre [8]. The method presented by us will
not only provide the necessary resources for
enterprises that want to use outsourcing services but
will also contribute to the development of logistics
outsourcing services in the Azerbaijani economy.
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ABSTRACT

The relevance of conducting a situational analysis of the cargo
transportation market is based on its overall strategic importance
in the context of economic development of the Russian Federation.
Namely, being actively involved in both domestic and foreign
economic activity, cargo transportation is a key one in the supply
of goods, resources, food, and other cargo.

Such an analysis is of particular interest regarding the
immediate pandemic and consequent period. I offers an opportunity
to draw certain conclusions on change in quantitative indices (the
total number of cargo transportation carried out decreased that
somewhat complicated the situation of a number of business
entities) as well as, to a certain extent, on adaptation of the tools
of situational analysis to situations rather strongly influenced by
unusual factors.

The subject of study described in the article is the process of
conducting a situational analysis of the cargo transportation market
to identify the main patterns for road, rail, and sea transportation.
Besides, the data obtained through the analysis are the basis for

Russian University of Transport, Moscow, Russia.

making basic forecasts for the future state of the entire cargo
transportation sector.

The study involved in its context methods of analysis and
synthesis of economic and statistical sources of information; at the
same time, the author relied also on several empirical research
methods and a SWOT analysis.

The results of the current study are ambiguous: on the one
hand, one can observe overall development of the industry from
the position of changing the structure composition of the market of
cargo transportation, as well as note its sustainability relative to
other areas. At the same time, the analysis of the state of cargo
transportation that took shape during the pandemics can be
considered as dependent to great extent on further impact of the
consequences of the COVID-19 pandemic on the entire economy.
Itis nevertheless important that the cargo transportation has shown
high adaptation ability regarding tuning of the activity under the
conditions of fast changes in external economic environment and
market situation.

Keywords: transport industry, cargo transportation, situational analysis, pandemic, state of the industry during the pandemic, COVID-19.
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INTRODUCTION

The analysis of market segments during the
pandemic and post-pandemic period is one of the
ways to identify patterns in functioning of companies
during a crisis. This mainly allows reflecting the
current trends prevailing within the entire market,
revealing the general state of individual components,
and, on this basis, predicting promising directions
for their development and transformation. Thus,
within the framework of this article, it is planned to
conduct a situational analysis of the activities of the
cargo transportation market in the context of
overcoming the consequences of the COVID-19
pandemic, which involves conducting an initial
analysis of the situation that then requires further
clarification, after expertise and analysis of the events
that occurred during the period of 2021 will be
shaped out, including generation of complete
statistics. In addition, the relevance of the declared
topic is determined by the strategic importance of
this type of economic activity for the entire economy
of the Russian Federation. The significance there-of
is emphasised by the fact that cargo transportation
(namely, rail, road, river, and sea freight transportation)
occupies key position in the trade turnover,
redistribution of resources and acts as the central link
in the supply chain. From this standpoint, smoothing
out the post-pandemic consequences (through
development of a system of recommendatory
measures that are relevant for various companies)
will allow this market segment to be restored at an
accelerated pace, and to return it into the range of
pre-crisis indicators.

Thus, the objective of the study can be formulated
as a comprehensive analysis of the cargo
transportation market and the prospects for its further
development.

RESEARCH METHODS

The study involved methods of analysis and
synthesis of literary economic and statistical sources
of information; in addition, the structure of
operational analysis comprised particularly empirical
methods of comparison, observation, abstraction,
generalisation, and others. The context of situational
analysis assumes mainly involvement of methods of
statistical data analysis (their study in dynamics) and
development of recommendations based on SWOT
analysis.

RESULTS AND DISCUSSION

At the present stage, the scale of the
consequences of the COVID-19 pandemic is global.
In particular, the cargo transportation market in such

conditions has undergone most important changes.
As Bloomberg notes, due to the impact of some of
the restrictions on the activities of the transport
industry, in some regions there were difficulties
resulted in breaking the supply chains of goods.
This refers particularly to the activities of companies
operating in the European and Asian markets. This
has led to some risks arisen for the activities of
many enterprises®. In turn, governments have taken
series of measures to minimise these delays [1]; so,
the European Commission introduced measures to
introduce «green lanes», which involved a number
of mechanisms to ensure functioning of rail, water
and air transportation within the Single Market?2.
Besides, many authors identify several specific
patterns related to the impact of the pandemic on
transport industry functioning. The work of
Dominic Loske emphasises that the volume of
transportation of dry products in retail logistics
turned to be dependable on the number of new
cases of infection per day, and this becomes
a reason for the conflict of interest that arises
between transport companies and logistics sector
(in particular, grocery retail) [2]. The work of
Elizabeth A. Mack [et al] made a number of
clarifications regarding employment in the
transport industry: the authors found that different
transport sectors received different damage due to
the pandemic’s impact (companies whose
activities were related to cargo transportation,
namely the supply of food goods, were more
sustainable). This also applies to the level of
unemployment: employees in the transport sectors
focused on working with people namely with
passengers and not related to the delivery of goods
lost their jobs 20,6 % more often than others [3].
Juniy Zhang, Yoshitsugu Hayashi and Lawrence
D. Frank conducted an expert survey concerning
impacts of coronavirus disease 2019 (COVID-19)
on the transport sector and the corresponding policy
measures. On average little bit more that 30 % of
cities represented by respondents did not have
guidelines nor contingency plans. «Experts reported
that for all countries/regions, the percentages of
cities/towns with guidelines of transport systems
for public health threats prepared before the

! Bloomberg — Freight-Cost Pain Intensifies as Pandemic
Rocks Ocean Shipping. [Electronic resource]: https://www.
bloomberg.com/news/articles/2021-02—-04/freight-cost-
pain-intensifies-as-pandemic-rocks-ocean-shipping. Last
accessed 26.11.2021.

2 Transportation during the pandemic. [Electronic resource]:
https://ec.europa.eu/info/live-work-travel-eu/coronavirus-
response/transportation-during-pandemic_en. Last accessed
26.11.2021.
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COVID-19 pandemicy differed significantly with
regard to modes of transport: from 33,5 % for bus
systems to only 6,7 % for river/canal transport
systems. «13,9 % of experts reported that none of
the above systems in their cities/towns had such
guideline». From 33,8 % to 44,7 % of respondents
did not know or were not sure whether respectively
guidelines and contingency plans existed. The
situation was rather similar in both developed and
developing countries [4, pp. 70-71].

Considering the situation in Asian countries, it
is important to note that in China in 2020, the
greatest impact was observed in relation to sea cargo
transportation [5]. At the same time, the work of
Shan-Ju Ho [ef al] put forward a hypothesis that
from a macro level perspective, the pandemic would
likely have a «positive impact on the road or water
freight transport», which could be explained by
extreme propensity of individuals and legal entities
to stockpiling behaviour. Besides, changes in
consumer behaviour in relation to food industry
products indicate a parallel growth in the road
transportation (in terms of freight transportation)
due to acceleration of the distribution of food
products through online channels [6].

Thus, the short analysis of the global situation
indicates high losses in the transport industry within
the markets of various countries. It should be noted
that the judgments stated by the authors correlate
with each other. So, objectively, regardless of the
state and its contingency policy in relation to the
COVID-19 pandemic, cargo transportation has
reduced its turnover. However, the decline by
country has a different structure: if in the EU
countries road and air transport suffered the most,
then in the PRC, maritime freight transport was
more affected, which is due to several specific
features of the countries and their direct correlation
with the state of the transport industry.

Turning to the analysis of the main indicators
of'the transport industry in the Russian Federation,
it is important to emphasise its strategic importance
as of a special «conductor» of the entire economic
system. This is since the transport industry,
namely, cargo transportation, acts as a key link
that completes the course of production processes,
namely, it becomes the main component in the
transfer of goods from producer to consumer.
Besides, individual participants in the transport
industry market, such as railway companies, act
as conducting wires between key industrial
facilities in the Russian Federation (including
those under public control). At the same time, the
same railway companies are active foreign trade

partners of foreign companies in the field of
delivery of natural resources from the extractive
industry of Russia [7].

The state of the transport industry determines
the growth opportunities for the entire economic
system by regulating supply of resources, products,
as well as through transportation of basic (vital)
goods to remote parts of the country. Thus, acting
as an inseparable structural component at the
junction of the social sphere and economic activity,
transport occupies a special role in the structure of
state development. It is also important to note the
high dependence of many business entities on the
activities of transport companies, the competition
among which has been especially growing in recent
years. All the above becomes the basis for studying
the transport industry and assessing its state in the
pre-crisis and post-crisis periods to identify the
main patterns and changes [8].

For example, touching on the significance of
the transport industry purely in terms of gross
domestic product (GDP), it can be noted that the
share of the entire transport industry over the past
three years has been in the range of 6,3-5,9 %
(which is approximately comparable to the civil
construction sector). Besides, in the period up to
2020, the balanced financial result of the transport
industry contributed more than 7 % to the structure
of the entire financial result of the economy of the
Russian Federation. In 2019, more than 7,5 million
people were employed in the transport industry,
which is about 10 % of the total employed
population of the country?®.

However, it is important to note that during
the crisis, many companies were exposed to risk
factors; temporary cessation of the activities of
some enterprises and companies has resulted in
decrease in the volume of freight transportation,
in cargo turnover, as well as to a parallel increase
in tariffs for transportation of resources. In
general, the statistics in the field of cargo
transportation and vehicle ownership had the
following values in the period from 2015 to 2020
(Pics. 1, 2, 3):

Thus, considering the data presented in Pic. 1,
we can note a decrease in cargo turnover in 2020;
moreover, most of the change, namely 2,2 %, falls
on railway transport. In general, cargo turnover
during the pandemic amounted to 95 % of the values
of2019. It is especially important to note the slight

* Employment and unemployment in the Russian Federation.
[Electronic resource]: https://nangs.org/analytics/rosstat-
zanyatost-i-bezrabotitsa-v-rossijskoj-federatsii. Last accessed
26.11.2021.
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Pic. 1. Cargo turnover per various modes of transport in the Russian Federation for the period from
2015 to 2020/ Compiled by the author based on Rosstat [Federal State Statistics Service] data.
[Electronic resource]: https://rosstat.gov.ru/storage/mediabank/GvBQVwRi/gruz-ob.xls. Last accessed 26.11.2021.
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Pic. 2. Cargo transported by modes of transport in the Russian Federation in the period
2015-2020. Compiled by the author based on Rosstat [Federal State Statistics Service] data.
[Electronic resource]: https://rosstat.gov.ru/storage/mediabank/V80K4Mr3/per-gruz.xls. Last accessed 26.11.2021.

growth observed in sea transport, which amounted
to 2 billion tonne-kilometre (tkm).

Referring to the indicators presented in Pic. 2, it
is important to highlight that the largest change in the
volume of transported goods was observed in 2020,
the decrease was by 5,75 % or 5405 million tons; for
railway transport, the decrease in the number of
transported goods amounted to 2,85 %. Sea transport,
on the contrary, increased the volume of cargo
transported during the pandemic (however, it is
important to note that in the overall structure, the rate
of sea transport still occupies the lowest position,
except for air transport). Despite the changes, road
transport remains the leader in the cargo transportation
market.

The decline in railway transportation can be
referred to the position of the JSC Russian
Railways as of key carriers of coal intended for
power generation to foreign countries. Besides,
railway transport in general has an active
relationship with European countries, in which
(during the COVID-19 pandemic) many business
entities not only reduced their economic activity
but almost ceased it. This resulted in structural
changes in the area of supplying resources to
European countries (as well as to the CIS

countries) by domestic transport and logistics
companies, namely, in a reduction in exports*.
Modern research in the field of development of
logistics services emphasises the particular relevance
and growth in the importance of road transport in the
overall structure of cargo transportation in the
Russian Federation; however, at the same time, it
can be noted that this fact does not exclude the high
role of railway transport in transportation of
especially large consignments of goods. So,
comparing the indicators presented in Pics. 1 and 2,
it is important to note that railway transport acts as
the main one in transportation of large shipments of
goods over longer distances. At the same time,
several authors outline a special high prognostic
value of the automotive industry in the framework
of deliveries within the territory of the Russian
Federation. At the same time, the work of
R. S. Turlaev, Yu. G. Kuzmenko, I. Yu. Okolnishnikov
notes that the maximum possibility of strengthening
the position of road transport in the structure of cargo

4 The results of the foreign economic activity of the Russian
Federation in 2020 [In Russian]. [Electronic resource]:
https://economy.gov.ru/material/file/ab03f167412ee7cbc60
d8caf776bab70/itogi_ved_v_2020g_i 1 polugodie 2021.
pdf. Last accessed 26.11.2021.
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Pic. 3. Availability of vehicles, thousand units at the end of the year. Compiled by the author based on Rosstat [Federal State Statistics Service]
data. [Electronic resource]: https://rosstat.gov.ru/storage/mediabank/RBGEdfZZ/nalich.xls. Last accessed 26.11.2021.

transportation is being reduced due to the high
average age of the fleet of trucks, most of them being
over fifteen years old [9, P. 957]. At the same time,
the overall indicators in the field of the number of
cargo vehicles over the past six years are as shown
in Pic. 3.

Moreover, in the structure of the ownership of
freight vehicles, most vehicles are owned by citizens
(about 85-87 % on average over the past six years).
During the pandemic period, one can notice a decrease
in the share of ownership of cargo vehicles by citizens
and an increase in the number of vehicles owned by
organisations of all types (small businesses not
accounted). So, in the period from 2019 to 2020, the
number of cargo vehicles owned by citizens decreased
by 1,2 %; simultaneously, the growth of vehicles
owned by organisations was of 6,07 %. This fact can
be explained by the growing importance of the
activities of organisations related to delivery of goods
within the Russian Federation (large marketplaces,
for example, Ozon, Wildberries companies) during
the pandemic, and to corresponding expansion of their
vehicle fleet [9; 10]. Thus, in 2020, distribution in
vehicle ownership was as follows (Pic. 4).

Despite the magnitude of the indicators presented
regarding road transport, in the general system of
cargo turnover (according to the distribution of
vehicles per mode of transport in the Russian
Federation) in 2020, the leading place was occupied
by railway transport®. Referring to the data presented
in Pic. 5, it can be noted that over the past 20 years
there has been a tendency towards growth of the
share of railway transport. Simultaneously, the share
of water transport is decreasing from year to year
(in 2000 it represented 5,3 % of the total freight
transportation, while by 2020 it has decreased to
represent 2 % only). The indicators of the share of
air transport cargo turnover are the lowest, but at the

5 Structure of cargo turnover per modes of transport in the
Russian Federation. [Electronic resource]: https://rosstat.gov.
ru/storage/mediabank/O7{8s2Rz/gruz-ob.jpg. Last accessed
26.11.2021.

m Legal entities = Individuals

Pic. 4. The distribution of truck ownership among citizens
and business entities, small enterprises not accounted
(compiled by the author).

same time the most stable since they have not
changed for 20 years. So, despite the increasing
importance of road transport noted in the work of
R. S. Turlaev [et al], although its indicators reflect
a gradual increase, however, in comparison with
railway and pipeline transport (namely, the dynamics
of their growth) they don’t show the highest results
(the increase in volume over 20 years was 0,8 %).
This can be explained by the high role of the first
two modes of transport in foreign trade activities
(namely, in the export of resources, fuel, as well as
of some industrial goods).

In addition, considering implementation of the
Transport Strategy of the Russian Federation, it can
be noted that its main provisions, in particular, those
related to development of transport networks
intended for energy producing enterprises and fuel
exports, emphasise possible further continuing
growth in cargo turnover of railway transport, which
is dictated by the needs for development of foreign
economic relations [11]. However, the provisions of
the Transport strategy contain indications of the
possibility of optimising logistics processes related
to road transport and its activities in the territory of
the Russian Federation. All this becomes the reason
for assumptions that after restoration of the economic
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Pic. 5. Structure of cargo turnover per modes of transport in the Russian Federation, in %.
Compiled by the author based on Rosstat [Federal State Statistics Service] data. [Electronic resource]:
https://rosstat.gov.ru/storage/ mediabank/V8oK4Mr3/per-gruz.xls. Last accessed 26.11.2021.

conditions at pre-pandemic values, there will be
processes associated with an increase in cargo
turnover by road, railway, pipeline, and air transport.

Thus, the analysis carried out allows us to draw
some conclusions regarding the individual
components of the transport industry of the Russian
Federation.

1. Regarding railway transport, further growth
in cargo turnover can be forecasted (after the
recovery from COVID-19), which is imposed by
increased orientation towards Eastern markets, as
well as by parallel participation of the state in the
railway industry as of a key innovative reformer
[12]. In particular, the predominance of railway
transport in terms of large-scale cargo transportation
is explained by the impossibility of its replacement
by other modes of transport. At the same time, the
growth in volumes may indicate an increase in the
number of transported goods in tonnes, however,
even in this case, they will not exceed the
indicators of road transport.

2. Regarding road transport, several trends
indicate the route in the direction of continuous
increase in volumes of cargo transported within
the framework of moderate growth; this means
that, despite the current general economic
downturn, the volume of transportation in tonnes
will continue to grow. After returning to pre-
pandemic values, road transport will continue to
play a key role in delivery of goods within the
Russian Federation.

At the same time, some studies emphasise the
increase in the strategic importance of road
transport due to an increase in the number of cargo
transportation to other countries [ 13—15]. Despite

this, the level of competition of international
companies in the domestic market (DHL,
SCHENKEN and others) will increase in parallel
with the growth of the domestic market. However,
it is worth noting that the observed trends towards
development of the own vehicle fleet on the part
of key Russian companies operating in the field
of delivery of goods, food, and other cargoes may
become a factor that will reduce the need to use
the services of private enterprises and make them
focus on implementation of their own cargo
transportation between organisations.

3. Regarding sea transport, it is difficult to
specify forecasts, since, in general, its dynamics
from year to year reflects a downward trend. At
the same time, after a partial economic recovery,
profits in sea cargo transportation reflected strong
growth®,

Thus, it can be emphasised that the impact of
the pandemic, although, on the one hand, caused
difficulties among a few companies, however, on
the other hand, it made it possible to free the
market from stagnant players, thereby creating the
potential for development of new business entities.
In general, emphasising stability of the cargo
transportation sector, it can be noted that during
the pandemic it experienced the least decline,
especially in comparison with the passenger
transportation sector. Regarding transport industry,
its certain dependence on GDP of the Russian

& Prices for transportation: market situation and forecast
for the nearest future [In Russian]. [Electronic resource]:
https://seanews.ru/2021/07/27/ru-ceny-na-perevozki-
situacija-na-rynke-i-prognoz-na-blizhajshee-budushhee/.
Last accessed 26.11.2021.
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Federation can be noted, namely, the share of the
transport industry is fairly stable in the overall
GDP, and its numerical size depends on the final
value of GDP. At the same time, many researchers
predict a rapid growth in cargo transportation
associated with the use of cars in the future;
however, despite this, the importance of railway
transport will not decrease, which is explained by
its current general situation and steady growth in
recent periods. In addition, these factors are
enhanced by the provisions of the Transport
Strategy of the Russian Federation and the focus
on the export of resources, including those related
to the fuel and energy complex.

Here are some of the main trends that have
taken place in 2020:

1. A sharp (relative to the relative decline of
the entire transport industry) increase in the
importance of railway transport in the structure of
cargo turnover (1,4 %).

2. Continued sustainable growth of the share
road transport in the structure of cargo turnover
despite its decline in industry indicators (growth
amounted to 0,1 %).

3. Continued (but at the same time significantly
slowed down) steady growth in the number of
trucks.

4. Decrease in the number of goods (million
tonnes) transported with trucks, which amounted
t0 5,75 %.

5. Changes in the structure of truck ownership
by citizens and organisations towards a decrease
in their number owned by individuals and an
increase in number of those owned by organisations
(an increase by 6,07 %).

Thus, based on the above data, it is necessary
to carry out a SWOT analysis of the transport
industry during the pandemic (2020) to clarify the
forecasts and possibilities for the implementation
and its pace regarding various trends in the field
of cargo transportation (Pic. 6).

Thus, it can be noted that the current market
of the Russian Federation is more open to transport
companies: this is emphasised by the stable growth
indicators of the industry (in terms of cargo
transportation), as well as by current opportunities
to further strengthen its own positions (which is
facilitated by structural transformations taking
place within the economy). At the same time, there
are some threats to cargo transportation industry,
which may be exacerbated in case of emergence
of a new wave of the COVID-19 pandemic.

Correlating weaknesses and opportunities, it
is important to note that the Transport Strategy of

the Russian Federation can become an occasion
to improve the position of sea transport’. Besides,
for large business actors, the growth of competition
in the market at the present stage does not act as
a broad problem.

The ratio of strengths and threats allows us to
note that the high importance of the cargo
transportation sector is becoming a factor that
determines its greater independence from fuel
prices and growth in tariffs. In this case, the final
cost of cargo transportation, although it will affect
their number, this will be compensated by the
stability of large companies and technological
modernisation (change of landmarks in the field of
cargo transportation).

Weaknesses and threats together form a warning
line, within which it is important to highlight the
fact that current threats can become a major barrier
to the use of modern opportunities. Thus, high
competition and rising fuel costs, growth in
transportation tariffs, can become factors that
reduce the overall demand for the services of cargo
transportation companies (in particular, road
haulage companies), and this emphasises the special
need for forecasting all aspects of activity and the
high degree of dependence of organisations on
further government actions [16].

The conducted SWOT analysis allows us to note
that despite all the risks and weaknesses of the
current transport industry of the Russian Federation,
its steady growth and overall importance in the
economic structure (during the pre-pandemic
periods) become factors that exclude prerequisites
to slow down its development below the
development level of the entire economy. In
general, the results of the analysis are correlated
with current statistical indicators and the trends
identified during their study, indicating a further
increase in cargo transportation after the end of the
pandemic impacts.

It is worth noting that some of the effects of the
COVID-19 pandemic on the activities of transport
companies have been mitigated due to their prompt
actions. Namely, JSC Russian Railways, to
stimulate activity against the backdrop of a decrease
in demand for cargo transportation announced
discounts for coal transportation. In addition,
socially significant cargo in covered cars began to

" Transport strategy of the Russian Federation till
2030 with the forecast up to 2035, approved by the
Resolution of the Government of the Russian Federation
dated November 27, 2021 No. 3363-r. [Electronic
resource]: http://publication.pravo.gov.ru/Document/View/
0001202112030006?rangeSize=1. Last accessed 01.12.2021.
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Strengths (S)

Weaknesses (W)

* Reduction of competition in the market due to leaving
of some organisations during the pandemic (mainly small
market players),

* High importance of the industry for the economy of the
Russian Federation.

« Sustainable performance indices of the industry in the
entire structure of the economy.

* Uneven growth of individual components of the industry
with the presence of intermittent indicators.

« High level of competition in individual segments of the
industry.

« Importance of water transport being reduced.

Opportunities (O)

Threats (T)

« Availability of prerequisites for development (Transport
strategy of the Russian Federation and its conceptual
provisions).

» Growing importance of trucks (growth in their number
owned by organisations, high importance of the volume of
transported goods (million tonnes)).

* Increase in the cost of fuel.

» Complex post-crisis (restoring) condition of the
industry.

* Repeated reinforcing of pandemic restrictions.
* Increase of tariffs for cargo transportation.

Pic. 6. SWOT-analysis of cargo transportation in the Russian Federation [compiled by the author].

be shipped 40 % cheaper; the number of food
products loading during the pandemic increased for
most of their items [17]. In the field of road freight
transportation, during the pandemic, some
organisations, instead of the usual export
transportation, focused their forces to work within
the domestic market; at the same time, one can note
the growing importance of IT technologies in the
activities of domestic organisations®. Thus, in
general, the current decisions did not allow to fully
contain the consequences of the crisis due to most
rapid occurrence and volumes of threats, however,
to some extent, they made it possible to prevent
a decrease in the volume of cargo transportation,
which became the reason for stable operation.

Thus, it can be noted that at present the volume
of cargo transportation is recovering after a long
decline. Today, the cargo transportation market
has partially «freed itself» from unstable business
players. This factor becomes decisive to implement
an opportunity of structural innovations in the
activities of newly formed organisations. Hence,
the importance of focusing on current market
trends, while considering current risks and
opportunities.

Thus, correlating official statistics with the
conducted SWOT analysis, it can be noted that today
there is a huge potential for development of certain
areas of activity in the field of cargo transportation.
Namely, high importance and sustainability of the
entire industry (relative to the structure of the Russian
economy and its changes) indicate a clear opportunity
to further reform, restructure and transform it [18].
For example, focusing not only on external, but also
on domestic markets, allows transport organisations

8 Logistics trends 2020-2021: impact of the COVID-19
pandemic on transportation. [Electronic resource]:
https://www.retail.ru/articles/logisticheskie-trendy-2020-
2021-goda-vliyanie-pandemii-covid-19-na-perevozki/. Last
accessed 26.11.2021.
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to retain part of the profits and use it for investment
activities. In addition, statistics indicate the continued
market operations of the largest actors of the industry,
which, together with current trends, is becoming
a factor determining their importance in the context
of the restoration of the entire cargo transportation
industry and further development of innovations.

CONCLUSIONS

The results of the conducted situational
analysis allow us to note that modern companies
operating in the field of cargo transportation,
despite all the difficulties that have arisen, have
shown high resistance to market changes. In
particular, 2020, despite active evolution of
restrictions related to COVID-19, has become
significant for development of railway transport:
its share in the entire structure of cargo turnover
increased by 1,4 %. At the same time, road
transport, despite termination of activities by many
small and medium-sized businesses, showed
a small but still an increase in its share by 0,1 %.
However, in the cargo transportation market, the
pandemic has become an occasion to consider new
other areas of activity and expand own influence
within previously not implemented areas. Thus,
after introduction of the total lockdown and growth
of restrictive measures (accompanied by economic
losses), companies engaged in cargo transportation
to the countries of the European Union began to
consider to a greater extent the prospect of the
domestic market of the Russian Federation. At the
same time, many companies began to expand their
own fleet of trucks during the pandemic (an overall
increase by 6,07 %). Issues related to the sea
transport industry are problematic: a long-term
decrease in the volume of transportation indicates
a decrease in their competitiveness; at the same
time, as of 2021, profits from implementation of
certain measures began to increase, which creates
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some uncertainty in the situation. Possible general
conclusion can claim that transport system, namely
its freight transportation segment, owns sufficient
adaptive capacity to act under the impact of crisis
phenomena similar to pandemic and to rapidly
tune development instruments following changing
external environment.
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ABSTRACT

Development of new approaches to formation of analytics
mechanisms for the purpose of pricing management of services is
an important aspect of increasing the efficiency of transport
management processes.

Research aimed at improving the tools for determining the
optimal parameters of the ratio of quality and price of service for
formation of a competitive and efficient tariff policy continues to
remain relevant and in demand in modern market conditions.

The objective of the study, presented in the article, is to analyse
and evaluate the prospects for implementation of the areas to
improve the apparatus for assessing the price elasticity of demand
for railway passenger transport services as the transition to the use
of non-linear parameters in terms of customer behaviour modelling
functions, as well as introduction of the most effective algorithms
from the set of modern global mathematical optimisation tools.

The research conclusions are based on the use of system analysis
mechanisms, methods of economic and mathematical modelling and
optimisation, as well as of non-parametric statistics tools.
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INTRODUCTION

Studies devoted to development of approaches
to managing the prices of transport services based
on implementation of effective mechanisms for
modelling customer behaviour to find the optimal
parameters for the ratio of quality and cost of
service are in demand and relevant.

The implementation of comprehensive
programs to improve efficiency, the growth of
customer focus and improvement of quality of
services provided continue, in accordance with
the provisions of the Long-Term Development
Program?, to remain important areas of
application of the strategy for ensuring high
competitiveness of JSC Russian Railways in
today’s market conditions.

The railway transport management in the
passenger transportation market, over the past
15 years, has significant progressed in terms of
development of a methodology for modelling
customer behaviour for pricing purposes based
on a study of price elasticity of demand, the main
milestones of which include:

* Development of a mechanism for
determining the optimal cost intervals for solvent
demand for additional services in trains, based
on a scenario analysis of respondents’ answers
about marginal prices using ranking scales of
price ranges [1, pp. 45-47; 2, pp. 128-132].

* Development of tools for estimating optimal
tariffs for suburban season tickets by modelling
the process of customers’ decision to choose
a trip [3, pp. 51-63],

» Substantiation of the concept and approaches
to implementation of dynamic pricing and
management of profitability of long-distance
passenger transportation [4, pp. 27-30].

* Development of an apparatus of economic
and mathematical models for managing
profitability of domestic long-distance passenger
transportation within the framework of a dynamic
pricing system [5, pp. 10-15; 6, pp. 33-39].

* Development of tools for determining the
optimal cost of passenger service based on
economic and mathematical modelling using
linear parameters [2, pp. 123—128; 7, pp. 10-20]
and, later on, essentially non-linear [8, pp. 50—
59] forms of models for assessing price elasticity
of demand.

