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LNDPPOBbIE TPAHCMOPTHbIE KOPUOOPbI
EBPA3SMNCKOINoO 3KOHOMUWUYECKOIO COI03A

a3BUTHE MUQPPOBBIX TPAHCIIOPTHBIX KO-

P PUIOPOB CTAJIO OMHOM M3 TEM 3aCeIaHMs

EBpa3uiickoro MexXIpaBUTEILCTBEHHO-

ro coeta EADC 31 auBapg 2020 roga B Aiima-
Arte (Pecniyonmka Kazaxcran).

DKocucTeMy OU(PPOBBIX TPAHCITOPTHHBIX
kopunopoB EADC mnanupyetcst chopMmupoBaTth
K 2025 rony, mpeaycMOTpeB MHTETPALIUIO C TJI0-
OaJbHBIMHU TPAHCIIOPTHO-JTOTUCTUICCKUMU
mnatgopmamu. [1naH BKiIoyaeT B cedst Mepo-
MIPUATHAS HALIMOHAJIBHOTO 1 HaTHAIIMOHAIBHO-
IO YPOBHEMN.

[Tpembep-muHUCTPHI cTpaH Coro3a MIPUHSIIN
pEIIeHNE, YTO MOCIe OIpPEIeICHHS TIepBOOYC-
PEIHBIX CEPBUCOB U BEIOOPA KOHKPETHBIX MeXa-
HU3MOB UX peanu3ainnu, rocymapctBa EADC
obecreyaT pa3pabOTKy HallMOHATBHBIX TUIAHOB
110 (pOpMHUPOBAHUIO SKOCUCTEMBI.

OxugaeTcst, 9T0 OPMUPOBAHNE IKOCUCTE-
MBI CO3ACT yCJIOBUS JIsT CHYKeHus 10 30 %
BpEeMEHU IIPOCTOSI aBTOTpaHcHopTa. Takxke
SKOCHCTEMA ITO3BOJIUT OJYIUTD TOMTOJTHUTETb-
HBI 3G GEKT IMOCPEeICTBOM aHaIM3a ITOTOKOB
JMaHHBIX: CTPOUTH TPAHCIIOPTHO-3KOHOMUYE-
CKMii OayiaHC, BBISIBIISTH «y3KHME MECTa», Ipo-
THO3MPOBATh TPAHCIIOPTHBIC TTOTOKM, TIPUHM-
MarTh YIIpaBICHICCKUE PEIICHUS.

B cocrtaBe poccuiicKoii aeneraiuu Mo py-
koBoacTtBoM Ilpencematens [IpaBuTenbpcTBa
Poccniickoit Menepaunm Muxanna MunnycTu-
Ha yJacTHe B 3acemaHun EBpa3miicKoro mMex-
MIPaBUTEILCTBEHHOTO COBETA IIPUHSIT 3aMECTH -
TeJIb MUHUCTpPA TpaHCcTIopTa Asekceit CeMEHOB.

ITo marepuanam npecc-nenrpa MunTpanca
Poccun, EDK: https://mintrans.gov.ru/press-
center/news/9417;
http://www.eurasiancommission.org/ru/nae/
news/Pages/03-02-2020-4.aspx ®

EAEU DIGITAL TRANSPORT CORRIDORS

T he development of Eurasian digital
transport corridors was among the topics
discussed at the EAEU Intergovernmental
Council held on January 31, 2020 in Almaty
(Republic of Kazakhstan).

The EAEU ecosystem of digital transport
corridors is to be formed by 2025, providing for
integration with global transport and logistics
platforms. The plan includes national and
supranational events. According to the decision
by the Prime Ministers of the Union countries,
after identifying the priority services and choosing
specific mechanisms for their implementation,
the EAEU States will ensure the development of
national plans for the ecosystem formation.

The ecosystem development is expected to create
conditions for reducing road vehicles’ downtime by

30 %. Besides, the ecosystem will enable obtaining
an additional effect through the data flows analysis:
creating a transport and economic balance,
identifying bottlenecks, predicting traffic flows, and
making management decisions.

The Russian delegation to the meeting of
Eurasian Intergovernmental Council, headed by
the Chairman of the Government of the Russian
Federation Mikhail Mishustin, included Alexey
Semenov, Deputy Minister of Transport.

Compiled from the news of the press centre

of the Ministry of Transport of the Russian
Federation, Eurasian Economic Commission:
https://mintrans.gov.ru/press-center/
news/9417, http://www.eurasiancommission.
org/en/nae/news/Pages/03-02-2020-4.aspx ®
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BO3MOXXHOCTHU OJ19 Ppa3BUTUSA
«Llndpposoro meTpo» B Poccumn

AnTon JEHUCEHKOB Onusa NOJIAKOBA

YBen4eHne 3Ha4MoCTV Ka4ecTBa v KOJIMYecTea
npeaocTaBaseMbiX YCyr, ObICTPOPACTYLLUN 0ObEM
JlaHHbIX, HEOOXOAVMbIX [J151 YrPaBEHWs IPeanpusi-
TUEeM U YKPErnaeHUsi KOHKYPEHTHbIX Mo3uumni Ha
PbIHKE, TPEBYIOT MepecMoTPa MOLAENEN yripaBeHys.
Crartbs rnocsseHa pas3BuTuio UMgdpoBoro MeTpo
B yC/10BUsIX I7100a/1bHOM aBToMaTu3aumm n Lmgpo-
BU3aUmnm GU3HeC-Mmoaener opraHm3aunii ¢ Lesbo
MOBbILLEHNST Ka4ecTBa npeaocTaBisieMbiX YCIyr
v onTumu3aLimy 6u3HecC-npoLeccos.

Uenblo nccnenoBaHvsi BASIETCS U3YHEHNE MU-
POBOIro v POCCUIACKOIO OrbITa NMPUMEHEHNS UngdpPo-
BbIX 1 Kpaya-naar@opm Ha TpaHcropTe v pa3paboT-
Ka aBTOPCKOM MOAEN YrPaBIIEHVISI METPOMOINTEHOM
B COBPEMEHHbIX yC10BUsIX. L1151 LOCTUXKEHNSI MOCTaB-
JIEHHOW Lie/I1 MICCIeA0BaHsI MPUMEHSI/INCL METOAb!
CPaBHUTE/IbHOIO Y KOHTEHT-aHam3a, 6eHYMapPKUHI
ycneLHbix 3apybexXHbiX NPakTUK UCroIb30BaHUs
Kpaya- v ungpoBbIX n1arpopm B TPaHCOPTHOM OT-
pacnau, metoa 0606LeHNs U KOHLenTyaabHO-
MEeTOoA010rN4ECKOro MOAEINPOBAHMSI.

Jlenucenxoe Anmon Hurxoaaeeuu — I'VII « Mockosckuii
memponoaumen», Mockea, Poccus.

Iloaaxoea FOaua Muxaiinosna — MY umenu

M. B. Jlomornocosa, Mockesa, Poccus™.

ABTOpbI 11poaHann3npoBaivn MUPOBbIE TPEeHAb!
B 00/1aCTV pa3BUTUST U UCI0JIb30BAHUST LNpPOBbLIX
TEXHOJIOrNi B TPAHCMOPTHOW OTpac/uv, rnpoBesn
CpaBHUTEJIbHBIV aHain3 MUPOBON U POCCUCKON
npaxkTUKy MPUMEHEHUs] MNI1aThOPMEHHbIX U Kpaysd-
PeLLEeHWi Ha TPaHCopTe, PACKPbIIY NPenMyLLecTsa
UHTerpaumm UnMopOoBbIX TEXHOJIOMIA /18 pa3BUTUS
meTpornonuteHa B Poccun. Ha ocHoBe rnoJsty4eHHbIX
pe3ynbLTatoB UCCAEA0BaHVS aBTOPbI NPEasIOXNIN
«e-lnargpopmy», akKkymynvpytoLLyo, aHaam3npyio-
LY Y COPTUPYIOLLYIO AaHHbIE, MOCTynaKnLlme n3
BHELLUHEV cpeabl A1 nocaenyoLer eé€ nepeaaqiv
B 6u3Hec-6J10ku yrnpaBiaeHus MeTpornoMTeHOM
v onTuMmn3aumu rpouecca BbipaboTKu v MPUHSTAS
ornepaTuBHbIX PELLEHWH, a Takxe pa3paboTtanv Le-
JIeBYIO MOZEJIb Nepexosa OT «aHaJloroBoro» yrpas-
JNIeHVs1 AaHHbBIMU B METPOMOJIMTEHE K LINGPOBOMY Ha
OCHOBE MHTerpaumy UM@poBbIX TEXHOI0Mri Ha 6a3e
BUPTYasibHOW naaTt@opmbl yrnpaBiaeHus 6u3Hec-
npoueccamu u Kpaya-nnargopmsl coopa naen
W MPEAJIOXEHNV MO Pa3BUTUIO METPOMOIUTEHA.

KnouyeBnbie croBa: ungpoBasi 9KOHOMUKA, UNpPOBOE METPO, METPOIMNOINTEH, LINPPOBN3ALINS, KEJIE3HO-

JZI0POXHbIV TPAHCIMOPT, KPaYy.ACOPCHHT.

*NHdopmaumsa 06 aBTopax:

AeHuceHkoB AHTOH HukonaeBuY — 3aMecTuTesb HadanbHuka Crnyx6bl TEXHUYEeCcKon nonnTukn MYT
«MockoBckuii meTpononuTteH», Mocka, Poccusi, antonioos@yandex.ru.

MongkoBa Onua MuxaiinoBHa — KaHANAAT 9KOHOMUYECKMX HayK, HXeHep JTabopaTopuy NprKnagHoro
0TpacneBoro aHannsa skoHomu4yeckoro dakynsreta MI'Y umenu M. B. JlomoHocoBa, Mocksa, Poccus,

flaeeee@gmail.com.

Cratbs noctynuna B pegakumio 28.01.2020, npuHaTa k nyénukaumm 01.03.2020.

For the English text of the article please see p. 14.
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BBEOEHUE

Mup CTOUT Ha IIOPOTe YeTBEPTOL IPOMBIIII-
JICHHOI PEBOJIIOLIMMI, HACTYIIIJIA 3110Xa Ldpo-
BOI1 5KOHOMMKMU, KOTOpast TpedyeT TpaHchopMa-
1M Ou3Hec-Moneeid opranu3armii. [ToBcromy
nporcxonut LrdpoBsas TpaHcdopmaLmMs oTpac-
JIell 5KOHOMMKH, OCBOEHUE ITUMDPOBBIX TEXHOIO-
TMii ¥ IEPECMOTP CTpaTeruii pa3BUTHsI OM3Heca
C LIeJIbI0 ONTUMU3ALMK OM3HEC-TIPOLIECCOB,
TMOBBIIIEHNST KAYeCTBA U YPOBHSI XKM3HHU.

B cBs13U ¢ 3TUM, yes1bi0 NCCIIeIOBAHUS SIBJISI-
€TCs1 U3y4eHHEe MUPOBOIO 1 POCCUIICKOTO OIIbITa
MpUMeHeHUs! IMPOBBIX ¥ Kpay/-I1aTchopM Ha
TPaHCIIOPTE U pa3pabOTKa aBTOPCKOW MOJIEIN
YIIPaBJICHUST METPOIIOJIMTEHOM B COBPEMEHHBIX
ycoBUsIX. J11s1 TOCTKEHMS ITOCTABICHHOM LIe/IN
HCCIICIOBAHMS TIPUMEHSUTUCH Memoobl CPaBHU -
TEJIbHOTO M KOHTEHT-aHaIn3a, OeHYMApKUHT
YCIIEHIHBIX 3apYOesKHBIX MPAKTUK MCIOIb30Ba-
HUS Kpayd- ¥ IU(POBBIX MIaT¢OpPM B TpaHC-
TIOPTHOM OTpaciv, 000OIIEHNST, METOI KOHIIEIT-
TyaJIbHO-METOI0JIOTMYECKOI0 MOIEJIMPOBAHLISL.

Ilo ouenkam McKinsey Global Institute i [HS
Markets, nononHutenbHbIit ipupocTt BBIT ot
mdposu3anmn K 2025 . coctaBut ot 6 10 10 %.
B 2017 r. Poccust 3aHumMana riepBoe Mecto B EB-
poIle ¥ IIeCTOe MECTO B MUPE IO KOJIUYECTBY
nosb3oBareneit MutepHera. MoOWIbHBIE TIpU-
JioxxeHus online-6aHkuHra ucronb3yoT 10 %
POCCUIACKMX ITOJIb30BaTeIeii, YTO IIPEBbIIIACT
nokazatenu crpadH EC. I1pu atom poccuiickue
OTPAC/Iv IPOMBIIUICHHOCTA M TPAHCIIOPTa OT-
craroT ot crpad EBpornsl Ha 46 11 56 % cooTBeT-
CTBeHHO [1].

B2019t. Poccuiickast Denepaliysi 3SHaUMTE b~
HO IIPOJIBUHYJIACh B pa3BUTHUM LIM(MDPOBOIA KO-
HOMUKU. BaxkHyI0 posib UTpaeT yTBEPXKICHKE
TaKUX IOKyMEHTOB, KaK BE&IOMCTBEHHbBII IIPOESKT
«udposoii TpaHcIopT U TorvcTrka» 2019 rona,
SIBJISIIOLIUIACS HArpaBJieHEM (TTOATPOrpaMMOin )
rocyIapCTBeHHOM MporpaMmbl «Pa3BrTHe TpaHC-
TOPTHOI CUCTEMBI», FOCYIapCTBEHHASI ITPOrPaM-
Ma MOCKBBI «YMHBIIA TOPOI» 1 JIp.

B 1aHHOM KOHTEKCTEe METPOIOIUTEH SIBJISI-
€TCsT CJIOXKHEUIITMM MHXXEHEPHO-TEXHUUECKIM
TPAHCIIOPTHBIM MPEANPUITUEM, TUHAMUYHO
Pa3BUBAIOLIMMCS C YIETOM IIEPCIICKTUB PACILIV-
PEHMsI TpaHUIl TOPOJIa, C TIOCTOSIHHO YBEJINYM -
BaIOIIMMCSI ITACCAKMPOITOTOKOM 1 MHTET palieii
B IpyTYi€ CUCTEMBI OOIIIECTBEHHOI'O TPAHCIIOPTA.
C pa3BuUTHEM METPOINOJIUTEHA, BO3pACTaHUEM
Harpy3Ku IMaccaXXuporoToKa ¢ KasKIbIM IFOI0M
YBEIMUYMBAETCSl 00EM 00padaThiBaeMOii MH(OP-
Mallyy TPy YIIPaBJIeHUH ITPOM3BOACTBEHHBIMU
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npoieccamy (W1 MpoLieccaMu, 00ecIieunBaro-
LMY MEePEeBO3KY MaccakMpoB), TEXHOJIOTMYE-
CKUMMU MpoLeccaMU, YTO TpeOyeT BUTOU3MEHE-
HMSI TEXHOJIOTUI ¥ METOIOB YIIPaBJICHHS — ITPO-
BeAeHUS M poBoit TpaHchopManmi [2; 3].
OMBIT METPOTIONIUTEHOB MUPOBBIX METAIo-
JIVICOB TOKA3bIBAET, YTO IIU(DPOBBIE TEXHOIOTUHN
9¢h(HEKTUBHO peai3yloTCs U HallpaBJeHbl Ha
aBTOMaTU3ALIMIO YIIPABICHUSI IBMKEHUEM, pa3-
BUTHE OECIMIOTHBIX TEXHOJIOIUI, 0OecrieueHue
0e30ITaCHOCTH, TEXHOJIOTMYCCKIE MHHOBAIINM,
BBISIBJICHYE, BHEAPEHME U Pa3pabOTKY MepCriek-
TUBHBIX IIU(POBBIX PEIIEHUH, Pa3BUTHE TPAHC-
MOPTHOU MHGMPACTPYKTYPHI, MOBBIIIEHUE -
(heKTUBHOCTHM TPAHCTIOPTHOI CUCTEMBI.
VYipaBiaeHue nepedyrcieHHBIMU OU3HeC-
npoleccaMu MoxXeT 3(PHEKTUBHO OCyIIeCcT-
BJISIThCSL IOCPEICTBOM MCITOJIb30BAHMS CIIEeLIMA-
JIM3MPOBAHHBIX BUPTYATbHBIX TUIaTopM [4].

MEXAYHAPOOHbIA U POCCUACKUIA
onbIT NTPUMEHEHUA
KPAYA-NNATOOPM B TPAHCINOPTHOMN
OTPAC/IN

OmHOI 13 KITIOYEBBIX TEXHOJIOT M IIM(DPOBOIA
SKOHOMUKH SIBJIIETCS KpayncopcHL Kpayncop-
CHUHT — 3TO YHUBEPCAIBHBIIA MHCTPYMEHT UTS
peIIeHMs CIOXKHBIX 3aa4 Ha OCHOBE MacCOBOM
KOJIJTabOpaIvy JIIOJIEH 1/ COTPYIHUKOB Op-
raHuzaimy. HaydHbIM COOOI116CTBOM BbIICISIET-
Csl HeCKOJIBKO BUIOB KPayJICOPCHHIA, B TOM
YUCIIe KOMMEPYECKHIT 1 COLMAIBHBIN (HEKOM-
Mepueckuit) |3, ¢.49; 6, c. 75], KOTOpbIE, B CBOIO
ouepeb, MOTYT BKITIOUATh B ceOsI CIICIYIOIINE
MOIBUBIL: FOCYIAPCTBEHHBIN, HAYYHbIN, MapKe-
TUHTOBBIN, MTPOU3BOACTBEHHBIN, JTIOKAIbHBII
u 1ap. Tematnyeckue Kpayma-ImpoeKThl MOTYT
MPOBOIUTHLCS HA OTKPBITOM M 3aKPBITOM OCHOBE.
OTKPBITBII KpayICOPCHHT ITPEIITOJIaracT yaacTHe
BIIPOEKTE BCeX JKeJIAFOIIIX (B CITyJae MEeTPO — Kak
MaCCaKUPOB, TaK U COTPYAHUKOB METPOITOJINTE-
Ha). B 3aKpbITOM KpayJICcOpCHHIe UMEIOT MIPaBO
Y4acTBOBATh MCKITIOUUTEIEHO COTPYIHUKU Op-
raHm3anyn. JJaHHBIN BUI KpayJICOPCUHTA Jalle
BCETO HA3BIBAIOT KOPIIOPATUBHBIM.

B tab. 1 npeacrapieHbl pe3y/ibTaTbl aHAIU-
3a BO3MOXHOCTE pa3BUTUSI OpraHU3aluu
TPaHCIIOPTHOM OTpac/Iv Ha OCHOBE BHENPEHUS
TEXHOJIOTUM KPayJICOPCHHTA B CYIIIECTBYIOIIYIO
OU3HEC-MOJIEITD.

B 2013 1. MUinon Mack, co3naTesib KOHIETIAN
BaKyyMHoOTO Ttoe3na Hyperloop, opraHn30Baj
B COLIMATBbHON ceTH Twitter KpayCOpCHHIOBBIA
MPOEKT, a UMEHHO OITHY U3 €ro (hopM — Kpayipe-
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Taouua 1

Bo3moxkHOCTH pa3BUTHS TPAHCIIOPTHOM OPraHM3aMU C MOMOIIbIO MPUMEHEHUSs
KPayJACOPCUHIOBBIX T€XHOJIOTHIA

Kommepueckuii

Hexkommepueckuii

MapKeTHHTOBBII TTpOM3BOACTBEHHBIIT

Hayunblit

CounanbHblii

TIPOIBUXKEHUE YCIYTH TIOMCK TyTeil COKpaLeHUst

U3JIEPXKEK

pa3BUTHE MHHOBAIIWI
Ha TpaHCIIOpTE

y4yacTHe B COIIMATbHBIX
nporpammax

pa3Butue OpeHaa TIOBBILIEHNE KAa4yeCTBA yCIIyT

BHEJPEHUE HOBBIX
TEXHOJIOTH

OopraHu3alysi COUUATbHbBIX
MEpOTPUATHI

pacuIMpeHKe myJia JOsUTbHBIX
Maccaxupon

pelleHte 3a1a4 CMeXHbIX
obnacreit

OLIeHKA MOTPEOUTEISIMUI
KayecTBa ycIyr

Hcrounuk: cocrabneHo 0. M. [TonsgkoBoit.

KpyTuHr [7]. Lleabto KpayipeKpyTUHTa SIBJISIETCS
0TOOP BEICOKOKBATH(DUITMPOBAHHBIX CTICIIAAITI -
CTOB Ha OCHOBE aHaJTI3a TPYIOBOM IESITSIEHOCTH
KaHIMIATOB (KpayIcopcepoB) B IIpoliecce pea-
JIM3aLN KPayICOPCHMHTOBOTO IIPOEKTA Ha CITe-
IMAIM3UPOBAHHON TITomanke B MHTepHETE.
IIpoext, opranuzoBaHHbIli M1oHOM MackoMm,
TIPErIoIarai coop 1 aHAJIN3 UACH, TIPSUTOXKEH-
HBIX COOOIIIECTBOM, TTO PEATM3ALINH KOHIICTILIN
BaKyyMHOTO I10e3/1a Ha TipakTuke. [ lodeauresnsiv
B Ka4eCTBE BO3HATPAXKICHIS IIPEIaraoch BOM -
TH B IITAT pabOYEH TPYIIIBI IO TIPOeKTY Hyperloop.

CerogHsl B MUpe aKTUBHO PacIIMpPSICTCS
MPaKTHKA PeaTH3aLK KpayICOPCUHTOBBIX ITPO-
€KTOB B TPAHCIIOPTHOM oTpaciau. OmHUM U3
TPEHIOB SBJISICTCS BHEAPCHUE KPayICOPCUHTO-
BBIX TPAHCIIOPTHBIX TiatdopM. EBponeiickuit
Kkpaya-Tipoekt — CIVITAS, nHTennekTyaabHas
iatopma st coopa MHHOBALIMOHHBIX WOCH
M TIPEIUTOKEHIT TI0 MOIICPHI3ALINK TOPOICKOTO
TpaHcriopta B 6ojiee yeM 80 ropomax EBporbl.
[TpoeKT HOCUT SKOJTOTMIECKIIT 1 THHOBAIIOH-
HBII XapaKTep, TaK KaK HalleJIeH Ha MCTIOIh30-
BaHME KOJIOTMYECKH YMCTOTO TOIIMBA 1 TPAHC-
IIOPTHBIX CPEACTB, Pa3BUTHE KOJUIEKTUBHOTO
MMACCaskMPCKOTo TPAHCITOPTa, pa3padOTKy CTpa-
TETU yIIpaBICHUS CIIPOCOM, KOMILIEKCHOE
IUTAaHMPOBaHME, OOecIicueHIE 0e30IacCHOCT Ha
OCHOBE LIM(POBBIX TEXHOJIOTHI 1 1Ip. [8].

B 2016 . mosiBrIack KoHuemniyst «Kpaymacop-
CHHT JJTST OOIIIECTBEHHOTO TPAHCTIOPTa», KOTOPAsT
BKJTIOYAET B CEO0SI IIECTh OCHOBHBIX HaIlpaBJIe-
HUIA:

1) Kaprorpaduposanue (mapping) o0iie-
CTBEHHOTI'O TPaHCIIOPTA.

2) OtcexxnBaHUE CTaTyca OOIIECCTBEHHOTO
TPaHCITOPTA B PEXKMME pealbHOTO BPEMEHI.

3) BemeHue KpayacOpCHHTOBOI OTYETHOCTH
1 pa3pabOTKa MPeIIOKCHHIA.

4) CobironeHre TIpaBoMopsIaKa Ha 00IIe-
CTBEHHOM TpPaHCITOpTe.

5) CoTpyIHMYECTBO C OOIIECTBCHHBIM TPaHC-
TTOPTOM.

6) Urpbl 1151 0OLLECTBEHHOIO TpaHCopTa [9).

KpayncopcuHroBoe kaprorpadupoBaHue
Ob110 0100peHO BeceMupHbIM 0aHKOM B paMKax
TPAHCIIOPTHOTO HAIIPaBJICHUST CBOCH pabOTHL.
ITo3mHee ¢ yuacTreM psia BeMyIIX YHUBEPCH -
TETOB OBLT peaiM30BaH MEXKIYHAPOIHBIM ITPO-
ext Digital Matatus', B paMKaxX KOTOPOTO ObLIH
pa3paboTaHbl pa3paboTaj crieluaJibHbIe MO-
OWJIbHBIC TIPYITOXKEHMS JIJIST TTIOTIOJTHEHMSI Kpa-
YIACOPCUHT-KapT ITOJIb30BaTEIISIMH OOIIIECTBEH-
HOTO TpaHCIopTa. B pamkax oTciaexXuBaHUS
cTaryca OOIIECTBEHHOTO TPAHCIIOPTA B PEXKIME
peabHOro BpeMeHu B ceHTs10pe 2016 1. B bo-
ctoHe (CIIIA) TpaHCIOPTHOE BEIOMCTBO IIITaTa
Maccauycerc MBTA ipuHSIIO eAUHOE TIPUIIO-
JKEHHKE? C TTOJTHBIM HaOOpOM YCIIYT O0CITYKIBa-
HUS naccaxupoB Transit App. TlpunoxeHue,
pa3paboTaHHOE OAHOMMEHHOM IPYITIO pa3pa-
OOTYMKOB, ITO3BOJISICT arperMpoBaTh JaHHBIC,
TIOTyYeHHBIE OT ITOJTb30BaTe/ICH, O CUTYaIluy Ha
JOpOTax, YTO TO3BOJISIET O0JIce TOYHO ITPOTHO-
3UpoBaTh NHGOPMALIMIO O TTPUOBITUN O0IIIE-
CTBEHHOTO TPaHCIIOPTa B PEXMME PEaTbHOTO
BpeMeHu’. B pesynbrate maHHbIE B pealbHOM
BPEMEHU CTAJIN JOCTYITHBI ITOJIH30BATEIISIM He-
CKOJIBKMX CTPaH YeTHIPEX KOHTUHEHTOB, HATTPH -
Mep, OOIIeCTBEHHOTO TpaHcmopTta B Hpio-
HMopke, B TOM 4HCIie ¥ METPOIIOUTEHA.

HarnpasneHnue «BeneHue kpayacopcMHIoBoi
OTUYETHOCTU U pa3paboTKa MpeAJIOXKEHUI» TIpe-
ToJlaracT BO3MOXHOCTD IS TTOJIb30BaTeIeit
TI0IaBaTh WACH IT0 Pa3BUTHIO OOIIIECTBCHHOTO
TPaHCIIOPTa, a TAKKE COOOIIIATE O BHISIBJICHHBIX
npobiemax. B pamkax mooipeHus maccaxkxnupon
K COOJIIOIEHUIO MPABOMNOpPsIIKA Ha OOLIECTBEH-
HOM TPaHCITOPTE Y TIPEIOTBPAILICHIUST PAa3TIIHO-
TO pO/Ia HapyIICHWI pa3paboTaHO HECKOIbKO

! [DnexTponHbIi pecypc|: www.digitalmatatus.com.
Hoctym 01.03.2020.

2| DnexTpoHHBI pecypc]: https://blog.mass.gov.
transportation/mbta/mbta-names-transit-app-best-
public-app-winner. Joctyn 01.03.2020.

3| DnekTpoHHBI pecypc]: https://transitapp.com/about.
Hoctymn 01.03.2020.
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TIPWIOXKEHUH TI0 pa3TNIHBIM HaIlpaBICHUSIM
C IEHESKHBIMU BO3HATrPAXKICHUSIMU.

B 1ies1s1x coTpymHUYecTBa ¢ OOIIECTBEHHBIM
TPAHCTIOPTOM B OOJIACTU PEIICHUST CIIOXHBIX
3aj1a4 Ha OCHOBE MaCCOBOI KOJIJTabOpaIiu pas-
paboTaHO TPU THUIIA TPUJIOKEHWI: BOBJICUCHME
(bopym Green City Streets — COBMeCTHasI pa3pa-
0O0TKa pelIeHuit U coodlIeHre O MpobemMax),
obyuaenue (ConnectSF Subway Vision Map — 1ina-
HUPOBaHNWE TPAHCIIOPTUPOBKMU Ha OOJIbIINE
paccrostams) 1 riponiecc (CoAXs — MHCTPYMEHT,
TTO3BOJISIFOIIU T TTOJTH30BATEISIM TIPOEKTUPOBATh
M TECTUPOBATh U3MEHEHMST B TPAH3UTHBIX CETSIX).

IlocnenHee, He MeHee BaxKHOE HaIlpaBiie-
Hue, — «rpbl 1151 0011IECTBEHHOTO TPAHCTIOPTaY,
Heo0XoauMoe sl OOYYEHUST ITACCaKUPOB U X
BOBJICUEHUS B ITPOLIECC TUTaHMpoBaHus. B kave-
CTBE IIpHMePa MOXKHO TIPUBECTH TaKKe TIOTyJIsSIp-
HbIE UTPhI Ha OOIIIECTBEHHOM TPAHCITOPTE, KaK:
Bus Meister Game (00y4eHMe JTofei crieInpuKe
paboThl OOIIECTBEHHOIO TpaHcIopTa), Brand
New Subway (WTpa TI0 CO3TaHUIO CETH HOBBIX
JAMHMI MeTpornonuTeHa B Hrio-Mopke),
Chromaroma (OTCIeXVBaHNE TIEPEIBUKECHUN
TacCaXHPOB ITPY TTOJTb30BAHUN OOIIIECTBEHHBIM
TpaHcroptoM) [10; 11].

Poccuiickast mpakTka mpuMeHeHHsI TEXHO-
JIOTUM KPayJICOPCHHTA TI0 CPAaBHEHUIO C 3apy0exK-
Hoii He Tak Besinka. OpHako yxke B 2015 . lupek-
1us1 XKe1e3Hon0poKHBIX Bok3anoB OAQO «PK]T»
COBMECTHO C Kpayl-KOMITaHHel «Butomorus»
(Witology) opraHr30BaIv Kpay-IpoeKThI « YCITy-
W, TIPEIOCTABIIsIEMbIe Ha KPYITHBIX 3KeJIe3HOI0-
POoXHBIX Bok3anax PD» u «KavecTBo 06CmyX1-
BaHUsI Ha KPYITHBIX KeJIe3HOMOPOKHBIX BOK3a/IaxX
PD»*. 1lesbio IPOEKTOB SIBISUIOCH TOTy4YeHNe
UHGOPMALIMU O MOTPEOHOCTIX MAaCCaXKUPOB
M TIOCETUTEJIEI BOK3aJI0B OTHOCHUTETHHO CITEKTPa
1 KaueCTBa YCIIYT, a TAaKKe U3ydIeHue TpeOoBaHM I
M TTO3KeJTAHWI TIACCaKMPOB U TIOCETUTETIEN K Ka-
YeCTBY OOCITY>KMBaHUSI Ha KPYITHBIX 3KeJIe3HOIO-
PpoxHBIX Bok3anax PD. B oboux rpoekTax mpu-
Hsu10 yuactue 4692 yen., monydeHo 3148 mpen-
JIOXKEHMIA, BBISIBJIEHO 667 TIEpBOOUYEPETHBIX TT0-
TPeOHOCTEN ITaccaskupoB U TpemiokeHo 419
KOHIIETITOB OLIEHKM KayeCTBa yCIyT, Tipeyiarae-
MBIX Ha 3XeJIe3HOMOPOXHBIX BoK3anax Pd3.

B 2015 r. aBuakommanusi «Aspodior» peanu-
30Bajla TPU Kpay/I-IpOeKTa, HalleJIeHHBIX Ha
TTOBBIIIIEHYE KAYeCTBA CEPBUCOB U YCIIYT, TIPEIO-

4| DnekTpoHHBI pecypc]: https://witology.com/
clients_n_projects/219/. Joctym 01.03.2020.

3 [DnekTpoHHBII pecypc]: https://witology.com/
clients_n_projects/2324/. Hoctymn 01.03.2020.
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CTaBJISIEMBIX JIO 1 TIOCJIE TIOJIETa Ha OOPTY caMo-
JI€Ta, yJaydllleHue MPOoTrpaMMBbl JOSUIbHOCTU
«Aspodnor bonyc». Ilo pesynasraram peanisa-
LIMU Kpay-IIPOEKTOB ObLJIO MPUHSITO U OO/~
KOBAHO OKOJIO 42 ThICSIY UIel C aynuTopueit
yuactusi 6osee 17 Teicsy yenosek [12].

MNJIAT®GOPMEHHbBIE PELLEHUSA
HA TPAHCNOPTE U NPEAJIO)KEHUSA
MO COBEPLLULEHCTBOBAHUIO
CYLLECTBYIOLLEN CUCTEMbI
YNPABJIEHUA METPOMNOJIUTEHOM

Ludpossie mwiaThopmbl Ha TpaHCTIOPTE —
JIOCTATOYHO PEIKOEe, HO TIEPCIIEKTUBHOE pellie-
HU€ BOMPOCOB OCYIIECTBACHUS UDPOBOI
TpaHcopMaumnu. CyliecTBYIOIINE CETOaHS
1rdpoBbIe M1aThopMbI B TPAHCTIOPTHOM OTpac-
JI1 pa3paboOTaHbI TI0J] KOHKPETHBIE 3aTIPOCHI
KOMIMaHUH 1 BBITTOJTHSTIOT pa3Hblii HAb0p DyHK-
uuii. Hanpumep, uudposas miargopma Iie-
puHroBoro cepBuca Uber 110 OKa3aHUIO YCIYT
TaKCH TIpeaHa3HaYeHa IS TIPSIMOTO COSIMHE-
HUS KJIMEHTa W BOAUTENS MPU OTCYTCTBUU
Y KOMITaHUY COOCTBEHHOT'O ITapKa aBTOMOOWIIEH
[13,c.531].

Llenbto npyroii miatdopMbl Moovit sBRsieT-
Cs1 TIOMOIITh KUTEJISIM TIPUTOPO/IA M MHBAJTIAM
BTIEPE/IBVYKEHUY ITO TOPOJLY U 34 €TO IPEIEIaMH.
ITnardopma oObeIUHSIET JaHHbBIE O MOE3aKaX
¢ mepecagKaMy MEXKITy HECKOJIbKMMU BUIAMU
TPaHCIIOpTa, TPAHCIIOPTHOI MH(MPACTPYKTYpeE,
roJtydeHHbIe oT 550 ThIC. TACCAXXUPOB U HaHE-
CEHHBIE Ha KapTy, TOCTYITHYIO B MOOWJIEHOM
NpWIoXeHUU. B naHHOM cilyyae KOMIaHuUs
MHTErpripoBajia BO3MOXHOCTH IIaT(POPMEHHBIX
pelIeHNiT 1 KpayIcopcuHTa Wi 6osee 3 dek-
TUBHOTO Mpoliecca OKa3aHMs yeiyT [14].

Kpome toro, uudpossie miathopmbl Uc-
MOJB3YIOTCS /151 OPOHUPOBAHUS U PE3ePBUPO-
BaHMSI MECT B aBTOOYCaX B CIICLIMAIbHBIX TPAHC-
¢GepHBIX cepBUCaX, KOTOPBIE COCAUHSIIOT
MapupyThl BICOKOU mjoTHOCTU (BRIDJ,
SHUTTLE, DiDin ap.), aTak:ke OpOHUPOBaHUSI
BEJIOCUTIEIHBIX TaKCH U TYK-TYKOB B CTpaHax
JlatuHckoit Amepuxu v Asum (GoJek, BIKXIE,
GRABBIKE, goBIKE, G-Auto v nip.).

s Poccuu takske ipuMedaTesibHO TO, UTO
Ha OAO «PX]I» npyxomurest okosio 20 % mMupo-
BBIX >K€JI€3HOTOPOXKHBIX TIEPEBO30K, MTOITOMY
KOMITaHMSI CTPEMUTCS CTaTh LIM(POBBIM JIMIC-
poM B cBoeit otpaciin. Ha [IMB®-2019 mipen-
craButesii OAO «P2XK]I» cooO1mmm, 4To KoMIia-
HUS pa3pabaThiBaeT BOCEMb IIU(MPOBBIX ILIAT-
(hopm pazHoro dhyHKLIMOHANA: OT BO3MOXHOCTH

AeHnceHkoB A. H., Monsikoea 0. M. KpayacopcuHr u nnatpopMeHHbIe peLleHns Ha TpaHcnopTe:
BO3MOXHOCTU ans pa3eutus «Ludpoeoro metpo» B Poccun
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(5] c-611c

Puc. 1. «e-INMnar¢popma» aBTOMaTU3NPOBaAHHOIO YrNpas.

unnpoyeccamMv MeTporoJsinTeHa.

UcTtoyHuk: cocTaBsieHo aBTopamu.

3aKa3a Ipy30IIepeBO30K BCETO 32 HECKOJIBKO
MUHYT 10 MYJIETUMOIAIBHBIX TICPEBO30K 1 CO3-
JIaHUS COOCTBEHHOM LIM(PPOBOI IKOCUCTEMBI.

AHanu3 3apy0esKHBIX U POCCUMCKUX TTPAKTUK
HCTIOJTh30BaHMSI KPayICOPCHHTA U TUTaT(pOpPMEH-
HBIX peIIeHMIA Ha TPaHCTIOPTE TIO3BOJIMII TIPEI-
JIOXKUTh aBTOPCKYIO MOJICITB YITPABJICHUSI METPO-
TTOJTUTCHOM, TTOJ KOTOPOI TIOHMMAETCSI COBOKYTI-
HOCTh MEPOINPUSTUI, METOIAOB, CITOCOOOB
W JIEUCTBUI, HAIIPABJICHHBIX HA ITOAIECP>XKAHUE
PpaboTOCIIOCOOHOCTH TIPEANPUSITHSI, OITTUMU3a-
LII0 OM3HEC-TIPOIIECCOB U TIOBBIIIICHIE KauecTBa
OKa3aHUS YCIYT MacCaKMPCKUX MEePEBO30K Ha
OCHOBE MacCOBOTO BHEIPEHUST IM(DPOBBIX TeX-
Hojoruii. JlaHHasT MOIe/b TOJDKHA O0IagaTh
CJICIYIOIINMU XapaKTePUCTUKAMMU:

* YICTIOJTh30BaHNE COBPEMEHHBIX ITU(DPOBHIX
TEXHOJIOTUIA Ha OOJIBILIMHCTBE OOBEKTOB METPO-
monuteHa (BigData, IoT, IloT, BIM, Cloud
Computing, Cloud Storage);

» Hammuue DATA-nieHTpa I XpaHeHUS
nHpopMaIunm;

* TIPUMCHEHUE TEXHOJIOT WA ICKYCCTBEHHO-
IO MHTEJUIEKTa M MAIIMHHOTO OOYYCHUS I
aHaJIM3a TaHHBIX U BBIPAOOTKHU OIEePaTUBHBIX
pELLICHUIA.

ABTOpCKasi MOIIE/Ib YIIPABICHUS METPOTIO-
JINTEHOM BKJTIOUaeT MHOTO(MYHKIIMOHAIBHYIO
«e-ITmaTcopMy» METPOTIOIUTEHA C IIEITBIO TT0-
BBIIIICHUS OOIIETO YPOBHS IMMPOBU3ALINN
POCCHIACKOTO METPO B PaMKaX PEIICHUS 3a1a9
HallMOHAJTbHOI1 TIporpaMMebl «LlrdpoBas sKo-

HomuKa Poccuiickoit Deaepauinn», a TakxKe
Kpaya-1iatopMy, HalmpaBJIeHHYIO Ha pelcHIE
3a1a4 B 001aCTH Pa3BUTHS METPOTIOJIMTEHA KaK
COBPEMEHHOTO ¥ MHHOBAIIMOHHOTO 3JICMCHTA
TPaHCIIOPTHO CHCTEMBI TOpPOIA.

1. «e-Ilnaropma» aBTOMATH3MPOBAHHOTO
YIPaBJIEHAS METPONIOTUTEHOM.

TMpennaraemas «e-ITnargopma» nmpeacras-
JIIeT CO0OM BUPTYaJTbHOE IIPOCTPAHCTBO, KOTO-
poe mpeaHa3HA4YCHO s cOopa, XpaHEHUS
¥ aHaJIM3a JaHHBIX, TTOJyYaeMbIX U3 BHEITHEH
Cpepl.

ABTOHOMHasI IeSITeTbHOCTh BUPTYaTbHOM
1aTGOPMBI I BBIITOJHEHUST YKa3aHHBIX
(yHKIIMIT MOXET OCYIIECTBISIThCS TOJIBKO
MIpHY YCJIIOBUM HAJWUYMS OIPeaeIEHHOTO Ha-
6opa HMGPOBLIX TeXHOJOTU: MHTEpHET
Belleil (OCHaIeHNe ITOe300B U IPYTUX 00b-
€KTOB MH(MPACTPYKTYPHI JaTINKaMU, KOTO-
pBIe TIepenaloT JaHHBIC B LIEHTP YIIpaBiie-
HUsI), O0JIbIIINE JTaHHBIE (00paboTKa TaHHBIX
O0JIBIINX 00BEMOB B KpaTKHE CPOKM ), ICKYC-
CTBEHHBII MHTEJIJICKT ¥ MAIIIMHHOE O0YJYeHUE
(aHanMM3 maHHBIX, MOCTYNAMOIINX Ha «C-
ITnardopmy» 1 BO3MOXKHOCTb CAMOCTOSITEIb-
HOTO NIPUHSITHUSA/BBIPAOOTKHU PELICHUI),
TEXHOJOTUM KNOepOe30macHOCTH! (3alinTa
JaHHBIX M CUCTEM OT 3JIOYMBIIIJICHHUKOB
B Cetn) [15—17].

Ha puc. 1 npeacraBneHa Mmonenb «e-ITmar-
(bopMBI» METPOTIOIMTEHA, 1IEJThIO KOTOPOIA SIB-
JIIeTCS yIIpaBIICHUE ACSITeTBHOCTRIO TIPEITIPHSI-
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TUS B pexXUMe online Ha OCHOBE IIU(PPOBBIX
TexHoJsioruii. BHenpeHue naHHOM maThopMbl
TTO3BOJIUT TIOBBICUTDH TPAHCIIOPTHYIO Ge30mac-
HOCTb M 0€301aCHOCTb JIBVIKEHMSI, Ka4eCTBO
TePEBO3KH MMACCaKMPOB 1 ONITUMU3MPOBAThH BCE
CBsI3aHHbIE C OTUM Ou3Hec-mpouecchl [18].
«e-TlnatopMa» obecrieunBaeT MOJHYIO CUH-
XPOHM3ALMIO TIOCTyMatoleil nHpopMalmm u3
BHEIIIHe# cpeabl ¢ OM3HeC-010KaMU METPOIIO-
JIMTEHa.

TToctynaroias nHdopMalusl U3 BHEILHER
cpennl Ha «e-IlnardopMy» onpeneneHa Kak
(bakTOpBI, BAUSIIONTNE Ha IESITETIHBHOCTD METPO-
TOJIUTEeHA, U pa3/iesieHa Ha CeMb KaTeropuii:

1) nonuTnyeckue;

2) couUaTbHO-3KOHOMUYECKHUE;

3) YCITOBUSI Ha «ITOBEPXHOCTH»;

4) rpacuK ABVDKEHUST IPYTHX BUIOB TPAHC-
1opTa;

5) CTPOUTENBCTBO KWJIOKH UHGMPACTPYKTYPhI
BT. Mocke 1 MO;

6) CE30HHOCTD;

7) maccaxxupsbl.

BimsiHue nonmmrudeckux (pakTopoB Ha Iesi-
TEJILHOCTh METPOITOJIUTEHA 3aKJTIOYAETCsI B pa3-
paboTKe 3aKOHOAATEIbHOM 0a3bl, PeryJIupyro-
IIEH TTPOLIECCHI, CBSI3aHHBIE C eI TETbHOCTHIO
OpraHM3alliy, OCYILECTBIEHNE TOCYIapCTBeH-
HBIX 3aKa30B U cyocuaupoBaHue. CouuanbHO-
AKOHOMMYeCcKUEe (haKTOPhl BKITIOYAIOT B ce0st
TaKue KIIIoUeBbIe TTOKa3aTe M, Kak POCT U YObLTh
HaceJIeH!sI, MUTPAalIMOHHBIE TTOTOKM, YTO HETIO-
CPE/ICTBEHHO BJIMSIET HA pa3Mep MacCaXXnporio-
TOKa M MIBMEHEHME Harpy3K1 Ha TPAHCTIOPTHYIO
MHQPACTPYKTYPY. YCIIOBUS Ha «TIOBEPXHOCTH» —
3TO Pa3IMYHbIe CUTYallM Ha aBTOMOOMITbHBIX
JIOpOTax M yJIMIaX ropojia, KOTOPbIe BIUSIIOT Ha
M3MEHEHUE ITacCakMPOITOTOKA B METPOTTIONITE -
He (nmoroaHsble ycaoBust, I TT1, 3aTopbl Ha 10po-
rax, MacCOBbIe CKOIUICHUSI JIIONIEH B TOPTOBBIX
IIEHTpax, TeaTpax, My3esiX, CTalioOHax 1 TIp.).
Taxcke Ha BETMIMHY ITACCaKMPOTIOTOKA BIIUSIET
rpadvK IBVDKEHUS IPYTUX BUIOB TPAHCIIOPTA,
COEIMHEHHBIX METPOIIOJIMTEHOM, — a3pPO3KC-
npecca, ML/, moe3n0B MPUropoaHOro cooo-
IIEHUST U Ap., 3arpy3Ka BOK3aJIOB (Tiepecasoy-
HBIX y3JI0B). BaxHy10 poJsib B yrpaBieHUN nac-
CaXMPOTIOTOKAMU UTPAET CTPOUTEILCTBO K-
JIo THGPaCTPYKTYphl I. MOCKBBI 1 MOCKOBCKOI
obmactu. CerogHs HaceaeHre MOCKBBI U TTPU-
Jiexalux paioHoB (Xumku, Mpituinu, Ilo-
nonbek, HoBast MockBa, JI1obepubl U ap.) pa-
CTET. DTO TaKXe HEOOXOAMMO YYUTHIBATH MPU
IJTAHUPOBAHUY TTACCAXKMPCKUX TIEPEBO3OK.

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 620 (2020)

BosHukaeT octpast HEOOXOIUMOCTb B YBE-
JIMYEHUN XKUJIBIX KOMIIJIEKCOB KaK BO3Jie
MKA/I, tak u 3a e€¢ npenenamu. Harpyska Ha
KOHEYHbIE CTAHIIMY METPOTIOIUTEHA YBETNUM -
BAaETCs, B CBSI3U C UEM TTOSIBIISIETCS TTOTPEOHOCTD
B YBEJIMUEHUY KOJIMUECTBA CTaHIIMIT B MOCKOB-
ckoii obact. CMeHa Ce30HOB TakXKe OKa3bl-
BaeT BIMSHKWE HAa U3MEHEHWE Harpy3ku Ha
METPOITIOJIUTEH (KOJIMYECTBO TIOE310B, Tpadrk
JIBIKEHMSI TIOE3710B U 1p.). Hanmpumep, ietom
YyacTh HACEJIEHMsI BbIe3XaeT 3a mpenesibl Mo-
CKBbI, OCEHbIO HAUMHAETCS y4eOHbIH roj1 (BeJu-
Y1Ha MTacCaXKMPOTIOTOKAa MAKCUMaJTbHA), 3MMOM
B IIpa3IHUYHBIE JTHU MTACCaKMPOTIOTOKM CHOBA
CHITKAIOTCS, @ BECHOM PacTyT.

MpbI BbIAEIUIN e1IE OAMH 010K (PaKTOPOB —
«Taccaxupbl». [TaccaXXupsl SIBISTIOTCS TTOJTB30-
BaTeJISIMU YCJIYT, KOTOPBIE TIpeIIaraeT MeTpo-
MMOJINTEH, U MOTYT MPOSIBJISITh aKTUBHOCTD
B YJaCTUU Pa3BUTHSI TaHHOTO BUIA TPAHCTIOPTA.
DTO MOXET BhIPAXAThCsl B MPEAYNPEKICHUN
aBapUITHBIX CUTYAIIMI C TTOMOIIIBIO MOOWITEHBIX
MPWIOXKEHUI C BO3MOXHOCTBIO OOLIIEHUS online
C COTPYITHUKAMK METPOIIOIUTEHA U OTIOBEIIIe-
HMSI O HECTAHIAPTHBIX CUTYAIIMSIX HA CTAaHIIUSIX
U B TTOE3/1aX, a TAKXKe MoJauy e 1 mpemio-
JKEHUI 1O COBEPIIEHCTBOBAHUIO OTIETBHBIX
OM3HEC-TIPOIIECCOB U B 11EJIOM Pa3BUTHSI METPO-
TTOJIUTEHA C 11eJIbI0 MOBBIIIIEHMST KAYeCTBa OKa-
3BIBAEMBIX YCITYT Ha OCHOBE KPay/l-TeXHOJIOTHIA.

B cuiny toro, uto «e-Ilnatdopma» gomkHa
obecreynBaTh B3aMMOJIEMCTBUE B peXUME
online rocynapcTBEHHBIX OPTaHOB BJIACTH, TJIaB-
HOTO arapara yrpasJieH!sI METPOTIOIUTEHOM,
COTPYIHUKOB CITyX0 U MOIpa3ae/eHril MeTpo
M TIACCaXXKMPOB, BOZMOXKHA OpraHM3allus Kpay/I-
NnpoeKToB Ha 0aze «e-Ilnargopmbl» MeTpoIo-
auteHa [18].

[MTaccaxkunpb! NOJKHBI UMETh OTpaHUYEHHBIA
noctyn Ha «e-ITnargopmMy» yepes crieliuagabHO
pa3paboTaHHOE MOOMJTHLHOE TIPYIIOKEHHE, KITIO-
YeBBIMU (PYHKIIMSIMU KOTOPOTO SIBJISIIOTCST:

1. mpuobpeTeHMEe/BO3BPAT 3JICKTPOHHBIX
OUJIETOB;

2. IOCTPOEHUE MAPILIPYTOB;

3. 3aKa3 YCIIyTH COITPOBOXKJIEHUS B METPO;

4. BOBMOXHOCTb COOOIIIEHHUS O TTPodIeMax
Ha KapTe MeTpo B pexxuMe online;

5. Kpaya-ratgopma st 00CYKIeHUS ITPo-
0J1eM, BOBMOXKHBIX ITyTel MX pelIeHUS U pa3BU-
THST METPOTIOTUTEHA.

HeobxonuMocTh BHEAPEHMS CUCTEMBI 2JIeK-
TPOHHOM TTOKYITKM OWJIETOB MOATBEPKIAETCS
naHHbeiMU ucciegoBanus OAO «PXK/I» 2015,
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Puc. 2. Unterpauns e- n kpaya-
nnargopm no pasBuUTUIoO
«Unpposoro meTpo». UCTOYHUK:
cocTaB/IeHO aBTopaMu.

aHaJIM3 KOTOPBIX MOKa3aJl, YTO A0S MaccaKu-
OB XeJIe3HONOPOXKHOTO TPAHCIIOPTA, TIOJIb3YI0-
LLIMXCA DJIEKTPOHHOM pEermcTparueii, CocTaBuia
80 % [19, c. 61]. Bo3MOXHOCTb TTOCTPOCHMSI
MapIIpyTOB 1 3aKa3a YCIyTM COMPOBOXICHUS
B METPO online IBNsIETCS KIIIOUEBbIM (haKTOPOM
COKpaIlleHus] BpeMeHHU B IyTu. OMHUM U3 Mep-
CIIEKTHBHBIX HAMPaBJICHUI Pa3BUTHS METPOTIO-
JIUTEeHa SIBJISIETCSl BHEIPEHUE Kpaya-11aTdopm,
KOTOpbIE HalleJIeHbl Ha BOBJICYEHUE MacCaKu-
POB B COBMECTHYIO J€SITeIbHOCTD IO BEIPAOOTKE
NPEIOXKEHUN U UAEH MO MOJEPHU3ALMUU OT-
JIEIbHBIX OM3HEC-TIPOLIECCOB M KayecTBa Ipe-
JIOCTaBJISIEMBIX YCIIYT.

2. Kpaya-niardgopma o pa3BUTHIO METPOIIO-
JINTEHA.

st BHEApEeHUs] TEXHOJIOTUHM Kpayacop-
CHHTa B OM3HEC-MOJeIb OpraHU3aMU MPeI-
JlaraeTcsl IBa aJbTEePHATUBHBIX PEIICHUSI:
co3gaHue miaTopMbl Ha 0a3e CyIIEeCTBYIO-
meit nHGopMallMOHHON UHMPACTPYKTYpPhI
1 COOCTBEHHBIX CEPBEPOB UM Ha OCHOBE YCIIYT
CTOPOHHMX KOMITAHUM, OCYIIECTBISIONINX
MOMOIIIb B TOATOTOBKE U TPOBEACHUM Kpay/I-
MPOEKTOB U MPEeIOCTaBSIOMINX TIaTHOpMy
BO BpeMeHHoe nojib3oBaHue (000 «Butono-
rusi» (Witology)).

Kpayn-nnatgopma nipencrapisieTr codoit
BUPTYyaJIbHOE ITPOCTPAHCTBO, ITPeAHA3HAUYEHHOE
JIJ151 cOopa v pa3pabOTKU UAEH 1 MpeasTOXKeHU
YyjJieHaM1 CcOoO0OIlIecTBa, KOTOPHIMU B JaHHOM
cllyyae MOTYT BBICTYIATh KaK COTPYAHMKU
METPOTOJNTEeHA, TaK 1 maccaxupbl. PadoTy
KpayncopcepoB (JIvil, KOTOpbIe MpeaiaraloT
HUaeV) KOHTPOJIUPYET CrielMaabHO O0yYeHHbI
COTPYAHUK (dacunuraTop), B 00513aHHOCTU
KOTOPOTO BXOJISIT Bee (DYHKIIMM 10 OpraHU3alin
U BEACHUIO Kpayl-TpoekTa Ha IiatdopMme.
Bo3moxHO mpoBeneHre OTHOBPEMEHHO He-
CKOJIbKMX TeMaTUUYECKUX Kpaya-TpOeKTOB,
MaHHBIE IO KOTOPBIM TepeaaloTCs Ha «e-

ITnargopmy». Takum oOpa3oM, BCs IMOCTYTIAI0-
11ast “iHopMalus OT MacCaXXupoB aHATUZUPY-
€TCSl U COPTUPYETCS C TMIOMOIIIbIO TEXHOJIOTHIA
OOJIBLIMX JAHHBIX U MICKYCCTBEHHOTO MHTEJLIeK -
Ta U nepeaaéTcsl B COOTBETCTBYIOIIME OM3HEC-
OJIOKH.

Ha puc. 2 npencrapieHa 1eneBasi Moae/b
yOpaBIeHMs] IOTOKAMM JTaHHBIX, K KOTOPO
HE0OXOIMMO TIEePEeXOIUThb ISl 00ecCIeueHuUs
YCTOMUMBOTO Pa3BUTUSI KaK METPOMOJUTEHA,
TaK U TPaHCIIOPTHOI oTpaciu B uesiaom [20].

BHenpeHue KkpayncopCHHIOBBIX TEXHOJIO-
ruii B cBs3ke ¢ «e-Ilnatrdopmoii» momoker
YBEINYUTh 3OEKTUBHOCTh U TTPOU3BOAU-
TeJIBHOCTh TPYa B chepe pa3BUTHUSI CTpaTeTUU
«IndppoBoe MeTpO» B CUIY BO3MOXHOCTH
cOopa MHHOBALIMOHHBIX UJIEH U pellleHUIi OT
noJjib3oBareneit MerporonuteHa. Kpome toro,
KPayICOPCUHT MO3BOJIUT MOBBICUTH YPOBEHb
0€30IMacHOCTHY MaccaxKMpoB U TPAHCTIOPTHYIO
0e3011acHOCTb MPEANPUSTHS, TAK KaK COTPY/I-
HUKH U TTacCaXXUPbl MOTYT COOOIIATH O HETTO-
JIaJKaxX v TPOUCIIECTBUSIX B pEaTbHOM PEXKU-
M€ BPEMEHM MJIsI BIpaOOTKU OMepaTUBHBIX
PELLIEHUA.

ITpu peanvzariyy aBTOPCKOI MO yTIpaB-
JIEHYSI METPOIOJUTEHOM ITPOTHO3UPYETCS POCT
CIIpoca Ha YCJIYTU BEMyLIUX POCCUNCKUX OU3-
HeC-MHTEerpaTopoB MO afanTaluy U MpuMeHe-
HMIO YKa3aHHBIX HUGPOBBIX TEXHOJIOTUMA
(BigData, IoT, IloT, BIM, Cloud Computing,
Cloud Storage v T.11.) Ha BceX YPOBHSIX YIIpaBJie-
HUS TIpeanpusiTieM (OT JIMHEHHBIX orneparluii
JIO CTPaTerMyecKoro MiaHupPOBaHMsl).

Takum obOpazom, mpenoxkeHHasi MOJAeb
YIpaBJAEHUSI METPOIIOJUTEHOM TO3BOJIUT J0-
OUTHCS HE TOJIBKO COLIMAIbHO-3HAYMMBIX (-
(hbexTOB, HO U PKOHOMUYECKUX, KOTOPbIE MOTYT
BbIpaKaThCsl B:

* MOBbILLIEHUY 3(PHEKTUBHOCTU SHEPTOMO-
TpedaeHus (CHIXKeHMe 3aTpar Ha 5—10 %);
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* CHIDKCHMH HaKJIAIHBIX PACXOIOB TIPeI-
TIPUSITUST BCJICACTBUE BHEAPEHMSI TEXHOJIOTMH
00CIy>XMBaHUSI 000PYAOBAHUS «II0 COCTOS-
HUIO»;

* CHVDKEHUH TTOTPEOHOCTH B TTIOIIAISIX JITIST
pa3MeIIeHMs] yCTPOMCTB TeJIEMEXaHUKH U arlra-
PATHBIX CPEICTB aBTOMATUKM, CUTHAIN3ALINAH,
CBs131 1 0€30I1aCHOCTH;

* ONTUMU3ALIAN TICPCOHAIA TIPEATIPUSTHS
SKCITUTyaTallMOHHBIX CITY>K0 U BEICBOOOXKICHU
Tromanei (KOMHATBl OTIbIXa MAIIMHUCTOB,
MEIITyHKTHI ¥ IpyTHe TIOMEIICHMSI Ha CTAHITUSIX)
3a CUET aBTOMATU3AIUKM OU3HEC-ITPOIIECCOB
TIPENTPUSTHS,;

* TIOBBIIICHNH 3((MEKTUBHOCTH U TIPOU3-
BOIMTEIBHOCTH TPY/Ia ITIEPCOHANA 32 CUET aBTO-
MaTH3alluy HEKOTOPBIX OM3HEC-TIPOIIECCOB.

SAKJTHOMEHUE

MupoBas 1 poccuiickasi MpakTrKa oKasa-
J1a, yTo HMMpPOBU3ALIMS U aBTOMATU3ALIMSI TTPO-
11ECCOB — TPEH]T HACTOSIIIETO, U 3TOT MPOLIECC
OyIeT MpOAOIKAThCSI U MAaCIITaOUPOBATHCSL.
Oco0yto poJb B yCKOPEHUH TTPOLIECCOB LI PO-
BOI1 TpaHc(opMalK UrpatoT U pPOBbIE KO-
CUCTEMBI, BUPTyaJIbHBIC TI1aTOPMBI U Kpay/I-
TEXHOJIOTUU, KOTOPbIE TIPU UX UHTErpaluu
B €IMHYIO CUCTEMY MO3BOJISTIOT MOJTYYaTh BBICO-
KUe pe3ysIbTaThl B KpaTyailie CPOKH.

Hab6nroparmuiics TpeHI B cCO3AaHUU
1I(PPOBBIX SKOCUCTEM U BHEIPEHUU KITIOUEBbIX
1U(bPOBBIX TEXHOJIOTUI B OU3HEC-MOEIb Op-
TaHU3aLUU Y POCCUMCKUX BEIYIIIUX TPAHCIIOPT-
HBIX KOMITAHWII TOBOPUT O HEOOXOIMMOCTH
pa3BUBaTh JAHHOE HAIpaBJICHUE U aJanTupo-
BaTh pelIeHUsT OOJTBIIMX KOMITAaHWI Ha YPOBHU
Cpe/IHero 1 Masioro ousHeca. Mozesnb uHTerpa-
MU BUPTYATbHBIX TIATGOPM U TEXHOJOTUN
KpayJICOpCUHTa, MpeJIOKEHHAsT B IAHHOM pa-
00Te, MO3BOJISIET PEILNTD OTHY U3 OCTPBIX MPO-
0J1eM, ¢ KOTOPOI CEro/iHsI CTaTKUBAETCS JTt00ast
opraHu3anus — 3KCIMOHEHIIMAIbHBIN POCT
MH(OPMALIMK U YBETMYEHUE KOJIMYECTBA BHEILI-
HUX (HaKTOPOB, BIUSIONINX HA NEATSTHHOCTD
TPENPUSITUSI.
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Solutions in Transport:
Opportunities for Development
of «Digital Metro» in Russia

Anton P. DENISENKOV Yulia M. POLYAKOVA

ABSTRACT

An increase in importance of quality and
quantity of services provided, the rapidly growing
amount of data required to manage an enterprise
and strengthen its competitive position in the
market, require rethinking of management
models. The article is devoted to development
ofdigital metro in the context of global automation
and digitalization of business models of
organizations in order to improve quality of
services and optimize business processes.

The objective of the research is to study the
world and Russian experience in the use of
digital and crowd platforms in transport and to
develop an own model of metro management
in modern conditions. To achieve the objective
of the research, comparative and content
analysis methods, benchmarking of successful
foreign practices of using crowd and digital
platforms in the transport industry, the method
of generalization and conceptual and
methodological modeling have been used.
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The authors have analyzed global trends
indevelopmentand use of digital technologies
in the transport industry, conducted a
comparative analysis of world and Russian
practices of using platform and crowd
solutions in transport, and revealed the
advantages of integrating digital technologies
for development of metro in Russia. Based
on the results of the research, the authors
proposed an «e-Platform», accumulating,
analyzing and sorting data from the external
environment for its subsequent transmission
to the business metro control blocks and
optimizing the process of generating and
making operational decisions, and also
developed a target model for moving from
«analogue» data management in metro to a
digital one based on integration of digital
technologies on a virtual platform for
managing business processes and a crowd-
based platform for collecting ideas and
proposals to develop metro.

Keywords: digital economy, digital metro, subway, underground, digitalization, railway transport,

crowdsourcing.

* Information about the authors:

Denisenkov, Anton P. — Deputy Head of Service of Technical Policy of State Unitary Enterprise Moscow

Metro, Moscow, Russia, antonioos@yandex.ru.

Polyakova, Yulia M. — Ph.D. (Economics), Engineer of Laboratory of Applied Industrial Analysis of the
Faculty of Economics of Lomonosov Moscow State University, Moscow, Russia, flaeceee@gmail.com.

Article received 28.01.2020, accepted 01.03.2020.

For the original Russian text of the article please see p. 6.

WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 6—20 (2020)



Background. The world is on the verge of
the fourth industrial revolution, the era of the
digital economy has begun, which requires
transformation of business models of
organizations. Everywhere one can observe a
digital transformation of economic sectors,
development of digital technologies and
revision of business development strategies in
order to optimize business processes, improve
quality and standards of living.

In this regard, the objective of the research is
to study the world and Russian experience in the
use of digital and crowd platforms in transport
and to develop an author’s model of metro control
in modern conditions. To achieve the objective
of the research, comparative and content analysis
methods, benchmarking of successful foreign
practices of using crowd and digital platforms in
the transport industry, generalization, a
conceptual and methodological modeling
method were used.

According to estimates by McKinsey Global
Institute and THS Markets, the additional GDP
growth from digitalization by 2025 will be from
6 to 10 %. In 2017, Russia ranked first in
Europe and sixth in the world in terms of the
number of Internet users. Mobile online
banking applications are used by 10 % of
Russian users, which exceeds the performance
of EU countries. At the same time, Russian
industries and transport lag behind European
countries by 46 and 56 %, respectively [1].

In 2019, the Russian Federation has made
significant progress in development of the digital
economy. The significant advancement has been
made with the approval of the departmental
project on Digital Transport and Logistics, as a
subprogram of state program on Development of
transport system, Moscow Smart City municipal
state program, etc.

In this context, metro is a highly sophisticated
engineering and transport company, dynamically
developing taking into account the prospects of
expanding the boundaries of the city, with an
ever-increasing passenger flow and integration
into other public transport systems. With
development of metro, the increase in passenger
traffic load, the amount of processed information
increases every year when managing production
processes (or processes that ensure transportation
of passengers), technological processes, which
requires modification of technologies and
management methods through digital
transformation [2; 3].

The experience of metro of world megacities
shows that digital technologies are effectively
implemented and are aimed at automating traffic
control, developing unmanned technologies,
ensuring safety and security, technological
innovations, identifying, implementing and
developing promising digital solutions, developing
transport infrastructure, and increasing the
efficiency of the transport system.

Management of these business processes can
be effectively carried out through the use of
specialized virtual platforms [4].

Results.

International and Russian experience of using
crowd platforms in the transport industry

One of key technologies in the digital economy
iscrowdsourcing. Crowdsourcing is a universal tool
for solving complex problems based on mass
collaboration of people and/or employees of an
organization. The scientific community
distinguishes several types of crowdsourcing,
including commercial and social (non-
commercial) [3, p. 49; 6, p. 75], which, in turn,
may include the following subspecies: state,
scientific, marketing, manufacturing, local, etc.
Thematic crowd projects can be carried out on an
open and closed basis. Open crowdsourcing
involves participation in the project of anyone who
wants (in the case of metro, of both passengers and
metro employees). In closed crowdsourcing, only
employees of the given organization have the right
to participate. This type of crowdsourcing is most
often called corporate crowdsourcing.

Table 1 presents the results of an analysis of
the development opportunities for organization
of the transport industry based on introduction
of crowdsourcing technology into the existing
business model.

In 2013, Elon Musk, the creator of the
concept of Hyperloop vacuum train, organized a
crowdsourcing project based on the social
network Twitter, namely, it was implemented
under the form of crowd recruiting [7]. The aim
of crowd recruiting is to select highly qualified
specialists based on the analysis of the labor
activity of candidates (crowdsourcers) in the
process of implementing a crowdsourcing project
on a specialized virtual site on the Internet. The
project, organized by Elon Musk, involved
collection and analysis of ideas proposed by the
community to put the vacuum train concept into
practice. The winners were invited to join
Hyperloop project team as a reward.
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Table 1

Opportunities for development of a transport organization using crowdsourcing technologies

Commercial

Non-commercial

Marketing Industrial

Scientific Social

search for ways to reduce
costs

service promotion

transport innovation
development

participation in social
programs

improving quality of
services

brand development

introduction of new
technologies

organization of social events

expansion of loyal
passenger pool

solving tasks of related
fields

consumer assessment of
service quality

Source: compiled by Yu. M. Polyakova.

Today, the practice of crowdsourcing projects
in the transport industry is actively expanding in
the world. One of the trends is introduction of
crowdsourcing transport platforms. European
Crowd project, CIVITAS, is an intelligent
platform for collecting innovative ideas and
proposals for modernization of urban transport
in more than 80 cities in Europe. The project has
an ecological and innovative character, as it is
aimed at using environmentally friendly fuels and
vehicles, developing collective passenger
transport, developing demand management
strategies, integrated planning, providing security
and protection based on digital technologies, etc.
[8].

In 2016, the Public transport crowdsourcing
concept appeared, that included six main areas:

1) Crowdsourced public transport mapping.

2) Crowdsourced real time status information.

3) Crowdsourced reporting and suggestions.

4) Public transport act! (compliance with
public transport rules).

5) Public transport collaborate.

6) Public transport games [9].

Crowdsourced mapping was approved by the
World Bank as part of its transport activity. The
collaboration of several universities within the
international Digital Matatus project' allowed then
to develop special mobile applications for
replenishing crowdsourcing maps by public
transport users. As part of real-time tracking of
public transport status in September 2016, in
Boston (USA), Massachusetts Bay Transportation
Authority accepted a single application? with a full
range of passenger services Transit App. The
application developed by Transit App developers
group allows to aggregate data received from users

'[Electronic resource]: https://www.digitalmatatus.com.
Last accessed 01.03.2020.

2 | Electronic resource]: https://blog.mass.gov/
transportation/mbta/mbta-names-transit-app-best-
public-app-winner. Last accessed 01.03.2020.

about the situation on the roads, which allows to
more accurately forecast information about arrival
of public transport in real time?. As a result, real-
time data became available to the public transport
users from several countries of four continents, e.g.
of public transport in New York, including metro.

«Crowdsourced reproting and suggestions» area
provides suggests an opportunity for users to submit
ideas on development of public transport, as well as
report onidentified problems. Aspart of encouraging
passengers to observe the rule of law on public
transport and to help preventing various kinds of
violations, several applications have been developed
in various fields with monetary rewards.

In orderto collaborate with public transport in
the field of solving complex tasks based on mass
collaboration, three types of applications have been
developed: engagement (Green City Streets forum —
joint development of solutions and reporting
problems), training (ConnectSF Subway Vision
Map — long-distance transportation planning) and
process (CoAXs — a tool that allows users to design
and test changes in transit networks).

The last, no less important area is Public
transport games, which is necessary for training
passengers and developing their engagement in the
planning process. Asan example, one can cite such
popular games on public transport as: Bus Meister
Game (training people in the specifics of public
transport), Brand New Subway (a game to create
a network of new metro lines in New York),
Chromaroma (tracking of movements of passengers
when using public transport) [10; 11].

Russian practice of using crowdsourcing
technology in comparison with foreign is not so
great. However, already in 2015, the Directorate
of Railway Stations of JSC Russian Railways,
together with the crowdfunding company
Witology, organized crowd projects «Services
provided at large railway stations of the Russian

3 [Electronic resource]: https://transitapp.com/about.
Last accessed 01.03.2020.
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Federation» and «Quality of service at large
railway stations of the Russian Federation»*. The
aim of the projects was to obtain information
about the needs of passengers and visitors to
stations regarding the range and quality of
services, as well as to study the requirements and
wishes of passengers and visitors regarding quality
of service at large railway stations of the Russian
Federation. In both projects, 4692 people took
part, 3148 proposals were received, 667 passenger
needs were identified, and 419 concepts for
assessing quality of services offered at railway
stations of the Russian Federation were proposed®.

In 2015, Aeroflot Airlines implemented
three crowd projects aimed at improving quality
of services, provided before and after the flight,
and on board, improving loyalty program
«Aeroflot Bonus». According to the results of
implementation of crowd projects more than
42 thousand ideas were received and published,
and projects’ audience attained some 17
thousand participants [12].

Platform solutions in transport and proposals
for improving the existing Metro management
system

Digital platforms in transport are a rather rare
but promising solution to the issues of digital
transformation. The existing digital platforms in
the transport industry are designed to meet the
specific needs of companies and perform a
different set of functions. For example, Uber
digital sharing service platform for taxi services is
designed to directly connect a client and a driver,
if the company does not have its own fleet of
vehicles [13, p. 531].

Another platform Moovit aims to help
suburban and disabled people move around the
city and beyond. The platform combines data
on trips with interchanges between several
modes of transport, transport infrastructure,
received from 550 thousand passengers, putting
data on a map available in the mobile
application. In this case, the company
integrated the capabilities of platform solutions
and crowdsourcing for a more efficient service
delivery process [14].

In addition, digital platforms are used for
booking and reserving bus seats in special

*|Electronic resource]: https://witology.com/clients n_
projects/219/. Last accessed 01.03.2020.

3 [Electronic resource]: https://witology.com/clients_n_
projects/2324/. Last accessed 01.03.2020.

transfer services that connect high-density
routes (BRIDJ, SHUTTLE, DiDi, etc.), as well
as booking bicycle taxis and tuk-tuks in Latin
America and Asia (GoJek, BIKXIE, GRABBIKE,
goBIKE, G-Auto, etc.).

It is also noteworthy for Russia that JSC
Russian Railways accounts for about 20 % of the
world’s railway transportation, which is why the
company strives to become a digital leader in its
industry. At SPIEF-2019, representatives of JSC
Russian Railways announced that the company is
developing ecight digital platforms with different
functionalities: from the possibility of ordering
cargo transportation in just a few minutes to
multimodal transportation and creating own digital
ecosystem.

An analysis of foreign and Russian practices
of using crowdsourcing and platform solutions in
transport made it possible to propose an authors’
model of metro management, which means a set
of measures, means, tools and actions aimed to
support operating condition of an enterprise, to
optimize business processes and to improve
quality of passenger transportation services based
on mass introduction of digital technologies. This
model shall have the following characteristics:

« use of modern digital technologies on most
metro facilities (BigData, IoT, IloT, BIM, Cloud
Computing, Cloud Storage);

» availability of DATA-center for information
storage;

« application of artificial intelligence and
machine learning technologies for data analysis
and development of operational decisions.

The authors’ model of metro management
includes a multi-functional «e-Platform» of
metro with the aim of increasing the overall
digitalization level of Russian metro as a part of
solving the tasks of the national program «Digital
Economy of the Russian Federation», as well as
a crowd platform aimed at solving problems in
the field of metro development as a modern and
innovative element of the city’s transport system.

1. «e-Platform» automated metro control.

The proposed «e-Platform» is a virtual space
that is designed to collect, store and analyze data
received from the external environment.

The autonomous activity of a virtual platform
for performing these functions can be carried
out only if a certain set of digital technologies is
available: Internet of things (equipping trains
and other infrastructure with sensors that
transmit data to the control center), big data
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Pic. 1. «e-Platform» for
automated management of metro
business blocks and processes.
Source: compiled by the authors.

« traffic jams;

« local crowding
(concerts, games
etc.);

« number of
interceptive
parking lots;

« weather

conditions -

(processing of large volumes of data in a short
time), artificial intelligence and machine
learning (analysis of data received on «e-
Platform» and the possibility of independent
decision-making/development), cybersecurity
technologies (protecting data and systems from
cybercriminals on the Web) [15—17].

Pic. 1 shows the model of «e-Platforms» of
metro, the purpose of which is to manage the
activities of the enterprise online based on digital
technologies. The introduction of this platform
will improve transport security and traffic safety,
quality of passenger transportation and optimize
all related business processes [18]. «e-Platform»
provides complete synchronization of incoming
information from the external environment with
metro business blocks.

The incoming information from the external
environment to «e-Platformy is defined as factors
affecting the activity of metro, and is divided into
seven categories:

1) political;

2) social-economic;

3) conditions on the «surface»;

4) traffic schedule of other modes of transport;

5) construction of residential infrastructure in
Moscow and Moscow region;

6) seasonality;

7) passengers.

The influence of political factors on metro is
explained through development of a legislative
framework that regulates the processes associated
with organization, implementation of government
orders and subsidies. Social-economic factors
include key indicators such as population growth
and decline, migration flows, which directly affect
the size of passenger flows and the changing load
on transport infrastructure. Conditions on the
«surface» are various situations on highways and
city streets that affect the change in passenger
flows in metro (weather conditions, accidents,

Infrastructure
management

Schedule
of other modes
of transport

Moscow Government

% Performance of orders (plans)
 airports
(aeroexpress);
‘ « stations;
« McC:
* MCD

Changes coming from the outside

1. Enterprise
management

| I1. Communication
and IT management

| Construction of residential
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| and Moscow region

|

L_ _ geomarketing
| research

Seasonality
. 1V. Traffic V. Passenger
control transportation

« weekdays,

« weekends and

| holidays;

« change in
passenger flows
depending on
the seasons.