! Long-term development program of JSC RZD until 2025
(approved by the order of the Government of the Russian
Federation dated March 19, 2019, No. 466-r). [Electronic
resource]: https://docs.cntd.ru/document/55392783 1 ?marker
=64U0OIK. Last accessed 01.05.2021.

* Improvement of the apparatus of economic
and mathematical models for managing
economic efficiency based on the combination
of dynamic pricing tools with mechanisms for
analysing competitors’ tariffs [9, pp. 53—62]
and approaches to determining the optimal
number of cars within passenger trains [10,
pp. 343-350].

The objective of the study, the results of which
are presented in the article, is further consistent
development of mechanisms for managing the
prices of transport services based on improving
the processes of predicting the behaviour of
passengers by choosing new promising functions
for analysing the price elasticity of demand, as
well as searching for and applying the most
effective algorithms for global mathematical
optimisation.

RESULTS
Alternative Models for Analysing Price
Elasticity of Demand

The work [8, p. 51] examined five non-linear,
in terms of parameters, forms of economic-
mathematical models of price elasticity analysis
for use in automated yield management systems:
Gompertz, Pearl-Reed, Verhulst models, as well
as two variants of Weibull model: respectively
two-parameter (W2b) and four-parameter (W4b)
variants. However, there are other, widely used
in practice, alternative functional forms of
nonlinear models, the study of which may be
promising for improving the efficiency of the
analysis of the elasticity of demand in the
framework of managing the prices of
transportation and related services in railway
transport:

* Model of Little, also known as ADBUDG
[11, pp. 484-485]:
Yx) =By + (B, = B)x" (B, +x™) )
where y(x) is simulated dependence of the
demand for a service on its cost;

B —coefficients obtained during optimisation.

* Logit model [12, pp. 78-79]:

y(x) =B, exp(B, +Byx)/(1+exp(B, +Bx)) . ()
* Ratio model [13, p. 1].
* Rat-03 model:

Y(x) =B, / (X° +Bx" +Byx+B,) . 3)
* Rat-12 model:

y(x)=(Bx+B,)/ (x* +Bx+B,) . 4)
* Rat-13 model:

Y(x)=(Bx+B,) / (x> +Bgx® +B,x +Bs) . (5)

* Rat-21 model:

y(x) = (Bx* +B,x +By ) / (x+B,). (6)
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» Rat-22 model:

Y0) = (Bx® +Bx +By ) / (6 +Byx +Bs) . (7
* Ratkowsky’s model [14, pp. 1-5]:

y(x) =B, /(1+exp(-B, —B:x)) " (1B,) . ®)
* Richards model [15, pp. 290-300]:

() =By /((1+B, exp(—B,x)) *(¥B.)) . ©)

* Model of an exponent with double stretching,
further called DWM (Double Weibullian Model)
[16, pp. 139-159; 17, pp. 4402—4412]:
»(x)=Byrexp((x/B,)" ~(x/B.)"). (10)

The authors decided to compare the
effectiveness of the above models (forms
1-10) with other five models previously
presented in [8, p. 51], when used in relation
to the array of information on price elasticity
of demand, obtained from the results of
a questionnaire survey of 3,5 thousand
passengers of branded trains (a detailed
description of the process of obtaining and
processing the initial data is presented in [7,
pp. 12—-16]), run on Moscow—St. Petersburg
route, in the context of studying the following
eight data clusters characterising the demand
for:

1) «Internet» service in compartment
carriages of branded trains.

2) «Internet» service in the SV [extra
comfort] carriages of branded trains.

3) «Communication» service in
compartment carriages of branded trains.

4) «Communication» service in the SV
carriages of branded trains.

5) Economy class compartment tickets of
train No. 3/4 «Branded Express».

6) SV business class tickets of train
No. 3/4 «Branded Express».

7) Economy class compartment tickets of
train No. 5/6 «Nikolaevsky Express».

8) SV business class tickets of train
No. 5/6 «Nikolaevsky Express».

The work [8, p. 55] according to the results
of a comparative analysis of quality of
estimation of the optimal parameters of the
studied forms of models, identified
Levenberg—Marquardt algorithm (hereinafter
LM) as the most effective, therefore it was
originally chosen to search for unknown
parameters of the studied models (formulas
1-10). This algorithm, described in detail in
[18, pp. 105-116], is based on the criterion
of minimising the sum of squared errors of
the model (hereinafter SSE), which, for the
purposes of comparability, was implemented

in all the considered optimisation algorithms
[8, p. 52].

In the framework of this article, the
authors decided to use the SSE minimum not
only as a criterion for optimising unknown
parameters, but also to use it as guideline
when comparing quality of the optimisation
algorithms, as well as effectiveness of the
studied functional forms for pricing purposes.
Nevertheless, it is worth noting that, before
introducing pricing into practice, it is still
advisable to make comparisons using
indicators that are more convenient for
management purposes, including [8, pp. 52—
53] «integral criterion for the comparative
error of the model in the studied group»,
«adjusted index of determination», «module
parameter mean average deviation»
(hereinafter MAD).

The resulting values of the minimum SSE
obtained by the authors based on the results
of 15 runs of the LM algorithm, which
characterise effectiveness of using various
functional forms of modelling in each of eight
clusters studied (Table 1), allow us to
conclude that the choice of Pearl-Read model
as a starting point in the analysis of price
elasticity demand for transport services is still
an excellent solution (in [8, pp. 54-55] this
model has already been noted as one of the
most promising, demonstrating the highest
efficiency in terms of the minimum MAD
criterion).

At the same time, the LM algorithm did
not converge for Richards and DWM models
in any of the studied clusters, which is
associated with gradient estimation problems
due to non-smoothness of these nonlinear
functional forms. To solve this problem, the
authors, taking into account the analysis of
the properties of these functions and the
specifics of using models in the practice of
price elasticity analysis, limited the areas of
starting search points for unknown variables
(in the first approximation, from —10 to 10
for unknown power parameters and from -50
to 50 for the remaining unknown quantities),
after which it became possible to use
optimisation algorithms based on construction
of trust regions by the following methods: of
the inner point (Trust Region Inner Point
Method, hereinafter TRIPM, a detailed
description of which is presented in [19,
pp. 578-583]) and of sequential quadratic

& World of Transport and Transportation, 2021, Vol. 19, Iss. 6 (97), pp- 174-186

Pastukhov, Sergey S., Stelmashenko, Konstantin V. New Approaches to Pricing Management

of Transport Services




Table 1

Results of optimising the parameters of nonlinear forms of modelling price elasticity of
demand (LM algorithm) [performed by the authors]

Model form Studied data cluster in the array of the initial information

1 |2 |3 |4 |5 |6 |7 |8 |Total

Minimum SSE based on the results of 15 runs, units

Gompertz 0,0101 0,0329  {0,0301 0,0690 10,0685 10,0990 10,0282 10,0283 | 3661
Pearl_Read 0,0072 {0,0106 [0,0095 [0,0162 |0,0498 |0,0674 |0,0282 |0,0198 0,2088
Verhulst 0,0080 10,0254 10,0256 |0,0590 10,0508 10,0732 |0,0317 |0,0373 |g37yq
W2b 0,0078  {0,0261 0,0261 0,0590 10,0564 10,0843 10,0329 10,0450 | 3376
W4b 0,0071 0,0170 |0,0172 |0,0448 [0,0527 [0,0724 [0,0304 |0,0381 0,2796
Little 0,0084 [0,0098 [0,0127 [0,0286 |0,0457 |0,0422 |0,0686 |0,0529 |0,2689
Logit 0,0080 [0,0254 [0,0256 [0,0590 |0,0508 |0,0317 |0,0732 |0,0373 [0,3110
Rat-03 0,0075 [0,0096 [0,0127 [0,0226 |0,0623 |0,0497 |0,0925 |0,0653 |0,3221
Rat-12 0,0074 [0,0096 [0,0130 [0,0178 [0,0908 [0,0671 0,1021 0,0694 [0,3772
Rat-13 0,0072 [0,0096 |0,0122 |0,0096 [0,0459 [0,0403 [0,0728 [0,0423 | 0,2400
Rat-21 0,0159 10,0403 |0,0746 |0,0733 [0,3957 [0,1889 [0,1949 [0,1870 1,1706
Rat-22 0,0072 |0,0080 |0,0129 |0,0049 [0,0533 [0,0446 [0,0778 [0,0351 0,2439
Ratkowsky’s 0,0172 ]0,0457 |0,0880 |0,0857 [0,0454 [0,0282 [0,0683 [0,0283 | 0,4068
Richards B - B B B B B B B
DWM B B B B B B B B B

Note: SSE values are rounded to the fourth decimal places.

programming (hereinafter referred to as
TRSQP, described in [19, pp. 546-554]).
Since out of 15 runs of TRIPM and TRSQP
in terms of clusters, less than 30 % were
successful in terms of convergence, the
MultiStart method was applied, when 30
starting points were used in each run, selected
from specified intervals based on a uniform
distribution using the pseudo-random number
generator, Mersenne twister ([20, pp. 3-30]).
As a result, for the considered data array
within the framework of each of the 15 runs
for each of the clusters, it was possible to

obtain solutions suitable for further
comparative analysis (Table 2).

It should be noted that TRIM and TRSQP,
considering the peculiarities of their
construction, do not guarantee obtaining
global minima in the case of non-smooth
functions. Moreover, even when using
MultiStart, it is still impossible to completely
exclude a possibility that the algorithms will
not give a single acceptable solution within
the given time intervals, which can be
a serious obstacle to their application in the
practice of managing the prices of transport

Table 2

Results of optimising the parameters of nonlinear forms of modelling price elasticity of
demand (algorithms: TRIPM and TRSQP) [performed by the authors]

Model form Studied cluster of data in the array of initial information
1 |2 3 |4 E E |7 |8 | Total
Minimum SSE based on the results of 15 runs of TRIPM with multistart, units
Richards 0,0073 |0,0101 |0,0155 |0,0238 |0,0454 |0,0683 |0,0282 |0,0278 |0,2264
DWM 0,0069 |0,0140 [0,0191 |0,0106 |0,0518 |0,0784 |[0,0291 |0,0197 |0,2296
Minimum SSE based on the results of 15 runs of TRSQP with multistart, units
Richards 0,0073 10,0101 |0,0155 |0,0238 |0,0454 |0,0683 |[0,2615 |0,0921 |0,5240
DWM 0,0074 |0,0204 |0,0243 |0,0519 |0,0555 |0,0838 [0,0318 |0,0388 |0,3139

Note: SSE values are rounded to fourth decimal places.
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- Table 3
g General information about heuristic optimisation algorithms [compiled by the authors]

“;Ei Full name and description of the algorithm methodology Abbreviation

| 1 «Artificial bee colony algorithm» [21, pp. 19-30] ABC

! «Ant colony optimization for continuous domains» [22, pp. 1155-1173] ACOR
«Artificial ecosystem-based optimization» [23, pp. 9383-9425] AEO
«Autonomous groups particle swarm optimization» [24, pp. 4683-4697] AGPSO
«Antlion optimizer» [25, pp. 80-89] ALO
«Aquila optimizer» [26, pp. 1-16] AO
«Bat algorithm» [27, pp. 313-315] BAT
«Biogeography-Based optimization» [28, pp. 702-713] BBO
«A modified bees algorithm with statistics-based tuning parameters» [29, pp. 287-301] BeAm
«The standard bees algorithm» [30, pp. 2919-2938] BeAs
«Bacterial foraging optimization» [31, pp. 52-67] BFO
«Black-Hole-Based optimization» [32, pp. 879-888] BHBO
«Cultural algorithm» [33, pp. 187-192] CA
«Chaos Game optimization» [34, pp. 917-1004] CGO
«The clonal selection principle optimization» [35, pp. 239-251] CLONALG
«Coyote optimization algorithm» [36, pp. 2633-2640] COA
«Constriction coefficient particle swarm optimization» [37, pp. 58-73] CPSO
«Cuckoo search algorithm» [27, pp. 306-312] CS
«Dragonfly algorithm» [38, pp. 1053—-1073] DAO
«Differential evolution» [39, pp. 341-359] DE
«Hybrid particle swarm with differential evolution» [40, pp. 629-640] DEPSO
«Earthquake optimization algorithm» [41, pp. 78—86] EQOA
«Equilibrium optimizer» [42, pp. 1-19] EOA
«Firefly algorithm» [43, pp. 209-218] FA
«Flower pollination algorithm» [27, pp. 315-318] FPA
«Real-coded genetic algorithm» [44, pp. 2276-2280] GA
«Generalized normal distribution optimization» [45, pp. 1-21] GNDO
«Grasshopper optimisation algorithm» [46, pp. 30-47] GOA
«Gaussian Quantum-behaved particle swarm» [47, pp. 1676-1683] GQPSO
«Generalized simulated annealing optimization» [48, pp. 216-220] GSA
«Grey wolf optimizer» [49, pp. 46-61] GWO
«Heap-based optimizer» [50, pp. 1-17] HBO
«Harris hawks optimization» [51, pp. 849-872] HHO
«Harmony search» [33, pp. 182-186] HS
«Imperialist competitive algorithm» [21, pp. 51-65] ICA
«An improved grey wolf optimizer» [52, pp. 1-37] IGWO
«Adaptive differential evolution with optional external archive» [53, pp. 945-958] JADE
«Inertia based particle swarm optimization» [54, pp. 32-41] 1PSO
«Invasive weed optimization» [55, pp. 355-366] WO
«Jaya optimization» [56, pp. 19-34] JAYA
«Mexican Axolotl Optimization» [57, pp. 1-20] MAO
«Marine predators algorithm» [58, pp. 1-23] MPA
«Manta ray foraging optimization» [59, pp. 1-20] MRFO
«Multi-Verse optimizer» [60, pp. 495-513] MVO
«Neighborhood consensus continuous optimization» [61, pp. 115-141] NCCO
«Nelder Mead optimization algorithm» [62, pp. 973-980] NM
«Standart particle swarm optimization» [33, pp. 232-237] SPSO
«Queuing search algorithm» [63, pp. 464—490] QsO
«Real-coded adaptive simulated annealing optimization» [27, pp. 287-290] SA
«Shuffled complex-self adaptive hybrid evolution algorithm» [64, pp. 215-235] SC-SAHEL
«Shuffled complex evolution» [65, pp. 501-521] SCE-UA
«Sunflower optimization» [66, pp. 619-626] SFO
«Salp swarm agorithm» [67, pp. 163—191] SSA
«A two-stage state transition algorithm» [68, pp. 1-13] STA
«Time-varying asymmetric acceleration particle swarm optimization» [69, pp. 2134-2139] TACPSO
«Teaching-Learning-Based optimization algorithm» [21, pp. 41-49] TLBO
«Tug of war optimization algorithm» [21, pp. 123—135] TWO
«Vibrating particles system optimization algorithm» [21, pp. 153-165] VPS
«Water evaporation optimization algorithm» [21, pp. 138-152] WEO
«Whale optimization algorithm» [70, pp. 51-67] WOA
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services in railway transport. Therefore, as an
alternative approach to finding optimums for
Richards and DWM models (taking into
account the prospects for their use, according
to the results presented in Table 2), it was
decided to consider the use of global
optimisation heuristic algorithms, which were
originally designed in such a way that, with
a limited computation time, to find steadily
good solutions, even in the case of non-smooth
nonlinear functions in a multidimensional
environment of unknown variables.

Selection of Heuristic Global
Optimisation Algorithms for Use
in Pricing Management of Transport
Services

In [8, p. 52], only three variants of
heuristic numerical optimisation were
considered, and Nelder—-Mead method
(hereinafter NM) turned to be the best of them
(in terms of the minimum SSE in all clusters),
but it, nevertheless, was significantly inferior
in efficiency to LM algorithm [8, p. 57].
However, in recent decades, there has been
significant progress in development of the
theory of global optimisation heuristics,
which resulted in the emergence of many
publicly available (without restraints on their
refinement and commercial use) algorithms,
often accompanied by examples of source
code descriptions in programming languages
(R, Python, Matlab, Ruby). The convenience
of practical work with them in currently
widespread free interactive software
development environments: Rstudio, Spyder,
GNU Octave (supporting Matlab syntax), as
well as a significant increase in the computing
power of modern computers, provide broad
prospects for rapid development and
integration of the best solutions into existing
software complexes serving numerous
processes of sectoral management, including
pricing. Therefore, to determine the most
effective approach to optimising the
parameters of non-smooth nonlinear models
used to assess the price elasticity of demand,
the authors conducted a comparative analysis
of the work of 60 stochastic heuristic
optimisation algorithms (Table 3), which
included three main stages: selection of the
best 25 % by the minimum SSE; down to 10 %
list shortening based on SSE median analysis;
final selection of several most promising

algorithms based on non-parametric methods
of statistical analysis.

To reduce the volume of calculations, it
was decided to first select the most promising
algorithms based on optimisation of DWM
model and only after that to optimise for
Richards model.

The results of estimating the minimum
SSE in the context of the studied clusters
based on the results of 15 runs of heuristic
optimisation algorithms for DWM model
(with a change in initialisation value of the
pseudo-random number generator Mersenne
twister during each of them), as well as a run
time limit (no more than 12 seconds) for
optimisation within the run are presented in
Table 4.

The results of ranking the studied global
optimisation heuristics (Table 4) show that
the total minimum SSE of the studied clusters
for each of the 15 best algorithms (25 % of
the total) is lower than that of TRIPM
algorithm with MultiStart (Table 2), which
indicates high potential for their practical use.

The criterion for the minimum value of
SSE, achieved by the results of 15 runs,
reflects such aspects of efficiency of the
optimisation algorithm as moving in the space
of problem dimensions and searching in
promising local areas, but for practical use in
pricing, given the stochastic nature of all
considered heuristic algorithms, the stability
criterion is most important, reflecting thus
a probability that the algorithm can find the
minimum SSE in fewer runs. Therefore, to
consider the stability criterion, a comparison
of SSE medians was carried out, the results
of which for the 18 best algorithms are
presented in Table 5.

The results of comparing SSE medians
(Table 4) how that the CS algorithm is the
most stable. It should be noted that in terms
of the total minimum SSE, it did not take
a leading position only because of the results
of work in the fourth studied cluster. The top
five also included MRFO, FPA and TLBO,
which, given their leadership in minimum
SSE, makes them clear favourites. At the same
time, SC-SAHEL, although it achieved the
lowest SSE values compared to other
algorithms, did so during only a small number
of runs (i.e., with a lower probability),
demonstrating significantly less competitive
results in other cases, which is especially
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77 Table 4
? Algorithm ranking by minimum SSE for DWM model [performed by the authors]
:i . Algorithm Studied cluster of data in the array of initial information
1 [2 [3 [4 B [6 [7 E [ Totat
Minimum SSE based on the results of 15 runs of the algorithm, units
SC-SAHEL 0,0069 0,0072 0,0191 0,0110 0,0509 0,0278 0,0748 0,0197 0,2174
MRFO 0,0069 0,0072 0,0192 0,0109 0,0510 0,0278 0,0748 0,0197 0,2174
FPA 0,0069 0,0072 0,0191 0,0106 0,0509 0,0284 0,0748 0,0197 0,2177
TLBO 0,0069 0,0072 0,0191 0,0108 0,0510 0,0284 0,0748 0,0197 0,2179
cs 0,0069 0,0072 0,0191 0,0118 0,0509 0,0278 0,0748 0,0197 0,2182
CGO 0,0069 0,0072 0,0191 0,0103 0,0509 0,0284 0,0748 0,0213 0,2190
EOA 0,0069 0,0072 0,0193 0,0133 0,0510 0,0278 0,0749 0,0206 0,2210
FA 0,0069 0,0072 0,0193 0,0141 0,0511 0,0278 0,0750 0,0197 0,2211
WEO 0,0069 0,0072 00196 0,0142 0,0511 0,0279 0,0749 0,0200 0,2218
AEO 0,0069 0,0072 0,0205 0,0103 0,0509 0,0279 0,0748 0,0233 0,2218
VPS 0,0069 0,0072 0,0192 0,0141 0,0511 0,0291 0,0749 0,0206 0,2231
GNDO 0,0069 0,0140 0,0191 0,0104 0,0509 0,0278 0,0748 0,0197 0,2236
STA 0,0069 0,0076 0,0194 0,0144 0,0520 0,0278 0,0760 0,0197 0,2238
AGPSO 0,0069 0,0072 0,0193 0,0124 0,0511 0,0279 0,0750 0,0248 0,2246
JADE 0,0069 0,0072 0,0191 0,0103 0,0509 0,0318 0,0748 0,0262 0,2272
CPSO 0,0069 0,0141 0,0206 0,0117 0,0510 0,0307 0,0749 0,0206 0,2307
GA 0,0069 0,0074 0,0196 0,0221 0,0520 0,0278 0,0759 0,0197 0,2314
GWO 0,0069 0,0073 0,0196 0,0148 0,0527 0,0318 0,0753 0,0239 0,2323
MVO 0,0070 0,0072 0,0197 0,0227 0,0524 0,0294 0,0757 0,0220 0,2360
IGWO 0,0071 0,0072 0,0194 0,0117 0,0531 0,0318 0,0818 0,0249 0,2370
ICA 0,0069 0,0147 0,0197 0,0195 0,0517 0,0285 0,0756 0,0206 0,2371
TACPSO 0,0069 0,0072 0,0192 0,0302 0,0510 0,0279 0,0749 0,0197 0,2371
DEPSO 0,0069 0,0072 0,0191 0,0104 0,0509 0,0318 0,0748 0,0382 0,2393
ACOR 0,0069 0,0073 0,0200 0,0174 0,0540 0,0286 0,0814 0,0250 0,2406
QSO 0,0069 0,0072 0,0193 0,0119 0,0510 0,0748 0,0318 0,0382 0,2411
MPA 0,0071 0,0072 0,0198 0,0135 0,0526 0,0308 0,0750 0,0353 0,2412
GSA 0,0069 0,0072 0,0198 0,0116 0,0509 0,0748 0,0318 0,0382 02413
ABC 0,0069 0,0147 0,0197 0,0182 0,0513 0,0318 0,0752 0,0262 0,240
DE 0,0069 00145 0,0208 0,0276 0,0513 0,0284 0,0754 0,0197 0,2447
SCE-UA 0,0069 00140 0,0191 0,0103 0,0509 0,0307 0,0748 0,0388 0,2455
JAYA 0,0069 0,0077 00198 0,0145 0,0521 0,0318 0,0752 0,0384 02466
HHO 0,0071 0,0073 0,0196 0,0196 0,0531 0,0318 0,0787 0,0298 0,2470
SPSO 0,0069 0,0072 0,0194 0,0401 0,0511 0,0279 0,0750 0,0197 0,2472
NM 0,0069 0,0072 0,0200 0,0098 0,0555 0,0308 0,0809 0,0363 0,2474
HS 0,0069 0,0153 0,0205 0,0272 0,0525 0,0284 0,0765 0,0205 0,2479
WOA 0,0072 0,0076 0,0196 0,0192 0,0532 0,0318 0,0825 0,0304 0,2515
BeAm 0,0069 0,0090 0,0218 0,0259 0,0526 0,0290 0,0750 0,0363 0,2566
COA 0,0069 0,0075 0,0199 0,0262 0,0523 0,0318 0,0761 0,0385 0,2592
WO 0,0074 0,0080 0,0197 0,0269 0,0538 0,0318 0,0767 0,0388 0,2632
CA 0,0069 0,0146 0,0212 0,0410 0,0518 0,0318 0,0756 0,0237 0,2667
GA 0,0074 0,0179 0,0206 0,0276 0,0519 0,0318 0,0750 0,0388 0,2710
HBO 0,0069 0,0072 0,0196 0,0404 0,0514 0,0318 0,0753 0,0384 0,2711
BHBO 0,0071 0,0182 0,0243 0,0412 0,0541 0,0318 0,0756 0,0222 0,2745
GQPSO 0,0076 0,0087 0,0220 0,0251 0,0560 0,0327 0,0841 0,0384 0,2745
A0 0,0075 0,0204 0,0198 0,0259 0,0555 0,0312 0,0832 0,0315 0,2750
IPSO 0,0069 0,0141 0,0192 0,0400 0,0510 0,0318 0,0749 0,0382 0,2763
DAO 0,0073 0,0168 0,0241 0,0294 0,0536 0,0318 0,0785 0,0388 0,2804
BBO 0,0069 0,0146 0,0212 0,0410 0,0518 0,0318 0,0756 0,0382 0,2812
BeAs 0,0070 0,0124 0,0224 0,0375 0,0542 0,0318 0,0773 0,0388 0,2813
NCCO 0,0069 0,0146 0,0212 0,0410 0,0518 0,0318 0,0756 0,0388 0,2818
CLONALG 0,0071 0,0114 0,0233 0,0397 0,0551 0,0320 0,0785 0,0386 0,2855
TWO 0,0072 0,0161 0,0234 0,0461 0,0533 0,0307 0,0769 0,0363 0,2900
SSA 0,0073 0,0184 0,0243 0,0466 0,0538 0,0318 0,0762 0,0388 0,2972
GOA 0,0074 0,0204 0,0214 0,0431 0,0560 0,0319 0,0837 0,0388 0,3027
BAT 0,0074 0,0124 0,0243 0,0519 0,0549 0,0319 0,0829 0,0388 0,3045
BFO 0,0072 0,0203 0,0242 0,0519 0,0555 0,0333 0,0776 0,0388 0,3089
SFO 0,0074 0,0203 0,0243 0,0519 0,0548 0,0318 0,0828 0,0388 0,3120
ALO 0,0074 0,0204 0,0243 0,0519 0,0555 0,0318 0,0838 0,0388 0,3138
MAO 0,0103 0,0223 0,0316 0,0600 0,0555 0,0483 0,0875 0,0636 0,3792
EQOA 0,0209 0,0468 0,0453 0,0242 0,1100 0,0597 0,1238 0,0531 0,4837
Note: SSE minimum values are shown rounded to fourth decimal places.
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Table 5

Algorithm ranking by SSE median sum for DWM model [performed by the authors]

Algorithm Studied cluster of data in the array of initial information
1 |2 |3 |4 |5 |6 |7 |8 |Total
SSE median sum according to 15 algorithm runs, units

cs 0,0069 [0,0072 |0,0193 [0,0119 |0,0509 [0,0278 [0,0748 |0,0197 |0-2186
MRFO 0,0069 [0,0073 |0,0206 [0,0130 |0,0510 [0,0279 |0,0749 |0,0213 |0:2229
FA 0,0069 [0,0072 |0,0194 [0,0142 |0,0521 [0,0296 |0,0750 |0,0218 |0,2261
TLBO 0,0069 [0,0072 |0,0191 [0,0112 |00518 [0,0318 [0,0748 |0,0250 |0:2278
FPA 0,0069 [0,0140 |0,0205 [0,0165 |0,0510 [0,0284 |0,0748 |0,0197 |0:2319
WEO 0,0069 [0,0092 |0,0205 [0,0199 |0,0516 [0,0294 [0,0752 |0,0224 |0:2352
DEPSO 0,0069 |0,0140 [0,0191 [0,0130 [0,0518 |0,0318 |0,0748 |0,0382 |0:2496
VPS 0,0069 |0,0141 [0,0206 [0,0141 ]0,0519 [0,0296 |0,0809 |0,0382 |0.2565
JAYA 0,0069 |0,0081 [0,0200 [0,0230 [0,0534 |0,0318 |0,0765 |0,0384 |0:2582
MPA 0,0074 |0,0074 [0,0203 [0,0152 [0,0550 |0,0318 |0,0835 |0,0388 |0:2594
IGWO 0,0077 [0,0080 [0,0199 |0,0145 |0,0555 0,320 |0,0828 |0,0391 |0:2595
DE 0,0069 [0,0146 [0,0208 |0,0407 |0,0524 |0,02901 |0,0754 |0,0218 |0:2617
EOF 0,0069 [0,0142 [0,0207 |0,0401 |0,0520 |0,0304 |0,0784 |0,0206 |0:2634
COA 0,0070  [0,0092 [0,0203 0,290 |0,0534 |0,0318 |0,0785 |0,0386 |0.2678
CGO 0,0074 [0,0204 [0,0243 |0,0104 |0,0555 |0,0318 |0,0808 |0,0388 |0:2694
HHO 0,0075 [0,0076 [0,0207 |0,0248 |0,0555 |0,0318 |0,0838 |0,0388 |0:2704
SC-SAHEL  [0,0069 |0,0140 |0,0191 |0,0399 |0,0518 |0,0284 [0,0748 |0,0382 |0:2731
GWO 0,0074 [0,0204 [0,0213 |0,0192 |0,0539 |0,0318 |0,0825 |0,0388 |0:2754

Note: SSE median values are rounded to fourth decimal places.

noticeable regarding the results of its work in
clusters: 2, 4 and 8 (Table 2).

As a result, as part of the analysis using
non-parametric statistics, it was decided to
compare the results for the following six
algorithms: SC-SAHEL, CS, MRFO, TLBO,
FPA, and FA (which turned out to be in the
top three in terms of the minimum sum of SSE

medians and entered the top ten in terms of
minimum SSE).

The results of bootstrap estimation (the
mechanism of which is described in detail in
[71, pp. 11-77]) of the average SSE values
for the studied algorithms based on the results
of modelling 5000 stratified samples based
on data on the results of 15 optimisation runs
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Algorithm =] apro | TIBO MRFO | TLBO
oMW for cluster ‘1 (at HKW=35848;p<0,0001) | DTMDap for cluster 1
Cs 0,0000 0,0000 -1.00 093
MFRO 0,0002 +0,80
pM-W for cluster 2 {at HKW=10,191;p=0,006) DTMDaf for cluster 2
cs 0,0081 0.6318 0,56 010
MFRO 0.0045 +0,61
pM-W for cluster 3 (at HEW=31.189;p=0.0001) DTMDuaf for cluster 3
cs 0,0003 0,0050 0,78 +0.60
MFRO 0,0001 +0,87
pM-W  for cluster 4 { at HEW=31369; p=0,0001) DTMDof for cluster 4
Cs 0,032 0.0321 046 +046
MFRO 0,0051 +0.60
pM-W for cluster 3 (at HKW=29.366:p<0,0001) | DTMDop forcluster 5
Cs 0,0000 0,0000 -1.00 -1.00
MFRO 0.9174 0,02
pM-W for cluster 6 (gt HEW=193T71:p=0.0001) DIMDuaf for cluster 6
Cs 0,0106 0,0000 0,54 084
MFRO 0.0174 -0.44
PM-W for cluster 7 (at HKW=20,365;p<0,0001) | DTMDafp for cluster 7
Cs 0,0000 0,0014 0,89 0,63
MFRO 0,082 +0.36
pM-W for cluster § { at HEW=10.289; p=0,006) DTMDuaf for cluster §
Cs 02297 0.0004 025 075
MFRO 0 1908 40,28

Pic. 2. Results of non-parametric analysis of DWM optimisation results [performed by the authors]. HKW test statistics of Kruskal-Wallace;
p - statistical significance of Kruskal-Wallace test; pM-W - statistical significance of Mann-Whitney test.

in each of the clusters (Pic. 1), characterising
the overall assessment of efficiency
(in addition to the previously obtained
estimates based on the sum of minima and
medians), indicate that at the initial stages of
searching for unknown parameters of
nonlinear models for the purposes of analysing
price elasticity, it is preferable not to start
optimisation using FA and SC-SAHEL. Also,
the disadvantages of these algorithms include
the need to set a large number of starting meta
optimisation parameters (eight for FA and
more than ten for SC-SAHEL), in contrast to
two for TLBO, and three for CS, MRFO and
FPA.

To draw the final conclusion, for the three
best (according to the results of the bootstrap
evaluation) algorithms, the statistical
significance of the SSE differences (according
to the results of 15 runs) was assessed based
on the calculation of the non-parametric
Kruskal-Wallace test [72, pp. 559-581]

followed by pairwise comparisons based on
the Mann—Whitney method [72, pp. 540—
550]. In addition, for the convenience of
assessing the degree of superiority of one
algorithm over another (in pairwise
comparisons within the framework of
analytical matrices), the authors developed
(formulae 11) a specialised DTMDaf metric,
the values of which are in the range from -1
(when all SSE values of the algorithm a are
below than algorithm ) up to +1 (when all
SSE values of algorithm B are less than those
of algorithm a).
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Table 6

Ranking algorithms by minimum SSE for Richards model [performed by the authors]

Algo- Studied cluster in the array of data of initial information
rithm 1 | 2 | 3 | 4 | 5 | 6 7 | 8 | Total
Minimum SSE* based on the results of 15 runs of the algorithm, units
CS 0,0073 0,0082 0,0155 0,0202 0,0454 0,0282 0,0683 0,0278 0,2209
MRFO |0,0073 0,0082 0,0155 0,0202 0,0454 0,0282 0,0683 0,0278 0,2210
TLBO |0,0075 0,0082 0,0155 0,0202 0,0454 0,0287 0,0683 0,0313 0,2252

Note: SSE minimum values are rounded to fourth decimal places.

n n
where Dv,, D.h, — the sums of ranking
i=1 i=1

places obtained by the Mann—Whitney
method by pairwise comparison of the SSE
values in the samples of algorithm o (reflected
in the analytical matrix along the vertical) and
algorithm [ (reflected in the analytical matrix
along the horizontal);

2n n
Y. z->.z — the maximum difference

z=n+l z=1

between the sums of ranking places when
combining two samples of the same size n,
observed in the case when all SSE values in
one of the samples are lower than any SSE
value in the other sample.

The results of non-parametric analysis
(Pic. 2) indicate that in all clusters for the
compared algorithms, the differences in the
average SSE scores are not random since the
statistical significance of Kruskal-Wallace test
is below the threshold level of 0,05. The analysis
of the scores of Mann—Whitney tests using
a threshold level of 0,05/3, according to the
Bonferroni correction (see [72, pp. 565-566)),
together with the results of calculating DTMDap,
allows us to conclude that the CS algorithm is
the most preferable, as it demonstrates statistically
significantly better results in clusters 1, 5, 6, 7,

and is not inferior to other algorithms in clusters
2 and 8.

The results of estimating the SSE minimum
for the Richards model (Table 6) also confirm
the effectiveness of the CS algorithm,
although, in this case, its advantage over
MRFO turns out to be insignificant.

Based on a comparison of the SSE minima
(Table 4 and Table 6) obtained using heuristic
optimisation algorithms, we can conclude that
the DWN functional form looks somewhat
more preferable than the Richards model.
Also, although the total minimum SSE for
DWM model when optimised by CS algorithm
is slightly higher than that of the Pearl-Read
model when optimised by LM algorithm,
comparing the results separately in each of
the clusters (Table 1 and Table 4) shows that
DWM gives more efficient scores in five out
of eight clusters, which makes this model
more universal. At the same time, the use of
the considered heuristic optimisation
algorithms for Pearl-Read model turns out to
be less effective than the initial use of LM
algorithm (Table 7).

Thus, the functional form of DWM with
parameter optimisation with the CS algorithm
can be recommended as a competitive

Table 7

Efficiency of heuristic optimisation for the Pearl-Read model compared to using LM

algorithm [performed by the authors]

Studied cluster of data in the array of initial information
Algorithms 1 2 3 4 5) 6 7 8
Ratio of SSE minima (based on the results of 15 runs), %
CS/LM 100,3 100,0 132,3 126,3 100,0 100,0 102,3 100,3
MRFO/LM 100,0 100,8 147,3 100,0 100,0 100,0 113,1 101,4
TLBO/LM 103,5 100,1 147,1 127,3 100,1 100,0 113,1 106,8
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alternative in the analysis of price elasticity
of demand, in case when the use of the Pearl—
Read model has not provided the efficiency
parameters specified by management.

CONCLUSIONS

As part of development of mechanisms for
managing the prices of transport services, the
prospects for improving the apparatus for
modelling customer behaviour are considered
based on the use of various forms of nonlinear
functions for analysing the price elasticity of
demand, as well as the transition to the use
of global optimisation heuristic tools.

Based on the use of the array of data on
passenger demand, the prospects for using 15
functions, which are nonlinear in parameters,
for modelling the price elasticity of demand
are considered, in addition, to identify the
most promising tools for assessing their
parameters, the effectiveness of more than 60
optimisation algorithms is compared.

Despite the use in the analysis of data on
the price elasticity of demand for passengers
of branded trains, it seems that the conclusions
drawn about the promising directions for
development of mechanisms for managing the
prices of transport services can be successfully
used in relation to other modes of transport.

An important direction for further research
is development of mechanisms for integrating
the proposed approaches with specialised
methods of competitive analysis and tools for
assessing the optimal composition of trains
for their subsequent joint use within the
framework of a dynamic pricing system to
improve the efficiency of the transport
industry.
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ABSTRACT

Long-term traffic intensity is among core characteristics
that determine main parameters while developing projects for
construction of new highways. The long-term traffic intensity
influences estimated speed, pavement design, total number
of traffic lanes, width of traffic lanes and roadsides, longitudinal
slope, radii of horizontal curve, transverse slope, radii of
convex and concave curves regarding the longitudinal profile,
width of median strip, layout of intersection or junction with
other roads.
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Existing methods for predicting traffic intensity for toll roads are also
deterministic and cannot estimate the range of values for the listed
indicators. In this regard, the objective of the study is to identify the features,
advantages, and disadvantages of existing methods for assessing the
long-term traffic intensity for toll roads.

The study considered both traditional, classical methods
(extrapolation, historical analysis, approximation) and promising
innovative approaches based on the theory of fuzzy logic and neural
network modelling.
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INTRODUCTION

Traditionally, construction and maintenance
of roads is at the expense of the state (central
and/or local authorities). Funds for financing
roads are mainly formed due to the receipt of tax
(excise, local taxes), customs and other (road
fees) payments [1]. In the second half of 20®
century, the topicality of the issues of the harmful
effects of vehicles and massive traffic jams raised
in many countries of the world.

Traffic congestion is a global problem that
almost every person living in a big city happens
to face. This results in wasted time. In addition,
rapid development of transport, especially the
current unlimited use of private cars, results in
serious air pollution and the energy crisis. These
problems seriously limit further development of
infrastructure and cities around the world. In this
regard, today there is an urgent need for
development of appropriate highly adaptable
public policies and consistent implementation of
effective measures that will allow to eliminate
above mentioned problems caused by
unsustainable traffic systems and will
subsequently result in environmentally friendly
development of low-carbon and energy-efficient
transport systems.

At the first stage of meeting those problems,
some countries have started to build toll roads.
Toll is one of the effective methods that allows
managing traffic demand. It is also widely used
as a useful tool to reduce road congestion and
pollution [2]. Recent advances in information
and communication technology have made it
easier to implement a road pricing. There are
several well-known examples of successful
electronic road pricing around the world,
including tolling schemes in California,
Singapore, and London, which are based on the
calculation of the average attended daily traffic
intensity.

A period of 20 years is usually taken as
a long-term period. That is, for 20 years, the
road should function effectively within the
parameters that are determined by the category
[type] of the road and that have been set at the
stage of its construction [3]. Consequently, the
cost of its construction and the efficiency of its
operation in the future will depend on reliability
of identifying the annual average long-term
daily traffic intensity at the design stage of the
road.

At the same time, it should be noted that the
existing methods for determining the long-term

traffic intensity for the purposes of construction
of new toll roads differ significantly depending
on the specification of the methods that form their
basis, consideration of some or other parameters
of a highway, measuring instruments used, and
the purposes of setting the toll.

Therefore, considering the foregoing, the
study of the features, possibilities, constraints
and areas of application of methods for assessing
the long-term traffic intensity during construction
of toll roads is an urgent scientific and technical
problem, and the article is devoted to its solution.

The analysis of recent studies and publications
indicates that the issues of toll roads have
repeatedly become the subject of research by
domestic and foreign authors.

The most comprehensive study of this issue
was made in the works of V. I. Bryzgalov,
M. O. Karpushko [4], I. Gusti Ayu Andani,
L. La Paix Puello, Karst T. Geurs [5].

A. V. Vishnevsky, S. S. Igoshin,
M. O. Karpushko, I. L. Bartolomey dealt with
the issues of optimal design of toll roads from
the point of view of sustainable development of
territories [6].

The works of V. S. Anderyuk, O. A. Ageeva
[1; 7], Yudi Harto Suseno, Muhammad Agung
Wibowo, Bagus Hario Setiadji [8] are devoted
to forecasting the parameters of traffic streams
using analytical methods.

However, despite a wide range of scientific
research on the topic, the issues of traffic intensity
on the future highway, the algorithm for its
calculation and the core impact factors, as well
as the adjustment mechanism, considering
changes in the socio-economic development of
a territory, remain unresolved.

Thus, the objective of the study is to improve
the accuracy of substantiation of technical
parameters and expand approaches to assessing
the long-term traffic intensity of toll highways
by identifying shortcomings and advantages in
existing methods for substantiating the long-term
traffic intensity, which do not consider now many
factors.

METHODS FOR ASSESSING THE FUTURE
TRAFFIC INTENSITY

The intensity is one of the main indicators
that characterises the conditions of the stream

movement and is determined by the number of [

vehicles that have crossed the street or road per
unit time [8]. One of the features of this indicator
is that it changes over time, and this change is
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stochastic in nature; the obtained intensity values
can differ significantly during certain hours of
the day, days of the week, months of the year,
etc.

If the existing traffic trends continue, the
increase in traffic intensity on toll roads will
sooner or later reach the road capacity level,
which, in turn, will negatively affect traffic
conditions, cause lower comfort, congestion,
increased danger on the roads, and so on. All
these factors harm human health and cause
unforeseen costs for the road sector, increasing
the energy intensity of roads [9].

Today, assessment of the long-term traffic
intensity on toll highways widely applies
practical calculation methods, which are divided
into several large groups.

The first group of methods involves
calculations based on the forecasts for socio-
economic development of a region where it is
planned to build a new toll road. A wide range
of various data is considered based on which it
is possible to determine the degree of influence
of certain factors on traffic intensity and find out
whether there is a relationship, and if so, which
is its form (direct, inverse, linear or non-linear
form) and which equation can describe it, and to
what extent the intensity of traffic is subject to
fluctuations (changes). These factors include the
condition, arrangement and improvement of
roads, population residing in the studied area, the
structure of the traffic stream, geographic and
climatic conditions, the presence of poles of
attraction, density of the road network, etc. These
methods are based on extrapolation. The
accuracy of predicting development of traffic
intensity depends on the correctly chosen
hypothesis for further changes in the process
which is the growth rate.

Graphs built based on traffic accounting data
during the observation period often have points
with a certain scatter, which allows, when
processing data, to apply various extrapolation
patterns with almost the same error. As a result,
predictive intensity values are calculated [8].

The following hypotheses are the most
widespread.

1. The growth of traffic intensity corresponds
to a linear relationship:

N,=N, (I +4q), )
where N, — future (calculated) intensity in ¢ years,
cars/day;

N, — intensity (actual) in the year of design,
cars/day;

q —dynamics of increase/decrease in intensity
in shares of the intensity for the previous year.
2. Increasing traffic growth rates:
N =N, (I +q)t. 2)
3. The long-term traffic intensity is expressed
by a logistic curve with an initial rapid growth,
which eventually turns into a slight increase:

N,=N, [1+ o,m[klukzitgﬂ , 3)

t=1

where k; and k, are coefficients obtained
experimentally depending on the initial increase
in intensity and determined by the expression
[11]:
k, =6,7-0,3q,, 4
k,=13q,-6,7. 5)
4. The long-term traffic intensity can be
determined by a polynomial of the following
form:

N=N,+a+b,+tc,+..+t+m, 6)
where a, b, ¢ ...m are coefficients obtained
experimentally.

In this polynomial, the number of terms in
the series depends on the type of curve and traffic
intensity data.

The second group is based on historical traffic
volumes on similar roads, based on which
a forecast is made about changes in intensity
during the forecasted period. This method allows
getting a very average, approximate estimate,
which is characterised by a significant level of
inaccuracy, so it is advisable to use these methods
only at the initial stage of designing the
construction of toll roads with further mandatory
clarification of the data obtained.

The third group consists of methods based
on multivariate analysis, but they should be used
only for those areas where a wide database on
traffic intensity and factors influencing it has been
collected.

The use of approximating functions has
become quite widespread in foreign practices
of estimating traffic intensity. To implement
this method, an initial series of static data is
required, which is aligned by a graphical-
analytical or mathematical selection of an
analytical function that makes it possible to
approximate the theoretical and statistical
data to the maximum extent possible [12].
This group of methods has certain similarities
with the calculation of intensity based on
historical data, but its undoubted advantage
is the ability to use digital data processing, as
well as the absence of a «rigidly» a priori
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Pic. 1. Rosenblatt’s perceptron for predicting the intensity of traffic on a toll highway [performed by the author].

connection of the desired solution with
a specific model, which allows the methods
to show better results under conditions of
uncertainty.

So, measurements are carried out on a similar
highway for a limited sample of days, the average
value (M) and standard deviation (S) of the daily
load during busy hours are calculated. Estimates
of the normal and high level of load (L) are
carried out according to the formula:

L =M+ kS, (7
different k-coefficient values are used for normal
and high load levels.

1Y e
S=[E§(X,~—M)} , ®)

where X, — time-consistent traffic during busy
hours, measured on the i-th day;

M =%Z;X,- —mean sample value;

n—number of days when measurements were
taken.

If the measurement period is less than 30
days, the estimate will not be very reliable. In
this case, it is advisable to conduct special
measurement studies to determine the typical
values of the standard deviation (for example, as
a function of the sample mean).

Some authors believe that to assess the long-
term traffic intensity for toll road construction
projects, it is not sufficient to apply only methods
based on direct extrapolations, but it is advisable
to additionally use the method of expert
assessments and the method of neural network
modelling [13; 14].

Neural network modelling of the traffic
stream intensity depending on the environmental
load and the parameters of the designed motor
transport infrastructure deserves special attention.
In this regard, it becomes necessary to identify
key groups in the model with semantic context-
dependent relationships, which allows us to
divide the model analysis into groups:

* Group No. 1. Analysis of spatial-temporal
intensity, this group contains only information
about traffic intensity.

*» Group No. 2. Spatial intensity analysis, this
group has information about traffic density, road
service facilities and the road network in the
surrounding area.

* Group No. 3. Spatial analysis of
environmental impact, this group contains data
on possible traffic accidents, technical means of
traffic control, traffic stream and information
about the road network in the surrounding area.

The solution of the forecasting problem, in
each selected group, includes implementation of
certain steps, such as initial data processing,
selection of a measurement scale, creation of
a model for analysis, verification of suitability of
the model for the constructed model for predicting
traffic intensity on the projected highway. Initial
processing includes data normalisation, encoding
of non-numeric information, and delinking. The
main goal of the initial processing is to maximise
the entropy of distribution of data parameters [15].
The highest entropy value allows using the
information in the input data set at the limit level,
which ultimately has a positive effect on accuracy
of neural network models.
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Pic. 1 shows a neural network that can be
used to assess the future traffic intensity in the
process of designing the construction of toll
roads.

The objective of the spatiotemporal neural
network model is to predict the volume of traffic
on a road section based on information about the
actual traffic at similar points at a given time. The
model will perform the calculation based on the
difference of template operations that connect
the actual intensity value with the intensity value
at a given point in time.

Considering the above, for the synthesis of
the forecast, the traffic intensity is formally
represented as follows:
1=(Q,G,X,Y,U,T,p,1.C),
where Q = {Q,, Q, ..., Q + — the range of
operating conditions of the highway;

G=(V.(D,W)) — a model of intersections,

junctions, represented by a graph G in the space R;
V' = {v,} — graphic vertices (nodes)

corresponding to the nodes of future traffic;
DcVxV — a set of diagrams for a road

section and road network with weighting
coefficients W =(,P,Z) (intensity, speed and

structure of traffic on a given road section);

X={X, X, ...,X } —aset of properties and
determinants that describe the state of the road
and take on their own values;

Y={Y,Y, ..., Y }—range of initial values
(number and types of vehicles, turns, intersections,
pedestrian crossings, etc.);

U=1{U, U, ..., U} —the range of possible
driving modes on the road,;

SR BRRRERERES
T N,

T={1,t,
time;

p: XxUxT—Q — description of changes in
the state of the object in a given state (dynamics
of traffic intensity when external parameters
change);

p: QxT—Y—a conclusion with a description
of observations of the dynamics of traffic
intensity (estimates, conclusions, etc.);

{—external uncontrollable factors influencing
intensity changes.

Several technical approaches deserve special
attention in the process of analysing methods for
assessing the future traffic intensity for projects
for construction of toll roads, among which the
following can be distinguished:

1. Methods of reducing the coefficients of the
theoretical transit capacity, allowing to determine
the maximum volume of streams on the road or
its individual elements without considering the
transit capacity of intersections and junctions.
The disadvantage of this method is the inability
to determine the intensity of traffic on the road
section between intersections and junctions. The
discrepancy between the calculated and actual
results of calculating the maximum traffic
intensity on the road section using these methods
is from 200 to 600 vehicles per hour.

2. Methods for determining the maximum
traffic intensity based on the functional
dependencies within «intensity-speed» traffic
stream models. The disadvantage of this method
is the lack of consideration of the influence of
intersections and junctions on traffic intensity.
These methods determine only the highest value

..y Iy ...} —discrete or continuous
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of traffic intensity at an average speed of traffic
and with partial consideration of the structure of
the traffic stream. The discrepancy between the
results obtained is from 200 to 400 vehicles per
hour.

3. Methods based on the use of «intensity—
speed» functional dependences, obtained based
on experimental studies. Also, these methods do
not make adjustment regarding intersections and
junctions, hence, the discrepancy between the
obtained calculation results is within the range
from 100 to 300 vehicles per hour.

CONCLUSION

The existing methods for assessing the long-
term traffic intensity for projects of construction
of toll roads differ significantly from each other.
As arule, the future traffic intensity is determined
by extrapolating and approximating the
accumulated statistical data. The accuracy of
forecasting using these methods depends on the
correct choice of hypothesis. Promising methods
are those based on the theory of fuzzy logic and
neural network modelling since they allow the
use of modern methods of highly intelligent
analysis based on the methods of arranging and
turning qualitative data to a quantitative value.
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Calculated trends of the growth in demand for passenger
transportation have also been confirmed by expert assessment.

The analysis resulted in forecasting growing demand on
passenger transportation with public transport in the city of Khujand.

The methods described are basic ones, and to better plan
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INTRODUCTION

In Tajikistan, due to geographical
conditions, special attention is paid to
development of road transport, which is the
dominant mode of transport for movement of
people. The development of highways and of
new methods of organising passenger
transportation in the Republic of Tajikistan is
implemented with the use of modern automated
traffic control systems.

The key current trends are?:

» Transformation of city streets and sidewalks
according to the purpose and type of traffic to
increase equability of traffic.

* A systematic approach to solving problems
of the urban transport network by connecting the
routes of all types of urban transport.

» Maximum elimination of points of conflict
between transport streams and organisation of
traffic streams at different levels.

* Expansion of urban highways.

For two years now, the State Communal
Enterprise «Musofirkashoni Dar Shahri Khujand»
has been providing its services to the population
in the city. Its fleet consists of 104 buses of the
brands LiAZ 429260 (25 units), LiIAZ 529265
(75 units) and TATA (4 units).

The volume of transported passengers,
passenger streams, the number of turnovers and
their total number were analysed based on
observations at transport facilities and on
collected statistical data (Table 1).

The analysis has shown that the public
transport of the city of Khujand was not able to
fully fulfill the plans for circulation of buses in
2019 and to meet relevant preliminary
calculations. The buses did not work out their
time in accordance with the established standards
and regulatory enactments.

In the course of observations, it was revealed
that transport services are in demand by residents
of the city from 5 a.m. to 10 p.m., but,
unfortunately, buses operate from 5 a.m. till 7
p-m., and on some routes they work up to 6 p.m.
As a result, the planned number of turnovers is
not fulfilled.

The volume of passenger traffic
traditionally decreases in summer, and
increases in other seasons. The reason for the
decrease in passenger transportation during

! National Development Strategy of the Republic of Tajikistan
for the period up to 2030. Approved by the Decree of the
Government of the Republic of Tajikistan dated October 1,
2016, No. 392.

three summer months is associated with
students’ and school holidays. According to
statistics, about 30-35 % of passengers are
students, schoolchildren and education
employees and academic staff?.

Today, the demand for transport services, the
volume of passenger traffic and the need for
public transport are constantly growing.

Obviously, it is necessary to predict the
passenger traffic in advance for the coming years
and, based on these data, make the right choice
in terms of the structure of the vehicle fleet and
improve the quality of passenger service. These
steps will increase the profitability of the
transport enterprises themselves, and will give
a serious impetus to development of the entire
economy of Tajikistan.

To achieve this objective, namely, to proceed
with the analysis of the state of passenger traffic
in the city of Khujand and to determine the
prospects for its development for the near future,
it is necessary to use mathematical methods of
analysis that might provide adequate solutions.

RESULTS

To make a forecast of changes in passenger
traffic for the medium term, it is necessary to
analyse passenger traffic in Khujand over the past
several years. The volume of passenger traffic in
Khujand over the past five years is presented by
the following statistical data (Table 2).

Table 2 shows that the volume of passenger
traffic is increasing from year to year. In 2019,
as compared to 2015, the volume of passenger
traffic increased by 51,6 %. Using this data, we
can calculate the forecast up to 2025. For this we
use a forecasting model.

A model is an abstract representation of
reality in some form (for example, in
mathematical, physical, symbolic, graphic or
descriptive form), designed to represent certain
aspects of this reality and allowing getting
answers to the questions under study.

There are three types of models, respectively,
hierarchical, network, and relational model.

The hierarchical model has a tree structure
and expresses vertical links of subordination of
the lower level to the higher.

The network model is more complex and
differs from the hierarchical model by the
presence of horisontal links.

2 Tajikistan in figures 2019: Statistical collection. Dushanbe,
2019.
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Table 1

Bus performance indicators by months 2019 [compiled by the authors]

Number of turnovers Number of Passenger Bus traffic, km
Months of the | As planned Actual transported turnover, Total With
year passengers, passenger- passengers

persons kilometre
January 38090 25367 1899834 28512158 566373 556916
February 32444 24269 2029321 30577002 543637 535521
March 32738 25073 1994136 30175980 565297 556065
April 32818 24272 1937239 29484286 557546 548093
May 33258 22402 1900677 28454251 571911 563199
June 30584 22987 1602420 24083188 533920 527056
July 29450 21477 1460112 22299933 507947 501333
August 25634 18449 1443757 22011988 449070 442562
September 29584 21766 1854558 27849930 505511 498824
October 29752 21527 1930247 29025388 506235 498989
November 27782 19871 1747894 26522211 471176 463964
December 27910 19763 1789615 27139416 476547 468578
Total 370044 267223 21580810 326135731 6255170 6161100
per year
Table 2
The volume of passenger traffic in the city of Khujand (2015-2019)
[compiled by the authors]
Years Passenger traffic Number of vehicles in service (units)
volume (thous. pass.) | Total Public Taxi
2015 40151,5 951 890 61
2016 43531,1 943 877 66
2017 46664,1 917 782 135
2018 53793,7 1057 895 162
2019 60863,7 940 725 215
Table 3

Calculation of indicators of the linear formula to calculate the volume of passenger traffic
from 2020 to 2025 [compiled by the authors]

Volume of passen-

Years ger transportation, X X2 X, yx=atbex
thous. persons

2015 40151,5 -2 4 -80303 38663,4
2016 43531,1 -1 1 -43531,1 43832,1
2017 46664,1 0 0 0 49000,82
2018 53793,7 +1 1 53793,7 54169,5
2019 60863,7 +2 4 1217274 59338,2
Sum 245004,1 0 >10 51687
2020 +3 64506,9
2025 +8 90350,4

The relational model is represented as a set
of tables, over which operations are performed,
formulated in terms of relational algebra.

To implement our task, we use a mathematical
relational model.

Mathematical models are formalisable, that
is, they are a set of interrelated mathematical and
formal-logical expressions, reflecting, as a rule,
real processes and phenomena (physical, mental,
social ones, etc.).

For calculations, the method of mathematical
modelling is used. The graph of the data given

& World of Transport and Transportation, 2

above in Table 2 is determined based on a linear
equation according to the following formula:
y=a-+bex, (1)
where yx — regional passenger turnover, persons;

x — the period of study of passengers;

a — indicator of the average volume of
passenger traffic, persons;

b — indicators of the average increase in
passenger traffic, persons.

The average passenger traffic over the last
five years (s) is determined by the following
formula:
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Pic. 1. Diagram of changes in the volume of passenger traffic for 2020-2025 [compiled by the authors].

@

a=S=, persons;

245004,1
a=

=49000,82 thous. persons.

The increase in the average number of
passenger traffic (b) is found by the following
formula:

3)

b:%,pass.;

b= % =5168,7 thous. pass.

The indicators for 2020 are determined by
extrapolating the series:

y =49000,82 + 5168,7 * 3 = 64506,9 thous.
pass.

After calculating these indicators, the result
is displayed in Table 3.

Thus, we determined that in 2020 passenger
traffic in Khujand should have amounted to 64 506,9
thousand passengers. By 2025, passenger traffic is
expected to increase by 48,4 % compared to 2019.
According to scientists and researchers, such
forecasts are close to reality, and on their basis,
preliminary calculations can be planned.

Let’s check the correctness of this forecasting
method using Microsoft Excel. Similar methods

are described in [3; 4]. With the help of this
program, we will identify trends regarding
increase in passenger traffic.

Atrend is a type of input function that can be
used to approximate a graph with data in a table.
The trend is used to determine the upward
tendency, it is obtained in the form of a chart and
performs the analysis for various specified
periods.

Let’s get formulas using functions of
Microsoft Excel.

To obtain data, the formulas drawn up are
shown in the following table (Table 4).

According to the results of the calculations
given in Table 4, a graph (diagram) of passenger
traffic is drawn up (Pic. 1).

Using Excel functions and data of Table 4, it
is also possible to predict the dynamics of
passenger traffic growth in Khujand for 2020-
2025, which is shown in the following table
(Table 5).