Passengers

traffic jams, crowds in shopping centers, theaters,
museums, stadiums, etc.). The size of passenger
flows is also affected by the traffic schedule of
other modes of transport connected to metro,
airport express trains, central railway diameters,
suburban trains, as well as by loading of train
stations (interchange hubs). An important role in
managing passenger flowsis played by construction
of residential infrastructure in Moscow and
Moscow region. Today, the population of
Moscow and surrounding areas (Khimki,
Mytishchi, Podolsk, New Moscow, Lyubertsy,
etc.) is growing. This should also be considered
when planning passenger transportation.

There isan urgent need to increase residential
complexes both near Moscow Ring Road and
beyond. The load on terminal metro stations is
increasing, and therefore there is a need to
increase the number of stations in Moscow
region. The change of seasons also affects the
change in the load on metro (number of trains,
train schedules, etc.). For example, in summer,
part of the population travels outside Moscow,
the school year begins in autumn (the maximum
passenger flow), in winter during the holidays,
passenger flows decrease again, and in spring they
Srow.

We have identified another block of
factors called «passengers». Passengers are users
of the services that metro offers, and can be
active in participating in development of this
mode of transport. This can be expressed in
prevention of emergencies using mobile
applications with the ability to communicate
online with metro employees and notify about
unusual situations at stations and trains, as well
as through submitting ideas and proposals for
improving individual business processes and
overall development of metro in order to improve
quality of rendered services based on crowd
technologies.
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Ideas and proposals of crowd-
sources (passengers)

Crowd-platform to
collect ideas and
proposals from
passengers

Metro business control blocks

e-Platform

Requests to carry out thematic events

Due to the fact that the «e-Platform» should
provide online interaction between government
authorities, the main metro management HQs,
employees of metro services and divisions and
passengers, it is possible to organize crowd
projects based on «e-Platform» of metro [18].

Passengers must have limited access to «e-
Platform» through a specially designed mobile
application, the key functions of which are:

1. Purchase/return of electronic tickets;

2. Routing;

3. Ordering a service of assistance in metro;

4. Ability to report problems using metro map
online;

5. Crowd platform for discussing problems,
possible solutions and metro development.

The need to introduce an electronic ticketing
system is confirmed by a 2015 survey of JSC
Russian Railways, the analysis of which showed
that the share of railway passengers using
electronic registration was 80 % [19, p. 61]. The
ability to build routes and order assistance services
in metro online is a key factor in reducing travel
time. One of the promising directions for
development of metro is introduction of crowd
platforms that are aimed at involving passengers
in joint activities to develop proposals and ideas
for modernization of individual business processes
and quality of services provided.

2. Crowd platform for metro development.

Two alternative solutions are proposed for
introducing crowdsourcing technology into the
organization’s business model: creating a platform
based on the existing information infrastructure
and own servers or using the services of third-party
companies that assist in preparation and conduct
of crowd projects and provide the platform for
temporary use (LLC Witology).

The crowd platform is a virtual space designed
to collect and develop ideas and proposals by
community members, which in this case can be
both metro employees and passengers. The work
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Pic. 2. Integration of e- and crowd-
platforms for development of «Digital
metro». Source: compiled by the authors.

of crowdsourcers (people who offer ideas) is
supervised by a specially trained employee
(facilitator), whose responsibilities include all the
functions of organizing and maintaining a crowd
project on the platform. It is possible to carry out
several thematic crowd projects at the same time,
the data on which are transmitted to «e-Platform».
Thus, all incoming information from passengers
isanalyzed and sorted using big data and artificial
intelligence technologies and transferred to the
appropriate business blocks.

Pic. 2 presents the target model for managing
data flows, which must be enabled to ensure
sustainable development of both metro and the
transport industry as a whole [20].

The introduction of crowdsourcing
technologies in conjunction with «e-Platform»
will help increase the efficiency and productivity
in development of «Digital Metro» strategy due
to the possibility of collecting innovative ideas and
solutions from metro users. In addition,
crowdsourcing will increase the level of passenger
safety and transport security of the enterprise, as
employeesand passengers can report malfinctions
and incidents in real time to develop operational
solutions.

When implementing the authors’ model of
metro management, growth of demand in services
of the leading business integrators for adaptation
and application of the said digital technologies
(BigData, IoT, IloT, BIM, Cloud Computing,
Cloud Storage etc.) at all levels of enterprise
management (from linear operations to strategic
planning) is forecasted.

Thus, the proposed model of metro
management makes it possible to achieve not only
social, but also economic effects, which can be
expressed as follows:

« increase in efficiency of energy consumption
(cost reduction by 5—10 %);

« reduction of overhead costs of an enterprise
thanks to introduction of the technology of
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equipment service «according to current technical
condition»;

» reduction of the need for space for
arrangement of devices of telemechanics and
automation, signaling, communication and
safety;

« optimization of the personnel of operational
services and freeing of space (relax rooms for
drivers, medical point and other premises at the
stations) following automation of enterprise
business processes;

« increase in efficiency and performance of
personnel due to automation of some business
processes.

Conclusion. World and Russian practices
have shown that digitalization and automation
constitute together the trend of the present, and
this process will continue and upscale. A special
role in accelerating the processes of digital
transformation is played by digital ecosystems,
virtual platforms and crowd technologies, which,
when integrated into a single system, allow to
obtain high results in the shortest possible time.

The observed trend in creation of digital
ecosystems and introduction of key digital
technologies in the organization’s business model
forleading Russian transport companies indicates
the need to develop this area and adapt the
solutions of large companies to medium and small
business levels. The model of integration of virtual
platforms and crowdsourcing technology,
proposed in this paper, allows to solve one of the
acute problems that any organization faces
today and which is associated with an exponential
increase in information and an increase in the
number of external factors affecting the enterprise.
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EXPRESS INFORMATION

MWHTPAHC POCCUU OLUUDPYET TPAHCINOPTHYIO
HAKJIAQHYIO U NYTEBOWU JIUCT

MHTpaHC Poccun 3amycTun 9KCrepuMeHT IJIsl BHEApe-

HUS 2JIEKTPOHHOM TpaHCMOpTHOI HakiaaHoi (DTpH)

¥ 3JIEKTPOHHOTO myTeBoro aucta (DI1J1) npu macca-
SKMPCKUX M TPY30BBIX aBTONepeBo3Kax. OH OyIeT MPOBOIUTHCS
110 30 okTs16pst 2020 rosia Ha TeppuTopur MockBbl, MOCKOBCKOI,
Kamyxckoii, Pssanckoit obnacreii, Tatapcrana u KpacHomap-
ckoro kpast. [IpoexT Mo3BoJIUT MOBBICUTH G€30MaCHOCTb J1OPOXK-
HOTO IBIXKEHUS 32 CUET UndPOBU3ALMU MPEAPEICOBOTO KOHT-
pOJISE TEXHMYECKOTO COCTOSIHUSI TPAHCIMOPTHOTO CPEeICTBa
1 MezocmoTpa Boautesst. [1pu aTom nepeBos Ha «Lubpy» MOUTH
3 MJIpZ TEPBUYHBIX IOKYMEHTOB, €3KeroqHO 0hopMIISEMbIX Tie-
PEeBO3YMKAMU, COKPATUT U3IEPKKHK O13HECa, YCKOPUT U YIIPOCTUT
TPOXOXAECHUE KOHTPOJIbHO-HAI30PHBIX MPOLIEAYD.

MakeT eJIMHOI1 rocy1apcTBeHHOM MHMDOPMALIMOHHOM cUCTe-
MblI 17151 c6opa, 06paboTKK 1 XpaHeHus faHHbIX U3 DI1JT u DTpH
paspabareiBaeT PI'YII «3ammraludoTpanc». Cucrema obecrie-
YUT OOMEH I0PUIMYECKU 3HAUMMBIMU JAHHBIMU B PEXXIME OHJIAIH
MeX/y BCEMM YYaCTHMKAaMM TMEePEeBO3KHM: OT KOMMEPYEeCKHUX
n1aTGopM JOKYMEHTOOO0POTA 10 TOCYIapCTBEHHBLIX OPraHOB
MCIOJHUTENbHOU BiacTu. [lo utoram skcnepuMeHTa OyayT
BHECEHBI MTPEJUTOKEHUST 00 NU3MEHEHNU HOPMATUBHBIX PABOBBIX
aKkTOB U c(HhOopMHUPOBaHa JIOPOXHasl KapTa uist BHeapeHust DI1JT
u DTpH Ha tepputopun Poccuiickoit Denepanu.

«...J171s HAC MPUHLIMITUATBHO BaXKHO OTTOUMTB BCE MPOLIEAYPBI
COBMECTHO ¢ OM3HECOM, CIeIaTh OTKPBITYIO TocruiaThopmy st
BCceX KOMMepueckux cepBucoB. Jlanee Mbl OyzeM MOAKII0YaTh
JIpYTve BUAbI TPAHCIIOPTA. DTO 00ECHEUUT PeaibHYIO MYJILTUMO-
NATTBHOCTB U LI(POBYIO TPAHCHOPMALIHIO 1IEIOTO CEKTOPA 9KOHO-
MUKHM CTPaHb», — OTMETWJI 3aMECTUTe]Ib MUHUCTPA TPaHCIIOpTa
Poccun Anekceit CeMeHOB, pyKOBOISIIMIA peaTu3aliieil poeKTa.

Accommanus LITJI coBMecTHO ¢ HanmoHaibHBIM COI030M
9KCNepTOoB B cepe TpaHcnopta v toructuku (CHJT) opraHu3yoT
B paMKax 9KCIePUMEHTa B3aUMOJIeIICTBUE TUIAaThOPM 3JIEKTPOH-
Horo nokymeHToobopota («KOPYC KoncantuHr», «Directum»

(Synerdocs), «3-KOM») 1 yyacTue KpyImHEHIINUX rpy30nepeBo3-
yrkoB 1 arperatopoB ('K «Costpancasro», 'K «/lesoBbie TUHUN»,
«CenbTa» — nepeBo3yuk cetu «Maruut», AIIX «Mupatopr»,
«Arpo-ABTO» — nepeBo3unkK «X5 Retail Group», «XPO Logistics»,
«FM—Logistics», «Annekc. Takcu»). KoMnaHuu npumyT ydactue
B 9KCMEPUMEHTE Ha T0OPOBOJIbHOI 1 6€3BO3ME3THOIT OCHOBE.

«BeneHne GyMaxHOro JOKyMEHTOOOOpOTa COCTABISET
2-2,5 % ot ronoBoro o6opora nepeBo3unkoB. K atomy Hamo
TIPUTLTIOCOBATH BPeMsI TP MPOXOKICHUN aIMUHUCTPATUBHBIX
TIpoLIeayp ¥ MPOBEPOK, OTCYTCTBUE CKBO3HOM MHTETPally TaH-
HBIX 1 1yOIMpOBaHKE OHOI MHMOpPMALIMNY [UIsl Pa3HbIX TPOBE-
POK, — IMOAYEPKHYJI B CBOIO ouepeib nupekTop Accounanuu LITJI
AHTOH 3aMKOB.

B pamkax skcriepumenTa « I Haekc. Takcu» MOMUMO peIIeHus
1o OTpH npenocraBUT TEXHOJOIMU COOCTBEHHOM pa3zpabOTKu
UIS1 AMCTAaHIIMOHHBIX ITPEIPEHCOBBIX OCMOTPOB BoAUTENEM. « MbI
B IUIOTHOM KOHTaKTe ¢ MUHTPAHCOM, YK€ TIOUTH TOJT B 9KCTIEpU-
MEHTAJIbHOM IOPsIIKE TECTUPYEM DJIEKTPOHHBII MyTEBOIA TUCT —
cHCTeMy, MO3BOJISIONIYIO HATaIUTh BBITYCK B PEHC BOAMUTEIS
TaKCU € TOMOUIbIO LM(POBBIX TEXHOJIOIUIA, — paccKasal AUpeK-
TOp Mo pa3BuThio ousHeca «SAHnekc. Takcu» B Poccun Anekceit
®DenoroB. — MeaUIMHCKUI MPeApeiicoOBbIii OCMOTP BOIMTEISI
M TEXHUYECKUIT OCMOTP aBTOMOOWIISI IPOBOASTCS B yIOOHO J11st
BOIUTEJISI TOUKE, TTOCIIE Yero TOCTYT K 6a3e nanHbix DI1JT moryT
TOJIYYUThb BCE 3aMHTEpecOBaHHBIE opraHbl. CricTeMa Mo3BosisieT
B YETHIPE Pa3a COKPATUTh 3aTPaThl IEPEeBO3YUKOB HA OPraHU3a-
LIMIO BBIMyCKa TPAHCIIOPTA Ha JINHUIO».

Koopaunartopom npoBeneHust 9KCrepuMeHTa Ha3HaYeH
PYKOBOIMTEJIb IcTIapTaMeHTa I poBoi TpaHchopmay MuH-
TpaHca Jmutpuii bakaHos.

ITo maTepuasiam npecc-ueHTpa MUHUCTEPCTBA TPAHCHIOPTA
Poccuiickoii ®exepaunu: https://mintrans.gov.ru/
press-center/news/9428 @

RUSSIAN MINISTRY OF TRANSPORT DIGITIZES
BILL OF LADING AND THE WAYBILL

introduce electronic bill of lading (ETrN) and electronic waybill (EPL)

in passenger carriage and trucking. It will be held until October 30,
2020 in Moscow city, Moscow, Kaluga, Ryazan, Krasnodar regions, and
Tatarstan. The project will improve road safety by digitizing pre-travel control
of the technical condition of the vehicle and the driver’s medical examination.
At the same time, the digitization of almost 3 billion primary documents issued
annually by carriers, will reduce business costs, speed up and simplify control
and supervisory procedures.

The model of a single state information system for the collection,
processing, and storage of data from EPL and ETrN is being developed by
federal state unitary enterprise ZaschitalnfoTrans. The system will ensure the
exchange of legally relevant data online between all participants in
transportation: from commercial data platforms to the state executive
authorities. As a result of the experiment, proposals will be made to change
regulations and to develop a roadmap for the introduction of EPL and ETrN
in the Russian Federation.

«... It is fundamentally important for us to tune all procedures together
with business, to make an open public platform for all commercial services.
Next, we will connect other modes of transport. This will ensure a real
multimodality and digital transformation of the entire sector of the country’s
economy», said Russian Deputy Minister of Transport Alexey Semenov, who
is leading the project.

The DTL (Digital Transport and Logistics) Association, together with
the National Union of Transport and Logistics Experts (SEL), organizes the
interaction of electronic document platforms (KORUS Consulting, Directum

The Russian Ministry of Transport has launched an experiment to

(Synerdocs), E-COM) and the participation of major carriers and aggregators
as part of the experiment (Sovtransavto, Business Lines, Celta (carrier of the
Magnit network), APH Miratorg, Agro-Auto (carrier of X5 Retail Group),
XPO Logistics, FM—Logistics, Yandex.Taxi). The companies will take part
in the experiment on a voluntary and gratuitous basis. «The maintenance of
paperwork takes 2—2,5 % of the annual turnover of carriers. This should be
added to the time spent on administrative procedures and inspections, the
lack of end-to-end integration of data and duplication of the information for
different inspections», said Anton Zamkov, Director of the DTL Association.

As part of the experiment, Yandex.Taxi in addition to the decision on
ETrN will provide own technologies for remote pre-travel examinations of
drivers. «In close contact with the Ministry of Transport, we have been testing
for almost a year the electronic waybill — a system that allows to establish the
permission for a taxi driver to go on trip with the help of digital technologies, —
said the director of business development of Yandex.Taxi in Russia Alexey
Fedotov. — A medical pre-trip examination of the driver and a technical
inspection of the car are carried out at a convenient point for the driver, after
which access to the waybill database can be obtained by all interested
authorities. The system allows to reduce the costs for carriers to organize the
permission to go on route by 4 times».

Dmitry Bakanov, head of the digital transformation department of the
Ministry of Transport, has been appointed as the coordinator of the experiment.

Compiled from the news of the press center of the Ministry of Transport of
the Russian Federation: https://mintrans.gov.ru/press-center/news/9428 @
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NUccnepoBaHue pa3sBuTUa 3apy0eXXHbIX
XKeJIe3HO4O0POXHbIX KOMIMAaHUM C MPUMEHEHNEM
NnaTeHTHOro n oMb amomeTpuYEeCcKoro aHanmn3a

Makcum XEJIEBHOB Oner KAPACEB

Erop LULUTOB Onua LUMTOBA

Keneznoe Maxcum Makcumosun — HayuonanvHoiii uccaedosamensckuii Mockosckuii eocydapcmeerHblil
cmpoumenvHolil yuusepcumem (HUY MICY), Mockea, Poccus.
Kapaces Oaee Heopesun — Mockosckuii eocyoapcmeenivtii ynugepcumem umenu M. B. Jlomonocosa, Mockea,

Poccus.

IIIumoe Eeop Anexcandposuyu — Mockogckuii eocyoapcmeennbwiii ynugepcumem umenu M. B. Jlomonocosa, Mockaa,

Poccus.

IIlumosa FOaus Aaexcanoposna — Mockosckuii eocydapcmeenHblil yHusepcumem umenu M. B. Jlomonocosa,

Mockea, Poccus™.

CoBpeMeHHbIV 3Tan pa3BuTNS SKOHOMUKI COMPSIXEH C yCKO-
PEHHbIMY TEMTaMU TEXHOJIOrNYEeCKOro pa3BuTUs, 4TO POPMUPY-
eT y KomnaHwii B ka4ecTtse 6a30B0¥ noBecTku HEOOXOANMOCTb
POBEAEHS PEryssiPHOro 6eHYMapKuHra Jy4LLINX NPakTUK cpean
KOHKYpeHTOB. OHaKO, y4nTbIBas yCI0BUS BbICOKOKOHKYPEHTHOM
cpenbl, TPaANLMOHHBIE UHCTPYMEHTbI Y METPYIKU HE MO3BOJISIIOT
BbISIB/ISITb NEPCMNEKTUBHBIE HAMPAaBAEHUSI MHHOBALMOHHOIO pa3-
BUTUS, peann3alLimsi KOTopbIx B OyayLLemMm MoXeT ChopMmpoBaTh
HOBbIE KOHKYPEHTHbIE MPEeUMYLLECTBa y KOMMaHWii-aHaao0ros.

B Liensix BbISIBNEHWS «PaHHNX CUrHaI0B» — POPMUPYIOLLMXCS]
HarnpaBeHWi MIHHOBaLMOHHOIO Pa3BUTUS, MEPCNEKTUBHBIX TEX-
HOJIOrVEi 1 PELLIeHWIA — B MUPOBOW MPaKTVKe aKTUBHO MPUMEHST-
I0TCSI UHCTPYMEHTbI TATEHTHOIO Y GUGIMOMETPUYECKOrO aHaIN-
3a, MO3BOJISIOLME OLIE@HNBATL TEKYLLYIO MPaKTUKY KOMMaHui Kak
B obnactv yHaaMeHTabHbIX, Tak v PUKIaAHbIX UCC/IEA0BaHIA.

B naHHoV cTaTbe rnpeacTaBeHb! pe3ybTaTbl UCCeA0BaHs
AesATe/IbHOCTU BedyLnxX 36py68)KHbIX XKeJ1e3HOAOPOXHbIX KOM-
naHuii B 061acTv OpraHn3aummn Hay4yHO-TeXHOIOrMYECKUX N3bl-
CKaHWI Vi IPUOPUTETHBIX HaNpasBaeHWii IHHOBALMOHHOI O pa3Bu-
TUS, MOJIyYEHHbIE C MPUMEHEHNEM UHCTPYMEHTOB aTteHTHOro
1 6UOIMOMETPUHECKOr0 aHanm3a. B cTatbe onncsIBatoTCs AMHa-
MUKa v CTPYKTYpa ny6avKaLmii v naTeHTHbIX 3asiBOK Xe1e3HOL0-
POXHOU oTpacan. Takxe B cTaTbe ONUCLIBAIOTCS Pas3inyuvs
B CTPYKTYpe KOONepaLmnOHHbIX CBS3e BEAYLUMNX KEIe3HOA0POX-
HbIX KOMINaHWE B 4aCTy OpraHn3aumy rnyomkaumoHHO n ncce-
[10BaresibCKOM [AesiTeIbHOCTY.

B cTatbe Takxe pacCMOTPEHbI CTPYKTYPbI TATEHTHOU U 1y0-
JINKALMOHHOM [esITe/IbHOCTY OTAE/bHbIX KOMIaHWIA, LEMOHCTPU -
pyroLuime nx npuopuTeTHble HarpasB/ieHUs opraHn3aunm Hay4Ho-
TEXHOJI0rN4eCKOoU AessTe/IbHOCTY.

Knio4esble coBa: TeXHOI0rn4eckoe passutne, TPaHCriopT, CTPYKTypa, AnHamMuKa, ﬂyﬁﬂMKaL{MOHHaH aKTBHOCTb, NateHTHas akTnBHOCTb,

KoornepaunoHHble CBSI3U.

*MHdopmauma 06 aBTopax:

XKeneaHoB Makcum MakcuMoOBUY — JOKTOP TEXHNYECKUX HAYK, AOLLEHT, npodeccop kadeapbl MHPOPMaALMOHHbBIX
cuUcTeM, TEXHONOMMiA 1 aBTOMaTU3aLmMmn B CTPOUTENLCTBE HaumMoHanbHOro nccnenoBaTenbckoro MockoBCKoro
rocyaapCTBEHHOr0 CTpouTenbHOro yHmsepcuteta (HNY MIrCY), Mocksa, Poccusi, M.Zheleznov@mail.ru.

Kapacee Oner UropeBuy — kaHamMaaT 9KOHOMUYECKMX HayK, OUPEKTOP LLEeHTPa Hay4YHO-TEXHOIOMMYECKoro
NPOrHO3MpoBaHNUA 3KOHOMNYECKOro q)aKyaneTa MockoBCKOro rocyaapCTBeHHOro yHmsepcuteTa uMeHun
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pPOBEHB TEXHOJIOTUIECKOTO Pa3BUTHS
JKeJIe3HOTOPOKHBIX KOMITAHUIA STBJISI-
eTCs OMHUM M3 KITIOUEBBIX (haKTOPOB,
orpeaessiolmnX 3(pPeKTUBHOCTH ONepallMOH-
HOM IeSITeTbHOCTH. B yCIIOBUSIX COKpaIleHIsT
TEXHOJIOTMIECKOTO M THHOBAIIMOHHOTO ITUK-
JIOB M YCKOPEHHUS TIPOLIECCOB IIPUHSITUS pe-
IIEHWI Kad4eCTBO OpPTaHM3allMU HAyIHO-
TEXHOJIOTMIECKOTO Pa3BUTHUS SIBJISIETCS KPU-
THYECKUM (haKTOPOM C TOUKHU 3pEHUS COXpa-
HEHUS BeAYIINX MO3UIINI KOMITAHUH U €&
KOHKYPEHTOCTIOCOOHOCTH.

OmHYM 13 6a30BBIX JIEMEHTOB TEXHOJIOT -
YECKOTO Pa3BUTHS SIBJISIETCSI CUCTEMa CKBO3-
HBIX HAyYHO-TEXHOJIOTMIECKHX IIPHOPUTETOB,
OTIPEIEIISTIOIINX BEKTOP JIOJITOCPOYHOTO BUIE-
HUS KOMITAHUH B pa3pe3e pa3paboTK U BHEII-
peHUS TIepedOBEIX Pa3pabOTOK U peIIeHUIA.
TTpu ycmoBUM yBETMUEHUS CKOPOCTH ITepeIadar
TEXHOJIOTUY C 3Tara pa3paboTKK 10 MOMEHTa
BHEIPEHMST KOMIIAaHUM BBIHYKICHBI Ha pery-
JISPHOM OCHOBE MPOBOINTH KOMITJICKCHBIN
aHaJIM3 BOCTPEeOOBaHHBIX HAITPABJIEHMIA MCCIIe-
JIoBaHUi 1 pa3paboTok. [TogobOHas nmpakTUKa
SIBJISIETCST PACTIPOCTPAHEHHOM Cpeay BEAYIINX
JKEeJIC3HOIOPOXKHBIX KOMIIAHUI 1 TTO3BOJISICT
VIM OCTaBaThCS B PyCIIe TEXHOJIOTMIECKIX Y MTH-
HOBAIIMOHHBIX TPEHIOB, OKA3bIBAIOIINX 3Ha-
YUTETbHOE BIMSTHUE HA pa3BUTHE BCEH JKelle3-
HOJOPOXKHOM OTpaC/IU.

B mensx BEIIBICHUS 3HAYMMBIX HaIlpaB-
JICHUI TEXHOJIOTUYECKOTO Pa3BUTHUS MOTYT
WCTIOJIb30BAThCSI pa3IMIHbIC Menodbl, BKITIO-
yast OMOITMOMETPUUYCCKUI 1 ITAaTeHTHBIN aHa-
JIN3, TIO3BOJISIIONIME, B TOM YKCJIE OTIPEIETUTh
3apOKIAIOIIMECST HATTPaBJIEHHsI, TOTEHIUATb-
HO oOJrajarolire KpUTUIECKUM 3HaYeHUEM
IUIS pa3BUTUS BCEU OTpaciu — «paHHUE CUT-
Hajel». Hampumep, aHaiIn3 MaTeHTHON WH-
dopmanuu obecrneyrnBaeT BO3MOXHOCTD
MHOTOACIICKTHOTO aHaJIi3a TPYII TepPCITeK-
TUBHBIX TEXHOJIOTWI, THHOBAIIMOHHBIX ITPO-
JYKTOB U YCJIYT O LIEJIOMY PSIy OCHOBaHUIA,
B TOM UHCJI€ CBEICHUIT ITPaBOBOTO XapaKTepa
[1]. OnHMMU U3 KITIOUYEBBIX Yeaeil TPOBEACHUS
MaTEHTHOTO U OMOJIMOMETPUUYECKOTO aHaI3a
SIBIISTIOTCS:

* ompejeieHUe MacIlITaboB, TMHAMUKHI
¥ HampaBJICHU HAyIHO-TEXHOJIOTHIECKOTO
PAa3BUTHS KaK OTPACIIH B 1IEJIOM, TaK U OTICTb-
HBIX KOMIAHWM;

* omnpenesieHue JUaepoB B o0aacTu GpyH-
JTaMeHTaJIbHBIX U MPUKIIaIHBIX UCCICH0Ba-
HUIA;
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* BBISIBJICEHUE OPTaHU3AIMOHHBIX U KO-
OIEepaLIMOHHBIX CBSI3€i OTpacieBbIX KOMIa-
HUIi C HAyYHO-UCCJIeI0BATETbCKUMU OPraHu -
3alUsIMU, YHUBEPCUTETAMU U TIPOYUMU
KOMMEPUYECKUMU MTapTHEPAMMU;

* BBISIBJICHUE OTIEJbHBIX aBTOPOB, CO-
TPYIHUKOB M YYEHBIX, XapaKTEePU3YIOIIUXCS
3HAYUTEbHBIM BKJIAIOM B PA3BUTHE OTPACIU
MO OTAEJbHBIM HaMpaBIEHUSIM Hay4YHO-
TEXHOJIOTUYECKOTO Pa3BUTUS;

* BBISIBIEHWE «PAaHHUX CUTHAJIOB» U TI0-
TEHIMAJbHO 3HAYMMBIX TEXHOJOTUYECKUX
pa3pabotok [2].

CornacHO KOHIEMIMU YPOBHE! TOTOBHO-
ctu TexHosioruu (nanee — YI'T), pyHnameH-
TaJIbHbIE U MPUKJIATHBIE UCCIECAOBAHUS COOT-
BETCTBYIOT PAHHUM CTa[IVsIM Pa3BUTHSI TEXHO-
gorun: YIT1I-YIT3 [3]. AHanu3 Hay4HO-
TEXHOJIOTUYECKOU NeSITeIbHOCTU KOMITaHUM
B pa3pese yKazaHHbIX YI'T 1o3BoJIsSIET BbISIB-
JISITh HESIBHBIE TE€XHOJOTUYECKUE TPEHIbI.
IIpeumyiiecTBOM OUOAMOMETPUUYECKOTO
U MIATEHTHOTO aHau3a SBJISETCS BO3MOX-
HOCTb UCCJIEIOBAHMS HESIBHBIX HAMTPaBICHU
Hay4YHO-TE€XHOJOTMYECKOTO pPa3BUTUS, HE
OTpaXkaeMbIX B OTKPBITBHIX UCTOYHUKAX U ITy0-
JIMKYEeMbIX TOKYMEHTaX KOPHOPaTUBHOTO
CTpaTEernyecKoro iaHupoBaHus [4].

Komnanuu, obiamaronime mMupoKUM
noptdeneM myoaMKalWi U NaTEHTOB, TPAAU -
LIMOHHO 00JIaJal0T COOCTBEHHBIM Pa3BUTHIM
HayYHO-TEeXHUYECKUM O0KOM. OIHUM U3
WHAUKATOPOB aKTUBHOCTU U 3((HEKTUBHOCTU
ero (pyHKIIMOHUPOBAHUS CIYXKUT TUHAMUKA
MyOJUKAIIMOHHON Y MAaTeHTHOM aKTUBHOCTH.
JlunepaMu xee3HOA0POXKHOM OTPacu B 00-
JIACTU TyOJIMKALIMOHHOW aKTUBHOCTU SIBJISI-
I0TCS TIPEICTaBUTENN A3UaTCKO-TUX0OKeaH-
ckoro peruoHa: China Railways (Kuraii),
Korail (FOxnas Kopest) 1 JR Group (SImonmust)
(puc. 1). B acniekTe OTAEIbHBIX JIET B TEUEHUE
nepuoaa 2010—2019 rr. BeIcOKOM myOrKaiu-
OHHOI aKTUBHOCTBIO TAKXKE XapaKTePU3YeTCs
dpaHILy3cKas KeJIe3HOIOPOXKHAS KOMITAHUS
SNCE

ITybnukanmoHHast aKTUBHOCTh OOJIBIIWH-
CTBA XEJIE3HOMOPOKHBIX KOMITAHUH XapaKTepu-
3yeTCsl YCTOMYMBOM MOJIOXKUTETbHONM AUHAMU-
KOMU, KOTOpasi 3KCTpanojJupyeTcsl B 1IeJIOM Ha
CUTYALIMIO B XeJIEe3HOAOPOXKHON OTpaciv. 3Ha-
YuTeIbHOE MpeobafaHme a3uaTCKUX KeJe3HO-
JIOPOKHBIX KOMITAHUI TakKXe HaOJI0gaeTcs
U B 00JIACTU 3aLIUTHI PE3YJIETaTOB UHTEIIEKTY-
aTbHOI IeSITeIbHOCTU (MTATeHTHOM aKTUBHOCTH ).
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Puc. 1. AnHamuka ny6nnkauMOHHONW aKTUBHOCTU BEAYLUUNX 3aPyOeXXHbIX XeJ1e3HO[0POXHbIX KOMMaHUi
B Teyenme nepmoga 2010-2019 rr., ny6nukauwii B rog. UctoyHuk: Bubnunorpapuyeckas n pecpepatusHas 6asa
AaHHbIX Scopus. [AneKkTpoHHbIVi pecypc]: https://www.scopus.com/home.uri. foctyn 25.02.2020.
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Puc. 2. luHamnka naTeHTHOV aKkTUBHOCTYU BeAYLLNX 3aPy6eXHbIX Xes1e3HOA0POXHbIX KOMNaHUIA B Te4eHne
nepuoga 2010-2019 rr., nareHTOB B rog. McTo4Huk: Cuctema noucka rno MexgyHapoaHbiM U HALNOHaIbHbIM
nateHTHbIM poHaam PatentScope BcemupHovi Opraun3aumn UHTennektyansHoi Co6CcTBeHHOCTH //
PatentScope. [QnekTpoHHbIii pecypc]: https://patentscope.wipo.int/search/ru/search.jsf. Joctyn 29.07.2019.

= YKiEHpHHT B HpopmaTHKa, KOMITBIOTEPHbIC TEXHOTOTHH

m Hayka 0 Matepnanax = Hayka 0 3emze 1 miaseTax

Du3KMKa U ACTPOHOMHS Coumosnorus
B Maremarika B Hayka 06 okpyskatoleii cpesie
DHepreTHKa | [Ipyroe

Puc. 3. CTpykTypa nybnukauwii psaga seayLmx 3apyoexHbiX es1e3HO[0POXHbIX KOMMNaHWiA
¢ 2010r., %. UcTtouHuk: Bubnuorpagpuyeckas n pegpepatusHas 6a3a AaHHbIX SCOPUS.
[dnekTpoHHbIli pecypc]: https://www.scopus.com/home.uri. Qoctyn 15.12.2019.
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Puc. 4. CTpykTypa nybnmkauynoHHoi akTuBHocTu komnahmm SNCF ¢ 2010 r., %. UcTo4Huk:
6ubnuorpaguyeckas u pepepatneHas 6a3a gaHHbIX SCOPUS. [DNIEKTPOHHbIN pecypc]:
https://www.scopus.com/home.uri. Joctyn 18.12.2019.

AHaJIM3 MaTeHTHON aKTUBHOCTU MOXKET
HCTIOJIb30BaThCsI B 1IEJISIX OIPEEIeHUS KITI0-
YEeBBIX MHIUKATOPOB TEXHOJOTUYECKUX U3ME-
HeHui [4]. AHanu3 MaTeHTHONW aKTUBHOCTU
MO3BOJISIET BBISIBUTD KaK pa3IMdHble HAYYHO-
TEXHOJIOTUYECKUE HOCTHXKEHMUS, TaK CyIle-
CTBYIOIIIME U 3aPOKIAIOIIMECs HAIlpaBICHUs
TEXHOJIOTMYECKOTO Pa3BUTUSI KOMITAHUIA.

B reuenue nepuona 2010—2019 rr. xxenes-
HOMTOPOXXHBIMU KOMITAHUSIMU C BBICOKMM

YPOBHEM MATeHTHOM aKTMBHOCTU ObLIM JR
Group (Anonus), SNCF (®panums) n Korail
(FOxxHaga Kopest) (puc. 2).

IlaTeHTHBII aHAIU3 TI03BOJISIET C(HOPMU-
poBaTh MoHMMaHue R&D akTMBHOCTH KOM-
MMaHU B aCITEKTe TeXHOJIOTMYEeCKUX HarpaB-
JIEHUI ¥ peIlIeHU I, KOTOPbIe HEIIOCPEACTBEH-
HO He BUIHBI BHEIIHeMY HaOogartesto [5].
BuGnroMeTpruecKuii v MaTeHTHBII aHATIM3bI
TO3BOJISIIOT BBISIBUTH aKTyaJIbHbIE M BOCTPE-

Ta6mmma 1
Han6onee murupyembie cratbl SNCF 3a 2016—2019 rr.
Ne | HazBaHue ctatbu Hamnpasnenue Ton ny6- | KonmnuectBo
JIMKAUMK | LUTUPOBaHUI
1 TToTeHMan BcrioMoraTeJIbHbIX TEXHOJIOTHYE- Drekrpomobun/ 3apsaHbie | 2016 31
CKHX YCIIYT TPAHCIIOPTHOT'O CPE/ICTBA MO OTHO- | YCTPOICTBA (AaKKYMYJIsi-
LIEHUIO K CETH C YUETOM HEONPEAeIEHHOCTU TOpBI)/YMHBIC 3apsiTHbIC
B IOCTYITHOCTH MOJKJTIOYAEMOTr0 IeKTPOMOOU - | yCTpoiicTBa
JISI ¥ OTPAaHMYCHUI 00CITYyKMBaHSI/TIOKATN3a-
LMY B PacTIPeeTUTENbHbIX CETSIX
2 Craructryeckast OlleHKa YCTaJIOCTHOM Mpoy- Ycranocts MatepuaioB/ 2017 27
HOCTHU IBYXCPE3HBIX 3aKJIETIOUHBIX COeIMHEeHMi | Momenn/
U CKOPOCTH POCTa TPEUIMH MaTepuaioB cTapbix | S—N KpuBbie
MOCTOB
3 Brnusaue conepkanust BKoueHWi Ha Monynb | 2Kese3usie goporu/[1ouBsr 2017 22
YIPYrocTy U Ko GuUMUEHT neMpupoBaHus
HEYTUIOTHEHHBIX MaTEPUAJIOB XeJIe3HOIOPOXK-
HOTO MOJIOTHA
4 Biusinue copepkaHust Boibl M MesikuX (ppakumii | 2Kesnesusie gfoporu/I1ousst 2016 19
Ha MOJIYJIb YIIPYTOCTU MEXCIOWHOTO TPyHTa
OCHOBAHUSI XKeJIE3HOLOPOKHOTO MOJIOTHA
5 WccnenoBaHue MEXaHUYECKOTO MOBEACHUST CTpOUTENBCTBO U CTPOU- 2018 16
MaTepHaJIoB MYTU C PA3JTMYHBIM COAEPKAHUEM | TEIbHbBIE MAaTEPUAITBI
KPYIHO3EPHUCTBIX hpaKinit

Wcrounuk: bubnnorpaduueckas v pedeparuBHasi 6a3a JaHHBIX Scopus.
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Puc. 5. CTpykTypa 3aperncTpmpoBaHHbIX NaTeHTOB psiAa BeAyLUNX 3apy6eXXHbIX Xe1e3HO40POXHbIX
komnahwii c 2010 r., %. UcTtouHunk: OpuunanbHbiii caliT naTeHTHoM 6a3bl AaHHbIX BceMupHoi
opraHu3aunn UHTeNIeKTyasbHol co6cTBeHHOCTH // PatentScope. [3neKTpoHHbIii pecypc]:
https://patentscope.wipo.int/search/ru/search.jsf. Joctyn 27.07.2019.

OOBaHHBIE TEXHOJOTUYECKUE TCHICHIINM,
a TaKKe TPeIoCTaB/IsIeT BO3MOXKHOCTD MPe/I-
MTOJIOKUTD OYIYIIMI BEKTOP PA3BUTHSI KPUTH -
YECKHMX TEXHOJIOTUI U PEIICHUM B OTPaCIIu.

PaccMmoTpeHue u aHanu3 CTPYKTYpPHI I1y0-
JIMKAIIAI ¥ TaTEHTOB Ha OCHOBE MIPUHIIUIIOB
KaccudUKaIMy MO3BOJISIET BBIICIUTH OT-
JIeJIbHBIC 00JIACTH, TIOIB3YIOIINECs Y KOMITa-
HUI MOBBIIIIEHHBIM BHUMaHueM. Ha puc. 3
MpeacTaBleHa CTPYKTypa ITyOInKaIllMOHHOMN
AKTUBHOCTH psida BEAYIIUX XKeJIe3HOIOPOXK-
HBIX KOMIIAHUI B pa3pe3¢ HalpaBJICHUA UC-
cnenoBaHmii 3a mepuoa 2010—-2019 rr

Haub6onee BocTpedboBaHHOI 00JIaCThIO
MyOJIMKAIINI BEAYIINX 3apYOeKHBIX JKeJIe3HO-
MIOPOKHBIX KOMITAHUI SIBIISIFOTCSI TEXHUYE-
CKHe HayKH, YTO B IIEJIOM SIBJISIETCSI XapaKTep-
HBIM IS aHAIU3UpyeMoil oTpaciau. Takxke
B CTPYKType IMyOJMKAIUi IITUPOKO PaCIpo-
CTpaHEHBI MCCIIeI0BaHMsI, Kacalolnecs NH-
dopMaTUKN ¥ KOMIIBIOTEPHBIX TEXHOJOTHIA,
HayKM O MaTepuajax, HayKu o 3emJie U Tija-
HeTax, (GU3UKUA U aCTPOHOMMUU.

IMpy mpuGIMKEHHOM pacCMOTPEHUU
CTPYKTYPBI ITyOJMKAIIMOHHON aKTUBHOCTU
(bpaHILy3cKOil Kene3HON0POKHOIN KOMITAaHU U
SNCF Mo0xXHO cienaTbh BbIBOA O BBICOKOI
CTETEeHU COOTBETCTBUS €€ HAyUHO-TEXHOJIO-

TUYECKUX TIPHMOPUTETOB C OOIIEOTPaCcaeBOt
crieriukoit (puc. 4).

bonbmras yacts nmyonukanumii SNCF kop-
peupyeT C UCCASAOBAaHUSIMU B 00JaCTU MH-
KMHUPUHTA, NHPOPMATUKN U KOMIBIOTEP-
HBIX TEXHOJIOTUI, HAyK1 00 oKpyxXKalollei
cpene, a TakxKe QU3MKU U aCTPOHOMMUM.
VYkazaHHbIe TeMaTU4YeCKKe 00J1acTH 00pa3yIoT
€000i1 0K0J10 66 % OT Bcex ImyoImKaLuii hpaH-
1Iy3CKOM XK€JIE€3HOIOPOKHON KOMITAHUM.

Cpenu HauboJiee IUTUPYEMBIX cTaTei
SNCF 3a nocnenHue roabl yailie BCero BCTpe-
YalTCs pabOThI, MCCIEOYIOIIe MaTepUaIbl
¥ TIo4By (Tadm. 1).

Haubonee BocTpeOOBaHHbBIE TeMaTUYe-
CKMe 00J1aCTH 3apeTruCTPUPOBaHHBIX MATEH-
TOB, UMECIOIIME OTHOIIECHNE K XKEIE3HOI0-
PO>KHOM OTpaciu, B 3HAYUTEIIbHOM CTEIIEHU
KOPPEJIUPYIOT C HallpaBACHUSIMU MyOIUKa-
LU BEAYIIUX XEIe3HOTOPOXKHBIX KOMITa-
Huii. [TogoOHBIN (PaKT MO3BOJSET caesaTh
MIPEAITOJ0XKEeHNE 00 OTHOCUTEIHLHO YCTONIN -
BBIX CBSI3sIX (DyHIaAMEHTAJIbHBIX U TTPUKIIAI-
HBIX MCCIE€AOBAHUMN B XEJIE3HOLOPOXKHOMN
oTpaciu. B yactHocTH, 3TO MOATBEpKIacTCA
BO3pacTalolleid TEHACHIUEN K IPUHITUIO
VWHUIIMATUB, HaIllpaBJICHHBIX Ha MOJHOE
COMPOBOXICHUE TEXHOJIOTMYECKUX pa3pa-
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Taomuna 2
MexnyHapoanas natentnasd Kinaccugukanusa (MIIK) Hau6osiee BocTpeOOBAHHBIX IATEHTOB
KeJIe3HOAOPOXKHOI 0Tpacu

MIIK Pacmmdposka

B61L OpraHu3aiyst 1 yIpaBJieHNe IBUXEHUEM Ha XKeJIe3HbIX 0POTax; CPEICTBA TEXHUKU 0e30MacHOCTH
Ha KeJIe3HOJOPOXXHOM TpaHCIIOpTe

EO1B BepxHee cTpoeHue MyTH; CrocoObl M YCTPOICTBA TS YKIaIKU U PEMOHTA PEJIbCOBBIX MyTeil BCex
TUTIOB

B61D Kene3HOoOpOXHbBIE BATOHBI, TIAT(GOPMBI U T.11.; KOHCTPYKTUBHBIE 3JIEMEHTHI KY30BOB TMOJIBUKHOTO
cocrasa

B60L DeKTpooOOpyIOBaHNE TPAHCTIOPTHBIX CPEICTB C AJICKTPOTSATON; MATHUTHBIC TIOABECKY WJTH JIEBUTA-

LIMOHHBIE YCTPOICTBA AJIsl TPAHCIIOPTHBIX CPEICTB; NEKTPOAMHAMUYECKIE TOPMO3HBIE CUCTEMBbI TSI
TPAHCITIOPTHBIX CPEJICTB BOOOIIIE

B61F [Toasecku, pambl, TOBOPOTHBIE TEJIEKKU BATOHOB, YCTPOUCTBA KOJECHBIX OCEi; TPAHCTIOPTHBIE
CpeAcTBa 151 IepeIBUXKEHUS IO JOPOraM € pa3InyHON IUPUHON KOJIEU; YyCTPOMCTBA ISl TPeoT-
BpalLIEHHUsI CXOJ1a C PEJILCOB; IIPEIOXPaHUTEIbHbIE YCTPONCTBA, YIaBIMBAIOLIME WY yAAJSIOIINIEe
MPeTsITCTBUS C YTH U T.I.

B60M JIMHUY 5HEProCcHAGKEHMsI U YCTPOMCTBA, PACTIONOKEHHbIE BIOJIb XKeJIE3HOIOPOXKHOIO TMOJIOTHA,
UTST TPAHCTIOPTHBIX CPEJICTB C AJIEKTPOTITOM

E02D OcHoBaHus U GYHIAMEHTHI; KOTJIIOBAHBI; HACHITIH; TTO3EMHBIE Y TTOBOIHBIE COOPYKESHMUSI
E21D [llaxTHBIE CTBOJIBI; TYHHEH; BEIPAOOTKY; MTON3EMHbIE KaMephbl O0JIBIIOr0 00bhEMa
GO1B M3mepeHue [UTMHBI, TOJIIIUHBI UK TIOAOOHBIX IMHEWHBIX PA3MEPOB; N3MEPEHIE YIJIOB; U3MEPEeHIE

TUIOIIAJeI; UBMEPEHME HEPOBHOCTEM IMOBEPXHOCTEN WJIM KOHTYPOB
EOID MocTbl
B61K BcrnomorareibHOE XeJe3HOI0POKHOE 000pyIoBaHe

G06Q CucteMbl 00pabOTKY TaHHBIX WK CTIOCOOBI, CTIEIIMATBHO MPeTHA3HAYCHHBIC VTSI ATMUHUCTPATUB-
HBIX, KOMMEpUYEeCKUX, PUHAHCOBBIX, YITPABICHYECKUX, HAA30PHBIX WU MPOTHOCTUYECKUX LIEJIeH;
CHUCTEMBI WJIM CTIOCOOBI, CTICIIMATBHO MPeTHA3HAYCHHbIE TSI AIMUHUCTPATUBHBIX, KOMMEPUYECKUX,
(UHAHCOBBIX, YITPaBIeHYECKUX, HAA30PHBIX WM MPOTHOCTUYECKUX LieJIei, He TPeAyCMOTPEHHbIe
B IPYTHUX TTOIKITaccax

Puc. 6. HanpaBsnexuus nateHTHou gearenbHoctu Deutsche Bahn 3a nepunog 1991-2018 rr. UcToyHuk:
O¢uumanbHbIli caiiT NnaTeHTHOV 6a3bl AaHHbIX BceMupHoi opraHn3aumm MHTEe/I/1IeKTyaibHOV COOCTBEHHOCTH //
PatentScope. [QnekTpoHHbIii pecypc]: https://patentscope.wipo.int/search/ru/search.jsf. Qoctyn 27.07.2019.

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 22-36 (2

XenesHoe M. M., Kapacer O. U., LLinutos E. A., LLinTtoBa 0. A. UccnepoBaHue pa3sBuTUS 3apyOeXXHbIX
XKeNe3HOAOPOXHbIX KOMMaHWUI C NPUMEHEHUEM NaTEHTHOro n 6uGMomMeTpPNYECKOro aHanmsa




28

Ta0anna 3

PacumdpoBka TeMaTHyecKnX 00.J1acTeii MATEHTOB K puc. 6

Bepimna 3HayeHue
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Wcrounuk: OduumanbHbIil caiT maTeHTHOM 6a3bl NaHHBIX BcemupHoii Opranusauuy uHTeIeKTyanbHoi Coo-
ctBeHHocTH // PatentScope. [DnekTponnslit pecypc|: https://patentscope.wipo.int/search/ru/search.jsf. Jloctym

27.07.2019.
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Puc. 7. CTpykTypa KoornepaLmuoHHbIX CBSI3€l U COBMECTHbIX NyGnnkaunii B paspe3e KoMnaHwii, nyonnkauni
Ha HanpasneHue. UcTtouHuk: Bubnuorpagpuyeckas n pegpepatnsHas 6a3a AaHHbIX SCOPUS. [DN1€KTPOHHbIN
pecypc]: https://www.scopus.com/home.uri. Qoctyn 02.08.2019.

0OTOK Ha BCeX 3Talax XKM3HEHHOTO LIMKJIA.
He MeHee BaxXHBIM (pakTOpPOM, OOBSICHSIO-
LM TaHHbII BHIBOJL, SIBJISIETCS TPAIUIIMOH-
Hasi crielduKa KeJae3HOI0POXHOM OTpac-
JIM U1 OTHOCUTEJIbHO Y3KOHAaIIpaBJIeHHbIE
TeMaTUKKM HAyYHO-TEXHOJIOTUYECKOrO pa3-
BUTUSI, IIPEXKE BCErO CBA3aHHbIE C MOIBUX-
HBIM COCTaBOM, OOCIy:XMBaHUEeM HHbpa-
CTPYKTYPHBIX OOBEKTOB M XKEJE3HOI0POXK-
HBIM MTOJIOTHOM [6].

Hawnbonee BocTpeOOBaHHBIMU TeMaTUUE-
CKUMHU 00J1aCTAMU 3apPErUCTPUPOBAHHBIX
MaTEHTOB Psiia BEAYIIMX KEeIe3HOA0POXKHbBIX
KOMITaHU# sBastIoTCes (puc. 5):

* OpraHM3alus U YIIpaBjieHUE IBUKEHUEM
Ha XeJIE3HbIX NOPOTax; CpelcTBa TEXHUKHU
0e30I1aCHOCTH Ha XKeJIE3HOIOPOKHOM TPaHC-
rnopre;

MWP TPAHCIO

* BEpXHEe CTPOCHMHE MyTHU; CIIOCOOBI
M YCTPOICTBA [JIs1 YKJIAAKU Y PEMOHTA peJib-
COBBIX ITyTEH BCEX TUTIOB.

PacmiudpoBka npeacTtaBieHHBIX Ha
puc. 5 TeMaTUYeCKUX 00JlacTeil MaTEeHTOB
JKEJIE3HOMOPOKHOM OTpacyiv TMpeacTaBicHa
B TaOJ. 2.

Ha puc. 6 npencrasieH JUHEHHBINA rpad
MAaTEeHTHOU aKTUBHOCTUA HEMELIKOU KEJIE3HO-
nopoxkHoit kommanuu Deutsche Bahn, koto-
DBl TTO3BOJISIET OMPEASTUTD MEKIUCITUTLIN -
HapHbIE TATEHTHBIE CBSI3U.

BepimHb! rpaga cooTBETCTBYIOT TEMATU -
YeCKMM 00JIaCTSIM MATEHTOB, MPEICTaBICH-
HBIM B TabJ. 3. PEOpa rpada npencrapiasgior
c0001f MEXIMCUMUIIIMHAPHBIC MMaTEHTHHIE
cBs13U. Psmom ¢ BepmmHamu rpada 0003Ha-
YeHa CHJIa TeMaTUYeCKOoi 00J1acTH, BbIpaxkae-
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Masl yepe3 KOJIMYECTBO MaTeHTOB KOMITAHU,
MMEIOIINX K Hell OTHOIIIEHUE.

CorylacHO TIpelCcTaBIeHHOMY PUCYHKY,
OCHOBHBIMU HarNpaBJIeHUSIMU TTaTEHTOBAHUSI
SIBJISTIOTCSI: TPAHCITOPTHAs MH(PACTPYKTypa,
MpUOOPHI 71T U3MEPEHUI U TECTUPOBAHUM,
rpy3oBasi paboTa. AKTUBHOE MaTE€HTOBaHUE
MPOVICXOAUT Ha CThIKE MPUBEAEHHBIX TIPE-
METHBIX 00J1aCTel, a TAaKKe Ha CTHIKE HAIlpaB-
JICHU#, CBSI3aHHBIX ¢ KOMMYHUKAIIUSIMU
¥ Ha3eMHBIMU TPAHCITIOPTHBIMM CPEICTBAMU
(>KeJIe3HOMOPOXKHBIM TPAHCTIOPTOM).

B 11€;10M B XeJ1e3HOIOPOXKHOI OTPACIv Ha
MPOTSIKEHWU BCETO Meproaa MyoInMKaimoH-
HOM aKTMBHOCTU KOMTIAaHWI TTPOCIIEXKUBACTCST
TPEHJ COTPYAHUYECTBA C YHUBEPCUTETAMMU,
HaIMOHATbHBIMU 1 MEXXTyHAPOIHBIMU UCCITE-
JIOBATEIbCKUMU IIEHTPaMU 1 JTa0OpaTOPUSIMU,
OCOOEHHO 3aMETHO TaKoe COTPYIHUYECTBO
B nyosukanusx SNCF u JapanRailwayGroup
(puc. 7). bonee 60 % nybaukauuii u uccie-
JIOBAaHWH, OCYIIECTBIISIEMBIX BETYIITUMM Ke-
JIE3HOIOPOKHBIMU KOMITAHUSIMU, BBIITyCKa-
IOTCSI COBMECTHO C 00pa3oBaTeIbHBIMU
W HayIHO-MCCIIeI0BAaTeIbCKUMU OpTaHu3a-
musiMmu. Harpumep, ppaHity3ckast KOMITaHUST
SNCF B 6osee yem 87 % mybOaukaiuii co-
BMECTHBIX (byHIaMEHTAJIbHBIX CTaTeil 1 uC-
CJIeIOBAHUIA COTPYIHUYAET C ITPEICTAaBUTEIIS-
MW HayYHOI Cpe/bl: YHUBEPCUTETaMU, Hayd-
HO-UCCJIeI0BaTEJIbCKUMU WHCTUTYTaMU
u 1abopaTtopusiMu. B cBoto ouepes HeMelKast
Deutsche Bahn 75 % coBMeCTHBIX HaydHBIX
HCCJIeNOBAHUN MPOBOIUT C YYaCTHUKAMU
PBIHKA — Pa3IMYHBIMU KOMMEPUYECKIMU KOM -
MaHUSMU U OpTaHU3ALMSIMU.

BcaencTere yckopeHUs TEMIIOB Pa3BUTHST
TEXHOJIOTUM KeJIe3HOIOPOKHBIE KOMITAHUN
BBIHYKJICHBI Ha PETyJISIPHO OCHOBE TPOBO-
IUATHh aKTyaJIM3alliio TPEHAOB U JUHAMUKHA
WHHOBAIIMOHHOW JIESATETbHOCTU BEAYIINX
KOMTIaHUI-aHaJIOTOB, a TAKXKE JTUIEPOB CMEXK -
HBIX OTpacjieil B 1IeJISIX BBISIBIICHUS TIPUOPU -
TETHBIX BEKTOPOB HAyYHO-TEXHOJIOTMUYECKOTO
Pa3BUTUS U TIPUOTU3UTETBHON OLIEHKU COO0-
CTBEHHBIX KOMIIETEHIINI 1 TIEPCTICKTUB.

MHcTpyMeHTBI U METOIBI OUOJIMOMETPU-
YECKUX Y MaTeHTHBIX NCCIIeI0BAaHUI, TpUME-
HsIeMbIe B XOJle aHAJIM3a IMyOJUKAIIMOHHOMN
M TIATEHTHOM aKTUBHOCTH, TTO3BOJISTIOT MOJTY -
YUTh aKTyaJIbHbIE TAaHHBIE, UJUTIOCTPUPYIOIIINE
YpOBEHb MHHOBAIITMOHHOTO Pa3BUTHSI TIO OT-
paciu, MpoCAeaUTh TPEHIIBI Pa3BUTHSI, BbI-
SIBUTh paHHWE CUTHaJbl BOZHUKHOBEHUS

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 22-36 (2020)

HOY-Xay Y OTIPeAeIUTh IPUOPUTETHBIE TeMa-
TUYEeCKWe HaIpaBleHUs ucciaenoBaHuil. Ta-
KOI aHaM3 0COOEHHO BaXXKEH TPU PelIeHUN
3aJauy BbISIBJIEHUS 00JIaCTei HOBBIX 3HAHU I
U OTIpeJIeSICHUsI CTPATernii HAyYHO-TEXHUYEC-
KOTO Pa3BUTHSI, TOCTOSIHHO CTOSIIIIEH B yCIIO-
BUSIX COBPEMEHHOTO 3Tara HayqYHO-TeXHOJIO-
TMUYECKOTO Pa3BUTHS Tepell OpraHu3alusiMu
JIFOOOTO YPOBHSI.
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ABSTRACT

The modern stage of economic development is intricately
linked with accelerated pace of advancement in technology
and hence introduces into basic corporate agenda the need
to regularly benchmark best competitive practices.
Considering highly competitive environment usual tools and
metrics do not allow to reveal promising directions of
innovative development, whose implementation will help in
building new competitive advantages with similar companies.

To reveal early signs, revealing emerging directions of
innovative development, promising technology and
decisions, global practices implement tools and instruments
of patent and bibliometric search, allowing to assess current

corporate practices in the field of both fundamental and
applied research.

The article presents the results of a research on activity
of leading world railway companies in the field of technological
and scientific research, and of priority directions of innovative
development, obtained using tools of patent and bibliometric
analysis. The research also described the dynamics and the
structure of publications and patent applications in the railway
sector, the differences in the structure of cooperative links
of leading railway companies regarding publication and
research activity.

The article also studied structuring of patent and
publication activity of some companies, showing priority
directions of technological and scientific efforts.
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he level of technological development
I of railway companies is among key
factors determining effectiveness of
operating activities. Given reduction of
technological and innovation cycle time and
accelerated decision-making processes, the
quality of organization of scientific and
technological development is a critical factor
in terms of maintaining the company’s leading
positions and its competitiveness.

A basic element of technological
development is a system of cross-cutting
scientific and technological priorities that
determines the vector of a company’s long-
term vision in terms of development and
implementation of advanced developments and
solutions. Subject to an increase in the
technology transfer rate from the development
stage to time of implementation, the companies
are forced to regularly conduct a comprehensive
analysis of the areas of research and development
that are in demand. This practice is common
among leading railway companies and allows
them to stay in line with technological and
innovative trends that have a significant impact
on development of the entire railway industry.

In order to identify significant areas of
technological development, various tools can
be used, including bibliometric and patent
analysis, which allow, among other things, to
identify emerging directions that are potentially
critical for development of the entire industry,
called «early signals». For instance, analysis of
patent information can help to conduct
multidimensional analysis of the groups of
promising technologies, innovative products,
and services, following many criteria, including

legal ones [1]. Key objectives of patent and
bibliometric analysis comprise:

* determination of the scope, dynamics and
directions of scientific and technological
development of both the industry as a whole
and individual companies;

* determination of leaders in the field of
basic and applied research;

+ identification of organizational and
cooperative ties of industry companies with
research organizations, universities and other
commercial partners;

+ identification of individual authors,
employees and scientists making a significant
contribution to development of the industry in
certain areas of scientific and technological
development;

+ identification of «early signals» and
potentially significant technological develop-
ments [2].

According to the concept of technology
readiness levels (hereinafter — TRL),
fundamental and applied research corresponds
to the early stages of technology development:
TRL1-TRL3 [3]. An analysis of scientific and
technological activities of companies in the
context of these TRL allows revealing implicit
technological trends. The advantage of
bibliometric and patent analysis is the ability
to study implicit directions of scientific and
technological development that are not
reflected in open sources and published
documents of corporate strategic planning [2].

Companies with a wide portfolio of
publications and patents traditionally have their
own developed scientific and technical unit.
One of the indicators of activity and effectiveness
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Pic. 1. Dynamics of publication activity of leading foreign railway companies in the period 2010-2019,
publications per year. Source: Bibliographic and abstract database Scopus. [Electronic resource]:

https://www.scopus.com/home.uri. Last accessed 25.02.2020.
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Pic. 2. Dynamics of patent activity of leading foreign railway companies in the period 2010-2019, patents per
year. Source: World Intellectual Property Organization PatentScope search system for international and national
patent funds. [Electronic resource]:
https://patentscope.wipo.int/search/ru/search.jsf. Last accessed 29.07.2019.

of'its functioning is the dynamics of publication
and patent activity. The leaders of the railway
industry in the field of publication activity are
representatives of the Asia-Pacific region:
China Railways (China), Korail (South Korea)
and JR Group (Japan) (Pic. 1). French railway
company SNCF is also characterized by high
publication activity during 2010—2019.

The publication activity of most railway
companies is characterized by stable positive
dynamics, which are extrapolated as a whole to
the situation in the railway industry. A significant
predominance of Asian railway companies is also
observed in the field of protection of the results
of intellectual activity (patent activity).

An analysis of patent activity can be used to
identify key indicators of technological change
[5]. An analysis of patent activity allows one to
identify various scientific and technological
achievements, as well as existing and emerging
areas of technological development of
companies.

During the period 2010—2019 railway
companies with a high level of patent activity
comprised JR Group (Japan), SNCF (France)
and Korail (South Korea) (Pic. 2).

Patent analysis allows to build an
understanding of R&D activity of companies
in the aspect of technological areas and

solutions that are not directly visible to an
external observer [5]. The bibliometric and
patent analysis allows identifying relevant
technological trends, and also provides an
opportunity to suggest the future vector of
development of critical technologies and
solutions in the industry.

Consideration and analysis of the
structure of publications and patents based
on the principles of classification allows
identifying individual arcas that are of
particular interest to companies. Pic. 3 shows
the structure of publication activity of a
number of leading railway companies in the
context of research areas for the period
2010—-2019.

The most demanded topic of publications
of leading foreign railway companies is
engineering, which is generally characteristic
of the industry under analysis. Also in the
structure of publications researches related
to computer science and computer techno-
logy, material science, earth and planet
science, physics and astronomy are wide-
spread.

After a closer examination of the structure
of publication activity of the French railway
company SNCE, it can be concluded that there
is a high degree of compliance of its scientific
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Pic. 3. Structure of publications of a number of leading foreign railway companies since 2010, %.
Source: Bibliographic and abstract database Scopus. [Electronic resource]:
https://www.scopus.com/home.uri. Last accessed 15.12.2019.
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Pic. 4. Structure of publication activity of the company SNCF since 2010, %. Source: bibliographic and abstract
database Scopus. [Electronic resource]: https://www.scopus.com/home.uri. Last accessed 18.12.2019.

and technological priorities with industry-wide
specifics (Pic. 4).

Most SNCF publications correlate with
research in engineering, computer science and
computer technology, environmental science,
and physics and astronomy. These subject areas
form about 66 % of all publications of the
French railway company.

The most cited SNCF articles in recent
years, most frequently have refered to studies
investigating materials and soil (Table 1).

The most sought-after thematic areas of
registered patents related to the railway
industry are largely correlated with publications
of leading railway companies. A similar fact
suggests a relatively stable relationship
between basic and applied research in the
railway industry. In particular, this fact is

confirmed by the growing tendency to adopt
initiatives aimed at full support of technological
developments at all stages of the life cycle. An
equally important factor explaining this
conclusion is the traditional specifics of the
railway industry and the relatively narrowly
focused topics of scientific and technological
development, primarily related to rolling
stock, maintenance of infrastructure facilities
and the railway track [6].

The most popular thematic areas of
registered patents of a number of leading
railway companies are (see Pic. 5):

» organization and control of traffic on
railways, railway safety equipment;

« track superstructure; means and devices
for laying and repair of railway tracks of all

types.
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The most cited articles of SNCF for the period 2016—2019

Table 1

No. | Article’s title Field Publication | Number of
year citations
Potential of vehicle-to-grid ancillary services considering Electric cars/ 2016 31
the uncertainties in plug-in electric vehicle availability and | Chargers
service/localization limitations in distribution grids (batteries)/
Smart chargers
Statistical evaluation of fatigue strength of double shear Fatigue of 2017 27
riveted connections and crack growth rates of materials materials/
from old bridges Models/
S-N curves
3 Effects of inclusion contents on resilient modulus and Railways/Soils | 2017 22
damping ratio of unsaturated track-bed materials
4 Effects of water and fines contents on the resilient modulus | Railways/Soils | 2016 19
of the interlayer soil of railway substructure
5 Investigation on the mechanical behavior of track-bed Construction 2018 6
materials at various contents of coarse grains and
construction
materials

Source: Bibliographic and abstract database Scopus. [Electronic resource]: https://www.scopus.com/home.uri. Last

accessed 25.02.2020.

mB6lL m®EOIB m=B61D =B60L
G01B m®EOID mB61K

mE2ID

B61F B60M  E02D
G06Q Other

Pic. 5. Structure of registered patents of a number of leading foreign railway companies since 2010, %. Source:
Official website of the patent database of the World Intellectual Property Organization. PatentScope. [Electronic
resource]: https://patentscope.wipo.int/search/ru/search.jsf. Last accessed 27.07.2019.

The interpretation of the thematic areas of
patents of the railway industry presented in
Pic. 5 is given in Table 2.

Pic. 6 is a linear graph of patent activity
of the German railway company Deutsche
Bahn, which allows for identification of
interdisciplinary patent relationships.

The vertices of the graph correspond to
the thematic arcas of patents presented in
Table 3. The edges of the graph are
interdisciplinary patent communications.
Near the vertices of the graph, the strength
of the thematic field is given, expressed
through the number of company patents
related to it.

According to the presented picture, the main
areas of patenting are: transport infrastructure,
instruments for measuring and testing, cargo

management. Active patenting takes place at the
junction of the given subject areas, as well as at the
junction of directions related to communications
and land vehicles (railway transport).

In general, in the railway industry over the
entire period of publication activity of companies,
there is a trend of cooperation with universities,
national and international research centers and
laboratories, such cooperation is especially
noticeable in the publications of SNCF and Japan
Railway Group (Pic. 7). More than 60 % of
publications and research carried out by leading
railway companies are issued jointly with
educational and research organizations. The
SNCEF, for instance, when publishing joint
fundamental articles and conducting research
cooperates in 87% cases with academia,
universities, research centres and laboratories,
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Table 2
International Patent Classification (IPC) of the most addressed patents in the railway industry

IPC Decryption

B61L | Guiding railway traffic; ensuring the safety of railway traffic

B61D | Body details or kinds of railway vehicles

B61F | Rail vehicle suspensions, e.g. underframes, bogies or arrangements of wheel axles; Rail vehicles for use on
tracks of different width; Preventing derailing of rail vehicles; Wheel guards, obstruction removers or the
like for rail vehicles

B61K | Other auxiliary equipment for railways

EO1B | Permanent way; Permanent-way tools; Machines for making railways of all kinds

B60L | Propulsion of electrically-propelled vehicles; Supplying electric power for auxiliary equipment of
electrically-propelled vehicles; Electrodynamic brake systems for vehicles in general; Magnetic suspension
or levitation for vehicles; Monitoring operating variables of electrically-propelled vehicles; Electric safety
devices for electrically-propelled vehicles

B60M | Power supply lines, or devices along rails, for electrically-propelled vehicles

E02D | Foundations; Excavations; Embankments; Underground or underwater structures

E21D | Shafts; tunnels; Galleries; Large underground chambers

GO1B | Measuring length, thickness or similar linear dimensions; Measuring angles; Measuring areas; Measuring
irregularities of surfaces or contours

EO1D | Bridges

G06Q | Data processing systems or methods, specially adapted for administrative, commercial, financial,
managerial, supervisory or forecasting purposes;

Systems or methods specially adapted for administrative, commercial, financial, managerial, supervisory
or forecasting purposes, not otherwise provided

Pic. 6. Directions of patent activity of Deutsche Bahn for the period 1991-2018. Source: Official website of
the patent database of the World Intellectual Property Organization. PatentScope. [Electronic resource]:
https://patentscope.wipo.int/search/ru/search.jsf. Last accessed 27.07.2019.
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m Universities, research centers and laboratories = Companies and organizations

Pic. 7. Structure of cooperation relationship and joint publications in the context of companies,
publications for direction. Source: Bibliographic and abstract database Scopus. [Electronic resource]:
https://www.scopus.com/home.uri. Last accessed 02.08.2019.
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Table 3

Decryption of thematic areas of patents to Pic. 6

Vertex Meaning

Railway tracks

Design of roads, railway tracks and bridges

Measurement and testing

Vehicles in general

Signaling

Ground non-rail vehicles

Transportation, packaging and storage of fragile materials

Lifting and pulling mechanisms

M=l Kol DN I o) O N SN RS TN I (S

Hand and portable power tools and manipulators

—_
(=]

Construction

11 Heating, ventilation and their regulation

12 Aviation and astronautics

13 Locks, keys, window or door accessories, safes

Source: Official website of the patent database of the World Intellectual Property Organization. PatentScope.
[Electronic resource]: https://patentscope.wipo.int/search/ru/search.jsf. Last accessed 27.07.2019.

while Deutsche Bahn conducts 75 % of joint
research together with market actors, different
commercial companies, and organisations.

Due tothe accelerated pace of technological
development, railway companies are forced to
regularly update the trends and dynamics of
innovative activity of leading peer companies,
aswell as leaders of related industries in order
to identify priority vectors of scientific and
technological development and an approxi-
mate assessment of their own competencies
and prospects.

The tools and methods of bibliometric and
patent research used in the analysis of
publication and patent activity allow obtaining
up-to-date data illustrating the level of
innovative development in the industry,
tracking development trends, identifying early
signals of know-how and identifying priority
thematic areas of research. Such an analysis is
especially important in the task of identifying
areas of new knowledge and determining
strategies for scientific and technological
development, which is constantly facing
organizations of any level in the current stage
of scientific and technological development.
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PaspaboTtka 3Heproad$peKkTnBHoOro poTopHo-
MHEPLMOHHOro YCTPOMCTBA MO OpUKETUPOBAHMIO
TBEpAbIX ObITOBbLIX 0TX0A0B (TBO)

Butanuin CABUHKUH BukTopua KYSHELLOBA

Aiiryns ABUJIbMAXKUHOBA

Casunxun Bumaauii Baadumuposuu — Cesepo-Kazaxcmarnckuii 2ocydapcmeeHHblil yHUsepcumem

um. M. Kosvibaesa, [lemponasnosck, Kazaxcman.

Kysneyoea Buxmopus Huxoaaesna — Cubupckuii 20cy0apcmeentblii asmomoounbHo-00poNCHbLI YHUsepcumen,

Omck, Poccus.

Abuavmancurnosa Aiieyav Cepurxosna — Cesepo-Kazaxcmarnckuii cocyoapcmeeHrHbiil yHugepcumen

um. M. Kosvibaesa, Kazaxcman, [lemponasnogck*.

Ha ceroaHsLHuii feHb cepbE3Hyto npobaemy A1 BCero mvpa
PEeACcTaBnsIoT yBeamYnBaloLLmMecs 00bEMbI TBEPAbIX ObITOBbIX OTXOA0B
(TBO). PeleHnem gaHHowi npobaemsl SiBSIETCS BOBIEYEHNE BTOPUY-
HOrO CbIPbsi M OTXOA0B B MPON3BOLACTBEHHbI 060POT. BaxKHbIM 3Tarnom
B yrununsauymm TbO sBnsoTCS TPYA0EMKME NMpouecchl ero céopa
U TPaHCMopPTMPOBKX. Arperatsl creunann3npoBaHHOro MycopoBo3a
py nepeBo3ke Mycopa paboTaloT He SHEPro3(pPEKTUBHO, TOIbKO MO
PYHKLMOHaTY MpeccoBaHusi B 6echOPMeHHYI0 Maccy, He Nosexallyto
copTuposke u nepepabotke. [peanaraemoe BHeApPeHWe arperaros
C COBMELLEHHBIMY QYHKLMSAMU «[10rPy3KU—HarnpasaeHns—n3mesbye-
Hus —I'IpeCCOBaHMﬂ—ﬁpMKeTMpOBaHMH» CyLleCTBeHHO CHU3UT 3Hepro-
EMKOCTb rpoLecca nepeBo3ku 3a CHET nepepaboTku u 6pukeTupoBa-
Hue mycopa B MOMEHT ero TpaHCrnopTUPOBKA. Hay‘lHO-TeXHM‘JeCKaW
rpobiema cocTonT B pa3paboTke MEeTOANKMN TEXHUYECKOro NepeocHa-
LeHUSI CNeLTEeXHNKN OBbILLEHHON 3¢ GEeKTUBHOCTU npu 3aAaHHbIX
HOMWHAaJIbHbIX 3HEPreTn4eckmnx n MOUIHOCTHbIX XapakTepuctmkax
MaLUvH. PelunTs faHHyio npobiemMy rnpeanoxeHo COBMELLEHNEM pe-
KyrnepaTtuBHbIX CUCTEM C MOBTOPHbIM VCI10J/Ib30BaHNEM SIHepPrum cusi
TSXECTU COBCTBEHHbIX Macc Mycopa. Llenb paboTsl 3akioyaeTcs
B pa3paboTke POTOPHO-UHEPLMOHHOIO YCTPONCTBA C MOHUXEHHOM
SHepFOéMKOCTbIO. prmeHeHm MeToAbl aHa/IMTUKO-CTatnucTn4eckoro
unccnenosaHnsi MOAEIbHOMO PsiAa CneLyTexXHUKY C aHaIn3oM ero Tex-
HUYEeCKUX XapakTepucTvk, Ans pa3paboTku KMHEMATUYeCKOV CXembl

OpPUKETUPYIOLLEro yCTPOKCTBA NPon3BeaéH PacyéT, OCHOBAHHbIA Ha
MeTode MoAesinpoBaHUsa CTPYKTYyPbl COCTaBHbIX arperaros.
Mogenvposanue npounssoaunnocs B nporpamme SolidWorks B npu-
knagHom nakete Simulation.

Pa3p860TaHHble KnHemMatn4eckmne cxembl y3/10B U arperartoB
6puKeTNPOBaHUS 1 MPEeCccoBaHs Mycopa GYHKLMOHNPYIOT NPy HOMU-
HaJIbHbIX MOLLIHOCTHbIX XapakTepucTykax ruapoobopynoBaHus 3a CHET
pacrpeneneHus MOLLIHOCTY MprBoAa o Hanbosiee SHeProHarpyxXeH-
HbIM oriepawusim.

lMpeacrasneHo 060cHoBaHWME 3GPPHEKTUBHOCTU pa3paboTaHHOro
POTOPHO-UHEPLMOHHOIO yCcTporicTea rno 6puketupoBaHuio ThO.
OpUrnHaIbHOCTL KOHCTPYKLMUN 3aK/04aeTCsl B CTPYKTYPHOM pacro-
JIOXEeHUN BpuKkeTupyloLero arperara v aHn3ma u. 3
Vcnonb3oBaHne MPUHLNMOB MHEPLIMOHHbIX MOMEHTOB 1 CUJT TSDKeCTU
CcO6CTBEHHOW Macchl Mycopa ro3BoJInIO CyLeCTBEHHO (Ha 25 %)
CHU3UTb 9HEProéMKOCTb NpoLecca npeccoBaHus u GopmM1poBaHus
roroBoro 6puvkerta. MIcroib30BaHne MexaHN4eCcKoi SHepruv HaTsixm-
Teseli TPaHCMoPTEPHOU IEHTLI U yBE/IMYMBaloLLerics npu 6pukeTnpo-
BaHUW Maccsbl PyJioHa rnoa COBCTBEHHbIM BECOM M03BOJINII0 CHU3UTL
pabory, 3arpaynBaemyto A/ GopmMupoBaHus npeccosaHHoro T60
¢ 48000 kx a0 11970 kX, yaanocb CHU3UTL 06bEM CrIPECccoBaHHO-
ro pysoHa, rnoBbICUTb KOSPPULMNEHT NCOIb30BaHUS TPY30MN0AbEM-
HOCTU, CHU3UTb 3HEProEMKOCTb rnpoLecca.