BRIEF CONCLUSION

The forecast results obtained based on the
methods of mathematical modelling have been
indirectly confirmed through interviews with the
experts who agreed with described trends.

Table 4
Trend analysis of passenger traffic volume

No. Type of analysis Indicators
1 Linear trend y =5168,7x + 33495,

2=0,9631
2 Quadratic trend y =812,67x2+292,67x + 39183,

2=0,9964
3 Cubic trend y = 15,583x%— 672,42x% + 660,44x + 38922,

R?=0,9965

Source: Authors’ calculations using the data of Table 2.
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Table 5

Dynamics of growth of passenger transportation and forecast of its development until 2025
[compiled by the authors]

No. Years Passenger traffic | Linear trend Quadratic trend Cubic trend

volume, thous.

pass.
1 2015 40151,5 38663,7 40288,34 40270,44
2 2016 43531,1 43832,4 43019,02 43057,22
3 2017 46664,1 49001,1 47375,04 47375,84
4 2018 53793,7 54169,8 53356,4 53319,79
5 2019 60863,7 59338,5 60963,1 60982,58
6 2020 64507,2 70195,14 70457,69
7 2021 69675,9 81052,52 81838,63
8 2022 74844.,6 93535,24 95218,9
9 2023 80013,3 107643,3 110692
10 2024 85182 123376,7 128351,4
11 2025 90350,7 140735,4 148290,6

The forecast results, showing growing needs
for passenger transportation with public transport
of the city of Khujand, can be used to develop
the corresponding preliminary plans for
development of passenger transport, considering
satisfaction of the needs of the urban population,
improving quality of services, as well as creating
an automated control system for passenger road
transport.

While the described methods are basic ones
and do not provide accuracy of forecasting, it is
important to note that results obtained by
different methods are consistent in the sense of
unambiguously confirmed trend towards growing
demand. More accurate forecasting tools should
be used while planning implementation measures
to develop urban public transport.
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ABSTRACT

The importance of the train speed is considered relative to
activity of railways, presenting a wide panorama of influence, on
the one hand of speed on the process of transportation of goods
and passengers, and, on the other hand, of rolling stock,
infrastructure, and organisation of transportation on speed.

The objective of the article is to extend the ideas about the
speed on railways with the help of analysis of Russian and
international history of development and results of the study of the
train speed.

Despite, it would seem, all the certainty of speed of movement,
the history of its development testifies to a wide range of opinions
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and non-obviousness of estimates. The historical review contains
opinion on the development of the problem and interaction between
the speed and other parameters.

The interaction of train speed with all components of the
transportation process is described by various dependencies.
Therefore, the economic efficiency from increasing speed of trains
can be obtained only with a system approach.

Analysis of modern research shows the potential capacity
to increase the speed. The results of the author’s research reveal
the in-depth possibilities and expediency of increasing train
speed.
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INTRODUCTION

Speed has excited humanity since time im-
memorial. This direction of scientific and tech-
nological progress has made it possible to master
the surface of the planet, near-earth space, and
in the near future will help to travel beyond the
limits of the Solar system. And, nevertheless, the
point has not yet been made in the study of the
issues of speed of movement with regard to
railway transport. The factors influencing train
speed and the influence of speed on weight of
trains, fuel consumption and transit capacity are
known. But so far there is no complete picture
of speed of the transportation process.

Train speed is associated with time of deliv-
ery of goods [1]. But in the transportation pro-
cess, movement of goods in trains is less than a
third of the delivery time. The rest of time of
delivery, the goods are at the stations and are
subject to cargo, technical and technological
operations. And the time when cargo remains at
stations and at loading facilities is not associated
with speed and is called «time of stay» and «ex-
ecution of operations». As a result, on a part of
the cargo transportation route, there is a struggle
for acceleration, measured in minutes, and on
other parts of this route, there is downtime, mea-
sured in hours.

Train speed is the maximum allowable, esti-
mated, running, technical, speed at the section,
route speed, and at the stations it is called «stay»
and «downtimey. To move, infrastructure, rolling
stock, fuel is needed, and for downtime at the
stations, nothing is needed except ... «third par-
ty’s» cars.

Speed, like all elements of the transportation
process technology, have two sides of the coin.
One is associated with regulatory and techno-
logical documents regulating speed, the other is
their implementation. Currently, much more at-
tention is paid to development of regulatory and
technological documents than to their implemen-
tation. As it were, it is assumed that the main
thing is to develop a timetable, a plan for train
assembling, etc. and they will automatically
implement their capabilities. But the level of
respect of the traffic schedule, especially for
freight trains, is far from 100 %. Or, the auto-
mated system for monitoring execution of the
train assembling plan looks quite absurd if it
completely ignores operational adaptation of
organisation of car traffic to real situations
through considering fluctuations in size of
wagon flows, accumulation time of trains, load-

ing of stations, possibility of timely provision of
trains with locomotives, etc.

Therefore, we will also consider the problem
of speed from the aspects both of regulation and
of implementation possibilities.

Of all the variety of indicators of operational
work, weight and speed of trains have the most
systemic impact on organisation of the transpor-
tation process. It is impossible to consider speed
of movement in isolation from weight of trains.
Both these indicators are derived from the capa-
bilities of rolling stock and infrastructure. Great
changes are constantly taking place in the techni-
cal equipment of railway transport, which can be
used either to increase weight or to increase speed
of trains. Weight and speed are not constants, but
the most important parameters for regulating the
network operation mode, which determine qual-
ity of transport product [2].

Increasing speed of freight and passenger
trains is an important opportunity to increase
transit capacity of railway lines, accelerate de-
livery of goods, reduce travel time of passengers,
and increase efficiency of using locomotive crews
and locomotives. At the same time, a system
approach to the conditions and organisation of
the transportation process and to its indicators
requires considering, first, that under the condi-
tions of limited technical and technological ca-
pabilities of the railway network, simply increas-
ing the established speeds is not always effective.
Secondly, there is an inversely proportional re-
lationship between speed of movement and
weight of trains, therefore, an increase in speed
with unchanged technical equipment causes a
decrease in weight of trains and an increase in
the number of trains on the section. Thirdly, an
increase in train speeds is associated with an
increase in consumption of fuel and energy re-
sources. Fourthly, speed affects the efficiency of
using locomotive crews and locomotives, as well
as accelerated delivery of goods. Fifthly, increase
in speed causes additional costs for infrastructure
maintenance. Sixthly, there is a share of wagons
and goods requiring speed limits. Seventhly,
faster pace of development of the passenger
complex restrains and limits speed of freight
transportation, which constitutes the main in-
come of JSC Russian Railways. Eighthly, speed
of movement is influenced by the shortage of
transit and processing capacity, temporarily
suspended freight trains, maintenance of an ex-
cess of the working fleet of wagons and over-
saturation of sections with trains. Therefore, an
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isolated consideration of increase in train speeds,
separate from other parameters, indicates an
unsystematic solution to the issue.

The length of the main tracks on which speed
of movement of freight trains of 90 km/h is al-
lowed (in accordance with Rules of technical
operations) is less than 10 % of the operational
length of the railway network. A few years ago,
there were no sites with such a maximum permis-
sible speed at all.

Increasing only the governed speed of freight
trains without taking measures aimed at increas-
ing technical, route and delivery speeds, speed
at section is ineffective. The implementation of
measures to increase the governed speed on the
network sections, for example, from 80 to
90 km/h, with strengthening of the railway in-
frastructure, but without considering traction
properties of the locomotive, may not lead to an
increase in technical speed and speed at sections
[3]

Considering the ways to increase the gov-
erned train speed, it is necessary to develop
comprehensive measures to strengthen track
facilities and power supply along with traction
calculations to determine the possibilities for
locomotives to follow the set speed, considering
the passage of the estimated climbs at the rated
speed without overheating of the traction equip-
ment. The system approach also requires consid-
ering the possibility of increasing the route speed
and speed at section by reducing downtime at
stations.

HISTORICAL OVERVIEW.
Domestic Experience of Increasing Speed

The history of development of Russian
railways witnesses a consistent increase in
speeds. At the beginning of 20" century, several
steam locomotives were created, which served
fast and courier trains. Back in 1901, on
St. Petersburg—Moscow railway, courier trains
operated at a maximum speed of 110 km/h. In
1910, a high-speed steam locomotive was built
at Sormovo plant, it received the C index and
was recognised as one of the best European
locomotives of its time (Pic. 1).

In 1913, in trial trips, a steam locomotive of
the C series attained the speed of 125 km/h, and
in 1915, a steam locomotive of the L series
reached the maximum speed of 117 km/h.

From the beginning of 20" century, professor
N. L. Schukin had been hatching the idea of put-
ting speed trains into operation between St. Pe-
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Pic. 1. Steam locomotive of the type 1-3-1, one of the first in C series.

tersburg and Moscow, but the outbreak of war
did not allow these plans to be realised.

In 1938, for the first time in the USSR, speed
of 177 km/h was reached on Moscow—Leningrad
main railroad when testing a steam locomotive
manufactured by Kolomna plant with an axial
formula of 2-3-2 (pilot wheelsets, locomotive
drivers, rear supporting wheelsets) and axle load
20,5 t. Trips (experimental and operational) were
carried out on rails weighing 43,6 kg/m.

In the post-war period, the USSR imple-
mented an unprecedented General Plan for
technical re-equipment of the railways based on
electrification. In the 1960s, a set of experimen-
tal trips was carried out between Moscow and
Leningrad, then the maximum speed reached
220 km/h.

In 1972, experimental trips of a passenger car
with a turbojet engine at a speed of 240 km/h
were carried out in the USSR.

The first projects of Moscow—Leningrad
speed line were developed back in the 1930s
(K. N. Kashkin, G. D. Dubiler, I. V. Romanov).
The most famous speed train was Krasnaya
strela [Red Arrow]. The first express train de-
parted from Leningrad on June 9, 1931. How-
ever, in reality, work on organising railway
traffic at increased speeds started only at the end
of the 1950s.

One of the first documents that defined the
program for increasing speed of trains on Okty-
abrskaya railway was the order of the Ministry
of Railways dated May 29, 1957 «On preparation
of Moscow—Leningrad line for movement of
passenger trains at increased speeds». In the same
year, the first TE7 diesel locomotives were de-
livered to Oktyabrskaya railway, they played a
significant role in development of speed traffic.
The maximum speed of passenger trains reached
140 km/h. The whole trip from Moscow to Len-
ingrad lasted 5 hours 54 minutes.

After laying a continuous track made of R65
rails, replacing turnouts, completing electrifica-
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Table 1
Main indicators of some speed railways at about 1965
Country Section (line) Length of the Name of the Maximum speed, | Route speed,
section, km express train km/h km/h
USSR Leningrad— 650 «Aurora» 160 130,4
Moscow
Great Britain London—Lester 169,5 «Midland 140 112
Pullmany
Italy Rome-Naples 210 « Freccia del 140-160 120
Vesuvio (Vesuvian
arrow»
USA Los Angeles - «Super Chief/El | 160 132
Chicago Capitan»
France Paris—Marseilles— | 314 «Mistral» 160 131
Nice
Germany— Duisburg—Geneva | 570 «Rheingold» 160 107 (136,2 km/h
Switzerland in 1964 on the
section Freiburg-
Carlsruhe)

Data based on various sources differ significantly. The table contains some of them as illustrative information since in-depth

study of the issue is beyond the scope of the article.

tion, in 1964 on Moscow—Leningrad line, the
daily Aurora express train was put into circula-
tion with a route speed of 130,4 km/h, it was
trained by electric locomotives of the ChS2 se-
ries.

The results achieved in speed traffic on Len-
ingrad—-Moscow line by the mid-1960s were
comparable to those of speed railways in Japan,
France, Italy, the USA, and other countries lead-
ing in this area, as can be seen from Tablel.

The first in the USSR ER 200 speed train
(«Electric train Rizhsky»), with a maximum
speed of 200 km/h, was developed and manufac-
tured in 1968-1974. Since 1984, the ER 200
electric train has been operating on Moscow—
Leningrad line. The travel time of the train be-
tween the end points was 4 hours 30 minutes, the
route speed was 144 km/h. Simultaneously with
the ER 200, development of another speed train
was carried out. It was called the Russian Troika
and was designed for a speed of up to 200 km/h.
The train was supposed to be of a permanent
composition including RT 200 cars of Kalinin
(since 1990 Tver) car building plant and the ChS
200 electric locomotive (produced in Czechoslo-
vakia). Eight experimental cars were manufac-
tured, showing good results in tests, however,
the Russian Troika train has never been com-
mercially operated.

Since 1994, a sectoral program for develop-
ment of speed traffic has been implemented in
Russia, following it, projects have been imple-
mented to create special rolling stock for
maximum speeds of up to 200 km/h, speed
passenger electric locomotives EP 100 DC and

EP 200 AC, passenger cars of various classes
for speed traffic.

In 2009, express Sapsan trains, produced in
cooperation with Siemens, began to operate on
Moscow—St. Petersburg line. The maximum speed
of these trains is 250 km/h. The distance of 650 km
is covered in 3 hours 45 minutes. In the first year,
2 million passengers were transported. In the sum-
mer of 2010, Sapsan trains started operations on
Moscow—Nizhny Novgorod route.

In December 2010, Allegro speed trains,
manufactured by Alstom, began regular service
between St. Petersburg and Helsinki. The maxi-
mum speed of the new electric train in Russia is
200 km/h, in Finland — 220 km/h. Travel time on
this international route has been reduced from 6
hours 18 minutes to 3 hours 30 minutes.

One of the strategic directions of innovative
development of JSC Russian Railways is expan-
sion of high-speed passenger train traffic. The
decree «On measures to organise high-speed rail
in the Russian Federation» signed by the Presi-
dent of the Russian Federation on March 16,
2010, testifies to the importance attached to
high-speed passenger train traffic.

The Issue of Choosing Optimal Speed

At the very beginning of 20" century, engi-
neer B. D. Voskresensky in his work «Theory of
railway trains’ operation» proposed as the main
criterion for solving the question of the most
advantageous weight and speed for freight trains
to determine the value of max QV_at an equiva-
lent climb and came to the conclusion that on the
sections with a light track profile, it is more
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profitable to drive heavy trains at lower speeds,
and on sections with a difficult track profile, it is
advisable to drive trains of lighter weight, but
with higher speeds.

Professor A. L. Vasyutinsky, proceeding from
the calculations of the cost of transportation as-
sociated with operation of rolling stock, came to
the opposite conclusion that as the equivalent
rise increases, it is more expedient to increase
train weight and to reduce speed.

Engineer V. N. Shcheglovitov [4] rightly
raised the question of finding not max QV, but
the value of max QV, since the carrying capac-
ity of a section is determined by the speed at
section (at that time it was called commercial
speed. — auth.), and not by the running speed,
and with an increase in the number of trains on
a single-track section, the section speed de-
creases. Hence, it was concluded that for single-
track sections the largest train is the most advan-
tageous.

In the 1920s, it was proposed to determine
the economic assessment of speed by the influ-
ence of power of locomotives on the cost of
transportation:

E=A+£,
Q

where E — full operating costs;

A — costs that do not depend on train weight;

B — costs depending on train weight;

Q — train weight.

Professor I. I. Vasiliev in work [5] concluded
that to obtain the minimum fuel consumption per
1 tekm of transportation and to achieve the
maximum transit capacity of the section, train
weight and speed must correspond to the point
of intersection of the curves corresponding to
limitation of the traction force for steam traction
as far as adhesion and boiler thrust are concerned.

Professors A. M. Babichkov and V. F. Egorch-
enko in the book [6, P. 247] noted: «For freight
trains, estimated speed on the ascent is usually
taken as the highest speed at which the traction
force of the locomotive is fully utilised as far as
coupling, generator or engine is concerned, in
other words, it is the speed corresponding on the
diagram F, = f{V) to the intersection point of line
of traction according to adhesion with line of
tractive force according to generator or the en-
gine. This speed is sometimes called the thresh-
old speed or speed of reaching the automatic
characteristic since on the diagram F, = f(Vz) it
corresponds to the break point of the thrust force
curvey. Thus, the authors consider the best use

of the traction force of the locomotive to be the
initial criterion in establishing train weight, and
that also determines the minimum value of the
cost of transportation.

Professor V. N. Orlov [7] concluded that the
most advantageous running speed with a constant
train weight has a minimum cost of transportation,
and at ruling gradient it has the lowest cost of
transportation for a given size of freight turnover.

Professor A. I. Ionnisyan [8] argued that with
an increase in the maximum permissible speed
for powerful locomotives, it is also necessary to
increase estimated speed at the ruling gradient.
The speed when climbing at the ruling gradient
should be set in accordance with the conditions
for achieving the minimum cost of transportation.

Professor A. E. Gibshman [9] proposed a
method for direct calculation of the types of
steam locomotives being compared based on
preliminary construction of a special grid and
contoured lines for the dependence of costs on
train weight and speed for various sizes of freight
turnover.

In the Rules of traction calculations for train
operation, published in 1956 and 1985 [10], it is
proposed to determine train weight and speed
based on the conditions of the full use of the
power of locomotives and the kinetic energy of
the train, i.e. to proceed from the principle of
using the greatest possible train weight in terms
of locomotive power.

Back in the middle of 20™ century,
Academician T. S. Khachaturov studied the
problem of the dependence of performance of
locomotives on speed of freight trains and
established this dependence for various values
of ruling and equivalent gradients (Pic. 2). For
the given ruling and equivalent gradients, the
initial weight of the freight train was taken, for
which the distance travelled in 1 hour was
calculated. Then train weight was increased step
by step. Initially, the train travelled the calculated
distance with the maximum possible speed. With
an increase in train weight, its speed decreased,
and performance of the locomotive increased due
to the increase in train weight. With a further
increase in train weight, the decrease in speed
was no longer compensated by the increased train
weight, and productivity of the locomotive began
to decline.

Professor B. E. Peysakhzon [11] researched
and developed a methodology for choosing the
optimal values of weight and speed of trains for
various types of traction, which made it possible

8  World of Transport and Transportation, 2021, Vol. 19, Iss. 6 (97), pp. 199-216

Levin, Dmitry Yu. Optimising Train Speed




| | | |
Qytech | { ! |
tkm/h | . ] :
[ Te=6%0 |i,=1%o0 ?
150000 . - -
| | !
| ! I’T—_—\
iy = 9% |i,=2%o |
100000 | L !
| : i |
| . 1. {
i i =12%o| i .= 3%o
T~ | 1 |
= weight of a freight train, t
|Viecn - technical speed, km/h
,h"c' calculated slope !
EE- equivalent slope | |
40 50 60 70 80
Speed of a freight train, km/h

Pic. 2. Dependence of productivity of the locomotive on technical speed.

to select new types and use existing locomotives
based on operational requirements and technical
and economic calculations.

Foreign Experience of Increasing the Speed

The history of development of railway trans-
port has many achievements in the field of in-
creasing traffic speed, often they were a kind of
technical sensations. Back in 1847, in England,
on one of the sections of the Great Western Rail-
way, 92 km long, passenger trains reached a
speed of 93 km/h. By the end of 19" century, in
Great Britain, France, Germany, and the USA,
passenger trains attained a speed of 70—80 km/h.
In 1890 the steam locomotive «Crampton» in
France with a train weighing 157 tons reached
the speed of 144 km/h. The speed limit of
200 km/h was overcome for the first time by a
German electric train. In 1903, on Marienfelde—
Zossen section, a speed of 210 km/h was reached
during tests.

In 1955 in France, for the first time, the
threshold of 300 km/h was exceeded, and a speed
record was set, it reached 331 km/h. This record
was improved on February 28, 1981, with the
TGYV train reaching the speed of 380 km/h.

The ongoing work in this area shows that
the traditional wheel-rail transport system has
not exhausted its capacity. In 1988, in Ger-
many, when testing an experimental ICE train,
a speed of 406,9 km/h was reached. But this
milestone was soon surpassed: in 1989 the
TGV train in France reached a speed of
412 km/h, then 482,4 km/h, and finally, in May

1990, an incredible speed record was set, that
of 515,3 km/h.

For the first time in the world, the idea of
high-speed rail traffic was implemented in Japan
(Pic. 3) between the cities of Tokyo and Osaka,
where in 1964 the high-speed Tokaido railway
with a length of 516 km was put into operation.
The maximum speed on the new line was
210 km/h, and the trip from Tokyo to Osaka took
3 hours 10 minutes.

High-speed trains have gained wide
acceptance among the population due to their
high speed and comfort. Within 5 years,
passenger transportation on this line more than
doubled and reached 70 million people per year.
This significant amount of operations provided
a solid foundation for cost-effectiveness of the
high-speed line and allowed Japanese railways
to plan further construction of such lines.

In 1970, Japan passed a law to establish a
nationwide high-speed rail network called
Shinkansen. This gave a new impetus to
development of high-speed traffic. In 1975,
Sanyo high-speed line was put into operation.
Having crossed the strait, this line reached the
city of Fukuoka, connecting two islands —
Kyushu and Honshu.

1982 saw the opening of two more new high-
speed lines (HSR): the Tohoku Line north of
Tokyo linking Omiya and Morioka, and the
Joetsu Line, which crosses Honshu Island from
the Sea of Japan to the Pacific Ocean with
Omiya—Niigata route. In the early 2000s, the
length of the high-speed rail network in Japan,
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Pic. 3. The first high-speed electric train (Japan).

which included six main lines, exceeded
2100 km, and the maximum speed of trains
running along it was 240-260 km/h (Pic. 4).

Shinkansen main lines are intended for
passenger traffic only. Unlike conventional
railways, which have a narrow gauge, the gauge
of high-speed lines complies with the European
standard and is 1435 mm. As a result, Shinkansen-
type trains are forced to operate in a closed
system. High-speed main lines go directly to the
centres of cities and settlements, crossing them
through overpasses 25-30 m high.

When creating the Shinkansen network,
Japanese specialists solved a number of complex
engineering problems associated with choice of
a track structure, creation of new rolling stock,
engineering structures and other technical tasks.

Traffic safety devices occupy a special place
in these developments. The principle of their
work is that in case of any malfunction or
violation of the operating mode that poses a threat
to safety, the train stops immediately. For land
transport, this means eliminating the hazard.
Practices have proven high efficiency of the
applied safety and security systems. During the
entire operation of the Shinkansen lines, not a
single accident or crash occurred, not a single
passenger was killed or injured. By the end of
the 1990s, about 3 billion people had been
transported.

Every day, 427 high-speed express trains run
along the Shinkansen main line, carrying more
than 440 thousand people.

A lot of work is underway to create new-
generation trains with the aim of achieving a
speed of 300-350 km/h on the existing Japanese
high-speed rail network. Since the permanent
devices of this network were designed for speeds

8  World of Transport and Transportation, 2021, Vol.

Levin, Dmitry Yu. Optimising Train Speed

up to 250 km/h, it was necessary to significantly
reduce the axle load. This was achieved: in the
experimental train, axle load is less than 8 tons.

France is the ideologist of high-speed rail
systems in Europe. After two years of theoretical
development, in 1976 the National Society of
Railways (SNCF) began construction of Paris—
Lyon high-speed railway, and in September 1981
the high-speed TGV train saw the green light on
the line (Pic. 5). The design of the TGV system
was carried out in such a way that trains could
run on the new line at a speed of 270 km/h and
switch to the regular rail network. Due to this,
an accelerated railway connection between Paris
and the south-eastern regions of France was
provided. Currently, TGV trains operated on the
south-eastern direction serve more than 50
settlements with 56 % of the country’s population.
The length of the TGV-South-East network is
2487 km, of which 417 km are on the new line.

The commercial speed of movement has
sharply increased. On Paris—Lyon route, it was
213 km/h, and the travel time between these cities
was reduced to 2 hours.

Based on the first successes, the SNCF
proposed, and the President of the Republic and
the government decided to build a new high-
speed line TGV—Atlantic, which was put into
operation in September 1989. The total length of
the line is 285 km.

As well as TGV-South-East line, the new
high-speed line is intended exclusively for

passenger transportation. A new generation of //f3

high-speed TGV—Atlantic trains has been created

for the Atlantic line, with a maximum speed of [

300 km/h for commercial operation on newly
constructed sections, and 220 km/h on
conventional railway lines.
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Pic. 5. French high-speed double-decker electric train TGV Duplex.

Then the northern high-speed rail serving
ways to Belgium and to the tunnel under the
English Channel (332 km); HSR bypass around
Paris, connecting high-speed lines of France and
several European countries (102 km) into a single
network were put into operation. By 2014, the
total length of the French HSR had attained
almost 1500 km, and the construction of several
more lines continued.

The French concept of high-speed rolling
stock provides for creation of permanently
assembled trains with locomotive traction. Two
electric locomotives are placed at the ends of the
train, and passenger cars are located between
them. A special feature of the French TGV train
is the use of coupled cars on intermediate bogies.

In Germany, the first HSR line appeared in
1991, today the length of such lines is 800 km
(Pic. 6). In Spain and Italy, high-speed lines with
a length of 471 and 236 km, respectively, were
introduced in 1992.

In 1992, trains consisting of cars with forced
tilting of bodies began to run in Sweden. These
trains reached the speed of 220 km/h. Up to 20
types of such cars have already been created in
different countries.

In the UK, three main routes are being
improved: London—-Glasgow, London—

Newcastle—-Edinburgh and London—Bristol-
Cardiff to achieve speeds of 225 km/h.

Following Europe and Japan, high-speed
traffic is developing in the United States, where
road and air modes of transport have played a
major role for a long time. There were seven
projects in the USA to build high-speed rail
systems. Some of them are under consideration,
others have undergone scientific research and
pre-project development. Currently, the highest
speed (240 km/h) for passenger trains has been
attained on a section in the so-called North-East
corridor on Washington—New York segment. On
the new main lines, the speed will reach 270—
300 km/h.

Work on the creation of ultra-high-speed
railways is being carried out on almost all
continents. Australia announced plans to build a
high-speed line between Sydney and Melbourne.
High-speed trains for it will be supplied by the
leading manufacturers in France and Germany,
which have succeeded in creating trains of the
TGV and ICE types. German enterprises are to
supply Australia with bullet-speed locomotives,
and French ones with cars. The new 870-kilometer
line will be operated with 30 pairs of trains with
an average speed of 292 km/h and a maximum
speed of 350 km/h.
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Pic. 6. German high-speed electric train ICE 3.

This review in the context of the article does
not cover the latest HSR developments,
comprising improvements in infrastructure,
construction of new HSR lines, technology of
new rolling stock since there are numerous
research papers dedicated to the issue, including
fast HSR developments in China, focusing on
evolution of train speed. But it is impossible to
neglect some interrelated aspects.

On high-speed lines, the track design,
signalling and communication devices basically
keep the traditional principles.

However, they are becoming qualitatively
new in terms of science intensity, reliability, and
maintenance methods. Their essential elements
include microprocessors and computers,
diagnostic and information sensors, devices of
fine sensitivity for detecting earthquakes,
snowfalls, and other emergency situations. All
this together with double and sometimes triple
redundancy ensures 100 % traffic safety.

The main trends in creation of new types of
high-speed electric trains are maximum reduction
in the weight of the cars, reduction of energy
consumption due to high aerodynamic
performance, the use of computers and
microprocessor devices, as well as new, more
economical, and reliable systems, electrical
equipment for traction.

At present, the HSR system has been
technically, technologically, and economically
tested. High-speed lines have already been built,
are under construction or being designed in many
countries of the world for almost 50 years. The
high efficiency of HSR has been proven, and
therefore, today any country, if there are
necessary economic conditions for this, can
design and build HSR using well-known
technical and technological solutions.

Modern Research

Increasing and optimising train speed is a
priority task for JSC Russian Railways.
Practically the entire scientific potential of the
industry is engaged in solving these problems.

Ph.D. (Economics) A. V. Kudryavtseva [12]
investigated the long-term dynamics of weights
and speeds of freight trains from the point of view
of innovative development of railway transport
and generalised the resulting economic effects
caused by grown values of these indicators.

Specialists of JSC IERT [3], when
analysing the increase in speed of freight
trains on Barabinsk—Tatarskaya—Moskovka
section from 80 to 90 km/h, concluded that
economic efficiency indicators depend on the
presence (or absence) of infrastructure transit
capacity reserves, the possibility of attracting
additional volume of freight traffic or
optimisation of the transportation process by
switching (returning) cargo flows to the shortest
routes, the presence of an additional cargo origin
sources, confirmed by an appropriate forecast,
the size of traffic on the section under
consideration, the cost of measures aimed at
increasing traffic speed.

Specialists of JSC VNIIZhT [13] investigated
the possibilities to streamline the technology of
freight trains by updating the timetable developed
using ELBRUS hardware and software complex,
which made it possible to increase the route speed
and speed at sections on Isilkul-Chelyabinsk
segment of the South Ural railroad.

Specialists of Far-Eastern State Transport
University [14] with the help of the network
planning and control system and the ERA
software complex investigated the dependence
of technical speed and speed at the sections on
the governed permissible train speed. Calculations
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have shown the economic efficiency of increasing
average travel speeds by planning and controlling
the increase in allowable train speeds within the
network.

Specialists of Samara State Railway
University [15] analysed the interaction of train
speed with other volumetric and economic
indicators on the network routes Kuzbass—
Chelyabinsk—Syzran—n.a. M. Gorky-—
Tikhoretskaya—ports of Azov-Black Sea basin.
The relationship between train speed and the
transit capacity of the section was obtained. But
the nature of the curve indicates a constant length
of block sections, while with an increase in train
speed, the length of block sections should
increase, and with high-speed traffic this even
leads to a decrease in transit capacity.

Specialists of Rostov-on-Don State Transport
University [16] investigated the effect of
increasing speed of freight trains on assessment
of income and expenses. The factors influencing
speed were analysed. The expediency of
separation of freight and passenger traffic is
considered. For the North Caucasian railway, a
relationship has been established between the
working fleet of wagons, speed at the section and
budget indicators.

In recent decades, guidelines of JSC
Russian Railways, programs, methodological
recommendations, and projects aimed at
increasing speed of trains have been developed
and implemented.

TRAIN SPEED ANALYSIS

With maximum traffic and minimum inter-
train intervals, the flow of trains becomes
unstable, and the process of movement becomes
unsteady. Different qualifications of drivers,
modern design of speed meters and other factors
do not allow the maximum permissible speed to
be achieved.

The decoding of speedometers’ tapes showed
that freight train drivers almost always travel at
a speed less than the calculated one or set by the
limit warning. When trains are running under a
green light of a railway traffic light, i.e. when the
distance between trains is more than the length
of three block sections, the calculated rate of
running speed is not fulfilled on average by 20 %,
and the scheduled speed rate — by 8 %. When the
distance between trains is less than three or more
than two block sections and they follow part of
way having a yellow light, the average speed is,
respectively, by 46 and 38 % lower than the

estimated standard rate, and travelling having a
yellow light they have a speed by 63 % lower.
The actual speed of train differs from the
calculated one in a wide range from 0,2 to 1,2.
The wide spread of speeds is explained, first, by
the different skills of drivers, who react differently
to the readings of traffic lights, often performing
premature braking.

An increase in average train speeds usually
results in an increase in specific consumption
of electricity or fuel following increase in main
resistance to movement and energy losses in
brakes. Increase in average speeds provides
the greatest economic effect with a lean mode
of train driving, which, if strictly respecting
the schedule, causes the lowest specific
consumption of electricity or fuel. The
complexity of the development and practical
use of reasonable modes of train driving lies
in the fact that they are different for different
operating conditions, with electric traction,
voltage in the contact network is subject to
change; depending on the technical condition,
the characteristics of electric machines on
locomotives differ. The maps of train driving
modes compiled for some average operating
conditions on the same sections for different
drivers have deviations both up and down from
the established rate of specific consumption of
electricity, fuel. The desire of drivers to save
energy or diminish fuel consumption leads to
a decrease in speed of freight trains.

Any decrease in train speed in comparison
with estimated speed for a given section, and
even more an interruption in traffic, lead to
losses in the use of capacity and, accordingly,
to economic losses. Delays of trains on hauls
are caused by out-of-sync train movement,
untimely switching of opening signals at
stations, malfunctions of rolling stock and
technical devices, oversaturation of sections
with trains, speed limit warnings and
overpassing by delayed passenger trains.

If train traffic is out of sync, the trains go,
instead of the green one, at the yellow, and
often at the red light of the traffic light. So, if
a pack of trains runs with six-minute inter-train
intervals and one of the locomotives reduces
speed against the average schedule by only
5 km/h, the train following it will approach a
traffic light at a yellow light in 1,5 minutes.
The lack of synchronisation is explained by
the fact that train drivers use the train schedule,
which indicates only travel time per stages.
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The speed on various elements of track profile
is determined expertly, the choice of the mode
of movement largely depends on skills of
drivers.

According to some estimations, train delays
due to untimely reception by technical stations
constitute about 1 million train hours per year,
and there are also great delays in front of
connecting points due to untimely reception of
trains by neighbouring railroads and their
operating divisions.

Train delays in case of malfunctions of cars,
locomotives, track, signalling and communication
devices, contact network, etc. are influenced
by traffic communication means, the number
of main tracks, the type of traction, the inter-
train interval, and the number of passenger
trains. Failures in operation of technical
devices reduce the available transit capacity
of sections by up to 15 %.

The increase in density of train traffic leads
to an increase in the number of trains going
forward at the yellow and red traffic lights, and
this causes a decrease in running speed and an
increase in delay time of trains on stages.

Analysis of speed meters’ records allows
establishing the mode of train movement on
the section at different density and intensity of
train traffic, ratio of different readings of traffic
lights and of automatic locomotive signalling
system of continuous operation (ALSN) and
speed of movement on them, as well as setting
technical and section speeds of freight trains.
The readings of speed gauge tapes can be used
both independently and as initial information
for simulating movement of trains on the
section. In the latter case, in contrast to the
results of traction calculations, the human
factor is considered (driver’s influence on the
mode of train driving).

To compare records of train speed, obtained
using traction calculations and speed meters’
tapes, it is advisable to use their ratio when
trains are going at different traffic lights or at

different ALSN readings.
Vg Vy v")’

T is the ratio of actual and

estimated train speed, respectively, when going
at green, yellow and after passing at yellow
light of the track traffic light (Pics. 7, 8).

On different sections, different drivers
implement permissible train speeds in different
ways. But while the specific values of train

speed differ, their distributions and ratios have
a general form (Pics. 7, 8). The general pattern
was that trains were going at green traffic light
on one half of the block sections at a speed
20-25 % lower than the estimated one and on
the other half of block sections they were going
at a speed almost two times less than that
obtained by traction calculations. On the
second half of the block sections, such a
decrease in speed is associated with the
presence of speed limits and consequent
acceleration after passing them, which was
carried out more slowly compared to the
estimated mode. The decrease in ratio values
:—yis explained by the speed limit set on

e

railways when going at yellow traffic light and
by premature low effective braking. Moreover,
in 75 % of cases, when trains were going at a
yellow light, the traffic light indication turned
to a green indication and there might be no
registered braking at all.

The actual train speeds were considered in
relation to speeds obtained by traction
calculations. But the standard traffic schedules
use speeds that are below the estimated ones.
On the considered electrified sections, the
traffic schedule provides for running speed of
freight trains v, = 57,7 km/h that is lower than
the estimated one by 8,7 km/h. Therefore, the
ratio of speeds VY, and v, to the standard
running speed stipulated in the schedule is
66,4: 57,7=1,15 times (Table 2). When trains
are going at green traffic light, running speed
is 20 % lower than the estimated one, and the
scheduled speed is 8 % lower. Trains move at
yellow traffic light at a running speed,
respectively, 46 and 38 % lower. After passing
the traffic lights at yellow light, it is 63 %
lower.

The results obtained on the sections with
diesel traction are shown in Table 3. The
difference in ratios of speeds in odd (loaded)
and even (empty) directions is explained by
the weight of empty trains which is almost half
lower, slow acceleration of loaded trains after
passing sections with speed limits and higher
speeds of empty trains at green and yellow
traffic lights.

The ratio of actual speeds of train movement
to the estimated ones when trains pass through
intermediate stations along the main track, when
there is a green light at the entrance and exit
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Pic. 7. Differential (a) and integral (b) curves
of distribution of speeds when trains move at different lights
on an electrified section.

traffic lights, on electrified lines is on average
0,78, on sections with diesel traction it is 0,75,
which is 7-8 % or 5—6 km/h lower than on stages.

The actual number of speed limit warnings
on many sections of the network is greater than
their number provided for by the schedule. The
total distance travelled by a train with a speed
limit /. is equal to the sum of the distance along
which warning is effective [, train length /
and the distance travelled at a reduced speed v, ,
considering deceleration and acceleration of a
train before and after the location where speed
is limited. The actual distance travelled by a train
with a reduced speed is on average 2,5 times
more than the length of the track where the limit
warning is valid. Analysis of speedometers’ tapes
showed that the actual speed is lower than the
speed set by the speed limit warning on average
by 20-25 %. The number of trains affected by
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Pic. 8. Differential (a) and integral (b) curves of distribution
of speeds when trains move at different traffic lights
ona with diesel tracti

the speed limit when approaching to the area of
its action:

— (Vav - vlim ) llim _
vlim (vavI - ltr - pr,: ) ’

where v — average train speed, km/h;

I — inter-train interval, h;

p — minimum number of block sections that
delimit trains so that with this number stable
movement at a green traffic light is ensured (for
a three-digit automatic interlocking p = 3);

L, —average length of a block section, km.

The actual train speed in areas where
warnings are in effect is by 2,7 + 5,6 km/h less
than set by the speed limits.

Studies have shown that an increase in
density of the train flow leads to an increase in
average time needed for them to pass through the
section. For the scattering estimate (absolute
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Table 2
Ratio of actual speeds to the estimated and scheduled ones on electrified sections

Automatic interlocking signals Number of . 3
cases o ;
At green traffic light 1795 0,80 0,92
At yellow traffic light 543 0,54 0,62
After passing at yellow traffic light 125 0,32 0,37
E’ C} T : T
Lpsmin l Gy, trains/h
1o j 15
80 ] 3 -
|
50 1 i
“ /| a8
2 _,.r"’ ' ar /
05
i 00s o008 GR Atrains/km / 2 J & 0, trains/h
bl
(] m .n __.--"""' p—
12
0 /
J /
§

1l 20 37 & 58 I min

Pic. 9. Dependence of the standard deviation of train travel time on flow density (a), inter-train interval (b) and train traffic intensity (c).

Table 3
The ratio of actual speeds to the estimated and scheduled
ones on sections with diesel traction
Automatic interlocking signals Odd direction Even direction
Number of . Number of .
cases v, cases v,
At green traffic light 1060 0,77 778 0,85
At yellow traffic light 140 0,55 7 0,67
After passing at yellow traffic light - - 29 0,46
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Table 4
Change in train speed depending on the distance between trains
Space interval Ratio S,: S with the length of block sections, km Speed v, km/h
between trains 1,5 2,0 2,5
3¢, 1,0 1,0 1,0 80 70
2,75+, 0,92 0,92 0,92 73,6 64,4
2,501 0,83 0,83 0,83 66,4 58,1
2,251, 0,75 0,75 0,75 60,0 52,5
2+l 0,67 0,67 0,67 53,6 46,9
P 7, trainsftime ¥ km/h
min
I3 L
25 Vv
\ Lmgaf———""="
20 \
'\r 2‘
* \\ %
3 r
¥ \'\‘} \\\
""-T— ®
: A r t
Qo5 g0 05 028 A, trains/km A, trains/distance

Pic. 10. Influence of train flow density on average interval between
trains at the entrance (1) and the exit (2) from the section.

dimensions of fluctuations) to have the dimension
of a random variable, we use the root-mean-
square deviation and calculate its values for train
travel time along the section (Pic. 9a), inter-train
intervals (Pic. 9b) and train traffic intensity
(Pic. 9¢).

The presence of scattering of possible values
around the average value of the train flow
characteristics indicates non-synchronisation of
train movement, which is present even with free
movement of a single train and increases with
growing load at the section. Asynchronous
movement causes such an influence of trains on
each other that the average actual inter-train
interval is greater than the calculated one and the
traffic flow of trains at the exit from the section
is less than at the entrance.

When trains approach each other, their
estimated speed v decreases to v, and the use of
transit capacity decreases. In this case:

v _ Ty n_S _S
605 gos, * hence - =g and v ="g.

To prevent a decrease in the use of transit
capacity, trains’ speed can be reduced in
proportion to reduction in the distance between
trains (Table 4).

Pic. 11. Diagram of train flow: 1 - n(A); 2- v(A).

When the inter-train interval is reduced by
half of the length of block section, speed de-
creases by 11,9-13,6 km/h as compared with
estimated standard value and so constitutes
0,83 of the estimated one. Further reduction of
the inter-train interval to S, = 2/, when the
train goes at the yellow traffic light, makes
speed be equal to 0,67 of the estimated one.
The analysis of speed gauge tapes confirmed
that with an increase in density of the train
traffic, speed decreases significantly. This
speed reduction decreases the use of transit
capacity to n, then:

n_607v.S vS

n 60TvS, vS,’

The reduction in the use of transit capacity
with v, and §, is determined by:

An:( —EJIOO % .
VS,

Studies of the sequential increase in the traffic
intensity on the section have shown that with an
increase in saturation of the section with trains,
their influence on each other increases, and they
more often pass at yellow and red traffic signals.
As a result, train speed decreases. Time of
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occupation by trains of block sections increases,
queueing to pass through the section appears and
increases.

Simulation of train traffic has established that
an increase in the flow density causes a difference
in intervals between trains at the entrance and
exit from the section (Pic. 10).

Graphs of dependences n(A) and v(A) of
changes in the flow intensity and in speed on
density are presented in the train flow diagram
(Pic. 11). It shows many properties of the traf-
fic flow, especially the space-time relationships
and the possibility of interference with train
traffic.

At points 0 and 0,, the traffic intensity is
zero, i.e., there is essentially no movement,
or the flow of trains is in a state of congestion
(immobility). As the train flow’s density
increases, its speed decreases, high speed
values can be obtained only at low density
values, i.e., under the conditions of relatively
free movement of trains. This is of great
practical importance. When standardising the
performance indicators, during operational
planning and regulation of train traffic, it
should be borne in mind that an increase in
the flow density (traffic size) causes a
decrease in speed of trains, and if the sections
are oversaturated with trains, it also results
in decrease of the use of available transit
capacity.

INTERACTION OF SPEED WITH OTHER
INDICATORS OF TRAIN FLOW

Based on the main characteristics of the train
flow, the transit capacity of the section can be
described by the formula:
n=2>y,
where n — traffic intensity, trains/h;

A — flow density, trains/km;

v —speed of trains, km/h.

If two of these three variables are known,
then the third is uniquely determined. Among the
variables under consideration, there is no one
that depends on only one parameter. However,
since intensity is a quantitative characteristic of
the transportation process, and speed reflects the
level of technical equipment of sections and
development of rolling stock, then they should
be considered as independent variables, and the
density should be deemed dependent variable.
Ratio (1) can be visualised as a surface in three-
dimensional space. In addition to the already
listed average values, determination of the fol-

(M

lowing values is of great practical and theoretical
importance:

n_ — maximum traffic intensity;

Vi — SPeed of trains in free conditions (in
accordance with traction calculations or traffic
schedule);

v, — speed, at which traffic intensity is maxi-
mum (N=n_ );

A, —maximum density, at which train move-
ment is impossible (v > 0);

A, — density, at which traffic intensity is
maximum (n=n_ ).

The intensity-density relationship (Pic. 12)
is the main train flow diagram. With an increase
in the train flow density, the intensity increases
to the maximum value n_corresponding to the
available transit capacity of a section (point B).
Starting from this point, an increase in intensity
at the entrance of the section does not lead to its
increase at the exit, as evidenced by a decrease
in intensity with a further increase in flow den-
sity. The vertical dashed line drawn from point
B, as it were, separates the conditions of train
traffic without delays (left) and with delays
(right). Point 4 is typical for free conditions of
train traffic without delays. Point C is within the
area of traffic conditions with delays and shows
that the same intensity can be achieved with a
much lower flow density (0,16 trains/km), i.e.,
an excess in the working fleet of wagons does
not lead to an increase in quantitative indicators,
but, on the contrary, reduces them and worsens
qualitative indicators of operational work. If on
a specific section (Pic. 12) it is necessary to in-
crease intensity, then density of the train flow
should be increased to 0,214 trains/km.

To characterise the use of the section’s capac-
ity, we will use the load rate, which represents
the ratio of the achieved traffic intensity n to the
maximum traffic intensity n__of'the section, i.e.,
y = n/n__. With the help of this concept, it is
possible to obtain comparable characteristics of
the flow of trains on different sections, since y is
a dimensionless quantity and can take any values
from 0 to 1.

Depending on the flow speed and its density
(see Pic. 12), the initial section of the curve cor-
responds to free movement of trains. With an
increase in flow density, speed of movement
decreases due to a decrease in average inter-train
interval and an increase in influence of trains on
each other. Point 4 corresponds to the speed of
movement v, in free conditions. This speed is
determined by traction calculations. The depen-
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Pic. 12. Dependence between speed of train flow, traffic intensity and density.

dence does not cross the vertical axis but ap-
proaches it asymptotically. The qualitative state
of the train flow can be characterised using the
concepts of the speed coefficient and the rate of
saturation of the section with trains.

The coefficient of speed u is the ratio of the
maximum permissible speed v at the achieved
density to speed of free movement v,_:
u=v /v .

per  free .

The coefficient of speed allows to evaluate
the effect of different flow densities on speed.
The quantity « is dimensionless and can take any
values in the range from 1 to 0.

The saturation rate of the section is the ratio
of the flow density at various traffic sizes A to
the maximum density A__ :

v |

As intensity increases to the maximum value
n .. corresponding to point B, speed decreases
(see Pic. 12). The part of the curve located above

point B corresponds to normal traffic conditions
without train delays, the lower part of the curve
corresponds to traffic conditions with delays.
Points 4 and C on «speed—intensity» curve cor-
respond to similar points on «intensity—density»
curve. Dependencies in Pic. 12 are obtained
based on computer simulation of train traffic.

The most important characteristic of the sec-
tions is the maximum train traffic intensity
(transit capacity). The satisfaction of the needs
of cargo owners and the population in transpor-
tation of goods and passengers largely depends
on the use of capacity and optimisation of its
development.

Density of the flow of trains can be taken as
hourly, daily, monthly, annual and for the cor-
responding period capacity will be obtained, but
formula (1) is correct only with a small load of
the section by trains. Since an increase in den-
sity of the flow of trains leads to a decrease in
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speed of movement, the correct functional form
of expression (1) will be:
n(2) = Av(4). 2)

Train speed is distributed within a certain
range (see Pic. 13), therefore it is advisable to
determine two types of average speeds (spatial
and temporal) and, accordingly, two density
distributions of speed v.

The spatial density of distribution of speeds
Jf(v) is determined for trains occupying the
section at a given moment of time, the temporal
density of distribution of speeds f{(v) — for trains
passing a given point of the section during a given
time interval. Then the average spatial and
temporal speeds are:

+ for double-track sections:

v= [ v ; 3)
0

vi= | v ; 4)
0

« for single-track sections:

vo= | rway; (5)
0

vi= | sy (6)
0

In formulas (3) and (4), the lower limit is
assumed to be zero since there is no oncoming
traffic along each separate track of a double-track
section. The lower limit in formulas (5) and (6)
shows that on single-track sections, trains move
both in forward and backward directions.

For the theory of train flows, harmonic
average speeds v, and v, based on the

corresponding distribution densities, are of
interest; for example, for a double track section:

1
sTEL o (7
[EAGE
oV
1
V= . ®)
| AR

The necessity of using harmonic average
speed in some cases will be illustrated by a
simple example, which shows what difficulties
arise when considering the flow of trains. Let us
assume that three trains have covered a 10 km
stage at speeds of 40, 50 and 60 km/h respec-
tively. Obviously, average speed is 50 km/h.
Similarly, the average travel time is 0,206 h.
However, these values (10 km, 50 km/h, 0,206 h)
do not satisfy the equation s = vz.
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Pic. 13. Distribution of running speed of train movement on the section.

The reason is that this equation is valid for
mean values only if the harmonic mean is taken
for speed, and the arithmetic mean is taken for
time, or vice versa. Here, as above, it is assumed
that the flow of trains is stationary and that speed
of each train is constant during the time interval
that determines average temporal speed, or
along the section that determines average spatial
speed.

Let A dv and n dv represent, respectively, the
differentials of density and traffic intensity of
trains which speed lies in the range between v
and v + dv. Then the following expressions for
distribution densities f,(v) and f{(v) are valid:
SWdv=ndv/)\; 9

fWMdv=ndv/n (10)

where A and n are, respectively, density and in-
tensity of the train flow.

From the expression (1) it follows that n_
VA

Using this expression, we get from formulas
(4) and (5):
nf,(v) = vif,(v) .

(11)
Then v, = [v,(Wdv=n/%, since [/(av=1.

Asa result:
n=>ny,.

12)
Thus, equation (1) is valid for average spatial
speed v, even if train speeds are not the same,
but are random variables with an arbitrary
probability distribution. On the other hand, by
substituting equations (12) and (11), we find that:
L0 =L0w /v, (13)
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Equation (13) describes the dependence
between spatial and temporal speed distribution
densities. By dividing by v and integrating both
sides of equation (13), we obtain:

1 17 1
[Zfmydv==[ f(»)dv==.
oV Vs 0 Vs

Returning then to equation (8), we notice that
v,=v,. Thus, average spatial speed is equal to

average harmonic temporal speed.
Then we consider the relationship between
v, and ¥, . Let’s substitute equation (13) in (4):

?,:Tvzfs(v)dv/vj

If we determine dispersion of average spatial
speed as:

o = [r=v) £y =¥ fr)dv—2,

then we get:
v, =y, [1+(0, /)7 ]

Thus, for large values of o, the difference
between average spatial and average temporal
speeds also becomes large.

SUMMARY

The widespread practices of changing only a
single component shows that in a dynamic and
internally connected complex system of railway
transport, this results in a change in many other
components. The results of the study of interaction
of train speed with other indicators of the
transportation process have confirmed this statement.
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Both papers under the History Wheel
heading are first parts of publications
to be continued in the next issue.

INLAND

INFRASTRUCTURE 218
|
The first part of the published article
deals with the birth of the man-created
road infrastructure created and

the first vehicles. Despite the fact that
the journal has repeatedly published
materials on the evolution of transport,
the topic is inexhaustible, and each
author finds in it his own special
attractive features and curious facts.
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HOW THEY DID
CONCEIVE BETTER
MANAGEMENT
OF RAILWAYS:

110 YEARS AGO 228
|
First part of the report of a prominent
expert in the Imperial Russian Technical
Society made in 1910. This fragment
pays main attention to employment
issues, namely, in modern terms,

to development of human resources
and to comprehensive social and
staffing policy of railways. Then as now,
it was evident that skilled and motivated
employees ensure the success

of transport activity.
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ABSTRACT

The article, consisting of two parts, studies historical and
economic aspects, physical infrastructure and technological basis of
emergence, formation, and evolutionary development of inland
transport infrastructure. In contrast to water and air transport, land
transport, due to its linkage to a certain territory, developed in a very
restrained and nonlinear manner. Its infrastructure, represented by
the simplest paths and roads, of course, played a certain economic
role, but until 18"—19" centuries was not considered as the basis for
regular advance and exchange of goods. In different parts of the
world, the infrastructure of land transport developed differently which
was largely due to the prevailing socio-economic institutions.

For many centuries, the technical condition of the inland
transport infrastructure and its economic importance have not
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undergone any significant changes. Therefore, the end of the
medieval era and a significant breakthrough in development
of land transport are interdependent processes. The
emergence of an era of economic growth, including
development of international trade and an increase in social
welfare, would not have been possible without a well-
functioning land transport system. Nevertheless, land transport
until the beginning of 19" century was not associated with a
reliable, fast, and regular medium of exchange and travel. Only
with the advent of railways the situation changed radically.
Paved roads were also developing. From this moment land
transport and its infrastructure has become the basis of the
dynamic economic activity of society.
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INTRODUCTION
Birth of Formation of Land Transport
Infrastructure

The land transport infrastructure has been
known since ancient times. A trail or dirt road is
the simplest object of transport infrastructure.
Over the course of several thousand years, roads
have evolved significantly, turning into
sophisticated engineering systems that are
arteries for trade and movement of people. The
economic significance of land transport is very
high since penetrating to any point on the
continent, it «compresses» distances and creates
the most favourable conditions for exchanges
and division of labour. Land transport and its
infrastructure are also unique in that they must
compete with other modes of transport, which
are water and air ones, in unequal conditions
since they need to create an artificial route. It is
one of the reasons why, until 18"-19" centuries,
transportation by land was a daunting task. Only
with the advent of vehicles running on rails
(railways) land transport was able to compete
with water transport and became the main
catalyst for the era of modern economic growth.

Indeed, it is worth noting that since ancient
civilisations, in Mesoamerica, on the Mayan
lands, there was an extensive road network —
sakbé («white roady, a stone-paved road) (Pic. 1).
Its development attracted special attention

despite the dominance water transportation and
the absence of draft animals [1].

Similarly, development of roads took place
in the early period of the existence of the Andean
civilisation, in 1%-2" centuries B.C. Then the
well-being and socio-economic status of the
province depended on availability of a road [2,
p. 261]. By the middle of the 1% millennium A.D.
a network of main routes had been developed in
the Andes. It was not the network of trails but of
well-maintained roads equipped with caravan
terminals, along which caravans of many
hundreds of lamas were driven. Due to this, the
Andean civilisation developed specialisation and
settlements arose [3].

The longest of the Inca roads was over 5
thousand km. This is twice the length of the
famous Royal Road, the main land route of the
Persian Empire. According to some estimates,
the total length of the improved paths of the
Incas reached 30 thousand km. This means that
the provision of both the territory and the
population with inland infrastructure then
exceeded the level of the Roman Empire,
which can be considered the standard of
transport development (especially of land
transport) in the Ancient world. And in Europe
at the time of the Inca Empire, there were no
roads that would have been close in terms of
improvement to the Inca ones. In many ways,

Pic. 1. Sakbé. A stone-paved road. (Sakbe — mysterious ancient maya roads. [Electronic resource]: https://zen.yandex.ru/media/chronoton/

sakbe-zagadochnye-drevnie-dorogi-maiia-5df0b53eb477bf00af8391ef. Last accessed 11.06.2021).

8  World of Transport and Transportation, 2021, Vol. 19, Iss. 6 (97), pp. 218-227

Razuvaev, Aleksey D. The History of Development of Inland Transport Infrastructure:

Technology and Economic Aspects. Part 1




Pic. 2. A section of the Royal Road that has survived to this day. (Persian state: history of origin, life and culture. [Electronic resource]:
https://autogear.ru/article/165473/persidskaya-derjava-istoriya-vozniknoveniya-byit-i-kultura. Last accessed 11.06.2021).

an extensive network of roads contributed to
unification and unity of the Inca Empire
[2, p. 263; 4].

The Assyrian and Persian empires carried out
a large-scale arrangement of overland transport
ways in the East [5].

The Persian Empire, which united almost the
entire Ancient East, created a unique road
network. Improved roads crossed the country in
different directions. The previously mentioned
Royal Road had a length of almost 2 thousand km
(Pic. 2).

The Greeks also had good roads, which
served, however, mainly to get to the sacred
places. The experience of Greece in creation of
track ways is noteworthy. The most famous is
the diolkos, a track portage road along the
Corinth Canal (Pic. 3). Also, in Ancient Greece,
the track was used for various needs, when there
was a need to transport heavy loads over a short
distance! [6, p. 9; 7].

The Roman state (in the republic, and then in
the Empire), which became the successor of the
Hellenistic world in the Mediterranecan, created
apowerful road network, which, as in the Persian
Empire, was primarily of military-strategic
importance, but, naturally, facilitated trade
relations and travelling [8—10].

t Track roads of Ancient Greece. [Electronic resource]:
https://aldanov.livejournal.com/364552.html. Last accessed
11.06.2021.

We can say that the Roman state developed
together with the development of the road
network. The first ancient Roman paved road,
Appian Way, 62 km long, was built at the end of
4t century B.C. (Pic. 4).

Five centuries later, during the period of the
mighty power of the Roman state, which had
already become an Empire and subjugated not
only the entire Mediterranean region, but also
several remote lands, there were 372 stone-paved
roads with a total length of about 80 thousand km.
These roads were built in a straight line, drainage
ditches were dug on their sides, bridges were
thrown across rivers and ravines, some of which
have survived to our time.

The zeal of the Roman Empire in road
construction was very significant and was supported
by various social institutions and advanced
engineering thought [11, p. 179-180]: «Roads in
ancient societies were most often ground-coated,
and at different times of the year they turned into
swampy ditches or dusty paths. The Romans,
starting with the Via Appia from Rome to Capua in
312 B.C., put a tremendous amount of work and
organisational effort into creating an extensive
paved road network. Perfect Roman viae? consisted
of layers of gravelly concrete, cobblestones, or
mortar-anchored stone slabs. By the reign of
Diocletian (285-305), the Roman road system

2 Roads (lat.).
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Pic. 3. Groove for transporting heavy loads (Diolkos.
[Electronic resource]: https://ru.wikipedia.org/wiki/Juonk. Last accessed 11.06.2021).

Pic. 4. Section of the Appian Way (modern view). (Appian Way. [Electronic resource]:
https://a-dedushkin.livejournal.com/630813.html/. Last accessed 11.06.2021).
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Pic. 5. Artistic illustration of the technology of building Roman roads with layer-by-layer detailing of masonry (How Roman roads were built.
[Electronic resource]: https://pikabu.ru/story/kak_stroilis_rimskie_dorogi_5870592. Last accessed 11.06.2021).

(cursus publicus) had grown to 85 thousand
kilometres. <...> In Western Europe, Roman
achievements in road construction were surpassed
only in 19" century, and in the eastern regions of
the continent — only in 20"» (Pic. 5).