Knioyesble cnoBa: TBEpAbie 6biToBbIE 0TXOAL! (TBO), yTunn3aumns TEO, 6pukeTupoBaHue, POTOPHOE YCTPOKMCTBO, S9HEProa(HEKTUBHOCTL

TPaHCIOPTUPOBKA.
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alIMOHAJIBHOE UCTIOJIb30BaHUE PECYpC-

HOTro MOTeHLIMaJIa 9KOHOMUKU pa3BU-

ThIX U pa3BuBatoiuxcs crtpaH (Poc-
cust, Kazaxcran, beabrus, Benukodopuranus,
Tepmanus, Kurait, AnoHus v T.1.) Ha OCHOBE
CHUXXEHUS MaTepUaTOEMKOCTHU BIITYCKAeMO
MNPOAYKIIMU, OEPEXXHOTO PACXOIOBAHUS Chl-
pbsl, TOTIMBA, SHEPTUU, BOBJIEUEHUSI B XO351i1-
CTBEHHBIII 000POT OTXOJ0B MPOU3BOICTBA
Y BTOPUYHBIX PECYPCOB CTAHOBUTCS OJTHOM U3
aKTyaJbHbBIX MPOOJIEM B COBPEMEHHBIX YCIIO-
BUsIX [ 1]. BypHoe pa3BuTHE HayYHO-TeXHUYEC-
KOro Tmporpecca 3a mocjelHee CTOJIETUe
MPUBHECJIO B XXM3Hb 001lleCTBa HEMaJIO OJIar,
KOTOpBIE CITOCOOCTBOBAIM MOBBILLIEHUIO YPOB-
HS U KOMMOPTHOCTU XKU3HU, YJIYUYILIEHUIO
0J1aroCOCTOSIHUS JTIO/ICH.

CyllecTBYIOT TOA0OBbIE HOPMBI HAaKOTILIE-
Hus ThO Ha yenoBeka, B Poccuu aTo npumep-
HO 225—250 xunorpamMmMmoB B roa. s cpas-
HEeHMUsI, B pa3BUTHIX €BPOIENCKUX CTpaHax,
Takux Kak: benbrusi, Beaukooputanus, lep-
maHwus, danust, Utanus, Hunepnanael, IBe-
uus, IIBeinapus, AnoHust — 3TOT MokKasa-
Tesb yXe B 1995—1996 romax mocturan 340—
440 xunorpaMMoB, B ABcTpur 1 OUHISHINT
9TOT moka3sateib Beie 620 kr, a 8 CIIIA
JaBHO npeBbicu 720 Kr Ha yenoBeka Brofa [ 1,
c.91;4,c. 134].

Jns MHAYCTpUaJbHO pa3BUTHIX CTpaH
CEPBbE3HYIO MPOOJIEMY TTPENCTABISIOT YBEIU-
yuBatolnuecss o0bEMbI (10 200 MaH M%) [6,
c. 188—189] TBEpAbBIX OBITOBBIX OTXOJOB
(TBO). Mcxons u3 3Toro, Macca HakarjiMBae-
Mbix THO, naxe mo oTaelbHBIM ropojam
[4—6], He roBOPSI O CTpaHe B LIEJIOM, TOCTHUTa-
€T TUTAaHTCKMX BEJIMYMH, TOATOMY pa3Mmelle-
HUE 1 00e3BPEeXUBAHUE OTXOA0B — CepbE3Has
npakTrudeckas nmpoodaema.

BogneueHre BTOpUYHOTO ChIPhs M OTXOMIOB
B IIPOU3BOJICTBEHHbII 000POT 0OecIeunBaeT
TaKKe 3HAYUTEIbHbBIA 3KOJIOTUYECKUN U CO-
HUaJbHBIA 2 deKT: cokpaniaercs yuepo ot
3arpsI3HEHUS OKPYXKAIOLIe cpeibl Pa3IUYHbI-
MU BUJAMU OTXOMIOB, BBICBOOOXAAIOTCS 3€M-
JIU, 3aHSTHIE OTBAJIAMU, MOSIBJISIETCS] BO3MOX-
HOCTb CO3JaHUS TOIMOJHUTEIbHBIX PAOOUMX
MecT. B oTOii cBSI3M BO3HUKAET HEOOXOMU-
MOCTb UCCJIeAOBaHUS NMPoOIEeM 3KOJIOro-
U TEXHUKO-9KOHOMUYECKOI 3(D(HEeKTUBHOCTHU
HUCTIOJIb30BaHUS U MepepadoTKU TBEPIBIX
OBITOBBIX OTXOJIOB B COBPEMEHHBIX YCOBUSIX.
OCHOBHBIE TEXHOJOTUYECKUE TPYAHOCTU
CBSI3aHBI C BBICOKOI 9HEPrOEMKOCTbIO TIepe-
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paboOTKM OTXOMOB W BPEIHBIM BO3IEHCTBUEM
Ha OKpYXKalolllylo cpery, obecrieueHueM He-
00XOJIMMOI YUCTOTHI KOHEYHBIX MPOIYKTOB
[6—8].

CrnenoBaTesbHO, yeablo UCCIEIOBAHUS
SIBJISIETCST TIOBBIIIIEHUE TIPOM3BOINUTEIBHOCTU
MYyCOPOYOOPOUHBIX KOMITJIEKCOB ITyTEM CUH-
XpOHM3AIlMM OCHOBHBIX OTepaluii U paspa-
60TKU 3HEPro3hHEeKTUBHOTO POTOPHO-
WHEPLIMOHHOTO YCTPOICTBA ITO0 OPUKETHPOBA-
HUIO TBEPABIX OBITOBBIX OTXOMIOB.

M3 HayuHbIX ucTOYHUKOB [9; 10] u3BeCTHBI
WCCIICIOBAHMSI Y IEPCTIEKTUBHBIE TEXHOJIOTYE-
ckue pa3zpadotku A. A. bytko, B. M. Jlebenena,
b. . Jleuna, M. C. IllepcTtobuToBa, peajin3o-
BaHHbIE C [TO3UIINI PEILICHNST OTIETbHBIX BOTIPO-
COB 9TOIl MHOTOTpaHHOU mpobiembl. OmHaKO
HEIOCTATOYHO TIOJTHO YYUTHIBAIOTCST OCOOCHHO-
CTU Ka4eCTBEHHO-KOJIMYECTBEHHOTO COCTaBa
TBO, TexHOIOrMYeCKOro 00OpyIoBaHusl, Crie-
(PIIECKUX PETMOHATBHBIX (DAKTOPOB, B YacT-
HOCTH, TIPUPOTHO-KIIMMATUIECKOM 1 COITMATb-
HO-3KOHOMUYECKOI CUTYaIH, YTO UCKITIOYAET
MX HETIOCPEICTBEHHOE TUPAXKUPOBAHME.

TexHu4yeckure peleH sl yrpaBIeHUsT OTX0-
naMu HOPMUPYIOT CYIIECTBEHHYIO 4acTh
pacxonoB. [Ipu MmIaHUPOBAHUM CUCTEMBI
YIpaBJIEHUST OTXOJAaMU HY>KHO PacCMOTPETh
JIBa TJIaBHBIX BOIIpOCa:

1. Kakuie MmeToabl TepepadoTKU WK 3aX0-
POHEHMST OTXOMIOB OyIyT MCITOIb30BaHbI?

2. Kakas TUIOTHOCTb HaceJIeHUsT M JIOMU-
HUPYIOIINE BUIBI JOMOB (MHOTOTaXKHasI 3a-
CTpOIiKa WM YacTHbIE foMa)?

OTBETHI HA 3TU BOIIPOCHI OIPENETST TeX-
HOJIOTUYECKUe peleHust coopa OTXOMOB,
BUIbl KOHTEMTHEPOB M MAIlIMH, JIOTUCTUKY
TpaHCIIOPTAa U T.1.

Yt006bl 00€CeYuTh COOTBETCTBYIOIINE
CaHWTapHbIE YCIIOBUSI, a TAaKXKe cOOp, TpaHC-
TMMOPTUPOBKY M MepepadboOTKy OTXOM0B Kak
BTOPUYHBIX PECYpCOB, OBITOBBIE OTXOIBI pe-
TYJISPHO COOMPAIOT OT UX IMTPOU3BOIUTEIICH.

CucreMa c6opa ObITOBBIX OTXOIOB JOXKHA
COOTBETCTBOBATh HECKOJIBKMM OCHOBHBIM
yeaoBusim [11; 12]:

* JIOJDKHA 00€CTIeUUTDh Ha OTIpeesIEHHOM
AIMUHUCTPATUBHON TEPPUTOPUU BBITTOTHE-
HUe 1IeJIeli 1 3a/1a4, BBIIBUHYTHIX Ha TOCyIap-
CTBEHHOM U PerMOHAJIbHOM YPOBHSIX, TPeOO-
BaHUI 3alIUThI OKPYXAIOIIIEH CPe/Ibl U 30PO-
BbsI, TAKKE M IPYTMX MECTHBIX HOPM U1 TIPABWI,
OTHOCSIIIIUXCS K CUCTEME YIPaBJIEHUST OTXO-
JIaMU;

CaBuHkuH B. B., KysHeuoBa B. H., AbunbmaxuHoBa A. C. PaspaboTka aHeproa¢pdeKTuBHOro
POTOPHO-UHEPLUOHHOr0 YCTPOWCTEA N0 GPUKETUPOBaHUIO TBEPAIX ObITOBbLIX 0TX0A0B (TBO)
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Peryanpyowne
Cpramb:
- (heaepaibHbie
- PErHOHANEHEIE
- MYHHUHOATEHBE

_—

Werourin taepapix Taepasie Hurronsie Cpeacrea Cpencrea chopa u
OBITOBRIN QTXOA0R OTXOAbI KOHUEHTPAILKH BLIBO3A TREPALIX
OTXOI08 BRITORKIX OTXO0R
Aake koMnaeRCEl WHepTHEIE CraunonapHsie Creunani3npoEaHHbIe
KOHTEHHEPBI ATI
[peanpuarus 1 Bronoravecky Cuenntle CamoBeizoz
CpraHnsating OnacHbe ROHTEH HEPBI
XHMHUECKH OnacHble Mpoune

Puc. 1. Cnektp cucrem cbopa [13].

Puc. 2. TpaHCcOpTUPOBOYHbIE MaLLNHbI AJ11 COPTUPOBaHHbIX oTxonos EMBED PBrush [14].

Puc. 3. MHOrocekunoHHbIV TPaHCNOPT AJ1sl NepeBo3ku oTxo[oB [14].

* JIOJKHA TapaHTHPOBATh BBITIOJHEHUE
BBIABUHYTBIX TPEOOBAHU I OOCTY:KMBAHUS TPU
HanboJice HU3KKMX Pacxoaax;

* IOJIKHA 00ECTIEYUTh TECHOE COTPYIHU-
YeCTBO rOCyIapCTBa, CAMOYIPABICHUST U 4acT-
HOTO CEKTOpa st 06eCeUeHUsT JOCTUKEHUS
BBIIBUHYTHIX LIEJICHA;

* JIOJKHA OBITh TOBOJBHO 3JIACTUYHOIA,
YTOOBI MEHSTHCS U BBITIOJHSATH TaKKe TPeho-
BaHUs JAJbHENIINX TIEPUOIOB MCIOIb30Ba-
HUST;

* IOJIKHA CIIOCOOCTBOBATH YMEHbBILICHUIO
OTXOMOB M MX MCIOJb30BAHUIO KaK BTOPUY-
HOTrO pecypca.
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Puc. 4. TpaHcnopT ans c6opa oTXo0[40B cpeAHeN rpy30rnoabEMHOCTH C norpyxexHnem c3anm [14].

Puc. 5. MycopoBo3 mogenn MKM-2 BK [14].

Cy1iecTByeT HECKOJIbKO BUIIOB cOopa OT-
xonoB [11; 12]. OnHakKo TOMUHUPYIOT IBa
OCHOBHBIX: TaK Ha3bIBa€MbIC «ITIPUHECH U T10-
JIOXM» (CTallMOHApHbIE CUCTEMbI KOHTEHE-
POB) 1 «OCTaBb Ha Kparo TpoTyapa» (cOop 3a-
TMaKOBaHHBIX OTXOIOB IT0 TparKy B ompee-
JIEHHOE BpeMsl). DTU CUCTEMbI OTIMYAIOTCS
TUIOTHOCTBIO MeCTa cOopa, MX PacIioIoXKeHH -
€M T10 OTHOIIICHMIO K ITOJIb30BATEIIIO U CTETIC-
HBIO HCTIOJIb30BaHUs TpaHcTopTa (puc. 1).

B 3aBucuMocTu oT B1uaa u oobéma codu-
paeMbIX COPTUPOBAHHBIX OTXO/IOB UCTIOJIb3Y-
FOT pa3JIMIHbIC TUITBl KOHTEMHEPOB U TPaHC-
TOPTUPOBOYHBIX MAIIINH.

JInms HeTmoCcpeACTBEHHOro cOopa OTXOIOB
W TIepeBO3KM Ha HEOOJBIINE PACCTOSHUS
B TYCTOHACEIEHHBIX palioOHAaX HCITOJb3YIOT
MYCOPOYOOPOYHBIE MAIITMHBI CPeTHEH Tpy30-
MOIBbEMHOCTH, C ONTUMAJILHBIM 00BEMOM
15—20 M3 u co cTenenbto cxxatus 1:3 (puc. 4).
B cBo10 o4epenn, B peaAKoOHACEIEHHBIX Iepe-
BEHCKHUX palioHax 0oJjiee SKOHOMMWYHBI He-
0oJIBIIIME MALIMHBI ¢ 00bEMOM 7,5—10 M.

Br160p MycopoybopOoYHOiT MAIITMHBI 3aBUCHUT
OT BUJIa OTXOJIOB U YCJIOBMi1 cOopa. Mycopoybo-
POYHBIE MaIIMHbI OTJIMYAIOTCS BUIOM IIIACCH,
KOHCTPYKIIMEA, a TAKKE TTOTBEMHUKOM U YCTPOI-
CTBOM IpeccoBaHyst. MycopoyoopOUYHbIe MallI-

® MWP TPAHCIOPTA, Tom 18, N2 1, C. 38-57 (2020)

HBI (pUC. 5) B OCHOBHOM COCTOSIT U3 JBYX 4a-
cTeil — Tarava (kabuHa modepa 1 maccu),
a TaKXKe YIUIOTHUTEJISI M HAKOITUTEJIsSI OTXOIOB,
pa3Mep KOTOPOI'O LIS pa3HbIX TUIIOB MyCOPOY0O-
POYHBIX MAIIMH MeHsIETCS OT 5 M* 10 23 M.
MO3KHO MPUBECTH CIICAYIOLIIE [IPUMEPDI:

1. TexHnueckue XxapaKTepUCTUKN: 0a30BOe
maccu — 3uJ1-433362; BMeCTUMOCTD Ky30Ba —
9,5 M3; Macca crerobopynoBanust — 2,4 T,
Macca BRIBO3MMOTo rpy3a — 4,350 1; koadpdu-
LIUEHT YIJIOTHEHUS Mycopa — 2—3; rpy30-
NoabEMHOCTL MaHMITyIsiTopa — 500 KT; naB-
JneHue B ruapocucreme — 18 MIla; rabapu-
Tl — 7200 x 2422 x 3300 MM; MoIenb —
3uJ1-508.10.

2. TexHu4eckue XxapakKTePUCTUKU: TUII
6a3zoBoro maccu — MA3-5337; BMECTUMOCTh
Ky3oBa — 18,0 M*; Macca crie1io0opyoBaHusT —
3,7 T, TPY30IOABEMHOCTh MAaHUMYJISITOpA —
0,7 T; Macca BBIBO3MMOIO Mycopa — 7,6 T;
naBiaeHue B ruapocucteme — 18,0 MIla; ko-
3D OULIMEHT YIIJIOTHEHUS Mycopa — 2—3.

[110THOCTh OTXOOB U CTEIEHb IIPECCoBa-
HUST 00YCI0OBIMBAIOT pa3MepPhbl U BUI MyCOPO-
yOOpOUYHBIX MalIUH. YTOOBI YMEHBIIUTH 3a-
TpaThl TPAHCIIOPTA, TEXHUKA cOOpa OTXOIOB
JIOJIKHA OBITH 00opynoBaHa npeccoMm. KoH-
TeHEPbI, MyCOPOYOOPOUHbIE MAILIMHBI U APY-
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Puc. 6. MycopoBo3z MKM-35 BK [14].

rast tHQpacTpykTypa, KOTopas peaHa3Haye-
Ha Ui MECTHOCTE C MaJloil CTeNmeHbIo
IUTOTHOCTHU OTXO0B, MOXET OBbITh HE ITPUCIIO-
coOyieHa JuIst Oosiee TSKENBIX 0TX0m0B. Jlo-
CTYITHOCTb MECT COOpa OTXOJ0B TAKXKE BIUSIET
Ha BbIOOp MyCOpPOYOOPOUHBIX MalllMH. TakuMm
00pa3oM, BaxKHbIM 3TarioM B yTuinzauuu ThO
SIBJISIETCS €r0 cOOp U TPAaHCTIOPTUPOBKA.
DHeprus U MaTepualbHbIe 3aTPaThl TIPU
TPAaHCIOPTUPOBKE MycOopa HeOoIMpaBAaHHO
3aBbilleHbl. CyllecTByolas crelnuaibHas
TexHUKa no TpaHcroptuposBke ThO nopsiaka
65 % sHepruu (0T CUI0BOI YCTAHOBKHU Y THI-
pOINpPUBOJA) 3aTpauMBaeT Ha MepeMelleHre
cobctBeHHol Macchl [13]. C uenbio adhdek-
TUBHOU TPaHCHOPTUPOBKU Mycopa HeoOXo-
IVMO PEIIUTh TEXHUYECKYIO 3adayy Mo
CUCTEMHOMY UCITOJIb30BAHUIO CUTIOBBIX arpe-
raToB CIELMaJbHON TEXHUKHU B TIpoliecce eé
IBUXEHUS OT KOHTEWHepa A0 MOJUTOHA.
O60CHOBaHHBIN BBIOOP KOHCTPYKTUBHO-
TEXHOJIOTUYECKMX XapaKTEePUCTUK paboyero
000pyI0BaHUsI MyCOPOBO3a, XapaKTepU3ylo-
LIUX OLEHKY 9D (HEKTUBHOCTU paOOThI yCTPOK-
CTBa U BBISIBJIEHWE KOHCTPYKTUBHBIX HEI0-
CTaTKOB, peajnu30BaH Memo0oM CPABHUTETb-
HOTO aHaJIu3a CYIIECTBYIOIINX MaTEHTOB.
7151 penieHus MocTaBIeHHOM 3aaa4u Mpo-
BeIEH MATEHTHBIN MOUCK CYLIECTBYIOIIUX
MEXaHU3MOB IO MepepadboTKe ChIPbsI U €ro
OpPUKETUPOBAHUIO HA CTAAUN COOpa U TPaHC-
MOPTUPOBKU. MI3BECTHO YCTPOUCTBO IS
OpUKEeTUPOBAHUSI OPraHUYECKUX OBITOBBIX
OTXOIIOB, BKJIIOUAlOIIEe KaMepy U TUAPABIU-
YEeCKHUI Mpecc C MPECCYIoe TUIMTOMU, T~
POLIWJIMHJP MPecca yCTAaHOBJIEH BEPTUKATBHO
B HUDKHEH 4acTH yCTPOVICTBA MO/ ITPECCYIONIECH
muroit (RU67507 Ul, MITIK 6 C25C122,
ony6:. 27.10.2007 r.) [15]. U3BecTeH mnpecc
JUJ1S1 OPUKETUPOBAHUSI KOPMOB, COEPKAIIUI
OyHKep, KOPIYC C BBITPY3HBIM OKHOM U POTOP

C YCTAHOBJIEHHBIMM Ha €r0 TMTOBEPXHOCTH JIO-
maTkaMu, pa3MelIEHHBIMU B KOpPIIyce ¢ 00pa-
30BaHMEM MKy HUMU KOJIbLIEBOI ITOJIOCTH
(RU2347679 C1, MIIK B30B11/14, ony6..
27.03.2009.) [16; 17]. HemocTaTkaMu BblIliie-
YKa3aHHBIX YCTPOMCTB-aHAJIOTOB SIBJISTIOTCSI
HEBO3MOXHOCTb X UCITOJIb30BAHUS JUIsI OpU -
KETUPOBAaHUS TBEPIBIX OBITOBBIX OTXOJIOB,
CJIOXHOCTH U BBICOKAs METaJNIOEMKOCTh MX
KOHCTpYKIMU. Hanmnune nmpeccoBoil TUITUTHI
CYIIECTBEHHO CHUXaeT KO3(hGULIUEHT UC-
TTOJTb30BaHUST TPY30ITOIBEMHOCTH.

WccnenoBaHue KJI0O4eBBIX (GaKTOPOB,
BITUSTIONINX HA TIPOM3BOIUTEILHOCTD MAIIIHBI
1 DHEPro€MKOCTb MPOIECCOB, MO3BOJIMIIO
BBISIBUTH HEJIOCTATKU B (hOopMyJie U300peTeHUS
narenta RU67507 «YcrpoiicTBo mjist OpuKe-
TUPOBAHUS TBEPABIX OBITOBBIX OTXOIOB»
(omy6J1. 27.10.2007 r.). Pa3zpaboTka poTOpHO-
WHEPILIMOHHOTO YCTPOMCTBA IO OPUKETUPOBA-
Huto THO ocHOBaHa Ha COYETAHUU KOMILIEK-
ca arperaTtoB IO M3MEJIBUYEHUIO U TIPecCcoBa-
HUIO Mycopa. 32 OCHOBY PEXXYIIETO U U3MEJTb-
YaoILIeTo YCTPOMCTBA B3AT (DYHKIIMOHATBHBII
TPOTOTHII, UCTTIOJIb3YEMBIiA B CEJTHCKOM X031 -
CTBE — PYJIOHHBII Mpecc-MoadOPIIMK HDUPMBI
VARIANT 385-360. YcTpoiicTBO IpeaHa3Ha-
YeHO JIJIsT cOopa ceHa M3 BaJIKOB C 00pa3oBa-
HUEM PYJIOHOB ITPECCOBAHHOTO CEHa.

OO0u1uii BUI pa3pabOTaHHOTO B IpOrpaMMe
SolidWorks npukiagHoro nakera Simulation
POTOPHO-MHEPIIMOHHOTO YCTPOWCTBA TIpe -
cTaBjieH Ha puc. 7. [Ipu pa3zpaboTrke KOH-
CTPYKIIMOHHOW CHCTEMBI OPUKETUPOBAHUS
MPUHUMAJINCh BO BHUMaHUe 3a1auu (QyHK-
LIMOHAJIBHOCTU CIELUTEXHUKHU U €€ 000pyHa0-
BaHUs. ONTUMaJIbHBIE TIPEAeIIbl BADbUPOBA-
HUST TEXHUYECKUX XapaKTePUCTUK YCTPOICTBA
oTIpe/iesIeHbl METOJIOM CHJIOBOTO pacyéTa Ipu
WCCIIeA0BaHUN CUJT 1 MOMEHTOB, CO3/1aBaeMbIX
HaTSDKUTEJIEM, TIOIAlOIIMM POTOPOM U TIpEC-
CYIOLIEU JICHTOM.

PazpaboraHHOe POTOPHO-UHEPLIMOHHOE
YCTPOICTBO OTHOCUTCS K YCTpOCTBaM cOopa,
un3mMmenbueHus u npeccoanust ThO. Ipecco-
BaJIbHAsI CUCTEMA C PEMHSIMU, apMUPOBAHHBI -
MU TKaHbIO (puc. 8), U C MOMEepeYHbIMU
IUIaHKaM¥ o0ecreynBaeT 0oJjiee BBHICOKYIO
TJTIOTHOCTB TIPECCOBAHMS M TIPOITYCKHYIO CITO-
COOHOCTD, TUTABHBIN XOJI, CHIDKEHUE M3HOCa
U 3aTpaT Ha TeXHUYECKOe 00CITy>KBaHUE.

KoMOuHaimst pe3amHOTKaHEBBIX PEMHEN
U TIOTIePEYHBIX TUTAHOK MJeaTbHa JIJIST BHICO-
yaiiiiei mIoTHOCTU npeccoBaHus [18]. bia-
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Taoamua 1

AHaJIM3 TeXHMYEeCKHX XAPAKTEPUCTHK paapaﬁa'rml;aemoro yCTpOﬁCTBa

HaumeHoBaHue

JlocTonHCTBa

Henocratku

1. Pa3pabaTbiBaeMoe pOTOPHO-
MHEPIMOHHOE YCTPOUCTBO JJIsT
OpPUKETHPOBAHUST OBITOBOTO
Mycopa nepej yTruim3aiuei
€ro Ha TMOJIUTOH

[o3BoJISIET IPOU3BECTHU NIEPBUYHYIO
o0pabotky TBO, T.e. u3MenbueHNE
U IIPECCOBAHUE

TlepepaboTka HECOPTUPOBAHHBIX
OTXOIIOB MOXET MPUBECTH
K TIOJIOMKE YCTpOCTBa

CHMXaeTcsi Macca crelio0opya0BaHus
MYCOPOBO3a 3a CYET CHSTHUS TOJIKAIOTIEH
(rpeccyolleii) TUIMThI U pa3pbIXJIUTEsT

Heob6xoaumo npounsBecT
MOJTHOE NEPeodopyIOBaHKE
Ky30Ba

2. PynoHHBIi1 Tpecc-
noadopiuuK (pupMbl Variant,
mozenb 385-360

[Mo3BosisieT npousBecTu cOOp ceHa
¢ 00pa3oBaHNEM PYJIOHOB IUIOTHO
CIPECCOBAHHOTO CEHA

He nonxonur /uist nepepaboTKu
JIPYTUX MaTepUaoB

3. PyjioHHBI#1 nipecc-
mon6opuuk dupmel Rollant,
mozenb 355

TTo3BossieT mpou3BecTH MpeccoBaHue
1 0OEPTHIBAHUE 3€PHOBBIX KYJBTYP

Bousbliast Tpyno€éMKoCTh
B OOCTY>KMBAaHUU 1 OOJIbIIIast
METaNTIOEMKOCTb

Puc. 7. Cxema o6Lyero Buga 6pukeTupyiouero poTopHo-nHePLMOHHOIro yCcTporicTBa Ha 6a3e waccu KamA3

KO-415 [aBTOpCKasi Mmogenb].

Puc. 8. P DTK e p

romaps BBICOKOMY HATSKEHHIO pPEeMHEH
oOecrieunBaeTcd HagéxXHasd TUHAMUYHASI
nepengadya NpUBOAHOTrO ycuianus. Beicokas
CTETICHb JTOMYCTUMBIX HAarpy30K o0ecIieum-
BaeTCd CIOSIMM Pe3WHBI U TKaHW: BHadJaje
OHM CIUIETAIOTCSI B CIUIOLIHON pemMeHb 0e3
COEIMHUTEJIbHBIX 2JIEMEHTOB, a 3aTEM BYJI-
KaHuU3upyloTcsd. B pesyinbrare mosjydaercs

® MWP TPAHCIOPTA, Tom 18, N2 1, C. 38-57 (2020)

c nonepey4yHbiMy nnaHkamm [17].

CTPYKTYpa, COCTOSIIIAS U3 BEICOKOIIPOYHBIX
TKaHEBBIX IMPOCIIOEK M3 MOJIUIGUPHOTO BO-
JIOKHA ¥ TTI0JIMaMUJ1a ¢ HaBapeHHBIMU ¢ 00e-
HUX CTOPOH CJIOSIMU Pe3UHBI. [IBycCTOpOHHEe
npoduIMpoBaHUe peMHEN IenaeT X 4pes-
BBIYAiiHO 37aCTUYHBIMU M MMPOYHBIMU, Ta-
pPaHTUPYSI OYEHB OOJBIION CPOK CIIYKOBI.
Takast TexHONIOTUSI 00ECIIeYnBAET CITIOCO0-
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Puc. 9. Pexxywumii poTop 6pukeTupyrowyero yctpovicrea [17].

HOCTh BBIIEPKMBATh BHICOKHE HATPY3KU
B JIIOOOM MecTe.

PoTtopHO-MHEpIIMOHHOE YCTPOICTBO CO-
CTOUT U3 Tpeccyrolero 6apadbaHa, HUXKHEro
TpaHcIopTépa, paboueil MeT/ii, BEepXHEro
HATSKHOIO POJIMKA C XOJIOCTOM ITETJIEN U naT-
YUKOM BKJTIOUEHUS BSI3aJIBHOTO YCTPOICTBA,
pOTOpa C YeTHIPbMSI psimaMu 3yOII0B U3 BOChH-
MUMUWJJIMMETPOBOM OopcoaepxKalleit ctaau
IIJIst onTuMajibHoro 3axsata ThO, pexyiero
poTOpa, pacCCYNTAaHHOTO Ha BBICOKHE HArpy3-
ku, ¢ 30 HOXXaMU U3 JABOIHON 3aKaJa&HHON
CTaJIU U IBYCTOPOHHEN 3aIIMTOU HOXEMN.
Pexxymuii u nmopaomuii poTop 1uamMeTpoM
550 MM nMeeT 0COOEHHO BBICOKYIO «ITOTJIO-
IIAIOIIYI0 CITOCOOHOCTR» (puc. 9). Pacmoo-
XeHHbIe V-00pa3Ho 3y0Obs OecrepeOoOiiHO
nporsarusaioT TBO uepe3 Hoxu. Pe3zaHune
C MPOTSITUBAaHUEM CHIDKACT SHEPTro3aTpaThl
1 TOBBIIIAET IUIABHOCTH Xon1a. BosHooOpas3-

Hast opma JIe3BUS HOXEil obecreuymBaeT
OCTPOTY HOXEl B TEUCHUE IUIMTCIBHOTO TIe-
puona BpeMeHu. [IBoiiHbIe 3yObst poTOpa He-
TIPEPBHIBHO MTPOTSATHBAIOT 3aTPYKaeMblIii Mycop
yepes psia HoKell pe3aHbs. biaromaps He3Ha-
YUTEJIBHOMY PACCTOSHUIO MEXIY HOXaMU
¥ IBOMHBIMU 3yObSIMU, OTKJIOHEHHNE MaTepHra-
Jla UICKJTIOUeHO. Takke pOTOpHO-MHEPILIMOHHOE
YCTPOMCTBO COCTOUT U3 BSI3AJIbHOTO aIllapaTa,
TUAPOMOTOPA, HalpaBJsSIONIeii BOPOHKH
¥ TIOTTOTHUTEIbHBIX BAJIOB, KOTOPBIE CO3IAI0T
JIOTTOJIHUTENIbHBIN Mpeccytomuii 3 PeKT.
ITocne pa3paboTKM OTIEIBLHBIX 3JIEMEHTOB
YCTpOiiCTBa BaxKHOI 3amaueit ocraércsa gop-
MHUPOBaHNE KMHEMATUIECKOM CXeMbI TaHHO-
To KOMIUIEKCa, B KOTOPOM YUMTHIBAIOTCS CH-
JIOBbIE M MOIIIHOCTHBIEC XapaKTePUCTUKH
TIPUBOIHBIX arperaToB. POTopHO-MHEpLIMOH-
HOE YCTPOMCTBO COCTOMUT M3 TUAPOMOTOPA,
TMPUBOISILETO B IEUCTBUE CIUIOIIHON IJIaH-

Puc. 10. Kunematun4yeckas cxema 6pukeTupyioLero ycTposcrea:
1 - gBuratens, 2 — kopobka nepegay, 3 — kopobka ot6opa MowHocTu, 4 — Hacoc 310.256.04Y1, 5 — macnsaHbii
¢unbTp, 6 — ruapopacnpenennTens, 7 — rTM4POMOTOP, 8 — POTOPHO-NHEPLNOHHOE YCTPOIHCTBO
[aBTOpCKas cxema].
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YaThlil TPAHCIIOPTEP C MPOPE3UHEHHBIMU
PEMHSIMU, KOTOPBII Bpaliaet u Gopmyer
OpPUKETUPYEMBII PYJIOH YCTONYMBOI (DOPMBI.
3arpy3ka TBEpAbIX ObITOBBIX OTXOJ0B B KYy30B
MPOU3BOJUTCS MPU MOMOIIY MAaHUMYISTOPA
yepe3 JIIOK B KpbIllle Ky30Ba (ITyJIbT yIpaBie-
HUS pabOYMMHU OpTaHAMU PACIHOJOXKEH C
MpaBOl CTOPOHBI aBTOMOOWJIS), 3aTEM 3aXBa-
ThiBatoMM poTopoM THO mogaércs Ha pe-
XKYIIUA pOTOP C HOXKAMM.

ITpu BxIIOYeHUU TUApOMOTOpA (7) HaUU-
HAIOT BpalllaThCs 3aXBaThIBAIOIIUN U peXy-
IIUA POTOPBI, KOTOPBIE MOAAIOT U3METbUYEH-
HBIIf Mycop Ha HU>KHUM TpaHcroptép (8). Ha
HkHeM TpaHcnoptepe ThO npeasaputensHO
mnpeccyercs Mmpeccyrlmum dapabaHoM U MO
TPAHCTIOPTEPHOM JIEHTE MTOAAETCS B pabouyto
neto. PaGoyasi meT/isi U3roToBJieHa U3 PEM-
Hell, apMUPOBAHHBIX TKAHbIO, C TTONEPEYHbI-
MM IJIaHKaMU. JJaHHbBI MaTepuras odecrieyu-
BaeT 0oJiee BBICOKYIO IJIOTHOCTb ITPECCOBAHUS
U IIPOMYCKHYIO CIOCOOHOCTD. [Tocie nzmennb-
yeHus1 TBO nepenaércs B 3a30p MeXXIy Mpec-
CyIoIuM 6apabaHOM U HIDKHUM TPaHCIOPTE-
poM. 3neck TBO noamnpeccoBbIBaeTCsl, MOCTY-
naeT B pabouylo MeTIio, Tae CKpyYuBaeTcs
B PYJIOH M OKOHYATEIbHO MIPECCYETCS 3 CUET
a¢dekra ckpyuruBaHusi. Korna pyjaoH 10CTUr-
HeT IuamMeTpa mpuMepHo 1,4 MeTpa, a pabouast
MeTJIS YBEIUYUTCS TaK, YTO XOJOCTas MeTIst
CTaHEeT MUHUMAJbHOM, €€ MaTYUK BBEIAET
B JIEMICTBUE BS3aJbHbBIN anmnapart. Bsg3anbHbiit
anmnapaT OOBSKET PYJIOH BbIOpDAaHHBIM MaTe-
pUaioM 00BSI3KH (ILIIaraToM, MI€HKOM, ceT-
koit). [Tpu noctaBke CripecCOBaHHOIO PyJIOHA
Ha TOJIMTOH BOAMTEJb MPU MOMOUIY ITyJIbTa
YIIpaBJaeHUsI IOAHUMET Ky30B, OTKPOET 3aj-
HUI 00PT U TOTOBBII PYJIOH YITAAET HA 3eMJTIO.
3areM ciemyeT OMyCTUTh KY30B, 3aHUI O0PT
3aKpbITh, TOTAA paboyasi MeT/Isi BO3BPATUTCS
B HAYQJIbHOE MOJIOXKEHUE U MTPOLIECC MPecco-
BaHUSI MOXHO MOBTOPUTH [18].

s oueHkY 3¢ PEKTUBHOCTU MTPEITTOXKEH -
HBIX MEPOTIPUATUI TPOU3BEIEM PACUET IKC-
TUIyaTallMOHHO-TEXHUYECKUX TTOKa3aTesei.
Macca TBO, nepeBo3uMOro Ha MycOpOBO3€
KO-440-7 B cTaHmapTHON KOMIUIEKTAIIUKA
B BUJE HECOPTUPOBAHHOIO Mycopa, COCTaB-
JigeT 1Be TOHHBI. PakTryeckass Macca BCEero
00bEMa MepeBO3UMOT0 Mycopa MpH KJIacCu-
yeckoMm ucnosHeHun KO-440-7 cocraBisieT
1,38 ToHHBI. Macca pyJioHa, CIIpecCOBaHHOTO
Ha pa3pabaTbIBA€MOM YCTPOMCTBE, COCTABIIS -
eT 1,87 TOHHBI.
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Maccy cnpeccoBanHoro ThO onpenenum
no ¢opmye [18]:
m=V-q_, (1)
rae V — 00béM cripeccoBaHHoro ThO (mis
CTaHIAPTHOTO 060pyIOBaHUs paBeH 16 M3 [18,

c. 26]);

q;rﬂaﬁa
Ha CTaHIapTHOM OOOpYIOBaHWM, paBEH
0,136 T/M3 [18, c. 27];

6
g’ —koaddunuent yrutorHenus TBO

Ha pa3pabaThiBa€MOM YCTPOMCTBE, paBeH
0,25 /M3 [18, ¢c. 27].

OOBEM CIpecCOBAaHHOIO pyJioOHA Ha pas-
pabaTbiBaeMOM 00OPYIOBAHMU PABEH:
V=mn+R?*H, 2)
rne R —pannyc cnpeccoBanHoro pyjoHa ThO;

H — BrIicoTa pyJioHa.

3a CYET yCTaHOBKM HOBOTO 000PYI0BaHUS
Macca nepeBo3uMbix ThO yBennuuBaeTcs Ha
490 xr.

HcxomHpIMU TaHHBIMU TSI BBIOOpA THJI-
POMOTODA SABJISIETCS HATPY304HbIA MOMEHT M
U TIpeesibl U3MEHEHUST YaCTOThl BpalleHUs
Bajia TUIpOMOTOPA. B 3aBUCcMMOCTM OT 3a1aH-
HBIX TTapaMeTPOB W TMACIOPTHBIX JaHHBIX
BBIOUPAIOT TUT TUIpOMOTOpa. [IpnuémM HeoO-
XOIMMO, YTOOBI MOMEHT M, pasBUBaeMblit
TUAPOMOTOPOM, ObLIT 0OJIbllIe HArPy30UHOTO
MOMeHTa npuMepHo Ha 5—10 %, a JactoTta
BpallleHUsI BaJla TUAPOMOTOpa obecrieunBaia
3amaHHble 3HaYeHus . [Toce BbIOOpa TUIIO-
pa3Mepa ruaIpoMoTOopa M0 MaKCUMaJIbHOM
4acTOTe BpaIlleHUsI MOXKHO PaCCUMTATh PACXO
paboueii xunkoctu Q , MOTpedIAeMON T~
poMoOTOpOM, 110 3aBUcUMOCTHU [20]:

— ko3 duuueHT yrtotHeHuss ThO

n
Qr =q,°* —max | ( 3)
nOr
rie g — pabounii 06bEM TAPOMOTOPa, M;
n__ — MakKCUMaJlbHasl YyacToTa BpallleHUSI

T max

TUAPOMOTOpPA, MUH;

n,, — KITI ruxpomoropa.

Ilepenan naBaeHus B TUAPOMOTOpPE MpPU
Harpy304HOM MOMeHTe M OnpenenseTcs mo
dopmyie:
ap, =2 M @)

qr ° 7706114
JlaBieHue mepea ruApoMOTOPOM MOXKHO
MPEACTaBUTh B BUAC CYMMBI TIeperiaaa qaBie-
HHUS Ha TUAPOMOTOPE U TMOTEPhb AaBICHUSI
B CJIMBHOM TUAPOJIMHUU:

p,=Ap, T Ap. (5)

CaBuHkuH B. B., KysHeuoBa B. H., AbunbmaxuHoBa A. C. Pa3paboTka aHeproa¢pdeKTuBHOro
POTOPHO-UHEPLUOHHOr0 YCTPOMCTEA N0 OPUKETUPOBAHUIO TBEPAbIX ObITOBLIX 0TX0A0B (TBO)




46

Tabmua 2

CpasHuTeibHble MOKa3aTesm 3(h)heKTHBHOCTH Pa3padoTKu

HaumeHoBaHMe TapaMeTpa CraHIapTHbI BapuaHT PazpaboTaHHbIiT ®opwmyia pacuéra
BapuaHT

Macca cnipeccoBatHoro ThO, T cmand 2,176 paspaG 3,077 m=V- 4,

‘060p 'yemp B
O0BEM CIIPECCOBAHHOTO V. 16 me 12,31 V=n+R2*H
pyJoHa, M3
Pabora, 3aTpaunBaemast 1Jist _— 48000 Apmm6 11970 A=F-+b
(opMupoBaHUs TPECCOBAHHOTO
TBO, x/Ixx
Bpewmst o6cmyxuBaHUS ONHOMN vanenpa 3—4 —// - 3—4 Xt
KOHTEHEPHON MI0IIaAKNA
C MAThIO KOHTEHEpaMU, MUH

[ 10—12 —//— 15—18

[Motepu maBaeHUS B CIMBHOM TUAPOIUHII
Ap_ 06bruHO He npebinaT 0,2—0,3 MITa.

[To monyyeHHbIM 3HAYEHUAM Q ¥ p_BbI-
OupaeM rugpoMoTop. Beibop rumpomoropa
IIJIST pa3pabaThIBaeMOT0 POTOPHO-UHEPIIMOH-
HOI'0 YCTPOMCTBA OCYIIECTBJIEH C YYETOM UC-
XOIHBIX TaHHBIX: HATPY30YHBIII MOMEHT Ha
Basty ruxpomoropa M cocrasiser 8000 H « m;
YacToTa BpallleHUs M3MEHSIETCS B TIpeaeiax
n_=10—80 mun".

W3 tabn. 2 [18] BeIOMpaeM paguaibHO-
MOpILIHEBOI ruapoMorop tuna MP-6,3/10
C HOMMHAJIBHBIM Pa3BHUBacMBIM MOMEHTOM
M_= 9520 H+wm, npu mnepenane naBieHUs
Ap_= 10 MIla, ¢ pabouuM 00BEMOM g, =
6300 cm?/06 1 77,, =0,93.

Pacxon paboueit XXuaKoCTH, IOTpeOdIIsieMOit
TMIPOMOTOPOM, coctaBut Q ~ 9,02+ 10 m*/c,
nepenan gaBiaeHus Ap npu M= 8000 He™m
cocraBut 8,35 MIla, yunutniBast naBjeHuE Ha
CIMBE Ap_ = 0,2 MIla, naBneHue repes TU-
pomoropom p = 8,55 MIla.

TakuM 06pa3zom, pacxol TMAPOMOTOpaA
paBeH 9,02 « 10~3 M3/c 1 naBneHUe Hepe T~
pomoropoM p, = 8,55 MIla.

Kaxk BugHO M3 pacué€ToB, IS pabOTHI
TUAPOMOTOPA M BCETO MPUCTIOCOOICHMS He-
obxoauMo nasieHue B 8,55 MIla, a naBie-
HUe, HeoOXoauMoe [IJIsl pabOTHI IIpecCyroeit
IIJIUTHI, JOJXHO COCTaBJISTH HE MEHeEe
12 MIIa [19]. CiemoBaTenbHO, IIPU YCTAHOB-
Ke pa3pabaThIBaeMOT0 YCTPOMCTBA HA MYCO-
POBO3 NIaBJIeHMWE B TUAPOCUCTEME MOXHO
YMEHBIIUTH B 1,5 pa3a, u Harpy3ku Ha pabo-
YHe OpTraHbI CIIeII000pyI0BaHMS 3HAUUTEITb-
HO YMEHBIIATCS.

Pa6orta, 3aTpaunBaemas 1y ¢opMupoBa-
Hug nipeccoBanHoro ThO, paBHa:
A=F-b, (6)

rae F— cuna, Heooxomumast 115l IpecCOBaHMSI,
F=P;

b — mmHa npeccoBanHoro THO.

Pab6ora, 3arpaunBaeMast Ha pOopMUPOBa-
HUE pYJI0HA Ha TIPOSKTUPYEeMOM 000pyI0Ba-
HUHU B YETHIPE pa3a MEHBIIIE, CIeI0BATEIbHO,
M3HOC TIPECCYIOMIET0 W TUAPABINICCKOTO
000pyI0BaHMS 3HAYNTEILHO YMEHBIIIACTCS.

CyMMapHOe BpeMsI 00CTy>KMBaHUS OMHOM
KOHTEMHEPHOM IUIOIIAAKHU C IISIThIO KOHTEM-
HepaMU Ipu paboTe CO CTaHIapPTHBIM 000py-
MIOBaHMEM COCTaBJIsAeT 18 MUH:

Jlo BHeapeHUsI:

* BpeMs, 3aTpadycHHOE Ha MAHEBP b aenpa —
3—4 muH;

* BpeMs, 3aTpadeHHOE Ha 3arpys3Ky

sarpyn 12—14 MuH.

Ilocne BHeapeHUsT OPUKETUPYIOIIETO
YCTPOMCTBA:

* BpeMs, 3aTpadycHHOE Ha MAHEBP b aenpa —
3—4 muH;

* BpeMs, 3aTpadyeHHOE Ha 3arpy3Ky, CHU-
3UJI0Ch Ha 5 MUHYT, YTO COCTaBUJIO oy —
9 MUH.

Takum 06pa3om, cyMMapHOe BpeMsl 00CITy-
XMWBAaHUS OJHOM KOHTEMHEPHOM IUIOLIAAKK
C TISIThIO KOHTEHEpaMHU TIpU paboTe ¢ pa3pa-
6aTBIBACMBIM POTOPHO-MHEPIMOHHBIM
YCTPOMCTBOM CHU3MJIOCH 10 13 MUH.

AHaTU3UPys pe3yabTaThl IIEPBUIHOTO
pacuéra M cpaBHMBas 3KCIUIyaTallMOHHBIC
¥ TeXHOJIOTMIECKHE TTOKa3aTe I pacCMaTpH-
BaeMOM 1 MPEII0KEHHOU MOIEJIM TPAHCTIOPT-
HOM TEeXHUKH, MOXHO KOCBEHHO OIICHUTH
3(DHEKTUBHOCTD MPEMIOKEHHBIX MEPOITPUSI-
Tuit. Hanmpumep, rnpu Kiaaccuyeckoi cxeme
KOMITOHOBKH (pucC. 6) MexaH13Ma IIpeccoBa-
Hust B MKM-35 BK arperar cxknmaet 00bEM
mycopa V__ = 16 M3 10 Macchl IIpeccoOBaHUs

CTaHx
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my; = 2,176 1. B 1aHHOM cllyyae TeXHUYe-

ckue Bo3MoxHocTu moaenun MKM-35 BK
orpaHm4eHbl. Hu3Kre 3Ha4eHNST TTPecCOBaHUS
He TT03BOJISIIOT CXKaTh 00BEM Mycopa 10 MaK-
CUMaJIbHBIX 3HAUYCHUI, 00eCIIeYnBaIOIINX
CTOITPOIICHTHOE MCITOJIb30BaHME TPY30II0Ib-
€MHOCTH CIIeIINAIbHOM TeXHUKH. B nTore nmpn
TIOJTHOCTBIO 3aIIOJTHEHHOM 00bEME MyCOPOBO-
3a ero TPy30MOIbEMHOCTh MCITOJIb30BaHa
TosibKO Ha 70 %. IIpuMeHUB MPeIIOXKEHHYIO
CXeMy POTOPHO-MHEPIIMOHHOIO IIpeccoBa-
HUS, yIaJIOCh CHU3UTH 00BbEM CIIPECCOBAHHO-
ro pyiaoHa ¢ 16 go 12,3 m*. Taxoii moaxon
MO3BOJMII (popMUPOBaAThH 0OJIce TIOTHBIC
OPUKETHI MycOpa, YBEJIMUNB MacCy IIpeccoBa-

6
Hust My, " ¢ 2 10 3 T, ¥ IOBBICUTH KO3~

LIUEHT UCTIOJIb30BAHMUS TPY30MONBEMHOCTH ¥,
¢ 0,69 100,93. KoadduLneHT UCTI0Ib30BaHMS
IPY30MOABEMHOCTH Y, ONIPENENAETCS KaK OT-
HOIIIEHWE HOMUHAJIBHOM TPY30MOIbEMHOCTH
2 T K (paKkTUUECKOM TOoCe MOJEepHU3ALIUU
koHcTpykiuu (1,87 T). UTo yka3biBaeT Ha
yBeJIUYEHNE MPOU3BOIUTEIbHOCTU OMHOM
MalHel Ha 26,3 %.

OpUTrMHATBHOCTb KOHCTPYKIIMU 3aKII04a-
€TCsI B CTPYKTYPHOM PacCIOJIOXKEHUU OpUKe-
TUPYIOLIETO arperara U MexaHu3Ma U3Mesb-
yeHust. Mcrionb3oBaHe MPUHIIMIIOB UHEPLIA -
OHHBIX MOMEHTOB M| M CHJI TAXECTU COO-
CTBEHHOU Macchl Mycopa IMO3BOJUJIO
cyliecTBeHHO (Ha 25 %) CHU3UTh SHEPTOEM-
KOCTb npotiecca. Tak, TpruMeHeHUe MPUHIIU-
ra UCIMOJb30BaHUS MEXaHUYECKOW SHEepruu
HaTSDKUATENEN TPAHCTIOPTEPHOM JIEHTHI U YBe-
JIMYMBatONIecs Mpyu OPUKETUPOBAHUU MACCHI
pyJIoHa TTOJI COOCTBEHHBIM BECOM MO3BOJIMAIO
CHU3UTb pabOTy, 3aTpauuBaeMyo st hopmu-
poBaHusi npeccoBannoro ThO, c A =
48000 bk mo A o= 11970 kL.
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Development of an Energy-Efficient Rotary
Inertia Device for Briquetting Household Solid
Waste (HSW)
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ABSTRACT

Today, increasing volumes of household solid waste (HSW) pose a
serious problem throughout the world. The solution to this problem is
involvement of secondary raw materials and waste in production. The
disposal of HSW includes laborious stages of its collection and
transportation. Aggregates of the garbage truck work inefficiently, only
pressing HSWinto a shapeless mass, not subject to sorting and processing.
The suggested re-equipment of a special vehicle with aggregates with the
combined functions of «loading—forwarding—-grinding—-pressing—
briquetting» will significantly reduce the energy consumption of the
transportation process by providing simultaneous processing and
briquetting of garbage at the time of its transportation. A scientific and
technical problem arises in development of a technique for technical
re-equipment of high-performance special equipment with given nominal
energy and power characteristics of the machines. It was proposed to
solve this problem by combining recuperative systems with reuse of the
energy of gravity of the own mass of garbage. Thus, the objective of the
work is to develop a rotor-inertial device with reduced energy intensity.
Methods of analytical and statistical research of the model range of special
equipment with an analysis of its technical characteristics have been

applied. To solve the problem of developing a kinematic diagram of a
briquetting device, a calculation was performed based on the method of
modeling the structure of composite aggregates. Modeling was performed
in SolidWorks program in Simulation application package.

The developed kinematic diagrams of units and aggregates for
briquetting and pressing garbage operate at rated power characteristics
of hydraulic equipment achieved due to distribution of drive power
among the most energy-loaded operations.

The article presents the rationale for effectiveness of the
developed rotary-inertia device for briquetting HSW. The originality of
the design lies in the structural arrangement of the briquetting unit and
the grinding mechanism. The use of the principles of inertial moments
and gravity of own mass of garbage allowed us to significantly (by 25 %)
reduce the energy consumption of the pressing process and formation
ofthe finished briquette. The use of mechanical energy of the conveyor
belt tensioners and of the mass of the roll increased with briquetting
under its own weight, allowed to reduce the work spent to form
compacted HSW from 48000 kJ to 11970 kdJ, to reduce the volume of
the pressed roll, to increase the utilization rate of load carrying capacity,
to reduce the energy intensity of the process.

Keywords: household solid waste, municipal solid waste, HSW disposal, briquetting, rotary device, transportation energy efficiency.
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he rational use of the resource potential
I of the economies of developed and
developing countries (Russia, Kazakh-
stan, Belgium, Great Britain, Germany, China,
Japan, etc.) based on reduction of material
consumption for goods manufacturing, careful
consumption of raw materials, fuel, energy, and
involvement of production waste and secondary
resources in the economy turnover is becoming
one of the urgent problems under modern
conditions [1]. The rapid development of
scientific and technological progress over the
past century has brought many benefits to
society that have contributed to raising the level
and comfort of life, improving the well-being
of people.

There are annual norms for accumulation
of household (or municipal) solid waste (HSW)
per person, in Russia it is approximately
225-250 kg per year. For comparison, in
developed European countries, such as
Belgium, Great Britain, Germany, Denmark,
Italy, the Netherlands, Sweden, Switzerland,
and Japan, this figure reached 340—440 kg
already in 1995—1996; in Austria and Finland
this figure is higher than 620 kg, and in the USA
it has long exceeded 720 kg per person per year
[1,p.91; 4, p. 134].

For industrialized countries, increasing
volumes (up to 200 million m?) of HSW pose a
serious problem [6, pp. 188—189]. Based on
this, the mass of HSW accumulated, even in
selected cities [4—6], not to mention the
country as a whole, reaches gigantic quantities,
therefore, disposal and neutralization of waste
is a serious practical problem.

The involvement of secondary raw
materials and waste in production also
provides a significant environmental and
social effect: the damage from environmental
pollution by various types of waste is reduced,
land occupied by dumps is freed up, and there
is the possibility of creating additional jobs. In
this regard, there is a need to study the
problems of environmental, technical and
economic efficiency of use and processing of
household solid waste in modern conditions.
The main technological difficulties are
associated with high energy intensity of waste
processing and its harmful effects on the
environment, with ensuring necessary purity
of the final products [6—8].

Therefore, the objective of the study is to
increase productivity of garbage complexes by
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synchronizing basic operations and developing
an energy-efficient rotor-inertia device for
briquetting household solid waste.

Scientific sources [9; 10] comprise research
and promising technological developments of
A. A. Butko, V. M. Lebedev, B. I. Levin,
M. S. Sherstobitov, implemented from the
standpoint of solving individual issues of this
multifaceted problem. However, the characteristics
of the qualitative and quantitative composition of
HSW, technological equipment, specific regional
factors, in particular, the climatic and socio-
economic situation, which excludes their direct
replication, are not fully taken into account.

Technical solutions for waste management
form a significant part of costs. When planning
a waste management system, two main issues
need to be considered:

1. What methods of processing or landfill
will be used?

2. What is the population density and
dominant types of houses (multi-storey
buildings or private houses)?

The answers to these questions will
determine the technological solutions for waste
collection, types of containers and machines,
transport logistics, etc.

To ensure appropriate sanitary conditions,
as well as collection, transportation and
processing of waste as secondary resources,
household waste is regularly collected from sites
of its generation.

The household waste collection system
must meet several basic conditions [11; 12]:

* should ensure in a certain administrative
territory respect of goals and objectives set at
the state and regional levels, environmental and
health requirements, as well as other local
norms and rules related to the waste manage-
ment system;

* should guarantee compliance with
advanced service requirements at the lowest
cost;

« should ensure close cooperation between
the state, local government and the private
sector to ensure achievement of the set goals;

+ should be quite flexible to change and
able to meet the requirements of further periods
of use;

+ should contribute to reduction of waste
and to its use as of a recycled resource.

There are several types of waste collection
[11; 12]. However, two main ones dominate: the
so-called «bring and lay» (stationary container
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50 Governing bodies:
- federal;
- regional;
- municipal

Sources Means of collection

i Means of waste
of household Householtd solid concentration and export of
solid waste waste household solid waste
Housing estates + Inert  Stationary containers , SPecialized
vehicle fleet
. ) . Interchangeable .
Enterr_)rlst_es and . Biologically hazardous " containers . Self-delivery
organizations
. Chemically hazardous . Other

Pic. 1. Range of collection systems [13].

Pic. 2. EMBED PBrush sorted waste transporting vehicles [14].

Pic. 3. Multisectional transport for waste transportation [14].

systems) and «leave at the edge of the sidewalk» Depending on the type and volume of
(collection of packed waste according to the collected and sorted waste, various types of
schedule at a certain time). These systems are  containers and transportation machines are
distinguished by density of the collection sites, used.

their location with respect to the user and the For direct collection of waste and its
degree of transport use (Pic. 1). transportation over short distances, densely
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Pic. 4. Vehicle for collection of waste of medium capacity with rear loading [14].

Pic. 5. Garbage truck model MKM-2 BK [14].

Pic. 6. Garbage truck MKM-35 BK [14].
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Table 1

Analysis of the technical characteristics of the developed device

Name Advantages

Disadvantages

1. The developed rotary-

inertial device for briquetting | grinding and pressing

Allows for the initial processing of HSW, i.e.

Recycling unsorted waste can
damage the device

household waste before
disposal at the landfill

The mass of special equipment for the garbage
truck is reduced due to removal of the pushing
(pressing) plate and disintegrator

It is necessary to make a complete
re-equipment of the body

2. Variant round baler, model
385-360

Allows collecting hay with formation of rolls
of densely compressed hay

Not suitable for processing other
materials

3. Rollant baler, model 355

Allows compaction and wrapping of crops

High labor input in maintenance
and large metal consumption

Storage space

Pic. 7. General view of a briquetting rotary inertial device based on the chassis of KamAZ KO-415
[authors’ model].

populated areas use medium-capacity garbage
trucks with an optimal volume of 15—-20 m?and a
compression ratio of 1:3 (Pic. 4). In turn, sparsely
populated rural areas use more economical small
cars with a volume of 7,5—10 m?.

The choice of a garbage truck depends on the
type of waste and collection conditions. Garbage
machines are distinguished by the type of chassis,
design, as well as by a lift and a pressing device.
Garbage machines (Pic. 5) mainly consist of two
parts: a tractor (driver’s cab and chassis), as well
as a compactor and a waste collector, the size of
which for different types of garbage machines
varies from 5 m3 to 23 m’.

Specifications example 1: base chassis —
Zi1.-433362; body capacity — 9,5 m?; the mass
of special equipment — 2,4 tons; mass of
exported cargo — 4,350 t; the coefficient of
compaction of garbage — 2—3; manipulator
loading capacity — 500 kg; pressure in the

hydraulic system — 18 MPa; dimensions — 7200
x 2422 x 3300 mm; model — ZiL-508.10.

Specifications example 2: type of base
chassis — MAZ-5337; body capacity — 18,0 m?;
the mass of special equipment — 3,7 tons;
manipulator loading capacity — 0,7 t; the mass
of exported garbage — 7,6 tons; pressure in the
hydraulic system — 18,0 MPa; the coefficient
of compaction of garbage is 2—3.

The density of waste and the degree of
compaction determine the size and type of
garbage machines. To reduce transport costs, the
waste collection technique should be equipped
with a pressing device. Containers, garbage trucks
and other infrastructure that is designed for arcas
with a low degree of waste density may not be
suitable for heavier waste. The availability of waste
collection sites also affects the choice of garbage
machines. Thus, HSW collection and
transportation is an important stage of its disposal.
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Pic. 8. Rubber-fabric belts with crossbars [17].

The energy and material costs associated
with transportation of garbage are unreasonably
high. The existing special equipment for
transportation of solid waste spends about
65 % of the energy (from the power plant and
hydraulic drive) on moving its own mass [13].
In order to efficiently transport garbage, it is
necessary to solve the technical problem of the
systemic use of power units of special
equipment in the process of its movement
from the container to the landfill. A justified
choice of the structural and technological
characteristics of the working equipment of
the garbage truck, characterizing assessment
of the device’s operating efficiency and
identification of design flaws, is implemented
by the method of comparative analysis of
existing patents.

To solve this problem, a patent search of
existing mechanisms for processing raw
materials and their briquetting at the stage of
collection and transportation was carried out.
A device for briquetting organic household
waste, including a chamber and a hydraulic
press with a pressing plate, the hydraulic
cylinder of the press is installed vertically in the
lower part of the device under the pressing plate
(RU67507 U1, IPC6 C25C122, published on
October 27, 2007) [15]. A known press for
briquetting feed contains a hopper, a housing
with an unloading window and a rotor with
blades mounted on its surface, placed in the
housing with formation of an annular cavity
between them (RU2347679 C1, IPC
B30B11/14, published on March 27, 2009) [16;
17]. The disadvantage of the above similar
devicesisthe inability to use them for briquetting
solid household waste, the complexity and high
metal consumption of their design. The

presence of a press plate significantly reduces
the coefficient of utilization of capacity.

The study of key factors affecting performance
of the machine and energy intensity of the
processes revealed the shortcomings in the claims
of patent RU67507 «Device for briquetting solid
household waste» (published on October 27,
2007). The development of a rotor-inertial device
for solid waste briquetting is based on a
combination of a complex of aggregates for
crushing and pressing garbage. The cutting and
grinding device is based on a functional prototype
used in agriculture which is VARIANT 385-360
round baler. The device is designed to collect hay
from rolls with formation of bales of pressed hay.

The general view of the rotary inertial device
developed with Simulation application of
SolidWorks software is shown in Pic. 7. When
developing a structural briquetting system, the
tasks of functionality of special equipment and
its equipment were taken into account. The
optimal limits for varying the technical
characteristics of the device are determined by
the method of force calculation in the study of
forces and moments created by the tensioner,
feed rotor and pressing belt.

The developed rotor-inertial device relates to
devices intended for collection, grinding and
pressing of HSW. The press system with fabric-
reinforced belts (Pic. 8) and cross bars provides
higher pressing density and throughput, asmoother
stroke, reduced wear and maintenance costs.

The combination of rubber-fabric belts and
crossbars is ideal for the highest pressing density
[18]. Thanks to high tension of the belts,
reliable dynamic transmission of the drive force
is ensured. A high degree of permissible loads
is provided by layers of rubber and fabric: first,
they are woven into a continuous belt without
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Pic. 9. Cutting rotor of the briquetting device [17].

connecting elements, and then they are
vulcanized. The resulted structure consists of
high-strength fabric layers of polyester fiber and
polyamide with rubber layers welded on both
sides. The double-sided profiling of the belts
makes them extremely flexible and durable,
guaranteeing a very long service life. This
technology provides the ability to withstand
high loads anywhere.

The rotor-inertial device consists of a
pressing drum, a lower conveyor, a working loop,
an upper tension roller with a single loop and a
sensor for turning on the knitting device, a rotor
with four rows of teeth made of eight-millimeter
boron-containing steel for optimal capture of
HSW, a cutting rotor designed for high loads,
with 30 knives made of double hardened steel
and double-sided knife protection.

Pic. 10. The kinematic scheme of the briquetting device:
1 - engine, 2 — gearbox, 3 — power take-off, 4 — pump 310.256.04U1, 5 — oil filter, 6 — valve,
7 — hydraulic motor, 8 — rotary inertial device [authors’ scheme].
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The cutting and feed rotor with a diameter
of 550 mm has a particularly high «absorption
capacity» (Pic.9). The V-shaped teeth smoothly
stretch HSW through the knives. Cutting with
a pull reduces energy consumption and
improves smoothness. The wave-like shape of
the knife blade ensures sharpness of the knife
for a long period of time. The double teeth of
the rotor continuously pull the loaded garbage
through a series of cutting knives. Due to the
insignificant distance between the knives and
double teeth, material deviation is excluded.
Also, the rotor-inertial device consists of a
knitting device, a hydraulic motor, a guiding
funnel and additional shafts, which create an
additional pressing effect.

After development of the individual
elements of the device, it is important to
develop of the kinematic scheme of this
complex, which takes into account the power
and force characteristics of drive units. The
rotary inertial device consists of a hydraulic
motor that drives a continuous slat conveyor
with rubberized belts that rotates and forms a
briquetted roll of a stable shape. Household
solid waste is loaded into the body using the
manipulator through the hatch (the control
panel of the working bodies is located in the
right side of the car), then the gripping rotor
brings the HSW to the cutting rotor with knives.

When the hydraulic motor (7) is turned on,
the gripping and cutting rotors begin to rotate,
feeding the crushed garbage to the lower
conveyor (8). On the bottom conveyor, HSW
is pre-pressed with a pressing drum and fed into
the working loop along the conveyor belt. The
working loop is made of fabric-reinforced belts
with crossbars. This material provides higher
compaction density and throughput. After
grinding, HSWis transferred to the gap between
the pressing drum and the lower conveyor.
Here, HSWis pressed, enters the working loop,
where it is twisted into a roll and finally pressed
due to the twisting effect. When the roll reaches
adiameter of about 1,4 meters, and the working
loop increases so that the idle loop becomes
minimal, its sensor activates the knitting
machine. The knitting machine will bind the
roll with the selected binding material (twine,
film, net). Upon delivery of the compressed roll
to the landfill, the driver, using the control
panel, will lift the body, open the tailgate and
the finished roll will fall to the ground. Then it
isnecessary to lower the body, close the tailgate,

then the working loop returns to its original
position and the pressing process can be
repeated [18].

To assess the effectiveness of the proposed
measures, we will calculate the operational and
technical indicators. The mass of HSW
transported on KO-440-7 garbage truck of
standard design in the form of unsorted garbage
is two tons. The actual mass of the total volume
of transported garbage in the classic version of
KO-440-7 is 1,38 tons. The mass of the roll
compressed by the device under development
is 1,87 tons.

The mass of compressed HSWis determined
by the formula [18]:
m=Veq,_ . (nH
where V is volume of compressed HSW (for
standard equipment it is 16 m3 [18, p. 26]);

sand - _ HHSW compaction coefficient on

comp

standard equipment is 0,136 t/m?*[18, p. 27];

devel . .
Qeomy — HSW compaction coefficient on

the developed device is 0,25 t/m? [18, p. 27].
The volume of the roll pressed by the
equipment under development is equal to:
V=n+R?*H, (2)
where R is radius of the compacted roll of HSW,
H — height of the roll.
Due to installation of new equipment, the
mass of HSW transported increases by 490 kg.
The initial data for selection of the hydraulic
motor is the load moment M_and the limits of
the change in frequency of rotation of the shaft
of the hydraulic motor. Depending on the set
parameters and specification data, the type of
hydraulic motor is selected. Moreover, it is
necessary that the moment M, developed by
the hydraulic motor is by about 5—10 % more
than the load moment, and that the rotational
speed of the hydraulic motor shaft provides the
specified values. After choosing the size of the
hydraulic motor by the maximum rotation
speed criterion, it is possible to calculate the
flow rate of the working fluid Q, consumed by
the hydraulic motor, according to the
dependence [20]:

Q}, =q, .nhﬂa
Mon
where g, — working volume of the hydraulic
motor, m?;
n, _ — maximum speed of the hydraulic
motor, min;
n,, — efficiency of the hydraulic motor.

()
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Table 2

Comparative development effectiveness indicators

Parameter name Standard option Developed option Calculation
formula
Mass of pressed HSW, t ptand 2,176 el 3,077 m=Ve Qeomp
equip comp
Volume of pressed roll, m? Viana 16 el 12,31 V = teR%H
Work spent for formation of A 48000 Al 11970 A=F-b
pressed HSW, kJ
Service time for one containersite [t _ 3—4 —//— 3—4 as
with five containers, min
Liading 10-12 —// - 15-18

The pressure drop in the hydraulic motor
at a load moment M_ is determined by the
formula:

_ 2ee M o1,
5, * Morar

The pressure in front of the hydraulic motor
can be represented as the sum of the differential
pressure on the hydraulic motor and the
pressure loss in the drain hydraulic line:
p,=Ap, T Ap,. (&)

Pressure losses in the discharge hydraulic
line Ap_ usually do not exceed 0,2—0,3 MPa.

Based on the obtained values of Q, and p,
we choose a hydraulic motor. The choice of the
hydraulic motor for the developed rotary inertia
device was carried out taking into account the
initial data: the load moment on the shaft of
the hydraulic motor M_ is 8000 N+ m; the
rotation frequency varies within n, = 10—
80 min'.

From the Table 2 [18] we selecta MP-6,3/10
type radial-piston hydraulic motor with a rated
developed moment M, = 9520 N+ m, with a
pressure drop Ap, = 10 MPa, with a working
volume ¢, = 6300 cm*/rot and 77,, = 0,93.

Ap, C))

The flow rate of the working fluid consumed
by the hydraulic motorwillbe 0, 9,02 * 10~ m’/s,
the pressure drop Ap, at M_= 8000 N » m will be
8,35 MPa, taking into account the discharge
pressure Ap_= 0,2 MPa, the pressure in front of
the hydraulic motor p, = 8,55 MPa.

Thus, the flow rate of the hydraulic motor
is 9,02 « 103 m3/s and the pressure in front of
the hydraulic motor is p, = 8,55 MPa.

As can be seen from the calculations, for
operation of the hydraulic motor and the entire
device, a pressure of 8,55 MPa is required, and
the pressure necessary for operation of the
pressing plate should be at least 12 MPa [19].
Therefore, when installing the developed

device on a garbage truck, the pressure in the
hydraulic system can be reduced by 1,5 times
and the load on the working bodies of special
equipment can be significantly reduced.

The work spent for formation of pressed
HSW is equal to:

A =F-*b, (6)
where F — force necessary for pressing, F = P;

b — length of the pressed HSW.

The work spent on formation of the roll with
the designed equipment is four times less,
therefore, wear of the pressing and hydraulic
equipment is significantly reduced.

The total service time for one container site
with five containers when working with
standard equipment is 18 minutes:

Before introduction:

* time spent on maneuvert == 3-4
min;

* time spent on loading t, ding 12—14 min.

Afterintroduction of the briquetting device:

* time spent on maneuver t =34
min;

* time spent on loading, is reduced by 5
minutes, and so isequal to t,__ ding — 9 min.

Thus, the total service time for one container
site with five containers when working with the
developed rotary-inertial device is decreased to
13 minutes.

Thus, by analyzing the results of the initial
calculation and comparing the operational and
technological indicators of the considered and
proposed model of transport equipment, we
can indirectly evaluate the effectiveness of the
proposed measures. For example, in the
classical layout scheme (Pic. 6) of the pressing
mechanism in MKM-35 BK, the unit
compresses the waste volume V= 16 m’ to

d
stand __

the pressing mass n,," = 2,176 t. Inthis case,

the technical capabilities of MKM-35 BK are
limited. Low values of pressing do not allow to

manecuver
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compress the volume of garbage to maximum
values, providing 100 % use of the load capacity
of special equipment. As a result, with the
volume of the garbage truck fully filled, its
carrying capacity was used only by 70 %.
Applying the proposed scheme of rotary inertial
pressing, it was possible to reduce the volume
of the pressed roll from 16 to 12,3 m?. This
approach made it possible to form more dense
garbage briquettes, increasing the pressing mass

devel

m,,,, from 2 to 3 tons and increasing the load

utilization coefficient y, from 0,69 to 0,93. The
load utilization coefficient y, is defined as the
ratio of the nominal load capacity 2 t to the
value of 1,87 obtained after modernization of
the structure. That indicates an increase in
productivity of one machine by 26,3 %.

The originality of the design lies in the
structural arrangement of the briquetting unit
and the grinding mechanism. The use of the
principles of inertial moments of M, and gravity
of own mass of garbage made it possible to
significantly (by 25 %) reduce the energy
intensity of the process. So application of the
principle of using the mechanical energy of the
conveyor belt tensioners and the mass of the
bale that increases when briquetting under its
own weight allowed us to reduce the work
required to form pressed HSW from A =
48000kJto A, = 11970 kJ.

1
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KoHuenuusa nocTpoeHuns
U peann3auumn BbiICOKOCKOPOCTHOIo
TpaHcnopTa

BukTop AJIEKCEEB Anexkcangp BATAHOB

Mapuna KATUHA

Anexceee Buxmop Muxaiinoeuu — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.
Bazanoeé Aaexcandp Baadumuposuu — Poccuiickuii ynugepcumem mpancnopma, Mockea, Poccus.
Kamuna Mapuna Baadumuposna — Poccuiickuii ynueepcumem mpancnopma, Mockea, Poccus™.

B ctatbe paccMaTpuBaroTCs BOMPOCHI peann3aumm
moprann3aunv BXXeHusi BbICOKOCKOPOCTHOIO TpaHcropTa.
Llenb cTatbm — pacCMOTPETb BO3MOXHbIE BAPUAHTbI PEAsTN-
3aLmu BbICOKOCKOPOCTHbIX cucTem (BC) ABuvxeHus ¢ ncrosb-
30BaHWEM MPUHLNNE MarHUTHOM JIeBATaLMM, 4TO 06eCreynT
BbICOKME CKOPOCTW JOCTaBKY rpy30B 1 HaceseHusi Ha 60/1b-
wme pacctosiHus. [ns AOCTUXEeHUS NOCTaBAeHHON Lenu
TpebytoTcs pa3paboTka ABUratess U TEXHUYECKUX PeLLeHii
KOHCTPYKUmm BC noaBUXHOIO COCTaBa, MPUHSITAE PeLLIeHNi
no nHgpacTpykType aHeproobecrneyeHuss n nyty BC, no
Borpocam obecrne4eHns 6e30MacHOCTU U HOBbIX CUCTEM
yrpaB/eHus], YYNTbIBAIOLMX COCTOSTHUE MHGPACTPYKTYpPbl
U 371IEMEHTOB €€ KOHCTPYKLMUM.

PaccMOTPEeHO HECKOJTbKO BapUaHTOB PeasiN3aLmim CUCTEM
BbICOKOCKOPOCTHOIO TPAHCMOPTa, Pa3/INYaIOLLMXCS] CUCTEMOW
nUTaHWs, TOKOCLEMA U YTV Ha OCHOBE MarHUTOIEBUTALIMOH-
Horo noaxoaa. lNpeanoxeH opuruHa bHbIN MoAX04 C UCTO0sIb-
30BaHVNEM TEXHOJIOMM S7IEKTPOMArHATHBIX MyLLIEK, MPeAHa3Ha-

YEeHHbIX /151 Peann3aLmy TAroBbIX YCUIINKG MarHUToneBuTaLm-
OHHOIO TPaHCMOPTHOro cpeacTaa. lpenmyLLecTBo 4aHHOro
rioaxoaa 3ak/to4aeTcsi B TOM, 4TO OTKPbIBAETCS BO3MOXHOCTb
MaHeBpPVPOBaHWS TPAHCIOPTHOIO CPELCTBA BO BPEMSI ABUXE-
Husl. OTO N03BONISIET OTKA3aTbCsl OT CTPEJIOYHbIX MEPEBOAOB,
CYLLIECTBEHHO OrPaHNYnBAIOLLMX MPYMEHEHNE MarHUTOeBU -
TaUMOHHOIo TpaHcrnopTa. PaccmMoTpeHa matemarunyeckas
mMoZzesib, OrYChIBatoLLasi B3aUMOLECTBUE 3/1EKTPOMArHUTOM
MYLLIKY 1 CYrnepmMarH1ToB, PacroioXeHHbIX Ha ryTu. [pu ro-
CTPOEHUY MOAEJIN UCTI0/Ib30BAJINCL METOLbI TEOPUM 371EKTPO-
MarHUTHOIO r10J1s1 Y B3anMOAEHCTBUS MarHUTHbIX Tes, a rnpu
OCTPOEHUN MOLE/M B3aNMOLEVICTBYS MOLABUXHOIo cocTaBa
C MarHuUTHbIM MyTEM — MEeToAbl MaremMaTn4eckor aarebpbl
v Teopema Koum.

Takxe npeanoxeHbl PasNyHbIe NPUHLMILI OpraH13a-
LM IBUKEHUNS] HA OCHOBE MarHUTO/IEBUTALMOHHOIO M0AXO0-
Aa Ansi ropoAcKoro, npuropogHoOro u MexayropoaHero
TpaHcroprTa.