Labour costs for construction of Roman roads
are analysed in detail in [11, p. 180]. It provides
data that, based on the need for building materials
and labour costs for construction of the road, an
amount of 1,2 billion workdays can be obtained
(this amount is made up of the following
boundary conditions: with a roadway width equal
to 5 m and a depth equal to 1 m, as well as
alength of ~85 thousand km, the initial earthwork
is taken equal to 800 Mm?, and the subsequent
work on displacement of building material are
considered equal to 425 Mm?. If a single worker
copes with 1 m® of material per day, a total value
of 1,2 billion workdays is obtained). Even if
continuous maintenance and repair of roads will
triple this figure, its proportional distribution over
600 years of construction will result in an annual
average value of about 6 million workdays,
which is the equivalent to work of 20 thousand
builders (with an approximate number of 300
working days per year).

Roman roads, given the scale of construction,
the cost of energy, time, material and labour, can
be safely attributed to one of the wonders of the
world. The speed of movement along them and
the volume of transportation by land were at that
time the most developed, given that the speed of
information transfer from Antiquity to the end of

the Middle Ages was almost unchanged and
amounted to about 1 mile per hour [12, p. 253].

Then long distances were covered by
messengers on fastest horses: the recorded
maximum for Roman roads was about 380 km/day
[11, p. 180].

Freight transportation by land was poorly
developed. The low speeds and small capacity
of land transport led to high costs. In 301,
transporting grain for 120 km by road costed
more than transporting it by ship from Egypt to
Ostia, the sea gate of the Roman Empire [11,
p. 182].

On the territory of the Muslim world, there
was nothing comparable to Roman roads,
although communications were intense. Cities
and countries far removed from each other were
connected by caravan routes and ways, which
were technically just paths [11, p. 180].

The work [11, p. 181] noted about the
previously mentioned history of creation of the
road network of the Inca Empire, which had
a considerable length, but on which wheeled
transport was not used: «The Incas, strengthening
their Empire in 13"-14" centuries, built an
impressive network of roads. <...> Their total
length reached about 40 thousand kilometres,
including 25 thousand kilometres of all-weather
roads crossing drainage pipes and bridges and
equipped with distance indicators. Of the two
main royal roads, one, winding through the
Andes, was paved with stones. Its width varied
from 6 meters on river terraces to only 1,5 meters
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where it went over the rocks. The unpaved road
near the coast was 5 meters wide. The roads of
the Incas were not intended for wheeled
transport, only caravans of people and pack
lamas moved along them, carrying 30-50 kg of
cargo per animal and passing less than 20 km/
day». At the same time, K. Marx noted that «...in
the kingdom of the Incas, the transport industry
played an important role, although the social
product was not circulated as a commodity, was
not distributed through exchange trade» [13].

In China, during the reign of Qin and Han
dynasties, an extensive system of roads with
a total length of about 40 thousand kilometres
was built. The Roman road network, created
around the same time, had a greater length and
road density per unit area, and had better
pavement.

The infrastructure of land transport in the
Middle Ages not only did not receive further
development but was destroyed. The socio-
economic processes taking place in Europe, in
particular the raids of the powerful barbarian
tribes and naturalisation of the economy, threw
the infrastructure of the road network back to the
period before the ancient era [8].

The first victims of the decline and collapse of
the trading system of ancient times were Roman
roads. At the same time, the medieval roads that
appeared later, from a material point of view, were
not so much roads as ways [14, p. 36].

The roads were practically not built or
maintained [15]: «Almost all land roads were
unpaved, which made it extremely difficult or
even impossible to use them during the spring
and autumn muddy seasons. Moreover, they were
often so narrow that two carts could not part.
The surviving sections of the paved ancient
Roman roads were often dismantled by the
neighbouring residents to get stones for their
needs».

«The medieval road was depressingly long
and slowy. Daily journeys «varied depending on
the nature of the terrain from 25 to 60 km» [14,
p. 166].

It was not possible to completely destroy the
Roman road network, which is why Byzantium,
which inherited the network of land roads and
seaports from the Roman Empire, began to play
a key role in trade between East and West.

The key event that determined formation of
the modern infrastructure of land transport was
creation of an artificial way, which later evolved
into a railroad track.

®  World of Transport and Transportation, 2021, Vol.

Evolutionary Development of Land
Transport Infrastructure

The development of the road network and
of vehicles are closely related to each other,
so closely that improvement of vehicles
depends on the quality of the road surface, i.e.,
quality of the road infrastructure [16]. For
example, in England during the reign of
Charles I, movement of stagecoaches on public
roads was prohibited for some time to protect
them from deterioration. But there was also
a stricter prohibition. The law limited the
minimum width of the iron carriage cover
(up to 40 mm). At the same time, broad-
wheeled vehicles were even exempted from
tax at the outposts [17, p. 232].

In terms of quality of pavements, France was
in the lead just before the industrial revolution,
introducing new types of paving and reducing
tariffs for current maintenance. In the middle 17
century, special organisations for current
maintenance of road surfaces began to appear in
Great Britain: road trusts, the prototype of
modern infrastructure companies. Before them,
the maintenance of roads was carried out by the
residents of the district where the road passed
[17, p. 477].

The evolution of road paving in Great
Britain made it possible in 1832 (just during
the massive use of carriages) to increase the
average speed to 15 km/h, and the London—
Edinburgh route, which until 1776 had taken
four days, could be overcome in 42,5 hours.
D. L. Macadam’s paving technology has
become the most applicable in the world largely
due to simple solutions and low construction
costs (Pic. 6) [17, p. 480].

With the increase in traffic intensity, paved
surfaces were replaced by asphalt concrete ones.
In 17" and early 18" centuries, a railroad
appeared in England, which, in its most primitive
form, had existed at German mines already
30-60 years before. First, a guide pin was placed
on the trolley, moving along the chute, and then
wooden flanged wheels were used (Pics. 7,
8)[17, p. 233].

The British first used rails in 1597-1598 in
coal mines. The trolley wheel was rolling in
a groove along the slopes, according to the
principle of movement along an antique track
road, but then the shape of both the rail and the
wheel changed. Originally the rails were made
of wood. In 1767, the first metal rails were
manufactured for a metallurgical plant in
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Pic. 6. Country road built using Macadam’s technology (Macadam. [Electronic resource]:
https://en.wikipedia.org/wiki/Macadam. Last accessed 11.06.2021).

Coalbrookdale [17, p. 234]. Then, within ten
years, wooden rails were replaced with iron ones
within the entire factory rail system (its length
was 16 miles, about 26 km).

The emergence of railways is due to two
macro-inventions: smelting of relatively cheap
cast iron and emergence of a steam engine [12,
p. 253].

The world’s first public railway with steam
traction was built in England by George
Stephenson in 1825, it ran between Stockton and
Darlington® [18]. On September 27, the steam
«Lokomotiv» pulled a train of 34 cars, including
28 cars with 400 passengers, at a speed of up to
24 km/h. In 1830, according to Stephenson’s
project, Liverpool-Manchester railway with
a length of about 50 km was built and put into
operation [19, p. 28].

Speaking about the first railway lines, one
cannot fail to note Middleton railway, the world’s
oldest public railway, operating without
interruptions since 1758. It went all the way of
early evolution — from horse tram and cast-iron
rails to cogwheel rail and steam. Initially, it was
operated as an industrial, and then as a commercial
one.

Atthat time, large-scale earthworks, drainage
of swamps, the need to comply with a minimum
longitudinal gradient and overcoming natural
obstacles (rivers, gorges, mountains) became the

3 Stockton-Darlington railway. [Electronic resource]:
https://ru.wikipedia.org/wiki/>XKene3nast_nopora_Crok-
ToH_— Jlapnunrron. Last accessed 11.06.2021.

4 Middleton railway. [Electronic resource]:

https://ru.wikipedia.org/wiki/MuToHCKas_keae3Has_Jo-
pora. Last accessed 11.06.2021.

distinctive features of road (highway), and then
railway construction. In this regard, starting from
18" century, bridge construction entered a new
round of development. The bridges of Jean-
Rodolphe Perrone (France), Robert Mylne, John
Rennie, Abraham Darby, Thomas Telford (all
Great Britain), Dmitry Zhuravsky (Russian
Empire) are known [17, p. 498-508].

Tunnelling, previously actively used only for
the mining industry, attained new level. In 1830,
a tunnel section of the railway to Liverpool was
built. Tunnels were laid under the Thames (Tower
Tunnel, 1869), and in the Alps at the end of 19"
century—the beginning of 20" century (Mont-
Cenis, Saint Gotthard, Simpion) [17, p. 508—
514].

Infrastructure restrictions remained in many
countries until 18" century [11, p. 182]: «For
example, at the beginning of the century it was
cheaper to deliver certain goods to England by
sea from Europe than to bring them by land from
remote regions of the country. Travelers described
the condition of British roads as barbaric,
disgusting, vile and hellish».

The roads in continental Europe were no
better. Fundamental improvements in road
infrastructure did not begin until after 1750. At
first, these included widening roads and ensuring
good water drainage, and later — creating and
strengthening the pavement with more durable
materials (gravel, asphalt, concrete). By the
middle of 19" century, the maximum cargo
allowed for transportation in France increased to
almost 1,4 tons, four times more than in Roman
times [11, p. 182].
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Pic. 7. Wooden trolley with a guiding axle pin. (Minecart. [Electronic resource]:
https://en.wikipedia.org/wiki/Minecart. Last accessed 11.06.2021).

Pic. 8. Wooden trolley on wooden guides (beds) with wheels with flanges.
(History of railway transport. [Electronic resource]: https://ru.wikipedia.org/wiki/Acmopusi_xene3HodopoxHo20_mpaHcnopma.
Last accessed 11.06.2021).

The notes of domestic travellers who covered
considerable distances in the era before the
railways, likewise, are replete with many
unflattering reviews about the road infrastructure.
The roads of acceptable quality existed only in
the western part of the Russian Empire, besides,
among them there were only a few routes that
made it possible to travel by wheeled transport
without many hours or even multi-day stops
(roads from St. Petersburg to Moscow, to Pskov,
to Novgorod). A. S. Pushkin, A. N. Radishchev,
the English scientist W. Cox, the Hanoverian
resident at the Russian court F. H. Weber, the
honorary surgeon and personal physician of

Alexander I D. K. Tarasov and many others wrote
about the inconveniences of travelling.
Nevertheless, the passion for travel among
Russian writers, poets and artists did not fade
away, but with the advent of railways, on the
contrary, began to manifest itself to a greater
extent, as evidenced by their publication activity
and involvement in transport topics [20-22].
Regarding development of railways, it is
worth noting that [11, p. 236]: «Starting with the
first intercity branch at 56 km (Liverpool—
Manchester) in 1830, British railways stretched
up to 30 thousand km by 1900, in Europe the
total length of railways was 250 thousand km.
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Worldwide, the most powerful expansion of
railways was observed in the last three decades
of 19th century. By 1900, the network in Russia
had reached 53 thousand km (but the Trans-
Siberian Railway was completed to reach the
Pacific Ocean only in 1917), in the USA at the
same time there were more than 190 thousand
km (including three transcontinental lines), and
in total in the world (with most of the remaining
railways in British India), there were 775
thousand km. As a result, the expansion of the
rail network was the main reason for the
unprecedented demand for steel in the second
half of the century».

It should be noted as an interesting fact that
in urban transport, the peak of the importance of
horses fell on the era of steam locomotives,
between the 1820s and the end of 19" century.
While railways carried long distances, traction
transport began to dominate all fast-growing
cities in Europe and North America, carrying for
short distances. The era of steam engines
increased the use of horses. Thus, cargo for the
railways had to be collected and brought to the
station on horse-drawn carts. It was not possible
to do without them even when delivering food
and raw materials from the suburbs [11, p. 182].
Soon, at the end of 19" century, with development
of electricity and the internal combustion engine,
trams and cars began to displace carriages from
the roads.

The construction of railways developed at an
unprecedented pace, changing the appearance of
cities and countries, influencing the life of people
[11, p. 314]: «Railways have transformed the
transport system in just decades. Due to them,
not only did the space shrink and change its
configuration, the level of comfort for travellers
also increased. The mile per minute (96 km/h)
was first reached for a short time by an ordinary
English train in 1847, this year is also marked
by some of the greatest railroad activity in the
UK, with a dense new transport network in just
two generationsy.

Having set the pace, Britain began to lose
leadership in the speed and extent of railway
construction, but continued construction in the
colonies. The USA and Russia were active
successors of British building traditions [11,
p. 314]: «The total length of British railways was
soon surpassed by the American ones, which
began to be built in 1834 in Philadelphia. By
1860, the United States had 48 000 km of track,
three times that of the United Kingdom. By 1900,

the difference had increased almost tenfold. The
first transcontinental line was completed in 1869,

and by the end of the century four more such lines
were built. In Russia, railway transport also

developed very quickly: by 1860 there were less
than 2 thousand km of tracks, but the figure had
grown to more than 30 thousand by 1890 and to

almost 70 thousand in 1913. The construction of
a transcontinental line across Siberia to

Viladivostok began in 1891 but was completed
only in 1917. When the British left India in 1947,

they left behind 54 000 km of railways (and
69000 across the entire subcontinent). No other
mainland country in Asia built railways on

a significant scale prior to World War II».

After the war, competition intensified from
the part of new modes of transport: cars and
airplanes. They diminished the relative
importance of railways in most industrialised
countries. Nevertheless, during the second half
of 20" century, the USSR, Brazil, Iraq, and
Algeria vigorously built new lines, and China
became the leader in Asia (more than 30 thousand
km were built between 1950 and 1990). And the
most successful railway innovation of the post-
war period was long-distance high-speed trains
(Japanese Shinkasen). They began to operate in
1964 between Tokyo and Osaka and developed
a maximum speed of 250 km/h. Today Japan is
a country with more than half a century of
experience in operating high-speed lines on an
innovative basis [11, pp. 314-315; 23].

Since 1983, the French trains a grand vitesse
(TGV) have been in operation. This is the first
high-speed rail project in Europe, the speed limit
of which implies a speed of up to 280 km/h.
Similar high-speed lines exist in Spain (4AVE),
Italy (Frecciarossa) and Germany (Intercity).
Over the past 20 years, China has set a new record
for the total length of high-speed rail lines. In
2014, there were 16 thousand km of such roads,
and in 2019 — more than 30 thousand km. For
example, in the USA Acela (Boston—Washington,
the average speed is only 100 km/h) is difficult
even to be attributed as a modern high-speed train
[11, p. 315; 24].

To be continued in one of the next issues.
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N. P, Verkhovsky, an experienced railway manager, wrote a book entitled «Railway
Confusion» and devoted to comprehensive solution of a wide range of topical problems of
organisation of the activity of railway companies. In 1910, he presented the book in a special
report to the 8th Department pf the Imperial Russian Technical Society. The report was
positioned as a focused review of the contents of the oeuvre. Extracts from the first part of the
report published below are dedicated to the detailed and argued reflexions of the author on
the requirements for the educational background of engineers and railway CEOs. If we use
modern terminology, then the speaker highlighted career trajectory more suitable to finally
occupy the position of managers, development of professional and soft skills, leadership

and team building, the role of railway high educational institutions, mainstream issues to

be included into curricula. Then the speaker refers to almost comprehensive set of issues
referring to staff management and social policy towards the employees. The issues covered
included organisation of railway education, high and higher school activities, social care
regarding railwaymen's children, health and many other aspects.
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Verbatim of the report of N. P. Verkhovsky
and the conversation in the 8" Department
of Imperial Russian Technical Society on
December 2, 1910, under the chairmanship
of A.N. Gorchakov.

Chairman. — Gracious sirs! The program
of Nikolai Petrovich’s report is placed on the
agenda. As you can see, it is very extensive,
at least in terms of the number of lines it
occupies.

The program of the report of N. P. Verkhov-
sky. The emergence of the idea of compiling
the book «Railway confusiony.

Contents of the book

A. About personnel:

1. An extremely careful and strictly
considered choice of new railroads’ heads and
managers.

2. Preparation of engineers for the post of
future head and manager of the road, the most
serious and difficult on the railways.

3. Preparation of all personnel for railway
activities through the following organisation:

a) Lower educational schools and colleges.

b) Secondary specialised technical schools.

c¢) Evening courses.

d) Lectures.
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e) Societies for the assistance to school
children.

f) Dormitories for school children.

g) Amusing regiments.

h) Libraries, reading room.

i) Bulletin of the railways.

j) Gymnastic and sports societies.

k) Railway Sobriety Societies.

1) Establishing a qualification for the
service of railway engineers and other
employees.

B. On streamlining the life of employees —
introduction of the following measures:

1. Arrangement of churches.

2. Organisation of resorts.

3. Improvement of residential premises and
services to them.

4. Promoting employees’ railway
construction.

5. Proper distribution of land.

6. Organisation of reasonable and moral
amusements.

7. Organisation of credit institutions.

8. Development of the issue of women’s
labour.

9. Development of the issue of remuneration
and bonuses for the work of employees, their
bonus and gradual increases in salary and
correct regulation of work and rest.

10. Changes to holiday rules.

11. Revision of the articles of association
of the pension fund.

12. Increased distribution of insurance.

13. Organisation of courts of honour and
community courts.

C. On organisation of railway management:

1. Organisation of railway districts.

2. Organisation of local management
councils of the same composition but with
greater rights and responsibilities.

3. Organisation of ministerial audits of
roads.

4. Organisation of congresses of senior
employees.

5. Establishment of the dominant position
of the Traffic Control Service.

6. Reorganisation of the Collection Service.

7. Reorganisation of accountancy reporting.

8. Increase in number of Legal Departments.

9. An increase in the staff of the medical
service and its provision with large material
resources.

10. Change in the program of activities of
the Commercial Departments.

D. About measures on general issues:

1. Weakening of antagonism between
employees.

2. Regulation of free travel and use of
service and protection cars.

3. Fight against ticketless travel.

4. Reducing correspondence.

5. Fight against the dominance of non-
Russian foreigners.

6. Fight against theft.

7. Reform of the rental of station buffets.

E. On technical equipment of railways.

1. Gradual systematic rearrangement of
station tracks in accordance with the functions
of the station.

2. Gradual systematic restructuring of
warehouses and platforms for loading and
unloading goods and changing types
[of delivery].

3. Organisation of major and minor repairs
of rolling stock on more rational grounds with
regard to Traction and Traffic services.

4. Gradual, systematic distribution of
different types of steam locomotives along the
roads and destruction of types of steam
locomotives and cars that do not correspond
to modern technology.

5. Construction in the required quantity of
a fleet of special cars — refrigerators for
transportation of perishable goods over long
distances.

F. On the internal organisation of the
economy of services:

1. Elaboration and legalisation of
a systematic system for changing sleepers and
rails and coefficients for the cost of repairing
the upper track of railways and the number of
workers per verst of the section.

2. Development of special rules for repair
of equipment of the traffic service.

3. Development of special rules for
accounting for tarpaulins, shields, livestock
bars, to avoid their loss along the roads, as
well as rules for their maintenance and repair.

4. Development of special rules for sealing
the cars.

Speaker — Gracious sirs! The Chairman of the
8" Department of 1. R. Technical Society asked
me to report on the main points I have taken on
the content of my book. I willingly undertook this,
desiring to exchange opinions with the venerable
assembly on the various questions raised by me.
Of course, I cannot report to you my entire book.
I have reduced as much as possible...
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First of all, I must explain why I had the
idea of compiling such a book.

The idea of compiling a book. The
constant dissatisfaction with the railway of
the public, population, economic, industrial
and trade organisations, and financial
spheres, expressed in the press, as well as the
constant complaints of railway employees
about their dissatisfaction with their legal,
moral and material existence, and the
appearance in the press of the book of the
non-technician, gave only a reason to express
the author’s thoughts inspired by many years
of practical experience — thoughts are
versatile, covering acute railway issues.

I was led exclusively by the utilitarian side
of the business, in the interests of the railways,
where I was born, grew up and served for 39
years. As a product of the railway industry,
I lived through everything I wrote about, and
as | disapproved of the activities of many
commanding officials with whom I had to
serve, I could not be passive about it. This
explains some harshness in assessment of the
specific facts I have indicated. Having become
related to the railway business and sincerely
grieving for its defects, I tried to point out
those measures that, in my opinion, could help
to streamline it.

Without claiming to be infallible,
I expressed my views on the matter as they
developed in me during my long service. I did
not try to be objective, as I cited a lot of
specific facts from my own practice.

It is impossible to report to the venerable
assembly everything that is written in my book
on 15 printed sheets in the short time given to
me, so [ will limit myself to a brief summary
of only the most important chapters.

In the planned systematic improvement of
the railway business, | attached the greatest
importance to the personnel, as a reasonable
mechanism that moves the whole thing. I will
start my report with it.

Personnel. The unpreparedness of
engineers to take the position of head of the
road. Selection, appointment, and training of
engineers for the activities of the head of the
road. — The main impulse, the active energy
of the whole business on the railway lines is
the head of the company — the head of the road
and the manager of the road. He is the bearer
of a unifying and guiding principle, which
should guide all the work of the railway to the

possible successful achievement of the totality
of the tasks assigned to it.

Satisfying the needs of the state, industry and
trade, the cultural and economic interests of the
population and the administration of an industrial
enterprise with a multi-million turnover is an
extremely important, serious, and responsible
task. Let us consider how the heads of roads, in
the present setting of the matter, can be prepared
for successful fulfilment of such versatile,
extensive and cardinal duties.

The study of special railway engineering
at the Institute of Railways and all subsequent
activities of the engineer, both in the
construction of roads and in their operation in
the service of the track, only prepare him for
acquiring experience in knowledge in the field
of engineering technology.

The head of the track service, who is
usually appointed as the head and manager of
the roads, does not have the opportunity not
only to study, but even to get acquainted
superficially with operation of the road within
the functions included in the field of technical
traffic, economic and trade spheres. He is so
busy with his own business, concerning the
repair of the track and buildings, and the
projects of new works and their implementation,
that he does not have the opportunity to get
acquainted with the tasks of the road to meet
state needs, industry and trade, the cultural
and economic interests of the population and
the area along which it runs operating railway.

The head of the road is charged with the
duty to be «first of all a good master of the
business entrusted to himy», but how can one
be a good master in a business whose main
functions, the operational side of the matter
and all the issues of technical and commercial
traffic related or arising from it, are completely
unfamiliar to him?

The financial success of every railway, as
of a commercial enterprise, depends chiefly
on correct operation of trains and disposal of
rolling stock, that is, precisely that part of the
matter in which the railway manager, who first
served in the track service, is the least
competent. This branch of operational affairs,
which requires the most knowledge and
experience, is completely unknown to him, as
he did not go through school in the traffic
service.

Disposal of rolling stock is such a difficult
element of the railway business, which even
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a specialist, the head of traffic service, cannot
always cope with, what directives can an
inexperienced head of the road give him?

The correct movement of trains and the
correct circulation of steam locomotives and
cars depend, of course, on the orderliness of
the traffic service, but on the indispensable
condition that it is provided with the necessary
assistance from other services, especially the
traction service. In the latter case, the interests
of the two services clash.

To resolve disputes and mutual
disagreement between the services, the
authority of an arbitrator in the form of a head
of the road is needed. If the head of the road
is a layman in this matter, then what kind of
arbitrator is he?

Under such conditions, it is extremely
difficult for the traffic service to conduct
business correctly and economically, and with
the constant absence of the support of the head
of the road, it is completely impossible.

The head of the road must direct all
business, give his directives, and take his own
initiative in improving the administration of
the line and the conditions of the road, which
often change according to the requirements of
trade and industry. A person who is not
competent in operation, as well as not familiar
with the economic situation of the region,
cannot carry out such a program. The
correctness of this conclusion is confirmed by
the scarcity of roads.

What is the position of an experienced head
of traffic when he has to deal with a head of
road who does not have the most elementary
concepts of the traffic service, which is the
alpha and omega of the railway business?

Strange as it may seem, but inexperienced
road chiefs usually cannot deal with
experienced and knowledgeable traffic service
heads, and they strive to appoint such young
traffic heads who themselves, having no
experience and knowledge, would not dampen
the absurd demands of their superiors.

A knowledgeable and experienced
subordinate always hampers an inexperienced
and undeveloped boss, because for any
unacceptable proposal of the latter, the first
will always find a lot of authoritative objections
dictated by the experience of previous years.

Bringing the road into a state of proper
organisation, order and profitability is
obviously beyond the capacity of the road

heads, who are ignorant of operation of the
road.

Things are handled quite differently by the
head of the road, who previously served as the
head of the traffic service, but, unfortunately,
there can be no more than two or three such
heads of the roads, and the roads they manage,
of course, are not among the scarce ones.

The traction service, as an exceptionally
special one with narrow horizons, also cannot
provide sufficient preparation for taking up
the post of head of the road.

From what I have said follows the urgent
need to organise the full training of engineers
for they can occupy the post of the head of the
road. It seems to me that this can be done by
the following measures. An engineer,
distinguished by his talents, love for work,
energy and ability to work, even in his youth
should be carried out in three main services:
track, movements and traction, appointing him
to responsible senior linear positions, after
a thorough study of which, he should be
appointed head of service for four-five years,
in each of these major services. After such
a test, he should serve two or three years as
an assistant to the head of the road, to
familiarise himself with all other services and
departments, especially with the commercial
department.

Having gone through such a school and
having practically acquired the qualification
of a road head, the engineer will receive
a completely universal knowledge of the
functions of all services, gain great experience
and, already as a head of the road, will be fully
armed with all the serious requirements placed
for a person holding such an important post.
Only under such conditions is it possible to
bring roads out of their chaotic state and make
them profitable.

Another of the main qualities necessary for
a person appointed as the head of the road is
firmness of character. It serves as the base for
direction of the entire local world.

Weakness of character is a very large and,
one might say, unacceptable defect in a person
holding such a responsible post.

In terms of seriousness and responsibility
of the case, the head of the road is hardly no
higher than a corps commander, or the
commander of a large naval squadron, but
these commanders are not appointed from
among persons who have not passed all the
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preparatory positions established by the
qualification for such posts, despite even the
patronage of aunts, uncles and all sorts of
relatives. In Germany, examinations have been
established for every railway position, why
don’t we introduce the skill I have indicated.

Before it is carried out, it is necessary to
appoint heads of roads from assistants who
are distinguished by their knowledge and
experience. But at the same time, not from
among the people who have already lost their
ability to work, as is often done now, should
be appointed to the position of assistant heads
of'roads, but, on the contrary, heads of services
outstanding in their activity and energy,
mainly from the traffic service, and thus
preparing them for taking up such a serious
post, as the post of head of the road.

Recently, that is, in 1909, two appointments
of road heads took place, for the state and
private roads, and both appointments fell on
the former heads of traffic, engineers Enman
and Borisov. This is a very gratifying
phenomenon in modern railway life, which is
of particular importance. It can be seen from
it that the administration of railways and the
boards of private roads, under the influence,
obviously, of the trends of the new ministry,
are taking the right path of appointing
department heads, from among the specialists
in the traffic service, as the most important
service on which the success of the technical
movement of the road depends. It would be
a pity if this principle were not applied in
subsequent appointments.

Strictly speaking, the principle by virtue
of which it is customary for us, as if it is by
heritage, because of long-standing precedents,
to assume that the head or manager of the road
should be a railway engineer, has not been
clarified at all.

Our best managers, at that time, like
I. E. Adadurov, S. Yu. Witte, who talentedly
created a new railway business at that time,
were not railway employees.

In England, the managers of the roads are
all exclusively practitioners who have
developed during service in various branches
of the business, mainly technical, traffic and
commercial railway operations, and have
come to the fore through their useful and
talented activities. They are not specialists in
construction and mechanical engineering, but
people of talent, intelligence and ingenuity, in

whose hands roads grew into profitable
enterprises. They themselves are directly in
charge of movement of trains and goods,
without special traffic heads. There is no last
post on English roads at all; there are only
assistant managers working on their
instructions.

To conduct the technical work of building,
repairing buildings, tracks, managing steam
locomotives, cars and workshops in England,
there are specialist engineers who do not act
as road managers, as they are not prepared for
such activities.

I am far from thinking of preventing the
railway employees from occupying the
positions of heads and managers of roads, but
I declare only the need, in the interests of the
cause, for serious practical preparation of them
for this difficult duty, in the manner I have
indicated above. I insist on the need to adhere
to the wise English principle, beautifully
expressed in the saying: «the right man on the
right place».

In the institutes of railway engineers,
additional courses in operation of railways
should be opened, more detailed than those
taught at present, as well as courses in
statistics, accounting and commodity science
for persons who intend to devote themselves
to the operational service on railways.
Candidates for the posts of managers and
heads of roads should develop in themselves
the commercial acumen necessary for the
ringleaders of a large commercial business.

The talented head of the road directly takes
upon himself the directive of the whole matter,
in which he shows his personal initiative: he
becomes an authoritative arbiter in case of
misunderstandings between the heads of
services and departments, bringing them
together and coordinating them in joint affairs
and cooperating their activities. He leaves
behind only matters of special importance. He
entrusts the rest to his assistants, the manager
of affairs and the engineer of special
assignments, who are charged with the duty
of constantly keeping him informed of
everything that happens on the road, reporting
on everything done that is of serious
importance, and in difficult and more or less
important cases to consult with him and
receive his instructions and orders.

The ability to impress everyone, to
illuminate the matter and to warm all
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employees with its impulse — this requires
great talent, and this is the whole secret of the
success of the road. Only that boss who, in
terms of intelligence, talents and knowledge
of the matter, stands head and shoulders above
his subordinates, can impress them, cooperate
with their work and serve as a real tuning fork
for his orchestra.

The harmony of the choir in the railway
business leads to order and income, —
dissonances to disorder and scarcity.

The talented distribution of labour among
his direct employees provides the head of the
road with enough free time to travel along
the line, not only during the mandatory spring
and autumn inspections, but also at any other
time when the personal presence on the line
of'the head of the company makes it necessary.
In order not to return to the road heads
anymore, | will touch upon the issue of their
reward; it seems to me that their salaries
cannot be considered exaggerated in
comparison with the remuneration received
by representatives of private large commercial
firms. A decrease in salaries will only cause
the impossibility of attracting capable and
talented people to occupy these positions,
who, by their energetic and reasonable work,
can develop movement of goods on the road
and give it the opportunity to become
profitable. A bad boss, of course, does not
deserve a large salary, but such a person
cannot be put at the head of the business,
since he is harmful to the business, regardless
of the salary received.

It must be taken into account that the
activity of the head of the road is not
determined by the hours assigned for classes;
it is not interrupted day or night, weekdays or
holidays. Every minute he must be fully armed
with urgent orders. Just as the movement of
trains on the roads is not interrupted, so is the
activity of the head of the road uninterrupted.
Such a state of something costs the nerves of
the organism and, in the issue of remuneration,
should, in all fairness, be taken into account
in favor of the heads of roads.

The most correct thing would be to give
part of the salary depending on the profitability
of the road, but it is almost impossible to work
out a general, universal coefficient for such
remuneration, due to the difference in the work
of each individual road. It would be necessary
to develop a coefficient for each road

separately, which presents significant
difficulties.

In any case, one of the elements of the
additional remuneration offered by the «Non-
Techniciany», depending on the production of
new works, I consider unacceptable. The road
heads are already most busy with the technical
construction part, despite the fact that there is
a specialist track master with a technical office
on the road, and the material interest of the
road head in savings on new buildings will
interest him even more actively in this part of
the matter, to the direct detriment of others,
more important commercial service industries.

The bonus factor for the head of the road
should be worked out only depending on the
net profit of transportation, on the success of
the turnover of the rolling stock and on the
productivity of its work.

The calculation of the bonus factor requires
such a subtlety in determining the function of
the road that it will probably never, or at least
for a very long time, be applied.

The results of the financial activity of the
road are currently completely dependent on
tariff rates, on the mass of mandatory unpaid
transportation of the postal department, the
prison administration, poorly paid military and
resettlement state transportation, the mass of
requirements for roads by the Railway
Administration and the Ministry of Railways,
in view of the regulation of the case, and on
the Highest passages, as well as the military
department, in the interests of extreme
importance — the defence of the state.

All these transportations and requirements,
usually exceeding the size of estimated
assumptions and appropriations, cause
unforeseen expenses that are inaccessible to
accounting for the cost of the road; they
undoubtedly have a serious influence on
profitability of the road and thus represent
factors that introduce elements that are
difficult to take into account and even often
complete confusion in the calculation of
bonuses, the basis of which should be purely
mathematical quantities that are quite tangible
and accessible to accounting.

It remains only to apply to the chief of the
road the method of additional remuneration

with large bonuses for successful results of {El

the road operation, as is done by the boards of
private roads. Under such a system, of course,
it is necessary to reduce the size of the
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estimated salary to such a minimum at which
it, together with awards, would be equivalent
to real salaries of the chiefs of roads.

The idea of bonuses should not include the
desire to reduce salary of the head of the road,
but only the desire to coincide with a fairer
payment for the utility of labour.

Personnel training. — 1 will turn to the issue
that is one of the most difficult tasks of the
department, namely, preparation of personnel
for reasonable performance of their duties,
guaranteeing, to the maximum possible, safety
of movement of passengers, integrity and
success of transportation of goods.

Nowhere, in any other enterprise, the
success of a business is not so partially
dependent on individual qualities, properties,
knowledge, experience, good and bad will of
each individual employee, young and old.
Despite the special importance of such
a formulation of the matter, on which the lives
and property of citizens on the railways
depend, to our shame, very little has been done
in this regard.

Let us consider all the institutions organized
on the railways for personnel in relation to
preparing them for railway activities and
ensuring their mental, moral, family, hygienic
and material existence.

Let us see if it is possible to put the
conditions for existence of railway personnel
in such a position in which people would go
to the service of the railways with a store of
knowledge, education, would go not because
there was nowhere else to go, but in order to
apply their knowledge, strength and energy to
the cause of such a corporation, the service in
which would provide some privileges to
worthy agents and which it is impossible for
the first comer to get into.

Educational institutions, lower schools
and colleges. — For more than half a century
there have been railways, but so far nothing
significant, systematically defined in training
of personnel has been done.

Reorganization of railways must begin
with organization of the life of personal. It is
necessary to raise its low cultural level and
establish legal and domestic security.

There are attempts at several separate roads
to organization of various educational
institutions a common program has not yet
been worked out, although at the deliberative
congresses of the leaders of movement

questions about this have been raised more
than once, the developed reports and projects
of measures have been read.

So far, only one South-Western road is
richer than others in schools that provide some
education for the children of employees and
training for the employees themselves, but
they are still far from systematic, school,
special training of employees for various
special branches and occupations.

In the educational issue, it is necessary to
distinguish between two categories of
institutions that have a very distant connection
with each other — these are lower educational
schools for minors and secondary schools —
specially preparatory for adults.

The former ones provide a general, lower
education, which is necessary for every child,
no matter in what field he may labour in the
future. The only thing these schools have to
do with railway business is that they are
supported by railway loans and teach the
children of railway employees. They teach
only literacy, prayers and the first rules of
arithmetic.

This training is carried out at school age,
which cannot be utilized by the railways for
carrying out any practical work. It constitutes
only the basis and impetus for further education
for pupils and pupils who have the means and
the ability to improve.

The category of the latter represents
a single phenomenon, but as a rule, railway
boys who have been educated in lower railway
schools are scattered in various fields of
technical, economic and social life, as
applicants prepared for a future independent
life in order to guarantee their own maintenance
and their future family or elderly parents.

Some of them, of course, return to the
railways when they reach adolescence or
adulthood and are attached by their parents or
relatives to various positions, such as the
telegraph office, all kinds of offices and linear
positions of markers, sealers, weighers,
conductors, repair workers, etc. Those trained
in the skill go to railway repair and traction
workshops.

Secondary special schools. — The second
category of schools is secondary special,
preparatory, and of these there are only
technical railway schools. These educational
institutions prepare young people directly for
railway activities, as road foremen and,
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especially, machinists. Strictly speaking, only
these schools can be considered as institutions
that prepare young people for railway
activities. But, unfortunately, there are few
such schools, no more than one or two per
road, and there are none at all on new roads,
which is why the contingent of trained people
is very small. There are currently 41 schools.

There is also a special kind of preparatory
institutions — these are evening courses. But
they are not very common, and then only on
some old roads.

The management of the railways has
a special task, which in its seriousness is the
alpha and omega of the entire railway
business — this is precisely development of
a systematic planned organization of schools,
schools and courses so common that not
a single railway position of any technical
nature, in a universal meaning of the word,
has not been replaced by anyone other than
a person specially trained to occupy it.

Only such preparatory educational
institutions can develop a technically trained
cadre of personnel of junior employees who
can provide a guarantor of the correct and
conscious performance of their duties.

It should be introduced as a rule for
unswerving execution that no special position
on the roads should be replaced except by
presenting a certificate of education and
passing a test in the appropriate special school.

At present, persons who do not have
a certificate of passing the exam are not
accepted for positions related to technical
movement of trains, and even all such persons
newly entering the roads are tested in
examination boards organized at traffic offices
or movement service departments. Passengers
can be sure that the employees on whom safety
of sending trains to hauls and ordering their
movement along the station tracks depends,
are really familiar with their business. Their
service mistakes are possible only due to
inattention to performance of official duties,
and not due to unfamiliarity with them and
with the established rules. In this regard, the
roads provide passengers with a real guarantee.

But train safety on the hauls is directly
dependent on correct, thorough and skilful
inspection of all the running parts of the cars,
the lubrication of axle boxes, on correct
maintenance of switches and tracks, why all the
junior employees, whose duties are to perform

these functions, as inspectors, oilers, switchmen,
maintenance workers and senior workers, must
be trained in their specialty and examined.

But one cannot be complacent about
organization of examination committees, i.e.
verification of acquired knowledge; it is also
necessary to provide employees and outsiders
with easier ways to study the railway business
in special schools, colleges, i.e. to acquisition
of this knowledge.

They are especially needed by a contingent
of people who are preparing themselves for
technical activities in movement of trains. In
practice, telegraph operators are usually
prepared for this activity, and then only
through a long observation at the stations of
the matter of technical movement between
their work. On many roads, various manuals
and catechisms are sent to the stations, serving
as manuals for studying the rules established
on the roads. Such a distribution should be
built into a system, made mandatory, so that
the employees of each station have at hand the
means for inquiries and self-study.

Practical study and training in the manuals
and catechisms only make it possible to pass
the exam for the right to be on duty on
movement. But this is absolutely not enough,
schools and systematic courses are needed.

Will there be no systematic, planned
training of employees, there will be no suitable
people, and as a result of this order and
correctness of the course of the whole thing.

There are private railway courses in the
capitals, but, unfortunately, they train
specialists not so much in the railway business
as in the commercial one.

In St. Petersburg, under the Imperial
Russian Technical Society, there are special
railway courses. But all this is a drop in the
ocean, compared with the actual need for
training of railway technicians.

The railways have taken it upon themselves
to take care of the education of the younger
generation of junior railway employees.

The duty is quite honourable, but,
unfortunately, loans allocated for education
are almost always insufficient on all roads, as
a result of which the children of not all railway
employees who do not have the means to use
city schools and state educational institutions
can study in them. In this case, the children of
employees who live at small stations and do
not have schools suffer especially.
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Indeed, all railway schools are located at
large stations, where there is a significant
contingent of employees.

The only way for the children of employees
at intermediate small stations to receive
primary education in such schools is to settle
them at large stations in foreign families. But
this involves substantial expenses that only
a few of the employees can afford, the
youngest as workers, watchmen, switchmen
and others who receive a small salary, are
forced to refuse it and leave their children —
illiterate.

Of course, by chance, sometimes employees
are at the station, and more often their wives,
who take it upon themselves to teach such
children to read and write for a small
remuneration, but this phenomenon is quite
rare.

Although organization of schools for initial
education of children of employees is not of
direct benefit to railways, nevertheless this
kind of activity is urgently needed to arouse
in employees an interest in devoting themselves
to the service of railways and to bind them to
them.

In this regard, the roads should do their
best to ensure that child education benefits are
in the nature of attracting employees and
evoke conscious gratitude to the roads for
caring for children.

Education should be free, with the issuance
of books, notebooks, pencils, pens, etc. school
allowances in kind.

Railway Board Circular No. 765 of January
13, 1909, which established the rate of
payment for education of children, should be
repealed.

It is untimely to introduce payment for the
right to study, when all of Russia is striving
to organize compulsory and free literacy
education for all.

But railways must go further to provide all
children of employees with the opportunity
for initial education. Stand still is to go back —
say the English, i.e. to stand still means to go
backwards. In the matter of education, one
must work hard and for a long time in order
to achieve its correct organization.

At large stations with schools, it is
necessary to arrange hostels for
accommodation of children living outside
these stations. On some roads there are such
hostels based on the funds of employees, but

they are very rare, and their existence is far
from being ensured.

Dormitories should be run by road training
staff, i.e. committee of educational institutions.
For housing and supervision of children, the
most minimal payment should be collected if
it cannot be done free of charge.

In general, all the conveniences and
privileges provided to children from the side
of the road should have an enormous moral
impact on employees and, of course, will be
taken into account by them and taken into
account by outsiders when choosing
occupations and services.

This is one of the main tasks of training
worthy and reliable employees, and it is
necessary to pay special attention to it.

Meanwhile, from the reporting data, we
see that the railways, in the educational respect
of the children of employees, have done very
little, and the railway population is completely
not provided with primary education.

By January 1, 1907, there were 322825
children of school age on all railways, of
which only 75035 people were studying, and,
consequently, 247790 remained out of school
education, i.e., more than 75 % of the total
child population.

As regards the number of railway schools
in comparison with the length of the railways,
there is only one school for 127-128 versts —
their number is still so small. In this regard,
the Department of Railways still needs to do
a lot to force employees to seriously consider
the educational benefits of railways, the
provision of roads to them.

Strictly speaking, the opportunity to
receive initial education for railway children
cannot be called a privilege, this should be the
responsibility of the railways, since with the
comparative sparseness of the population in
Russia in general and the dispersion of stations
throughout the vast territory of the country,
no other department can take care of education
of children of employees on the roads. A lot
of work and money must be invested in the
state treasury to bring this issue back to
normal.

As regards the quality of the lower schools,
practice has shown that two-year schools are
needed, with a two-year teaching that provides
amore thorough, completed primary education.

In these schools, it is necessary to organize
meals for children with breakfast.
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The programs of our technical railway
schools also need to be reviewed. There is
something wrong with them. They, like all our
Russian educational institutions, suffer from
the vastness of theoretical information and the
comparative insignificance of practical
studies.

At technical railway schools, it is necessary
to improve the conditions of the hostel for
those students who come from afar, and such
are the largest percentage. Their living
conditions are often extremely difficult,
interfering with the correct course of studies
in schools.

For correct formulation of educational
work, a broad organization of societies for the
assistance of student children is necessary.

Physical exercise. — The education of youth
and children in railway schools and colleges will
be incomplete if gymnastic exercises, marching
and games are not introduced into them. Giving
the children of employees mental education, it
is necessary to take care of development of their
physical strength and the correct growth of the
body in order to prepare completely healthy
disciplined youth, able to endure all the
hardships of the future life and be worthy citizens
of their Fatherland, ready both for difficult
railway activities and for carrying military
service to defend their fatherland.

Nothing teaches order, endurance and
discipline as much as training in military
formation. They need to occupy the children
by devoting at least an hour daily to it. I would
teach marching to girls too. From a hygienic
point of view, marching teaches you how to
walk, run, breathe and hold your torso
correctly. It is equally useful and necessary
for both men and women.

Railways need healthy young people, and
they, in turn, need healthy wives and mothers
of their future children railway workers.

Children learn military exercises very
easily and indulge in them with great pleasure.
It is useful science and entertainment between
class lessons. The energy excited in young
organisms by systematic bodily movements
will be usefully turned to mental studies, and
the latter will go more successfully. No
wonder the ancient culture promoted «Mens
Sana in corpore sanoy».

To fulfill the integrity of the program of
railway education, it must be national-moral
and hygienic-physical.

In my opinion, militarization of the railway
school is a panacea for all the devastation that has
taken root in the railway sphere, and its most
radical treatment should be started from young
shoots that are accessible to easy perception and
assimilation of discipline and order.

If a lot of objections were raised against
the project of militarization of adult railway
workers put forward by General von Wendrich,
then one can hardly object to militarization of
young people without violating common sense
and good wishes for the good of the cause. All
countries are militarizing the youth in the
interests of proper development of the
organism and future protection of the state.
We should not be left behind.

The amusing regiments of Peter the Great
laid the foundation for the Russian invincible
army, which created a colossal state; school
railroad regiments form the future cadre of
railroad employees who will finally establish
order and improvement of roads.

The deeply fruitful idea of militarizing the
school has recently been suggested by our
Sovereign, the railways, as pioneers of culture
and civilization, should also go ahead of other
departments in the school industry and
contribute to fulfillment of the plans emanating
from the throne, which are so useful for
ensuring the future of the roads themselves
and, in fact, so easy to do. This should be
recognized by the chiefs and administrators
of the roads and measures should be taken for
speedy fulfillment of the royal desire. The
voice of the Minister of Railways would cause
intensified activity of all roads in this matter.

Unculturedness is our great weakness, and
in order to acquire culture, education,
education, education is necessary.

The body at the helm of education, the
Committee of Educational Institutions, must
work energetically and tirelessly to do
everything possible for the railway schools
both quantitatively and qualitatively.

Libraries and reading rooms. — Railway
libraries, reading rooms, and assistance in
ordering newspapers and magazines also
contribute a lot to mental and moral
development of employees. Every effort
should be made by senior officials, as well as
by the railway department, to establish good
permanent and mobile libraries on all railways,
especially on new ones, which are most in
need of credit for their establishment.
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In the same way, it is necessary to check
the literary and technical work of senior
employees and the articles they publish in
state-owned journals to pay a fee, as a kind of
incentive to work.

Railway Bulletin. — 1 find it extremely
useful for employees not only to read special
technical articles on various branches of the
railway business, but also to write them,
placing them in special journals and in my
Bulletin, the publication of which on every
road, state and private, should be introduced
into the custom. The prototypes of such
«Bulletin» can serve as «Bulletin of the South-
Western and Transcaucasian roads».

The roads should exchange such
«Bulletins» in order to borrow everything
useful from each other and keep abreast of the
affairs of other roads.

Literary and technical works of railway
employees, placed in these «Bulletins», should
be paid by the line-by-line payment in order
to attract more forces and arouse a desire to
study railway questions and to write down
observations and research.

Arranged here in St. Petersburg, on the
initiative of the Minister of Railways S. V.
Rukhlov, evening lectures in the assembly hall
of the Institute of Railway Engineers are
extremely useful and instructive not only for
students of the institute, but also for railway
employees and for the public.

Railway sobriety societies. — In order to
distract the youth from bad and harmful passions
and strengthen their organism, it is necessary to
organize gymnastic and sports clubs under the
administrations. Athletics, Swedish and military
gymnastics, marching, shooting, boating,
skating, skiing, riding and cycling, playing
tennis, bowling — these are activities that would
maintain the health and good spirits of employees
and at the same time would unite them with each
other and develop corporate solidarity, destroying
the antagonism harmful to the cause and to
themselves, which, unfortunately, is being
introduced into railway life.

Introducing the listener into the details of
the life of railway employees, I cannot keep
silent about one very regrettable defect that
has penetrated into the mores and life of
railway workers and, in a certain way,
constitutes a raft of the flesh of society itself
and the entire population. This defect is
alcoholism.

Unfortunately, in recent times this
enormous evil has been making especially
strong progress everywhere, including on the
railways.

The interest in safety of passengers and
employees requires that employees of such
executive services as movement and traction
be people who are completely healthy, with
sharp eyesight and hearing, and always in
control of their full mind. Alcoholism deprives
them of all this.

A lot of investigations of all kinds of cases
on the roads find out the abnormal state of the
employee responsible for the incident. This
abnormality arises solely on the basis of the
influence of wine vapors.

It can be unmistakably said that absolute
teetotalers on the railways are an insignificant
minority. Many office workers regularly drink
one or two glasses of vodka before lunch and
breakfast. This is the most correct, if it is no
longer possible to completely abandon
alcohol, and is almost harmless to the body
and service, and in the northern latitudes it can
even be useful. Many employees drink
immoderately, but at least in a timely manner,
outside of duty; many suffer from drunkenness,
but, what is worse and more dangerous, they
are hopeless alcoholics who are always half
drunk. They are the most dangerous subjects,
who, coming to the service, apparently in
a normal standing, soon get drunk from the
drunk glass brought with them, and, remaining
unnoticed by the elders in the service, cause
by their unconscious actions a lot of
wrongdoings, which often, under unfavourable
circumstances, become fatal.

Practice reveals the occurrence of accidents
from omissions made simultaneously by
several employees of different services; if at
least one of the employees turns out to be
executive, then misfortune is warned. Let me
take a specific example. The switchman,
despite checking the switch by the assistant
on duty, moved the switch almost in sight of
the train, placing it mistakenly on the track
already occupied by the train. The driver,
inattentive to the service, did not pay
attention to the position of the switch, and
there was a collision of trains. An attentive
driver, efficient, will notice the wrong
position of the switch and take timely
measures to slow down the train, or stop it,
and misfortune is prevented.
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In view of arrangement of service on the
railways, in which the action of one employee
is checked by others, misfortunes occur much
less often than they could occur. The biggest
cases usually occur with inattention of a whole
series of persons, and vice versa — attentiveness
and sobriety of one paralyzes the oversights
of others.

Thus, often the health and life of passengers
and employees themselves, as well as the
integrity of private and state property, hangs,
so to speak, in the balance, from the oversight
of employees, which is greatly enhanced under
the influence of the monopoly product.

The sober behaviour of employees on the
railways is more necessary than anywhere
else, and the fight against alcoholism should
be one of the main concerns of superiors.

Medicine recognizes the attraction to wine
as a disease. Drunken drunkards, indeed, are
sick people — they need to be treated. Those
in whom this passion has not yet turned into
an illness must be artificially diverted from
wine by all means.

Meanwhile, on our roads in this regard, no
measures have yet been taken, either medical
or administrative. We don’t have a sobriety
society, and we don’t hear about their origin.
Even in the press one hears no voices about
measures to weaken and eliminate alcoholism
among railway workers. Dismissal from the
service of drunkards is the only measure in
the fight against alcoholism. But after all, an
alcoholic, dismissed from one road, enters
another, continues the immoderate use of
alcoholic beverages and serves until a new
catastrophe. Dismissal from service does not
correct and does not cure the patient, but only
pushes him off his shoulders onto others,
without destroying his harmful influence.

Life itself and service on the roads is
favorable for development of alcoholism,
which is especially developed among the
unmarried youth of the telegraph traffic
service. Duty shifts to sleep, and sleep to duty.
At short intervals, having nothing to do, they
look for pleasant conversations with comrades,
in which gossip plays a paramount role; they
wash the bones of the elders and push out all
the dirt of the younger ones, and to calm the
overwhelmed nerves, a cup walks around
during the conversation. After it, of course,
disputes, quarrels and often a scandal, and, in
the end, non-performance in the service.

Abroad, they have long recognized the
harm of alcoholism among railway workers,
and measures are being taken to combat it.
England as early as 1882 took up this issue
and began to organize unions and societies to
combat drunkenness. It was followed by
Norway in 1892, then Sweden in 1901,
Germany, Switzerland and Finland in 1902,
Denmark and France in 1903, Austria in 1906
and finally Holland in 1909.

In 1907, a congress of teetotalers was held
in Stockholm and the International Union for
the Temperance of Railway Employees was
organized. In 1909, there were the following
number of members of this union: in England —
43 000, Sweden — 4500, France — 3200,
Finland — 900, Switzerland — 550, Denmark —
500, Germany — 460, Norway — 450 and
Austria-Hungary — 125, for a total of 53 685
members.

Here in Russia it is necessary to organize
a sobriety society for railway employees with
branches on each not only state, but also
private road. On the organization of the
Committee of the Society in St. Petersburg, it
must join the international union.

I submitted a note about this to the Minister
of Railways and made a cry in the journal
«Ways of Communication». May God grant
that this idea be realized as quickly as possible
and that a solid society develop, spread all
over Russia to establish sobriety among all
railway workers.

The sobriety of employees is a guarantee
of order, and order is the threshold of
profitability. We will strive for order and bring
the roads out of their scarce state.

Establishment of a service qualification
for employees. —In one of his talented articles,
M. O. Menshikov expressed himself so
figuratively and appropriately for this case
that I allow myself to quote him: «For any
business that claims to be above mediocrity,
deep interest is needed; the more serious the
matter, the more necessary it is to amuse the
doer, to captivate him by the very process of
actiony.

This property is extremely necessary for
the railway business, but it is often lacking in

modern senior employees. Since the choice of |

a certain activity is a matter of career, then it
cannot amuse or captivate. The modern boss
is very often a man of the twentieth; peace and
quiet — this is its main service principle.
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Of course, there are happy exceptions, and
it would be strange and too bleak if there
weren’t any.

I have expressed my personal opinion here,
based on many observations, but I do not claim
to be infallible. As a railway enthusiast,
I would be heartily glad to be wrong.

Satisfaction of religious needs. — Having
reported to the venerable assembly the issues
that embrace the interests of the personnel,
I will move on to measures to meet the
religious needs of linear employees. Only the
needs of the latter can be discussed. All service
personnel living in cities do not need
management concerns; city churches and
clergy are at their service. The line is another
matter, and especially in the sparsely populated
areas of our vast outskirts.

Organization of churches. — On outlying
roads passing in sparsely populated areas, it
is necessary to have car-churches, as
a temporary measure for large stations and as
a permanent measure for small stations.
Churches should be built at large stations. If
there are no radical appropriations and the
funds of employees are insignificant, then
I would consider it possible to build adobe or
sand-beaten churches.

On old roads it is not uncommon to find
beautiful railway churches at large stations,
which arose solely on the voluntary offerings
of employees. The old roads are rich in
personnel of personnel who have settled in the
field for a long time and, of course, have some
savings, some of which can be shared without
loss for a good cause. It all depends on the
initiator. Such a person will appear, — you see,
in a year or two, and the good news will be
heard, calling the Orthodox to prayer.

The railway environment is a great force,
you just need to wish and be able to direct it
to good deeds. Through self-help and unity,
many necessary and useful institutions can be
created for the soul and body. Where there is
areal owner, there is work in full swing. More
of them only!

Medical and sanitary organisation. — The
directorates and boards of the railways have
always been stepmothers to the medical side
of things. The development and improvement
of the railway business went on as usual,
without touching the medical part, which was
always in the paddock. The figures for the road
consumption of the entire network for the

medical and sanitary part vividly confirm this
conclusion.

In 1875, the expense per verst of the road
was — 26,37 rub., in 1887-40,37 rub., in
1901-79 rub., in 1907-126,26 rub.

In addition to hospitals, outpatient clinics
and waiting rooms, it is necessary to establish
own railway resorts for treatment of pulmonary
and rheumatic pains, which mainly affect
employees.

Benefits for medical treatment in most cases
do not reach the goal. In my time, on
Privislinskaya still private road, the management
acted very prudently, entering into an agreement
with resorts for treatment of employees, for
whom it itself paid a fixed fee.

At present, some roads pass through the
steppes, in which herds of horses graze and
where it is quite possible to organise koumiss-
healing establishments, as well as near salt
springs, in which it is possible to arrange
railway bathing.

Tashkent road is a great convenience for
establishment of a koumiss-healing institution,
common to all employees of the railways, as
well as salt baths at Iletsk salt mines.

The chief doctor of this road, Mr. Orlov,
has already chosen an appropriate place for
these resorts, and he is busy with a loan. 2000
roubles were allocated for 1909 and 1910. But
this is too small a sum to be able to do anything
in this direction.

I submitted a note to the Minister of
Railways on establishment of a koumiss-
healing facility at Ber Chogur station and salt
baths at Iletsk station, proposing in the project
an allocation of 2000 roubles for each road,
which were transferred to Tashkent road to
organize resorts that could be used by all
roads. It is desirable to involve private roads
for treatment of their employees.

I do not know what the result of my project
will be, but the execution of it will be a great
gain in the interest of caring for junior
employees and their families.

End of part 1

N. P. Verkhovsky
(Zheleznodorozhnoe delo
[Rail Business],

1911, Iss. 21-22, pp. 35d-43d)

The final part will be published in one
of the next issues of our journal e
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BIBLIO-DIRECTIONS

GTORIAL PUBLICATION

DOI: https://doi.org/10.30932/1992-3252-2021-19-6-13

Double issue 4-5, 2021 contains
in particular:

» Materials about the activities of the PKP
Group (Polish State Railways) in connection with
the 20" anniversary of the Company.

* An article by Nikolai Nosenko, Chairman
of the OSJD Commission on Transport Law,
dedicated to the 70" anniversary of the two most
important documents that provide the legal
framework for implementation of international
railway transportation of passengers and goods
between the OSJD member countries on the
Eurasian continent: the Agreement on
International Passenger Traffic by Rail (SMPS)
and the Agreement on International Freight
Traffic by Rail (SMGS).

* An article by Igor Leshchinin, Head of the
Department of International Relations and
Interaction with Federal, Regional Authorities
and Public Associations of JSC FPC, entitled
«Prospects for restoring international passenger
rail traffic in the post-pandemic period».

World of Transport and Transportation, 2021,
Vol. 19, Iss. 6 (97), pp. 242-244

Materials of the Bulletin of the OSJD
published in the second half 2021

In this issue, we acquaint readers with the contents of the recently published issues of
the Bulletin of the Organization for Co-Operation between Railways (OSJD). They
cover a wide range of interaction between railway administrations and companies
from member countries of this authoritative international organisation.

Keywords: OSJD, Bulletin of 0SJD, Organization for Co-Operation between Railways.