KnroueBble c/ioBa: TPaHCNopT, MarHUTHAs IeBUTaLMSI, SJIEKTPOMAar HUTHas MyLLKa, BUXPEBbIE TOKWU, MarHUTHast MHAYKLWS,

BbICOKOCKOPOCTHOW COCTaB, AnamarHuTbl.
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a CeroJHsIIHUI AeHb B 001aCTH pa3-

BUTUSI TOPOJICKOTO U MPUTOPOTHOIO
JIBVKEHUSI HAMETUJICS PSII TTOIXOA0B.
MHorue ropoackue aiMUHUCTPALIMU TTOCTe-
TMEHHO BO3BpalllaloTCsl K MPU3HAHUIO 0OI1Ie-
CTBEHHOT0, 0COOEHHO PeJIbCOBOI0, TPAHCIIOP-
Ta Kak JeCTBEHHOTrO CPe/ICTBA PELIEHUS BCE
OCJIOXKHSIIOIIUXCSI TPAHCIIOPTHBIX MPOOJIEM,
BakKHeI111el U3 KOTOPBIX SIBJSIETCS TIeperpys3-
Ka yJIMLl aBTOMOOWJISIMM, Beaylasi K o0pa3o-
BaHUIO 3aTOPOB U, CJIEIOBATEIbHO, K YBEJIU-
YEHUIO0 BpEMEHU MOe3IKU, 3arpsi3HeHUI0
BO3/yXa BBIXJIOMHbIMY razamu. Mctopuuecku,
JUTSL pelieHusl 3TON MpoOJeMbl B CTOJMIIAX
M KPYITHENIINUX TOpoaaxX pa3HbIX CTpaH MUpa
B pacIIUpSIIONIMXCS MaciuTabaX CTPOUIUCH
JIMHUU TIOA3€MHOT0 METPOTOJIMTEHA. 3aTeM,
B TOM 4YMCJIe U B MeHee KPYITHBbIX Topojax,
CTajii Co37aBaTh CETU METPOIOJUTEHA 00JIer-
YEHHOro TUIIA, JIMHUU KOTOPOTO YaCTUYHO
MpOXOAUIN Ha ypoBHe 3emin. M, HaKoHell,
B MocJieHee BpeMsl BHOBb O0OpaTUJIM BHUMA-
HYe Ha TpaMBaii, CTOUMOCTb MH(PACTPYKTYpPbl
M TIOIBMXKHOTO COCTaBa KOTOPOTO CYIIECTBEH -
HO HUXe, yeM MeTponosuTeHa. OueBUIHbI
Takue JOCTOMHCTBA TpaMBasl, KaK BbICOKas
MPOBO3HAs1 CHOCOOHOCTh 1 BBICOKAsi CKOPOCTh
JIBUXKEHUS MOE310B (MPU BblAeIeHUU 000C00-
JIEHHBIX T0JIOC), a TaKXKe 3KOJoTuuecKas
qucTOTa (MIPU MPUHSATUU Mep IO YMEHBIIIe-
HUIO LIIYMOBOTO BO3JAEMCTBUSI Ha OKpPYXkKalo-
myto cpeny). Takum ob6pa3zomM, BOZHUKIIU
YCJIOBUS [1J151 BO3BpAllleHUsI TpaMBasi B ropojia.
Bropoii He MeHee BaxXHOI 0COOEHHOCTBIO
SBJISIETCS peau3alivsl HOBOM KOHLENLUU
CO3[aHUs1 YHUBEPCATBHOIO TPAHCIOPTHOTO
CpeACTBa «TpaMBali-1oe3a». TpaHCMOPTHBIE
aJIMUHUCTPALIMM MHOTUX ropojaoB EBpombl
¥ AMEPUKMU B OCJIeIHEE BPEMSI CTaIU MPOSIB-
JISITb UHTEPEC K KOHLEMIUU UCITOJb30BaHUST
B Ka4eCTBe OOIIECTBEHHOIO TpaHCIIOpTa ISt
MEPEBO30K MEXAY LIEHTPOM Topojia U MPUro-
poaaMu WK MEXy LieHTpaMu OJIM3/1eKalmx
ropoJioB MOJABUXKHOTO COCTaBa, CIIOCOOHOTO
o0palaThCs Kak Mo TpaMBalHBIM MYyTIM, TaK
U 1O JUHMUSIM MarucTpaJbHbIX XKeJe3HbIX
Jnopor. KoHlienuust Takux KOMOMHUPOBAHHBIX
TPaHCHOPTHBIX CUCTEM MOJIy4YWJia Ha3BaHUE
«TpaMBaii-moesn» (tram-train) [1, c. 28—36].
Emeé necatp et Hazag o HEil Majo KTO
3aJyMbIBaJICsl, HECMOTpPsI Ha TO, YTO IO 0O0JIb-
1IEM YaCTH KOJIes TPaMBaHbBIX 1 XKEJIE3HOI0-
POXHBIX CeTell olMHAaKoBa U TeXHUYECKUE
npo06JieMbl COBMECTUMOCTU B MPUHILIUIIE
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npeogoauMbl. O6e cUCTEMBbI PebCOBOTO
TPaHCIIOPTa UMEIOT CXOJHBIN MO KOHCTPYK-
LIMY MyTh U OCHOBAHbI Ha OOLIEM MPUHIINTIE
HCIIOJIb30BAHUS CLETUIEHUS] B CUCTEME «KO-
Jgeco—penbe». OnHaKO TpaAUIIMOHHO OHU
OBbUIM MOJIHOCTBIO OTHAEJIEHBI APYT OT Apyra
U 9KCITyaTUPOBAJIUCH TTO-Pa3HOMY, a BOITPOC
00 ux (XOTs1 Obl YaCTUYHOM) OOBEAMHEHUU
HUKOTrJa He BO3HUKaJI. B To e BpeMs B psife
cJIyyaeB BO3HUKAaJI BOIMPOC IPYroro IjaHa —
0 BO3MOKHOCTH TPOIYCKa MOE3I0B TpamMBast
10 HEUCITOJIb3YEMbIM WM MAJIOMCITONIb3YeMbIM
MyTSIM TTPUTOPOJHBIX XKEJIE€3HONOPOXKHBIX JIU -
HU, YTO MO3BOJISIIIO ObI XKUTEJISIM OJTKANIITNX
MPUropoioB Oe3 rnepecanku MomnagaTh B LIEHTP
ropoza. [Tono6HbIM ke 00pa3oM MPUTOPOTHbIE
MO€3/1a ITPU BBITTOJTHEHUH LIEJIOT0 Psiia YCTIOBUIA
MOTJIU ObI 3aXOIUTH B LIEHTP ropo/ia Mo MyTsSIM
TpaMBaliHbIX JUHUN. Takoe coueTaHUe ABYX
BUIOB OOIIIECTBEHHOTO PEJIbCOBOTO TPAHCIIOP-
Ta C COBMECTHBIM UCIOJIb30BaHUEM MHDpa-
CTPYKTYpPhI ObLJIO Obl BeCbMa MOJIE3HBIM IS
noBbIlIeHUST 3(GHEKTUBHOCTU pabOThI 0bIIIe-
CTBEHHOTO TPAHCIOPTA U CO3AAHUS TOMOJIHU -
TeJIbHBIX YI0OCTB /151 MacCaKUPOB MPU YCII0-
BUU, €CTECTBEHHO, PEILIEHUS COITyTCTBYIOIIIMX
pooJIeM.

OmHUM U3 OCHOBHBIX BOITPOCOB ITOCJIEAHUX
JIET B OPraHU3alMu1 TOPOACKOr0, TPUTOPOIHO-
ro, MEXAYTOPOAHOTO COOOIIEHUS SIBJISIACh
npobjieMa yBeJTMYEHUSI CKOPOCTU MEePEBO3KU
naccaxxupoB. PenieHuto 3Toit mpoosieMbl Oblia
MpU3BaHa CIIY>KUTh pa3pad0TKa CUCTEM BbICO-
KOCKOPOCTHOTO TpaHCIHOpTa, KOTopasi puBe-
JIa K CO3JaH1IO BBICOKOCKOPOCTHOTO XKEJIe3HO-
JIOPOKHOrOo coo01IeHUs . OHAKO BBICOKOCKO-
POCTHBIE MATMICTPAJIU MPU HATUYU U OOJIBIIIOTO
yucjaa NpPeuMYyIIeCTB HE MPUTOAHBI IS
BKJIIOYEHUSI B TOPOACKUE U MPUTOPOJHbBIE
TPaHCMOPTHBIE CUCTEMBI, 32 UCKITIOUYEHUEM
CO3/IaHUST PA30BbIX OCTAHOBOYHBIX MTyHKTOB
B ropoJax-COyTHUKaX MEramoJiucoB s
npuréma YacTU MacCaxKupornoTOKOB Ha Hanubo-
Jiee UHTEHCUBHBIX HAIMPaBICHUSIX U 1J1s 0e3-
OCTAaHOBOYHBIX MTOE3/I0K B LIEHTP U U3 LIEHTpa
ropozja.

Takum 06pa3oM, B MOBECTKY ITHS MOXET
OBITh BKJIIOYEH BOMPOC O HATMYUU MPUHIIU-
MUAJIbHOW BO3MOXHOCTU CO3/JaHUS TPaHC-
MOPTHOM CUCTEMBI, KOTOpasi Obl OTBevasia
JIByM 0a30BbIM TPEOOBAHUSM: UMEJIa BBICOKME
CKOPOCTHBIE XapaKTePUCTUKU U ObLIa ObI
YHUBEPCAJbHOW MO Ha3HAYEHUIO, TO €CTh
MoOTIJIa ObI UCIOJB30BaThCS UIST 0OCITY>XK1Ba-
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HUST MApUIPYTOB Pa3INIHOM ITPOTSKEHHOCTH,
KaK JaJbHUX, TaK U TOPOICKMX.

Takum 06pazom, MOXKHO ONIPEAEAUThb, YTO
KOHIIEITIIST BBICOKOCKOPOCTHOM TPAHCTIOPT-
HOW CUCTEeMBI JOJIKHA OBITh HalleJieHa Ha
CO3/laHne YHUBEPCAJTbHOTO TPAHCIIOPTHOTO
CpEeNCTBa, MPUTOIHOTO KaK /TSt BHYTPUTOPOJI -
CKOT0, TaK M IPUTOPOTHOTO ABIKCHUS [2,
c. 3—10].

Heobxoaumo cobtoaeHue el psiia yciao-
Buii. [Tepexo K BBICOKOCKOPOCTHBIM TPaHC-
TIOPTHBIM CPEICTBaM JOJKEH OPUEHTUPO-
BaThCST HA MUHUMU3AIINIO SKCITTyaTallMOHHBIX
pPacxolloB Ha coJiepKaHue MH(PPACTPYKTYPHI.
OpmHako CylIecTBEeHHBI BHENTHHUE (DaKTOPbI
(Torona, HaJTMYKME OTPULIATEILHBIX TEMIIEpa-
TYp), KOTOPbIE 0Ka3bIBAIOT BIMSIHUE HA BApH -
aHTbl peanuzanuu BCT, ocobenHo B Poccuu.
ITepexom K BBICOKOCKOPOCTHBIM CHUCTEMaM
JIOJIKEH YYUTHIBATh U YeJIOBeUeCKuii (hakTop
[3,c.21-32;4, c. 12—26]. OnuH 13 nepcriek-
TUBHBIX BADUAHTOB CBSI3aH C MATHUTOJICBUTA-
LIMOHHBIM TPAHCITOPTOM.

Ileab TaHHOM CTATHU — MPEIIOKUTH TOJI-
XOIIbl K TIOCTPOEHUIO BBICOKOCKOPOCTHBIX
cucteM (BC) nBuxkeHusi, 6a3upyroumxcs Ha
WCTIOJTb30BAaHUU MaJIOTIOAHBIX TEXHOJOTHUIA
00cTyXUBaHUs1, 9HEPTOI(DHEKTUBHBIX TEXHO-
JIOTUI C TIPUMEHEHUEM BO300HOBISIEMBIX
WCTOYHUKOB SHEPIUU, CUCTEM MHIYKTUBHOMN
rmepegayy SHEPTUU Ha TOABIKHBIE TPaHC-
TIOPTHBIE CPENICTBA, C UCTIOTH30BAHNEM TIPUH-
1IMTIa MAaTHUTHOM JIEBUTALIMU. DTO 00EeCTIeUnT
BBICOKHME CKOPOCTH JOCTaBKU TPY30B U Hace-
JIEHUsI Ha OOJIbIIINE PACCTOSTHUS U CHeaeT
KOHKYPEHTOCITOCOOHBIM XKeJIe3HOI0POKHBII
komiuieke Poccun [2, c. 1-5; 5, ¢. 35—65].

7151 perieHust TOCTaBAEHHOM 1€ HeoO0-
XOMUMO pellleHUe Cleaylolux 3amayd [6,
c.61-63;7,c. 128—142]:

* pazpaboTKa JBHUTATENIs] M TEXHUIECKUX
pemreHnii KoHcTpyKuuu BC momBMKHOTO
COCTaBa;

* pa3paboTka aHeproodecneyeHust BC;

* pa3paboTka uHGpacTpyKTyphl mytu BC;

* obecrnieyeHrue 06€30MaCHOCTU U HOBBIX
CHCTEM YMpaBJIeHUST C YYETOM COCTOSIHUS
YCTPOMCTB MHPPACTPYKTYPHI U SIEMEHTOB
KOHCTPYKIIVH.

OnHa 13 3a1a4, Co3JaHnue HOBOTO THUTIA
ITyTH, PAOOTAIOIIETO B CJIOXKHBIX KITMMaTHYE-
CKUX YCJIOBMSIX, TpeOyeT pacCMOTPEHUsT He-
CTAHIApTHBIX BapPUAHTOB, TIOCKOJIBKY HOP-
MasbHas pabora BC tpaHcnopTa Bo3MOXKHa

TOJIBKO ITPpX YCJIOBUU ITOJTHOI'O OTpaHNUYCHUA
J0CTYyIIa MOCTOPOHHUX JIMII, a TAKXKE IMMPEA0T-
BpalllCHUA MnomnagaHudg 0oCaaKoB U ITIOCTOPOH-
HUX ITPEAMETOB Ha I1yThb.

CUCTEMA SHEPIrOOBECINEYEHUSA
OIHUM M3 OIPEISISIIONINX ITapaMeTPOB
MIpU peaan3alii IMPOEeKTa BHICOKOCKOPOCT-
HOTO TpaHCIIOpTa SIBJISIETCS OpTaHU3alus
cucTeMbl aHeprooodecrneuyeHusi. Ot BbiOOpa
CHCTEMBI HEPTroO0eCIIeUeHUS B OOJIBIION
CTETICHU 3aBUCHUT MH@PACTPyKTypa IyTH,
KOHCTPYKIIUSI COCTaBa M BBEIOOpP CHCTEMBI
yrpasieHus1. CyIecTBYIOT ABa IOIX0a K pea-
Tm3anuu cucteMsl Tutanus BC tpaHcmopra.
PaccMoTpuM TIepBEIN — IIEHTpaIN30BaH-
HBI. LleATpann3oBaHHasg cucTeMa TpeOyeT
TIPOKJIAAKY KaOeIIs TMTaHMS 15T TTIOIBUKHO-
T0 TPAaHCIIOPTHOTO CPEICTBA IO BCeil ITMHE
MyTHU clienoBaHus noedna. Ha 6opty moaBux-
HOTO TPaHCITIOPTHOTO CPeACTBA yCTaHABINBA-
€TCSI TOABIKHAS 9aCTh IMHEITHOTO IBUTATE]IS
(JIM). YripaBiieHre€ CKOPOCTBIO U TOPMOKEHU -
eM JIJI ocyliecTBisieTcsl MOCPEACTBOM U3Me-
HEHMS YaCTOTHI M3 IICHTpPa, YTO Ae/IacT HEBO3-
MOXHBIM ITPOITYCK 00JIee OMHOTO COCTaBa 1o
MyTU MEXIY CTAaHIMSIMU. B TO XXe BpeMs 3TOT
MOAXOMI TPeOyeT YKIAAKU B MYTU MEIHBIX
TIPOBOJOB B OOJIBIIOM KomdecTBe. [1pemna-
raetcs nepegady aHepruu Ha BC tpaHcnopT-
HOE CPEACTBO OCYIIECTBIISIT ITyTEM TTepeaadn
sHepruu Ha JIJI ¢ ucrosib3oBaHEeM UHAYKIIK-
OHHOTO 3(ddeKTa, YTO KECTKO CBSI3bIBAET
TMOIBIKHOM COCTaB M IyTh, TaK KakK 3a30p
Mexnay asmemeHTamu JIJI u pacnpene€é HHbIM
WCTOYHUKOM 3HEPTUH I dDPeKTUBHOMN
Tepexadn dHEPTrUM He JOJDKEH MPEBBIIIATH
OIPENeNEHHYIO BEIUYUHY. DTO TpeOyeT OT
KOHCTPYKIIMM BEICOKOCKOPOCTHOTO COCTaBa
CITeIIMAJTEHBIX Mep IMIPUBSI3KH K MECTY PacIio-
JIOKEHUST pacIpeleIEHHOTO MCTOUHMKA-
TpaHcdopmartopa. [TyTs B TaKOM ciTydae cTta-
HOBUTCS aKTUBHBIM, C OOJIHIIINM KOJTMIESCTBOM
WHGPACTPYKTYPHBIX 2JIEMCHTOB, 00eCIIeUn-
BalOIIMX Tepeaavyy aHepruu Ha JIJI moaBux-
Horo coctaBa. Heo0XonMMo OTMETUTh, UTO
BBHIY OOJIBIIION MPOTSKEHHOCTU YIaCTKOB
IBIDKCHMS 3aTPaThl Ha THPPACTPYKTYPY, B TOM
YHCJIe CBSI3aHHBIE C €€ O0CITy>KUBAaHUEM, MOTYT
OBITb 3HAUUTEbHBIMU. [Tpy 3TOM HEOOXOTUMO
CTPOUTH OOJIBIIOE KOJTMIECTBO CHCTEM YITpaB-
JIEHUS ¥ 9HeproodecreyeHus (1o Bcell JyinHe
CJIeOBAHMS TIYTH ), YITPABIISIOIINX IBIDKCHIEM
TPaHCIIOPTHOTO cpencTBa. BmecTe ¢ TeM 3TOT
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CITOCO0 CoKpaIaeT MaccorabapuTHBIC pa3Me-
PBI TPAHCIIOPTHBIX CPENICTB, YTO SIBJISIETCS
3HAYUTETbHBIM TTOJ0XHUTEIBbHBIM (PaKTOPOM,
TaK Kak OOJIbIIIast YacTh YIIPABICHNS HAXOINT-
cs BHE MOIBMXXHOro cocrasa. Heooxommmo
Takke OTMETUTH OOJBIINE MOTePH SHEPTUUN
BBUIY ITPOTSKEHHOCTH TIEPETOHOB.

Bropoit BappaHT opraHu3anum HEPro-
obecrieyeHUs] — JIeLIEHTPAJIM30BaHHbBIN |3,
c. 5-8; 6, c. 61—63]. I1o cyru — 3TO TOKO-
ChEM C UCTIOJIb30BaHMeM naHTorpada (c o-
001t KOHCTPYKIIMEi1), UTO CHIDKACT HATPY3Ky
Ha UHPPacTpyKTypy NMYTU U MO3BOJISET
caenarh €€ MacCUBHOI, HO B TO XK€ BpeMs
CYIIIECTBEHHO OTPaHMYMBACTCS MaHEBPEH-
HOCTb COCTaBa, MOBBIIIAIOTCS SHEPTOMOTEPU
TpY BBICOKOCKOPOCTHOM ABMKECHUU M3-3a
TUTOXOT0 KOHTaKTa maHTorpada u KOHTaKT-
HOT'O TIPOBOJIA.

Hcnonb3oBaHne TOKOChEMA € TTAHTOIPa-
(oM menmaet aKTUBHBIM TPAHCIIOPTHOE CPEeI-
CTBO, TO €CTb CMCTEMa YIIPaBJICHMS IBUTATE-
JIEM pacIoyiaraeTcss Ha TPAaHCIIOPTHOM Cpeji-
CTBe. DTO aHAJIOT CYIIECTBYIOIIEH CUCTEMBI
TSTU, C TOU JIMILb Pa3HULIEHN, YTO HET KoJieca,
a IBMKEHUE OCYIISCTBIISIETCS 3a CUET CHII
3JIEKTPOMArHUTHOTO cueruieHus JIJ. Dror
crnoco0 IMOBKILIAET MaccorabapuTHbLIE pa3Me-
PBI TPAHCIIOPTHBIX CPEICTB, YTO SIBISIETCS
OTPUILIATEIbHBIM (PAaKTOPOM.

Cy1iecTBeHHOIM MPUYNHOM, CHIKAIOLIEH
5(hHEKTUBHOCTD JTaHHBIX ITOJX0A0B, KaK IIEH-
TPAJIM30BaHHOTO, TaK U JICIICHTPAIM30BaHHO-
TO, SIBJIsIETCS MH(MPACTPYKTYypa ITyTH, a UMEH-
HO TpeOOBaHNE HATUYUS CTPEIOUYHBIX ITepe-
BOJOB WU Cbhe3n0B. [Ipu ncmonb3oBaHUU
3TOro crrocoda He0OXOIMMO CO31aBaTh TSKE-
JIble (HECKOJIBKO TOHH) CTPEJIOYHBIC IIEPEBOIBI
(BpeMsi IepeBoIa 10 2 MUH), YTO HE TTIO3BOJIUT
B OyayIlieM MepexXoauTh K MaJIbIM TPAaHCTIOPT-
HBIM CPEICTBaM, ITO3BOJISIIOIIMM OPraHU30-
BaTh 3 GEKTUBHBIN MMaKETHBIN PEXUM Iepe-
JIBUKEHUS BHICOKOCKOPOCTHBIX TPAHCIIOPT-
HBIX CPEJCTB.
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Puc. 1. UeHTpann3zoBaHHas
cucrema
3HeprocHabeHusl.
PucyHok aBTOpOB.

Jpyrnm BaxKHBIM (DAaKTOPOM, OTIPeIeIsTio-
UM peajr3aliio BhIIICIIEPEUYNCICHHBIX
MTOJIXOMOB, SIBIISICTCSI TPeOOBaHME 1O peau-
3alMM 3a30Pa MEXIAY MYyTEBOU CTPYKTYpOM
W TPAHCTIOPTHBIM CPEACTBOM. DTO TOCTUTACT-
Csl IpUMEHEeHEeM KOHCTPYKIINM, OXBaThIBAIO-
IIEHN IIyTh, C YCTAHOBKOU 3JIEKTPOMArHUTOB,
MIPUTSITUBAIOIINX COCTaB U 00ECITEUYNBAIOIINX
MoabEM UM JieBUTaLMI0 KoHCTpyKunn BC Han
nyTéM. B 1iesnsax odbecrieueHus 60Jiee BHICOKOI
HaIEXHOCTH B IMyTh YKJIAIbIBAIOT TMaMarHe-
TUKY (QTIOMWHWI ) 715 TIOJTyYeHUS TOTTOTHU -
TeJabHOTO 3(pdeKkTa moabéMa cocTaBa Ipu
CKOPOCTSIX ABIKEeHUS cBbImIe 120 km/4. BTO
obecreyrBaeT BeJIUMUYMHY 3a30pa g0 50—
100 MM TIpM ABMDKEHUU Ha CKOPOCTSIX CBBIIIIE
250 xM/4, a TaKKe TIpeAOTBpAIIacT coyaape-
HHE TPaHCIIOPTHOT'O CPEICTBA O IIYTh IPHU
BHE3AITHOM OTKJIIOUEHUHY ITUTAHUS B CUCTEME
MIPUTSITUBAIOIINX 3JICKTPOMArHuToB. BmecTe
C TeM 3TO He ITTO3BOJISIET OTKA3aThCS OT KOJIEC
IIJIST TIPU3EMJICHUSI COCTaBa B CTyJae 9KCTPEH-
HOTO OTKJIIOUEHMST MUTAaHUS Ha JJIUTEIbHOE
BpeMsI.

PaccmoTrpuM BapuaHT CUCTEMBI SHEPIo-
0o0ecIieueHUs U MMOABIDKHOI COCTaB IPU UC-
MTOJIb30BAaHUM BEICOKOTEMITEPATYPHBIX CBEPX-
nmpoBogHukoB (BTCII). B atom BapuaHTe
OCHOBHBIM 3JIEMEHTOM 0€30ITacHOCTHU
B TpaHCIOpTHOM cpeacTie siBisiercst BTCIT.
I1yth mpeacTaBisieT cobo0ii HAbOp cymepMar-
HUTOB, YKJIaIbIBAEMBIX Ha ITyTH C UHAYKITACH
(B > 1,6 Tin). BTCII obecrnieunBaeT BbICOTY
JIeBUTALMU (KJIMPEHC) TPAHCIIOPTHOTO Cpei-
CTBa HaJI KOHCTpYyKIMei mytu. Ha mommepka-
Hue ycnosuit padbotsl BTCIT momkHa pacxo-
JIOBaThCs OOJIBINAS YaCTh SHEPTUH, BBIPA0O-
TAaHHOW WJIM aKKyMYJIMPOBAaHHOM Ha ITOABWK-
HOM TPaHCIIOPTHOM CPEICTBE.

Ucnonszosanue BTCII mo3Boger co3nath
KOHCTPYKIIMIO TPAHCTIOPTHBIX CPEICTB, pado-
TAOIIMX Ha TIPUHITUIIAX TOYSUHOTO TTOTIOJIHE -
HUS SHEPTUU B CIICLIMAIM3UPOBAHHBIX ITyHKTaX
obcmyxuBaHus. Ha ceromHsImrHM 1eHb BpeMs
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Puc. 2. AnamarHnTHbId
Asuraresnb. PucyHok aBTopos.

noaaepKaHusi paboTOCIIOCOOHOIO COCTOSIHUSI
BTCII nexut B mpenenax AecsITy THel (Ipu
HCITOTb30BAaHNM MaTEPUAIIOB C MaJIbIM KO-
(ULIMEHTOM TETIJIONPOBOIHOCTH ). DTO ITO3BO-
JISET TUTAHUPOBATh TEXHOJIOTMYECKUIA PEXXUM
00CTYy>XXUBaHUS B ONpeneI€HHBIX MyHKTaX
(B KpyIHBIX TOpOaaX, HaXOMSIINUXCS Ha pac-
crostHuu He MeHee 500—600 km). DHeprust st
JIBVDKEHUSI TPAHCIIOPTHOTO CPENCTBA C UCTTOJb-
3oBaHueM JI/1 Ha MOIBMKHOM COCTaBe J0JKHA
YaCTUYHO BOCIOJHSITHCS MCITOJIb30BaHUEM
COJTHEYHBIX Oatapeid, MyTéM ITOA3apsIIKA aK-
KYMYJISITOPOB (HAKOITMTEIBHBIX 3JIEMEHTOB) Ha
OCTAHOBKaX. DHEpPrus HaKOIMUTEJIbHBIX dJIe-
MEHTOB C TTOJ3apSAKON MCIOIb3YeTCS IS
pabotsl JIJI 1 1oKHA 00ecneynuTh IBXKEeHUE
TPaHCIIOPTHOTO CPEACTBAa HA PACCTOSHUE 10
8000 xkMm.

g peanu3aliuy dHEPTOCUCTEMBI BBICO-
KOCKOPOCTHOTO TPaHCIIOPTHOTO CpeacTBa
clielyeT UCIOIb30BaTh COJIHEYHBIE OaTtapeun
¢ noBbieHHbIM KIT/I.

JIBMXXeHNe TPpaHCIIOPTHOTO CpeacTBa
B HOYHOE BpPeMS MOXHO OCYIIECTBIISATH
¢ OOJBIIMM KOJUYECTBOM OCTAHOBOK JJIST
MMOA3aPSIIKA aKKYyMYJISITOPOB (HAKOITUTEIh-
HBIX KOHJEHCATOPOB) TPAHCIOPTHOTO CPEJI-
CTBa.

OIHUM M3 BO3MOXHBIX ITyTei TTOBBIIIE-
HUS 3P GHEKTUBHOCTU JAaHHOTO IMOIXO0Ia
B peasm3anuu BTC moxxer ctaTh mpuMeHe-
HUE CUCTEMBlI DHEPTroobecIieyeHUs TpaHC-
MMOPTHBIX CPEJCTB C MCITOJIb30BaHUEM Oec-
KOHTAKTHOM CUCTeMbI HAKauKM VJIY TIepeaa-
YY1 SHEPTUU Ha MMOJBMKHOM COCTaB C MCTIOJIb-
30BaHMEM JIa3ePHBIX U BJIEKTPOMATHUTHBIX
TeXHOJIOTUIA. [IpyriM BO3MOXKXHBIM BapHhaH-
TOM TIOTIOJTHEHUS 9HEPTUU MOXET OBITh BET-
poBasg 3HEPrusi, KOTopask Mpu BBICOKOCKO-
POCTHOM JIBMXKEHUM 00pa3yeTcsl B 0OJIbIIOM
KOJIM4YecTBe (IPUMEHEHNE BETPOBBIX T'CHE-
paTopoB).

PaccMmoTtpum peasinzaiiuio 1BUraTessi ¢ uc-
MOJb30BAHUEM TEXHOJOTMMU NUaMarHUTHBIX
3j1eMeHTOB. M3BeCTHO, 4YTO MpU M3MEHEHUU
MarHMTHOTO TTOTOKA BO3HMKAIOT CUJIbI MPO-
TUBOJEUCTBUS IBUXKEHUIO 32 CUET BOSHUKHO-
BE€HUSI BUXPEBBIX TOKOB B TMaMarHUTHBIX
TOKOTIPOBOISIIIIUX MaTepuanax. BeinuuHa
CUJIbI 3aBUCUT OT CKOPOCTU ABUXKEHUS
M DJIEKTPUYECKUX CBOMCTB MaTepurasa 3JIeKT-
pOMPOBOAHOCTU — MEIW WU AJIOMUHUS
(HamboJlee 9YacTo MCMOJIB3yeMBbIX). bricTpoe
nepeMelleHue JMaMarHuTHOrO MaTepuana
B MarHUTHOE I10J1€ BbI3bIBAET BOBHUKHOBEHME
TOKAa, HAaMpaBJIEHHOTO B MTPOTHUBOIIOJOXHYIO
CTOPOHY OT CHWJIbl, IIEPEMECTUBILIEH aUaMar-
HUT B 9TO MarHuTHoe 1oJje. [TockonabKy no-
JIBUXKHASI TPAHCTIOPTHASI €IMHMIIA HAXOIUTCS
B peXUMeE JIEBUTALIMU, TO BCS KOHCTPYKIIMS
HauyMHaET IBUrathes. Ecnuy aBrkeHue quamar-
HUTHOTO MaTepuaja OCYIIECTBISIETCS B MPO-
TUBOIIOJIOXKHYIO OT JBMKYILIETOCs CPelcTBa
CTOPOHY, TO HAYMHAETCS TPOLIECC TOPMOXKE-
HUs1. BO3MOXHBI pa3IMuHbIE TUIIBI CUCTEM
BpalllEHUs] JMaMarHUTOB: KOJIECO, BUHT, TPAHC-
MOPTEP U APYTUE BUIIbI TPACKTOPHUH.

Pasron u TopmoxkeHue oCyIecTBISIOTCS
3a CY€T 00pa3oBaHUSI BUXPEBBIX TOKOB, BO3-
HUKAIOLUIMX MEXIY ITMaMarHUTHBIMU 3JIEMEH-
TaMU U cyriepMaraiutamu Ha mytu. Ctadumm-
3a1MI0 MOJIOKEHHMS TPAHCITIOPTHOTO CPEICTBA
HEO00X0AMMO MPOBOAUTH C UCITOJb30BAHUEM
TOTIEPEYHBIX «INaMaTHUTHBIX YCTPOMCTB».
ATIOBOPOT TPAHCTIOPTHBIX CPEACTB OCYIIIECTB-
JISITh 32 CYET PA3HOCTU CKOPOCTEN BpallleHUSI
«AMaMarHUTHBIX KOJIEC».

CylI1eCTBEHHBIM ILTIOCOM TaHHOTO ITOIX0-
J1a B peaJiu3alluyv MOABUXKHOTO COCTaBa SIBJIS -
eTCsl TO, 9YTO He TpedyeTcs MpUMEHEeHUEe
CTPEJIOYHBIX TepeBoaoB. [ToBOpoT TpaHc-
MOPTHOTO CPEICTBA OCYLIECTBIISIETCS 32 CUET
Pa3HOCTU CKOPOCTEM JIEBOM Y MPaBOM YacTen
IBUTATEIISI. DTa MOMIEIb TPAHCTIOPTHOTO CPEJI-
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CTBa TIO3BOJISIET OCYIIECTBUTH MTOCTPOEHUE
MyTH C UCTIOJIb30BAHUEM CHE3I0B U1 MHOTO-
YPOBHEBBIX pa3Bsi3ok. Ha mpsMbIX yyacTkax
MyTH, TIIe He TPeArojaraeTcs o0oopyaoBaHue
Che3/I0B, HEOOXOAUMO MPUMEHUTH TaKYIO
TEOMETPUIO TTyTU, KOTopas obecrieurBasa Obl
YCTOMYMBOE NBVDKEHUE IJIsI CKOPOCTEei 6Jin3-
kux K 1000 kM/49. YcTOMYIMBOCTD TPaHCTIOPT-
HOTO CPeJICTBA TIPU CKOPOCTSIX, PAaBHBIX WU
OJIM3KMX K HYJI0, HEOOXOAMMO 00eCIeUUThb
CUHXPOHHO-BCTPEUYHBIM BpaIlleHUEM «Ira-
MarHUTHBIX KOJIEC».

PaccMoTpuM moaxoa, OCHOBaHHBIN Ha
WCTIOTb30BAHUY MAarHUTHOTO TIOJIBECA U JIBU -
raTesiss ¢ OOJIBIIUM MAarHUTHBIM TTOTOKOM.
JaHHbIA BapraHT 00ecrieuynBaeT MOABEC CO-
CTaBa 3a CYET B3aUMOJIEIICTBHS CYTIEPMAarHuTOB
¢ MarHUTHOM uHIyKuue B > 1,6 T, pacro-
JIO)KEHHBIX B HYDKHEW 9aCTH TIOABMXKHOTO CO-
CTaBa U Ha MyTU. DTO 00eCreunBaET BBICOKYIO
0e301acHOCTh, TaK KaK CHJIa OTTaTKMBAHUS
CYIIIECTBYET Bcerna. JIBUraTeib peaim3yeTcst Ha
3JIEKTPOMArHUTHBIX KaTyIIIKaX ¢ MaTepruajioM
ceplievyHrKa C BBICOKOI MarHUTHOM ITPOHMUIIAe-
MOCTBIO . [IBUTaTeN b MPEACTABISIET COO0M
pacnpe/ieIEHHbIE JIEKTPOMarHUTHBIE ITYIITKH,
PACTIOJIOKEHHBIE € JIEBOW U TTPaBOWi CTOPOHbBI
B HIDKHE YacTH cocTaBa. DTO TTO3BOJISIET pea-
JIN30BaTh TTOBOPOT TPAHCIIOPTHOTO CPEJICTBA,
pasroH u TopmoxeHue. [Ipu 3ToM HeT HeoO-
XOJMMOCTHU B CTPEJIOYHBIX TIEPEBOJAX, YTO
3HAUYUTENIBHO YIPOIIAeT KOHCTPYKIINIO TTYTH.
DJIeKTPONUTAHUE OCYLIECTBIISIETCS JINOO Yepes
HaKOTUTEbHbIE KOHIIEHCATOPHI, JIM0O Yepes
naHrorpad.

ITpu pemeHun 3amauu peaan3aiuy JIBU-
raTejisi Ha OCHOBE OOJIBIIIOTO MAarHUTHOTO
IMOTOKA OHOW M3 3a/1ay SIBJISIETCST PacIioio-
JKEHME JBUTATENS OTHOCUTETHHO IyTH U BbI-
0Op reoMeTpur MarHUTOB, PACITOJIOKEHHBIX
Ha IyTH.

MarautHoe B3aMMOJEUCTBUE KaTyIIKU
C TOKOM M MarHUTOB Ha CUCTEME ITyTH OITpe-
nensieTcst (B COOTBETCTBUE C TTOJIOKEHUSIMU
TEOPUU JIEKTPOMATrHUTHOTO TTOJIS M B3aUMO-
JECTBUSI MAaTHUTHBIX TEJT) KakK:
F=(@3+pep,p,*p) cos(@)/4ns', (1)
e 6 — pacCTOSTHUE MEXIy KaTyIIKOM 1 Mar-
HUTaMM Ha TyTH;

p,=J,*V *p, — MarHUTHBIi MOMEHT
CUCTEMBI HAIOJBHOTO MarHUTa 00BEMOM
V =s *h ¥ OIHOPOOHON HAMarHWYEHHO-
ctbio J , rae s, , h — TUIOIIaAb U BbICOTA
MarHuTa;
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p,=J V., =J *h 2*n*r’ — MaTHUTHbII
MOMEHT KaTYLIKH C CEPAEYHUKOM BBICOTOI /1,
W PaNyCcoM 7/

u, =4mn + 1077 (H/A*) — MarHuTHas NpOHU-
11aeMOCTb B BAaKyyMe€;

M — MarHUTHAs TPOHUIIAEMOCTh Cepaey-
HUKa KaTyIIKH.

®opmyna (1) aeiicTBUTEIbHA IS CITydast
COOCHOTO PaCTOJIOKEHWsSI MATHUTHOM KaTyII-
KA ¥ MarHuta. OTO COOTBETCTBYET CIyYalo
BEpPTHKAJbHOTO OTTAJIKMBAHUS KATYIIKHA
C TOKOM OT MarHuTa. TpaHCIIOPTHOMY Cpel-
CTBY HEOOXOIMMO JIBUTATHCS, IIJIST 3TOTO He-
00XOOUMO HAKJIOHUTh KaTYIIKy C TOKOM,
B pe3yJIbTaTe Yero MOsIBJISIeTCS TOPU30HTAIb-
Hasl cwia, IBUramuias TPaHCIIOPTHOE CPel-
cTBO. JIOTMYHO BMECTE C KaTYIIIKO ITOBEPHYTh
MarHuT Tak, YTOOBI TJIOCKOCTH B3aUMOIEH-
CTBUS OBLIY TIapaJUIeJIbHBI U YTOJI COOCHOCTH
o, cocTasysu 90°. DTo obecreynsio Obl MaKCH-
MaJIbHYI0 CUJTy pa3roHa u TopMmoxeHus. Ho
B PEAIbHOCTH 3TO HE OCYIIECTBUTh. B Takom
ciIy9ae HeoOXOIMMO IIPUAATh MAarHUTY (popMy
KOHYca C YIJIOM COOCHOCTH o = 90° 115t obec-
MeYeHNsT CUJIbI OTTAJIKMBaHUS. M3MeHeHMe
¢dopMBI MarHMTa BJICYET U3MEHEHUE HaMar-
HWYECHHOCTU CHCTEMBI MarHUTOB, PACIIOJIO-
JKEHHBIX Ha IyTH. HaMarHm4eHHOCThIO (BeK-
TOPOM HAMarHMYEHHOCTH ) BEIIIECTBA SIBJISIET-
CsI OTHOIIIEHWE CYMMAapHOTO MarHUTHOTO
MOMEHTA BBIJEJIEHHONW YacTU BeIleCTBa
K 00BEMY ITOI YaCTH:

7 :[;ﬁmkj/(hm-sm-k), P)

rae kK — KOJIM4eCTBO MAarHUTOB B BBIIEJIEHHOM
00bEMeE Mo KaTYIIKOM.

Benmvuwuna J MeHseTCs TIpU IBYKEHUN
TPaHCIIOPTHOTO CPEACTBA, TaK KaK U3MEHSIET-
¢S pacToIOKeHME YaCTH CUCTEMBI HATTOJIbHBIX
MarHMTOB ITOJl KaTyIIKoi. Beipasum J depes
CTEeTIEHHOM P

Mg My .
F= [3-u-uo-pk°Vm°[Z Daleal ot D /47+(35)", mpu
i,=01,=0
orpaHU4YeHUMN J " min <J" <J " ax

ITpu aBMKEHUU MOXKET ITPOUCXOINUTH M3~
MCHEHHUE PACCTOSHUS & MEXIY KaTyIIKOMN
JIBUTATEJIT 1 MarHUTAMM Ha ITyTH U yIJIa CO-
OCHOCTH 0, MEXIy KaTyIIKOI ¥ HAITOJIbHBIMH
MarHutamMu. Beipasum cos (o) uepes cTerneH-
HOW psIIT (Memodbt Mamemamu4eckoil areedpol):

5 '
cos(a) =Y a«",
i, =0
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Puc. 3. MpoapayHbiii Kynos
C cosiHeYyHbIMu 6aTtapesMu
Hapg acTakapoii.
PucyHok aBTOpOB.

NpU OrpaHUYEHUAX & = <8 < J
a

,o <o <

max min

‘max”

[MoncraBuB mociemuue Gopmyiasl B (1),
ITOJTyJaeM psii;
F= [3-/1'#0 {(Z aret")eV, J-pk ]-(Z aj )/ 4n«(5)".
= i,=0
ITpumenum dpopmyny reopembl Ko aiisg
NEPEMHOXEHMA MOIMHOMOB J, 1 cos () (meo-
pusi u MemoobL MAmemMamu4ecKkoll aneedpol):

G T A a i AN a T i,
Za,./ of -Za,.a-t —ZZa,.a-a,.j-t . 3)
0

i;=0 i, = i,=01i,=0

IToncraBuB (3) B (1), momydaem:

F= [3-;1.,10. 2 [Z S aea] o D /470). (4)
i,=01i,=0

Pemenue (4) mocturaeTcs IIpy BEITIOTHEHIN
yenosust: 4+ (8)* > (3),, . DTO 03HAYAET, 4TO
9JIEKTPOMArHUTHAS KaTyllIKa JBUTATEJs] He
JIOJKHA COMMZKATHCSI C MATHUTAMU TTYTH Ha pac-
CTOSTHUE MEHbIIIee, YeM MUHUMAIILHBIN 3a30D.
YeusieHHOe peliieHYe PY BHITTOJTHEHWU YCIIOBUST
TIPY TTOCTOSTHCTBE PacCTOSTHUSA : 47t * (8)* = 1.

Takum obpazom, npeacTaBiaeHHAS MOAEIb
obecrieunBaeT BO3MOXHOCTh OTCJIEUTD U3-
MEHEHUE CWJIbl pa3rOHa U TOPMOXKEHMUST IBU-
raresisi C UCTIOJIb30BAHUEM KaTYIIKHU C Cepaed-
HUKOM C BBICOKO MarHUTHOW TIPOHUIIAEMO-
CTBIO (L.

OPrAHU3AUUSA OBUXXEHU4A

N UHOPACTPYKTYPA NYTU
Wudpactpykrypa noiakHa 6a3upoBaTh-

Cs Ha 9CTaKaJAHOM MCIIOJIHEHUU IIyTU. DTO

IMO3BOJIUT UHTETPUPOBATH ABUKEHUE C HO-

BBIM BUJIOM TPAHCIIOPTa — 3JIEKTPOMOOM-
JISMH, COBMECTUB B HUXHEI 3CTaKagHOM
YacTU aBTOIOPOTH ¢ MH(PPACTPYKTY PO IJIsT
3apsIIKU 3JIEKTPOMOOMIeii. DTO TMO3BOIUT
CcO3IaTh 3aIIMINEHHYIO CTPYKTYPY NYTHU
¢ MHOTOYpOBHEBOI pa3Bs3koit. Uundpa-
CTPYKTypa IMyTHU TOJKHA 00ECIICYUTD KPYT-
JIOTOANYHOE, HE 3aBUCSIIEE OT MOTOTHBIX
yCII0BUI TIepeaBrkeHre. 11 BRITOTHEHUS
9TO er peiaraeTcs 3aKphITh ITPo3pad-
HBIM KYTIOJIOM 3CTaKaaHBIA ITyTh U pacIo-
JIOXKUTH Ha KYIMOJIe COJTHEUYHBIC OaTtapeu
(pumc. 3).

[IpyHOUTIB KOHCTPYKLIWHU, YITPaBICHUS
¥ 2JICKTPOTIUTAHUSI, 3aKJIaIbIBaCMbIC B HOBBIC
TPaHCIIOPTHBIC CPEICTBA, MMO3BOJISIIOT Opra-
HU30BaTh MHOTOPSITHOE IBYDKEHUE (IBYXCTO-
poHHee) 1 muddepeHIIMPOBAHHOE IBIKCHIE
TIO TIYTSIM:

» ckopocTb 1o 1000 km/4 — rpy3omepe-
BO3KHM M TIepeBO3KM Iaccaxupon (EBpoma—
A3zus) o Tepputopun Poccum;

* CKOpPOCTB 10 650 KM/4 — MEXIyropom-
HUii TpaHcTiopT Poccuu;

* ckopocTh 10 200 KM/9 — MECTHBII To-
PONCKOM M MPUTOPOOHBIA TPAHCIIOPT IO
Poccun.

[TpuHIIMT TOCTpOEeHUS MHPPACTPYKTYPHI
MyTU JAOJDKEH TpeIycMaTpUBaTh KOJbIIEBHIC
3CTaKaabl B KPYITHBIX TOPOIAX M 3HAUMMBIX
nyHkTax Poccun. CrienyeT IutaHUpOBaTh Che3-
OBl C TJIAaBHOII MarucTpaju B HaceJIEHHBIC
MIYHKTEHI C IIEJTBIO OXBaTa OOJIBIIICH TEPPUTOPUH
npoxuBaHus HaceneHus. LlemecoobpasHo
MPEeIyCMOTPETh B KPYIHBIX TOPOJAX CTPOM-
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TEJIBCTBO 3CTaKaTHOTO IIPUTOPOTHOTO TPAHC-
nopra (Harmpumep, OOJIBIITOE KOIBIIO BOKPYT
ropoza) ¢ IIeJIbl0 OXBaTa YIaJEHHBIX palilOHOB
TPOXUBAHUS HACCICHUSI.

IIpu 3TOM opmeHTallUsd Ha CO3daHUE
TPaHCIIOPTHBIX CPENCTB MHINBUAYAJIHHOTO
WCITOTHEHUS TIO3BOJIUT BKIIIOUUTDH B MOJICITb-
HBIA psI ITOABUKHOM TPAaHCIIOPT BMECTUMO-
CTBIO JIO YETBIPEX MACCaXKMUPOB, UTO ACT J0-
TOJTHUTEIbHBIN UMITYJIBC PA3BUTUIO JAHHOTO
BHUA TPAHCIIOPTa U TOSIBIICHUIO TIEPCOHAIb-
HBIX TPAHCIIOPTHBIX CPEICTB.

CTpOUTEIBCTBO 3CTaKalbl Il TIepeaBU-
JKEHUS TPAHCIIOPTHBIX CPEICTB TOJKHO IIpeI-
yCcMaTpUBaTh CJICAYIOIINE OCOOCHHOCTH Opra-
HU3ALNHU IBVKCHUS:

* CIICHMATM3alMI0 MyTell MO CKOPOCTH
¥ JTaJTbHOCTH TepeBo30K: 200 KM/4 Is TIpH-
TOPOIHOIO coo0IIeHusT, 650 KM/4 1T MEX-
obmactHoro coodmenus, 1o 1000 km/9 misa
KOHTHMHEHTAJIBHBIX TIEPEBO30K;

* OpPraHM3aIMIO ChE3IOB MEXKIY CIIeIIa-
JIN3UPOBAHHBIMMU ITyTSIMU, 00€CTICUMBAIOIIINX
Pa3BSI3Ky MEXKITy TPAHCTIOPTHBIMU CPEACTBAMU
B OJTHOM YpOBHE (OOTOH, CTOSTHKA W T.11.);

* OpraHM3aINIO ChE3I0B B ropoaa M Hace-
JIEHHBIC ITYHKTHI, IEPPOHBI IJIST ITOCAIKH
¥ BBICAIIKU ITaCCaXKMPOB.

WMudpacTpykrypa myTH 1oJoKHA ITpeIycMaT-
pYBaTh ITyHKTHI 00CTY>KMBaHUS TPAHCITOPTHBIX
CPEICTB:

* 3apsS KU SHEPTUEU HAKOIUTEIECH U XKUT-
KUM TeJIueM CUCTeMblI ieBuTauuu ajs JII;

* IICHTPHI YIIPABJICHUS IBKCHIEM TPaHC-
TIOPTHBIX CPENICTB;

* TIOIKJTIIOUCHUE K eIMHOI CUCTEME SHEP-
TOCHAOXKCHMS.

WNuadpacTpykTypa MyTU OOJKHA Tpe.I-
ycMaTpUBAaTh HEOOXOOMMBIE MeCTa IS
YCTAaHOBKU CIIeIIMATU3MPOBAHHOTO 000py-
IOBaHUS yIIpaBJICHUSI, KOHTPOJISI U MOHU-
TOPMHTA TPAHCIIOPTHBIX CPEACTB, HEOOXO-
IUMBIII TOCTYI TIEpCOHAaka K BIIECMEHTaM
KOHCTPYKIOHUI MyTH U 000pyIdOBaHUIO,
yCTaHOBIIECHHOMY Ha HEM. TpeOyeTcs Takke
IPeOyCMOTPETh, B CIydae BOSHMKHOBECHUS
YC, BO3MOXHOCTD TIePEeANCIOKALINN JIFOM -
CKUX CUJI M MaJIOTabapUTHON TEXHUKU.

BbiBOA

IMpennoxeHHBIE TTOAXOABI MTO3BOJSIOT
MPUOIU3UTBCS K TTIOCTPOSHUIO KOHIEIIIUN
BBICOKOCKOPOCTHBIX cucteM (BC) mBuxe-
HUsI, 6a3MPYIOIIMXCS HA UCIOJIb30BAaHUN
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MAaJIOJIIOJHBIX TEXHOJIOTUI OOCTYKUBAHUS,
9HEProdGPeKTUBHBIX TEXHOJIOTUI C IPUME-
HEHUEM BO300OHOBIISIEMbIX UCTOYHUKOB
SHEPruM, CUCTEM MHIYKTUBHOW Tepenavyu
SHEPTrMU Ha TMOJBUXHBIC TPAaHCIOPTHHIE
cpencTBa, MPUHIIMIIA MATHUTHOM JIeBUTa-
uuu. JanbHelIne mary TpeOyIoT peleHust
MHOXECTBA CJIOKHBIX MHXXEHEPHBIX 3a1a4,
pa3pabOTKU HOBBIX TEXHOJOIUIA.
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ABSTRACT

The article discusses the issues of implementation and
organization of high-speed transport. The objective of the
article is to consider possible options for implementing high-
speed (HS) motion systems using the principle of magnetic
levitation, which will ensure high speeds for delivery of goods
and carrying people over long distances. To achieve this
objective, itis necessary to develop an engine and technical
solutions for design of HS rolling stock, make decisions on
energy supply infrastructure and the HS track, address safety
issues and new control systems considering the state of the
infrastructure and its design elements.

The article discusses several options for implementation
of high-speed transport systems, differing in the power supply
system, current collection and track based on the magnetic
levitation approach. An original approach is proposed in

implementation of magnetic levitation transport using the
technology of electromagnetic guns designed to implement
traction forces of a magnetic levitation vehicle. The advantage
of this approach is that it opens the possibility of maneuvering
for the vehicle while driving. This allows to abandon switch
turnouts, now significantly limiting the use of magnetic levitation
transport. A mathematical model describing interaction of an
electromagnetic gun and supermagnets located on the track
is considered. In constructing the model, methods of the theory
of electromagnetic field and interaction of magnetic bodies
were used, and when constructing a model of interaction of
rolling stock with a magnetic track, methods of mathematical
algebra and the Cauchy theorem were used.

The article discusses various principles of organization
of movement using the magnetic levitation for urban,
suburban, and intercity transport.
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o date, several approaches have evolved
I in the field of urban and suburban traffic
development. Many city administrations
are gradually returning to recognition of public,
especially rail, transport as an effective means
of solving increasingly growing complex
transport problems, most important ones being
associated with overloading of streets with cars,
leading to congestion and, consequently, to an
increase in travel time, air pollution by exhaust
gases. Initially, underground metro lines were
built in the capitals and largest cities of different
countries on an expanding scale. Then,
comprising smaller cities, light metro networks
began to be created, the lines of which partially
run at ground level. And finally, lately, attention
has been paid to the tram, the cost of
infrastructure and rolling stock of which is
significantly lower than that of the metro. The
tram’s advantages are obvious, these are high
carrying capacity and high speed of coupled
vehicles (when separate lanes are allocated), as
well as environmental friendliness (when taking
measures to reduce noise impact on the
environment). Thus, conditions arose for the
return of the tram to the cities.

The second equally important feature is
implementation of the new concept of a
universal «tram—train» vehicle. The transport
administrations of many cities in Europe and
America have recently begun to show interest
in the concept of using rolling stock that can
go along the tracks of both tram and main
railways as public transport for transportation
between the city center and the suburbs or
between the centers of nearby cities. The
concept of such combined transport systems
was called «tram—train» [1, pp. 28—36].

Ten years ago, few people thought about it,
even though for the most part the tracks of tram
and railway networks are the same and technical
compatibility problems can be normally
overcome. Both rail transport systems have a
track similar in design and are based on the
general principle of using adhesion in a wheel—
rail system. However, traditionally, they were
completely separated from each other and
operated in different ways. So, the question of
their (at least partial) integration has never
arisen. At the same time, in a number of cases,
a different question arose and it concerned a
possibility of passing tram trains on unused or
under-used suburban railway lines, which
would allow residents of the nearest suburbs to

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

get to the city center without transfer. In the
same way, suburban trains (respecting some
conditions) could enter the city center along
tram lines. Such a combination of two types of
public rail transport with joint use of
infrastructure would be especially useful for
increasing the efficiency of public transport and
creating additional amenities for passengers,
provided, of course, solution of the associated
problems.

The increase in speed of passenger transit
has recently become topical issue for urban,
suburban, and intercity traffic. The development
of high-speed transportation systems that
helped creating high-speed trains had to bring
new solutions. The high-speed railways while
offering multiple advantages can not be
integrated into urban and suburban transit
systems, except for rare stopping points in cities
neighboring megalopolises to receive part of
passenger flows at most intensive directions,
and to allow to travel to and from the downtown
without stops.

A current agenda can include the point on
a basic possibility to create a transportation
system that would meet two fundamental
criteria: it should have high speed features, and
should be general-purpose one, as to serve
routes of different range (from long distances
to intraurban ones).

Thus, we can declare that the concept of
high-speed transportation system should be
focused on development of a generally purposed
vehicles, capable to provide travelling within
the city, as well as to its suburbs [2, pp. 3—10].

Itis also necessary to meet other conditions.
The transition to high-speed transportation
systems should be focused on minimizing
operation costs of maintaining transport
infrastructure. However, external factors are
significant (weather, freezing temperatures),
and will affect the options for implementing
HS transport, particularly in Russia. The
transition to high-speed systems should
consider the human factor as well [3, pp. 21—
32; 4, pp. 12-26].

The objective of this article is to suggest
approaches to development of high-speed
(HS) transportation systems based on the use
of low-maintenance technologies, energy-
efficient technologies using renewable energy
sources, and systems of inductive energy
transfer to mobile vehicles using the principle
of magnetic levitation. This will ensure high
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Pic. 1. Centralized power supply system. Authors’ drawing.

speeds for delivery of goods and transporting
of people over long distances and will make
the Russian railway complex competitive
[2, pp. 1-5; 5, pp. 35—-65].

To attain this objective, it is necessary to
solve the following tasks [6, pp. 61—63; 7,
pp. 128—142]:

+ development of an engine and technical
solutions for design of HS rolling stock,

+ development of power supply for HS;

« HS track infrastructure development;

* ensuring safety and new control systems,
taking into account the state of infrastructure
devices and structural elements.

One of the tasks consists in development of
a new type of a track, operated in difficult
climatic conditions, and that task requires
consideration of non-standard options, since
normal operation of HS transport is possible
only if the access of unauthorized persons is
completely limited, as well as prevention of
rainfall and foreign objects getting on the track
is provided.

POWER SUPPLY SYSTEM

One of the determining parameters in
implementation of the high-speed transport
project is organization of the power supply
system. The infrastructure of the track, the
design of the train, and the choice of control
system are most dependent on the choice of the
power supply system. There are two approaches
to implementation of HS transport power
system.

Let us consider the first that is a centralized
one. A centralized system requires laying a
power cable for a moving vehicle along the
entire length of the train. On board the mobile
vehicle, the mobile part of the linear motor
(LM) isinstalled. The speed and braking of the
LM is controlled by changing the frequency
from the center, which makes it impossible to
process more than one train along the track
between stations. At the same time, this

approach requires laying of large quantities of
copper wires along the track. It is proposed to
transfer energy to HS vehicle by transferring
energy to LM using the induction effect, which
tightly connects rolling stock and the track,
since the gap between the elements of LM and
the distributed energy source for efficient
energy transfer should not exceed a certain
amount. This requires that the design of high-
speed train provides for special measures of
considering the location of the distributed
source transformer. In this case, the track
becomes active with many infrastructure
elements that provide energy transfer to LM of
rolling stock. It should be noted, in view of the
large extent of the traffic areas, that infra-
structure costs are significant, including those
related to maintenance. In this case, it is
necessary to build many control and power
supply systems (along the entire length of the
route) that determine and control vehicle’s
movement. However, this method reduces the
overall dimensions of vehicles, and that is a
significant positive factor, since most of the
control is outside the rolling stock. It is also
necessary to note large energy losses due to the
length of the hauls.

The second option for organizing power
supply is decentralized one [5, pp. 5-8; 6,
pp. 61—63]. In fact, this is a current collector
using a pantograph (of any design), which
reduces the load on the track infrastructure and
allows it to be passive, but at the same time,
train maneuverability is significantly limited,
and losses during high-speed movement
increase due to poor contact between the
pantograph and the contact wire.

The use of a current collector with a
pantograph makes the vehicle active, that is,
the engine control system is located on the
vehicle. This is an analogue of the existing
traction system, with the only difference being
that there is no wheel, and movement is carried
out due to the forces of electromagnetic
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adhesion of LM. This method increases overall
dimensions of vehicles, and that is a negative
factor.

A significant reason that reduces the
effectiveness of these approaches, both
centralized and decentralized, is track
infrastructure, namely requirement for switch
turnouts or exits. When using this method, it is
necessary to create heavy (several tons) switch
turnouts (point setting is up to 2 min), which
will not allow in the future to switch to small
vehicles, which will allow organizing an
efficient packet mode of movement of high-
speed vehicles.

Another important factor determining
implementation of the above approaches is the
requirement to implement a gap between the
track structure and the vehicle. This is achieved
by using a structure that covers the track, with
installation of electromagnets that attract the train
and ensure the rise and levitation of HS structure
over the track. To ensure higher reliability,
diamagnetic elements (aluminum) are placed on
the track to obtain an additional effect of raising
the train at speeds exceeding 120 km/h. This
provides a gap of up to 50—100 mm when driving
at speeds above 250 km/h, and also prevents the
vehicle from colliding with the track when the
power is suddenly disconnected in the system of
attractive electromagnets. At the same time, this
does not allow abandoning the wheels for landing
of the train in case of emergency power off for a
long time.

Let us consider a variant of the power supply
system and rolling stock when using high-
temperature superconductors (HTSC). In this
embodiment, the main safety element in the
vehicle is HTSC. The track is a set of super
magnets stacked on the track with induction
(B > 1,6 T). HTSC provides the vehicle
levitation height (clearance) above the track
structure. Maintaining the HTSC operating
conditions should consume most of the energy
generated or accumulated in a mobile vehicle.

The use of HTSC allows to create a design
of vehicles operating on the principles of point
replenishment of energy in specialized service
points. To date, time to maintain the working
state of HTSC is within ten days (when using
materials with a low coefficient of thermal
conductivity). This allows to plan the
technological mode of service at certain points
(in large cities located at a distance of at least
500—600 km). The energy for moving a vehicle

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

using LM on rolling stock should be partially
replenished using solar panels, by recharging
batteries (storage cells) at stops. The energy of
the storage cells with recharging is used for
operation of LM and should ensure movement
of the vehicle at a distance of up to 8000 km.

To implement the power system of a high-
speed vehicle, solar panels with increased
efficiency should be used.

The movement of the vehicle at night can
be carried out with a large number of stops to
recharge the batteries (storage capacitors) of
the vehicle.

One of possible ways to increase the
effectiveness of thisapproach in implementation
of HS transport may be to use a vehicle energy
supply system using a non-contact pumping
system or transferring energy to rolling stock
using laser and electromagnetic technologies.
Another possible option for replenishing energy
can be wind energy, which is generated in large
quantities during high-speed movement (the
use of wind generators).

Let us consider implementation of the
engine using the technology of diamagnetic
elements. It is known that when the magnetic
flux changes, counter forces arise due to
appearance of eddy currents in diamagnetic
conductive materials. The magnitude of the
force depends on speed of movement and the
electrical properties of the material of electrical
conductivity of copper or aluminum (most
commonly used). The rapid movement of the
diamagnetic material into the magnetic field
causes appearance of a current directed in the
opposite direction from the force that moved
the diamagnet into this magnetic field. Since
the movable transport unit is in levitation
mode, the whole structure begins to move. If
the diamagnetic material moves in the opposite
direction of the moving then the braking
process begins. Various types of diamagnet
rotation systems are possible: wheel, screw,
conveyor and other types of trajectory.

Acceleration and deceleration are
accomplished due to formation of eddy
currents arising between diamagnetic elements
and supermagnets in the track. The stabilization
of the vehicle must be carried out using
transverse «diamagnetic devices». And turning
of vehicles is carried out due to difference in
rotation speeds of «diamagnetic wheels».

A significant advantage of this approach
in implementation of rolling stock is that
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the use of switch turnouts is not required.
The turning of the vehicle is carried out due
to the speed difference between the left and
right parts of the engine. This vehicle model
allows to build a track using ramps and
multi-level interchanges. On straight
sections of the track, where exit ramps are
not intended, it is necessary to apply such a
track geometry that would ensure stable
movement for speeds close to 1000 km/h.
The stability of the vehicle at speeds equal
to or close to zero must be ensured by
synchronous-counter-rotation of the «dia-
magnetic wheels».

Let us consider an approach based on the
use of magnetic suspension and an engine with
a large magnetic flux. This option provides
suspension of the train due to interaction of
supermagnets with magnetic induction B >
1,6 T, located in the lower part of rolling stock
and on the track. This ensures high safety, since
the repulsive force always exists. The engine is
implemented on electromagnetic coils with a
core material with high magnetic permeability
u. The engine is a distributed electromagnetic
gun located on the left and right sides in the
lower part of the train. This allows to realize
turning of the vehicle, acceleration and braking.
There is no need for switch turnouts, which
greatly simplifies track design. Power is
supplied either through storage capacitors or
through a pantograph.

When solving the task of realizing an engine
based on a large magnetic flux, one of the tasks
is to position the engine relative to the track
and select the geometry of the magnets located
on the track.

The magnetic interaction of the coil with
current and magnets on the track system is
determined (in accordance with the provisions
of the theory of electromagnetic fields and
interaction of magnetic bodies) as:
F=(epep, p, p)*cos()/4ns’, (1)
where o is distance between the coil and
magnets on the track;

p, =J, *V *p, — magnetic moment of the
floor magnet system with a volume of V=
s +h_and homogeneous magnetization J ,
where s , h — area and height of the magnet;

p,=J V., =J *h 2*n+r’ — magnetic
moment of the coil with a core of height /, and
radius 7;

u, = 4n 1077 (H/A*) — magnetic
permeability in vacuum,;

M — magnetic permeability of the core of
the coil.

Formula (1) is valid for the case of coaxial
arrangement of the magnetic coil and the
magnet. This corresponds to the case of vertical
repulsion of a coil with current from a magnet.
The vehicle needs to move, for this it is necessary
to tilt the coil with current, as a result of which
there is a horizontal force moving the vehicle. It
is logical to rotate the magnet together with the
coil so that interaction planes are parallel and
the alignment angle o is 90°. This would provide
maximum acceleration and braking power. But
in reality this cannot be done. In this case, it is
necessary to give the magnet a cone shape with
the alignment angle oo = 90° to ensure repulsive
force. A change in the shape of the magnet
entails a change in magnetization of a system of
magnets located on the track. The magnetization
(by magnetization vector) of a substance is the
ratio of the total magnetic moment of the
selected part of the substance to the volume of
this part:

750 )/ nt), )

where k — number of magnets in the allocated
volume under the coil.

The value J, changes with movement of the
vehicle, since location of a part of the floor
magnet system under the coil changes. We
express J in terms of the power series:

F= [3’/1'#0 Dy 'Vm.[nza i“: .aff o ]j / 47(5)",
i,=0i,=0
under restriction J”mir <J" <J" s .

During movement, a change in the distance
d between the motor coil and magnets on the
track and the alignment angle o between the
coil and floor magnets can occur. We express
cos (o) in terms of a power series (methods of
mathematical algebra):

Ny .
cos(a) =Y a1",
i,=0

under restrictions 5, <8<6

max® = min ‘max*
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Pic. 3. Transparent dome with solar batteries above the flyover. Authors’ drawing.

Substituting the latter formulas in (1) we
obtain the series:
e [3';1% [(Z ajret")V, ]’Pk ](Z ayet) /4ze(5)".

i,=0 i,=0

We apply the formula of the Cauchy
theorem for multiplication of the polynomials
J, and cos (o) (theory and methods of
mathematical algebra):

ny Ny ny Ny .
Z a’«t" -z a’et's = z z a®ea’ of"Ve
i; i, (At

i,=0 i,=0 i,=0i,=0

Substituting (3) in (1) we get:
e (3-ﬂ°ﬂo°pk'Vm{iiaZ way """ ]]/ 4z+(5)". (4)

3

i,=0i,=0

Solution (4) under the condition: 47 « (3)* >
(3),,,- This means that the electromagnetic coil
of the engine should not come closer to the
track magnets for a distance shorter than the
minimum gap. The strengthened solution is
when the condition is fulfilled with a constant
distance 6: 4m* (8)* = 1.

Thus, the presented model provides the
ability to track the change in acceleration and
braking forces of the engine using a coil with a
core with high magnetic permeability p.

Traffic organization and track infrastructure
The infrastructure of HS railway transport
should be based on the flyover design of the
track. This will allow us to integrate traffic with
a new type of electric transport, providing that

the lower part of the flyover road is equipped
with the infrastructure for charging electric
vehicles. This will create a secure track structure
with multi-level interchange. Track infra-
structure should provide year-round, weather-
independent movement of HS railway transport.
To achieve this goal, it is proposed to close the
flyover with a transparent dome and place solar
panels on the dome (Pic. 3).

The principles of construction, control and
power supply, laid down in new vehicles, allow
to organize multi-row traffic (two-way) and
differentiated traffic along the tracks:

» speed up to 1000 km/h for freight and
passenger transportation (Europe—Asia) in
Russia;

» speed up to 650 km/h for intercity
national transportation;

* speed up to 200 km/h for local urban and
suburban transport in Russia.

Construction of track infrastructure should
include ring flyovers in large cities and major
settlements of Russia. There should be exits from
the main highway to settlements to allow
coverage of larger populated areas. It is advisable
to envisage in large cities the construction of
flyover railway transport of suburban traffic (for
example, a large ring around the city) in order
to cover remote residence areas.

Focus on designing of custom-made
vehicles will significantly expand the range of
mobile vehicles for individual use with the
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number of passengers up to four people, which
will give an additional impetus to development
of this type of transport and emergence of
personal vehicles.

The construction of a flyover for movement
of vehicles should include the following features
of traffic organization:

+ specialization of tracks in speed and
distance of transportation: 200 km/h for
suburban traffic, 650 km/h for inter-regional
traffic, up to 1000 km/h for continental
transportation;

* organization of exits between specialized
tracks, providing interchange between vehicles
at the same level (overtaking, parking, etc.);

* organization of exits to cities and towns,
platforms for passengers embarkation and
disembarkation.

Track infrastructure should include vehicle
service points:

+ points for charging power storage devices
and liquid helium levitation systems for LM;

« vehicle traffic control centers;

* connection to a single power supply
system.

Track infrastructure should provide the
necessary places for installation of specialized
equipment for traffic management, control and
monitoring of vehicles, access of maintenance
employees to structural elements of the track
and the equipment installed on it. It is necessary
to provide in case of an emergency the
possibility of relocation of human forces and
small-sized equipment.

Conclusion

The suggested proposals allow us to
approach the development of the concept of
high-speed transportation systems, based on
the use of low-maintenance service techno-
logies, energy-efficient technologies using
renewable energy sources, and systems of
inductive energy transfer to mobile vehicles
using the principle of magnetic levitation.
Further steps will require searching for
solutions to numerous complex engineering
problems, development of new technology.
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IKOHOMMWKA

CpaBHeHue MeToOAUK NPOrHo3npoBaHns
MeXAyropoaHUX NaccaxmnpornoToKoB
Ha pa3/INYHbIX BUAAX TPaHcnopTa

Hukuta MAKYLIKUA Makcum GALEEB

Nasen YACTAKOB

Maxyuxuiic Hukuma Aaexcandposuy — 000 «Ilenmp Dxonomuru Unghpacmpykmypers, Mockea, Poccus.
Daoees Maxcum Cepzeesunr — 000 «Llenmp Drxonomuru Ungpacmpykmypor», Mockea, Poccus.
Yucmsxoe Ilasea Arexcandposun — OO0 «llenmp Dxonomuku Ungpacmpykmypor, Mockea, Poccus*®.

Cratbsl nocssiljeHa MeToan4eckum ocobeHHOCTSIM
MPOrHO3UPOBAHUSI MEXAYrOPOLAHMNX acCaxupornoToKoB
B yC/10BUSIX TpaHcopmMaumnm TpaHCrnopTHOW CUCTEMbI
Poccumn, a UMeHHO, NMosiB/IeHNsI HOBOIO BuAa TpaHcrnopTa —
CKOPOCTHOIO X€esie3HOA0POXHOro coobuieHuns. Lienb
CcTaTby — U3JI0OXNUTb aBTOPCKYIO METOAMKY MPOrHo3mpoBa-
HUS NaccaxupornoTokoB v Aokasarb eé 6osiee BbiCOKYIO
9 PHEKTUBHOCTbL OTHOCUTEJIbHO METOAUK, MPUMEHSEMbIX
B Poccuum ceroaHsi. B ctatbe paccMOTpeH NCcTopudeckuii
acnekT nporHoO3MpPoBaHUsl NaccaxuponoToKOB, NpoaHa-
JIN3UPOBAHbI CUJTbHBIE U CJ1a0bl€ CTOPOHbI CYLLIECTBYIOLNX
noaxoa0B K UX MOAEINPOBaHWIO. ABTOPbI OTMEYaloT He-
BO3MOXHOCTb MOAEINPOBAHUSI KOSINYECTBA MOe340K rpu
N3MEHEHUNSIX napaMmeTpoB TPaHCMNOPTHOro coobLyeHuns
TOJIbKO Ha OCHOBaHWNM 3aKOHOMEPHOCTEW, BbISIB/IEHHbIX 10
peTpocneKTUBHbLIM psiaaM AaHHbIX (Hanbosee pacrnpo-
CTPaHEHHbIN NoaAxoA K MPOrHo3MpPOBaHMIO 1accaxunpono-
TOKOB B Poccum).

B crarbe npeanaraetcs anbTepHaTUBHasi MeToAnKa,
OCHOBaHHasi Ha pacyéTe COBOKYIHbIX 3aTpar rnaccaxupa rnpu
COBepLUEHNM NOe3AKM, KOTOPbIe 3aBUCSIT OT CTOUMOCTY PO-
e3za, notepb BPEMEHU, YaCTOTbI OTPABIIEHUS TDAHCTIOPTHBIX

CPEACTB 1 UX KOM@POPTHOCTHU, a TakXe y4nUTbIBaloLLast AnHa-
MUKY KJTIOHEBbIX COLMaIbHO-39KOHOMUYECKUX 10Ka3aTeseu.
MeToavka no3BossieT MUHUMU3UPOBATb MOrPeLLHOCTY U3Me-
PEeHU, BO3HMKaIKOLME N3-3a HeAOoCTaTka rnepBuYHON MHPOp-
MaumMmM 0 HEKOTOPbIX BUAAX MacCaxupcKkoro TpaHcnopTa,
a Takxe paccyutarb MHAYLMPOBAHHbIV CrPOC Ha Moe3aku,
BO3HUWKAIOLLMIA BC/IEACTBUE YITyHLLIEHWS XapaKTEPUCTUK COO00-
LjeHus1. ABTOpamMu OrpeaeneHbl v BbipaxxeHbl B KOJIMHECTBEH-
HbIX [10Ka3aTesisix OCHOBHbIE HakTopbl nepepacrnpeneneHys
naccaxuporoToka Ha HOBOBBEAEHHbIE BUbl TPAHCMOPTA.

B cTarbe pacCMOTPEH OrbIT IPOrHO3MPOBaHUS MacCcaxm-
pPOroTOKAa 10 NpeAnaraeMovi MeTOAMKE Ha MPUMepEe YEeTbIPEX
KoppecrnoHaeHuuii, rae Obl/10 Ha4aTo ABUXEHNE CKOPOCTHbIX
noesaos tuna «Jlactoyka». Pe3ynbTarbl MporHo3upoBaHus
COrocTaBieHbl C pakTU4eckmm obbEmMamy nepeBo3ok, Ha
OCHOBaHWW Yero caenaHbl BbIBOAbI 06 3¢PEKTUBHOCTY METO-
JVIKV TPOrHO3MPOBaHWS Y €€ MPUMEHNMOCTU B COBPEMEHHBIX
peanusix POCCUICKOM TPaHCMOPTHOM CUCTEMBI. BbisiBneHb!
npeumyLecTBa n HeoCTaTku rMNPeAIoXeHHOro noaxoaa
K MPOrHO3MpPOBaHNIO NaccaXxuporioTokoB, a Takxe ornpese-
JIeHbl BO3MOXHOCTY €ro pacrpoCTpaHeHwsl U AasnbHenLero
passutuns B Poccun.

Knio4eBbie cnoBa: TpaHCcrnopT, METOAb! MPOrHO3UpPOBaHUSI, MacCcaxmpornoToK, TPAaHCMIOPTHLINA CrpocC, TpaHCNopTHas
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BBEOEHUWE U MOCTAHOBKA
UCCNELOBATEJIbCKON 3AOAYU

CoBpeMeHHbIE MOAXOIbI K TPOTHO3MPOBa-
HUIO MEXIYTOPOIHMUX MacCaXXMpOMOTOKOB
OCHOBBIBAIOTCS MTPEUMYILIECTBEHHO Ha MaTe-
MaTUYECKUX MOAEJISIX C MHOTO(aKTOPHBIMU
DPErpecCUMOHHBIMU 3aBUCUMOCTSIMU.

MareMaTruyecKue MO TPOrHO3UPOBa-
HMS MacCcaXMpoOIMOTOKOB B OOJBIIMHCTBE
CBOEM OCHOBBIBAIOTCS Ha KJIACCUYECKOM Ye-
ThIpEXCTyneH4YaToil moaenu [1]. JlaHHBIH
MOJXO0/, BIIEPBbIE UCMOJb30BaHHbIN B 1950-x
rojax, Mo3BOJISIET MOJIYYUTh KApTUHY pacipe-
JleJIeHUS TTacCcakpOITOTOKA IO CeTH Ha OCHO-
BaHUM BBOJHBIX MPEAIOCHUIOK Te€HEepaluu
CIIpoca Ha MOe3IKH 1 ITapaMeTpOB TPAHCIIOPT-
HoOI1 cucteMbl. MoneampoBaHue OCYIIECTBIIS -
eTCs B YeThIpe ITarna:

1) onpenesieHUe TOYEK FreHEpalMy U MPU-
TSDKEHUS TTOe30K U UX IMOTEHIMAaNa;

2) pacripeiesieHre MOe3I0K M0 CeTH;

3) BbIOOp BUA TPAHCIIOPTA;

4) cocTaBiieHUE MaTPULIbl KOPPECTIOHIEH -
it <<HYHKTi—Hy1-IKTj» ¢ a0COJIIOTHBIM 3Ha-
YeHUEeM TaccaXKupoIoTOKa MO KaXIOMYy U3
MMEIOIIMXCS Ha KOPPECIMOHACHIIUU BUIOB
TpaHCIopTa.