* An article by the Chairman of the OSJD
Commission on Freight Transporta-
tion Z. A. Aspayeva, Professor of PSTU
V. L. Belozerov, Professor of RUT (MIIT)
P. V. Kurenkov and Senior Lecturer of RUT
(MIIT) A. V. Astafiev, Associate Professor of
SamSTU V. A. Sadchikova entitled
«Infrastructure of Railways in Russia and the
OSJD Countries: Problems and Prospects»,
which provides a brief analysis of
implementation of the outlined plans for
development of infrastructure in the Russian
Federation, and also provides statistics on
freight traffic along the OSJD railway
transport corridors passing through the
territory of Russia; shows the economic
importance of ensuring safety of the
transportation process.

* An article by Ph.D. (Eng) Alexander
Luvishis «Driverless locomotives and trains on
the railways of the world and OSJD», which
emphasises that «robotisation of rolling stock is

For citation: Materials of the Bulletin of the OSJD published in the second half 2021. World of Transport and Transportation,
2021, Vol. 19, Iss. 6 (97), pp. 242-244. DOI: https.//doi.org/10.30932/1992-3252-2021-19-6-13.

The full text of the editorial publication in Russian is posted in the first part of the issue.
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a revolutionary change in railways, comparable
to the transition from steam to electric traction,
which promotes efficiency, safety and
competitiveness of railway transport».

* An information report on the participation
of Mirostaw Antonowicz, Chairman of the
OSJD Committee, in the 30" Anniversary
plenary meeting of the CCTT, held in the capital
of the Russian Federation, Moscow on
September 15-16, 2021, working meetings with
the Deputy Minister of Transport of the Russian
Federation Vladimir Tokarev, as well as with
the management of JSC Russian Railways
(RZD), headed by General Director — Chairman
of the Board Oleg Belozyorov.

 Information about the meeting of the
delegation of the OSJD Committee with the
Ambassador Extraordinary and Plenipotentiary
of the Republic of Korea in the Republic of
Poland.

* Information from the specialist of the OSJD
Commission on Transport Policy and Development
Strategy Diana Yurkovski about the 9" International
Interdepartmental Meeting of the OSJD Member
Countries «Practice of Crossing Borders by Rail»,
which, in accordance with the Work Plan of the
OSJD Commission on Transport Policy and
Development Strategy for 2021 on the topic
«Development of measures aimed at facilitating
border crossing during international rail
transportation in the Eurasian space», was held
from 21 to 22 September 2021 in Gdansk.

* An information report on the Meeting of
Group I of OSJD Railways on development and
final approval of timetables for passenger trains
in international traffic for 2021/2022, held in
Olomouc (Czech Republic) on August 9—13,2021.

* An information report on the Meeting of
Railway Experts on the topic «Systems for
Booking Seats, Reference and Information
Services for Passengers, Provision of Services
and Development of Financial Reporting», held
in accordance with the Work Plan of the OSJD
Commission on Passenger Transportation for
2021 from 28 to 30 September 2021 in the OSJD
Committee (Warsaw) via videoconference.

* Information from Kunka Kirkova, specialist
of the OSJD Permanent Working Group on
Financial and Accounting Issues, on the Final
Meeting of Representatives of the Parties to the
Agreement on the Rules for Accounting in
International Passenger and Freight Railway
Traffic, held in accordance with the Work Plan
of the OSJD Permanent Working Group on
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Financial and Accounting Issues (PRGF) from
12 to 15 October 2021 via videoconference.

e Information from Elena Antonevich,
specialist of the OSJD Commission on Transport
Law, on the 21% meeting of the CIV/SMPS
Working Group (CIV — Convention on the
International Carriage of Passengers and
Luggage by Rail, SMPS — Agreement on
International Passenger Traffic by Rail), held
from 20 to 21 October 2021 at the headquarters
ofthe CIT (Bern, Switzerland) via videoconference
with the participation of representatives of the
General Secretariat of the CIT (GS CIT), the
General Secretariat of OTIF, OBB, JSC PKP
Intercity, JSC RZD / JSC FPC and JSC
Ukrzaliznytsia, as well as a representative of the
OSJD Committee as an observer.

* An information report about the OSJD
training seminar on the topic «Application of the
CIM/SMGS consignment note», held in
accordance with the Work Plan of the OSJD
Commission on Freight Transportation on 7-8
July 2021, and which was attended by
representatives of the railways of the OSJD
member countries: CJISC AZhD, ARA, BC,
VZhD, GR, RAI, NC KTZ JSC (KZH), Korail,
KRG, CFM, UBZD JSC, Ministry of Infrastructure
of the Republic of Poland, PKP Group JSC (PKP
Cargo JSC, PKP Informatika JSC, PKP LHS
LLC), JSC Russian Railways, TDZh, TRK, UTI,
UZ, ChD Cargo; OSJD observers — VR Group,
National Society of French Railways — Freight
Transportation (SNCF Fret); affiliated enterprises
of OSJD - JSC OTFIK ERA, JSC Eurosib SPb
Transport Systems, JSC PLASKE; international
organisations — WCOMO, EAEC, CIT, CCTT,
OLE MA TMTM,; invited representatives of JSC
TCDD-Transportation, as well as representatives
of the OSJD Committee.

* An information report about the Anniversary
International Railway Salon 1520
«PRO//Dvizhenie. EXPO» (August 26-29, 2021
on the territory of the experimental railway ring
of JSC VNIIZhT, Shcherbinka, Moscow, Russia).

* An information report about the 14" edition
of the TRAKO International Railway Exhibition
in Gdansk from 21 to 24 September 2021.

* An information report from the Chairman
of the OSJD Committee Mirostaw Antonowicz
and specialist of the OSJD Commission on
Infrastructure and Rolling Stock Angelina
Shurganova about the «9™ Intermodal
Transportation Forum» (FRACHT) held in
Warsaw from 18 to 19 August 2021.
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The issue 6, 2021 contains in particular:

* Information on the annual meeting of the
OSJD Commission on Transport Policy and
Development Strategy, held on October, 19—
222021, attended by representatives of the OSJD
member countries from: the Republic of
Azerbaijan, the Republic of Belarus, the Republic
of Bulgaria, Hungary, Georgia, the Republic of
Kazakhstan, the People’s Republic of China, the
Kyrgyz Republic, the Republic of Latvia, the
Republic of Lithuania, the Republic of Moldova,
Mongolia, the Republic of Poland, the Russian
Federation, Romania, the Slovak Republic, the
Republic of Uzbekistan, Ukraine, the Czech
Republic, the Estonian Republic, as well as the
OSJD affiliated enterprise Metrans Group,
international organisations — the Eurasian
Economic Commission, the International Union
of Railways, the International Coordinating
Council for Trans-Eurasian Transportation, the
International Association «Trans-Caspian
International Transport Route» and the OSJD
Committee.

* Information report on the joint meeting of
the Authorised representatives of the members of
the OSJD Ministerial Conference and the
Conference of General Directors (responsible
representatives) of the OSJD Railways, in which
the Authorized representatives of the members of
the OSJD Ministerial Conference and/or the
Authorized representatives of the members of the
Conference of General Directors took part on
November 30—December 3, 2021 (responsible
representatives) of the OSJD railways.

* An article by the Chairman of the OSJD
Commission on Freight Traffic, Zubayda
Aspayeva, is dedicated to the results of the work
that were noted at the final meeting of the OSJD
Commission on Freight Traffic (October 12—15,
2021 in the OSJD Committee (Warsaw) via
videoconferencing) and tasks for the upcoming
period.

* An information report on the annual meeting
of the OSJD Commission on Infrastructure and
Rolling Stock (November 8-10, 2021 in the OSJD
Committee in the format of a videoconference)
with the participation of CJISC AZD, BC, NC Zhl
(Bulgaria), CJSC MAV and CJSC MAV-Start, JSC
NC KTZh, JSC LTG Infra, ChFM, JSC PKP, JSC
Russian Railways, ZhSR, CFR - JSC, JSC
Ukrzaliznytsia, JSC ChD, as well as affiliated
enterprises OSJD — Southwestern University of
Railway Transport (Chengdu, China) and
Betamont LLC (Slovakia); international

organisations — OTIF, UIC, as well as the OSJD
Committee.

* An article by Sergey Kabenkov, Editor-in-
Chief of the OSJD Bulletin magazine, is
dedicated to a significant event: more than fifty
years ago, in November 1970, the new «Rules
for the technical operation of railways of the
USSR» were approved in the USSR, according
to which the standard of 1520 mm gauge was
established throughout the country.

* An information report about the meeting
with the delegation of the Republic of Korea in
the OSJD Committee held on December 8, 2021.
The delegations of the parties were headed by
the Chairman of the OSJD Committee Mirostaw
Antonowicz and the Minister of Land,
Infrastructure and Transport of the Republic of
Korea Noh Hyeong Ouk. The delegation of the
Republic of Korea also included Ambassador
Extraordinary and Plenipotentiary of the
Republic of Korea to the Republic of Poland Mira
Sun, Kim Yong-seok, Deputy Minister for
Aviation, Mr. Kwon Hyuk-jin, Advisor to the
Minister for Infrastructural Issues, Mr. Choi
Jeong-Min, Director of the Overseas Construction
Support Department, Mr. Pak Sun-ho, Chairman
of the International Construction Association of
Korean Association (ICAK), Deputy Director for
Overseas Construction Support Division Kwak
In Yong and other officials.

» A material is devoted to the 15" International
Forum and Exhibition «Transport of Russia». It
is noted that these events took place as part of
the «Transport Week 2021» in Moscow, which
took place from November 13 to 19. The forum
was held face-to-face in compliance with all
epidemiological safety requirements, and for
those delegates who could not come to participate
due to epidemiological restrictions, the
opportunity to participate in videoconferencing
was organised. The forum and exhibition
traditionally discussed all the problems of
development of the main types of transport in
Russia and in the international segment, and the
main achievements of the transport industry over
the past year were also demonstrated.

* An information report about the 19*
International Conference «Transport Services
Market: Interaction and Partnership» held in
Moscow on December 9, 2021, which is traditionally
held by the editors of the RZD-Partner magazine.
This time it was held in person, and for delegates
who could not come due to restrictions, an online
format was also organised. °
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Budkov, A. S. Development of a decision
support system for the problem of four-
dimensional navigation in civil aviation.
Abstract of Ph.D. (Eng) thesis [Razrabotka
sistemy podderzhki prinyatiya resheniya dlya
zadachi cheterykhmernoi navigatsii v
grazhdanskoi aviatsii. Avtoref. dis... kand. tekh.
nauk)]. Moscow, MAI publ., 2021, 22 p.

One of the directions for development of air
navigation in accordance with the global air
navigation plan of the International Civil Aviation
Organisation (ICAO) is the introduction of the
possibility of global control of four-dimensional
trajectories. To implement this opportunity, it is
necessary to modernize not only the ground air
navigation infrastructure, but also existing airborne
equipment complexes.

One of the main on-board systems that ensure
the flight of an aircraft (AC) along a given route is
the aircraft navigation system. It is the system, that,
first of all, should be able to support flights along
four-dimensional routes.

The key task of four-dimensional navigation is
to ensure the ability of the aircraft to arrive at
a given waypoint at a given time. The functionality
of modern computing systems for aircraft
navigation, owns already a function that, to one
degree or another, solves this problem. This feature
is called RTA (from the English Required Time of
Arrival).

The objective of the thesis is to increase the
flight safety by automating the operational on-board
planning of four-dimensional routes, taking into
account the influence of wind conditions, restricted
areas and areas of adverse weather conditions.

The following main conclusions and results
were obtained in the thesis.

The task of developing a decision support
system that provides a solution to problems that
arise during flights along four-dimensional routes
has been posed and solved.

The architecture of the decision support system
has been developed, which contains all the
necessary elements and connections with external

systems to ensure the functions assigned to it. The
system consists of three modules and also interacts
with the aircraft performance database, the aircraft
navigation system, the source of weather data and
data on restricted areas.

A technique for searching for optimal four-
dimensional routes has been developed that satisfies
the requirements defined for it as a result of the
analysis of identified problems during flights along
four-dimensional routes, namely:

* To provide search for solutions according to
four optimisation criteria.

* To calculate a three-dimensional trajectory in
one calculation step without separating the
horizontal and vertical planes.

* To take into account the influence of wind
conditions, as well as the presence of zones of
difficult weather conditions or restricted areas.

* Aircraft performance characteristics.

The rules for generating a sign of unavailability
of movement along the active route are developed,
the conditions for informing the crew about the
occurrence of an emergency situation during
a flight along a four-dimensional route are
determined for the functions of monitoring the
active flight plan and decision support,
respectively.

Algorithms have been developed that implement
the main steps of the methodology for finding
optimal four-dimensional routes, the rules for
monitoring the status of implementation of a four-
dimensional route, as well as development of signs
of problems in the process of performing a four-
dimensional route.

The developed software is implemented in
the form of Java Script software, has a modular
architecture, and includes: a search module for
optimal four-dimensional routes, an active flight
plan monitoring module, and a decision support
module. The software «Simulator of the search
module for the optimal four-dimensional route
of the decision support systemy is registered in
the Register of computer programs (certificate of
state registration of the computer program
No. 2021616587 dated 23.04.2021).

Three stages of modelling were carried out,
which fully confirmed operability and adequacy of
the developed software and algorithmic support for
calculating optimal four-dimensional routes.

Simulation results numerically confirmed the
effectiveness of:

» Application of the selected optimisation
criteria to solve the problem of finding optimal
four-dimensional routes.

* Analysis of three-dimensional space in one
step of calculations.

« Application of the A-star algorithm in terms
of adequacy of the computation time on routes of
different distances.
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The results of the thesis are implemented in the
research and development work «Development of
on-board radio-electronic equipment for the MS-21
family of mainline aircraft (MS-21-200 and MS-21-
300, with PW-1400 and PD-14 engines)» of the
branch PJSC «Irkut Corporation» «Integrating
Centre» and the educational process of the
department 703 «System design of aircraft
complexes» of the Institute No. 7 «Robotic and
intelligent systems» of MAI, which is confirmed
by the relevant implementation acts.

2.3.1 — System analysis, management, and
information processing (technical sciences).

The work was performed and defended at
Moscow Aviation Institute (National Research
University).

Mikhaldykin, E. S. The use of pipe-concrete
structures with a shell made of polymer
composite materials in construction of small
bridges. Abstract of Ph.D. (Eng) thesis
[Primenenie trubobetonnykh konstruktsii s
obolochkoi iz polimernykh kompozitsionnykh
materialov pri stroitelstve malykh mostov. Avtoref.
dis... kand. tekh. nauk]. Moscow, MADI publ.,
2021, 25 p.

The relevance of development of new design
solutions for construction of small bridges, allowing
to reduce the cost and construction time, as well as
to increase the service life of structures, follows
from the state of the bridges of highways in the
Russian Federation.

According to Rosstat [Federal State Statistics
Service], the condition of more than 500 permanent
structures is assessed as poor. In addition, temporary
structures, such as wooden bridges with a limited
service life, cause a big problem if in Ulyanovsk
region the number of wooden bridges is 79, then in
Khabarovsk region there are already 706 of them.
As indicated in the conclusions of the international
rating Global Competitiveness Report of the World
Economic Forum 2019, the Russian Federation
ranks 99" out of 141 in terms of road quality.
Indirectly, the shortage of the bridges can be
estimated by the number of permanent crossings —
257 summer and 3500 winter ones, as well as per
the amount of transport excess mileage — 70-80 %
for Moscow and at least 50 % throughout Russia.
On the other hand, the relevance of the study — the
use of polymer composite materials in construction —
is confirmed by the inclusion of this topic in the
State Program «Industrial development and
increasing its competitivenessy.

The topicality of the problem is confirmed by
a comprehensive discussion on the need to include
«Bridges and Overpasses» program in the National

Project for «Safe and high-quality highways»
(BKAD), as well as the inclusion of the issue of
solving the problems of the bridges in
«Comprehensive plan for expansion and
modernization of the main infrastructure until 2024
(KPMI)».

The objective of the thesis is to develop
a methodology for the use of arched pipe-concrete
structures with a shell made of polymer composite
materials in construction of small bridge structures.

As part of the thesis, in accordance with the
goal, a general methodology for designing and
calculating arched pipe-concrete structures with
a shell of polymer composite materials was
developed in construction of small bridge structures.

The results and main conclusions of the thesis
are as follows:

* A review and analysis of existing studies and
proven methods for calculating both traditional
pipe-concrete structures with a steel shell and
structures with a polymer composite shell was
carried out. The historical retrospective of
development of the direction of research of pipe-
concrete structures is shown. The existing
approaches to design of bridge structures with the
main load-bearing elements of pipe-concrete
structures are considered based on the analysis of
the erected structures.

* A mathematical model of a pipe-concrete
structure with a polymer composite shell was
developed, based on a theoretical approach to
distribution of deformations along the height of the
section from the premise of compliance with the
hypothesis of flat sections. Strength criteria are
proposed based on well-tested models of concrete
performance used in the current regulatory
documentation. An algorithm for the method of
calculating the bearing capacity of structures has
been developed.

* A program for testing materials and structurally
similar elements of full-size PCM beam and arch
specimens was developed. Materials were tested to
determine the mechanical and physical properties,
resistance to aggressive media. It is shown that the
test procedure existing in GOST 25.601-80 is not
suitable for determining the ultimate strength of
obliquely reinforced anisotropic specimens with
biaxial weaving. A method for testing such
materials is proposed.

* Based on the results of tests of structurally
similar beam and arch specimens in full size, an
analysis of possible defects of the shell and their
influence on the bearing capacity was carried out.
The absence of accumulation of deformations
and other negative effects after low-cycle tests is
shown. The absence of slippage between the shell
and the concrete core is experimentally
substantiated.
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* Technological parameters for the manufacture
of arched pipe-concrete structures have been worked
out.

* The results of verification of the developed
methodology and comparison of its reliability with
other similar methods are presented. It is shown that
the developed technique gives an average error of
13,5 %. A comparison was made with the approved
methodology of the Maine State Institute, which
showed an average error with the experimental data
of this work of 75 %.

* Analysis of the experimental data made it
possible to draw a conclusion about reliability and
safety of operation of structures with the main load-
bearing elements in the form of pipe-concrete
structures with a shell of polymer composite materials.
To confirm the conclusions made, a system for
monitoring the status of the pilot facility was
developed.

¢ Within the framework of this work, the main
approaches to design of compressed-bent pipe-
concrete structures with a shell of polymer composite
materials were developed. Based on the analysis of
the effect of various defects on the bearing capacity
of the structure, requirements for permissible shell
defects were developed.

05.23.11 Design and construction of roads,
subways, airfields, bridges and transport tunnels.

The work was performed and defended at Moscow
Automobile and Road Construction State Technical
University (MADI).

Polyakova, E. Ya. Features of the aerodynamics
of the undercar space of high-speed rolling stock.
Abstract of Ph.D. (Eng) thesis [Osobennosti
aerodinamiki podvagonnogo prostranstva
vysokoskorostnogo sostava. Avtoref. dis. ... kand. tekh.
nauk]. St. Petersburg, PSTU publ., 2021, 16 p.

One of the priority areas for development of
modern railway transport is creation of a high-speed
rail network that provides passengers with the best
balance of speed, safety, comfort, and cost of travel.
An increase in the speed of trains entails the need
to solve a wide range of problems, including those
related to the analysis of processes resulting from
the aerodynamic interaction of ballast particles and
pieces of ice (during the cold season) with air flows
generated by passing high-speed rolling stock, since
ballast particles, picked up by the indicated air
flows, having a sufficiently high kinetic energy and
moving along a rather complex trajectory, despite
their small size, pose a serious danger both to
outdoor signalling devices and rolling stock units,
and to pedestrians, passengers and railway workers.

The objective of the thesis is to solve the
scientific problem of studying the processes of

movement of air masses in the undercarriage space
of high-speed rolling stock, the mechanism of
entrainment of particles by the air flow and their
interaction with the body, undercarriage equipment
and chassis.

The work carried out a set of theoretical and
experimental studies to solve the scientific problem
of movement of air masses in the undercar space
of high-speed rolling stock, the mechanism of
entrainment of particles by the air flow and their
interaction with the body, undercarriage equipment
and chassis. Wherein:

« It has been established that the existing
concept of modelling high-speed rolling stock
represents the object under study in the form of
a thin body of high elongation with a poorly
streamlined shape, which has intense turbulent
diffusion in the area of the head and tail fairings, as
well as in the recesses of the undercarriages and
inter-car spaces. In such models, there is no way to
determine particular cases of interaction between
the air environment disturbed by the rolling stock
and the objects of the surrounding infrastructure,
for example, undercar space. It is shown that the
existing models, methods, and regulations do not
consider the possibility of lifting particles from the
railway track in summer and ice particles in winter.

* A method has been developed to determine
the direction of air volume flows from the lower
part of the car body, the niches of the undercarriage
in the lateral directions, as well as into the space
between the body and the bogie frame. Its
verification and software implementation were
carried out based on comparison with the results of
tests of models similar in geometry type in wind
tunnels and in full-scale measurements.

« It has been established (experimentally and
numerically) that at low-frequency vibrations of the
railway track during movement of high-speed
rolling stock, a ballast particle lying freely on
a sleeper of road tracks can lose contact with the
ground and hang in the air, which is called « particle
hovering». The diameter of the particle, which can
be entrained by the air flow from the surface of the
superstructure of the track, is also determined.

A classification of damage to the lower hatches
and side elements of the bulwarks of the
undercarriage space by flying out crushed stone
according to the characteristic form of residual
plastic deformation into three types is proposed:

» «Bell-shaped» deformation, groove-like
deformation and «breakdown» in the form of an
irregularly shaped hole. Schemes of interaction of
a hovering particle with the surface of the hull hatch
are proposed: elastic ricochet, plastic ricochet.

» A mathematical description of the dynamic
loading on the composite plate of a part of the
protective board of the body under the impact of
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a solid particle was developed using a modified
Zener model.

» Three variants of numerical modelling of
dynamic loading of the protective side of the body
were studied: composite membrane, composite
structure with beam volumetric elements, composite
structure of layered representation. It is shown that
the most adequate model, which corresponds to the
real physical characteristics of high-speed dynamic
loading, corresponds to the composite structure of
the layered representation.

* Recommendations were given to prevent
entrainment of ballast layer particles by high-
speed rolling stock.

* A three-dimensional aerodynamic model of
the structure of moving air masses in the undercar
space of high-speed trains is proposed, which
makes it possible to establish the features of
formation of snow and ice deposits on the
undercarriage structural elements that are critical
for traffic safety.

05.22.07 — Railway rolling stock, train
traction and electrification.

The work was performed and defended at
Emperor Alexander I St. Petersburg State
Transport University.

Strungar, S. A. Development of methods
for stabilising the cylinder power of a diesel
engine in idle mode with an electronic fuel
supply control system. Abstract of Ph.D. (Eng)
thesis [Razrabotka metodov stabilizatsii
tsilindrovykh moshchnostei dizelya na rezhime
kholostogo khodapri elektronnoi sisteme
upravleniya podachei topliva. Avtoref. dis...
kand. tekh. nauk]. Moscow, RUT publ., 2021,
24 p.

The objective of the thesis is to increase the
efficiency of the 1-PD4D diesel engine of
TEM18DM locomotives with ESUVT.01 by
developing methods for technical diagnostics and
stabilization of cylinder capacities in idle mode.

The following main results were obtained in
the thesis:

» Analysis of operation of 1-PD4D diesel
engines of TEM18DM locomotives with
ESUVT.01 in operation in idle mode revealed an
uneven distribution of indicator power over the
cylinders, the value of which is up to 11,5 % of
the total diesel power.

* A method was developed and tested for
determining the indicator power of a diesel
cylinder in idle mode by measuring the increment
in duration of fuel supply by electrically
controlled fuel pumps ESUVT.01 when the fuel
supply to the cylinder is turned off.

» Methods for technical diagnostics of diesel
cylinder operation were developed and tested,
allowing to clarify the cause of cylinder failure.

* Calculation and experimental methods for
stabilizing the cylinder capacities of the 1-PD4D
diesel engine with ESUVT.01 in idle mode were
developed.

* Based on the developed methods, algorithms
for technical diagnostics of operation of cylinders
and stabilization of the cylinder capacities of
a diesel engine were compiled.

* Verification of algorithms on the bench diesel
generator 1-PDG4D showed that as a result of power
stabilisation according to the calculation method, the
indicator power was redistributed among the
cylinders. At the same time, the difference in the
indicated powers did not change and remained equal
to 2,2 kW. As a result of the power stabilization by
the experimental method, a decrease in the difference
in the indicated power for the cylinders was obtained
from 2,5 kW to 1,8 kW.

* Verification of the algorithms on the
1-PD4D diesel engine of the TEM18DM
No. 1022 diesel locomotive under operating
conditions showed that as a result of power
stabilisation by the experimental method,
a decrease in the difference in the indicated power
across the cylinders was obtained from 3,0 kW
to 1,0 kW.

* Evaluation of effectiveness of implementation
of the proposed technical solutions. Savings in
operating costs over the service life of the
ESUVT.01 system of 15 years due to
implementation of algorithms for technical
diagnostics and stabilization of cylinder capacities
on diesel engines 1-PD4D of the fleet of diesel
locomotives TEM18DM at the base of the
operating locomotive depot Bologovskoye in the
amount of 20 units is 4,35 million roubles. The
payback period of the proposed technical
solutions is 0,65 years.

* The results of this work are planned to be
used for further improvement of the electronic
fuel injection system for diesel locomotives.

As recommendations and prospects for
further development of the topic of the thesis, it
is proposed to adjust the calculation method for
stabilising cylinder capacities in terms of
clarifying the magnitude of the change in the
indicator efficiency when varying the amount of
fuel supplied to the cylinder, as well as clarifying
the differences in mechanical losses for individual
diesel cylinders.

05.22.07 —Railway rolling stock, train traction
and electrification

The work was performed and defended at
Russian University of Transport. °
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TRANSPORT STRATEGY
OF THE RUSSIAN FEDERATION
UNTIL 2030 WITH A FORECAST
FOR THE PERIOD UP TO 2035

he meeting of the Government of the

I Russian Federation held on November 26,

2021, approved the Transport Strategy of

the Russian Federation until 2030 with a forecast

for the period up to 2035. Earlier, on October 19,

2021, at a meeting of the Presidium of the State

Council, the Strategy developed by the Ministry

of Transport of Russia was approved by the
President Vladimir Putin.

As the Chairman of the Government of the
Russian Federation Mikhail Mishustin emphasised,
the Strategy fully considers all the tasks set by the
President of Russia to accelerate the socio-
economic development of the country and achieve
national goals. «The priority of the state is to
improve the quality of life of citizens. To this end,
we will actively develop urban mass transit and
suburban passenger transportation, so that people
spend as little time as possible on their way to
work and back home, and trips are comfortable
and safe», the head of Government stated.

He also noted the importance of ensuring high
connectivity and transport accessibility throughout
the country, including the Arctic zone and the Far
East. The corresponding instruction was given by
the head of state. «We have foreseen in the
Strategy the relevant benchmarks for a ten-year
period, so that the door-to-door trip between any
two major cities does not exceed 12 hours. This
will also support domestic tourisms, said Mikhail
Mishustin. «To do this, a modern backbone
transport network will be formed throughout the
country, the infrastructure and transport fleet will
be updated, primarily at the expense of domestic
models. High-speed highways and railways will
be built. The large-scale upgrade of the airfield
infrastructure will also affect more than 100
airports. Besides, we will move on to more active
use of inland waterways».

As the Minister of Transport Vitaly Savelyev
noted in his speech, the document was developed
in parallel with the development of initiatives for
the socio-economic development of the Russian
Federation until 2030. «We used the experience
and data gained during the strategic sessions when
writing the Strategy and shaping the image of the

future of the industry», Vitaly Savelyev
highlighted.

The Strategy considers the most important
global trends, including decarbonisation and
«green» transport, as well as the transition to new
energy sources. For the first time, a block on digital
transformation was singled out as the most
important tool for achieving goals. «Digitalisation
will allow to achieve a reduction in costs and an
increase in labour productivity by at least 2 times
in the transport industry», the head of the Ministry
of Transport emphasised.

Criteria for assigning relevant infrastructure
facilities to the Single Backbone Transport Network
for all modes of transport have also been developed
to create multimodal synergy. The goal of the Single
Network development is to make the condition of
85 % of the network compliant by 2035 with
standards and to eliminate bottlenecks.

A core objective of the Strategy is to increase
the mobility of the population by 80 % through
measures of public support, development of low-
budget transportation, and other tools. «Thanks to
the development of infrastructure and related
measures, we will be able to accelerate the
movement of goods within the country’s transport
system. Within the framework of the Strategy, by
2035, a fourfold increase in the speed of movement
of non-primary cargo is predicted, up to 1,000 km
per day, using container trains», the Minister
outlined.

The next step will be the development of a plan
for the implementation of the Strategy and the
General Scheme for the Development of the Single
Backbone Transport Network. «The coronavirus
pandemic has demonstrated that supply chains and
the transport system should be able to adapt to
changing market conditions. Therefore, the
Strategy will be updated on a regular basis», Vitaly
Savelyev concluded.

Compiled from the news released

by the Ministry of Transport

of the Russian Federation:
https://mintrans.gov.ru/press-center/
news/10118 e
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