Pacnpenenenue KoauyecTBa Moe3mok
MEXIy TOUKaMU TeHepaluy 1 MPUTSKEHUS TTO
MapllIpyTaM ¥ BUJaM TpaHCIIOpTa B Kaccuye-
CKOM YeThIPEXCTYTNIEHUATOM MOIEIN OCYIIIECTB-
JIIeTcsl 0 MPUHLIMITY MUHUMM3ALMU TpaHC-
MOPTHBIX U3JAEPXKEK U OTPAHUYECHUSIM TIPO-
MYCKHOI CIMTOCOOHOCTU UH(PacTPyKTyphl. To
€CTb, TTacCaxkup, COBEPIIAIOIIUI TTOE3IKY U3
Ilynkta 1 B I1yHKT 2, OyAeT BbIOUpATh KpaT-
YalIMii MaplpyT U Hambosiee OEIIEBBIA T10
COBOKYITHBIM TPaHCIIOPTHBIM M3IEPXKKaM BUL
TpaHCIopTa 10 TeX Mop, IToKa He OyIeT JOCTUT -
HYT JJUMUT MPOBO3HOM CIIOCOOHOCTU 1O JaH-
HOMY MaplIpyTy U BUIYy TpaHCIIOpTa.

HanbHelilee pa3BUTUE TaHHOW KOHIIETI-
LIMU MPOTHO3MPOBAHUS MACCaXUPOIIOTOKa
ObLTO HAaIpaBJEHO B CTOPOHY yxojaa oT ¢dhop-
MaJIM30BaHHOTO pallOHAJIBHOIO 0OOCHOBA-
HUS BbIOOpaA MaccakupoM MaplipyTa WJIu
BUAa TpaHcropTa. Te3uc 06 uppalMoHaIbHO-
CTU TOTPEOUTETLCKOTO MOBEAECHUST oKa3al
BJIMSIHUME Ha TpaHchOpMallnio aIropuTMOB
moaenupoBaHus. Tak, Ha aTare pacrpeaese-
HUSI MOe310K M0 BUIaM TpaHCIopTa U Maplil-
pyTaM cTajla yYuThIBaThCs He nrddepeHIna-
1IMSI COBOKYMHONW CTOMMOCTHU MOE3IKH,
a muddepeHLmaLns CyobeKTUBHOM 3HAYMMO-

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 74-92 (2020)

CTY TIapaMeTPOB COOOIIEHMS, OTIpeesisseMast
Ha OCHOBE PErpecCUMOHHON 3aBUCUMOCTHU
MMacCcaXMPOTIOTOKOB 1 TTapaMeTPOB COOOIIIE-
HUSI 110 BUJaM TPAHCIIOPTa U MapIIpyTaM I10
PETPOCIIEKTUBHBIM BPEMEHHBIM PSIIaM.

7151 pelieHust 3a1a4 1o MOAETUPOBAHUIO
rmaccaxkxuporoToka Ha KOPpeCIOHIeHIIUN
«ITyHKT 1—ITyHKT 2» BBICOKYIO TOMYJISIPHOCTD
MMpUOOpeTn MOJENN aHaliu3a BpeMEeHHBIX
psnoB ARMA (autoregressive moving average)
u ARIMA (autoregressive integrated moving
average, Mmojaeab bokca—JI>)keHKHUHCcA), MaTe-
MAaTUYECKU MPEACTABIIIONIME CO00I 00001IIe-
HUE MOJIeJT aBTOPETPECCUN U MOJIEITN CKOJTb-
3s11ero cpeaHero [3].

B pamkax moaxona, OCHOBaHHOTO Ha pe-
IPECCMOHHOM aHaJIn3e BPEMEHHBIX PSIIOB,
MPOTHO3 TAaCCaXXMPOITOTOKA 10 KOPPECTIOH-
neHuuu «ITyHkr 1—ITyHKT 2» B cilydae BBojaa
HOBOTO BUJa TpaHCIOpTa (MU M3MEHEHUS
IMapaMeTPOB CYIIECTBYIOIIETO) OCYIIECTRIISI-
€TCSI CJIEAYIONIUM 00pa3oM.

Ha mepBom aTame mporHo3upyercs o0-
LU CIIPOC Ha TTOE3IKU, OTIPEAEIISTIONIUICS
XapakTepUCTUKaMU MOOMIBHOCTH Hacee-
Hus. [IporHo3 cymMmMapHOro cripoca Ha T0-
e31KM 1o KoppecnoHaeHUuu «ITyHKT 1—
ITyHKT 2» ocylIecTBAsSIETCSI HA OCHOBaHUU
perpeccuOHHON 3aBUCUMOCTHU PETPOCITEK-
TUBHBIX TAHHBIX TTACCAXXUPOITOTOKA OT COLIM -
aJTbHO-2KOHOMMYECKHUX U JieMOTpahnuecKux
IMapaMeTpOB ITyHKTOB COOOIIICHMUS.

Ha BTOpOM 3Tarie ocyinecTBIsieTcsT TIpo-
THO3 TEPEKIIOUYEHUsI TTacCaKUPOITOTOKa Ha
HOBBIN BuI TpaHcmopTa. Kiraccuueckum
WHCTPYMEHTOM pacuéTra mepeKIYeHuns
B HACTOsIIIIee BpPeMsI SIBJISIETCSI MOJIEJb IMC-
KpEeTHOTO BbIOOpa Buaa TpaHcropTa. [1puH-
11T €€ paboTHI 3aKITI0YAETCST B UCITOIb30Ba-
HUU BBISIBJICHHOM 3aBUCUMOCTH U3MEHEHUS
IaccaXXuporoToKa OT U3BMEHEHUs apameT-
poB coobuieHus. MHbIMU clTIOBaMM, MO/
«00yJaeTcs» peaklMy CIIpoca Ha TOE3IKU
pa3IMYHBIMU BUIAMU TPAHCIIOPTa Ha PETPO-
CTIEKTUBHBIE U3MEHEHUsI BPEMEHU B IIyTH,
CTOMMOCTHU TIPO€3/1a, YaCTOThI COOOIIEHMS
1 KoM opTHOCTU. TaK BBISABIISIETCS 2J1aCTUY -
HOCTB [TaCCaKMPOTIOTOKA IO BIIICYTTOMSTHY -
TBIM TTapaMeTpaM, KOTopasi U OMpeaessieT
JTOJTIO TIEPEKITI0YaeMbIX ITaCCaKMPOB B CITydae
WX U3MEHEHMUSI.

AJBTEpHATUBHBIN MMOIXO C UCITOIh30Ba-
HUeM MeToja OanaHca 0000ILIEHHBIX TPaHC-
TOPTHBIX U3JEPKEK B HACTOSIIIIEE BPEMST UC-

Makyukuit H. A., PaneeB M. C., Yuctakoe 1. A. CpaBHeHUe MeTOAVK NPOrHO3NPOBaAHUSA MEXAYIrOPOAHUX
MaccaXXuponoTOKOB Ha Pa3/INYyHbIX BUAAX TPAaHCNoOpTa




76

TTOJTB3YETCS TIPEUMYIIECTBEHHO KaK KOPPEK-
TUpYIOLIEEe NOMOJHEHUEe K METodaM perpec-
CMOHHOTO aHanm3a. OgHaKo, B HEKOTOPHIX
CJIyJasix, 0COOEHHO TIpU MPOTHO3MPOBAHUU
IMaccaXkXupoIoTOKa TSI MPUHIIUITHATIBHO HO-
BOTO BUAa COOOIIEHMS, JAHHOMY METOMY OT-
BOAMTCS Beaylias pojb. Hampumep, Harmo-
HaJIbHasI KOMITAaHUS (PpaHIy3CKUX JKEIE3HBIX
nopor SNCF ucnoab3yeT MeTona 0angaHca
0000LIEHHBIX U3EPXKEK MPU MPOTHO3UPOBA-
HUU TTePEKITIOUCHNI Ha BBOIVUMBIEC B OKCITITya-
TallUI0 BEICOKOCKOPOCTHBIE Maructpaiu [4].
Jns KaXnoro KOHKPETHOTO Taccaxupa Ha
KOHKPETHOM KOPPECTIOHIEHIIUM OTTPeIeIIsIeT-
CsI OITUMAJIBbHBIN BUJI TPAHCITOPTA [IJIST COBEP-
IIeHMS TToe30K. KpurepreM onTuMaIbHOCTH
SIBJISIETCS MUHUMAJIbHOE 3HaUeHUEe 00001IEH -
HBIX U3IEePKEK, KOTOPOE PACCUUTHIBACTCS IO

dopmyie:

Cg = (Pjoumey+Paccess) + h.(’Tjoumey +Taccess)’ (1)
e Cg — 00001LIEHHBIE UBIEPKKMU;
P — CTOUMOCTH OCHOBHOI TTOE3IKU,
journey
pyo.;

sccess — CTOMMOCTD BCIIOMOTaTEIbHBIX
noe3nok (4Todbl 100paThCcs 4O OCHOBHOTIO
TpaHcIiopTa), pyo.;
‘ourney — BPEMSI OCHOBHOI TTOC3/IKH, MHH;
sccess — BDEMS BCTIOMOTATENBHBIX IMOE3IOK,
MUH;

h — ctoumocTb BpeMeHu, pyo.

CrnenoBaTeibHO, HOBOBBEIEHHAST BEICOKO-
CKOPOCTHAs XeJe3HOAOPOXKHAS MarucTpaib
MEePeKIIOYUT Ha ceOsl TO KOJIMYECTBO Macca-
SKUPOB, JJISI KOTOPOTO OHA OKaXeTCsl Hanbosee
BBITOIHBIM BUJIOM TPAaHCTIOPTAa C TOUKU 3pe-
HUS 00001LEHHBIX U3IEPKEK.

OTnebHBIM 3TarloM MOAEINPOBAHUS U3-
MEHEHUS MAaCCAXUPONOTOKA SBJSIETCS MPO-
THO3 UHAYLMPOBAHHOTO (WU JEUHAYLUPO-
BaHHOT'O) CIIpOCa Ha TOEe3[K!, BI3BAHHOTO
U3MEHEHNEM TPAHCIIOPTHOW MOCTYMHOCTHU
IMynxra 1 u [yHkTa 2 OTHOCUTENBHO APYT
npyra. U3meHeHue o011ero cripoca Ha Moe3-
KU B TAKOM CJTy4ae pacCYMUTHIBAETCS MO 3aKO0-
HY TPaBUTAIMU, TNIe B KauecTBe Macchl [TyHK-
TOB | 1 2 BBICTYIAeT 00BEM TIATEKECTIOCO0-
HOTO CIpOca, KOHIIEHTPUPYIOIINNCS B HUX,
a B KAQueCTBE PACCTOSTHUST MEXIY HUMU — CPEl-
HeB3BeIIEHHBIC 0000IIEHHBIE (ICHEXKHBIE
Y BpeMEHHbIE) 3aTPaThl Ha MIOE3/IKY JI0 U TIOCIIe
MOJEIUPYEeMOTO U3MeHEeHU4 [5].

ToBopst 06 OCHOBHBIX ITPOOJIEMaX UCTIOJb-
30BaHUSI OOILETTPUHSITHIX MUPOBBIX TTOIXO/IOB

K MOJEJUPOBAHUIO U MPOTHO3UPOBAHUIO
MEXIYTOPOIHUX MTACCAXUPOIOTOKOB [HAMpPU-
Mmep, 6—9] B Poccun, HEOOXOAUMO OTMETUTD
KpaliHe BBICOKYIO HEOTHOPOIHOCTb Pa3BUTHUS
UH@PpaCcTPyKTYphl, TIATEXKECTOCOOHOCTU
HaceJIeHUs U, KaK CJIeJCTBUE, TPAHCTIOPTHOTO
noBeneHus xureneid. [loaTomy npuMeHeHre
€IMHBIX KOA(PHUITMEHTOB YyBCTBUTEILHOCTH
K MU3MEHEHUIO MapaMeTPOB BUAOB TPaHCIIOPTa
(B IIepBY10 OYEPENb BPeMEHU B ITyTH, CTOUMO-
CTU Mpoe3aa, YaCTOThl COOOUIEHUS, YPOBHS
komdopTa) mias Bceil Tepputopuu Poccun
HekoppekTHO. HeobxoaumMo, Kak MUHUMYM,
MPOBOJUTH KJIACTEPU3ALINIO KOPPECTOHACH-
IIU{ M pacCUYUTHIBATh YYBCTBUTEJIbHOCTD
MaccaxXnupomnoToka K JaHHBIM MOKa3aTeIsIM
VHAWBUAYATBHO, TPUYEM KITACTEPOB TOJKHO
OBITh 1OCTATOYHO MHOIO IIJIST TOTO, YTOOBI
MUWHUMU3UPOBATH MOTPEIIHOCTh. OTHAKO YeM
0o0JIbIIIE BBIIEISETCS KJIACTEPOB, TEM MEHBbIIIE
CTAaHOBUTCS oOyuarolasi BBIOOpKa Koppe-
CTIOHJICHIIMI B KaxXXJOM U3 HUX. B cBs3m
C 9TUM METOAMKM OLIEHKU MEePEeKITI0YEeHUS
MacCaXXUpPOIMOTOKOB MEXNYy BUIaMU TPaHC-
nopTa, OCHOBAaHHBIE Ha MOJIEJIU TUCKPETHOTO
BBIOOpA, MOTYT 1aBaTh HEKOPPEKTHBIE PE3YJib-
TaThl B clly4yae, ec/id 3aaBaeMble MPOTHO3M-
pyeMble mapaMeTpbl BUJOB TpaHCIIOpTa He
HaxoAsTCs B Auana3oHe, HabJogaeMoM
B PETPOCTIEKTUBHBIX JAHHBIX.

BonbMHCTBO Mofeneit, NCIOIb3yeMBbIX
B 3apyOeXXHBIX CTPaHaX VIS IPOrHO3UPOBAHUS
MaccaXXupornoTOKOB, KpailHe TpeOOBaTEeIbHbI
K Ka4eCTBY MCXOIHBIX CTATUCTUYECKUX JdaH-
HBIX, KOTOPbIE B HUX 3aKJIaIbIBAIOTCS, Y K Be-
JIMYMHE AUHAMUAYECKOTO Psiia, MO0 KOTOPOMY
ONPEEIISIIOTCS PETPECCUOHHbBIE 3aBUCUMOCTH.
K coxanenuw, B Poccun npeumMyliiecTBo
HCITOJIb30BaHUS METOAUYECKU 0oJiee CIOXK-
HBIX aJITOPUTMOB HUBEJIUPYETCS TE€M, UTO
00BEM 1 KaYECTBO MCXOTHBIX JAHHBIX 3HAUM -
TEJbHO YCTYMAaeT CTATUCTUYECKUM TaHHBIM
o6onpiiMHCcTBa EBponeiickux crpaH, CIIA
win JAnoHuu.

B Poccuu noctoBepHasi ctaTuctuyeckast
nH(opMaIs B pa3pe3e KOHKPETHBIX KOppec-
MOHAEeHIMI (Mapbl HACEJEHHBIX MyHKTOB)
MMEETCS TI0 BO3AYIIIHOMY U KeJIe3HOI0POXK-
HOMY TPaHCIIOPTY, YTO, K COXaJIEHUIO, HEMlO-
CTAaTOYHO [UISI TOCTPOEHUSI KOPPEKTHOTO
MPOrHO3a COBOKYITHOTO TPAHCHOPTHOIO
cnpoca. [To aBToOycCHOMY TpaHCIIOPTY CBeJe-
HUST UMEIOTCS JIUIIb IJIsI OTPAaHUYEHHOTO
Habopa KOppeCcnoHAEHILIU, K TOMY Xe,
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HECMOTps Ha 00pbOY ¢ HeJleraIbHbIMU Tepe-
BO3YUMKAMU, B OOJBIIMHCTBE PETUOHOB
MO-TPeXXHEMY BbICOKA 107151 TEHEBBIX MEPEBO-
30K B CTPYKTYpE MacCaXnpoIoTOKa.

OlueHKa maccaxXupornoTOKOB Ha JUY-
HOM aBTOMOOWJIBHOM TPaHCHOPTE — OT-
NleJbHAs METOAUYECKHU CJIOXHAas 3anayda,
1 oULIMaTbHON CTATUCTUKY O MepeMellie-
HUSX MacCaXUpOB axe Ha MEXPEeruo-
HaJbHOM ypPOBHE€ He CYIIeCcTByeT. TakKum
00pa3om, ISl TOOLEHKH CYIIECTBYIOIIETO
MaccaxXuponoToKa NPUXOJUTCS MpUderaTh
K UCITOJIb30BAHUIO COLIMOJIOTUYECKUX ME-
TOJOB MCCJEIOBAHUSI U MacIITaOHBIM
noJjieBbIM HabmtoneHussM. HekoppekTHbie
JTaHHbIE BCETO JIUIIIb IO OJHOW KOPPECITOH-
JEeHUUU B oOyyarolieid BbIOOpKE MOTYT
CYLIECTBEHHO UCKA3UTh PE3yJbTaThl MPO-
THO3UPOBAHUS.

B naHHBIX ycioBUSIX MpUMeHeEHUE OoJiee
MPOCTHIX U MPO3PAYHBIX AJITOPUTMOB, T1I€ Ha
KaXJ0M 3Tare pacu€ToB BO3MOXKHO OLIEHUTh
MPOMEXYTOUYHBIN pe3ysabrar (MMerolnil Gu-
3UYECKUI CMBICIT), AT naxe 0oJiee TOUHBIN
pe3yJibTaT MPOTHO3UPOBAHUS IO CPABHEHUIO
¢ OoJsiee COBEpLIEHHBIMUA U MaTeMaTUYECKU
CJIOKHBIMU METOTUKAMU,, TPEACTABIISIOIIUMU
CcO000il «YEPHBIN SIIUK» MPU NPOBEAECHUU
WCCIIEIOBAHUSI.

Lleavro naHHOM cTaThU SABISIETCS HOPMU-
poBaHUEe HAOOpa HEOOXOIMMBIX MCXOAHBIX
JNAHHBIX U AJITOPUTMOB, MUHUMU3UPYIOLIHUX,
C TOYKU 3PEHUS aBTOPOB TAHHOM CTaTbU, PUCK
MOJTyYEHUS 3HAYUTETbHOM OIIMOKY MPU MPO-
THO3UPOBAHUU MEXTYTOPOTHUX MACCAXKUPO-
MOTOKOB U UX anpobaiivs Ha mpuMepe HeaaB-
HO BBEAEHHBIX MapUIPYTOB CKOPOCTHOTO
JKeJIE3HOAOPOXHOTO COOOIICHNSI.

METOAUKA UCCNNTEOOBAHUA

B kauecTBe UCXOMHBIX JAHHBIX IS MOJIE-
JINPOBAHUS Y TPOTHO3UPOBAHUS TACCAXKUPO-
TMOTOKOB O KOPPECTIOHJAEHIIMAM Tpeiara-
€TCS MUCIOJIb30BaTh CleAylolrue Habophl
JTAHHBIX:

1. UudopMalius o cylecTByONmMX rnacca-
XKUPOTIOTOKAX U MapaMeTpax NesTeIbHOCTH
BUIOB TPAHCTIOPTA.

1.1. PeTpocnieKTUBHBIE JaHHBIE O TTacca-
XKUPOMOTOKAX B pa3pe3e Mo BUIAM TpPaHC-
noprta. B mpeaaraemoit MeTonuKe UCTIONIb3Y-
foTCs psinbl naHHbIX 3a 2005—2018 rombl, T.K.
TOJIBKO B Mpefeiax 3TOro Meproia aBTOPhI
pacriojaraloT TOCTOBEPHOW CTATUCTUKOMN.
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Cpeau BUIIOB TPaHCITOPTA BBIIEISIIOTCS ! BO3-
JTYLIIHbBINI, aBTOOYCHBIH, TUYHBIA aBTOMOOWTb-
HBII 1 KeJIe3HOMOPOXHBIN TpaHcmopT. [1o-
CJIEHUIN U3-3a CUJIbHOW HEOJHOPOJHOCTHU
paccMaTpuBaeTCsl OTAEIBHO TIO TTOABUIAM:
TJIalKapT (K JaHHOM KaTeropuu TakXke OTHO-
csATCs OOIIMEe U CUISTYME BarOHbBI, 33 MCKITIO-
YyeHUeM BaroHOB B COCTaBE CKOPOCTHBIX
M1 YCKOPEHHBIX M0e370B), KyIe (TakxKe OTHO-
CHUTCSI ITACCaKMPOITOTOK B BarOHAX KATerOpuit
CB, J1I0KC 1 MSITKUIA) U CKOPOCTHbIE MOE3/1a.

1.2. YcpenH€HHBIE 3a TOAOBOI MEPUON
IapaMeTphl IEeSITeIbHOCTH BUIOB TPAHCIIOPTA
T10 TIPOTHO3UPYEMBIM KOPPECTIOHICHITUSIM 32
nepuon ¢ 2005 mo 2018 roasl: BpeMs B MyTH,
CTOMMOCTD TIpO€3/1a, YacTOTa COOOIIEeHNS,
ypOBeHb KOM(opTa TPaHCIIOPTHBIX CPENICTB
IS TIACCAXKUPOBZ.

2. ConunaabHO-3KOHOMUYECKHUE TTOKa3a-
TEeJN.

2.1. Uudopmalus o BAJIOBOM perMoHaIb-
HOM TIpoayKTe (110 cyobekTam PD).

2.2. MHdopMaiis o CTpyKType HaceaeHUs
10 TOXOAHBIM TIpyIaM 1o cyobekram PO
B COOTBETCTBMU ¢ KJaccudukanueir Poccrarta
(YMCIEHHOCTD XKUTEJIEl perMoHa ¢ JOX0IaMH1
MeHee 7 ThIC. py0., ot 7 10 10 ThIC. pyO., oT 10
1o 14 TeIC. pyo., OT 14 mo 19 THIC. pyo., oT 19
1o 27 ThIC. pyo., OT 27 10 45 THIC. pyoO., OT 45
110 60 ThIC. py0., 6oJiee 60 ThIC. pyo.).

2.3. Uudopmanysi o YUCIEHHOCTU Hace-
JIEHUST ITyHKTOB TeHEepaliy MacCaXXpoIoTo-
Ka (HaceJIEHHBIX MYHKTOB WJIM TOPOICKUX
arjaomeparuii).

M cTOYHUKOM JaHHBIX MO COIMANbHO-
9KOHOMUWYECKUM MOKa3aTeIsIM SIBISIETCS
®enepanbHas cayx0a rocygapCTBEeHHOM
cratuctuku (Poccrar).

BJ1ok mporHo3upoBaHMS IMaCCaXXUPOTIOTO-
KOB I10 MaTpuIiie KOPPECTIOHIEHITNII B pa3pe-
3¢ BUJIOB TPAHCTIOPTA, COCTOUT U3 TPEX OCHOB-
HBIX KOMITOHEHT:

* IIPOrHO3MPOBaHNE CyMMapHOTO CITpoca
Ha TaccakupcKue MepeBo3Kr BCeMU BUIaMU
TPaAHCIIOPTA 110 KOPPECIIOHIEHIINY;

* pacripeesieHre CyMMapHOTo maccaxu-
POIIOTOKA 10 BUAAM TPaHCITOPTa;

* MPOTHO3MPOBAHWE WHAYIIMPOBAHHOTO
cmpoca.

! [1py HEOOXOIMMOCTH B MOJETb MOXET OBITH JOOABIEH
J11000# Apyroii BUI/TIOABU TPAHCIIOPTA CO CBOUMM
rnapamMeTpaMu.

2 PacuéT MHTErpaJIbHOTO MHIEKCca KoMdopTa Oyaer
MPUBEIAEH HUXKE.
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CyMMapHBIi CIPOC Ha MacCaKUpCKUe
MEPEBO3KU 3aBUCUT OT psiia COLIMATbHO-
SKOHOMUYECKUX Moka3atesieit. [To pe3ynbra-
TaM MPOBEAEHHOTO (PaKTOPHOrO aHaJIU3a,
Cpelu BCeX COLMATbHO-3KOHOMMYECKUX TT0-
Ka3zaTejeil HaubOJbIIYIO KOPPEJSIUIO
C TPAaHCHOPTHOU MOABMKHOCTBIO HACEJIECHUS
pernoHa’® mpoaeMOHCTPUPOBAJ TToKa3aTelb
BaJIOBOTO perMOHaIbHOTO NMpoaykTa (= 0,88).
Ha ocHoBaHUM pPeTPOCHEKTUBHBIX JAHHBIX
ObLTa BBISIBIEHA PErPECCUOHHAs 3aBUCUMOCTh
MEXY TPAHCIIOPTHOM MOABUKHOCTBIO Hace-
seHus u BPII.

ITpu pocte BPII yBenuuuBaetcs u TpaHc-
MOPTHAs MOABUKHOCTh HACEIEHUS, CJIe0Ba-
TeJbHO, MIPU MPOUYUX PABHBIX YCIOBUSIX,
U CYMMapHBIA MaccaKMpoIoTOK Ha Koppec-
noHaeHuuu. TakuM oOpa3oM, CyMMapHBI
MacCaXupomOTOK Ha MPOTHO3UPYEMBbI TOM
MOKHO OTIPEeIUTh MO cenyolieit hopmyre:

forecast = Fcurrem * GDPA * kgdp-ﬂow * POpA’ (2)
ek,  wF__  — IpOrHO3MPYEMBIA U Cy-
LIECTBYIOLIUI CyMMapHBI MACCaKUPOIMOTOK
Ha KOPPECTIOHJEHIIUHU, YeTl.;

GDP, — npupoct BPII pernonos, coenn-
HSIEMbIX KOPPECTOHACHIIUEI;

kg dp-flow — K02 PUIIMEHT YyBCTBUTEIBHO-
CTU U3MEHEHUsI TPAHCIIOPTHON MOIABUXKHOCTU
HacesieHust K BPIT#;

Pop, — MpHUpoCT YMCIEHHOCTH HACEIEHUS
TEPPUTOPUIA, COEAUHSIEMbIX KOPPECTOHACH-
LIMEH.

ITpupoct BPII pernoHoB, coenrHsIeMbIX
KOPPECTIOHIEHIIME, PACCUUTHIBAETCS MO
caenyrouei hpopmye:

GRP, GRP,
GDP. =X fu future 2 ,
s GRP 3

current 2

el 4y o

current 1

rae GDP, — npupoct BPII pernonos Ha co-
OTBETCTBYIOILIMIA TOI;

GRPfuture 1’ GRPfuture 2 HpOrHo31/1pyeM],H71
BPII B peruone 1 u peruoHe 2;
GRPcurrem 1° GRPcUrrem 2 TEeKYLIUI BPI1

B pervoHe | u peruoHe 2;

Xn'Y — 1oau naccaxxupornoToka, reHepu-
pyeMmble peTUOHOM | ¥ perMOHOM 2.

B cayuae, eciu Hacen€HHbIE MyHKTHI
MapIIpyTa pacIoyIOXeHbI B IIpeieiax 0OJHOr0
perroHa, B pacuérax MCIIOJIb3yIOTCs TaHHBIC
TOJIBKO 110 3TOMY PETHOHY.

* KoJimuecTBO MOe3/I0K 3a TMpe/Iesibl HaceIEHHOTO TTyHK-
Ta, COBEpLIaeMOe BCEMHU BUIaMU TPAHCIIOPTa Ha Iy
HaceJleHUsI.

4 OmnpejiesisieTcst 1o pe3ysibraramM 00y4eHUst MOJIEN Ha
PETPOCIIEKTUBHBIX JAHHBIX.

AHaJIOTUYHO PACCYUTHIBAETCS TIPUPOCT
YUCJIEHHOCTH HaceJIeHUs TEPPUTOPUIA, COeT -
HSIEMBIX KOPPECITOHIEHIINE:

POpA =X POpfutuye 1 +Y e Ponu\ure 2 R (4)
opcurrem 1 Popcunenl 2

e Pop, — MpUpoCT YMCIEHHOCTH HAaCENEHNS
sTYeeK, COeNMHSIEMbIX KOPPECTIOHACHIIMEN Ha
COOTBETCTBYIOILIMI IO

Pop,...e 1» POP;y e » — TPOTHO3MPYEMAs
YUCJIEHHOCTh HAaceJIeHUs sTyeeK 1 u 2, ue.;

Pop,_, .. 1» POD_, . » — TEKYLIASA YHCIIEH-
HOCTb HaceJieHUs siueek 1 1 2, yel.;

XuY — 1oy naccaxxupornoToka, reHepu-
pyemble peTMOHOM | U permoHOM 2.

PacnpeneneHue cyMmMapHOro mporHo3u-
pPyeMOoro naccaxupoIroToKa o BuaaM TpaHC-
TopTa MPOU3BOIMTCSI HA OCHOBAaHUM COBOKYII-
HOCTU BJIMSIIOIIMX Ha BbIOOP maccaxupa ye-
TBIPEX (DAKTOPOB: BPEMEHU B ITyTU, CTOUMOCTH
npoes3aa, 4aCcTOThl COOOIIEHUS, YPOBHS
KoMmpopTa.

Kaxnprii 13 mokasareseii KOHBEPTUPYETCS
B CTOUMOCTHOE BbIpaXKeHWE U BJIMSIET Ha I0-
KaszaTeslb COBOKYITHBIX TPAHCIIOPTHBIX 3aTpaT
Ha MOe3JKY M0 TaHHOU KOPPECTIOHACHIIUU TSI
naccaxupa. CoOBOKYNHbIE TPAaHCIOPTHbIE
3aTpaThl PACCUUTHIBAIOTCS /11 KaXKIOro BUIa
(TmoaBuAa) TpaHCHOPTa OTAEILHO.

ITokazaresb COBOKYMHBIX TPAHCIIOPTHBIX
3aTpaT PacCUUTHIBAETCSI KaK CyMMa CTOMMO-
CTU Mpoe3la U CTOUMMOCTU MOTPauYeHHOTO
BPEMEHU:

TTC = Ctravel + Ctime’ (5)
rane TTC — coBoKymnHbIE TpaHCIIOPTHBIE 3a-
Tpathl, pyo.;

C, s — CTOMMOCTb IIPOE3/1a°, pyo.;

C,ne — CTOMMOCTB IOTPAYEHHOTO BPEMEHU
me

(c mompaBKoOi1 Ha ypoBeHb KOMGOopTa Moe3/1-
K1), pyo.;

Ctrave] = Ctl +NCT + Ct2’ (6)
rae C, — cpeaHeB3BelIEHHAas CTOMMOCTh
npoesna OT MyHKTa OTIIpaBIeHuUsI 10 BoK3aia/
aBTOBOK3aJ1a/a’poropTa, Ha KOTOPOM Hauu-
HAETCsI OCHOBHOM CETMEHT IMOE3AKU TaHHOU

KOppecnoHaeHLIH, pyo.;

> [TonHast CTOMMOCTB TTpoe3/a [Ulst 001IeCTBEHHOTO
TpaHcropTa (¢ y4€TOM CTOMMOCTH MPOE3/ia MEXIY BOK-
3aJ1aMK/aBTOBOK3aIaM1,/a3pOIOpTaMy U IyHKTaMU OT-
MpaBJieHWsl/Ha3HaYeHUs1), IMOO pacu€THasi CTOMMOCTb
TOE3/IKY JUTISI TUIHOTO aBTOMOOWMJILHOTO TPAHCITOpTa,
BKJIIOYao1as B cebs: 1) CToMMOoCTb 3aTpa4eHHOTO TOT-
JIUBa, 2) CTOUMOCTb TEXOOCTYKUBaHUS Ha 1 KM ripobe-
ra, YMHOXEHHYIO Ha MPOTSIKEHHOCTb KOPPECTTOHAEH-
LMK, 3) CTOMMOCTb MCITOJIb30BaHUSI MHGMPACTPYKTYPHI,
B CJTyyae, eCJiv 3a Hero B3bIMaeTcsl mJjara.
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NCT — cpenHsisi CTOMMOCTb Mpoe3aa Ha
OCHOBHOM CETMEHTE TI0e3/IKH1, pyO.;

C,, — CpeHsisi CTOMMOCTD ITPOE3/1a OT BOK-
3aj1a/aBTOBOK3ajia/a’pornopra, Ha KOTOPOM
3aKaHYMBAETCSI OCHOBHOM CETMEHT TOe3/IK!
JTAHHOI KOPPECITIOHACHITNH IO TTyHKTa Ha3Ha-
YEHMS.

CTOVMMOCTB ITOTPAYeHHOTO BPEMEHU 3aBU -
CUT OT BPEMEHMU B ITyTH, YaCTOTHI COOOIIIEHUST
(1, KaK cjeiCTBUE, CPETHETO BPEMEHU OXKU-
JIaHUsT OTIIPABJICHUS] TPAHCIIOPTHOTO Cpejl-
CTBa), a TaKxKe YPOBHS J0XOfa Taccaxupa
(paccumThIBaeTCS TS KaxK IO TPYTITIBI ITacca-
JKUPOB MO YPOBHIO 10X0A0B). TakxKe cTOU-
MOCTb TIOTPAY€HHOTO BPEMEHU KOPPEKTUPY-
€TCsl Ha YPOBEeHb NMCKOMMbOpPTa, KOTOPHIA
WCTIBITBIBAET MMAcCaxkup BO BpeMsI TOE3IKU
MIPY MCTIOJIb30BAHUM OTIPEACIEHHOTO BUIA
(rmoaBMaa) TpaHCHOPTA U MPU OTIPENEIEHHOM
MPOIOJKATETHHOCTH TTOE3/TKH.

PaccuunTbiBaeTCs CTOMMOCTH ITOTPAYeHHO-
ro BpeMeHU 1o ciieyioleit popmyiie:

C,.= (T . * K  TA/Fr) s (1-K)) * 1,7
rae C,  — CTOMMOCTb IOTPAYE€HHOTO BPEMEHU
(c mompaBKoif Ha ypoBeHb KoMpopTa 1moe3-

Ku), pyo.;

T, . — CPeaHee BpeMs B IyTH Maccaxupa
OT TTyHKTa OTIPaBJICHUs JIO TYHKTa IMPUObI-
THSI, MAH;

K, .; — K02 OUIMEHT TrucKoMdopTa mo-
€31IKU;

Fr — yacrora cooO1eHus (Yucao percon
B CYTKHU), €/1.;

K, — K02 HUUMEHT 21aCTUHIHOCTH K Yac-
TOTE COOOIIEHU®;

I, — cpennas croumocth yaca paboyero
BpPEMEHMU JUTS TTaccaxupa ¢ ornpeaeeHHON
KaTeropuen 10X010B.

Bpewmst B iyt Ha KOppeCIIOHACHITUY CKJla-
JIBIBAETCS M3 HECKOJIBKMX CETMEHTOB TTOE3KU:
Ttravel =Tll + Twailing +NTT + TIZ’ (8)
rae T, — BpeMs B IIyTH MacCaXXupa OT MyHK-
Ta OTIPaBJICHUS JI0 TIYHKTA MPUOBITHS, MUH;

T, — cpeanee Bpems B IYTU OT IyHKTa
OTIIPaBJICHUS 10 BOK3aJIa/aBTOBOK3ajla,/a3po-
mopra, Ha KOTOPOM HauyMHAETCS OCHOBHOM
CETMEHT MOe3KU JaHHOI KOPPECTIOHACHITNH,
MWH,;

waiting — CPCIHEE BPEMSI, 3aKJIa[IIBACMOC
maccaxMpoMm Ha TIepecajkKu Ipu CMEHE BUIIOB
TpPaHCITOPTa B XOIE MOE3IK1, MUH;

¢ OripeiesisieTcst 1Mo pe3ysibrataM 00y4eHUs] MOJIEN I Ha
PETPOCIIEKTUBHBIX JAHHBIX.
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NTT — urcToe BpeMs MOEe3AKU Ha OCHOB-
HOM CeTMEHTE, MUH;

T, — cpennee BpeMs B IyTH OT BOK3aJa/
aBTOBOK3aJ1a/a3poIiopTa MPUOBITHS 10 IyHK-
Ta Ha3HAYEHUS, MUH.

ITyHkTOM OTIIpaBieHUs U MyHKTOM Ha3Ha-
YEHUSI JUTsI TEPPUTOPUATIBHON STYSKU STBIISI-
€TCsI FEOMETPUYECKUI LIEHTP CUCTEMBI pacce-
JICHUS STYCHKU.

KoaddpuimeHT kompopra noe3nku 3aBUCUT
OT YPOBHSI KOM(OpPTa CaMOro TPaHCIIOPTHOTO
cpeacTBa U KoadduuureHTa 3J1aCTUYHOCTHU
K ypoBHI0 KoMdopta’. KoadbduimeHT kombop-
Ta OTPEAENISIeTCS U1 KaKIOro BUIa TPAaHCTIOpTa
unpuoodperaet 3HaYeHus1 oT 0 10 1. Ero 3HaueHue
PaCCUMTHIBAETCS HA OCHOBAHUU PE3YyJIbTaTOB
COLIMOJIOTMYECKUX UCCIeTOBAHUI MTacCakUpOB
Ha TpeaMeT KOM(bOPTHOCTU MOE3AKU TIPU UC-
MOJIb30BAaHUU PA3TUYHBIX BUIOB TPAHCIIOPTA.

CpenHsisi CTOMMOCTb Yaca paboyero Bpeme-
HU 3aBUCHUT OT CPETHEMECSIYHOTO YPOBHS J10-
Xofa MaccaXupa JaHHOM IpyMiibl HACEIEHUS

N CPEAHECTO KOJINYCCTBA paﬁO‘II/IX YJaCcoOB BTOIY:

- _L
L= g ©)

8
12
rae 1, —cpenHeMecsYHbli 10X01 maccaxupa

OIpeIeIEHHOM TPYIIITbI HACEICHUS 10 YPOB-
HIO A0Xo0aa, pyo.;

247 — cpenHee yucsio paboumnXx THEN B ro-
ny;

12 — yKncno MecsLEeB B TOAY;

8 — cpenHee yncao0 pabouunx 4acoB B padbo-
YyeM JIHE.

Ha cienyloiem sTare paccuuThIBaeTCs
OTHOIIIEHUE ITOKA3aTeIsl COBOKYITHBIX TPAHC-
MOPTHBIX 3aTpaT Ha JaHHOM BUJIE TPAHCIIOPTa
K MMHMMAaJbHOMY IOKa3aTelll0 Cpeau BCeX
BMJIOB TPAHCIIOPTA:

Ky =TTC,/TTC , , (10)
rae K. — K0o(hOULMEHT OTHOILEHUS COBO-
KYITHBIX TPAHCIIOPTHBIX 3aTpaT [JIsl JaHHOTO
BUJIa TPAHCIIOPTa K MUHUMAaJbHOMY 3Haye-
HUIO CPEIM BCeX BUIOB TPAHCIIOPTA;

TTC,— COBOKYITHbBIE TPAHCIIOPTHBIE 3aTpa-
ThI JUIsI JAHHOT'O BUIa TpAaHCIOpTa, pyo.;

TTC . — MUHMMAaJbHOE 3HAYEHUE COBO-
KYIMHBIX TPAHCIIOPTHBIX 3aTpaT CPeIMr BCEX
BUJIOB TPAHCIIOPTA ISl JAaHHOM KOPPECIOH-
JIeHLIMU, PYO.

7 OmpenensieTcs Mo pe3y/abraraM 00yJdeHUs MOIETN Ha
PETPOCTIEKTUBHBIX TAHHBIX [UTST KaXKI0T0 BUIA TPAHC-
[OpTa U KOPPECTTOHICHIINH.
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KoadduimeHT BepossTHOCTU BbIOOpA BU-
Jla TPAHCTIOPTA PACCUUTHIBACTCS CJEAYIOLINM
obpasoMm:
1
K —

r Kettc 2
KTI'C

3]

rae Kp — K03 dUIIMEHT BEpOSITHOCTY BbIOOpA
BUJIa TPAHCIOPTA;

K. . — K0o(hHUIMeHT 31aCTUIHOCTH Mac-
CaXXMPOITOTOKA K M3MEHEHUIO COBOKYIHBIX
TPaHCITOPTHBIX 3aTpat®.

B cootBercTBIM C KOO PULITEHTOM BEPO-
SITHOCTH BBIOOpA BUJIa TPAaHCIOPTA pacipe/e-
JISIETCSI CYMMAapHBbIM MPOTHO3UPYEMBbIH nmacca-

JKUPOTOTOK:

—=—2>—-F
i n forecast »
2 :i= K,

rae F, — nporHosupyemblii maccaxmponoTok
Ha IaHHOM BHJIe TPAHCTIOPTa, Yel.;

Kp — K03 GUILIUEHT BEPOSITHOCTU BbIOOpa

BHJIa TPAHCIIOPTA;
torecass — TIPOTHO3UPYEMBII CyMMapHBIii
acCaXkXMpPOIOTOK Ha KOPPECTIOHICHIIUM, YelT.

Taxum ob6pazoM, TS Kaxkmnoro Buaa (moj-
BHJIa) TPAHCTIOPTa HAXOAMUTCSI TTPOTHO3UPYE-
MO€ 3HaUeHME MacCaXKMPOIOTOKa Ha KOppec-
TTOHJCHIINH.

Ecnu kakue-1160 mapaMeTpbl BUIOB TPaHC-
TopTa U3MEHSIIOTCS C TeYeHUEM BPEMEHH,
Cpe/THEeB3BEIIICHHBIE COBOKYITHBIE TPAHCITOPT-
HBIE 3aTpaThl TaKKe M3MeHsITCs. B ciydae, ecnu
COBOKYITHBIE TPAHCITOPTHBIE 3aTPATHI B PE3YJTb-
TaTe U3MEHEHWI TapaMeTPOB BPEMEHHU B TTYTH,
CTOMMOCTHU TIPO€3/1a, YaCTOThI COOOIIEeHUS
U YpOBHSI KOM(opTa CHUXKAIOTCS, BO3HUKAET
WHIYLMPOBAHHBIN CITPOC (TIacCaKMphbl HAUMHA-
0T COBEpIIIATh MOE3/IKK Yallie, MO0 HAYMHAIOT
COBEPIIIATh MOE3IKH TE JTIO/IN, KTO PAHbIIIEe BOBCE
He COBepIIaj Moe30K Ha TAHHOW KOPPeCITOH-
neHimn). B cydae eciim COBOKYIHBIE TpaHC-
TIOPTHBIE 3aTPaThl BO3PACTAIOT, BO3HUKAET 00-
paTHasi cuTyauus (Crpoc cHxKaeTcs ). B obiem
Buae opmysa pacu€Ta MHAYLIUPOBAHHOTO
CITpOCa BBITJISIIUAT CIIEMYIONIMM 00pa3oM:

(12)

K,
TTC e
F,=F of | e | -1,
ind Jorecast [TTCmade[ J (13)
rae F. . — mporHo3upyeMblii MHAYLIMPOBAH-

ind
HBIH CIIPOC, Y€,
TTC,, . — cpeaHeB3BELIEHHbIE COBOKYII-

HBIC TPAHCIIOPTHBIE 3aTPATHI ITPH CYIICCTBYIO-
IIMX TapaMeTpax BUIOB TPaHCIIOPTa, Pyo.;

$ OnipeesisieTcs 1Mo pe3yJibrataM 00ydeHMsl MOJIENIU Ha
PETPOCIEKTUBHBIX JAHHBIX.

TTC ., — CPEAHEB3BEIIEHHBIE COBOKYII-
HbI€ TPAHCTIOPTHBIE 3aTPaThl MPU MOJEIUPYE-
MBIX ITapaMeTpax BUIOB TpaHCHOPTa, Pyo.;

K, — KO3 OUIMEHT 21aCTUIHOCTH K CO-
BOKYITHBIM TPAaHCIOPTHBIM 3aTpaTaM.

OOBEM MPOTHO3UPYEMOTO UHIYLIMPOBAH-
HOTO CITpoca CyMMUpYeTcsl ¢ 6a30BBIM MPO-
THO3UPYEMBIM MacCaKUPOMOTOKOM Ha TOM
BUJI€ TPAHCIOPTA, 32 CYET KOTOPOTO MPOU30-
1IJIO CHUXKEHWE COBOKYMHBIX TPAHCHOPTHBIX
3aTpar 151 JaHHOI KoppecnoHaeHIMU. JlaH-
Hasl BeJIMYMHA U OyIEeT SBASTHCS UTOTOBBIM
00BEMOM MPOTHO3UPYEMOTO MACCAXUPOTIO-
TOKAa Ha JAHHOM BUJE TpaHCHOpPTa U KOppe-
CTIOH/ICHLINU.

PE3YJIbTATbl UCCJIEOOBAHUA
BrImeonucanHas MeToIMKa IIPOrHO3UPO-
BaHUS TacCaXXMPOITOTOKAa NMPUMEHSIACh
B HAyIHO-MCCJICIOBAaTEIbCKIX paboTaxX, CBSI-
3aHHBIX C pa3pabOTKON KPYIMHBIX WHbpa-
CTPYKTYPHBIX IIPOEKTOB, B YACTHOCTH, BEICO-
KOCKOPOCTHBIX 3KeJI€3HOIOPOKHBIX MaTMCTPa-
neit MockBa—HwuxHuit Hosropon nu Mo-
ckBa—Cankr-IleTepOypr, MepCIeKTUBHOM
CEeTU CKOPOCTHBIX aBTOMOOMILHBIX 1opoT ['K
«ABTonmOp». Cpeir YaCTUYHO pPeaIM30BaHHBIX
K HACTOSITIIEMY MOMEHTY TPaHCITOPTHBIX ITPO-
€KTOB, B ITpoI1iecce ITpopadbOTKU OTTMPaBIINX-
CsI Ha OCYIIECTBIIEHHBIH 110 JaHHOU METOIMKE
TIPOTHO3, CICAYET YIOMSIHYTh MapIIpyTHYIO
CeTh CKOPOCTHBIX JIEKTPONoe310B «JlacTou-
Ka». CKOpOCTHEIE 3JIeKTporioe3na «Jlactouka»
Ha3HAYaIOTCs HAa MEXXIYTOPOTHIE MapIIIPYThHI
Ha cett OAO «P2K» ¢ 2012 roma. B 2014 ro-
ny OO0 «lIBU»° BBHIMOJHUIO HAyYHO-
HCCJICIOBATEILCKYIO paboTy Mo pa3paboTKe
TUTaHAa IT0 Pa3BUTUIO MapIIPYTHOI CETH ITOe3-
noB «JlacTouka», B paMKax KOTOpOil ObLI
cIeaH MPOTHO3 MacCakMPOITOTOKA IO TIep-
CIIEKTHUBHBIM MapIIpyTaM CKOPOCTHBIX ITOE3-
noB Ha mepuoj 10 2035 rona B pa3pese Koppe-
CIIOHJEHIINIA «CTAHIIMS—CTaHIIAST».
PaccMmoTpuM IporHo3HbIe 1 (DaKTUIeCKIe
3Ha4YeHMs maccaxkuponoToka Ha 2018 rox mmo
TJIABHBIM KOPPECITOHAEHIINIM YeThIPEX
MapIIpyTOB CKOPOCTHOTO COOOIIICHMST, KOTO-
pblc OBLTA BBEICHBI B OKCILTyaTallio C MaK-
CAMAaJTbHO OJIM3KMMU K UCTIOJIb30BAHHBIM ITIPU
TIPOTHO3MPOBAHNY TapaMeTpaM COOOIIIEHNUS.
H7s1 ocyIIecTBICHUS TIPOTHO3a TTacCakmpo-

2 O0I1LECTBO C OrPAaHUYEHHOM OTBETCTBEHHOCTHIO
«entp DkoHoMuku MHOpacTpyKTyphI».
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Ta0imuna 1

IIpenmonaraembie mapamerpsl coodmenns Ha 2018 roa, uCmoIb30BaHHBIE B KAY€CTBE BBOIHBIX
JAHHBIX I MOJAETMPOBAHHUA NACCAZKUPONMOTOKA

Koppecnonnenimst Bup coobuieHust CronmocTh Bpewms B mytH, | Yactora cooOrieHus,
npoesna, pyo. 4acoB peiicoB B CYTKU

MockBa—Kypck TTnauxapt 1324 7,2 10,3

Kymne 2444 7,2 9,3

JlacTouka 982 5,7 2,0

ABTOOYC 850 9,0 3,3

JINuHBIIT aBTOMOOUITH 1208 6,7 HeorpanuuenHnast
MockBa—Opén IMnaukapt 1179 5,3 11,3

Kyrme 1861 5,3 9,3

Jlactouka 697 4,1 4,0

ABTOOYC 650 6,5 10,0

JInaHbIit aBTOMOOWITB 936 4,5 HeorpannuenHnast
MockBa—CMouieHCK ITnauxapt 950 5,8 7,0

Kyne 1652 5,8 7,0

JlacTouka 900 4,1 3,0

ABTOOYC 900 6,5 34,0

JIM4HbIiT aBTOMOOWITL 1082 4,8 HeorpanuueHHast
MockBa—TBepb TTnaukapt 722 2,2 8,0

Kyme 1018 2,2 8,0

Jlactouka 510 1,7 12,0

TIpuropomHebIii TToe311 390 3,0 7,0

JINuHBIIT aBTOMOOUITH 447 2,6 HeorpanuuenHnast

M cTOYHUK: cOCTaBIEHO aBTOpaMMu.

TOTOKA JIJIST UCCTIeTyeMbIX KOPPECTIOHIEHITU I
ObUTa coOpaHa 0a3a TaHHBIX MAPAMETPOB CY-
IIECTBYIONIMX BUIIOB TPAHCIIOPTA W 3aaHbl
MEePCIEeKTUBHBIE TTapaMETPbl CKOPOCTHOTO
JKEIe3HOIOPOXKHOTO COOOIICHNSI.

Tabnuua 2 conepXuT MPOTrHO3HBIE U (hak-
TUYEeCKNEe 3HAYEeHUS MacCcaXupornoToka,
00CITy’)KMBa€MOTO CKOPOCTHBIMU TIOE3MaMU
«JlacTouka» 1Mo TIaBHBIM KOPPECTIOHIEHIIN -
SIM BBITIIEYKa3aHHBIX MapuIpyToB. PakTuye-
CKUU TAaCCaXUPOMOTOK OTKIOHSIETCS OT
caenanHoro B pamkax HUP nporHosa He
6ojee yem Ha 5 %.

OBCY)XXOAEHUE PE3YJIbTATOB

W3 pe3ynsraToB IPOrHO3UPOBAHUS CIICY-
€T, UTO CKOPOCTHBIE TToe3na «JlacTouka» Ha
HCCIIeIyeMBIX KoppecTioHaeHIMsIX K 2018 ro-
Iy TOJKHBI OBUTH 3aHATH OT 25 10 50 % phIH-
Ka TaccaXkUpCcKUX MepeBO30K, UTO (paKTUIe-
cK# ¥ Tipon3onnio. [ToMuMo 3HAYUTETLHBIX
TIEPEKITIOUEHU TTacCaXKUPOB C aJIETEPHATUB-
HBIX BUIOB TPAaHCIIOPTA, BAXKHBIM MCTOYHMU-
KOM TTacCaxkUpONOTOKa CTajl CYIIeCTBEHHBIN
WHOIYLIMPOBAHHBIN CIIPOC Ha IToe3nKu: oT 10
1o 15 % maccaxupos noe3noB «Jlacrouka»
BOOOIIe HE COBEPIIMIN OBl CBOIO ITOE3IKY
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Ta6mmma 2
IIpornosnbie u (pakTHYECKHE 3HAYEHUS
naccaxuponoroka 3a 2018 rox

KoppecnonneHus 2018 2018
(TIporHo3) (caxr)
MockBa—CMoJeHCK 342359 356426
MockBa—Kypck 311173 327171
Mocksa—Open 417989 434179
MockBa—TBepb 2292005 2407 746

VICTOYHUK: COCTaBJIEHO aBTOPAMU.

B CJIydae OTCYTCTBUSI CKOPOCTHOTO KeJIE3HO-
JIOPOKHOTO COOOIIEHUS.

B cuty MHTEHCMBHOCTHU J€JI0OBBIX U KYJIb-
TYPHO-OBITOBBIX CBSI3€i 1 BHICOKMX CTOJIMY-
HBIX IOXOIOB HACEJIeHMST Ha KOPPECIIOHIEH -
LMSIX MexXny MOCKBOI U COCEIHUMU PETHUO-
HaMU CYILIECTBYET BEICOKUI CITPOC Ha «yTPEH -
HUE» WU «BeYEPHUE» TTOE3IKU, TPOXOISIIE
0e3 moTepy HOYM WJIM AHS Ha mopory. Ilac-
CaxXMphbl, COBEpIIAIOIINE TaKUe IMOE3IKH,
KpaiiHe 4yBCTBUTEIbHBI KO BDEMEHU B IIYTH.
3amyck moe3noB «JlacToyka» B coueTaHUU
C UX YIOOHBIM BpEMEHEM OTIIpPaBICHUS
W TIPUOBITUS ITO3BOJIUII CAEIAaTh BO3MOXHBI -
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MockBa—-Opén

Puc. 1. @akTu4eckas CTPYKTypa naccaxupornoroka Ha koppecrnoHaeHunn Mocksa—Kypck n Mocksa—Opén,
2018r., Teic. naccaxupos. MICTOYHNK: COCTaBJIEHO aBTOpaMu.

MockBa—CMmoneHck & [Imaukapt

Kyme

moe3T
H JlacTouka

& ABTOOYC

8 JInuHbIi

I [TpuropoaHbIi

aBTOMOOWIIb

Mocksa—-Tsepb

Puc. 2. @akTtn4eckas CTpyKTypa naccaxupornoroka Ha koppecrnoHgaeHumn Mocksa—CmoneHck n MockBsa—TBeepsb,
2018 r., Tbic. naccaxupoB. UICTOYHUK: COCTaB/IeHO aBTOPaMMU.

MM Takue noe3aku B MockBy n3 CMoJIeHCKa,
Opna u Kypcka 1 cylecTBeHHO yIIPOCTHI
BO3MOXHOCTb COBEPIICHUST TAKUX MOE3I0K
u3 Teepu.

[lepeknoYeHUST MaccaXXupoB Ha CKO-
POCTHBIEC T10€3/1a OCYIIECTBIISIIUCH CO BCEX
aJIbTepHATUBHBIX BUIOB TPAHCIIOPTA, BKJIIO-
yasl JIMYHBIA aBTOMOOWIbHBIN. Ha mepBbIx
TPEX KOPPECMOHASHIIUSAX HAUOOIbIINI OT-
TOK TacCaXXUpOB OLIYTHJIM aBTOOYCHBII
U TPaAMIIMOHHBIN XeJIe3HOM0POXHBII
(nnaukapT) TpaHcnopT. Ha koppecnoHaeH-
uuu MockBa—TBepb OCHOBHOI 0a3oii mJist
MepeKITI0YEeHUST MaccaXupoB Ha Ioe3jaa
«JlacTouka» MOCHYXUJIU KJIacCUYeCKUe
MIPUTOPOIHBIE BJIEKTPOIIOe31a — B Pe3yJib-
TaTe 3a1ycka CKOPOCTHOTO COOOIIEHUSI OHU
notepsian okosio 90 % romoBoro maccaxu-
pPOIIOTOKA.

JlaHHBII TPOTHO3 HE MOT OBITh KOPPEKT-
HO OCYIIECTBJIEH C IMTOMOIIBIO MOJEIN TUC-

KPETHOTO BhIOOpA BMIa TPAaHCIIOPTa, OCHO-
BaHHOI Ha PEerpecCUOHHON PeTPOCIEKTHUB-
HOI 3aBUCUMOCTY U3MEHEHUS TTacCaXupo-
MOTOKAa OT U3MEHEHMSI IMapaMeTpOB
COOOIIEHUsI, TTIOTOMY YTO B TAHHOM CJiy4yae
MOJIEJIMPYETCS CIIPOC Ha NMPUHIIUITUATBHO
HOBYIO TpaHCIIOPTHYIO yciyTy. [Toe3na «Jla-
CTOYKa» CJIEAYIOT IO BBIIIETIEPEYMCIACHHBIM
MapIlIpyTaM 3HauYUTeJIbHO OBbICTPEE ajlbTep-
HAaTUMBHBIX BUJIOB TPaHCIOPTa, IPU 3TOM
obOecreynBaeTCss KOHKYPEHTOCTIOCOOHAs
CTOUMOCTD npoesaa (Ttadu. 1). Kpome Toro,
noe3a «JlacTouka» XxapaKTepu3yIoTcst 6oJiee
BBICOKMM YPOBHEM KOM(OPTa OTHOCHUTEIIb-
HO KOHKYPHMPYIOIIUX C HUMU aBTOOYCOB
M TPAIUIIMOHHOTO XeJIe3HOIOPOKHOTO CO-
obO1eHus1. ba3bl JaHHBIX 11T KOPPEKTHOTO
00y4YeHUs perpeCCUOHHOI MOJIENIH, C ITIOMO-
IO KOTOPOI MOXKHO OBLIO OBl CIPOTHO3M -
poBaTh CIpoc Ha moesaa «JlacTouka» Ha
MOMEHT OCYIIIECTBJICHUsI ITPOTHO3a He ObLIO,
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MMOCKOJIbKY B PETPOCTIEKTHBE MOMTOOHBIX
HOBOBBeJeHUI ObLIO o4YeHb Majo. boiee
TOTO, B 3aBUCUMOCTH OT THITa KOPPECITOH-
JEHIIMY U CTETIeH! Pa3BUTHSI KOHKYPEHIIUU
C IPYTMMU BUJAMU COOOIIEHUS, ONMHAKO-
BBbIE UI3MEHEHMSI ITapaMeTPOB MOTYT TIPUBE -
CTU K Pa3TUIHBIM U3MEHEHUSM CTPYKTYPbI
U CyMMapHOro ob6bE€Ma maccaxxupomnoToka.
Hanmpumep, cokpaiieHue BpeMEeHU CJIeI0-
BaHUsI HouHoro moes3ga ¢ 10 go 7,5 yacos
(Ha 25 %) BBI30BET MEHBIIIUIA TPUPOCT Tac-
CaXMPOTIOTOKA, HEXEIN COKpAIIeHUE Bpe-
MEHM CJIEOBaHMSI THEBHOTO IKCIpecca ¢ 4
1o 3 yacoB (Ha Te ke 25 %), moTOMY 4TO
CTOMMOCTb BPEMEHH Yy TTaccakupa HOUHOTO
moesaa HUXe, 4eM y Taccaxupa JTHEBHOTO
aKcrpecca. DTO HEBO3MOXKHO CIIPOTHO3U-
poBaTh 0e3 yuyéTa TaKoro napamerpa, Kak
CTOMMOCTD €IMHUIILI BpEMEHU Taccaxkupa.

SAKJIKOMEHUE

IIpennoxeHHas BBIIIE METOAUKA TIPO-
THO3UPOBAHUS TTaCCaXKNPOIOTOKOB COBITA-
Jnaet ¢ Haubosiee pacnpoCTpaHEHHBIMU
MaTeMaTUYeCKUMU TOIXOJAaMM, OCHOBAH-
HBIMU Ha PETPECCUOHHOM aHaTIU3e TMHAMM -
YECKHUX PSIJIOB, B 00JIACTH TTIPOTHO3UPOBAHUS
CyMMapHOTo crpoca Ha noe3aku. OgHako
paccMaTpuUBaeMblil MTOAXO OTJIUYAETCS
OoJiplleli TPO3PAYHOCTBIO B YaCTU pacuéra
pacrpeesieHus accakupoB MeXX1y BUTaMU
TpaHcnopTa. [IpenMyiecTBOM MpeaToXeH-
HOTO MeTojia SIBJSIeTCS KOJTUYECTBEHHOE
BbIpaXKeHUE MapaMeTPOB COOOIIEHUS Yepes
WTOTOBBIE 3aTPAThI HA TTOE3AKY 15T nrude-
PEHIIMPOBAHHBIX TPYII TTaccaxkupoB. Mo-
JieJib pacpeessieT MaccaXupornoTok He 1Mo
pe3yabTaTaM OOy4eHUsT Ha PETPOCIICKTUB-
HBIX JaHHBIX, 8 HA OCHOBAaHUY COBOKYITHBIX
TPAHCITOPTHBIX 3aTpaT MacCaXXMpPoB Ha T0-
€31Ky. DTO Mo3BOJIsIeT ¢ Oojiee BHICOKON
TOYHOCTHIO MOJIEJIMPOBATh U3MEHEHUSI TMa-
paMeTpoB COOOILIEHUSI, HE UMEIOLIMe aHa-
JI0TOB B peTpocriekTuse. [IporHo3 naccaxmu-
POITOTOKA JIJIsT HOBBIX MapIIpyTOB CKOPOCT-
HbIX moe310B «JlacTouka» mokasal, uTo
YYBCTBUTEJBHOCTH MacCaXMpoOMmoToKa
K U3BMEHEHUIO BpEMEHHU B ITyTU U KOM(OPT-
HOCTH TOE3JKA MOTYT OBITh Pa3JINYHBIMHU,
B 3aBUCUMOCTHU OT MaciiTaba M3MeHEeHUN
JMIaHHBIX IMapaMeTPOB, MOCKOJbKY TpaHC-
TMOPTHOE TIOBEJIEeHNE Pa3HbIX TPYIII Tacca-
KMPOB OIpPENesIOT pa3Hble MmapaMeTphbl
cooOieHus1. B yacTHOCTH, TPAMOTHBI YUET

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 74-92 (2020)

CTOMMOCTH BPEMEHU MacCaXKMPOB TTO3BOJIMIT
BBISIBUTH Ha dTare MpOTHO3MPOBaHUS Tac-
CaXXMPOIOTOKA «CKPBITBIM MOTEHIIMAI»
CKOPOCTHOTO COOOIIeHNsI, HE YYUTHIBAaeMBIi
TPU UCTIOJIb30BAaHUY PETPECCUOHHO-aHAIM -
TUYECKOro moaxoja. [JTaBHBIM HeJJOCTaTKOM
npeajgaraeMoil METOOMKU SIBJISIETCS HEIO0-
YUET MppallMOHAJIBHOCTH TTOBEICHUS TOTPEe-
outeneit. Te i MHBIC BUIBI TPAHCIIOPTA Ha
onpeaeaéHHBIX KOPPECIOHACHIINIX MOTYT
OBITh KOHOMMYECKU HEOOOCHOBAHHO TIO-
MYJSPHBI WK, HA00OPOT, HE TOMYJISIPHBI,
B CUJIy MEHTaJIbHBIX OCOOCHHOCTEM Mmacca-
XKHUPOB (HaIIpuMep, IIPUBBIYKH ITOJIb30BaTh-
cs1 OTIpeIeIEHHBIM BUJIOM TPAHCITOPTA).
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ABSTRACT

The article is devoted to methodological features of
forecasting intercity passenger flows under the conditions of
transformation of the transport system of Russia, namely, the
emergence of a new type of rail transport which is high-speed
rail. The objective of the article is to present the authors’
methodology for forecasting passenger flows and to prove its
higher efficiency relative to the methods used in Russia today.
The article considers the historical aspect of forecasting
passenger flows, analyzes strengths and weaknesses of
existing approaches to forecasting and modelling passenger
flows. The authors argue that it is impossible to simulate the
number of trips with changes in transportation parameters only
on the basis of patterns identified by retrospective data series
(the most common approach to forecasting passenger flows
in Russia).

The article proposes an alternative methodology based
on the calculation of passenger’s total costs of a trip, which
depend on cost of travel, loss of time, frequency of departure
of vehicles and their comfort, as well as considering the

dynamics of key social-economic indicators. The technique
allows minimizing measurement errors arising from the lack of
primary information about some types of passenger transport,
as well as calculating the induced demand for trips arising as
aresult ofimproved transportation characteristics. The authors
identified and expressed in quantitative terms the main factors
of redistribution of passenger flows to newly introduced types
of transport.

The article discusses the experience of forecasting
passenger flow according to the proposed method at the
example of four itineraries where movement of high-speed
trains of Lastochka type started. The forecasted results are
compared with the actual volumes of transportation, on the
basis of which conclusions are drawn about the effectiveness
of the forecasting method and its applicability in modern
realities of the Russian transport system. The advantages and
disadvantages of the proposed approach to forecasting
passenger traffic, as well as the possibilities of its
implementation and further development in Russia are
identified.
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Introduction and statement of the research
problem

Modern approaches to forecasting long-
distance passenger flows are based mainly on
mathematical models with multivariate
regression dependencies.

Modern mathematical models for
forecasting passenger flows, for the most part,
are based on the classical four-stage model
[1]. This approach, first used in the 1950s,
allows getting a picture of passenger flow
distribution over the network based on input
prerequisites for generating travel demand and
parameters of the transport system. Modelling
is carried out in four stages:

1) identification of the points of generation
and attraction of trips and their potential;

2) distribution of trips over the network;

3) selection of a mode of transport;

4) compilation of the zonal interchange
(trip distribution) matrix «Pointi—Pointj» with
the absolute value of the passenger flow for each
of the modes of transport available for trips.

The distribution of the number of trips
between the points of generation and attraction
along routes and by modes of transport in the
classical four-stage model are carried out
according to the principle of minimizing
transport costs and considering restraints of
transit capacity of the infrastructure. That is,
the passenger travelling from Point 1 to Point 2
will choose the shortest route and the cheapest
mode of transport by the total transport costs
until the capacity limit for this route and mode
of transport is reached.

Further development of this concept of
forecasting passenger flow was directed
towards avoiding a formalized rational
justification for a passenger’s choice of a route
or a mode of transport. The thesis of
irrationality of the consumer behaviour has
influenced the transformation of modelling
algorithms. So, at the stage of distribution of
trips by modes of transport and routes, it was
not differentiation of the total cost of the trip
that was taken into account, but differentiation
of subjective significance of transportation
parameters, determined on the basis of the
regression dependence of the passenger flow
on transportation parameters by a mode of
transport and route within retrospective time
series.

To solve the problems of modelling a
passenger flow for the trip «Point 1—Point 2»,

models of analysis of time series ARMA
(autoregressive moving average) and ARIMA
(autoregressive integrated moving average,
Box—Jenkins model), mathematically
representing a generalization of the auto-
regression model and the moving average
model, have become very popular [2; 3].

In the framework of the approach based
on the regression analysis of time series, the
forecast of the passenger flow for the trip
«Point 1—Point 2» in the case of introducing
a new mode of transport (or changing the
parameters of an existing one) is carried out
as follows.

At the first stage, the total travel demand
is estimated, which is determined by the
characteristics of population mobility. The
forecast of the total demand for travel between
«Point 1—Point 2» is based on regression
dependence of retrospective data of the
passenger flow on the social-economic and
demographic parameters of the departure and
arrival points.

At the second stage, a forecast is made for
switching passenger traffic to a new mode
(type) of transport. The classic tool for
calculating switching is currently a model of
discrete choice of a mode of transport. The
principle of its operation is to use the revealed
dependence of the passenger flow change on
the change in transportation parameters. In
other words, the model «learns» the reaction
of demand for trips by various modes of
transport to retrospective changes in travel
time, cost of travel, transit frequency and
comfort. Thus, the passenger flow elasticity is
revealed by its sensitivity to the aforementioned
parameters, which in case of their change
determines the rate of passengers who switch
to a new type of transport.

An alternative approach using the method
of balance of generalized transport costs is
currently used mainly as a corrective
complement to the methods of regression
analysis. However, in some cases, especially
when forecasting the passenger flow for a
fundamentally new type of traffic, this method
plays a leading role. For example, the national
company of French railways SNCF uses the
method of balancing the generalized costs in
forecasting passenger traffic switching to
commissioned high-speed lines [4]. Optimal
transit mode is determined for each individual
passenger and for a specific trip. The optimality
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criterion is the minimum value of generalized
costs, which is calculated by the formula:
C +P )+ he (T ) (1)

g (Pjoumey access journey access

where Cg — generalized costs;

ourney — COSE of the main trip, rub.;

ceess — COst Of auxiliary trips (to access the
main transport), rub.;

Tjoumey — time of the main trip, min;

oo — time of auxiliary trips, min;

h — time cost, rub.

Consequently, the newly introduced high-
speed rail will attract the number of passengers
for which it will turn out to be the most
advantageous mode of transport in terms of
generalized costs.

A separate stage in modelling the passenger
flow change is the forecast of induced
(or deinduced) demand for trips caused by a
change in transport accessibility of Point 1 and
Point 2 relative to each other. The change in
total travel demand in this case is calculated
according to the law of gravity, where the mass
of respective Points 1 and 2 is the volume of
effective demand concentrated in them, and
the distance between them is the weighted
average generalized (monetary and time) travel
costs before and after simulated changes [5].

Speaking about the main problems of using
generally accepted international approaches to
modelling and forecasting intercity passenger
flows [e.g. 6—9] in Russia, it is necessary to note
the extremely high heterogencity in
development of infrastructure, the solvency of
the population and, as a consequence, transport
behaviour of residents. Therefore, the use of
uniform sensitivity coefficients to measure
changes in the parameters of modes of transport
(primarily travel time, cost of travel, transit
frequency, comfort level) for the entire territory
of Russia is incorrect. It is at least necessary to
cluster trips between different origin and
destination points and calculate the sensitivity
of the passenger flow to these indicators
individually and there should be a lot of clusters
in order to minimize the error. However, the
more clusters are distinguished, the smaller
becomes the training sample of trips’ origin and
destination points in each of them. In this
regard, the methods for assessing the switching
of passenger flows between modes of transport,
based on the discrete choice model, may give
incorrect results if the specified forecasted
parameters of the modes of transport are

beyond the range observed in the retrospective
data.

Most of the models used in foreign countries
for forecasting passenger flows are extremely
demanding on quality of initial statistical data
that are laid therein, and on the value of time
series by which regression dependencies are
determined. Unfortunately, in Russia, the
advantage of using methodically more complex
algorithms is offset by the fact that the volume
and quality of the source data is significantly
inferior to the statistical data of most European
countries, the USA or Japan.

In Russia, reliable statistical information in
the context of trips between specific origin and
destination points (pairs of settlements) is only
available for air and railway transport, which,
unfortunately, is not enough to make a correct
forecast of total transport demand. Information
on bus transport is available only for a limited
set of of origin and destination points, moreover,
despite the fight against illegal carriers, in most
regions the share of informal transportation in
the structure of passenger flow is still high.

The assessment of passenger flows generated
by private cars is a separate methodically
difficult task, and official statistics on private
car passenger traffic, even at the inter-regional
level, do not exist. Thus, to completely assess
the existing passenger flow, one has to resort to
the use of sociological survey methods and
large-scale field observations. Incorrect data
on just one route in the training set can
significantly distort the forecasting results.

Under these conditions, the use of simpler
and more transparent algorithms, where at each
stage of the calculations it is possible to evaluate
the intermediate result (having physical
meaning), gives an even more accurate
forecasting result compared to more advanced
and mathematically complex methods, which
are rather a «black box» during the study.

The objective of this article is to develop a
set of necessary initial data and algorithms that
minimize, from the point of view of the authors
of this article, the risk of significant errors in
forecasting intercity passenger flows and to test
them at the example of recently introduced
high-speed rail routes.

Research methods

It is proposed to use the following data sets
as initial data for modelling and forecasting
passenger flows for different itineraries:
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1. Information about the existing passenger
flows and the parameters of activity of modes
of transport.

1.1. Retrospective data on passenger flows by
modes of transport.

The proposed methodology uses data
series for 2005—2018, as only within this
period the authors could use reliable statistics.
Among the modes of transport, air, bus,
private cars and railway transport are
assessed!. Due to strong heterogeneity, the
latter is considered separately for classes:
shared open compartment carriages (open
compartment sleeping cars, but also sitting
cars and day coaches, excluding cars in high-
speed and accelerated trains), compartment
carriages (passenger flow in cars of the first
class, luxury and upholstered beds categories
also applies) and high-speed trains.

1.2. Parameters of activity of modes of
transport averaged over the annual period for
forecasted itineraries for the period from 2005
to 2018: travel time, fare, transit frequency,
carriage or vehicle comfort for passengers?.

2. Social and economic indicators.

2.1. Information on gross regional product
(per constituent entities of the Russian
Federation);

2.2. Information on the structure of the
population by income groups per constituent
entities of the Russian Federation in accordance
with the classification of the Federal State
Statistics Service (the number of inhabitants of
the region having respectively income of less
than 7 thousand rubles, from 7 to 10 thousand
rubles, from 10 to 14 thousand rubles, from 14
to 19 thousand rubles, from 19 to 27 thousand
rubles, from 27 to 45 thousand rubles, from 45
to 60 thousand rubles, more than 60 thousand
rubles);

2.3. Information on the population size of
passenger flow generation points (settlements
or urban agglomerations).

The source of data on social and economic
indicators is the Federal State Statistics Service
(Rosstat).

The passenger flow forecasting unit
according to the interchange zonal matrix in
the context of modes of transport consists of
three main components:

' When necessary any other mode/types of transport with
their respective parameters can be added to the model.

2 Approach to calculation of integral trip comfort index
will be described below.

« forecasting the total demand for passenger
transportation by all modes of transport by each
itinerary;

« distribution of the total passenger flow by
a mode of transport;

« forecasting induced demand.

The total demand for passenger transpor-
tation depends on several social and economic
indicators. According to the results of the
factor analysis, the gross regional product
(r = 0,88) showed the greatest correlation
with the transport mobility of residents of
regions3. Based on retrospective data, a
regression relationship between the transport
mobility of the population and GRP was
revealed.

With an increase in GRP, the transport
mobility of the population also increases,
therefore, ceteris paribus, the total passenger
flow by an itinerary also grows. Thus, the total
passenger flow for the forecast year can be
determined by the following formula:
forecast = Fcurrem * GRPA * kgrp-ﬂow * POpA’ (2)
where F, _ and F___ are respectively
forecasted and current total passenger flow for
an itinerary, persons;

GRP, — increase in GRP of regions
connected by the itinerary;

Ko ow— coefficient of sensitivity of changes
in transport mobility of the population to
GRP#

Pop, — population growth of cells connected
by an itinerary.

Increase in GRP of regions connected by
an itinerary is calculated using the following
formula:

GRPfuture 1 +Y o

current 1

GRPfuture 2
GRP, ...’

current 2

GRP, =X+

(3)

where GRP, — increase of GRP of regions for
the corresponding year;

GRP,, .,,GRP, . —forecasted GRP in
region | and region 2;
GRP GRP — current GRP in

current 1° current 2

region 1 and region 2;

XandY — passenger flow shares, generated
by region 1 and region 2.

If the settlements of the route are located
within one and the same region, the calculations
use data only for this region.

3 The number of trips outside the settlement, made by all
modes of transport per capita.

4 Determined according to the results of training of the
model on retrospective data.
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Similarly, the population growth of the
territories connected by the itinerary is
calculated:

=Xe Popfuturs 1 +Y e POpfutureZ

Pop
A
Opcurrenl 1 POp current 2

“
where Pop, — population growth of cells
connected by the itinerary for the corresponding
year:

Pop,.,...1» POP;,. » — fOrecasted population
number of cells 1 and 2, persons;

Pop,, ....» PoP ..., — current population
number of cells 1 and 2, persons;

Xand Y — passenger flow shares, generated
by region 1 and region 2.

The distribution of the total forecasted
passenger flow by a mode of transport is based
on a combination of four factors affecting the
choice of a passenger: travel time, cost of travel,
transit frequency, and comfort level.

Each of the indicators is converted into
value terms and affects the indicator of the total
transport costs of the trip for this passenger for
this itinerary. The total transport costs are
calculated for each mode (type, class) of
transport separately.

The indicator of total transportation costs
is calculated as the sum of cost of travel and the
cost of time spent.

TTC = Ctravel + Ctime’ (5)
where TTC — total transportation costs, rub.;
C _ —cost of travel’, rub.;

travel

C,.. — cost of time spent (adjusted to the
level of trip comfort), rub.;

Ctravel = Ctl +NCT + Ct2’ (6)
where C | —average weighted cost of travel from
the departure point to the station/bus station/
airport at which the main segment of the trip
begins, rub.;

NCT — average cost of travel on the main
segment of the trip, rub.;

C,, —average cost of travel from the station/
bus station/airport, on which the main segment
of the trip of this itinerary to the destination
point ends.

The cost of time spent depends on travel time,
transit frequency (and, as a result, the average

waiting time for departure of the vehicle), as well

3 Full travel cost for public transport (with account of
cost of travel between stations/bus stations/airports and
point of departure/destination), or calculated cost of
travel for private car trip, which includes: 1) cost of fuel
used, 2) cost of technical maintenance per 1 km of run,
multiplied by the length a route; 3) cost of infrastructure
use, in case, it is charged.

ason the income level of the passenger (calculated
for each group of passengers by income level).
Also, the cost of time spent is adjusted to the level
of discomfort that the passenger experiences
during the trip when using a certain mode (type)
of transport and for a certain duration of the trip.

The cost of time spent is calculated
according to the following formula:

Cone= T Ko™ (/FD) = (1=K ) * 1, (7
where C, _— cost of time spent (adjusted to the
level of the trip comfort), rub.;

T, .. — average travel time of a passenger
from the departure point to the destination
point, min;

K., — coefficient of trip discomfort;

Fr — transit frequency (number of trips per
day), units;

K, — coefficient of elasticity with regard to
transit frequency?;

I, — average cost of a working hour for a
passenger belonging to a particular income
category.

Travel time of a trip is composed of several
trip segments:

Ttravel =Tt1 + Twaiting +NTT + TIZ’ (8)
where T — travel time of a passenger from
the departure point to the destination point,
min;

T , —average travel time from the departure
point to the station/bus station/airport, on
which the main segment of the trip of this
itinerary starts, min;

T, e — @verage time required for a
passenger for transfers when changing modes
of transport during the trip, min;

NTT — net travel time on the main segment,
min;

T, — average travel time from the station/
bus station/airport of arrival to the destination
point, min.

The point of departure and destination for
the territorial cell is the geometric center of the
cell settlement system.

The trip comfort index depends on the comfort
level of the vehicle itself and the coefficient of
elasticity to the comfort level’. The comfort
coeficient is determined for each type of transport
and gets values from 0 to 1. The value is calculated
based on the results of social surveys of passengers

¢ Determined based on the results of training of the
model on retrospective data.

7 Determined based on the results of training of the
model on retrospective data for each mode of transport
and itinerary.
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regarding the trip comfort when using different
modes of transport.

The average cost of a working hour depends
on the average monthly income level of a
passenger in a given population group and the
average number of working hours per year:

! ©)

g R

247

12
where I — average monthly income of a
passenger of a particular population income

group, rub.;
247 — average number of working days per
year;

12 — number of months per year;

8 — average number of working hours per
day.

At the next stage, the ratio of the indicator
of total trnasportation costs for this mode of
transport is calculated in relation to the
minimum indicator among all modes of
transport:

K =TTC/TIC__, (10)
where K. — coefficient of ratio of the total
transportation costs for a given mode of
transport to the minimum value among all
modes of transport;

TTC, — total transportation costs for this
mode of transport, rub.;

TTC, . — minimal value of total
transportation costs among all modes of
transport for this trip, rub.

The probability coefficient for choosing a
mode of transport is calculated as follows:

K, = —% (11)

where K — probability coefficient for choosing
a mode of transport;
K. — coefficient of elasticity of passenger
flow to the change in total transportation costs®.
The total forecasted passenger flow is
distributed in accordance with the coefficient

of probability of choosing a mode of transport:

] (12)

;1= . .Kp forecast »
where F, — forecasted passenger flow on this
mode of transport, people;

K - coefficient of probability of choosing
a mode of transport;
F — forecasted total passenger flow for

forecast

an itinerary, persons.

8 Determined based on the results of training of the
model on retrospective data.

Thus, for each mode (type, class) of
transport forecasted value of the passenger flow
on the correspondence is calculated.

If any parameters of the modes of transport
change over time, the weighted average total
transportation costs will also change. If the total
transportation costs as a result of changes in
travel time, fare, transit frequency, and comfort
level decrease, then there is an induced demand
(passengers begin to travel more often, or those
who have not traveled at all begin to use this
itinerary for their trips). If the total
transportation costs increase, the opposite
situation arises (demand decreases). In general,
the formula for calculating induced demand is
as follows:

I(,,[

model

13)

where F, . — forecasted induced demand,
persons;

TTC,  — average weighted total transpor-
tation costs with existing parameters of modes
of transport, rub.;

TTC ., — average weighted total transpor-
tation costs for modelled parameters of modes
of transport, rub.;

K, — coefficient of elasticity to total
transportation costs.

The volume of forecasted induced demand
issummed up with the base forecasted passenger
flow by the mode of transport, due to which
there was a decrease in the total transportation
costs for this itinerary. This value will be the
final volume of the forecasted passenger flow

for this mode of transport and itinerary.

Research results

The above-described passenger flow
forecasting technique has been used in
research projects related to development of
large-scale infrastructure projects, in
particular, of Moscow—Nizhny Novgorod and
Moscow—St. Petersburg high-speed rail
projects, of a promising high-speed road
network of Avtodor Group of Companies.
Transport projects partially implemented to
date, and based on the forecast made using
the methodology, comprise the route network
of fast (express trains with higher speeds)
electric trains Lastochka. Fast electric trains
Lastochka are assigned to intercity routes on
the network of JSC Russian Railways since
2012. In 2014, LLC Center for Economics of
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Table 1

Estimated transportation parameters for 2018, used as input data for passenger flow modelling

Itinerary Type of transportation Cost of travel, rub. | Travel time, Transit frequency, trips
hours per day
Moscow—Kursk Shared open compartment | 1324 7,2 10,3
Compartment 2444 7,2 9,3
Lastochka 982 5,7 2,0
Bus 850 9,0 3,3
Private car 1208 6,7 Unlimited
Moscow—Oryol Shared open compartment | 1179 5,3 11,3
Compartment 1861 5,3 9,3
Lastochka 697 4,1 4,0
Bus 650 6,5 10,0
Private car 936 4,5 Unlimited
Moscow—Smolensk | Shared open compartment | 950 5.8 7,0
Compartment 1652 5,8 7,0
Lastochka 900 4,1 3,0
Bus 900 6,5 34,0
Private car 1082 4.8 Unlimited
Moscow—Tver Shared open compartment | 722 2,2 8,0
Compartment 1018 2,2 8,0
Lastochka 510 1,7 12,0
Suburban train 390 3,0 7,0
Private car 447 2,6 Unlimited

Source: compiled by the authors.

Table 2
Forecasted and actual values of passenger flow for 2018
Itinerary 2018 (forecast) 2018 (fact)
Moscow—Smolensk 342359 356426
Moscow—Kursk 311173 327171
Moscow—Oryol 417989 434179
Moscow—Tver 2292005 2407746

Source: compiled by the authors.

Infrastructure carried out research work on a
plan for development of Lastochka train route
network, within the framework of which a
forecast was made of passenger flow on
promising high-speed train routes for the
period until 2035 in the context of station-to-
station trip distribution.

Let’s consider the forecasted and actual
values of the passenger flow for 2018 according
to the main itineraries of four express routes
that were put into operation with the
parameters closest to those used for fore-
casting. To carry out a passenger flow forecast
for the itineraries under study, a database of

parameters of existing modes of transport was
compiled and promising parameters of fast rail
transportation were set (Table 1).

Table 2 contains the forecasted and actual
values of the passenger flow served by express
trains Lastochka on the main point-to-point
segments of the above routes. Actual passenger
flow deviates from the forecast made as part
of the research by no more than 5 %.

Discussions of results

It follows from the forecasting results that
fast trains Lastochka on the itineraries under
study should have occupied from 25 to 50 %
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compartment

B Compartment

M, Lastochka

8. Private car
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Pic. 1. The actual structure of passenger flow on the itineraries Moscow—-Kursk and Moscow-Oryol, 2018,
thousand passengers. Source: compiled by the authors.

of the passenger transportation market by
2018, which actually happened. In addition
to significant switching of passengers from
other modes of transport, passenger flow was
influenced by a significant induced demand
for trips: from 10 to 15 % of passengers of
Lastochka trains would not have traveled at all
if there were no fast trains.

Due to the intensity of business, cultural
and domestic relations and high incomes of
the residents of the capital city, there is a high
demand for «morning» or «evening» trips
between Moscow and neighboring regions that
allow not to loose a night or a daytime for the
trip. Passengers making such trips are
extremely sensitive to travel time. The launch
of Lastochka trains, combined with their
convenient departure and arrival times, made
it possible to make such trips to Moscow from
Smolensk, Oryol and Kursk, and greatly
simplified the possibility of making such trips
from Tver.

Moscow-Smolensk ' Shared open

compartment

;. Compartment

. Suburban train

| Lastochka

. Bus

i Private car

Switching of passengers to fast trains was
carried out from all alternative modes of
transport, including private cars. On the first
three routes, the greatest outflow of passengers
was suffered by bus and traditional railway
(shared open compartment class) transport.
On the Moscow-Tver route, classical suburban
electric trains were the main source for
passenger switching to Lastochka trains: as the
result of the launch of faster trains suburban
trains lost about 90 % of the annual passenger
flow.

This forecast could not be correctly carried
out using the model of discrete choice of the
mode of transport, based on the regression
retrospective dependence of changes in
passenger flow on changes in transportation
parameters, since in this case the demand for
a fundamentally new transport service is
simulated. Lastochka trains travel along the
above routes much faster than alternative
modes of transport, while ensuring competitive

Pic. 2. Actual structure of the passenger flow on the route Moscow-Smolensk and Moscow-Tver, 2018,
thousand passengers. Source: compiled by the authors.
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cost of travel (Table 1). In addition, those
trains can offer higher level of comfort relative
to competing buses and traditional railway
services. There was no database for correct
training of the regression model, with which
it would have been possible to forecast the
demand for the Lastochka trains at the time
the forecast was made, since there had been
previously few similar innovations.

Moreover, depending on the type of the
itinerary and the degree of competition with
other types of transportation, the same
changes in parameters might lead to different
changes in the structure and total volume of
passenger flow. For example, reducing travel
time of a night train from 10 to 7,5 hours
(by 25 %) will cause a smaller increase in
passenger flow than reducing travel time of a
day express train from 4 to 3 hours (by the
same 25 %), because the cost of time for a
night passenger trains is lower than the cost of
time for a day express passenger. So it is
impossible to forecast without considering
such a parameter as the cost of a unit of time
of a passenger.

Conclusion. The proposed methodology for
forecasting passenger flows coincides with the
most common mathematical approaches based
on the regression analysis of time series in the
field of forecasting the total demand for trips.
However, the approach under consideration is
more transparent in terms of calculating
distribution of passengers between modes of
transport. The advantage of the proposed
method is the quantitative expression of
transportation parameters through the total
cost of the trip for differentiated groups of
passengers. The model distributes the passenger
flow not according to the training results on
retrospective data, but on the basis of total
passenger transportation costs per trip. This
allows to more accurately simulate changes in
the transportation parameters that have had no
analogues in retrospect. The forecast of the
passenger flow for new routes of fast Lastochka
trains showed that the sensitivity of the
passenger flow to changes in travel time and
travel comfort can be different depending on
the scale of changes in these parameters, since
different transportation parameters determine
the transport behaviour of different groups of
passengers. In particular, competent accounting
of cost of travel time of passengers made it
possible to identify the «hidden potential» of

faster transportation at the stage of forecasting
passenger flow, which is not considered using
the regression-analytical approach. The main
disadvantage of the proposed methodology is
underestimation of irrationality of the consumer
behaviour. Certain modes of transport for
certain itineraries might be economically
unreasonably popular or, conversely, not
popular, due to the particular mental
characteristics of passengers (for example,
habits of using a certain mode of transport).
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EXCINPECC-MII@QPNMALG
EXPRESS INFORMATION

NMEPEBO3KU NACCAXNPOB HA UHDOPACTPYKTYPE
OAO «PXXO» B 2019 roay

0 OTIepPaTUBHBIM JaHHBIM, B 2019 Tromy
n Ha nHPpacTtpykrype OAO «PXKJI»
nmepeBe3eHo 1,2 MJIpA TaccaxXupoBn
(+3,4 % x 2018 romy), U3 HUX B JAJIbHEM CJIe-
jpoBaHuu — 116,5 mH naccaxupos (+5,6 %),
B TIPUTOPOTHOM coobieHnn — 1 Mipa 80 MTH
maccaxupos (13,2 %). [TaccaxkupooOopoT Ha
cetr OAO «P2KIT» 82019 romy Beipoc Ha 3,2 %
K YPOBHIO TTPEIBIIYIIETro rojia u coctaBui 133,5
MJIPJI TTacc.-KM, B TOM YHCJIe B JaJIbHEM Clie-
poBaHuu — 99,2 mapa macc.-km (13,1 %),
B TIPUTOPOTHOM COOOIIeHUM — 34,2 MIIpH
macc.-km (+3.,4 %).

B nexabpe 2019 rona, 1mo onepaTUBHBIM
JMAHHBIM, TIepeBe3eHO 0K0JI0 99 MITH Tacca-
JKUPOB, 4TO Ha 3,2 % 0OJIblle, YeM 3a aHAJIO-
ruaHbIi epuon 2018 rona. VI3 HUX B mpuro-
POTHOM cOOOIIeHNM OTIpaBieHo 90,4 MIH
naccaxupos (+3,2 %), B najJbHEM CJIeA0Ba-
HUM — 8,6 MJTH (+4 %).

TTaccaxmpooboport B nekadpe 2019 roma co-
cTaBu1 9,4 MyIpa race.-KM, uto Ha 3,7 % GoJibllie,
YyeM 3a aHAJIOTMYHBIA TepUO. IIPEAbIIYILEro
rofia, B TOM YKCJIe B JaJTbHEM ClIeIOBaHUM — 6,7
miIpz acc.-kM (14,3 %), B IpUropomaHoM Coo0-
weHuu — 2,7 miipa nace.-km (+2.4 %).

ITo MocKOBCKOMY LIEHTPaJIbHOMY KOJIbILY
(MIK) B 2019 romy mepeBeseHo 0oree 148 MitH
maccaxupos, 4yto Ha 14,5 % OoJblile, yeM
B 2018 roay. Beero ¢ Havana skcrutyaraium
ycayraMu MOCKOBCKOTO LIEHTPAJIbHOTO KOJTbIIA
BOCITOJTb30BAJIMCh OKOJIO 415 MIJTH TTaccaskpoB.

PekopaHoe KOJMYECTBO MACCaXXMPOB Ha
MIIK co gus ero otkpwitust (10 ceHTOps
2016 rona) 3adpoukcrpoBaHo 25 gekadpst 2019 ro-
nma — 580112 yenoBek.

I1o maTepuanam npecc-ueHTpa
OAO «P2XK]I»: https://company.rzd.ru/
ru/9397 /page/104069?id=247441 ®

PASSENGER TRANSPORTATION
THROUGH THE INFRASTRUCTURE OWNED
BY RUSSIAN RAILWAYS IN 2019

ccording to the latest figures, the
Ainfrastructure of Russian Railways

contributed to transportation of 1,2
billion passengers in 2019, that is by 3,4 % more
thanin 2018. Long-distance passenger numbers
amounted to 116,5 million passengers, a
decrease of 5,6 %, while suburban passengers
rose 3,2 % to 1,08 billion.

Passenger turnover on the Russian Railways
network in 2019 increased by 3,2 % compared
to the previous year and amounted to 133,5
billion pkm. Long-distance passenger turnover
was 99,2 billion passenger-kilometres, grown
by 3,1 %, while suburban traffic rose by 3,4 %
to attain 34,2 billion pkm.

According to the latest figures, about 99
million passengers were transported in December
2019, 3,2 % more than the same month in 2018.
The number of suburban commuter passengers
rose to 90,4 million, thus presenting an increase

by 3,2 %, while 8,6 million passengers travelled
using long-distance services, up 4 %.
Passenger turnover in December 2019
amounted to 9,4 billion passenger-kilometres,
3,7 % more than in the same period of the previous
year. Long-distance passenger turnover was 6,7
billion pkm, an increase by 4,3 %, while suburban
traffic was up by 2,4 % to attain 2,7 billion pkm.
The Moscow Central Circle (MCC) carried
more than 148 million passengers in 2019,
which is 14,5 % more than in 2018. Since the
MCC began operations, it has carried about
415 million passengers and set a record of the
highest number of passengers since it was
launched on September 10, 2016, when 580112
passengers travelled on December 25, 2019.

Compiled based on JSC Russian Railways
press centre news: https://eng.rzd.ru/
en/9517/page/104070?id=4091 ®
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DKOHOMMUYECKada OLueHKa Ce30HHOM
HepaBHOMEPHOCTU 3arpy3Ku
XKeJsIe3HOAO0POXXHOU UHPPACTPYKTYPbI

Amvmutpuii MAHEPET Anekceii PABYBAEB

AHacTtacus JIEQHEN

Mauepem J[mumpuii Arexcandposun — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.
Pasyeaee Arexceii /Imumpueeuyu — Poccuiickuii ynueepcumem mpancnopma, Mockea, Poccus.
Jleoneii Anacmacus FOpveena — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus®.

B crarbe paccmatpuBaetcsi npobiiema Ce30HHON HepaBHOMep-
HOCTV 1epeBo30K 1 B/INSIHNE €€ Ha 3arpy3Ky TPaHCMOPTHOM MHGpPa-
CTPYKTYpbI. Lienbio npoBeaéHHOro uccnenoBaHus sBaseTcs BbipaboT-
Kka Hay4YHo 060CHOBaHHbIX PEKOMeHAAaLMii Mo OCYLLECTBIEHUIO MOHU-
TOPUHra ce30HHOV HepPaBHOMEPHOCTY NEPEeBO30K 1 3arpy3ku nH@pa-
CTPYKTYPbl HA OCHOBE €€ afeKBaTHOW OUEeHKU; MpoBeAeHNIo
9KOHOMUYECKOV OLIEHKM BJINSIHUSI CE30HHOCTY epeBo30K Ha rnokasa-
Tesm TeKyLLeii ¥ IHBECTULIMOHHOM 1eSITe/IbHOCTY XE/1e3HOLO0POXHOIrO
TpaHcnopTa; BbipaboTke PeKOMEHAALMI 110 AaslbHeLLeMy CHYXKEHNIO
HEepaBHOMEPHOCTY 1epeBO30K U, MO KparHe Mepe, HeAOMYLLEHNIO
eé pocta. ABTOpamu pelLeHbl CAeayioLme 3aaaqmn: CopMmpoBaHa
apryMeHTUpOBaHHasl, I0rN4eCky CTPYKTYPUPOBaHHasl oc1e40Bareslb-
HOCTb 9KOHOMUYECKOU OLIEHKW BJINSIHNSI CE30HHOCTY NepeBO30K Ha
riokasaresniv TekyLLel U MHBECTULIMOHHOW AesiTeIbHOCTel Xene3Ho-
JI0POXHOIro TpaHCropTa, v MpeanoxXeHbl Hay4HO 000CHOBaHHbIE pe-
KOMeHAaumn A5 Aa/lbHeRLLero CHUXeHNs: HepaBHOMEPHOCTY repe-
BO30K (HefomnyLeHns eé pocTa). [py 3ToM ncrosib30BaHbl ceayoLme
meroabl: ﬂOFMKO-aHaﬂMTMHeCKVIVI, MeToAbl CTatncTn4ecKkoro aHasiansa,
BKOHOMUWKO-MareMatrnd4eckoro mMmoagesnpoBaHns N TEeXHUKO-
BKOHOMUNYECKMX PACHETOB.

B pesynbtare uccniefoBaHunsi aBToOpPbl BbISBAIN, YTO CE30HHAs! He-
PaBHOMEPHOCTb 3arpy3Ki Xee3HOA0POXHOI MHPPACTPYKTYPbI MPUBO-
JINT K CHYDKEHWIIO Ka4EeCTBa 1epeBO30K U YXYALLIEHUIO PbIHOYHOr0 MMUAXa
KEJIe3HOAOPOXHOV OTPACIIM, YBEINHEHWIO SKCII/TyaTaLMOHHBIX PACXO[0B

1 cebecToMMOCTV NepPeBo30K, TO €CTb K CHUXEHMIO 3¢ GEKTUBHOCTU
U KOHKYPEHTOCMOCOOHOCTI Xe/e3HbIX A0POr. HepaBHOMEPHOCTb repe-
BO30K HEraTyBHO CKa3bIBAETCS 1 HA 9 HEKTUBHOCTU MHBECTULIMI B Pa3-
BUTME XENIe3HOLOPOXHOIrO TPaHCopTa.

[poBeaéHHbIVI aHa3 038011 CHOPMYINPOBATL TEOPETUHECKYIO
MOZAEsIb BINSHNSI CE30HHOM HEepPaBHOMEPHOCTU 3arpy3Kku Xene3Hono-
POXHOM MHPPACTPYKTYPbI Ha 3PPEKTUBHOCTL €€ NCMOTIL30BaHUS U pas-
BuTUS. [IpeaoxXeHHbI B cTaTbe MeToANYECKNI NHCTPYMeHTapui
OLleHKM Ce30HHOV HepaBHOMEPHOCTY 3arpy3Kku Xene3Ho[0POXHO
NHOPACTPYKTYPbI Les1ecoobpasHo 1CosIb30BaTh A/15 €€ yriybnEHHOro
PeTpoCnekTMBHOro aHanan3a, C BbisBJIEHNEM OCHOBHbIX aKToOpOB,
B/ISIOLLMX HA rlOKa3ares HepaBHOMEPHOCTU, 1 OrpeAeseHreM rpe-
Z1eJ1bHO J0MYCTYMOIO YPOBHS CE30HHOU HEPABHOMEPHOCTY.

PaspaboTaHHasi MoAesb BNsIHNS CE30HHOU HEPaBHOMEPHOCTU
3arpy3ky Ha dpPEKTUBHOCTb UCTIOb30BAHWS N PA3BUTUS XEe3HOA0-
POXHOW MHGPACTPYKTYPbI MO3BOJISIET OCYLLECTB/ISATE 9KOHOMUYECKYIO
OLIeHKY Ce30HHOI HepaBHOMEPHOCTY, SIBASIETCS MHCTPYMEHTOM 10BbI-
LUeHNS1 3(PPHEKTUBHOCTY NIAHNPOBAHWS 1 YPaBIeHUs epeBo304HO
€Te/IbHOCTbIO U Pa3BUTUS KENe3HbIX A0POr. CHUXEHME Ce30HHOM He-
PaBHOMEPHOCTY MepeBO30K CeayeT paccMaTpuBaTh Kak pakTop roBbi-
LLIEHVISI SKOHOMUNYECKOV 3¢ (EKTUBHOCTU HE TOJILKO TEKYLLEH, HO U MHBE-
CTULIMOHHOW [eSITeIbHOCTU XeNe3HOAOPOXHOro TpaHcrnopTa, a eé
POCT — Kak crieunu4eckunii Bug pyucka aisi 9¢deKkTmBHOCTV peansaumm
MPOEKTOB Pa3BUTYISI KEJIE€3HOLOPOXHON MHPPACTPYKTYPbI.

Knrovesble crioBa: TpaHCNopT, CE30HHAs HEPABHOMEPHOCTbL 3arpy3Kku MHGPACTPYKTYPbl, XEe/Ie3HOL0POXHasK MHpPaCTPyK-
Typa, NpuBeaéHHasi paboTa, SKCrTyaTaLMOHHbIE PaCcXoAbl, CE6ECTOMMOCTb MEPEBO30K, IKOHOMUYECKaAs IPPEKTUBHOCTS.
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MauepeTt AMutpuii AnekcaHgpoBUY — JOKTOP 9KOHOMUYECKMX HayK, Npodeccop, 3aBeayoLLmii
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BBEOAEHUE

HeraTtuBHoe BiausiHUE HEPaBHOMEPHOCTHU
MepeBO30K Ha DKCILIyaTallMOHHbIC Y SKOHO-
MMYECKHe ITOKa3aTeJId XKeJIe3HbIX JOPOT OT-
MeyYyajJoCch MCCAeI0BATEJIIMU HayuHas
¢ XIX Beka u 10 coBpeMeHHOCTH [ 1—3]. DyH-
JlaMEHTaJIbHbII XapaKTep JaHHOM Ipo0JIeMbl
ObLI pacKphIT B padoTe [4]. [Tpu 3TOM 0CcOOEH-
HO 3HAYMMOI1 SIBJISIETCSI CE30HHAsl HEPaBHO-
MEPHOCTb MePeBO30K [J, ¢. 5] (CE30HHOCTD),
0], KOTOPO# MOHUMAIOT «HEPAaBHOMEPHOCTh
IePEeBO30K 110 KBapTajiaM rofa 1 Mecsiam» |6,
c. 240].

Akagemuk T. C. XauatypoB oTMeyasa He-
raTMBHOE BJIMSIHME HEPABHOMEPHOCTHU IIepe-
BO30K KaK Ha MHBECTUIIMOHHBIE, TAK U Ha
BKCILIyaTallMOHHBIC 3aTpaThl 3KEJIE3HbIX 10-
por. [TepBoe CBSI3aHO € TEM, YTO «IIPUXOIUTCS
MIpeaycMaTpuBaTh... pe3epB TEXHUUYECKOTO
BOOPYKEHUSI TPAHCIIOPTa, 00YCJIOBIEHHBIIA
HEepaBHOMEPHOCTBIO IIEPEBO30K, YTO COOTBET-
CTBEHHO YBEJIMYMBACT IOTPEOHbIE KAITUTAI0-
BJIOXeHUs» [6, ¢. 239]. Bropoe — ¢ TeM, «4TO
B IIEPUOJIBI MAKCHUMYyMa MEePEBO30K HEPEIKO
BO3HUKAIOT TPYAHOCTU C MPOABUXKEHUEM
I0E€3/I0B, YTO IIPUBOIUT K 3aMeIJICHUIO MPO-
JIBUXEHUST Ipy30B. Bc€ aTO cmocoObcTByeT
MOBBILIEHUIO CE0ECTOMMOCTH TIEPEBO30K» [0,
c. 239—-240]. K aT0i1 cipaBeIMBOIi OLIEHKE
cienyer 100aBUTh, YTO 3aMeIJICHUE ITPOIBH-
JKEHMSI IPY30B BJICYET 3a COOOI U CYIIICCTBEH -
HbIe MAKPOKOHOMMUYECKHE IIOTEPH, CBSI3aH -
HBIE C «3aMOpakMBaHUEM» 000OPOTHOI'O Karu-
Tajia, BOILIOIIEHHOIO B MEPEBO3MMBIX TOBA-
pax, B TeueHHEe CpoKa UX MepeBo3Ku [7; 8,
c. 92].

W nmotepu, cBsI3aHHbBIE C 3aMeIJICHUEM
JIOCTaBKM TOBApOB, U MOBBILLIEHNE CEOeCTOM -
MOCTH MepeBO30K [9] cTaHOBATCS OCOOEHHO
3HAYMMBIMU B YCJIIOBUSIX BBICOKOTO U CBEpX-
BBICOKOTO 3aI10JIHEHUSI IIPOITYCKHOM CIIOCO0-
HOCTH KEJIE3HBIX TOPOT («IIeperpy3Kku»,
B COBPEMEHHOI 3KOHOMMYECKON TEPMHUHO-
qorum [10]). A ”MeHHO TakKasi CUTyalLus Cy-
IIECTBYET Ha psiie KIIOYEBbIX HaIlpaBICHUM
CETU POCCUIMCKUX XKeJle3HbIX fopor [11, ¢. 14].
E€ npeonosieHne TpedyeT pa3BUTHS KEJI€3HO-
JIOPOXKHOI MHGPACTPYKTYphl. KOMILIEKCHBIM
IUIAHOM MOJIEPHU3ALNK U PACIIMPEHUST Ma-
TUCTPaJIbHOM MHPPACTPYKTYpPhl IIPEeaAyC-
MOTpPEHBI MacIITaAOHbIEC 3a/1a4l, OXBAaThIBAIO-
1K€ BCE BUJIbI TPAHCIIOPTA, B TOM YMCJIE — Ke-
JIE3HOIOPOXKHBIN, U HalleJIeHHbIC KaK Ha pe-
IIEHKWE CYIIECTBYIOIINX MHGPACTPYKTYPHBIX

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 94-115 (2020)

Mpo0JieM, TaK ¥ Ha TO, YTOOBI OTKPHITh BO3-
MOXHOCTH JJTSI pa3BUTHST HOBBIX TOUECK KO-
HoMMueckoro pocta [12; 13].

Ananu3 KoMIiekcHoro 1jiaHa rmoka3blBa-
€T, YTO OH TPeOyeT CYIIeCTBEHHBIX MHBECTH -
IIMOHHBIX BJIOXKEHUIT CO CTOPOHBI HE TOJIBKO
denepanbHOro 0AXeTa, HO U PETMOHOB
(MHOTHE 13 KOTOPBIX UCITBITHIBAIOT (DMTHAHCO-
BBIE TIPOOJIEMBI ), a TAKXKE CO CTOPOHBI X031 -
CTBYIOILIMX CYOBeKTOB [14, ¢. 32—36]. B yact-
HOCTH, B JI0JTOCPOYHOI IIporpaMMe Pa3BUTHS
(AITP) OAO «PKI» no 2025 roaa, yBa3aHHOM
B YaCTH KeJIE3HOIOPOKHBIX MHPPACTPYKTYP-
HBIX TIpOeKTOB ¢ KOMIUIEKCHBIM TIJIAHOM,
MPeAyCMOTPEH CYIIECTBEHHBII POCT MHBECTH -
muii. B cooTBeTCTBIHM ¢ 6a30BBIM CLIEHApUEM
JTIIP, B 2019—2025 rogax cpenHeroaoBbie
MHBECTULIMU JOJIKHBI COCTaBUTh 0KOJI0 670
MJIpI pyO., a IO ONMTUMHUCTUIHOMY CIICHA-
puto — nopsiaka 830 mupa py6. [15]. BaxHo,
YTO YCKOPEHWE MHBECTULINIA B pa3BUTHE POC-
CUMCKUX KEJIe3HBIX JOPOT yKe Hadajiach.
Eciau B 2018 1. 06bEM uHBecTuIMii OAO
«PXK]JI» cocraBun okoso 550 mipa pyo., To
B 2019 . — okozo 690 mupn [16, c. 9]. [pu
3TOM BO3MOXKHOCTB TaKO# aKTUBU3AIIUN WH-
BECTUILIMOHHON MEeATEeIbHOCTA KOMIIAaHUN
U B LIEJIOM ycTelnHOCTh peanusauuu JITP
OyIeT 3aBUCETh OT MHOXeCTBa (haKTOpOB,
BKJTIOYAsT (paKTOPBI BHEIITHEW CPEIIBI, U COTIPSI-
JK€Ha C CYIIEeCTBEHHBIMU PUCKaAMHM, HEKOTO-
pBIe U3 KOTOPHIX YK€ IMPOSIBUIINCH Ha cTapTe
peanuzauuu nporpammbl, B 2019 roay [17,
c. 16].

KoMITJIeKCHBIM TITAaHOM TIpeayCMOTpEeHa
peanm3alns HanboJjiee KpYITHBIX MH(PPacTpyK-
TYPHBIX ITPOeKTOB. W 17151 pa3BuTHs OM3HEca,
1 B MHTepecax obecriedyeHUs] MOOMIIBHOCTH
HaceJICHUSI CTPaHbI OHU «JIOJDKHEI OBITH JTO-
ITOJIHEHbBI «HU30BOI» aKTUBU3ALIMEN Pa3BUTHS
TpaHCIIOPTHON MH(MPACTPYKTYPHI, KOTOpast
pelia 0bl TPOOJIEeMbl «IMOCJIEIHEN MUTU»,
MECTHBIX MepeBO30K U T.I.» [18, c. 35]. Ins
TaKUX TIPOEKTOB HYXHBI JOIOJTHUTCIbHEIC
WHBECTUIINH, B TOM YUCJIC — YaCTHEIE, TIPU-
BJICUCHUE KOTOPHIX TPEOYET COOTBETCTBYIO-
IIMX HHCTUTYIIMOHAIBHBIX YCIIOBUIA.

YauThIBast, 9TO MHBECTULIMOHHBIC PECYPCHI
BCeTI/Ia SIBJISTIOTCST OTpaHUMYEHHBIMU (3TO CBO¥-
CTBEHHO BCEM 3KOHOMUYECKMM Ojaram [19,
c. 103—108]), BaxkHOI1 3a1aueit sIBIsIETCS MO-
BBIIeHNE 3P (PEKTUBHOCTH MCIIOIb30BAHUSI
CYILECTBYIOIIEH TPAHCTIOPTHOU MH(PACTPYyK-
TYPEIL. DTO ITO3BOJISICT OTCPOUYNTH MHBECTUIIA-
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OHHEBIC BJIOXEHHUS, YTO JAET COOTBETCTBYIO-
wuii apdexr [20, c. 57].

CHIXeHHe Ce30HHOM HepaBHOMEPHOCTH
IIepEBO30K SIBJISIETCS HEMAJIOBAsKHBIM (haKTO-
pOM 00ecCITeueHUS 1T SKOHOMUKH 1 Hacelre-
HHS TaKOTO KIJIIOYEBOTO B COBPEMEHHBIX
YCIIOBUSIX 9KOHOMMYECKOTO OJ1ara, Kak TpaHC-
IMOpTHast MHGPACTPYKTypa.

Ipy30060pOT Ha KeJE3HOIOPOXKHOM
TpaHcropTe 3a 2016—2018 roapl yBeauauics
Ha 10,8 %, Npu CHUXEHUU €r0 CE30HHOM
HepaBHOMEPHOCTH, OLICHMBAEMOM KaK OTHO-
IIeHNEe MAaKCUMATbHOTO MECSTIHOTO 3HAYCHUS
CPEIHECYTOYHOTO TPy30000pOTa B TEUCHUE
roma K CpeIHEeCYTOUYHOMY I'py30000pOTy 3a
roxa, ¢ 105,6 mo 103,3 %. O4eBUIHO, YTO
B YCIOBHSIX HEIIOJHOTO YIOBJIETBOPEHUS
CIIpOca Ha IOTPY30YHbBIE PeCYpPCHI B TIEPUOIB
«ITMKOBOTO» CIIPOCa, OTMEUAEMOTO IPy300T-
npasutessiMu [21, ¢. 26; 22, ¢. 36], coxpaHsiio-
LIEICS Ha CeTH ITPOOJIeMbI OCTABJICHUS IT0€3-
JIOB 0€3 NBUXKEHMUSI («OpPOIIEHHBIX ITOE€310B»),
0e3 CHIDKEHUST YPOBHSI CE30HHOM HEepaBHO-
MEPHOCTH MePEeBO30K (haKTUIECCKU TOCTUTHY-
Tasl IMHAMMKa Ipy30000poTa MorJjia Obl ObITh
He obecnedeHa. Mcxonsd M3 CKa3aHHOTO,
MPEACTABIISIETCS HEOOXOIUMBIM:

* BO-TIEPBBIX, OCYIIECTBIICHUE MOHUTO-
pHHTa Ce30HHOI HepaBHOMEPHOCTH TTePEBO-
30K M 3arpy3KH MH(GPACTPYKTYPHI HA OCHOBE
€€ aJleKBaTHOM OLIEHKMU;

* BO-BTOPBIX, IIPOBEICHNE SKOHOMMUYE-
CKOI OLIEHKU BJIMSTHUSI CE30HHOCTH TIEPEBO-
30K Ha IOKa3aTeJI TeKYIIei 1 THBECTULIMOH -
HOM HOesITeIbHOCTH KeJIe3HOMTOPOXKHOTO
TPaHCIIOPTA;

* B-TPETbUX, BEIPA0OTKAa peKOMEHOAIINI
10 JaJbHEHNIIEeMy CHIDKCHUIO HepaBHOMEP-
HOCTH TIepeBO30K WM, IO KpalfHeil Mepe,
HEIOITyIIeHUIO e€ pocTa.

Llenvio MTaHHOV CTATHU SBJISIETCS BBIPAOOT-
Ka HayYHO 000CHOBAaHHBIX PEKOMEHIAITNIA 11O
pellIeHNI0 yKa3aHHBIX 3amad. [Ipu 3Tom mc-
ITOJTB3YIOTCS JIOTUKO-aHAIMTUIECKUIA Memoo,
METOIbI CTAaTUCTUYECKOTO aHam3a, 9KOHO-
MUKO-MaTeMaTHIEeCKOTO MOIEIUPOBAHUS
1 TEXHUKO-3KOHOMUYECKUX PACUETOB.

OLLEEHKA CE3OHHOM
HEPABHOMEPHOCTU 3AIrPY3KHA
MHOPACTPYKTYPbI

B pa6otax [23; 24| mipencraBieH ycoBep-
LLIEHCTBOBAHHbBII METOANYECKUIA MHCTPYMEH-
TapUii [Tl OLIEHKU CE30HHOI HEPaBHOMEPHO-
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CTH TPY30BBIX M MACCAaXKUPCKUX MEPEBO3OK.
CieqryeT BBIIETUTD JIBA €TO TJIABHBIX OTTUYMS
OT TPAAUIIMOHHOTO TOIX0MA:

* JIJIST K&KIIOTO pacCMaTpUBAeMOTO Mepro-
na (Mecslia Uin KBapTaia) UCIOJIb3YIOTCS
CPeIHECYTOUHBIE, 2 HE COBOKYITHbIE 3HAUEHMSI
nokasaTelieif, XapaKTepU3yloluX 00bEMBI
MepeBO30K;

* C€30HHasT HEPaBHOMEPHOCTb TPY30BbBIX
MepeBO30K OLIEHWBAETCSI He T10 TT0Ka3aTesio
«TIEpPEeBE3EHO T'PY30B», a IO JIBYM T0Ka3aTe-
JISIM: «TIOTPY3Ka IPY30B» U «TPy30000pOT». DTO
TO3BOJISIET CYIIECTBEHHO YTOYHUTD XapaKTe-
PUCTUKY HEPAaBHOMEPHOCTH TTEPEBO30K, KakK
HamISIAHO MoKa3aHo B pabote [24, c. 3235].

HepaBHOMEPHOCTH ITepeBO30K 11E71eC000-
pPa3HO OIIEHUBATh 110 KaXKIOMY BUIY ITePEBO-
30K (TPY30BBIM U ITACCAKMUPCKUM), UCTIOTb3YS
JUTSI 3TOTO COOTBETCTBYIOLIME MTOKA3aTeNn, Kak
3TO MpeacTaBieHo B padore [23, c. 5]. B To ke
BpEMsI B YCJIOBUSIX COBMEIIIEHHOTO IBVKEHUST
TPY30BBIX U MMACCAKUPCKUX MMOE3M0B, XapaK-
TEPHOTO JIJIST OTEYeCTBEHHBIX KEJIe3HBIX JOPOT
[25, c. 84], nnst xapaKTepUCTUKU 3aTPy3KU
MHOPACTPYKTYPHI 11eJIeCO00pa3HO UCIIOTbh30-
BaTh peJIeBAaHTHBIN MHTETpaJIbHBIN TTOKa3a-
Teb. B KauecTBe TaKOro mokasaresisi MOXeT
BBICTYIATh CyMMapHbIii Tpy30000pOT OPYTTO,
OXBATbIBAIOIIIMIA TEPEBO3KU B TPY30BOM U TTac-
CaKUPCKOM JIBUXKEHUU [26] v ipuBeaéHHAst
pab6ora [27]. YuuTsiBasi, 4To rpy30000poT
OpYTTO SIBJISIETCST UCKITIOUUTEBHO PacXo0-
00pa3yoIIMM ToKa3aTesieM, a JUIsl OLleHKH!
MPUBENEHHOM TTPOAYKIINY TPAHCTIOPTA, TIPO-
M3BOJIUTEIbHOCTU BaXKHEWIINX PECYPCOB,
TaKWX, KaK Tpyn U uHdpacTpykTypa [27],
WCITOJIb3YETCST TTIOKa3aTesb «IIpUBeAEHHAS
paboTa», TPeACTaBIsIeTCs 11e1eco00pa3HbIM
OlIEHUBATh CE30HHYIO HEPAaBHOMEPHOCTD 3a-
TPY3KHM XeJIe3HOIOPOXKHON MH(PPACTPYKTYPHI
C ITIOMOIIBIO 3TOro Noka3zatess. [IpuBenéHHas
paboTta (MPOAYKIIMS) KEeIe3HOAOPOXKHOTO
TPaHCIIOPTA OTIpeIesIsIeTCsI Kak CyMMa Ipy30-
obopoTa 1 nmaccaxupoodboporta [28, c. 121],
TIPY TOM JIJISI OTIPEIeICHUSI TTPOU3BOAUTEITb-
HOCTH Tpy/ia TacCaKnupooOOPOT YABAUBAETCS
[28, c. 199]. ObocHOBBIBaETCS TaKXKe BBeE-
HUE CIeMaIbHOTO MOBBIIIAIOIIEro Koaddu-
IIMEeHTAa ISl TPy30000pOTa KOHTEHHEPHBIX
TPy30B UCXO/sT U3 O0Jiee BHICOKOI cedecTom -
MOCTH 1 3apTUIaTOEMKOCTH UX TTepeBO30K. Kak
yKasbiBaercs B [29, c. 45—46], naubojee
TOYHO MPUBEAEHHYIO PAOOTY I8 OLIEHKU
TPON3BOIUTETLHOCTH MH(DPACTPYKTYPHI MOXK-
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Ta0imuna 1

Ce30HHAs HEPABHOMEPHOCTD 3arPy3KH JKeJI€3HOI0POKHOI HHPACTPYKTYpPbI, %

Ton
Kl:ep anep jzpi
I xBaprain 11 kBapran 11T kBapran IV kBapTan
2017 | 102,5 105,7 96,9 99,3 102,5 101,3
2018 [ 102,6 |105,5 97,3 99,6 102,6 100,5

HO OBLIO OBbI OLIEHUTD, UCITOJIB3YSI CIIELAATBHO
paccuMThIBaeMble KO3(POUIIMEHTHI IPUBE/IE-
HUSI IS TPY30000pOTa 1 IIaccaxXxupoobopora,
BBIITOJIHSIEMOTO KaK/I0 KaTeropHeii oe3a0B.,
MMEIOIINX KOA(MDOULIMEHT ChéMa ITPOITyCKHOI
CIIOCOOHOCTHU, OTJIMYHBIN OT APYTUX KaTero-
puii. OHAKO TakKasl OLlEHKA TOBOJIbHA CIIOXK-
Ha, MO3TOMY OTMEYaeTCs] BO3MOXHOCTD
OIIpeIe/ISITh IPUBEAEHHYIO paOOTY JIJIsT OLIEH-
KU MPOU3BOAUTEILHOCTU MHMPACTPYKTYPBI
o cdopmyite [29, c. 46]:
PL =PL _+K_ *HL, (1)
rae PLTap — Tapu@HBI IPy30000pOT;

HL — nmaccaxxupoo06opor;

Knpym — K03(p(pULIUEHT NPpUBEACHUS.

KoapduimeHT npuBeaeHNUS MOXET Olie-
HUBATbCS Pa3IMYHBIM 00pa30M, BasKHO OTME-
TUTh, UTO B JIIOOOM cllydyae OH OyaeT OoJbliie
eIMHULBI. B HacTosgeM MccileqoBaHUU
MPUHUMAETCS 3HaUYCHUE KHpMB =2, KaK 4 IJ1s1
OLIEHKH ITPOM3BOAUTEILHOCTHU TPYIA.

OLIEHKY CE€30HHOI HEpaBHOMEPHOCTH 3a-
Ipy3KH1 MHGPACTPYKTYPhI IIPeAJIaraecTcsi Ocy-
LIECTBJISITh C TIOMOILIBIO CJIEAYIONINX TOKa3a-
Tenei (Koa(pduLMeHTOB HepaBHOMEPHOCTH):

PLpue

K:re = —a 2 2
* T PL, @)

PLipus
K:ep = 7x:m ’ (3)
PLupus

ﬁ‘n ue
K, = P, @),
PL e

———max ———min
rne PLwwe , PLipe — COOTBETCTBEHHO, MAKCH-

MajlbHOEe U MMHUMaJbHOE KBapTajbHOe (Me-
CSIYHOE€) 3HAYeHUe CPeIHEeCYTOYHOM MpuBe-
JNEHHOI paboThI B T€UEHHUE r0/1a;

——200 .

PLywe — CpEIHECYTOUHASI NPUBEIEHHAS
pabora 3a ron;

o7 o

PLyps — cpelHECYTOUHAI NMPUBEIEHHAA

paboTa KOHKPETHOTO KBapTaja (Mecsia).
YkazaHHbIE MMOKA3aTeN, KOTOPhIE MOTYT
BBIPAXAThCs B BUAE KOA3GGUIIMEHTOB WU
B MPOLIEHTAX, SBJISIIOTCST HE aIbTePHATUBHbI -
MM, 2 B3aMMOJIOTIOTHSTIOIIUMHU. B coBOKyTTHO-
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CTU OHM ITO3BOJISIIOT KOMILJIEKCHO OLIEHUTD

CE30HHYIO HepaBHOMEPHOCTb 3arpy3KHu Ke-

JIE3HOIOPOXKHOM MH(PPACTPYKTYPHI.
Koadpduumenr K,, xapakrepusyeT Ipe-

BBILLIEHUE 3arpy3KU UH(MPACTPYKTYPhI B «ITHU-
KOBBIIi» CE30H Hal CPETHETOOBBIM YPOBHEM.
Ero BaxxHOCTb ompenensieTcss TeM, 4To Mpo-
MYCKHbIE Y MPOBO3HbIE CITOCOOHOCTHU XKeJe3-
HBIX JOPOT TOJKHBI MO3BOJISITh PeaTU30BbI-
BaTh HE TOJIbKO CpeAHUE, HO U MaKCUMaJTbHbIE
Harpy3ku 0e3 moTepy pPUTMUYHOCTU U YCTOM -
YUBOCTU PabOThI. DTO HEOOXOAUMO TSI 0Oec-
MeYeHUs1 IKOHOMUYECKON 3 hEeKTUBHOCTU
ux GpyHKIMOHUpOoBaHUA. OMHAKO BaXXHO
Tak>Ke COOTHOILLIEHUE 3arpy3Ku UHMpacTpyK-
TYpbl B «IIMKOBBIIi» CE30H U CE30H HU3KOTO
crnpoca, KOTopoe nokasbiBaeT KoahbUIUEeHT
K., . Bmecte 5T KO3 OUILMEHTHI JAIOT 06-
LLIETOAOBYIO XapaKTEPUCTUKY HEPABHOMEPHO-
CTU 3arpy3KM KeJIe3HOIOPOXKHOW MHbpa-
cTpykTyphl. Ho 1 Takas xapakTtepucTuka He
saBJisieTcss ucuyepnbiBaouiein. C aKoHOMUYE-
CKOW TOYKHU 3peHUS BaxXHO (KakK OyaeT rmoka-
3aHO HUXE) OLIEHUTb U YPOBEHb 3arpy3kKu
B KQXJIOM CE€30HE, B CPAaBHEHUU CO CPETHEro-
JIOBBIM YPOBHEM C MTOMOILbIO KO3 dUIIMEH-
Ta K ;.

XapakTepuCTUKU CE30HHOU (KBapTaib-
HOIi) HEPaBHOMEPHOCTHU 3arpy3Ku uHdpa-
CTPYKTYpbl Poccuiickux xenae3Hblx A10pOT
nokasaHsl B TabJ. 1. Kak BUAHO U3 AaHHBIX
TaOJULbI, OHU HE TIOIBEPKEHbBI PE3KUM U3ME-
HEHMSIM.

BaxHoe TeopeTuueckoe U MpUKIagTHOE
3HAYEHUE UMEET BbISIBJIEHUE BIUSTHUS CE30H -
HOIl HEPaBHOMEPHOCTH 3arpy3Ku XKeJIe3HOI0-
POXHOI MHOPACTPYKTYPhl HA 9KOHOMUYE-
CKMe TToKa3aTeJn OTPacin.

BJINAHUE CEBOHHOCTU
3AIrPY3KN UHOPACTPYKTYPbI
HA 9KOHOMUWYECKUE NOKA3ATEJIN
XEJTESHOOOPOXXHOIO
TPAHCIMOPTA

DPHeKTUBHOCTD AEITETLHOCTH Y KOHKY-
PEHTOCIIOCOOHOCTh XKEJIEe3HOAOPOXKHOTO
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Puc. 2. 3aBUCUMOCTb OL€HKM rPYy300TIPAaBUTESIMN HaJINYNs] BaroHOB HY)KHOIO TUNa B Heo6xoaMmMom
KOJIM4ecTBe OT yPOBHS 3arpy3Kn UHPPacTPyKTypbI.

TpaHCIOPTa KaK TeKyIlasi, Tak 1 JOJIT0CPOU-
Hasl, 3HAYMMO 3aBUCST OT YPOBHsI KauecTBa
VCIIYT, OKa3bIBaeMBIX TTOTb30BatessiM [30; 31].
IIpu 5TOM BaXXHBI HE TOJIbLKO OOBEKTUBHO
U3MepsSieMbIE OTPaCIeBOM CTATUCTUKOM MOKa-
3aTelIi KauecTBa MepeBO30K, HO U CYOhEKTHB-
HbIe OLIEHKM KayecTBa OKa3hIBAEMBIX YCIIYT
caMUMMU TIoJIb3oBaTensaMu [32, ¢. 58; 29,
c. 147—148]. crionb30BaHMe [UIsI XapaKTepH-
CTUKHM Ka4eCTBA TPAHCIIOPTHBIX YCIYyT TaKUX
OIICHOK He TIPOCTO OTpaxkaeT MPUHIIMIT KJIH-
€HTOOPUEHTUPOBAHHOCTH, & COOTBETCTBYET
(byHIaMEHTAIBHBIM MTOJTOXKEHUSIM 9KOHOMM-
yeckoii Teopun [33, c. 63]. Benb uMeHHO Ha
OCHOBE COOCTBEHHBIX CyOBEKTHBHBIX OIICHOK
TOJIB30BaTE/IM MPUHUMAIOT PEIIEHHE O TOM,
KaK OpraHu30BaTh MEPeBO3KY (KaKue BUJIBI
TPaHCITOPTa, KaKylo JIOTUCTUUECKYIO CXeMY
WICITOJIB30BaTh), 1a U OCYIIECTBIISITh JIU Iepe-
BO3KY BooO111e. Mcnosib3oBaHue 0000IEHHBIX
B Buje «/HIeKca KayecTBa» OILEHOK TPy30-
BJIaJIEJIbIIEB MO3BOJMIO YCTAHOBUTH, UTO
YyBCTBUTEJIBLHOCTD CITPOCA Ha FPY30BbIE Tiepe-
BO3KH K YPOBHIO Ka4€CTBA [IOYTU BABOE BBILLIE,
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YeM K YPOBHIO TTPOBO3HOI T1atThl [34, c. 40—
41; 35, c. 135—139].

C y4€TOM CKa3aHHOTO TIPEICTaBIISIET UH-
Tepec UCCIIeIOBaHNE 3aBUCUMOCTH 0aJTOBBIX
OILIEHOK TPY30BJIajieIbIIlaMU TMOoKa3aTeseit
KayecTBa TPAHCTIOPTHBIX YCIIYT, SIBISTIOLIIUXCST
KOMIIOHEeHTaMu 00o0b6uéHHoTO «MHIekca
KayecTBa», OT YPOBHSI 3arPy3KH XKeJe3HOIO0-
poXkHOIT MHbpacTpyKTyphl. [1pu 3arpyske
uHbpacTpykTyphl cBhiine 100 % ot cpenHero-
JIOBOTO YPOBHSI CYIIECTBYET TEHACHIIUST CHU -
SKEHUS OLICHOK TPY300TIPABUTENISIMU YPOBHST
Pa3BUTHUS TPAHCITOPTHOM MHOPACTPYKTYPHI
(puc. 1). ApyrumMu cIoBaMu, B TIEPUOIBI «ITH-
KOBOW» 3aTpy3KU MH(MPACTPYKTYPHI e€ pa3Bu-
THE BOCTIPMHUMAETCS TPY300TIPABUTEISIMU
KaK OTHOCUTEJIbHO XY/Ilee, YeM B IMePUOIbI
3arpy3Ky HKE CPETHETO YPOBHSI.

WMHTepecHo, 9YTO 3HAYUTEIHHO 00JIee CUITh-
Hasl 3aBUCUMOCTH CYIIIECTBYET MEXIY OIICH-
KaMU rpy300TIpaBUTEISIMU HAJTUYMST BATOHOB
HY>KHOTO TUTIA B HEOOXOIMMOM KOJMUYECTBE
W YPOBHEM 3arpy3Ku MHPPaCTPYKTYPHI
(puc. 2). B repromsl «ITMKOBOI» 3aTpy3KHN 3TH
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Puic. 3. 3aBUCUMOCTb IKCIITyaTaLNOHHbIX PACXOL0B OT HEPaBHOMEPHOCTHU 3arpy3kn MHPPaCTPYKTYpbI.

OLICHKU CHIDKAIOTCSI, YTO CBSI3aHO KaK C BO3-
HUKHOBCHMEM Je(DUIIMTa BATOHOB IIPU POCTE
CITpoca, TaK M ¢ 3aTPYIHCHUSIMU B IIOJICHUTKE
TOPOXKHUX BAarOHOB K MECTaM IIOTPY3KH M3-3a
BBICOKOTO M CBEPXBBICOKOTO 3aIOJHCHUS
TIPOITYCKHOI CITOCOOHOCTH HA MHOTHUX y4acT-
Kax CeTH XKeJIe3HBIX TOPOT.

BaxkxHoe 3HaueHME MMEET aHAJINU3 3aBU-
CHUMOCTH KJIFOYEBOTO 3KOHOMHMYECKOTO I10-
Ka3aTeJis XKeJIe3HOIOPOXHOIO TPAaHCIIOpTa —
pacxoI0oB Ha OCYIIECTBICHHUE MEPEBO30K
(3KCIUTYyaTallMOHHBIX PACXOIOB) — OT HEPaB-
HOMEPHOCTH 3arpy3Ku MHQPPACTPYKTYPHI.
7151 BBITIOJTHEHUSI COOTBETCTBYIOIICH OLICH-
KM 3KCITyaTallMOHHBIE PacXOdbl pa3HBIX
KBapTaJIOB OBUIM IIPUBEACHBI K COITOCTaBH -
MOMY BUIY TYTEM UCKITIOUSHUS U3 PaCXOI0B
I IV («3uMHUX» ) KBapTAJIOB TOTIOJTHUTEITb-
HBIX 3aTpaT, CBI3aHHBIX C OCYIIICCTBICHUEM
9KCIUTYyaTallMOHHOM pabOTHl B 3UMHUI TIe-
puon (Ha TOTIMBO, CHETOOOPHOY M Ip.), a U3
pacxonoB IV kBapTana, KpoMe TOTO, 100~
HUTEJIBHBIX 3aTpaT, CBSI3aHHBIX C 3aBepIlle-
HHEeM Toda (BBIIUIATHI MO CYETaM W Ip.).
ITocne ykazaHHBIX KOPPEKTUPOBOK KBap-
TaJIbHBIX TaHHBIX OBUIM PacCUMTaHBI CPe-
HECYTOYHBIC PACXOBI IO KaXKIOMY TOIY U 10
KBapTajgaM U ONpenecHB OTHOIICHUS
CPeIHECYTOYHBIX PACXOI0B KaxKI0ro KBap-
TaJla K COOTBETCTBYIOIIUM CPEIHETOA0BBIM
3HAYCHUSIM.

BrlmmorHeHHAsI OIIeHKa TTOKa3bIBaeT HEJIH-
HEUHBIN XapaKTep 3aBUCUMOCTH 3KCILTyaTa-
IIMOHHBIX PaCXOIOB OT YPOBHS 3arpy3KH Ke-
JIE3HOAOPOXKHOU MH(MPPACTPYKTYpHI (puc. 3).
Takoit pe3yabpTaT SABISACTCS SMIIMPUICCKUAM
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MOATBEPXKAEHNEM TEOPETUUYECKUX TTOJIOKE-
HUI1, BBICKA3aHHBIX B psae padOT IO 9KOHO-
MMKe TpaHcmoprta [9, c. 87; 36, c. 96—97; 37,
c. 367—368] u cornacyiomuxcs ¢ GyHaaMeH-
TaJTbHBIMU MOJOXEHUSIMHU 2KOHOMMWYECKOM
TEOPUHM, B COOTBETCTBUM C KOTOPBIMH IIPU
YBEIMICHUN 00BEMOB IPOU3BOICTBA B YCIIO-
BUSX HEM3MEHHOTI'O KOJIMYECTBA OCHOBHOTO
KamnuTajia, Ha4ymHas ¢ HEKOTOPOTO MOMEHTa,
BCTYIAET B JEUCTBUE 3aKOH YOBIBAIOILIEH OT-
nmaun [38, c. 271—-273]. B pe3ynsraTe mpeaesib-
HBIE U3ACPKKU PACTYT, a POCT OOIIMX M3Iep-
KeK CTAaHOBUTCS HEJIMHEIHBIM 1 YCKOPSICTCSI.

IIpumMedarenbHO, YTO B pacCMaTPUBaeMBbIX
YCIIOBUSIX €IIE M0 TOCTUKCHMS CPEIHETOM0-
BOTO YPOBHSI 3arpy3KHM KeJIE3HOIOPOXHOMN
MHOPACTPYKTYPHI POCT 3aTpaT YCKOPSIETCS
(puc. 3).

DTO CBUIETEILCTBYET O TOM, UTO JaXKe IIPHU
CPEIHETOM0BOM 3arpy3Ke OTEUYEeCTBEHHBIC
JKeJIC3HBIC TOPOTY OKA3hIBAIOTCS ITePETPYKEH-
HBIMH, T.¢. QYHKIIMOHUPYIOT B 5KOHOMUIECKH
HeonTuMalbHOM pexxkmme. [Ipu cyiecTBeH-
HOM TIPEBBIIICHUN CPEIHETOJOBOIO YPOBHS
3arpy3Ku POCT 3aTpaT CYIIECTBEHHO ITPEBHI-
1I1aeT 3Ha4eHUsI, HabJIojaeMble TIpY HAJTMIU T
pPe3epBOB IMPOITYCKHOI CIIOCOOHOCTH, M CTa-
HOBUTCS OIlepeXalolM 10 CpaBHEHUIO
C POCTOM 3arpy3Ku MTHOPACTPYKTYpPHI (pHrc. 4).
Becpma mokazaTeIbHBIM SIBJISIETCS] YBEIMUC-
HHE pa3pbiBa MeXIy rpacdUKaMu HeJIMHEITHO-
ro POCTa SKCIUTyaTallMOHHBIX PACXOIOB IIPH
nepe3arpy3ke MHGPaCTPYKTYPhI K TEOPETHYC-
CKUM I'padMKOM IIPU OTCYTCTBUM TaKOBOIA.

OnHOI U3 OCHOBHBIX TTPUYMH HEJTWHEN-
HOTO, YCKOPSIIOIIIETOCST pOCTa 3KCIUTyaTaIu-
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Puc. 4. Poct akcnnyaTtaumnoHHbIX pacxoAoB rnpu rneperpys3ke nHppacTpyKTypbl.

OHHBIX 3aTpaT P ITOBBIIICHUN YPOBHS 3a-
IPY3KU MHPPACTPYKTYPHI SIBIISICTCS YXYIIIIC-
HHUE KayecTBa MCITOTb30BaHMST MTOIBUKHOTO
cOCTaBa 0 BpeMeHU, MPEXIe BCEro — CHU-
JKeHME CKOPOCTEH IBVKEHUS TT0e310B. B ps-
JIe UICCIICTOBAHMIA, BRITTOJTHSIBIITNIXCS B pa3HEBIC
TOlIbI, YCTAHOBJICHO, UYTO MPU 3aITOJTHCHUN
TIPOITYCKHOM CITOCOOHOCTH KeJIe3HOI0POXK-
HbIX uHM cBbiire 70—80 % ot pacyéTHoi
BEJIMUYMHBI YIACTKOBAsT CKOPOCTh IBUKCHMST
IPY30BBIX ITOE3I0B Ha STUX JIMTHUSIX CHIKACT-
ca [39; 40; 41, c. 1-5], a cebecTOMMOCTb Tie-
peBO30K, COOTBETCTBEHHO, pacTeT [42,
c. 195-196; 43, c. 67—68].

DMIIMPUYCCKUI aHAJIN3 BHYTPUTOIOBEIX
M3MEHEHMIT CKOPOCTEil IBIKEHUS TTOC3I0B
(Tabia. 2) B COMOCTABJAEHUU C CE30HHOI He-
PaBHOMEPHOCTBIO 3aTPy3KH KeJIe3HOIO0POXK-
HOU MHOpPacTpyKTyphl (Taba. 1) cBUmETEb-
CTBYET O TOM, UTO B IePUOAbI O0Jiee BLICOKOI
3arpy3Ku MTHPPACTPYKTYPBI CKOPOCTHU IBIKE-
HUSI TTOE30B CHITKAIOTCS, 2 X MUHUMAaJIbHBIC
3HaueHus npuxonarcs Ha I11 kBapran, koraa
YPOBEHbB 3arpy3KN MHGPACTPYKTYPhI MaKCH-
MaJieH.

MateMaT4ecKast OlleHKa 3aBUCUMOCTH
Y4aCTKOBOW CKOPOCTH OT HEPaBHOMEPHOCTHU
3arpy3KU KeJIe3HOIOPOXKHON MH(PPACTPYKTY-
pBI TaKXe CBUIETEIHCTBYET O CHMKCHUU
YIaCTKOBOU CKOPOCTH IIPU Meperpyske
UH@PacTpyKTyphl (puc. 5).

Hayunas yennocmos nposedénnoeo mooe-
AUPOBAHUS COCMOUM 8 MOM, MO YCMAHO8Ae-
Ha 3a8UCUMOCMb YUACMKOB0U CKOPOCIU OM
YDOB8HS 3aepy3KU UHGPaAcmpyKkmypul He 045
OMOEAbHbIX AUHUI, A 0458 Cemu JceNe3HbIX
dopoe ¢ uenom. Kak m3BecTHO, cebecTon-
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MOCTb MEPEBO30K U YIaCTKOBasi CKOPOCTh
CBsI3aHBbl 00paTHOW 3aBUCUMOCTbBIO [37,
c. 269—276]. DTO 3HAYUT, YTO MPU CHUXKE-
HUM YIaCTKOBOM CKOPOCTHU Ce0eCTOMMOCTD
nepeBO30K, a, CAeA0BaTeJbHO, U oblIas
CyMMa 3KCIUTyaTallMOHHBIX PacXxoJ0B BO3-
pacTamT.

TTpu 5TOM CHUXKEHUEM YYaCTKOBOI CKOPO-
CTU POCT IKCIUTyaTallMOHHBIX PACXOI0B O0BSIC-
HSIETCSI JIUIITH YaCTUYHO, TAK KaK BBITTOJTHEHHBIN
aHaJIi3 MokasbiBaeT (Tad1. 1, 2), 4To B IepUOIbI
«TTMKOBOI» 3arpy3K1 MH(PPACTPYKTYpPhI CHIKA-
€TCSI HE TOJIBKO YYaCTKOBAsi CKOPOCTh, HO U KO-
a(hbULIEHT y4aCTKOBOI CKOPOCTH, OMpeieIsie-
MBIl KaK OTHOIIIEHWE YYaCTKOBOI CKOPOCTH
K TEXHUYECKOIA [44, c. 246]. CHuxeHre Ko3d-
(pumeHTa y4acTKOBOI CKOPOCTH O3HAYAET, YTO
YBEJIMUMBAIOTCS MPOCTOU TMOE3I0B Ha MpoMe-
JKYTOYHBIX CTAHIIMSIX, @ 9TO TOTIOJHUTEIHHO
YBEJMUMBAET IKCILTyaTallMOHHBIE 3aTPaThl
BCJIEICTBHE YBEJIMYECHUST BATOHO-YACOB U JIOKO-
MOTHUBO-YaCOB ITPOCTOSI, a TAKKe OpUTago-4acoB
JIOKOMOTUBHBIX Opuran [45]. COBOKYITHOCTBIO
YKa3aHHBIX (PAaKTOPOB M OOBSICHSIETCS POCT
AKCITTyaTallMOHHBIX PACXO/IOB, TOKA3aHHBII Ha
puc. 4. Kpome Toro, ykazaHHbI€ TTPOCTOU MPU-
BOIAT K 3aMEUIEHUIO TOCTaBKM TOBAapOB, UTO
BJICUET 3a COOO MTOTEPU /151 TOBAPOBIAJCIBIICB
1 9KOHOMUKMU B 1IeJIoM [46, ¢. 6—7], 1 MOXeT
TaKXe TMOBJIEYb B3BICKAHWE C MEepeBO3UYNKA
1TpadoB 3a MPOCPOUKY AJOCTABKU TPY30B.

Takum obGpa3zoM, ce30HHasT HEpaBHOMEP-
HOCTb 3arpy3Ku XeJe3HOJOPOXHOU uHbpa-
CTPYKTYPBI TIPUBOIUT K CHUKEHUIO KauecTBa
TePEeBO30K U YXYIIIEHUIO PhIHOYHOTO MMU/TKA
KEJIE3HOJOPOKHOW OTpaciu, YBEJIUYECHUIO
SKCILTyaTallMOHHBIX PACXOA0B U Ce0ECTOMMO-
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CTH MTEPEBO30K, UTO CHIKAET 3(PDHEKTUBHOCTh
¥ KOHKYPEHTOCTIOCOOHOCTD XKeJE3HBIX JJOPOT.
Co0OTBETCTBEHHO, HEPABHOMEPHOCTD [TEPEBO-
30K CHUXKAeT U 3 HEKTUBHOCTb UHBECTULIUI
B Pa3BUTHE XKEJIE3HOJOPOXKHOTO TPAHCIIOPTA.
TToTomMy BO3MOXHOCTH POCTa HEPABHOMEPHO-
CTH TIEPEBO30K CJIEAYET paccMaTpuBaTh Kak
crnenruIecKuil BUI pucka Mpu peain3aluu
KaK OTIEJbHbIX UHBECTULIMOHHBIX TPOEKTOB,
TaK U KOMIUIEKCHBIX MPOTPaMM Pa3BUTHUS,
TakKuX Kak JloarocpouyHas nmporpamMmma pa3Bu-
tust OAO «P2KI» no 2025 ropa [15].

MOJEJb BJINAHUSA CE3BOHHOM
HEPABHOMEPHOCTU 3AIrPY3KHU
XEJIEBHO40POXXHOM
UHODPACTPYKTYPbI
HA 3PDPEKTUBHOCTDb
EE UCNMOJIb30BAHUSA U PABBUTUSA
ITpoBen€HHbBIN aHaNIM3 U BBHIIOJTHEHHbIC
OLICHKH, C Y4ETOM ITOHUMAHUsI 3KOHOMUYE-
CKHUX B3auMMOCBsI3eil B chepe IKCIUTyaTalluu
Y pa3BUTHSI TPAHCIIOPTHBIX CUCTEM, TTIO3BOJISI -
0T C UCIIOJIb30BaHUEM JIOTUKO-aHAJIMTUYEC-
Koro meTona [47] chopMupoBaTh TEOpEeTUYE-
CKYIO MOJIe/Ib BIIMSIHUSI CE30HHOM HEpaBHO-
MEPHOCTHU 3arpy3KM XeJe3HOIOPOKHOMI
MHPPACTPYKTYPHI Ha 3(PPEKTUBHOCTD €€ MC-
MOJIb30BaHUSI U pa3BUTUs. Moe/ib OCHOBBI-
BaeTCs Ha CJICAYIOLINIA TTOIOXKEHUSIX.
1.CpennHecyTouHas BeIM4YMHA IPUBEAEH-

o ———200
HOU pabOThl ( PLuu ) XKETE3HOTOPOXKHOTO

TpaHCIOpPTa 3a roj MpH €€ CIOXMBIICHCS
CTPYKTYpE I10 BUAAM M HalpaBJICHUSM IIepe-
BO30K (Sij) U 3apaHHoM ypoBHe Tapudos (T)
OIpeieIsieT TOJOBbIE JOXOAbl OTPACIU OT
nepeBo3ok (D):

D = f(PLm,S,.T).

(%)

B HacTosiiem ucciienoBaHuM Mbl abcTpa-
TUpYeMCsl OT U3MEHEHMUSI CTPYKTYPhI IIePeBO-
30K U YPOBHSI TapudoB, 4TOOBI BBISIBUTh
BJIMSIHUE CE30HHOIM HepaBHOMepHOCTH. Torma
BbIpaxkeHue (5) MOXHO 3anucaTrh Kak:
D = f(PLi).

(6)
2.MakcumalbHas cpeIHeCyTOYHasT TIpU-
BeIEHHast paboTa BHYTPUTOI0BOIO IMEPHOIA —

———max
KBapTrajia uiv mecgaua — Pluww ONpenenser

KakK MOTpeOHbIe KAaMUTAJIbHBIE BIOXEeHUS (K)
B CO3/IaHME TIPOTYCKHBIX M TIPOBO3HBIX CITO-
COOHOCTEI IS peaau3aiid COOTBETCTBYIO-
1ero oobEMa MepeBo30K, TaK U HE TOJbKO
3aBUCSIIUE OT 00BEMOB MEPEBO30K (ITEPEMEH -
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HbIE) BKCILTyaTallMOHHBIE PACXOJbl COOTBET-

CTBYIOIIIETO [epUOo/ia, HO U TOAOBbIE YCIOBHO-

MOCTOsSIHHbIE pacxoibl (£ ), CBSI3aHHBIE,
y-nocm

Mnpexie Bcero, ¢ coaepkaHueM nHGpacTpyK-

TYpHI:

K = f(PLuu);

(7
®)

IIpu sTOM 3aBucsIIUEe (TTEpeMEeHHBbIE)
SKCIUTyaTallMOHHBIE PaCXOJbl B TIEPUOIBI
«ITUKOBBIX» 00BEMOB OTIPEACIISTIOTCS HE TOJTh-
KO CaMUMU TUMU 00BEMAMU, HO U YXYy/IILIe-
HUEM KadeCTBEHHBIX ITOKa3aTeJieil mepeBo-
309HOTO MpOIlecca, BYaCTHOCTH, CHUKCHUEM
cKopocrteit nBrxxeHust (AV):

E;> = f(PLupu,AV). )

E™ . = f(PLupa).

y-nocm

3. 9¢hHeKTUBHOCTD MCMOJb30BaHUS TPAHC-
MOPTHOM UHMPPACTPYKTYpPHI ( I, ) 3aBUCUT OT

COOTHOIIIEHUSI TJOXOJI0B OT TEePEBO30K, OCY-
IIECTBIISIEMBIX C UCTIOJIb30BAaHUEM 3TOM MH)-
PacTpyKTYphl, 1 COOTBETCTBYIOIINX SKCITTya-
TAlIMOHHBIX 3aTpaT KaK 3aBUCSIINX, TaK U HE
3aBUCSIINX OT 00BEMOB MEPEBO30K (YCTOBHO-
MOCTOSTHHBIX):

9 = F(DE, .. E..).

nocm? "~ 3a6

(10).

C yuérom 3aBucumocteit (5—9), mpu cino-
JKUBIIEICS CTPYKTYpE MEePeBO30K U 3aJaHHOM
ypoBHe TapudoB:
By = S(PLuto, PLupis). (1)

B cBolo ouepeb, cpeHECYTOUHAS BEIM-
YUHA MPUBEAEHHOM PabOTHI XKeTe3HOAOPOXK-

——200
HOTrO TpaHcrmopTa 3a rof ( PLiwe ) 3aBUCUT KaK

oT Cé YPOBHA B NIEPUOJAbl MAKCHUMAJIbHBIX
1 MUHUMAJIbHBIX IICPEBO30K 1 COOTHOIICHUA
MeXXIy HUMU, TaK U OT OOLIETO pacipeaesie-
HHA IMIEPCBO30OK MO n€proaaM roiaa, 1.€c. OT
napametpos K, K., K’ .}.

W3 sT0TO Cremyer cyliecTBOBaHUE 3aBU-
CUMOCTHU:
gy = [(Koy KooK D).

oo AK i (12).
4.TTpu puOIMKEHUU MAaKCUMaITbLHOTO
YPOBHSI 3aTPy3KH XeJIe3HOIOPOKHOM MHbpa-
CTPYKTYPBl K KPUBOW MPOU3BOJICTBEHHBIX
Bo3moxHocreit (KITB'), BcTymaeT B cuiy 3a-
KOH yOBIBaIOIIel OTOa4M U BO3HUKAET HEOO-
XOJMMOCTb TPOBENCHUS PEKOHCTPYKTUBHBIX

! KI1B xene3H0M0poKHOM TNHAN TIOKA3bIBAET, KAKOE
YUCJIO MTOE30B Pa3HOTO BUA (MAacCaKUPCKUX, IPy-
30BBIX U JIP.) MOKHO MTPOIYCTUTD 110 3TOI JINHUU 32
onpeneI€HHbII nHTepBas BpeMeHu [37, ¢. 365].
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Puc. 5. 3aBUCUMOCTb y4aCTKOBOW CKOPOCTH rpy30BbiX M10€3[0B OT HEPaBHOMEPHOCTH 3arpy3Kku
NHPPaCTPYKTYpBbI.

Tabumua 2

JInHAMHMKA YJACTKOBOI 1 TEXHHIECKOI CKOPOCTEii IBIZKEHHNS TPY30BbIX M0€310B H N3MEHEHHE
K03 dunmenTa yaacTKOBO# CKOPOCTH o KBapranam 3a 2017—2018 rr.

[Toka3zarenb 2017 ron 2018 ron
I xB. ITks. |IIks. |IVks. |Iks. ITxs. |IIxs. |IVks.
YyacTkoBasi CKOpOCTh 42,8 40,3 39,0 39,6 42,0 39,0 37,3 38,1
TexHuyeckast CKOpOCTh 48,5 47,0 46,1 46,4 48.4 46,5 45,7 46,2
KoadhduumeHT yuacTKoBOi CKOPOCTH 0,881 (0,858 0,845 0,852 0,868 0,839 0,815 |0,824
PLoma OTIAJICHUSI 3aTpaT (90“1) TIpY JaHHOU BEJIMUMHE
L K, K OTHAISIeMBIX B OymyIiiee j’,ana.T Ha PeKOHCTPYK-
TR S I SN ~ o, MO >KeJIe3HOMOPOXKHOM MH(MPACTPYKTYPHI 3a-
in K y-nocr BUCUT OT BpeMeHM oTranerus  3atpar (T ) —uem
Lapus ! E,, OHO OOJBILIE, TeM 3P QEKT BBILIE:

{PLupus}

1
{AK"E”} =T =D
AR-Z ot ot

nep

Puc. 6. Cxema oLieHKM B/INSIHNSI CE30HHOM
HepaBHOMEPHOCTHU 3arpy3Ku XeJ1e3HO[0POXHOM
nH@pPacTpyKTypbl Ha 3¢pPeKTUBHOCTb €€
MCrO/Ib30BaHNs N Pa3BUTHS.

Mepornpusituii [37, c. 366], TpeOyoLIIUX COOT-
BETCTBYIOLIMX KalUTaIbHBIX 3aTpar (K ).

KarmutanbHble 3aTpaThl Ha PEKOHCTPYKIIAIO
JKeJIe3HOIOPOXKHOW MHOPACTPYKTYPhI TOJDKHBI
OKYITAaThCsI 32 CYET TOXOIOB OT IEPEBO30K M IPY-
rux 3¢bdEKTOB, CBSI3aHHBIX C YBEJIUYECHUEM,
Gr1aromapst pPeKOHCTPYKIIMH, 00BEMOB IEPEeBO30K
(TIpUBeIEHHOI PAOOTHI).

B curyaimm, Korma CyImiecTByeT Ce30HHas
HEpaBHOMEPHOCTD 3arpy3Ku MHPPACTPYKTYpHI,
T.e. Koopduuyentsl K,,, K., , K., He paBHbI

Hep 5 Hep 5

eIMHMLIE, ATBTEPHATHBON PEKOHCTPYKLIMH 5B~
JIIeTCS] CHIBKEHHE HEPaBHOMEPHOCTH TIepeBO-
30K, ¢ coKpallieHreM BemunH K, , K2, . Tlpn

5TOM BO3HMKAET BO3MOXKHOCTh OTIaTUTh KaIi-
TaJIbHBIE 3aTPaThl HAa PEKOHCTPYKIIMIO, OCYIIe-
CTBUB UX B Mocjeaytoliue rogbl. IP@ekT ot

O =AT ). (13)

Cy1HOCTh 3(pheKTa OT OTHAJICHHS] KATTUTATb-
HBIX 3aTPaT CBSI3aHa C TeM, YTO 3a TIePUOJL OTAA-
JICHUSI OHM HanyT 3(p@eKT mpu KaKux-11do
AIBTEPHATUBHBIX BAPMAHTAX MCIOIb30BAHUSI.
Ecnu >ke "CTOYHMKOM COOTBETCTBYIOIINX MHBE-
CTULIMIA CIy>KaT 3a€MHbIEe CPEACTBA, OYIyT CHU-
>KeHbI TTPOIIEHTHBIE TUTATEXKU.

B cBoto ovepenb, BpeMst OTaaNIeHust 3aTpar
3aBUCUT OT CHIKEHNST HEPABHOMEPHOCTH 3arpy3-

K1 MHGPACTPYKTYPHI:

T,., = f(AK,,,AK}). (14).
W3 310r0 crneyer:

B = S(BK,,,AK,). (15).

Takum 00pa3oM, Ha OCHOBE JIOTUYECKOTO
aHaJ113a MoKa3aHo BIIMSTHYE CE30HHOM HEpaBHO-
MEPHOCTH 3aTPy3KH JKeJIe3HOMOPOXKHOM MH(bpa-
CTPYKTYphI Ha 3(hHEKTUBHOCTH €€ UCMOIb30BaA-
HUS U pa3BUTUsl. B 00001IEHHOM BUIE OMUCAH-
Hast MOJie/Th MPeICTaBIeHa Ha puc. 6.

SAKJTIOMEHUE
IpeaoxXeHHBIA B CTaThe METOAMYECKUIA
MHCTPYMEHTApUi OLIEHKU CE30HHOM HepaB-
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HOMEPHOCTHU 3arpy3Ku XeJe3HOAOPOXKHOMN
UHOPACTPYKTYPHI 11e71eC000pa3HO UCTOb-
30BaTh IJIs €€ yTIyOJIEHHOTO PETPOCTIEKTUB-
HOTO aHaJiu3a, C BbISIBJEHUEM OCHOBHBIX
(hakTOpOB, BAUSAIOIIMX HA MMOKA3aTEIU He-
PaBHOMEPHOCTH, U OTIpeleIeHUEM MUHM-
MaJbHOT'O TOCTMXUMOTO (TIpeeIbHO 1Oy~
CTUMOTO) YPOBHSI CE30HHOU HepaBHOMED-
HOCTU. DTO MO3BOJUT OCYILIECTBJISATh MPO-
THO3MPOBAaHKE CE30HHON HEPAaBHOMEPHOCTU
Ha TIEPCIIEKTUBY W BBIPAOOTKY MEPOITPUSITUIA
Mo €€ CHUXXEHUIO (HeAOIMYyLIEHUIO TIPeBbI-
1IeHUsl MpeaeabHOro ypoBHs). B ocHoBe
MEPOTIPUSITHI ITO0 CHUKEHUIO HEpaBHOMEP -
HOCTHU MePEeBO30K MOTYT JIEXAaTh KaK Tapud-
Hble MEpbl, OCHOBaHHbIE HAa U3MEHEHUU
MPOBO3HO IJIATHI B 3aBUCUMOCTH OT yPOB-
H$1 3arpy3ku uHMpacTpykTypsi [10, c. 164—
165; 48, c. 191; 49, c. 69—70], TaK u, B 10-
MOJIHEHUE K HUM, MEPbl OpTaHU3allMOHHO -
rO-TEXHOJOTMYECKHUE, B TOM YUCTIE — OCHO-
BaHHbIE HAa UCMHOJIb30BAaHUU aHajiu3a
«0ONBIIUX MAaHHBIX» U KOMITBIOTEPHOTO
mozaenupoBaHus [50].

OCyIIEeCTBISATh TEKYIIUIA MOHUTOPUHT
CE30HHOI HEpaBHOMEPHOCTHU IMEPEBO30K,
C OLIEHKOW AeHCTBEHHOCTU pa3pabOTaHHBIX
Mep 10 €€ CHUXXEHUIO U UX HeoOXoauMoit
KOPPEKTUPOBKO CJIEAYET TAKXKE C UCITOIb30-
BaHMEM JAHHOTO METOAUYECKOTr0 MHCTPYMEH-
Tapus.

BrisiBieHHOE B X01€ TPOBEAEHHOTO UC-
CliefOBaHUS BJIWSIHUE HEPABHOMEPHOCTU
3arpy3KHu KeJIe3HOAOPOXKHON MH(PpacTpyK-
Typbl Ha OLIEHKY KayecTBa TPAHCTOPTHBIX
YCJIYT TPY300TIPABUTENSIMU, KAUECTBEHHbIE
nokasaTe/l dKCIUTyaTallMOHHOU AesiTelb-
HOCTU U 3KCILTyaTallMOHHBIE 3aTpaThl Xe-
JIE3HOIOPOKHOTO TPAaHCIIOpTa, pa3padoTaH-
Hasi MOJIeJIb BJIMSIHUS CE30HHOI HEepaBHO-
MEPHOCTH 3arpy3ku Ha 3(Q¢GEeKTUBHOCTD
UCTIOJIb30BAHUS U PAa3BUTUS XKEJE€3HOM0-
POXHOW UHPPACTPYKTYPHI TO3BOJISIOT OCY-
IIECTBJISATh 9KOHOMUYECKYIO OLIEHKY BJIUSI -
HUSI CE30HHOU HEpaBHOMEPHOCTU Ha pe-
3yJIbTaThl KaK TeKYyIIel, TaK 1 Ha MHBECTH -
LIUOHHOM IeSITEeIbHOCTH XKeJIE3HOJOPOKHOTO
TpaHCIIOpTa, U, TEM CaMbIM, SIBJISTIOTCS] MH-
CTPYMEHTaMU MOBBIIIeHUS 3 (PEKTUBHOCTH
TUTAHUPOBAHUSI W YIIPAaBJIEHUs TIEPEBO30Y-
HO1 IeSITeIbHOCTBIO U PA3BUTUEM KEJTE3HBIX
JIOpOT.

TIpu 5TOM CHUXEHUE CE30HHOUW HepaB-
HOMEPHOCTHU TMEePeBO30K ClenyeT paccMa-
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TpUBATh KaK (DAKTOP MOBBIIICHIST 9KOHOMU -
yecKoil 3((HEKTUBHOCTU HE TOJIBKO TEKY-
meit, HO U UHBECTUIIMOHHOM IeITETbHOCTH
JKEJIE3HOMOPOXHOTO TpaHCIopTa, a eé
POCT — Kak crielupuuecKuii BUI pucKa st
3P (HEeKTUBHOCTU peajn3allud IMPOECKTOB
pPa3BUTUS XKeJIe3HOIO0POXKHOI MHPPACTPyK-

TYPBHI.
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ABSTRACT

The article considers the problem of seasonal uneven
transportation and its impact on transport infrastructure loading.
The objective of the study is to develop scientifically sound
recommendations for monitoring seasonal unevenness of
transportation and infrastructure loading based on its adequate
assessment; conducting economic assessment of the impact of
seasonality of transportation on the indicators of current and
investmentactivity of railway transport; making recommendations
to further reduce unevenness of transportation, or atleast prevent
its growth.

The authors solved the following tasks: a reasoned, logically
structured sequence of economic assessment of the impact of
seasonality of transportation on the indicators of current and
investment activities of railway transport was formed, and
scientifically based recommendations were proposed to further
reduce uneven transportation(to preventits growth). The following
methods were used: logical and analytical tools, methods of
statistical analysis, economic-mathematical modelling and
technical and economic calculations.

As a result of the study, the authors revealed that seasonal
uneven loading of railway infrastructure leads to a decrease in
quality of transportation and a deterioration in the market image of

the railway industry, an increase in operating costs and cost of
transportation, that is, to a decrease in efficiency and
competitiveness of railways. The uneven transportation negatively
affects the effectiveness of investments in development of railway
transport.

The analysis made it possible to formulate a theoretical model
of influence of seasonal unevenness of railway infrastructure
loading on efficiency of its use and development. It is advisable to
use the methodological toolkit for assessing seasonal unevenness
of railway infrastructure loading for its in-depth retrospective
analysis, identifying the main factors affecting unevenness
indicators and determining the maximum permissible level of
seasonal unevenness.

The developed model of influence of seasonal unevenness
of loading on use and development of railway infrastructure allows
to carry out economic assessment of seasonal unevenness, is a
tool to improve planning and management of transportation
activities and development of railways. The reduction in seasonal
unevenness of transportation should be considered as a factor
increasing the economic efficiency of notonly the current, butalso
investment activity of the railway transport, while its growth should
be considered as a specific type of risk for effectiveness of
implementation of railway infrastructure development projects.

Keywords: transport, seasonal unevenness of infrastructure loading, railway infrastructure, normalized work, operating costs,

transportation costs, economic efficiency.

*Information about the authors:

Macheret, Dmitry A. — D.Sc. (Economics), Professor, Head of the Department of Transport Infrastructure
Economy and Construction Business Management of Russian University of Transport, Moscow, Russia,

macheretda@rambler.ru.

Razuvaev, Aleksey D. — Ph.D. (Economics), Associate Professor the Department of Transport
Infrastructure Economy and Construction Business Management of Russian University of Transport,

Moscow, Russia, razuvaevalex@yandex.ru.

Ledney, Anastasia Yu. — Ph.D. student at the Department of Transport Infrastructure Economy and
Construction Business Management of Russian University of Transport, Moscow, Russia, trinitinoks@mail.ru.

Article received 20.12.2019, accepted 03.03.2020.

For the original Russian text of the article please see p. 94.

WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 94-115 (2020)

105

ECONOMICS



Background. The negative impact of

106 unevenness of transportation on operational

and economic indicators of railways has been
noted by researchers since 19" century to the
present [1—3]. The fundamental nature of this
problem was disclosed in [4]. Moreover,
seasonal unevenness (seasonality) of
transportation is especially significant [5, p. 5],
seasonality meaning «unevenness of
transportation by quarters of the year and
months» [6, p. 240].

Academician T. S. Khachaturov noted the
negative impact of unevenness of transportation
on both investment and operating costs of
railways. The first is due to the fact that «it is
necessary to provide... a reserve of technical
equipment of transport due to unevenness of
transportation, which accordingly increases the
required investment» [6, p. 239]. The
second is due to the fact that «during periods
of maximum transportation difficulties arise
with movement of trains, which causes a
slowdown in movement of goods. All this results
in increase in the cost of transportation» [6,
pp. 239—240]. To this fair assessment, it should
be added that slowdown in movement of goods
entails significant macroeconomic losses
associated with «freezing» of working capital
embodied in the goods transported during the
period of their transportation [7; 8, p. 92].

And the losses associated with slowdown in
delivery of goods and increase in the cost of
transportation [9] become especially significant
in conditions of high and ultra-high filling of
railway capacity («overload», in modern
economic terminology [10]). Namely, such a
situation exists in a number of key areas of the
Russian railway network [11, p. 14]. Its
overcoming requires development of railway
infrastructure. The Comprehensive plan for
modernization and expansion of the main
infrastructure provides for large-scale tasks
covering all types of transport, including
railway, and aimed both at solving existing
infrastructure problems and opening up
opportunities for development of new points of
economic growth [12; 13].

The analysis of the Comprehensive plan
shows that it requires significant investment
from not only the federal budget, but also from
the regions (many of which undergo financial
problems), as well as from business entities
[14, pp. 32—36]. In particular, the Long-Term
Development Program (LDP) of JSC Russian

Railways until 2025, linked in terms of railway
infrastructure projects with the Comprehensive
plan, provides for a significant increase in
investment. In accordance with the basic
scenario of LDP, in 2019—2025 the average
annual investment should amount to about
670 billion rubles, and according to the
optimistic scenario, to about 830 billion rubles
[15]. It is important that acceleration of
investment in development of Russian railways
has already begun. If in 2018 the volume of
investments of JSC Russian Railways
amounted to about 550 billion rubles, then in
2019 it was about 690 billion [16, p. 9]. At the
same time, the possibility of such an
intensification of the investment activity of
the company and the overall success of
implementation of LDP will depend on many
factors, including environmental factors, and
will entail significant risks, some of which have
already appeared at the start of the program,
in 2019 [17, p. 16].

The Comprehensive plan provides for
implementation of the largest infrastructure
projects. And for business development, and in
the interests of ensuring mobility of the
country’s population, they «should be
supplemented by grassroots activation of
development of transport infrastructure that
would solve the problems of the «last mile»,
local transportation, etc.» [18, p. 35]. Forsuch
projects, additional investments are needed,
including private ones, the attraction of which
requires appropriate institutional conditions.

Given that investment resources are always
limited (this is common to any economic good
[19, pp. 103—108]), an important task is to
increase the efficiency of using the existing
transport infrastructure. This allows to postpone
investment, which gives the corresponding
effect [20, p. 57].

Reducing seasonal unevenness of
transportation is an important factor in
ensuring for the economy and the population
such a key economic good as modern transport
infrastructure.

In 2016—2018, cargo turnover on railway
transport increased by 10,8 %, with a decrease
in its seasonal unevenness, estimated as the
ratio of the maximum monthly value of the
average daily cargo turnover during the year to
the average daily cargo turnover for the year,
from 105,6 to 103,3 %. It is obvious that in
conditions of incomplete satisfaction of
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demand for loading resources during periods
of «peak» demand, noted by shippers [21, p. 26;
22, p. 36], the problem of leaving trains without
traffic («abandoned trains») persisting on the
network, without reducing the level of seasonal
unevenness of transportation, the actual
dynamics of cargo turnover could not have been
ensured. Based on the foregoing, it seems
necessary:

« firstly, to monitor seasonal variations in
transportation and loading of infrastructure
based on its adequate assessment;

* secondly, to carry out economic
assessment of the impact of seasonality of
transportation on the indicators of the current
and investment activity of the railway transport;

* thirdly, to develop recommendations to
further reduce unevenness of transportation or,
at least, prevent its growth.

The objective of this article is to develop
scientifically sound recommendations for
solving these problems. In this case, the logical
and analytical method, methods of statistical
analysis, economic and mathematical
modelling and technical and economic
calculations are used.

Assessing seasonal unevenness of infrastructure
loading

In the works [23; 24] an improved
methodological toolkit for assessing the
seasonal unevenness of cargo and passenger
transportation is provided. Two main differences
from the traditional approach should be
distinguished:

» for each period under consideration
(month or quarter), daily average rather than
aggregate values of indicators characterizing
transportation volumes are used;

* seasonal unevenness of cargo transporta-
tion is assessed not by the «transported goods»
indicator, but by two indicators: «cargo
loading» and «cargo turnover». This allows to
significantly clarify the characteristics of
unevenness of transportation, as clearly shown
in [24, p. 325].

It is advisable to assess the unevenness of
transportation for each type of transportation
(cargo and passenger), using appropriate
indicators for this, as presented in [23, p. 5]. At
the same time, in the conditions of combined
movement of cargo and passenger trains,
characteristic of domestic railways [25, p. 84],
to characterize the load on the infrastructure,

it is advisable to use the relevant integral
indicator. The total gross cargo turnover
covering passenger and cargo traffic [26] or the
cited work [27] can serve as such an indicator.
Given that the gross cargo turnover is an
exclusively expenditure-forming indicator, and
the indicator «normalized work» is used to
assess the normalized transport production,
productivity of the most important resources
such as labour and infrastructure [27], it seems
appropriate to assess the seasonal uneven
loading of the railway infrastructure using this
indicator. The reduced work (production) of
railway transport is defined as the sum of cargo
and passenger turnover [28, p. 121], while
passenger turnover is doubled to determine
labour productivity [28, p. 199]. It also
substantiates the introduction of a special
multiplying factor for container cargo turnover
based on the higher cost and salary intensity of
their transportation. As indicated in [29,
pp. 45—46], the most accurately cited work for
assessing infrastructure performance could be
estimated using specially calculated
normalization factors for cargo turnover and
passenger turnover carried out by each category
of trains having a coefficient of capacity load
different from other categories. However, such
an assessment is rather complicated, therefore,
it is noted that it is possible to determine the
given work for assessing the infrastructure
productivity by the formula [29, p. 46]:
PL_=PL +K -« HI,
where PL,__— tariff cargo turnover;
HL — passenger turnover;
K., — normalization factor.
The normalization factor can be assessed in
various ways, it is important to note that in any
case it will be more than one. In this study, the
value K = 2 is taken, as for assessment of
labour productivity.
It is proposed to assess the seasonal
unevenness of infrastructure loading using the
following indicators (unevenness coefficients):

o))

PLoom
Kulnev = ——vyear ’ (2)
PLnO"ﬂ
PLoom
Koo = = (3)
3 ﬁ;orm
NSl 4
i = @
where PLum, PLwm — respectively, the

maximum and minimum quarterly (monthly)
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Seasonal unevenness of loading of the railway infrastructure, %

Table 1

Ratio of average daily normalized work of each quarter

Year K, K., "
I quarter II quarter 111 quarter IV quarter

2017 102,5 105,7 96,9 99,3 102,5 101,3
2018 102,6 105,5 97,3 99,6 102,6 100,5

n 2Q

@ 2017

8

g 2Q

§ 2018

2 1Q 4Q 3Q

3 2017 . 2017 2017

p e 1 eer |

2 1Q

B 4Q

% 2018 2018

o

3

s

5 .

2 3Q

94 2018

to average daily for the year, %

Pic. 1. Dependence of the assessment by shippers of the level of railway infrastructure development
on the level of its loading.

value of the average daily normalized work
during the year;

PLum — average daily normalized work for
the year;

PLuom — average daily normalized work for

the particular quarter (month).

The indicated indicators, which can be
expressed as coefficients or as a percentage, are
not alternative, but complementary. Together,
they make it possible to comprehensively assess
the seasonal uneven loading of the railway
infrastructure.

The coefficient X, characterizes the excess

of infrastructure loading in the «peak» season
over the average annual level. Its importance is
determined by the fact that the capacity and
carrying capacity of railways should allow to
realize not only medium, but also maximum
loads without loss of rhythm and stability of
work. This is necessary to ensure the economic
efficiency of their functioning. However, the
ratio of loading of infrastructure in the «peak»
season and the low demand season, which is

demonstrated by the coefficient K., , is also

important. Together, these coefficients give an
annual characteristic of uneven railway
infrastructure loading. But such a characteristic
is not exhaustive. From an economic point of
view, it is important (as will be shown below)
to assess the loading level in each season, in
comparison with the average annual rate using
the coefficient K ..

The characteristics of the seasonal
(quarterly) uneven loading of the infrastructure
of the Russian railways are shown in Table 1.
As can be seen from the table, they are not
subject to sudden changes.

An important theoretical and applied value
belongs to identification of influence of
seasonal uneven loading of railway infrastructure
on economic performance of the industry.

Influence of seasonality of infrastructure
loading on economic indicators of railway
transport

Efficiency and competitiveness of railway
transport, both current and long-term,
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Pic. 2. Dependence of assessment by shippers of availability of wagons of the required type in the required
quantity on the level of infrastructure loading.

significantly depend on the level of quality of
services provided to users [30; 31]. At the same
time, not only transportation quality indicators
objectively measured by industry statistics are
important, but also subjective assessments of
quality of services provided by the users
themselves [32, p. 58; 29, pp. 147—148]. The
use of such estimates to characterize quality of
transport services not only reflects the principle
of customer focus, but also corresponds to the
fundamental principles of economic theory
[33, p. 63]. After all, it is on the basis of their
own subjective assessments that users decide
on how to organize transportation (what modes
of transport, which logistics scheme to use),
and whether to carry out transportation at all.
Using generalized assessments of cargo owners
in the form of «Quality Index» made it possible
to establish that the sensitivity of demand for
cargo transportation to the quality level is
almost twice as high as to the cargo charge level
[34, pp. 40—41; 35, pp. 135—139].

Based on the foregoing, it is of interest to
study the dependence of scores of cargo owners
on quality indicators of transport services, which
are components of a generalized Quality Index,
on the level of railway infrastructure loading.
When the infrastructure loading is more than
100 % of the average annual level, there is a
tendency for shippers to reduce scores while
assessing the level of development of transport
infrastructure (Pic. 1). In other words, during
periods of «peak» loading of infrastructure, its
development is perceived by shippers as relatively
worse than during periods of loading below the
average level.

Interestingly, a much stronger correlation
exists between shippers’ assessment of
availability of wagons of the required type in
the required quantity and the level of
infrastructure loading (Pic. 2). During periods
of «peak» loading, these estimates are reduced,
which is associated both with emergence of a
shortage of wagons and increasing demand, and
with difficulties in sending empty cars to
loading sites due to the high and ultra-high
filling of transit capacity at many sections of
the railway network.

The analysis of dependence of the key
economic indicator of railways (transportation
costs or operating costs) on unevenness of
infrastructure loading is of great importance. To
carry out the corresponding assessment, the
operating costs of different quarters were
normalized to a comparable form by excluding
from costs of I and IV («winter») quarters of
additional costs associated with performance of
operational work in the winter period (for fuel,
snowfighting, etc.), and from costs of IV quarter
of additional costs associated with the end of the
year (payments on accounts, etc.). After these
adjustments to the quarterly data, the average
daily costs for each year and quarters were
calculated, and the ratios of the average daily
costs of each quarter to the corresponding
average annual values were determined.

The assessment shows the non-linear nature
of the dependence of operating costs on the
level of railway infrastructure loading (Pic. 3).
Such a result is empirical confirmation of the
theoretical positions expressed in a number of
works on the economics of transport [9, p. 87;
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Pic. 3. Dependence of operating costs on unevenness of infrastructure loading.

Excess of average annual level of operating
costs, per. point

Theoretical dependence
of operating costs on the
level of infrastructure
loading with available

capacity reserves

Excess of average annual level of infrastructure loading, per. point

Pic. 4. The increase in operating costs during infrastructure overloading.

36, pp. 96—97; 37, pp. 367—368] and consistent
with the fundamental principles of economic
theory, according to which, with an increase in
production under the conditions of an
unchanged amount of fixed capital, from a
certain moment, the law of diminishing returns
comes into effect [38, pp. 271—273]. Asaresult,
marginal costs increase, and the growth of total
costs becomes non-linear and accelerates.

It is noteworthy that under the conditions
under consideration, even before reaching the
average annual level of railway infrastructure
loading, growth of costs accelerates (Pic. 3).

This indicates that even with an average
annual load, domestic railways are overloaded,
i.e. operate in an economically suboptimal
mode. With a significant excess of the average
annual loading level, the growth of costs
significantly exceeds the values observed with
availability of transit capacity reserves and
becomes faster than the growth in infrastructure
loading (Pic. 4). The widening of the gap
between the graphs of nonlinear growth in
operating costs during infrastructure reloading
and the theoretical graph in the absence of such
is rather indicative.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 94-115 (202

Macheret, Dmitry

Unevennessin R ay Infrastructure Loading

Razuvaev, Aleksey D., Ledney, Anastasia Yu. Economic Assessment of Seasonal




Table 2

Dynamics of section and technical speeds of cargo trains and change in coefficient of section
speed by quarter for 2017—2018

Indicator 2017 2018
1Q 1IQ 11 Q IVQ 1Q 11Q 11 Q IVQ
Section speed 42,8 40,3 39,0 39,6 42,0 39,0 37,3 38,1
Technical speed 48,5 47,0 46,1 46,4 48,4 46,5 45,7 46,2
Coefficient of section 0,881 0,858 0,845 0,852 0,868 0,839 0,815 0,824
speed
1Q 2017 1Q2018
< .
= 2 Q2017
|

= : 4Q 2017

ko] 3Q

&

& 2017

5 202018

2 Q 2018

[&] .

]

4Q 2018
3Q
2018

Ratio of average daily normalized wo

rk of each quarter to average daily for the year, %

Pic. 5. Dependence of section speed of cargo trains on unevenness of infrastructure loading.

One of the main reasons for the nonlinear,
accelerating growth in operating costs while
increasing infrastructure loading is deterioration
in quality of use of rolling stock over time,
primarily expressed in decrease in train speeds.
In a number of studies carried out in different
years, it was found that when the loading of
transit capacity of a railway line exceeds 70—
80 % of the calculated value, section speed of
cargo trains on these lines decreases [39; 40;
41, pp. 1-5], and the cost of transportation,
respectively, grows [42, pp. 195—196; 43,
pp. 67—68].

The empirical analysis of intra-annual
changes in train speeds (Table 2) in comparison
with seasonal unevenness of railway
infrastructure loading (Table 1) indicates that
during periods of higher infrastructure loading,
train speeds decrease and their minimum values
fall on I quarter, when the level of infrastructure
loading is maximum.
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The mathematical assessment of
dependence of section speed on unevenness of
railway infrastructure loading also indicates a
decrease in section speed in case of infrastructure
overloading (Pic. 5).

The scientific value of the simulation is that
the dependence of section speed on the level of
infrastructure loading is established not for
individual lines, but for the railway network as
awhole. Asitisknown, the cost of transportation
and section speed are inversely related [37,
pp. 269—276]. This means that with a decrease
in section speed, the cost of transportation,
and, consequently, the total amount of
operating costs, increase.

At the same time, the decrease in section
speed is only partially explained by the increase
in operating costs, since the analysis shows (Tables
1, 2) that during periods of «peak» loading of the
infrastructure not only section speed decreases,
but also the section speed coefficient, defined as
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the ratio of section speed to technical [44, p. 246].
A decrease in the coefficient of section speed
means that the downtime of trains at intermediate
stations increases, and this additionally increases
operating costs due to the increase in car-hours
and locomotive-hours of downtime, as well as
total crew hours of locomotive crews [45]. The
combination of these factors explains the increase
in operating costs, shown in Pic. 4. In addition,
these downtimes lead to a slowdown in delivery
of'goods, which entails losses for product owners
and the economy as a whole [46, pp. 6—7], and
may also entail recovery of penalties from the
carrier for late delivery of goods.

Thus, the seasonal unevenness of loading of
the railway infrastructure leads to a decrease in
quality of transportation and deterioration in the
market image of the railway industry, an increase
in operating costs and the cost of transportation,
which reduces the efficiency and competitiveness
of railways. Accordingly, unevenness of
transportation reduces the efficiency of investments
in railway transport development. Therefore, the
possibility of increasing unevenness of
transportation should be considered as a specific
type of risk in implementation of both individual
investment projects and integrated development
programs, such as the Long-Term Development
Program of JSC Russian Railways until 2025 [15].

The model of influence of seasonal unevenness
of railway infrastructure loading on the efficiency
of its use and development

The analysis and assessments made, taking
into account the understanding of economic
interconnections in the field of operation and
development of transport systems, allow using
the logical-analytical method [47] to form a
theoretical model of influence of seasonal
unevenness of loading of railway infrastructure
on the efficiency of its use and development.
The model is based on the following provisions.

1.The average daily value of normalized

work ( PLwm) of railway transport for the year

with its existing structure by type and direction
of transportation (Sij) and a given level of tariffs
(T) determines the annual income of the
industry from transportation (D):
D = f(PLwom,S,.T).

(%)

In this study, we abstract from changes in
traffic patterns and tariff levels in order to
identify the effects of seasonal variation. Then
expression (5) can be written as:

——year

D = f(PLiom). (6)

2.The maximum average daily normalized
work of the intra-annual period (a quarter or a

month) PLwm determines both the required

capital investments (K) in creating the transit
and carrying capacity for realization of the
corresponding transportation volume, and not
only operating costs depending on
transportation volume (variables) of the
corresponding period, but also the annual
conditionally-constant costs (E__ ) associated
primarily with infrastructure maintenance:

K = f(PLoom), (7)
®)

At the same time, the dependent (variable)
operating costs during periods of «peak»
volumes are determined not only by these
volumes themselves, but also by deterioration
of quality indicators of the transportation
process, in particular, a decrease in motion
speeds (AV):

E™ = f(PLuom,AV).

dep

E"™ = f(PLuom).

c-const

&)

3.The effectiveness of the use of transport
infrastructure ( Ef,, ) depends on the ratio of

revenues from transportation carried out using
this infrastructure, and the corresponding
operating costs, both dependent and
independent of the volume of transportation
(conditionally constant):

Efe = f(D, Ec-consUEdep)' (10)

Taking into account the dependencies
(5—-9), with the prevailing transportation
structure and a given tariff level:
Ef' = f(PLuom, PLoom).

(11)
In turn, the average daily value of normalized
work of railway transport for the year (ﬁm)

depends both on its level during the periods of
maximum and minimum transportation and
the ratio between them, and on the general
distribution of transportation by period of the
year, i.e. on the parameters K}, K..,.{K> .} .

unevl

Thisimpliesthe existence of the dependence:
Eﬁ:fr = f(Kulnev7Kuznev’{K3 l}) (12)-

4. When approaching the maximum level of
railway infrastructure loading to the curve of
production capabilities (CPC'), the law of

I CPC of the railway line shows what number of trains
of different types (passenger, cargo) can be processed on
this line per a certain time interval [37, p. 365].
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Pic. 6. Scheme of assessment of seasonal unevenness of railway infrastructure loading on the efficiency of its
use and development.

diminishing returns comes into force and there is
a need for reconstruction activities [37, p. 366],
requiring appropriate capital expenses (K ).

The capital expenses for reconstruction of
the railway infrastructure should be paid off due
to the income from transportation and other
effects associated with the increase, due to
reconstruction, in the volume of transportation
(normalized work).

In a situation where there is a seasonal
unevenness of infrastructure loading, i.e.
coefficients X,.,, K.. , k.. ,are not equal to

unev 3 unev s

unity, an alternative to reconstruction is to
reduce unevenness of transportation, with a
reduction in values of X, , ..., K... Atthe

same time, it becomes possible to postpone
capital expenses for reconstruction by making
them in subsequent years. The effect of
postponement of expenses (EPOS‘) for a given
value of future costs for reconstruction of
railway infrastructure that are being postponed
for the future depends on time of postponement
of costs (Tp ), and the larger is it, the higher is
the effect:
Epost zﬂTpost)' (13)

The essence of the effect of postponement
of capital costs is due to the fact that during the
period of postponement they will give effect
with any alternative options of use. If the source
ofthe corresponding investments is linked with
borrowed funds, interest payments will be
reduced.

In turn, time of postponement of expenses
depends on reducing unevenness of infra-
structure loading:

0st

Ous = f(AK,,,.AKS,,). (14)
Hence:
Epost = f(AKllnev’AKuznev)' (15)
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Thus, based on the logical analysis, the
influence of seasonal unevenness of loading of
railway infrastructure on the efficiency of its
use and development is shown. In a generalized
form, the described model is presented in
Pic. 6.

Conclusion. It is advisable to use the
methodological toolkit for assessing seasonal
unevenness of railway infrastructure loading for
its in-depth retrospective analysis, identifying
the main factors affecting the unevenness
indicators and determining the minimum
achievable (maximum permissible) level of
seasonal unevenness. This will allow forecasting
seasonal unevenness for the future and
developing measures to reduce it (to prevent
exceeding the limit level). Measures to reduce
unevenness of transportation can be based on
tariff measures based on changes in cargo
charges depending on the level of infrastructure
loading [10, pp. 164—165; 48, p. 191; 49,
pp. 69—70], and, in addition to them, on
organization and technological measures,
including those based on the use of big data
analysis and computer modelling [50].

Current monitoring of seasonal unevenness
of transportation, with assessment of
effectiveness of the developed measures to
reduce it and their further adjustment, should
also be carried out using this methodological
toolkit.

The influence of unevenness of loading of
the railway infrastructure on assessment of
quality of transportation services by shippers,
the quality indicators of operational activity
and operating costs of the railway transport, the
developed model of influence of seasonal
unevenness of loading on the efficiency of use
and development of railway infrastructure
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revealed during the study make it possible to
carry out economic assessment of seasonal
unevenness on the results of current and
investment activities of railway transport, and,
thus, are tools to improve planning and
management of transportation activities and
development of railways.

At the same time, reduction in seasonal
unevenness of transportation should be
considered as a factor increasing the
economic efficiency of not only the current,
but also investment activity of railway
transport, while its growth could be regarded
as a specific type of risk for effectiveness of
implementation of projects for railway
infrastructure development.
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IKOHOMMWKA

HenonyyeHHasa npoBO3Hasa nnarta —
HepewéHHaa npobsiema npeanpuaTun
0o0LLeCTBEHHOro TpaHcnopTa,
OCYLUECTB/IAIOLWNX NEepPeBO3KY JiIbFOTHUKOB

Makcum MAJIBILLEB Hapexpa PUJIUMNMOBA

Muxaun MTOHOMAPEB
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B Mupe BeAETcsl akTuBHas! MOJINTKA MOOLLPEHNS UC-
10/1b30BaHsi 06LLECTBEHHOr0 TPaHCropTa toLbMu 0COObIX,
JIbFOTHbIX Kareropuwii. Yicnonb3yroTcs angdpepeHumnpoBaH-
Hble Tapubl, BECb TPAHCNOPT 06bEANHSIETCS B O4HY CUCTE-
MY, BBOAUTCSI MHAEKC AOCTYNHOCTU YCAYr NacCaxupckmx
nepeBo3ok. Cuctema sibroTHOro NPOe34a LUMPOKO NpuMe-
HsieTcs B Poccun.

Ho npo6nema couymasibHOro o6ecrneyeHust 1broTHbIX
Kareropwii rpaxzaaH He MOXeT ObiTb peLueHa 6e3 obecrneye-
HUS1 onaaTbl UX nNpoesaa B o6LecTBeHHOM TpaHCropTe.
Bpemsi no ¢puHaHCcMpoBaHWIO NPeAOCTaBIEHUS JIbroT He
MOXeT 6bITb BO3/IOXEHO Ha NepeBO34YUKOB.

Tonbko paspaboTka v nocraenyoLee npUMeHeHne
meToza pacyéTa Hernos1y4eHHOM MPOBO3HOM 1atbl C y4ETOM
yCTaHOBJIEHHbIX TapUdOB NO3BOIUT PeLUNTb NPobaemMy
onnarbl ycayr nepeBo3Ku JIbrOTHUKOB. B aTom ciyqae npes-
npusiTUsi 06LLUECTBEHHOro TPaHCnopTa CMOryT BECTU HOP-
MaJsIbHYI0 XO3SIFICTBEHHYIO AEATEIbHOCTb U MPEAO0CTaBSATL

KayecTBeHHbIe v 6e30racHble yCIyry NepeBo3ku Naccaxm-
pos.

Llenb cTatbu 060CHOBaTh HEOOGXOANMOCTbL Pa3paboTku
mertoaa pacyéra HeroJsly4eHHO npoBO3HOM 1aTbl C y4ETOM
yCTaHOBJIEHHbIX Tapn@oB.

Ha npumepe psna poccuicknx permoHOB N3y4YeHbl
¢enepanbHoe 1 peruoHaabHoOe 3aKOHOAATENbCTBO, & TakXe
cyaebHasi npakTyka kacareJsibHO rnpobiem 1ccien0BaHus.
lMpon3BenéH KPUTUHECKUI aHaIn3 COOTBETCTBYIOLUNX pPe-
rMOHasIbHbIX HOPMAaTVBHbIX akToB. OcyLLecTBnéEH cOop MH-
dopmaumm 0 npekpaTuBLLINX AeSTeIbHOCTb MPEANPUSTUIX
00LLeCTBEHHOro TpaHcnopTa.

B pesynbtare rpapuydeckoi uHteprnpetaumm nHpopma-
Lmun 06 yCTaHOBJIEHHbIX rOCYAapPCTBOM Tapudax v KOMMeH-
caumm nepeso34nkam npon3BenéH CUHTEe3 COOPaHHbIX
AaHHbIX, MNO3BOJINBLUNI HarnsAHO MPOAEeMOHCTPUPOBAaThL
OTCYTCTBUE CBSI3N KOMIMEHCALMM C Tapudamm Ha nepeBo3Ky
naccaxupos.

KnroyeBnsie cnoBa: 06LLeCTBEeHHbIV TPaHCMOPT, NepeB0o3Ka JIbrOTHUKOB, HEMOJTyHeHHasl IPOBO3Has r1ara,
eauHbIi coumabHbIV MPoe3aHoV GUAET, IbroTHbIV npoeas, Teepckasi 061acTb, XabapOoBCKuii Kpai.
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BBEOAEHUE

o 2004 roga B Poccum rpaxnmaHe, oTHO-
CAIIMECS K HEKOTOPBIM JIBFTOTHBIM KaTeTOpH-
sIM (Harpumep, ydyacTHUKM Benukoit Oteue-
CTBEHHOI BOMHBI, TpaXkaHe, ITOABEePIIINecs
BO3ICHCTBUIO paadallii BCIEACTBUE KaTa-
ctpodbl Ha YepHOOBLTbCKOM ADC, MHOTOAET-
HbIe CEMbU, BeTepaHbl TPyaa U T.I.), UMEIU
MpaBo OeCILIaTHOIO IMPoe3/1a B 001ECTBEHHOM
TPaHCIIOPTe HE3aBUCUMO OT MECTa XKHUTEJIb-
ctBa (PeaepanbHblii 3akoH oT 12.01.1995 1.
Ne 5-®3 «O BerepaHax» B pelaKIUU OT
06.05.2003, 3akoH P® ot 15.05.1991 1.
Ne 1244—1 «O counaibHOM 3alUTe TpaxkaaH,
MOJABEPTIIMXCS BO3ACICTBUIO pagualiuu
BcaeacTBUe KatacTpodnl Ha YepHOOBUILCKOI
ADC» Bpenakium ot 23.10.2003 1., Ykas I1pe-
supeHTa P® ot 5 Mast 1992 . Ne 431 «O mepax
10 COIMAIbHOM MOAAEPKKE MHOTOACTHBIX
cemeli» B pegakuuu ot 25 ¢gespans 2003 1),
a OCHOBHBIMM 3aJjayaMM TOCYIapCTBEHHBIX
Mmacca>KMpCKMUX aBTOTPAHCIOPTHBIX Mpe-
NpUSITUI ObLIM OOeCIeueHre BBIMYyCcKa I10-
JIBIDKHOTO COCTaBa Ha JIMHUIO, BBIIIOJTHEHKE
IUIaHa MePEeBO30K I1accaxkupoB U T.1. Pabora
MPEANPUSATHIA OLICHUBAIACh CUCTEMOM TEXHU -
KO-3KCILIyaTallMOHHBIX TTOKa3aTeseil, Xapak-
TEPU3YIOLIMX KaYeCTBO M KOJIMYECTBO BIIIOJI -
HEHHOM1 padoThl [1].

JIprotHMKaM Obljla MPeIOCTaBlIeHa BO3-
MOXHOCTh HEOTPAaHMYEHHOI'0 KOJIUYECTBA
MOEe3/I0K Ha TOPOACKUX U MPUTOPOAHBIX MY-
HULIMMNAJIbHBIX MapIlIpyTaX, a TPAHCIIOPTHBIC
MPEeANPUITUSI, TOTUPYeMbie U3 OlOIKeTa,
obecIeyrBaIi IepeBO3KY MacCaXKMpPOB B CO-
OTBETCTBMMU C TUTAHAMU U perjlaMeHTaMU.

C 2005 roma Betymun B cvty DenepaabHblin
3akoH PD Ne 122-D3 0122.08.2004 1., n3BecCT-
HBIIi, KaK 3aKOH O MOHETU3allUU JIbIOT. 3aKO0-
HoM No 122-P3 ObuIM BHECEHBI U3MEHEHMS
B (begepaibHble HOPMATUBHBIE aKThl, perja-
MEHTUPYIOIIIIE BOIIPOCH! COLMAIbLHOM 3al1l[1 -
Thl HAaCeJICHUs; pa3rpaHUYeHbI TTOJTHOMOYMSI
I10 IIPEIOCTABICHUIO JIbIOT MeXK Ty (peaepaib-
HOIi M perMOHaIbHOM BJIACTSIMU, JILTOTHUKOB
pasne/IviIv Ha TaK Ha3bIBaeMblIe (peaepaibHbIe
M pEeTMOHaJIbHbIE PErUCTPhI; HATypaJibHbIE
JIBIOTHI OBLIM 3aMEHEHbI JCHEXHBIMU KOM-
MEeHCALUSIMU; CUCTeEMA IPEIOCTAaBICHMS JIbIOT
rpaxkaaHaMm ObLIO U3MeHeHa [2].

B cBs13u ¢ u3MeHeHUsIMU B (heepaIibHOM
3aKOHOJATEJbCTBE CIIOXKMWIACH CIOXHAsI CH-
tyauus. [Tepexon K MOHETH3alIM OCHOBHBIX
JIBFOT, B TOM 4ucJjie OSCILIaTHOTO Ipoe3/a,
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BBI3BAJI OCTPYIO COLIMAIbHYIO HATTPSKEHHOCTD
cpenu HaceneHus [3].

C 1eplo HelOMyIIeHUST YMEHbIICHUS
00bEMa COLIMAIBHON MOAIEPXKKU TIbTOTHUKOB
B YaCTU TPAHCTIOPTHOTO OOCITYy>KUBAHMSI TOCY -
JTapCTBO TEPEIaIo MOJTHOMOYHSI IO CO3IaHUIO0
MexaHu3Ma TPelOCTaBICHUs TaHHBIX JIBIOT
Ha YypOBEHb CYOBEKTOB, U OOJIBIITMHCTBO U3
HUX CIIeJIaJii BEIOOP B TOJIb3Y €AMHBIX COLIM-
abHBIX poe3aHbix ounero (ECIIB) [4; 5].

YCTAHOBJIEHHbIE TAPUDbI

OriaTa IepeBO3KM TPAHCTIOPTOM OOIIIETO
TTOJIb30BAHHUSI TIPOM3BOIUTCS TOJIBKO IO YCTa-
HOBJICHHBIM Tapudam.

TpaHCOPTHBIE TIPEATTPUSATHUS OCYIIIECTB-
JISTIOT TIEPEBO3KY TTACCAKUPOB IO PETYJISIPHBIM
MapIlpyTam, KOTOpbIe B COOTBETCTBUU C HOP-
MaMU TPakKJIaHCKOTO MpaBa OTHOCSTCS K Tie-
PEBO3KaM TPAHCITOPTOM OOIIIETO TTOJTb30BAHUS
(crarbsa 789 Ipaxmanckoro kouekca Poccuii-
ckoii Menepannu, ctathsa 19 OenepaabHOTO
3akoHa P® Ne 259-D3 ot 08 HOs16pst 2007 T0-
na, «YcTaB aBTOMOOUIBHOTO TpaHCTOpTa
U TOPOJICKOTO HA3eMHOTO 3JIEKTPUIECKOTO
TpaHcmopTa») [6; 7].

Lebto MpeanpusaThii SBIsieTCsT MoTyde-
HHE TPUOBUTH OT XO3STMCTBEHHOM JIESITEIbHO-
CTH.

B coorBercTBuM co crarbsimu 426, 784,
786, 789 IpaxnaHckoro Koaekca Poccuiickoi
®enepannu, IIpu 00paIIeHUH JTIOO0TO TpaxK-
JaHWHA MPEINPUSTHE OOLIIECTBEHHOTO TPaHC-
ropTa Mpu HAJTUYUKM BO3MOXKHOCTH 00SI3aHO
MPEIOCTaBUTh TPAaXKIAHWHY YCIYTH TTePeBO3-
KU, OTKa3 OCYIIECTBUTH TIEPEBO3KY MACCaXM-
pa HemomycTum [6].

W3 gactm 5 cratbu 790 IpaxmaHcKOTO
konmekca Poccuiickoit Denepannu ciemyer,
YTO €CJIM JIbTOTHI TI0 OTUIaTe Mpoe3/ia macca-
SKUPOB YCTAHOBJIEHBI 3aKOHOM WJIM HOpMa-
THUBHBIM aKTOM, TO MTOHECEHHBIE TPAHCITOPT-
HOW opraHu3zalnueil pacXoabl HOJKHBI ObITh
BO3MeEIIEHHI [6].

Takum 06pa3oM, TPaHCITOPTHBIE TIPE-
MPUSITUST HE MOTYT OTKa3aThCsl OT TEPEBO3KHU
JIBTOTHUKOB, TIPY 3TOM BCE PACXOIbI, CBSI3aH-
HBIE C UX MTePEBO3KOM, TOJIKHBI OBITH BO3ME-
IICHBI TIEPEBO3YMKAM.

W3 nmynkTa 16 [MoctanosneHust [lieHyma
Beicuiero apoutpaxHoro cyna Poccuiickoi
®enepanum ot 22.06.2006 . Ne 23 crienyer,
YTO TPAHCITOPTHBIE MPEATTPUSITHS, OKa3aBIITNe
YCIIYTH TIEpPEeBO3KM TacCcakMpoB OECTUIaTHO,

Manbiwee M. U., dununnoea H. A., MoHomapee M. J1. Henony4yeHHasi NpoBO3Has NnaTa — HepeLEHHasa
npoGnema npeanpUATUIA OGLLLIECTEEHHOIO TPaHCNOpPTa, OCYLLECTBASIOWMNX NePEBO3KY JIbFrOTHUKOB
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a TaKKe T10 JTbITOTHBIM 1IeHaM B COOTBETCTBUU
C 3aKOHOM, MOTYT ITOJIyYUTh KOMIIEHCAIINIO
B BUJIE HEMOJIYYEHHOM M1aTkl 3a rpoe3n [8].

B cooTBeTcTBMY € cyneOHBIM aKTOM Bep-
xoBHoro Cyna Poccuiickoit @enepaiiu mo
merry Ne 4-1'02-8 ot 13.05.2002 1., cortacHo
yactam 1, 2 ctarbu 790 TpaxkaaHCKOro Ko-
nekca Poccuiickoit @enepaiini CymecTByOT
JIBa BapuaHTa OpMUpPOBaHUS pazMepa
MMPOBO3HOM TJIaTHl Ha TPAHCITOPTE.

CTOMMOCTh TIEPEBO3KM MOXET OBITH CO-
rJIacoBaHa MEPEeBO3UYMKOM M TOJIydyaTesiemM
ycayru. JIubo Tapud Ha nepeBO3KY MOXKET
OBITh YCTAHOBJIEH B COOTBETCTBUU C JIeH-
CTBYIOIIMM 3aKOHOIATETbCTBOM.

Bo160p BapuaHTa hopMUpOBaHUS pa3me-
pa TUIaThl 3a MEePEeBO3KY OCYIIECTBISIETCS
WUCXO/IS U3 BUIA TIEPEBO3KMU.

B ciydae mepeBo3Ku rmaccaxKupoB TpaHC-
MOPTOM OOIIETO MOJb30BaHUS IJIaTa 3a
MpOoe31 MPOU3BOJUTCS MO YCTAHOBJICHHBIM
Tapudam. [lnarta 3a Bce Apyrue rnepeBo3Ku
MIPOU3BOAMUTCS 110 Tapudam, corjiacoBaH-
HBIM CTOPOHAMM, €CJI HET HOPM, TIpeaycMa-
TPUBAIOIIMX UHOI MOPSAIOK oriaThl [9].

CrnemoBaTeibHO, paccuuTaTh pa3sMep
MPOBO3HOM TIJIaThl, KOTOpasi He ObLj1a MoJTy-
YyeHa MpeANnpUsITUEeM OOIIEeCTBEHHOTO
TpaHCITIOPTa MPU TepeBO3Ke MaccaxknpoB
JIBTOTHBIX KaTETOpH1ii, MOXKHO He MHaYe, Kak
C YYETOM YCTaHOBJIEHHBIX TapU(DOB.

noJIHOMO4YUSA No
YCTAHOBJIEHUIO PASMEPA NJ1ATbI

Pasmep muraThl 3a IIpoe3 maccaxkupoB Ha
O0IIIeCTBEHHOM TPAaHCIIOPTE YCTAaHABINBACT
YIIOJTHOMOYEHHBIN OpTaH BIACTH WM TIepe-
Bo3unK. Kak ykKa3zaHo B IYHKTE «XK» CTa-
11 71 KoHcTuTymu Poccuiickoit @enepa-
LIUY, OCHOBBI LIEHOBOM TTOJTUTUKY HaXOIAT-
csa B BeneHun Poccuiickoit @enepanmu [10].

B cooTBeTcTBUUM ¢ MyHKTOM 2 YKasa
IIpesunmenTta Poccuiickoit Penepaium ot
28 despans 1995 r. Ne 221 mopsimok rocy-
JITapCTBEHHOTO PEeTYyJIMPOBaHUS Tapr(oB Ha
MPOAYKIINIO TTPOU3BOACTBEHHO-TEXHM -
YeCKOTO Ha3HAYCHUSI, TOBapbl HApOJIHOTO
MMOTpeOJeHUS U YCIAYTU yCTaHaBIMBaeT
IMpaButenscTBO Poccuiickoit Memepanuu
[11].

IMoctanoBnenuem IlpaButennctBa Poc-
cuiickoit @emgepanun ot 7 mapta 1995 1.
Ne 239 no 12 okTs16pst 2018 T. rocynapcTBeH-
HOE peryanpoBaHue Tapu@oB OBLIO BO3JIO0-

JKeHO Ha OpraHbl UCIOJHUTEJbHON BIACTH
cyobekToB Poccuiickoit @enepanum [12;
13].

B cootBercTBuM ¢ DenepaabHbIM 3aKOHOM
ot 13.07.2015 Ne 220-®D3 opraHbl BIacTu
cyonekTa Poccuiickoii denepany ycraHaB-
JIMBAIOT PETYIMpyeMble TapUhbI Ha IEPEBO3KKI
10 MYHUIIMTIAIGHBIM MapIIpyTaMm, 1100, eciii
3TO YCTAHOBJIEHO 3aKOHOM CYOBbEKTa, JOTY-
CKaeTCsT OCYIIECTBIEHUE PETYJISIPHBIX Tepe-
BO30K TI0 HEeperyJimpyeMbIM Tapudam, ycra-
HOBJIEHHBIM TTepeBO3UUKOM [ 14].

Hanpumep, B TBepckoii 0071aCTH B COOT-
BETCTBUM C TIOCTAHOBJICHUEM aIMUHUCTPAIIIN
Teepckoit o6mactu ot 30 HostO6pst 2006 T.
Ne 292-m1a, mocranosiaeHneM [IpaBuTeIbCcTBa
Teepckoit odmacT ot 3 Mast 2012 1. No 2211111,
ac 0l suBaps 2019 1. B COOTBETCTBUU C TTOCTA-
HoBieHueM [lpaButenbcTBa TBepckoit 0ba-
ctr ot 14 mexabps 2018 . Ne 359-1mm «O 110-
PSIIKE YCTAHOBJICHUS PETYJIMPYeMbIX Tapru(oB
Ha TIepeBO3KU TTacCaXXMpoB M Oaraxka TpaHc-
IMMOPTOM OOIIETO MOJIb30BaHMSI», TOCyaap-
CTBEHHOE peTyJupoBaHMe TapucoB OCYIIe-
cTBisieTcs [MaBHBIM yrnipaBieHueM «Peruo-
HaJIbHasl dHepreTuyeckass KoMuccus» Teep-
ckoii obnactu (I'Y POK Tsepckoit obiactu)
[15].

ITpukazamu I'Y POK Tsepckoil obiactu
YCTaHOBJIEHBI Tapu bl HA IPOE3IT TaCCaXKUPOB
B OOIIIECTBEHHOM TPaHCIIOPTE.

OTCYTCTBUE B PETMOHAJIbHbIX
HOPMATUBHbIX AKTAX METOOUK
PACYETA HEMOJIYYEHHOM
NMPOBO3HOW NJIATbI

HopmaTtuBHBIE aKThl perMOHAIBLHBIX Opra-
HOB BJIACTU O IIPEJOCTaBJAEHUU JIbTOTHOTO
npoes3aa U BbIILJIATe KOMIIEHCALlMU TpaHC-
MOPTHBIM IIPEANPUSITUSIM He COAePKaT METO-
JIVKU pacuéTa HEMOJy4YeHHON IMPOBO3HOM
MJ1aThl.

IlpoBenst uccienoBaHUEe MEXaHU3MOB
TpeIoCTaBIeHUS JIbIOTHOTO TIpoe3ia Ha 00-
IIECTBEHHOM TPAHCIIOPTE Memo0oM KPUTHYIE -
CKOTO aHajiu3a 3aKOHoAaTeJbcTBa TBepCcKoit
obact 1 XabapoBCKOTO Kpas n (paKkTUue-
CKMX B3aMOOTHOIIIEHU IMaccaxKupos, repe-
BO3YMKOB 1 OPTaHOB BJIACTU, MOXKHO NPUNATHU
K BBIBOJLY, YTO METO/Ia pacyéTa HeoJIy4YeHHOI
TIPOBO3HOI TIJIATHI B COOTBETCTBUHM C Tapuda-
MU HeT.

ITocTaHoBneHEeM agMUHUCTpaLUU TBep-
ckoii oosacti ot 16.02.2005 . Ne 32-m1a BBeIEH
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M3meHeHWe NosHON CTOUMOCTH
npoesaa oA4Horo naccaxupa no
ECINB 8 Teepwu

860
750
640
530
420
310
200

L

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

MN3meHeHWe NOAHOM CTOMMOCTHN
npoesga ogHoro naccaxupa no ECMB
B KavHMHCKOM paitoHe

740
650
560
470
380

L

200

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Puc. 1. l"'.,

M3meHeHue Tapuda Ha npoess B
obuiectBeHHOM TpaHcnopTe B Teepu

28
24
20
16

12

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

M3meHeHue Tapuda Ha npoess B
06LecTBEHHOM TpaHcnopTe
8 KanMHUHCKOM paitoHe

2,65
2,3
1,95
1,6
1,25
0,9

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

yi NonHow cTtoumocTu npoeaaa no ECINB n tapuga Ha npoe3a B 061 eCTBEHHOM

TpaHcropTte B ropoae Teepu n KanunmnHckom paiioHe [4; 16—19]. CocTtaBneHo aBTopamu.

ECIIb, narommii mpaBo rpakaaHaM JTbrOTHBIX
KaTeropuii OCYIIECTBISITh HEOTPAHUYEHHOE
KOJINYECTBO MOE3I0K Ha MapIIpyTax ropof-
CKOTO W MPUTOPOJHOTO OOIIECTBEHHOTO
TpaHcIopTa 0e3 OIJIaThl MPoe3/a, U yCTAaHOB-
neHa croumocTh ECITDB mrs rpaxnaH [4].

IToctanosnenuem IlpaButenbctBa TBep-
ckoit obnactu ot 1 mapra 2017 . Ne 45-nm
YCTaHOBJIEHA «ITOJTHAs CTOUMOCTD TIpoe3/ia
onHoro nmaccaxupa o ECIITbB B mecsi» (nanee
croumocts npoesna o ECIIB) [16].

Cornacuo [Toctanonenuio No 45-mim
pazmep cyocuIuu epeBO3YMKY 32 OTIYETHBIN
mecs (P) orpenensieTcs ncxoast u3 00bEMOB
HEJOTMOJYYEHHBIX JOXOIOB MepeBO3UnKa,
CBSI3aHHBIX C TIPEIOCTABICHUEM JIbBTOTHOTO
npoesna o ECITB na tepputopun Teepckoit
obsactu.

daxTryecku pa3Mep CyOCHINN OTIpeIesI-
€TCSI TTyTEM YMHOXEHHUsI CTOMMOCTH TIpoe3/a
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o ECITB (C) Ha KoIM4ecTBO UCTIONb30BaH-
HbIX (TosydeHHbIX ibroTHUKamMu) ECITB (N):

P=C-N.

Eciu B MyHULIUNIaIbHOM 00pa3oBaHUU
TBepckoil 06iacTu MepeBO3KY JbIOTHUKOB
OCYIIECTBJISIOT IBa U OoJiee MepeBO3unKa,
pacripenesieHre CyoCUInii MEXTy TIepeBO3UM -
KaMU MTPOU3BOIUTCS COTJIACHO BBITIOJTHEHHOM
TpaHcriopTHoil padote (K), a B mepuos naq-
HBIX MapIIPYTOB yIYUTHIBAETCS KOG DUIIMEHT
1,2:

P=C+N-K-(°1,2).

IMpu aTom IMocranosnenusimu Ne 32-ma
u No 45-nm He MpeTyCMOTPEHO KaKUX-JT100
MpaBuUJ JOKyMEHTUPOBAHUS WJIN pacyeéra
peaIbHBIX PACXOIOB TPAHCTIOPTHBIX TPEI-
npusTUil Ha iepeBo3Ky rpaxaaH o ECIIB.

Yepes ycranosneHHbIe [locTaHOBIEHUSAMI
Ne 292-1ra, Ne 221-1mmr 1 Ne 359-1m mpotiemypbl
yTBepKAeHUs Tapuda MmoKa3aTeab «10JIHasI
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CTOMMOCTb MPOE3/1a OJHOTO Maccaxupa Io
ECIIb» He npoxoaui. IIpenBaputeabHOro
COTJIACOBAHUSI C IPENTTPUSITUSIMU, BBISICHEHUST
(bakTIEeCKUX pacXoa0B MPEIPUITHI, OITy0-
JINKOBAHUST METOIVKHY OTIPENIEIIEHUS] «ITOJTHOM
CTOMMOCTHU TIPO€3[la OJHOro IMaccaxupa mno
ECIIb» He umeno mecta. Pasmep BbIIIATHI,
MPeaIyCMOTPEHHBI TOCTAHOBIEHUIMU
No 32-11a 1 Ne 45-1111, HE yIUTHIBAET CTOMMOCTD
Mpoes3aa B TPaHCIIOPTE OOIIETO MOTb30BAHMS,
B 3TNX [TOCTAHOBNIEHUSX HET CJIOB «TapUDBI»,
«TIPOBO3HAs TUIaTa».

Ecnu cuHTE3MpoBaTh TaHHBIE O CTOUMO-
ctu nipoesna 1o ECIIb u rapudax Ha mpoe3sn
3a Bc€ BpeMsi ¢ MoMeHTa BBeaeHus1 ECITb
U CpaBHUTH, KaK MEHsJIaCh TaK Ha3bIBaeMast
noJiHasi crouMocTsb npoesaa no ECIIb, ycra-
HoBJleHHasd IlocranoBmeHustMu No 32-mma
u Ne 45-mim B ropojie TBepu u KanmHuHCKOM
paiioHe, ¥ Tapudbl Ha MEPEBO3KY, YCTAHOB-
JIEHHBIE PETUOHATLHOI 9HEPTETUIECKON KO-
MUCCUEN, TO BUAHO, YTO CTOMMOCTD TTpoe3/a
no ECIIDb ato dpukcrupoBaHHas cymMMma, usme-
HUBILASICS JIUIIIb OWH pa3 3a 14 jieT, a Tapudnl
3a TOT K€ TIEPUOJ] BpeMEHU MEHSUTMCh MHOTO-
KpaTHoO (puc. 1).

Ha rpacdukax puc. 1 o ocu Y oTpaxeHa
croumMocTb npoesaa no ECIIb u BeauuuHa
Ttapuda 3a npoesa. Ha ocu X oTpaxkéH nepu-
on ¢ 2006 o 2020 roawl.

CroumocTts nipoe3na o ECIIb B Teepu
yBeanuumiaach B 2011 rogy Ha 56 % 1o cpaBHe-
HuIo ¢ riepuoaoM ¢ 2006 o 2011 rox.

B teuenue nessatu nert, ¢ 2011 mo 2020 rox,
croumocTb npoesna no ECIIb ocraércsa He-
W3MEHHOW.

Toposckoii Tapud B TBepu MeHsLICS 1eCsTh
pa3 u ¢ 2006 roga BeIPOC B IISATh pa3, YBEJIu-
qusimch Ha 400 %.

AnHanornyHas cutyanus B KanuHuHckom
paiioHe TBepckoii obaacTu — mpuropoje Tae-
pu. CtroumocTs npoesna no ECIIb He MeHsI -
ercs ¢ 2011 roma, a Tapudsl Ha Mpoe3. B TO-
POJICKOM M TIPUTOPOTHOM TPaHCTIOPTE, yCTa-
HOBJIEHHBIE YTIOJJHOMOUYEHHBIM OpPraHoM
BJIACTH, CUCTEMATUUECKU YBEIMUNBAIOTCS.

Ipacduueckast nvHTEpIIpETAINS CUHTE3UPO-
BaHHBIX JIAHHBIX TTO3BOJISIET HATJISITHO YBU-
JIeTh, 4YTOo cTouMocTb Tpoesaa no ECIIb He
MMeeT OTHOIICHUsI K YCTAaHOBJIEHHBIM TapH-
dam.

B cooTBeTcTBMM ¢ TTMchbMOM TeppuTtopu-
aJTBHOTO OT/ENIa COMAIbHOM 3alIUThl Hace-
nenust Teepckoit oomactu ot 06.03.2015 .

Ne 278 croumocts ipoesna mo ECITB B mecsiin
He sBJseTcs TaprudOoM Ha Mpoe3.

Hwu nocranosnenne Ne 32-ma, HM TTocTa-
HoByieHre Ne 45-1111 He 1al0T HUKAKOTO TIpe/T -
CTaBJICHUS O TOM, HA OCHOBaHUM Yero Oblia
omnpenaesieHa crouMocTh rpoes3aa no ECITB.

B nmocTtanoBnenusax Ne 32-mma m Ne 45-mm
yKa3zaHa MaKCUMaJIbHO BO3MOXHas cymMma
komneHcauuu 3a onuH ECIIB, onpenenéHHas
KaK «IIOJIHasi CTOUMOCTb Mpoe3fa OJHOIro
naccaxupa o ECIIDb B Mecs1i».

CamMma ¢paza «1mojHast CTOUMMOCTb ITPoe31a
onHoro naccaxupa no ECIIb» sBasetcs
YCJIOBHBIM HAUMEHOBAHUEM OLIEHOYHOW Be-
JIMIUHEI, UCTIOIb3yeMOl aIMUHUCTpaLuei
IUISL pacyéTa CyMMBbI, MOJJIeXallleil Bblaene-
HUIO U3 OroIKeTA.

TTocnie npoBeneHUst KpUTUYECKOTO aHATH -
3a mmoctaHoBiaeHui No 32-ma m Ne 45-mim
OMNpeaeaeHO, YTO JaHHbIE HOPMATUBHbBIE aKThl
He cofiep>KaT METOIUKU pacyeTa HErmoayYeH-
HOW TTPOBO3HOI TIATHI.

TIpennpusTus, ocyllecTBISIONIUE MTepe-
Bo3Ky naccaxupoB 1o ECIIb, He monyyatot
MnjaTy B COOTBETCTBUM C YCTAaHOBJIEHHBIMU
Tapudamu.

NPOBJIEMbI NPEANPUATUN
OBLUWECTBEHHOIO TPAHCIMOPTA

ITpearpusitust 0OIIIECTBEHHOTO TPAHCIIOPTA
HE MOTYT IMPOJIOJIKATh HOPMATbHYIO X035 ICTBEH-
HYIO JIeSITeIbHOCTb, HE TTOJTy4ast TUTAThI 32 Tiepe-
BO3KY ITaCCaXNPOB.

Ho 2015 roma mpearpusTUSIM yIAaBaJIOCh
B3BICKMBATh HETIOMYYEHHYIO TTPOBO3HYIO TIIaTy
yepe3 cyabl [20].

C 2015 roma mono0OHast pakTuKa Obuia Tpe-
ceueHa CyneOHOI KOJUIETHe TT0 SKOHOMUYe-
ckum criopam BepxosHoro Cyna Poccuiickoii
®eneparmn [21].

B pesynbrate oTkaza TpaHCIIOPTHBIM TIPE/I-
MPUSTUSIM B 3aIIATE UX TPAKIAHCKUX TPaB,
MHOTHE TIepeBO3uMKM TBepCKoit 00acTu Tpe-
KpaTWJIN IeSITeTbHOCTb UM HAXOJISITCS B CTAINN
JukBunaimy. Hekotopble M3 HUX IpeNCTaRIeHbI
Ha puc. 2.

IMpenmnonoxuTh, 4TO MPEATIPUATUS HE
CMOTJI TIPOAOJIKATh NESITEIbHOCTD, TaK KakK
TepeBo3Ka JTIbTOTHUKOB HE OIIauMBaiach,
MOHO B CBSI3U C T€M, UTO BCE TIPEATTPUSTUS,
yKazaHHbIe Ha puc. 2, kpome MVYII «ATII»
r. bonoroe, o6pamanuchk B Cyn ¢ MCKaMu
O B3BICKAHWU HETOJIYyYeHHOU MPOBO3HOM
maTtel. Kak ciemyer u3 MCKOBBIX 3asBICHUN
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MVII «<BBILIHEBOJIOLIKOE

TATII»

Borosex, Taepexas oGacts,
EIPIOJ ¢ 2018 rona

Puc. 2. Mpeanpunatnsa
06LyecTBeHHOro TpaHcnopTa
TBepckoii obnactu, npekpaTueLune
AesATe/IbHOCTb NIV HAXOAALMNECS
B cTaguu nukeugaunmn [22—-24].
CocraBsieHo aBTopamMu.

MVYII MAIIT

'OCPEPA»
Taeperan o0nacts
i ¢ 2017 rona

MVYII «CHATID»
r. Crapuua, Teepexas oGnacts
B crazmm mikswzawm 2015 rona

MakcaruxurcKuii paitor, Taepekas oGnacth
B crazm mukswzauwm ¢ 2018 rona

MVYII «I'T»
Kpymuefiunii nepesosuik ropoza Teepi
(Gonee 50% ropockix nepesook)
€ 2015 oz B cramm HKBIAM

MVYII «<ITACCAJKUPCKHE
TMEPEBO3KH»
r. Crapiua, Taepercas o0aacts
Tuksiamposaio s 2015 roxy

OAO «BITATII»
. Beseus, Thepexas o6nacts
B cragnn smkenaaumn ¢ 2017 rona

Mpeanpusatusa
TBepckown
obnactu,
HaxogsiLmecs
B cTaguu
nUKBMAALMN
unm
npekpaTuBLUMe
[esiTeNbHOCTL

MVII «<ATII»
1. Bozoroe, Thepeias o67acTs
Konkyperoe npomssozerso ¢ 2018 roxa

MVII «BLTT»
T, Bewenx, Thepexas oGracth
B cramm mikswamt ¢ 2018 rosa

MVII KYBIIHHOBCKOI'o
PAMOHA «KYBIUIMHOBCKOE
MACCAKHPCKOE ATII»

. Kysuinioo, Taepexas 001acts
B cramm szt ¢ 2018 roza

OAO «<KHMPCKOE
ABTOTPAHCIIOPTHOE
TIPEJANPUSATHE»

r. Kuvpot, Toepexas ofracts,
B cramm anksnamm ¢ 2017 rosa

HnanBHaya bubiii
npenpunumartens Kypoukun
Buraauii Bukroposuu

. Mocksa (nepesosit b . Thepn)

¥ 3asIBJICHUI 00 U3MEHEHU U NCKOBBIX TPEOO-
BaHUI, TIONAHHBIX IEPeBO3YMKaMU TBepCKOIi
00JIaCTH B MPOIIECCE PACCMOTPEHMS YKa3aH-
HBIX BBIIIE TPaXKIAHCKUX 1eJ, 00IIas cyMma
HEIIOJIyY€HHOM IIPOBO3HOM ILIAThI COCTABMJIA
OoJiee monyMuuIMapaa pyoJieii.

TTomoOHas cuTyarus CKJ1aabIBaIach BO MHO-
TYX peTMOoHaX, HarmpuMmep, B XabapoBCKOM Kpae.

B cooTBeTcTBUM € TIOCTAHOBIIEHUEM TyOep-
HaTopa XabapoBckoro Kpas ot 17 mas 2005 .
Ne 122 «O6 opraHM3alyu JIBFOTHOTO TTpoe3aa
OTIEJIBHBIX KATETOPHIA TpaXKIaH Ha TEPPUTOPUN
XabapoBCKOTro Kpasi», IPEATPUSTIS OOLIIECTBEH-
HOTO TPaHCITOPTa OCYIIECTBIISUIN IIEPEBO3KY
JIbFOTHUKOB O€CILIaTHO.

Kak mpemycMoTpeHHasT ITOCTaHOBJICHUEM
No 122 xoMrIieHcaIIs TPAaHCITOPTHBIM TIPEIIIPHST-
THUSIM 32 TIEPEBO3KY JILTOTHUKOB CBSI3aHa C TApH-
(amMu, ycTaHOBICHHBIMH YITOJTHOMOYCHHBIM
OpTraHOM BJIACTH, — KOMUTETOM ITO IIEHAM U Ta-
pudamM npaBUTENLCTBa Xa0apOBCKOTO Kpas,
HEU3BECTHO.

Ha puc. 3 npencraBieHbI KpyIMHERIIIIE Tac-
cakupckue Tpearpusatis Xabaposcka n Kom-
coMoJIbcKa-Ha-AMype, Kotopsie ¢ 2016 roma
HaXOMSATCS B CTAINN JIMKBUIAITAN.

Bce atn nipearipusitis 3asiBIIsUIA, YTO UM HE
ObLTa oIIaYeHa IepeBO3Ka JBTOTHUKOB B COOT-
BETCTBUU C YCTAaHOBJICHHBIMU TOCYyIapCTBOM
tapudaMu, 1 oOpallaIuch B CyaI 3a 3alUTOMN
TpakIaHCKUX rpaB [27].

TTocne paccmotrpennst CyneOHOIM Komierueit
10 SKOHOMMUECKUM criopam Bepxosroro Cyna
Poccniickoit Denepariu gena MYTI . Xabapos-
cka «TpamMBaifHO-TPOJUIEHOYCHOE YITpaBIICHE»
Ne A73-1127/2014 (303-DC14-7904) cyapl cTamm
OTKa3bIBaTh IIEPEBO3YMKAM Xa0apOBCKOTO Kpast
BO B3bICKAHMY HEMOJTYYEHHOM IIPOBO3HOM IUIATHI
[28].
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Tpexparin resensrocts 5 2015 rony

Kaxk cremyer n3 MaTepranoB rpaxkaIaHCKIX
Jies1, 0011IIast cyMMa MCKOB TIpeANpUsATHIA Xa0a-
POBCKOTO Kpasi, OCYIIECTBIISIBIIINX TTEPEBO3KY
JIBTOTHUKOB, COCTaBJISIET OKOJIO MIJIJTMAp/a
pyo6uteii [28].

[Ipenmpusars oOIIeCTBEHHOTO TPAHCTIOPTA
He MOT'yT (DYHKIIMOHMPOBATh, HE TTOJTyJast TUIa-
Ty 3a YCIYTH MEePEeBO3KHU IAacCakKPOB, B TOM
YHCJIe IBTOTHUKOB.

B 2015 rony mocranoBnenue Ne 122 mpusHa-
HO yTpPaTUBILINM cuity [29].

C 1 Hos6ps 2015 1. B XabapoBCKOM Kpae
JIBTOTHBIN TIPOE3T Ha TOPOICKOM M TIPUTOPOI-
HOM aBTOMOOWMJIBHOM, KEJIE3HOIOPOXKHOM
1 BOITHOM TpaHcnopte, B ToM uncie o ECIIB,
IIJIST PETUOHAIBHBIX JIbTOTHUKOB 3aMEHEH Ha
eXXeMeCsSUHYIo IeHeXXHYI0 BeITrIaty [30].

OmHaKo Yepes TPH rojia PUHSTO ITOCTaHOB-
sieHue ot 28 nexadbps 2018 . Ne 495-1p «O 110-
PSIIKE M YCIIOBUSIX IIPETOCTABICHMS OTACTBHBIM
KaTeropusIM rpaXknaH OecIIaTHOTO IIpoe3aa Ha
TPaAHCIIOPTE OOILIETO MOIH30BAHMS (KPOME TaK-
CH) TOPOJCKOTO ¥ IIPUTOPOITHOTO COOOIICHIS
Ha Tepputopun XadapoBcKoro kpast» [31].

B cootBeTcTBUM ¢ mocTaHOBIEHUEM No 495
OeCIUIaTHBIN ITPOe3 OCYIIECTBIISIETCS 10 Tep-
puTtopun XabapoBCKOTO Kpasi ¢ IPUMEHEHNEM
MUKPOIIPOLECCOPHOU ITUIACTUKOBOM KapThl
(colanmpHast TPAaHCIIOPTHAS KapTa).

IpaxkmanaMm, MMEIOIIIMM TIpaBO Ha eXeMe-
CSYHYIO BBIIIIATY B COOTBETCTBUU C KPAcBBIM
3aKOHOIATEILCTBOM, IIPEIOCTABIISIETCS TI0 MX
BBIOOpY exkeMecsTYHasI IeHeXKHas! BBITIATa JIM00
MPOe31I Ha TPAHCIIOPTE OOIIETO MOIb30BaHUS
C IIPUMEHEHNEM COLMAJIbHON TPAHCIIOPTHOMN
KapThl Ha cymmy 1020 pyoseit B MecsIil.

IpaxkmanaMm, MMEIOIIIMM TIpaBO Ha eXeMe-
CSYHYIO BHITUIATY B COOTBETCTBUHU C 3aKOHO/IA-
TesbeTBoM Poccuiickoit Denepaliyi, Ipoess Ha
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Puc. 3. Kpynreiiwmne
naccaxwupckue
npeanpuaTus
Xab6aposckoro kpasi,
HaxoAsLmecs B cTagnmn
nuksugaunm [25; 26].
CocTaB/ieHO aBTOpPOM.

TPaHCIIOPTE OOIIIETO IMOIH30BAHMS C IIPUMEHE-
HUEM COLMAIbLHOM TPAHCIIOPTHOM KapThl IIpe-
nocTapisieTcss Ha cymmy 300 pyOsieit B Mecsil.

Kak 0butM paccunTaHbl exXKeMecsIHasT JIe-
HEeXXHas BbITUIaTa 1, COOTBETCTBEHHO, KOJTMYe-
CTBO TTO€3[0K, Heobxoanmoe (eaepaabHbIM
1 PeTMOHAILHBIM JITOTHUKAM, HEM3BECTHO.

[Tpu 3TOM MOXHO HamEsITHCS, YTO C BBEC-
HHEM COLIMAJIbHOM TPAHCIOPTHOM KapThl IPEI-
NPUATUSIM OOLLIECTBEHHOIO TpaHCHopTa OyaeT
OIUTAYMBAThCSI TIEpEeBO3Ka JILTOTHUKOB B COOT-
BETCTBHMM C YCTAHOBJICHHBIMU TaprhaMU.

OmHako Ha TaHHBII MOMEHT ITOBCEMECTHOE
MMPUMEHEHNE JIEKTPOHHBIX KAPT HEBO3MOXKHO,
TaK KaK yCTPOMCTBA ISl CANTHIBAHMS 3JIEKTPOH-
HBIX KapT (BaAJIMAATOPHI) HE YCTAaHOBJICHBI B 00-
IIECTBEHHOM TPAaHCIIOPTEe MHOTMX MYHUIIH-
MaJIbHBIX 0Opa3oBaHuii Poccun.

Hampumep, B maMsTKe 110 MpeT0CTaBICHUIO
JIBTOTHOTO TIpOe3/Ia C UCITOJIb30BAHUEM 3JIEKT-
POHHO KapThl, ONMyOJIMKOBAaHHOI 21 gHBaps
2020 ropa Ha opuLabHOM caiite MuHuCTEp-
CTBa COLIMAIbHOM 3alIUTHI HaceIeHus1 TBepcKoit
00J1aCTU MUHCOU3AUUMbL. MBEPCKA00AaCMb.pgh
yKazaHo, 4to ¢ 01 mapta 2020 . TErOTHBI IMPO-
€311 OyZIeT IMPEeIOCTABISTHCS C MCITOIb30BAHUEM
3JIEKTPOHHOI KapThl MM OECKOHTAKTHOM OaH-
KOBCKOM KapThl.

B mamsiTke 0TMEUEHO, YTO 3TO HOBOBBEIC-
HHE KacaeTcsl UCKITIOUUTENIbHO ropona Teepu
u KanmHuHckoro paitoHa. B aipyrux MyHuLu-
najbHbBIX oOpa3oBaHuUsIX TBepckoil objacTu
3JIEKTPOHHBIC KapThl JJIST OTLIATHI ITpoe3aa
B OOIIIECTBEHHOM TPAHCITOPTE HE MCTIOB3YIOT-
cs. Ecnu TbroTHUK He SBISIETCS KUTEIEM
Tsepu nnu KannmHuHCKOro pailoHa M y HEro
HET JIEKTPOHHOM KapThl, TO JIbIOTHBIMA IPOE3 ],
B TBepu n KanunuHckoMm paiioHe emy OynmeT
TTO-TIPEXKHEMY TIPEIOCTABIISITHCS HA OCHOBAaHUN
ECIIB.

HEOBXOAUMMOCTb METOOUKUAN
PACYETA HEMOJTYYEHHOM
NMPOBO3HOW NJIATbI

NMPU YCTAHOBJIEHHbIX TAPUDAX

CornacHo npeamb6yie Kk PegaepaibHOMY
3akoHy PD® Ne 122-®3 u pervoHaibHbIE,
¥ MyHUILIUTIAJbHBIC BIACTU, MEHSISI CUCTEMY
COILIMAJIbHOM 3aIIUTHI TPaXKIaH, B TOM YMCIIE
3aMEHsISI HaTypabHbIC IbITOTHI HA ICHEXKHBIC
BBITUIATHI, TOJKHBI 00ECIIeYnTh paHee Cy-
II€CTBOBABIINKN YPOBEHb COLIMAJIBHONM 3a-
IIUTHI.

ITo3unusa pykoBoacTBa CTpaHbI OJHO-
3HaYHa — OTMeHa OeCIUIaTHOro Ipoe3na
B OnMKaiilue rogbl He oxunaercs [32].

ITpnu stom PenepanbHBIM 3aKOHOM PD
Ne 122-®3 npeanucaHo He AOMYCKATh MIPU
OCYIIIECTBJICHUM TpakIaHAMU COLIMATBHBIX
paB U CBOOOI HapyIICHUS IpaB U CBOOOM
IPYTUX JIUII.

Ha npeanpusitusa oGlIecTBEHHOTO
TpaHCIOPTAa HE MOXET OBITH BO3JIOXKEHO
OpeMs OCYIIECTBICHUS TOCYIapCTBEHHBIX
COIIMATbHBIX PAacXOI0B, CBSI3aHHBIX C TIpe-
MOCTaBJICHUEM JIBTOT IpaxkaaHaM.

ITepeBo3Ka TBrOTHBIX KAaTETOPHUil TpaxK-
JaH MOXET COCTaBISITh CYIIECTBEHHYIO
YacTh BCEX IMAaCCaXUPCKUX MEPEBO30OK Ha
PETYJISIPHBIX TOPOACKHUX U MPUTOPOTHBIX
MapIIpyTax.

Omnata 3TOM YacTH MEPEeBO30K B COOT-
BETCTBUM C YCTAaHOBJICHHBIMU Tapudamu
KM3HEHHO He0OXonrMa ISl OOIIeCTBEHHO-
ro TpaHCIIOpTa.

MupoBOii OIBIT TTOKA3bIBAET, YTO IO -
Jep>XKKa OOIIECTBEHHOTO TPAHCIIOPTa — 3TO
rJio0ajnbHas TEHIEHLINS.

Tak B ropone bykapamaHra, aiMUHU-
CTPaTUBHOM LIEHTpe nenaprtamMeHTa CaHTaH-
nep B KonymOum, mpenyiaraloT BBeCTHU
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nuddepeHIMpoBaHHbBIE Tapudbl Ha 001Ie-
CTBEHHOM TpaHcnoprte [33].

Wccnenosarenu u3 Kuraiickoit Hapon-
Holt Pecny0IMKM CYMTAIOT, UTO MOJUTUKA
TMOOIIPEHUS UCTIOJIb30BAHUST OOIIECTBEHHO -
ro TPAaHCIIOPTa JIIOAbMU, HAXOISIIMMUCS
B TaK Ha3bIBAEMOM HEBBITOJTHOM ITOJIOKEHU N
(00e3mo0ieHHbIEe, UHBAIUBI, TOXUJIbIE JTI0-
I ¥ T.J.), SIBJISIETCSI BaXXHEUITUM KOMIIO-
HEHTOM YCWJIMI TI0 YJIy4YIIeHUIO KayecTBa
KW3HU HacelleHus [34].

EBporieiickue cieninaJnucTbl pacCMaTpu-
BAlOT BCE BU/IbI MACCAXKMPCKOTO TPAHCTIOPTa,
B TOM 4YHCJIE METPO, TOPOJCKHE aBTOOYCHI
M KeJIe3HbIe TOPOTU U T.JA., KaK €JIUHYIO
CHUCTEMY, KOTOpasl TOJKHA OBITh JOCTYITHA
rpaxmaaHaM, KOTOPBIX MOXHO OTHECTH
K JIbroTHUKaM [35; 36].

B ABcTpanuu cuvrtaercs, 4ToO yaydllie-
HUIO JOCTYITHOCTH OOIIECTBEHHOTO TPAHC-
mopTa, B TOM YWCJIE W JJIST ONPeaeTEHHBIX
KaTeropuii JIIojeii, HarpuMep, MOXUIOTO
BO3pacTa, U JI0Jei, MPOXUBAIOIINX BHE
TOPOJCKUX PETMOHOB, IIe OXBaT OOIIe-
CTBEHHOTO TpaHCIIOPTa HEAOCTAaTOUYEH,
CIIOCOOCTBYET BBeAEHNE UHIEKCA TOCTYII-
HoctH [37].

BbiBO4bl

B pesynbrare npoBeAEHHBIX UCCIIEIOBAHU I
MOXHO CHEJIaTh BBIBOJ, YTO HEOOXOAUM Me-
XaHU3M, 00eCcTeuynBaIOIINN KOMIIEHCAIAIO
MepeBO3YMKaM MPeIOCTaBIeHUS OECIIATHOTO
npoe3aa B COOTBETCTBUY C HOPMaMU rpaXKIaH-
CKOTO TIpaBa.

B cTaTtbe 000CHOBaHO, UTO C 1I€JIBIO 00eC-
TMeYeHHUs OIIaThl MEPEBO3UNKAM OKA3aHHBIX
YCIIYT HEOOXOIMMO pa3padoTaTh U MIPUMEHSTh
METOJ pacué€Tra HEeMOJy4eHHOU MPOBO3HOMN
TUIATHI C YYETOM YCTAHOBJIEHHBIX TApU(OB.

DTOT METOA JOJIKEeH TTO3BOJISITh PacCun-
TBIBATb Pa3Mep HEMOJYYEHHON MPOBO3HON
TUTIATHI ¥ B CTy4ae MPUMEHEHUS 3JIeKTPOHHBIX
COLIMATIbHBIX TPAHCIIOPTHBIX KapT, U 6e3 ux
TMPUMEHEHUSI, TaXKe TIPY TTpaBe JTbrOTHUKA Ha
HEOTPaHUYEHHOE KOJIMYECTBO MOE3M0K.

B nensix vckitoueHus 3aBbILICHUS pa3Me-
pa HEMOTYYEHHOM MTPOBO3HOM MJIAaThI JAHHBIN
METOJ AOJIKEH MO3BOJSITh OCYLIECTBISATH
PACUY€T UCKITIOUUTEIBHO C UCTOJIb30BAHUEM
JNAHHBIX, TTPEIOCTABIIEHHBIX OPraHAMU TOCY-
JIAPCTBEHHOW BJIACTU WKW MEPEBO3UMKOM 10
YCTaHOBJICHHOM rocyaapcTBOM (popme OTUET-
HOCTH.
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C 1ToMoIIIbI0 METO/Ia pacu€Ta HeIoaydeH-
HO¥1 ITPOBO3HO IIATHI TOJKHO OBITH peaju-
30BaHO MPaBO MPEINPHUSTHI 0OIIECTBEHHOTO
TpaHCIIOpTa, Jiexalllee B OCHOBE MX XO3sTii-
CTBEHHO JeSITEIbHOCTH, — TIPaBO MOJTYYUTh
oIIaTy OKa3aHHBIX YCIYT TepeBO3KM Tacca-
>KUPOB 110 Tapudam, YCTaHOBIEHHBIM TOCY-
JIapPCTBOM WJIU TIEPEBO3UMKOM.

ToJIbKO IPEANPUSTHS, UMEIOLIE BO3MOXK-
HOCTh BECTH HOPMAJIbHYIO XO3SiCTBEHHYIO
JIeSITeJIbHOCTh, MOTYT IPEIOCTaBIISITh Kaue-
CTBEHHbIC 1 0e30MacHbIC YCIyTY MEePeBO3KU
I1acCaxXupoB.

JINTEPATYPA

1. TMaccaxupckue aBTOMOOMIIbHBIE MEPEBO3KU: Yueo-
HUK 111 By30B / [lox pen. B. A. [yakosa, JI. b. MupotuHa
u jip. — M. Topstaast munmst — Tesekom, 2006. — 448 c.

2. O BHeceHUU U3MEHEHUN B 3aKOHOJATEIbHBIE aKThl
Poccuiickoit Penepaunu 1 MpU3HAHUN YTPATUBLIMMHU
CHUJTy HEKOTOPBIX 3aKOHOJATEbHBIX aKTOB Poccuiickoit
Menepatiny B CBS3M € IPUHSITUEM (beiepaibHbIX 3aKOHOB
«O BHeCEHMU U3MEHEHMIT U oToTHeHiT B DenepanbHblii
3aKOH «O0 O0ILIMX MPUHIIMITAX OPraHU3a MK 3aKOHOIATE b~
HBIX ([IPEICTAaBUTEIbHBIX) U MCIIOJTHUTEIBHBIX OPTAaHOB
rocyIapcTBeHHOM BiiacTh cyonekToB Poccuiickoit Denepa-
mn» 1 «O6 00X TPUHIIUITAX OPTAHU3AIIMM MECTHOTO
camoympasieHus B Poccuiickoit @eneparinn». Oenep. 3a-
KoH ot 22.08.2004 . Ne 122-®3 // CobpaHue 3aKoHOmA-
TenbeTBa Poceniickoit Peneparnn. Ne 35 ot 30 aBrycra 2004
roa, ct. 3607. [ DekTpoHHbIi pecypc]: http://www.szrf.ru/
szrf/doc.phtm|?nb=100&issid=1002004035000&docid=45.
Joctym 01.07.2019.

3. 3akoH Teepckoii obmacTu «O06 0061aCTHOI LieIeBOI
riporpamme «ColmaibHast oepKKa HaceeHus Teepckoit
obsactu Ha 2007—2009 roab».

4. TTocTaHOBJIEHUE AAMUHUCTpALMK TBEPCKOit 00s1acT
Ne 32-ma ot 16 despais 2005 roma «O BBeIEHUN Ha TEPPH-
Topuu TBepcKoii 06J1aCcTH eMHOrO COLIMAIBHOTO MPOE3.i-
HOTO OmieTa».

5. MocraHosneHus [yoepHaTopa XabapoBCKOro Kpasi
ot 17 mas 2005 roma Ne 122 «O6 opraHM3aLuy JIbIOTHOTO
Mpoe3a OTAETbHBIX KATerOpUil TpaIaH Ha TepPUTOPUH
XabapoBCKOTO Kpasi».

6. Ipaxmanckuii kogeke Poccuiickoit Denepariu
(yactb mepsasi) or 30.11.1994 . Ne 51-D3 (pexa. or
03.01.2006 1) // CobpaHue 3akoHOmaTebLCTBA Poccuiickoi
Denepariu. — 1994, — Ne 32. — Cr. 3301.

7. ®enepanbHbBIN 3aKOH «YCTaB aBTOMOOUIBLHOTO
TPAHCIIOPTa ¥ TOPOJICKOTO HAa3eMHOTO 3JIEKTPUIECKOTO
TpaHcropTa» ot 08.11.2007 .

8. [TocraHosieHue [TneHyma Boiciiiero ApouTpaxxHoro
Cyna Poccwmiickoit Denepariu ot 22 momst 2006 ©. Ne 23.

9. Onpenenenvie BepxosHoro Cyna Poccuiickoit de-
nepatiu ot 13.05.2002 &. Ne 4-102-8.

10. Konctutyiwmst Poccuiickoit @eneparinu (mpuHsita
BCEHApOIHBIM rostocoBanueM 12.12.1993 ) (c yu€rom mo-
MpaBoOK, BHeCEHHBIX 3akoHaMu P®d o monpaskax Kk KoH-
crutyimu PO or 30.12.2008 ©. Ne 6-DK3, or 30.12.2008 r.
Ne 7-DK3, ot 05.02.2014 ©. Ne 2-DK3, ot 21.07.2014 r.
Ne 11-®K3) / Cobpanue 3akoHOmaTeabcTBa PO,
04.08.2014 ., Ne 31, ct. 4398.

11. Ykas3 INpesunenra Poccuiickoit deneparmu ot 28
depans 1995 roma Ne 221 «O mepax 1Mo yrnopsiioueHUIo
TOCYIapCTBEHHOT'O PETyJIMpoBaHus LieH (TaprudoB)».

12. Tlocranosienue IpaButenbctBa Poccuiickoit
Denepaunn ot 07 mapra 1995 roga Ne 239 «O mepax o

Manbiwee M. U., dununnoea H. A., MNoHomapee M. J1. Henony4eHHasi NpoOBO3Has nNnaTta — HepeLEHHaa
npoGnema npeAnpUATUIA OGLLLIECTEEHHOIO TPAHCNOPTa, OCYLLECTBASIOWMNX NePEeBO3KY JIbrOTHUKOB




124

YIIOPSITOYEHHIO TOCYAaPCTBEHHOTO PEeryIMPOBaHUS LIEH
(tapucoB)», B pemakimu Ne 31 ot 27.12.2017 .

13. MocraHoBneHue IMpaButenbctBa Poccuiickoii
Deneparmu ot 02 okTsiopst 2018 . Ne 1172 «O BHeceHuun
M3MEHEeHMIA B moctaHoBiieHue [TpaButenbctBa Poccuiickoii
Deneparu ot 7 Mapta 1995 . Ne 239».

14. ®enepanbHblii 3akoH oT 13.07.2015 Ne 220-P3
«O0 opraHu3aluU PEryJIsIPHBIX TIEPEBO30K MACCAKUPOB
M Garaka aBTOMOOMJIbHBIM TPAHCIIOPTOM W TOPOJICKUM
Ha3eMHBIM 2JIEKTPUUECKUM TpaHCIIOpTOM B Poccuiickoit
Denepanny 1 0 BHECEHUM U3MEHEHUIT B OT/IE/IbHBIC 3a-
KOHOnaTebHbIe akThl Poccuiickoii Denepariuiv».

15. TocraHoBneHue [paBuTenbeTsa TBepeKoit oomacT
ot 14 nexa6pst 2018 roma Ne 359-mm «O Topsiike ycTaHOB-
JICHUSI PETYJIUPYeMBbIX Tapr(OB Ha MEePeBO3KU MACCaKUPOB
1 Garaxa TpaHCITIOPTOM OOIIETO TIOTb30BAHMST».

16. IMoctanopeHwue [TpaBuTenscTBa TBepcKoii o01acT
ot 01 mapta 2017 roma Ne 45-mm1 «O riopsiike npeaocTaBlie-
Hus1 cyocunmii u3 obaactHoro 6romkeTa Teepckoit obiactu
IOPUINYECKUM JINTIAM, UHINBUIYATbHBIM TIPEIIIPUHIMA-
TEJISIM B LIEJISIX BO3MEIICHUSI HEIOMOTYYSHHBIX I0XO/IOB,
CBSI3aHHBIX C TIPENOCTaBICHUEM JILTOTHOTO TIpoe3/a 1o
€IMHOMY COLIMAITLHOMY MPOE3THOMY OHJIETY Ha TEePPUTOPUI
Tsepckoit obnacTn».

17. Tpukasbl PerroHaibHOM SHEPreTUYeCKO KOMUC-
cum TBepckoii o6mactu, ot 20.02.2007 . Ne 09-u,
oT 20.05.2008 r. Ne 34-um, ot 15.07.2008 r. Ne 99-Hm,
ot 19.12.2008 . Ne 209-nm, ot 14.07.2009 . Ne 85-Hr,
or 14.07.2009 r. Ne 86-Hm, ot 18.11.2010 . Ne 280-Hr1,
0122.12.2011 = Ne 719-Hr1.

18. Tpukasbl [aBHOTO yripabieHus «PernoHanbHast
SHepreTuyeckass Komuccusi» TBepckoil 06JacTu, oT
22.03.2013 . Ne 100-um, ot 09.04.2013 r. Ne 112-Hm,
ot 06.02.2015 ©. Ne 17-wm, ot 19.06.2015 ©. Ne 88-Hr1, ot
23.11.2016 r. Ne 138-um, ot 13.01.2017 r. Ne 1-Hm,
ot 16.03.2018 . Ne 26-H11, o1 29.06.2018 1. No 65-Hrr.

19. MuTtepHet-usnanue vedtver.ru TAY «PUA «BepxHe-
BOJIKbE». «YCTAHOBJICH TIPEETbHBIN Tapr® Ha raccakup-
CKHE MepeBO3KM B OOILIECTBEHHOM TpaHcropte Teepu».
[DnexrpoHHbIi pecypc]: https://vedtver.ru/news/society/
ustanovlen-predelnyy-tarif-na-passazhirskie-perevozki-v-
obshchestvennom-transporte-tveri/. Joctym 20.12.19.

20. Ipaxnanckue nena Ne A40-27156/09, A40-
27157/09, A40-27159/09, A40-53991/09, A40-60873/09,
A40-62532/09, A40-66587/09, A40-73783/09, A40-
73786/09, A40-73788,/09, A40-112215/09, A40-112216,/09,
A40-126206/09, A40-126213/09, A40-126212/09, A40-
126215/09, A40-151324/09, A40-149858/09, A40-
162461/09, A40-162460/09, A40-162462/09, A40-27156/09,
A40-1662/10, A40-85614/10, A40-102963/10, A40-
101145/10, A40-124738/10, A40-128303/10, A40-
134214/11,A40-134213/11, A40-11502/12, A40-49773/12,
A40-80668/12, A40-99565/12, A40-161541/12, A40-
158395/12, A40-169924/12, A40-169932/12, A40-
169826/12, A40-169929/12, A40-153477/12, A40-1869/13,
A40-2498/13,A40-169832/12, A40-6934/13, A40-79115/13,
A40-82336/13, A40-85089/13, A40-127504/13, A40-
139633/13, A40-137367/13, A40-173449/13, A40-
173393/13.

21. Tpaxnarckue nema No A40-2006/14, A40-187706/13,
A40-173399/13, A40-1468/14, A40-173453/13, A40-
173457/13, A40-173404/13, A40-143309/13, A40-
127496/13, A40-143306/13, A40-144916/13, A40-
146672/13, A40-146692/13, A40-139631/13, A40-
149721/13, A40-146685/13, A40-187699/13, A40-
185792/13, A40-185803/13, A40-394/14, A40-185795/13,
A40-186666/13, A40-177841/13, A40-187715/13, A40-
185799/13, A40-187683/13, A40-186645/13, A40-
187730/13, A40-187748/13, A40-281/14, A40-187691/13,
A40-187740/13, A66-13596/2013, A40-60075/14, A40-
60072/14, A40-91780/14, A40-102215/14, A40-111041/13,

A40-111907/14, A40-111843/14, A66-9855/2013, A40-
107384/14, A40-114268/14, A40-111901/14, A40-
111893/14, A66-11193/2014, A40-129749/14, A40-
147432/14, A40-155397/14, A40-154318/14, A40-
147434/14, A40-147431/14, A40-163351/14, A40-
173416/14,A40-173424/14, A40-163354/14, A40-166215/14,
A40-173415/14, A40-176814/14, A40-176808/14, A40-
173419/14, A40-184376/14, A40-184948/14, A40-
162949/14, A40-163357/14, A40-217397/14, A40-
217386/14, A40-217391/14, A40-217403/14, A40-
217338/14, A40-217352/14, A40-217317/14, A66-
1003/2015, A40-3318/15.

22. Boinmucku u3 EnnHOro rocynapcTBeHHOTro peectpa
fopumaeckux i Ne K099965-20-13291460 ot 18 deBpa-
1151 2020 rona, Ne K099965-20-13299738 ot 18 heBpatst 2020
roma, Ne H099965-20-13301421 or 18 despast 2020 roza,
Ne H099965-20-13303493 ot 18 despais 2020 rona.

23. Beimucka n3 EaMHOTo rocynmapcTBEHHOTO peecTpa
MHAMBUAYATbHBIX TipeanpuHumatencit No 199965-20-
2852171 ot 18 deBpas 2020 rona.

24. bankpotHbie nena Ne A66-12011/2014, A66-
13641/2015, A66-9247/2017, A66-14514/2015, A66-
218/2017, A66-9029/2017, A66-5427/2017.

25. Beimucka n3 EaMHOTo rocynapcTBEHHOTO peecTpa
topumaeckux ui Ne F099965-20-13342321 ot 18 despa-
7151 2020 roia.

26. bankpotHbie nena Ne A73-17144/2015, A73-
17180/2015, A73-12834/2016.

27. Ipaxnanckue nena Ne A40-148104/09, A40-
148107/09, A40-148109/09, A40-163497/09, A40-
163500/09, A40-2541/10, A40-10367/12, A40-156312/12,
A40-6932/13, A40-79363/13.

28. Ipaxnanckue gena Ne A40-79123/2013, A40-
123691/13, A40-127475/13, A40-1998/14, A40-187757/13,
A40-1047/14, A40-29102/14, A73-10773/2014, A40-
1433/15, A73-1025/2015, A40-1434/15, A40-4300/15.

29. IMocraHoBnenue [yoepHaTtopa XabapoBCKOro Kpast
«O TIpU3HAHUM YTPATUBIIMMU CHITY OTICTEHBIX TIOCTAHOB-
nieHuii [yoepHaTopa XabapoBckoro kpasi» ot 03 Hosiopst 2015
romga Ne 105.

30. Caiit KI'KY «LleHTp colmanbHOM MoaIepKK1 Ha-
cenieHus o HaHaiickomy paitoHy». [ DJIeKTpOHHBII pecypc]:
https://mszn27.ru/node/17300. Joctym 20.12.2019.

31. Mocranosnenue [paBurenbcTBa XabapoBCKOTO
kpas ot 28 nexabpst 2018 . Ne 495-np «O nopsizke u ycio-
BUSIX TIPEIOCTABIICHUS OTICILHBIM KaTeTOPUSIM TPpaXKIaH
0ecrIaTHOrO NMpoe3/a Ha TPAaHCIIOPTE OOLLETO MOJIBb30BAHUS
(KpoMe TaKch) TOPOICKOTO M TIPUTOPOTHOTO COOOIIICHHST
Ha TeppUTOprn XabapoBCKOro Kpasi».

32. Caiit Anmunuctpamuu [IpesunenTta Poccuu.
[DnekrpoHHbIii pecypc]: http://kremlin.ru/events/president/
news/58405. Joctym 20.12.2019.

33. Jiménez, Serpa J. C., Rojas, Sanchez A. E., Salas
Rondén M. H. Tariff Integration for Public Transportation
in the Metropolitan Area of Bucaramanga, INGE CUC,
2015, Vol. 11, No. 1, pp. 25-33.

34. Wei Wu, Yi Zhang, Qian He, Chaoyang Li. Public
transport use among the urban and rural elderly in China:
Effects of personal, attitudinal, household, social-environment
and built-environment factors, The Journal of Transport and
Land Use, 2018, Vol. 11, No. 1, pp. 701-719.

35. Lacki, A. Analysis and Characterization of the Public
Transport Mobility of Senior Citizens, Universidad
Politécnica de Madrid, 2019, 81 p.

36. Bocker, L., Amen, van P., Helbich, M. Elderly travel
frequencies and transport mode choices in Greater
Rotterdam, the Netherlands. Springerlink.com, 2016, 22 p.

37. Lange, J., Norman, P. Quantifying Service
Accessibility. Transport Disadvantage for Older People in
Non-Metropolitan South Australia. Applied Spatial Analysis
and Policy, 2018, Vol. 11 (1), pp. 1—19. ®

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 116-133 (2020)

Manbiwee M. U., dununnoea H. A., lMNoHomapee M. J1. Henony4yeHHasi NpOBO3Has nNnaTa — HepelléHHasa
npo6nema NnpeanpusaTUiA OOLLLECTBEHHOIO TPAHCNOPTAa, OCYLECTBASIOLNX NEPEBO3KY JIbFOTHUKOB




DOI: https://doi.org/10.30932/1992-3252-2020-18-116-133

Uncollected Fare as Unresolved Problem
of Public Transport Enterprises Engaged
in Transportation of Benefit Holders

Maxim I. MALYSHEV Nadezhda A. FILIPPOVA

Mikhail L. PONOMAREV

Malyshev, Maxim I., Moscow Automobile and Road Construction State Technical University (MADI), Moscow,

Russia.

Filippova, Nadezhda A., Moscow Automobile and Road Construction State Technical University (MADI), Moscow,

Russia.

Ponomarev, Mikhail L., CEO IMEXPROFI LTD. Moscow, Russia*.

ABSTRACT

The international practices show that there are
active policies of encouraging the use of public
transport by people of special, privileged categories.
Differentiated tariffs are used, all transport modes are
combined into a single system, an index ofaccessibility
of passenger transportation services is introduced.
The system of free and discounted travel is widely
implemented in Russia.

But the problem of social support for privileged
categories of citizens cannot be solved without
ensuring payment of their travel with public transport.
The burden of financing the provision of benefits
cannot be assigned to carriers.

Only development and subsequent application of
the method of calculating uncollected fare will solve
the problem of paying for transportation of social
benefit holders. In this case, public transport

enterprises will be able to conduct normal business
activities and provide high-quality and safe passenger
transportation services.

The objective of the article is to justify the need to
develop a method for calculating uncollected fare
taking into account established tariffs.

Nation-wide and regional legislation, as well as
judicial practice regarding research problems, were
studied at the example of some Russian regions. A
critical analysis of the relevant regional regulations
has been made. Information was collected on public
transport enterprises that had ceased operations.

As a result of a graphical interpretation of
information on tariffs established by the state and
compensation to carriers, the collected data were
synthesized, which made it possible to clearly
demonstrate the absence of a relationship between
compensation and passenger transportation tariffs.
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Background. Until 2004, in Russia,

126 citizens belonging to certain privileged

categories (for example, veterans of the Great
Patriotic War, citizens exposed to radiation
as a result of the Chernobyl disaster, multi-
child families, labour veterans, etc.) had the
right to travel freely using public transport
regardless of place of residence (Federal Law
dated 12.01.1995 No. 5-FZ «On Veterans» as
amended on 06.05.2003, Law of the Russian
Federation dated 15.05.1991 No. 1244-1 «On
Social Protection of Citizens Exposed to
Radiation Due to the disaster at Chernobyl
APS» as amended on October 23, 2003,
Decree of the President of the Russian
Federation dated May 5, 1992 No. 431 «<On
Measures for Social Support of Multi-Child
Families» as amended on February 25, 2003),
and the main tasks of state passenger road
transport enterprises were ensuring the
release of rolling stock on line, implementation
of the passenger transportation plan, etc. The
work of enterprises was evaluated by a system
of technical and operational indicators
characterizing quality and quantity of work
performed [1].

Benefit holders were given the opportunity
of an unlimited number of trips on urban and
suburban municipal routes, and transport
enterprises subsidized from the budget provided
for transportation of passengers in accordance
with plans and regulations.

Since 2005, Federal Law of the Russian
Federation No. 122-FZ dated August 22, 2004,
known as the law on monetization of benefits,
entered into force. Law No. 122-FZ amended
federal regulations governing social protection
of the population; the powers of providing
benefits between federal and regional authorities
were differentiated; benefit holders were
divided between so-called federal and regional
registers; in-kind benefits were replaced by
monetary compensation; so the system of
providing benefits to citizens has been changed
[2].

Due to changes in federal legislation, a
difficult situation has developed. The transition
to monetization of basic benefits, including free
travel, caused acute social tension among the
population [3].

In orderto prevent a decrease in the volume
of social support for benefit holders in terms of
transport services, the state delegated the
authority to create a mechanism for providing

these benefits to the level of constituent entities,
and most of them opted for single social travel
tickets (SSTT) [4; 5].

Established tariffs

Payment for transportation by public
transport is made only on the basis of the
established tariffs.

Transport enterprises carry passengers along
regular routes, which, in accordance with civil
law, relate to transportation by public transport
(Article 789 of the Civil Code of the Russian
Federation, Article 19 of the Federal Law of
the Russian Federation No. 259-FZ dated
November 08, 2007, «Charter of road transport
and urban land electric transport») [6; 7].

The purpose of enterprises is to profit from
economic activities. In accordance with
Articles 426, 784, 786, 789 of the Civil Code of
the Russian Federation, in case of application
of any citizen, a public transport company, if
possible, is obliged to provide transportation
services to a citizen, refusal to perform
passenger transportation is unacceptable [6].

From part 5 of Article 790 of the Civil Code
of the Russian Federation, it follows that if
benefits for passenger travel are established by
law or regulation, the expenses incurred by the
transport organization must be reimbursed [6].

Thus, transport enterprises cannot refuse to
transport benefit holders, while all costs
associated with their transportation must be
reimbursed to carriers.

From paragraph 16 of the Resolution of the
Plenum of the Supreme Arbitration Court of the
Russian Federation dated June 22, 2006 No. 23,
it follows that transport companies that have
provided passenger transportation services free of
charge, as well as at reduced prices in accordance
with the law, can receive compensation in the
form of uncollected fare [8].

In accordance with the judicial act of the
Supreme Court of the Russian Federation in
case No. 4-G02-8 of May 13, 2002, according
to parts 1, 2 of Article 790 of the Civil Code of
the Russian Federation, there are two options
to establish the fare size on transport.

The cost of transportation can be agreed
upon by the carrier and the service recipient.
Or the tariff for transportation can be set in
accordance with applicable law.

The choice of the option to establish the
size of transportation fare is based on the type
of transportation.
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In case of transportation of passengers by
public transport, the fare is paid at the
established tariffs. Payment for all other
transportation is made at tariffs agreed by the
parties, if there are no rules providing for a
different payment procedure [9].

Therefore, it is possible to calculate the fare
size that was not received by the public
transport enterprise when transporting
passengers of privileged categories, taking into
account the established tariffs.

Bodies authorized to approve tariffs

The fares paid by passengers using public
transport are established by the authorized
authority or by a carrier.

As indicated in paragraph «g» of Article 71
of the Constitution of the Russian Federation,
the basics of pricing policy are responsibility of
the Russian Federation [10].

In accordance with paragraph 2 of the
Decree of the President of the Russian
Federation dated February 28, 1995 No. 221,
the Government of the Russian Federation
establishes the procedure for state regulation
of tariffs for industrial products, consumer
goods and services [11].

By the Decree of the Government of the
Russian Federation dated March 7, 1995 No. 239
until October 12, 2018, state regulation of tarifts
was entrusted to executive bodies of the constituent
entities of the Russian Federation [12; 13].

In accordance with Federal Law dated July
13, 2015 No. 220-FZ, the authorities of a
constituent entity of the Russian Federation
establish regulated tariffs for transportation
along municipal routes, or, if it is established
by the law of the constituent entity, regular
transportation is allowed at unregulated tariffs
established by the carrier [14].

For example, in Tver region in accordance
with the decree of the administration of Tver
region dated November 30, 2006 No. 292-pa,
the decree of the Government of Tver region
dated May 3, 2012 No. 221-pp, and since
January 1, 2019 in accordance with the decree
of the Government of Tver region dated
December 14, 2018 No. 359-pp «On the
procedure for establishing regulated tariffs for
transportation of passengers and baggage by
public transport», the state regulation of tariffs
iscarried out by the Main Directorate «Regional
Energy Commission» of Tver Region (MD REC
of Tver region) [15].

Orders of MD REC of Tver region set fares
for passengers on public transport.

Regional regulations miss methodology to
consider uncollected fare

Regulatory acts of regional authorities on
provision of travel privilege and compensation
to transport enterprises do not contain a
methodology for calculating uncollected fare.

Having studied with critical analysis method
the mechanisms for providing travel privileges at
public transport stipulated in legislation of Tver
region and Khabarovsk region and the actual
relationships between passengers, carriers and
authorities, it is possible to conclude that there is
no method for calculating uncollected fare in
accordance with the tariffs.

The Decree of the Administration of Tver
region dated February 16, 2005 No. 32-pa
introduced SSTT, which gives citizens of
privileged categories the right to make an
unlimited number of trips on the routes of
public and suburban public transport without
paying for travel and established the cost of
SSTT for citizens [4].

By the Decree of the Government of Tver
region dated March 1, 2017 No. 45-pp, the
«full fare for a passenger using SSTT per
month» was established (hereinafter the SSTT
fare) [16].

According to the Decree No. 45-pp, the
amount of the subsidy to the carrier for
reporting month (P) is determined on the basis
of the volume of the carrier’s lost revenues
associated with provision of travel privilege for
SSTT users in the territory of Tver region.

In fact, the amount of the subsidy is
determined by multiplying the SSTT fare (C)
by the number of used (received by benefit
holders) SSTT (N):

P=C-N.

If in the municipality of Tver region,
transportation of benefit holders is carried out
by two or more carriers, distribution of subsidies
between carriers is carried out according to the
performed transport work (K), and in the
period of summer season route the coefficient
1,2 is taken into account:

P=C+N-<K-*(°1,2).

At the same time, the Decrees No. 32-pa
and No. 45-pp do not provide for any rules for
documenting or calculating the real costs of
transport enterprises for transportation of
citizens using SSTT.
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Pic. 1. Comparison of changes in full SSTT fare and travel tariff on public transport in Tver and Kalininsky district
[4; 16—19]. Compiled by the authors.

The tariff approval procedures established by
the Decrees No. 292-pa, No. 221-pp and
No. 359-pp, did not comprise approval of «the
total fare per a passengerusing SSTT». There was
no preliminary agreement with enterprises,
clarification of actual expenses of enterprises, and
publication of the methodology for determining
«total fare per a passenger using SSTT». The
amount of payment provided for by the Decree
No. 32-pa and No. 45-pp does not take into
account fare on public transport, those Decrees
do not mention words «tariffs», «fare».

If we synthesize data on SSTT fare and fares
for the entire time since introduction of SSTT,
and compare how the so-called total SSTT fare,
established by the Decrees No. 32-pas and
No. 45-pp in the city of Tver and Kalininsky

district and the tariffs for transportation
established by the regional energy commission,
were changing, it is clear that the SSTT fare is
a fixed amount that changed only once in 14
years, and tariffs for the same time period
changed many times (Pic. 1).

In the graphs of Pic. 1 along Y axis there is
SSTT fare and the fare size. The X-axis reflects
the period from 2006 to 2020.

The SSTT fare in Tver increased in 2011 by
56 % compared with the period from 2006 to
2011.

For 9 years, from 2011 to 2020, the SSTT
fare remains unchanged.

The city tariff in Tver changed 10 times and
since 2006 it has grown 5 times, having
increased by 400 %.
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MUE «VYSHNEVOLOTSKOE
PATP»
Vyshny Volochek, Tver region
Removed from SSRLE since 2018

LLC «<AUTOSPHERE»
Konakovo district, Tver region
Under liquidation since 2017

MUE «SPATP»
Staritsa, Tver region
Under liquidation since 2015

MUE MAPP

Maksatikhinsky district, Tver region

Under liquidation since 2018

MUE OF KUVSHINOVSKY
DISTRICT «<KUVSHINOVSKY

PASSENGER ATP»
Kuvshinovo, Tver region
Under liquidation since 2018

MUE «GET»
The largest carrier of Tver
(more than 50 % of urban
transportation)

Enterprises in Tver
region, which are in
the process of
liquidation or have
ceased operations

Individual entrepreneur
Kurochkin Vitaly Victorovich
Moscow (transportation in Tver)

Ceased operations in 2015

MUE «PASSENGER
TRANSPORTATION»
Staritsa, Tver region
liquidated in 2015

JSC «BPATP»
Bezhetsk, Tver region
Under liquidation since 2017

MUE «ATP»
Bologoe, Tver region
Bankruptcy proceedings since 2018

MUE «BShP»
Bezhetsk, Tver region
Under liquidation since 2018

JSC «<KIMRY MOTOR
TRANSPORT ENTERPRISE»
Kimry, Tver region
Under liquidation since 2017

Pic. 2. Public transport enterprises of Tver region, which have ceased operations or are under liquidation
[22—-24]. Compiled by the authors.

A similar situation is in Kalininsky district of
Tver region, a suburb of Tver. The SSTT fare has
not changed since 2011, and the tariffs for travel
in urban and suburban transport established by
the authorized body increase systematically.

A graphical interpretation of the synthesized
data allows to clearly see that the SSTT fare is
not related to the established tariffs.

In accordance with the letter No. 278 of the
Territorial Department of Social Protection of
the Population of Tver region dated March 6,
2015, the SSTT fare per month is not a fare for
travel.

Neither Decree No. 32-pa, nor Decree
No. 45-pp give any idea on the basis on which
the SSTT fare was determined.

Decrees No. 32-pa and No. 45-pp indicate
the maximum possible amount of compensation
for a SSTT, called «full fare of a SSTT using
pasenger travel per month».

The phrase «full fare of a SSTT using
passenger travel» is the conditional name of
the estimated value used by the administration
to calculate the amount to be allocated from
the budget.

After conducting a critical analysis of the
Decrees No. 32-pa and No. 45-pp, it was
determined that these regulations did not
contain a methodology for calculating the
uncollected fare.

Enterprises transporting SSTT using
passengers do not receive payment in
accordance with the established tariffs.

Problems of public transportation enterprises

Public transport enterprises cannot
continue normal business activities without
receiving payment for passenger transportation.

Until 2015, enterprises were able to recover
uncollected fare through the courts [20].

Since 2015, such practice has been
suppressed by the Judicial Collegium for
Economic Disputes of the Supreme Court of
the Russian Federation [21].

As transport companies were denied a
possibility to protect their civil rights, many
carriers of Tver region have ceased operations
or are in the process of liquidation. Some of
them are shown in Pic. 2.

It can be assumed that the enterprises were
not able to continue operations, since
transportation of benefit holders was not paid,
due to the fact that all the enterprises indicated
in Pic. 2, except for MUE «ATP» in Bologoe,
filed statements of claim with the court to
recover uncollected fare. As follows from the
statements of claim and statements on changes
in the claims filed by carriers of Tver region in
the process of considering the above civil cases,
the total amount of uncollected fare amounted
to more than half a billion rubles.

A similar situation has developed in many
regions, for example, in Khabarovsk region.

In accordance with the Resolution of the
Governor of Khabarovsk region dated May 17,
2005 No. 122 «On organization of travel
privilege for certain categories of citizens in the
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Since 2015

MUE of Khabarovsk
«KhPATP No. 1»

MUE of Khabarovsk «TTU»

Since 2016

MUE «PATP No. 1»,
Komsomolsk-on-Amur

Since 2017

MUE «TRAM DEPARTMENT», Komsomolsk-on-Amur
Due to payment of indebtedness bankruptcy proceedings were terminated

Pic. 3. The largest passenger enterprises of Khabarovsk region, which are in the process of liquidation [25; 26].
Compiled by the authors.

territory of Khabarovsk region», public
transport enterprises carried out transportation
of benefit holders free of charge.

It is not known how the compensation to
transport enterprises for transportation of
benefit holders provided for by the Resolution
No. 122 is related to the tariffs established by
the authorized body which is the Committee
on Prices and Tariffs of the Government of
Khabarovsk region.

Pic. 3 presents the largest passenger
enterprises of Khabarovsk and Komsomolsk-
on-Amur, which have been under the process
of liquidation since 2016.

All these enterprises stated that they did not
receive payment for transportation of benefit
holdersin accordance with state tariffs and applied
to the court for protection of civil rights [27].

After the Judicial Collegium for Economic
Disputes of the Supreme Court of the Russian
Federation considered the case of MUE of
Khabarovsk «Tram-trolleybus department»
No. A73-1127/2014 (303-ES14-7904), the
courts began to dismiss claims of the carriers
of Khabarovsk region to recover uncollected
fare [28].

As follows from the materials of civil cases,
the total amount of claims of enterprises of
Khabarovsk region that transported benefit
holders is about a billion rubles [28].

Public transport enterprises cannot function
without receiving payment for passenger, and
particularly, benefit holders transportation.

In 2015, Decree No. 122 was repealed [29].
Starting November 1, 2015, in Khabarovsk
region, travel privilege on urban and suburban

road, railway and water transport, including
SSTT use, was replaced with a monthly cash
payment for regional benefit holders [30].

However, three years later, Decree dated
December 28, 2018 No. 495-pr «On the
procedure and conditions for providing certain
categories of citizens with travel privilege on
public transport (except taxi) for urban and
suburban traffic in Khabarovsk region» was
adopted [31].

In accordance with Decree No. 495, free
travel is provided across Khabarovsk region
using a microprocessor plastic card (social
transport card).

Citizens entitled to a monthly payment in
accordance with regional legislation are
provided based on their choice a monthly cash
payment or travel on public transport using a
social transport card for the amount of 1020
rubles per month.

Citizens entitled to a monthly payment in
accordance with the legislation of the Russian
Federation, are provided with traveling with
public transport using a social transport card
for the amount of 300 rubles per month.

It is not known how the amount of monthly
cash payment and the umber of trips required
for federal and regional social benefir holders
were calculated.

At the same time, it is hoped that with
introduction of the social transport card, public
transport companies will be paid for
transportation of benefit holders in accordance
with the established tariffs.

However, at the moment, the widespread
use of electronic cards is impossible, since
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electronic card readers (validators) are not
installed in public transport in many
municipalities of Russia.

For example, in the memo on provision of
travel privilege using an electronic card
published on January 21, 2020 on the official
website of the Ministry of Social Protection of
the Population of Tver region muncouzauiumer.
meepckasiobnacms.pgh it is indicated that from
March 01, 2020, travel privilege will be
provided using an electronic card or contactless
bank card.

The memo noted that this innovation applies
exclusively to the city of Tver and Kalininsky
district. In other municipalities of Tver region,
electronic cards are not used to pay for travel in
public transport. If a benefit holder is not a
resident of Tver or Kalininsky district and does
not have an electronic card, then travel privilege
in Tver and Kalininsky district will continue to
be provided to him on the basis of SSTT.

A methodology for calculating uncollected
fare is required, taking into account established
tariffs.

According to the preamble to the Federal
Law of the Russian Federation No. 122-FZ,
both regional and municipal authorities,
changing the system of social protection of
citizens, including replacing in-kind benefits
with cash payments, must provide not less than
a previously existing level of social protection.

The position of the country’s leadership is
unequivocal: abolition of free travel in the
coming years is not expected [32].

Moreover, the Federal Law of the Russian
Federation No. 122-FZ prescribed not to allow
violations of rights and freedoms of other
persons when citizens exercise their social
rights and freedoms.

Public transport enterprises cannot be
burdened with implementation of state social
expenses related to provision of benefits to
citizens.

Transportation of privileged categories of
citizens can make up a significant part of all
passenger transportation on regular urban and
suburban routes.

Reception of payment for this part of
transportation in accordance with the
established tariffs is vital for public transport.

World experience shows that supporting
public transport is a global trend.

So in the city of Bucaramanga, the
administrative center of the department of
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Santander in Colombia, there are proposals to
introduce differentiated tariffs on public
transport [33].

Researchers from the People’s Republic of
China believe that the policy of encouraging
the use of public transport by people of
so-called disadvantaged categories (disabled,
elderly people, etc.) is an essential component
of efforts to improve quality of life of the
population [34].

European experts consider all types of
passenger transport, including metro, city buses
and railways, etc., as a single system that should
be accessible to citizens, which can be attributed
to benefit holders [35; 36].

In Australia, it is believed that introduction
of an accessibility index contributes to
improving availability of public transport,
including for certain categories of people, for
example, elderly, or people living outside urban
areas where public transport coverage is
insufficient [37].

Conclusions. As a result of the research, it
can be concluded that a mechanism is needed
that provides compensation to carriers for
provision of free travel in accordance with civil
law.

The article substantiates that in order to
ensure payment for carriers for the services
rendered, it is necessary to develop and apply
amethod for calculating uncollected fare taking
into account established tariffs.

This method should make it possible to
calculate the size of uncollected fare both in case
ofthe use of electronic social transport cards and
without their use, even considering the right of
abenefit holder to an unlimited number of trips.

In order to avoid overstatement of
uncollected fare, this method should allow the
calculation to be carried out exclusively using
data provided by public authorities or the
carrier according to the reporting form
established by the state.

Using the method of calculating uncollected
fare, the right of public transport enterprises,
which is the basis of their economic activity,
should be implementedm that is the right to
receive payment for the services provided for
transportation of passengers at tariffs established
by the state or the carrier.

Only enterprises that have the ability to
conduct normal business activities can provide
high-quality and safe passenger transportation
services.
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l IKOHOMMWKA

Moaenun aHanu3a cnpoca
Ha naccaxupckue
aBnanepeBo3Ku

Bacwunuii )XKYKOB

AHann3 cripoca Ha aBuarnepeBo3Ku — 3TO KJTI04e-
BOVi BU3HEC-rpPoLEecc, BOKPYr KOTOPOro paspabarsi-
BarTCH cTparernyeckue v orepaumnoHHbIe raaHbl
Kaxaow aBmakomnaHun. Ha ocHoBe rnporHo3a cripo-
ca pa3pabartbiBaloTCs CTPATErn4eckue rniaHbl pas-
BUTUSI MapPLLPYTHOM CEeTU aBUaKkoMnaHum, a Takxe
r1aHbI 110 6IOXKETUPOBAHUIO, PUHAHCOBOMY rJ1aHU-
pPOBaHWIO, MJ1aHbl MPOAAX YU MapPKETUHra, MnaaHupo-
BaHue rapka BO3AYLUHbIX CYy[0B, OLEHKa PUCKOB U
naaHbl NPeoAosIeHNs UX NoCaencTBur. AHaamn3
crnpoca Takxe o0b6s1er4aet BaxHYto YrpaBi€HYEeCKYIO
AESITe/IbHOCTb, TAKYIO KaK MPUHSITUE PELLEHNI, OLLEeH-
Ka 9¢pHeKTUBHOCTU, palyMHOe pacrpenesieHue
pecypcoB B 0npenesEHHbIX N HeonpeaenéHHbIX
YCJ/1I0BUSIX Pa3BUTUS CUCTEMbI BO3AYLLIHOIO TPaHC-
nopra.

Ha ocHoBe KOHKpPETHbIX TPeboBaHWIi aBUaKOM-
naHnuy v MNPUMEHNTESIbHO K KOHKPETHOM BO3AYLL-
HOVi JINHUY MOXET ObIThb pa3paboTaHa HANBUAYa lb-
Hasi Mozesib NpPOorHo3npoBaHus crnpoca. Takas Mo-
JZe/b NpeacTaBaseT cobovi PacLUMPeHnNe Ui cove-
TaHve PasndHbiX KA4€CTBEHHbIX Y KOJINYECTBEHHbIX
MeTOoA0B MPOrHO3MpPoBaHus cripoca. 3aaada paspa-
60Tky HacTpamBaemori MoLesn 4acTo sIBJISIeTCS
NUTEPaLNOHHOM, BbICOKO AEeTain3npOBaAHHOU U
yrpaBJIieMori 9KCrepTHLIMY 3HAHUSIMU U MOXKET ObITb
BbIMOJIHEHA MYTEM BHEAPEHUS M0AX0ASLLEro npo-
rpamMMHoro obecreyeHus AJ1sl yrpaBJsieHs CrIPOCOM.

2Kyrxoe Bacuauii Ecoposun — Canxm-[lemepOypecicuii eocydapcmeeHHblii yHueepcumem
epaxcoanckou asuayuu (CII6I'YTA), Cankm-Ilemepoype, Poccus™.

3apgayva, nocrtassieHHasi B cTatbe, HE SBASETCS
NOCTaHOBOYHbIM 3a4aHNeM [J151 TOCTPOEHUSI MOAENM,
a TOJIbKO npensiaraet uccrien0o08arb UMELNcs
TeopeTnyeckui matepuas rno aHaamsdy crnpoca Ha
aBuanepeBo3ky Ha OCHOBE Hanbosiee N3BECTHbIX
mozaenevi NPorHoO31MpPoBaHKsi Cripoca Ha rNepeBo3Ku.

MeTtonom Hay4yHOro viccienoBaHvis 3a4aqv, rno-
CTaBJIEHHOW B CcTaTbe, SIBASETCS MEeTOo4 Hay4yHOro
aHasnm3a CyLecTByLUMX Mmoaesnen. lNpeasioxeHve n
CrpoOC Ha aBnaTpPaHCrnopTHbIE yCyrn UMEKT B3anM-
HOE, HO acMMETPUYHOE OTHOLLIEHWE. XOTS peasin-
30BaHHbIV CrPOC Ha NepeBo3Ky HE MOXET UMETb
mMecTo 6e3 COOTBETCTBYIOLLErO YPOBHS MPEIoXe-
HUSI, aBMaTpaHCropTHasl ycayra MOXeT CyLLEeCcTBO-
BaTb U 6€3 COOTBETCTRYIOLLEro cripoca. 10 4yacTo
BCTpeYyaeTcs B IPOeKTax, KOTopble pa3pabarsiBaloT-
Ccs ¢ 3arnacom, yAoBJIETBOPSIOLWUM OXuaaeMbiv
YPOBEHb CrpPOCca, KOTOPbIV MOXET Ui HE MOXET ObITb
peann30oBaH, Wi MOXET ero peanan3aLus 3ariMeT
HEeCKOJIbKO n1eT. PerynspHbie aBnaTtpaHCriopTHbIE
ycayrvi opMUpyoT NMpeasioxeHne, KOTopoe cylue-
CTBYET, AaXe eC/n CripoC HeA4OCTaTO4Y€EH.

lMpuBenEHHbIE B CTaTbe MOAEIN MOAYEPKNBAIOT
YCJ10BUSI, B KOTOPbIX €CTb HACLILLEHWNE MPEAJIOXEHUS,
a c Apyrovi CTOPOHbI, paccMaTpuBaroTCs MOLEIN, B
KOTOPbIX CrIpoC popmMupyeTcs 3a CYET B3aNMHOM
npUTAraTtesIbHOCTU CyOBbEKTOB, POPMUPYIOLLNX
crpoc.

KntoueBbie cioBa: TpaHCriopT, Cripoc Ha aBruanepeBo3Ku, MPorHo3mpoBaHue, MakpOCKonm4Yeckast MoAesb.
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JIsl aHaJIM3a CITpoca Ha aBUaIiepeBo3-
KM MOXHO HMCXOJUTh U3 TOTO, YTO
CTIPOC Ha aBMANEPEBO3KU MEXIY
JIByMsI TOPOJIaMU WJIM IBYMST perMOHaMU 3a-
BUCUT OT:

* COLMAIbHO-2KOHOMUYECKON XapaKTe-
PUCTUKHU PETUOHOB;

* XapaKTEePUCTUKU TPAHCITOPTHOM CUCTe-
MBI.

OTU ABa haKkTOpa CBSI3aHbI MEXIY COOOIA.
B 1miesiom xapakTepucTuKka TPaHCIIOPTHOM
CHCTEMBI Hallleil CTpaHbl MOKAa3bIBAET, YTO
B 2018 rony, mo naHHbIM PoccTara: rpy30000-
pot TpaHcnopta B Poccuu Beipoc Ha 2,8 %
oTHocuTesnbHO 2017 roma u coctaBua 5640
MJIPA T * KM. PocT nmpoun3omnién Ha Bcex BUIax
TpaHcmopra, Kpome Mopckoro (-10,3 %),
BozayirHoro (-0,7 %) 1 BHyTpeHHETO BOJHO-
ro (-6,8 %). [pyXEHbIi1 TPy30000pOT Keye3-
HOJIOPOXXHOTO TPAHCITIOPTa YBEIWYMIICS Ha
4,2 %. 1015 Xene3HOA0POKHOIO TPAHCIIOPTa
B 0011111 CTPYKTYpE rpy30000pOTa COCTaBUIIA
46,1 % (1a 0,7 r.m. BeIe ypoBHst 2017 rosa).
Honst keae3HOM0POXKHOTO TpaHCIopTa 0e3
yuéTa TpybornpoBoaHoro cocraBuia 87,4 %
(Ha 0,6 m.m. BbIre ypoBHs 2017 rona).
B 2018 rony nmaccaxupoodopoT TpaHCIopTa
B Poccuu yBenmumiics Ha 6,6 % 1o cpaBHe-
Huto ¢ 2017 rogom, g0 531,9 Miipa macc.-Km
[1].

ITaccaxupooOoOpoT OTAEJbHBIX BUIOB
TPAHCIIOPTa COCTABWIL: KeJIE3HOIOPOKHOTO —
129,5 mipa macc.-KM; aBTOMOOWJIBHOIO —
114,8 mupa macc.-KM; BO3AyLIHOro — 286,9
MJIPJI TTacC.-KM. YBeJIM4eHUe 1accaxkupoooo-
poTa TpaHCIOpTa OOIIETO MTOTH30BaHMS TIPO-
M30IILIO 3a CYET pocTa MaccaxknpoobopoTa Ha
BO3IyIITHOM TpaHcropre (Ha 10,6 %). B crpyk-
Type MaccaxnpoodopoTa TPaHCTIOPTA OOIIIET0o
MOJTb30BaHUST BO3AYIIHBIN TPAHCIIOPT 3aHU-
mai 53,9 % (+1,9 .. x yposHio 2017 rozaa).
ITaccaxnpooboOpoOT XKeJe3HOLOPOXKHOTO
TpaHcropTa Bbipoc Ha 5,2 % k 2017 romy, HO
€ro IoJIs B CTPYKTYpe TMaccaxknupoobopoTa
yMeHbLmaach 10 24,4 % (va 0,3 m.m.). Jous
aBTOMOOUJIBHOTO (aBTOOYCHOT0) TpaHCIIOPTa
B MaccaXXMpCKuX IMepeBo3Kax TPAaHCIIOPTOM
o011ero mojab3oBaHus cocrasuia 21,6 %
(-1,6 m.m. kK ypoBHio 2017 roma), a maccaxu-
poobGopot ymenbmics Ha 1 % [1].

Mopenu yist OLIEHKU CIIpoca Ha aBUarie-
PEBO3KH Yallle BCETO OLEHUBAIOT:

* KOJIMYECTBO MOTEHITMATBHBIX TTACCAXKM-

POB;
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* KOJIMYECTBO MAaCCAXUPOKUIOMETPOB,
KOTOPBIE MOTYT OBITh TOCTUTHYTHI;

* 0OXKMJaeMOe€ KOJUYECTBO B3JIETHO-
MOCaIOYHBIX OMepalnii;

* KOO (PULIMEHT 3aHATOCTU Kpecel.

IIpouecc mporHo3upoBaHUs CIpoca Ha
MepeBO3KY Yallle BCEro COCTOUT U3 CIEAyIo-
LIKX 9TAMOB:

* reHepalusl Moe3IKH;

* pacrpefiesieHre MOe3IKU;
* MOJAJIbHOE pa3/iesieHue;
* Ha3HauYeHMeE Moe3aKu [2].

ITpu mocTpoeHUM MOIEIY CIIPOCa CAEAYET
YUUTHIBATh, BKIIOYAET JIU MOJEb B C€0SI KOH-
KypEeHTOCNOCOOHbBIE BUABI TpaHcnopTa. [1o-
3TOMY MOXHO pacCMaTpuBaTh MOJIEIU, KOTO-
pbI€ HE 3aBUCST OT XapaKTePUCTUK aIbTepHA-
TUBHBIX BUJIOB TPAHCTIOPTA, U MYJIBTUMOJATb-
Hble Mmozenu [3].

CaMon€T sIBIsieTcsl mpeodiaaloluM BU-
JIOM TpaHCIOPTa Ha MHOTUX MaplipyTax
nanbHero cienoBaHud. [loaTomy cnpoc Ha
aBUAIEPEeBO3KU MO JalbHEMarucTpajlbHbIM
MapllpyTaM CJIeIyeT OLleHUBaTh HE3aBUCUMO
OT APYTUX BUAOB TPAHCIIOPTA.

MynbsTUMOJaTbHbIE MOJIEA B OCHOBHOM
HCITIOJIb3YIOTCS JJIS1 OLIEHKM CITPpOCca Ha aBua-
MepeBO3KU MO OJIMKHEMATrucTpalbHBIM
MapIlpyTaMm.

Cripoc Ha aBUaNEepPeBO3KU MO Oosiee KO-
POTKMM MaplIpyTaM OOBIYHO OLIEHUBAETCS
OTHOBPEMEHHO C OLIEHKOI CIpoca Ha Ipyrue
BUJIbI TIEPEBO3KU.

Knaccudbukanus moaeneil cnpoca Ha
aBUAINEPEeBO3KU:

* MaKpOCKOIMUYECKasi MOJIEIb;
* MUKPOCKOITMYeCcKast MOIelb [4].

Makpockonruyeckrue MOJAEAU UCIOJb3Y-
IOTCS 1151 OLIEHKW YPOBHS pa3BUTHUS aBUATIe-
PEBO30K B ONPEEIEHHOU CTpaHe WU PETUo-
He, OLIEHUBAIOTCS:

* KOJIMYECTBO MacCCaXupoB;
* KOJIMYECTBO CAMOJIETOBBLIECTOB;
* KOJIMYECTBO MACCaXKUPOKUTIOMETPOB.

OlleHKa MUKPOCKOTTMYECKUX MOJIENIEH:

* CIIPOC HA MEePEeBO3KY MEXAY ABYMS Io-
ponamu;

* [MacCaXMpOIMOTOK B a3POIOPTY;

* KOJIMYECTBO MACCaXKMUPOB 10 OMPEACTIEH-
HOMY MapIuipyTy;

* KOJIMYECTBO MaCCaXkUpPoOB B KaxKJIOM
Kjacce [5].

B Makpockomnuyeckoil Mmonenau: cnpoc —
9T0 (DYHKIMS BpeMEHU, PaKTOPBI, BIUSIOLINE
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»

Puc. 1. Ipa¢pmyeckwnii Bug mogenu [9].

Ha KOJIMYECTBO ITacCaXpOB, HE MPUHUMAIOT-
csl BO BHUMaHME.

Monens onrceIBaeTcs Tak:
y=kt+m,

Iae f — BpeMs;

y — KOJIMYECTBO aBMAIlacCaXKMPOB, KOTO-
pOe U3MEHSIETCS C TeYCHUEM BPEMEHM;

k, m — mapaMeTpbl.

Kanmn6poska Moae MOXET OBITh OCYILIE-
CTBJICHa METOJOM HAaMEHBIIINX KBaJAPaTOB.

Ha mpakTuke mpu MoIeInpoBaHUM pa3-
JIMYHBIX TIPOIIECCOB — B YaCTHOCTHU, DKOHO-
MMUYECKUX, PU3NIECKMX, TEXHUIECKUX, COLTN -
aJIbHBIX — IIMPOKO MCIIOJNB3YIOTCS TE WK
WHBIE CTIOCOOBI BEIYMCIEHUS TTPUOIKEHHBIX
3HAUYCHUI (PYHKIINI 10 NU3BECTHBIM X 3HAUC-
HUSIM B HEKOTOPBIX (PUKCHPOBAHHBIX TOYKAX
[6].

Takoro pona 3agauu IpUOIKeHUST (PyHK-
LI} 4aCTO BO3HUKAIOT:

* IIpU TOCTPOCHUHM TTPUOIMKEHHBIX Pop-
MYJI 17151 BBIYMCIICHUS 3HAYCHUI XapaKTepPHBIX
BEJMYMH MCCIIEAYeMOTo Mpoliecca I1o Tabamy-
HBIM IaHHBIM, TIOJIYYEHHBIM B pe3yJbTaTe
SKCIICPUMEHTA;

* MIpY YMCIICHHOM MHTETPUPOBAHUU, T (-
depeHLIMpoBaHUH, pelieHnn TuddepeHIm-
QJIbHBIX YPABHEHUI U T.1.;

* IIp1 HEOOXOAMMOCTHU BBIYMCICHUS 3HA-
YeHU# (PYHKUMI B TPOMEXYTOUHBIX TOUKAX
paccMaTpUBaeMOro MHTEpBaja;

* TIpU OTIpeNeJICHUM 3HAUCHU I XapaKTep-
HBIX BEJIMYMH IIpoliecca 3a IMpeaeiaMu pac-
CMaTpUBAEMOI0 MHTEpBaIa, B YaCTHOCTH ITPU
MpoTHO3UpoBaHuM [7; 8].

(1

Ecnu nnsa momenupoBaHUsT HEKOTOPOTO
mpoliecca, 3aJaHHOTO TaOJIuIIeH, TTOCTPOUTH
byHKIIMIO, MTPUOJMKEHHO OIMMCHIBAIOIIYIO
JMaHHBII MpoIIecC Ha OCHOBE METOIa HAUMEHb-
IIMX KBaJpaToB, OHA OyIeT Ha3bIBaThCs all-
MPOKCUMUPYIOIIEH hyHKIIMEH (perpeccueii),
a caMa 3a/1a4ya IoCTpOCHUS alIPOKCUMUPYIO-
mux GYHKIMI — 3amadeit anmpokcumanum [9;
10].

Mogens B Bue moKa3aTeJIbHO (DYHKIIMK:
y=a-*b. )

Jlorapudmuueckas ¢popma:
logy = loga +t * logbh. 3)

[Tpu ucroab30BaHUU TTOJTMHOMOB Pa3Ind-
HBIX CTEIICHEH OlleHKa ITapaMeTPOB yIIpaBJIe-
HUS TpeHAA MTPOU3BOIUTCSI METOIOM HaIMEHb-
mwmx kBagparoB (HMK) [11], TouHo Tak Xe,
KaK OLICHKM ITapaMeTPOB YPaBHEHMS perpec-
CHUM Ha OCHOBE MPOCTPAHCTBEHHBIX JTaHHBIX.
B xauecTBe 3aBUCHUMOIi IEpeMEeHHOI paccMmar-
PUBAIOTCS YPOBHU TMHAMHUYECKOTO psfa,
a B KQUECTBE HE3aBUCUMOU MEPEMEHHON —
(hakTOp BpeMeHHU t, KOTOPHIii OOBIYHO BBIpa-
JKaeTcs psiIoM HaTypallbHBIX uncen 1, 2, ..., n.

Mogaenp B Buae MOoAM(GUIIMPOBAHHOM’
9KCIIOHECHIIMAIBHOM KpUBOH (cM. puc. 1):
y=k+a-b, 4)
rnea<0,b< 1, k— pUKCUpOBaHHBII YPOBEHb
HACBIIIICHHOCTH.

[IporHo3upoBaHue COLMATIBHO-3KOHO-
MUYECKUX SIBJICHUI Ha OCHOBE KPUBBIX POC-
Ta (KPUBBIX HACBIIIICHMST ) CTAJIO IPUMEHSITh-
cs CpaBHUTEJIBHO HedaBHO. BrmepBrie 3T
METONbI OBIM MCIOJb30BaHbI B Hayale
XX Beka IJ1sl TpOTHO3UPOBAHMSI pOoCcTa 010~
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Puc. 2. Kpusas lomnepua [14].

L
o

Puc. 3. Kpusas Nepna-Pupna [14].

JIOTUYeCcKuX monyasunii. OqHaKo KpuBBIE
pocTa xopomo ceds 3apeKOMeHI0BaIun
M TIpU TIPOTHO3UPOBAHUU COLIMANIBHO-
9KOHOMUUYECKUX SIBJICHUI. VIX mpuMeHeHune
B 3TOM cJlyyae TpeOyeT COOJII0IeHUsI OTIpe-
JeIEHHBIX YCIIOBUIA:

1.cxonHblii BpeMEHHOU psIa JOJKEH
OBITH JOCTaTOYHO IIMHHBIM (30—40 71eT).

2.V cxonHbIil BpeMeHHOM psill He JOJKeH
MMETh CKAYKOB, U TEHACHILIMS TaKOTO psiia
JIOJIKHA OTIMCHIBATHCS JOCTATOYHO TIJIaBHOM
KPUBOI.

3.Wcrnonb3oBaHue KPUBBLIX pOCTa B MPO-
THO3UPOBAHUM COLIMAIbHO-2KOHOMMUYECKUX
SIBJICHUI MOXET AaBaTh JOCTATOYHO XOPOIIINe
pe3yJbTaThl, €CJIN TIPEeAe HAChIIeHUs OyaeT
oIpeesiéH CpaBHUTENILHO TOUHO [12].

CrenyeT OTMETUTh, YTO KPUBBIE pOCTa
OTpaxalT KyMYJSITUBHBIE BO3pacTaHU
K OIpeae€HHOMY 3apaHee MaKCUMaJIbHOMY
Tpeneny.

® MWP TPAHCIOPTA, Tom 18, N2 1, C. 134-144 (2020)

OCo0EHHOCTBIO KPUBBIX POCTA SIBIISIETCS
TO, YTO a0COTIOTHBIE TIPUPAIICHUST yMEHbIIIa-
IOTCSI TI0 Mepe MPUOIMKEHUS K TIpemey.
OpHako mpoliecc pocTa UAET A0 KOHIIA.

3HaueHMe KPUBBIX POCTa KaK METOIOB
CTaTUCTUYECKOTO MPOTHO3UPOBAHUS COLIM-
aJIbHO-3KOHOMMWYECKHX SIBJICHUM COCTOMUT
B TOM, YTO OHM CITOCOOCTBYIOT 3MITUPUUECKH
MMPaBUILHOMY BOCIIPOU3BEACHUIO TCHACHIINHT
PAa3BUTHS UCCIIEAYEMOTO SIBICHUS.

Hawnb6onee pacnpocTpaHEHHBIMU KPUBBI-
MM POCTa, UCITOJIB3YeMbIMU B CTATUCTUYECKOIM
MPaKTUKEe MPOTHO3MPOBAHUS, SIBISIOTCS
KpuBas pocra [ommepiia u KkpuBasi pocra
Iepna-Pupna.

O0e KpuBbBIE, B O0IIIEM, MTOXOXHM OJHA Ha
JIPYTYIO U rpadmyecku n3oopaxarorcst S-00-
Pa3HOU KpUBOM.

OCO0EHHOCTBIO YPaBHEHUI 3TUX KPUBBIX
SIBJISIETCST TO, YTO WX TapaMeTPhl MOTYT OBITh
orpeneIeHbl METOIOM HaMEHBIITNX KBalIpaTOB
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JIMILB TpUOIKeHHO. J1J1s pacuéra mapaMeTpoB
STUX KPUBBIX UCTIOJIB3YETCS Psi UICKYCCTBEHHBIX
METOJIOB, OCHOBAaHHbIX Ha Pa30MEeHU UCXOTHO-
IO psifa IMHAMUKU Ha OT/e/IbHbIe rpyrbl [13].
Kpusas Tomniepua (cMm. puc. 2) [14]:

y=kea". 5)
Jlorapudpmuueckas ¢popma:
logy = logk + bt ¢ loga. (6)

Kormaloga<0,b< 1, k — ypoBeHb HACBI-
IIEHHOCTH.
Jloructuueckast Kpunasi, uiau Kpunasi [1ep-
na-Puna (cm. puc. 3):
k

)

MeToa HauMEHBbIIMX KBAIpaTOB HE MOXKET
OBITh MPUMEHEH JJIs1 OLIEHKU TTapaMeTPOB:

* MOIM(PUIIMPOBAHHBIX SKCTIOHEHIT A b-
HBIX KPUBBIX;

» kpuBoii [lepna-Puna;

» KpuBoii [omnepua.

B Makpockornuyeckoi Moiesu CIpoc SB-
JnsieTcsT GyHKIMERH OT COIMalIbHO-3KOHO-
MUWYECKUX XapaKTepUCTUK.

3aBucuMast iepeMeHHast:

* KOJIMYECTBO IMacCaKupoB;

* KOJIMYECTBO BHIITOJIHEHHBIX PEICOB;

* KOJIMYECTBO MacCCaKUPOKUIOMETPOB.

HezaBucumasli nepeMeHHasi BbIOMpaeTcs
U3 COLMATbHO-9KOHOMMYECKMX XapaKTepu-
CTUK U XapaKTePUCTUKU TPAHCIIOPTHOM cuc-
TE€MBbI, Yallle BCEro 3TO COLMAIbHO-2KOHOMM-
YeCcKHUe XapaKTepUCTUKU:

* HaceJIeHue;

* HAaLIMOHAJIbHBINA T0XO/I;

* JIMYHOE TI0TpeOIcHNE;

* 00bEM TOProBIIN;

* YICJIO TYPUCTOB;

* XapaKTepPUCTUKU TPAHCIIOPTHON CUCTe-
Mbl;

* CTOUMOCTb MEPEBO3KMU;
* CKOPOCTb U BpEMSI B ITyTH.

B oOuiem Buge moaelib MIpUHUMAET Clie-
NYIOLIWI BU:

m n
— bi o
yx - aHSit HY—;I s
[=] Jj=1

rme m — o0Imee KOJIMYECTBO COIUAIBHO-
SKOHOMWYECKUX XapaKTePUCTHUK,

n — obIIee KOJMIECTBO XapaKTePUCTUK
TPAHCIIOPTHOM CUCTEMBI;

Y, — KOJIMYECTBO aBUANacCakupoB BO BPe-
M4t

S, — 3HayeHMe i-i COUMANBLHO-IKOHO-
MHMYECKOM XapaKTePHUCTUKH BO BpeMH t;

Y i bee

®)

T, — 3HaYeHMeE j-if XapaKTePUCTHKH TPAHC-

TTOPTHOM CUCTEMBI BO BpeMsI t;
a;b; ¢, — rmapamerp.

Jlorapudmuueckas popma:

logy, = loga + ZQ *logS, + ZC/ *logT,,
J=1

i=l

&)

rze a; bj; ¢,— OLeHKa apameTpoB.

MOLEJIU PACNPEQENEHUNA
NMOE340K

Korma ob1iiee ynciao moe3nok, KOToOpbie
MOXET reHepupOBaTh PETMOH, YCTAHOBJIEHO,
TMOE3KU 3aTEM pacIpeaeIsIIoTCs.

Pacnipenenenue moe3nok: ycTaHaBJIUBaET
KOJIMYECTBO MOE3J0K MEXIY OTIeIbHBIMU
30HaMMU.

OOBIYHO UCITOJIb3yeMbIE MOJIEIIU:

* QHTPOIMUITHAS MOJIEb;

* rpaBUTALIMOHHAsI MOJedb (aHaIOrus

¢ 3aKOHOM TsiroteHus1 HploToHa):
A*B,

— J

flrf =k d; >

(10

rae fij — KOJIMYECTBO MOE3/I0K MEXITy TOpoJaMu
1unj;

k — mocTosiHHa;

A, — «pasMep» TopoJa i;

B, — «pasmep» ropoza j;

dij — paccTosTHUE MEXAY TOpOIaMMU i U j;

A, Bj — Yale BCero MpuHUMAaeTCd KOJIU-
YEeCTBO BbIE3/I0B MU TPUOBITUIA.

ITpoGieMbl B UICXOMHOM rPaBUTAIIMOHHOMN
MOJIEJTU HE YIOBJIETBOPSIIOTCST CAEAYIOIINM
YpaBHEHUEM COXPaHEHUs MOTOKA:

n m
J=1 i=1l

MonuduurpoBaHHas rpaBUTallMOHHAS
MOJIEJb:
f.=k +a *k b *f(d), (12)
rae k. kj — KO3((PULIMEHTHI, CBSI3aHHbBIE C KO-
JINYECTBOM BBIE3[I0B U MPUOBITUIA;

f(dij) — (DYHKIIUSI paCCTOSIHUS, MOXKET ObITh
paccTosiHUe, BpeMsl B MMyTH U T.1., WA cOYe-
TaHUE Pa3INYHbIX TEPEMEHHBIX.

(11

Tak Kkak:
2Ji=a, (13)
Jj=1
Sk wak +b, £ (d,)=a, (14)
Jj=1
k= (15)

l Z;Ik/ ANACH)
Takum obpaszom:
=5, (16)

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 134-144 (2020)

Xykos B. E. Moaenu ananusa cnpoca Ha naccaXupckue aBuanepeBo3ku



kj :%'
S kiea+ f(d,)

QHTPONMUNHAS MOLEJIb

«Kak 1 B ciiyyae rpaBUTALlMOHHOTO MO~
X0Jla, UAEI MOCTPOCHUS SHTPONMUUHOU
MOJeNu Tojcka3ana Gu3nka, a UMEHHO
BTOpPOU 3aKOH TEPMOJMHAMUKHU, YTBEPXK-
Jamnnil, 4To mobas 3aMkHyTas (usnde-
CKasl cucTeMa CTPEMUTCS JOCTUYb YCTONY U -
BOTO PAaBHOBECHOTO COCTOSIHUSI, KOTOPOE
XapaKTepU3yeTcss MAKCUMYMOM 3HTPONUU
9TOi1 cucteMbl» [15; 16, c¢. 12]. Ucnoab3o-
BaHUE SHTPOINUINHOM MOLIEJIU, KAK U TPABHU-
TAaLLMOHHOM, OOYCIOBJIEHO CXOXECThIO
c mpolieccaMu B (pusuke, T.e. MPOCTOTOM
NOHUMAHUS UX CYLIHOCTHOTO XapakTtepa.
PeanbHOMY pacnpeneseHuIo TOTOKA CTABUT-
Cs1 B COOTBETCTBUE MOJYYEHHOE B PE3YJIbTa-
Te MaKCUMM3ALUH SHTPONTUHHONW PYHKIINHT
pacmpeneieHre TOTOKOB. DHTPOMUITHAS
(byHKIIMS TapaMeTpUIeCcKy 3aBUCUT OT XKe-
JIATEJILHOTO AJISI BCEX 3JIEMEHTOB COCTOSIHUS
cucteMbl. MakcumMusaus B3BELIEHHOU
SHTPOMNUU MO3BOJISIET HAXOAUTh HE MPOCTO
PaBHOBECHOE COCTOSIHHME, a ONPENeIUTh
COCTOSIHUE, HanboJiee MPpUOINKEHHOE K pe-
aJIbHOM CUTyalluu, KOTOPOE MOTJIO OBI CJIO-
XKUTHCS MPU YYETE MPEINOYTEHUI UHAUBU-
NyyMoOB. M3MepeHue sHTPONMUU CUCTEMBI
BaXHO IJISI OTIPEIeJICHUS AUHAMUKU CUCTE-
Mbl. BaxxHo# 3anaueit cucteMbl BO3AYIITHOTO
TPAHCIIOPTA SABJISIETCS BO3MOXHOCTD OLIEHKU
U3MEHEHUs SHTponuu cucteMsl. [Toka3aTe-
JIEM TOTO, YTO SHTPOMUSI CUCTEMBI PACTET,
SIBJISIETCS TTOCTOSIHHBINM POCT LIEH Ha aBUa-
MEPEeBO3KY MacCaXUpPOB, U KaK UTOT 3TOTO
npouecca MpPOUCXOAUT MOCTEIIEHHOE CHU-
XKEHUE TEMITOB Cpoca.

JaHHbBIE MOZIEIN XOPOIIO ceds 3apeKo-
MEHJIOBAalU CXOAUMOCTbHIO PE3YyJbTAaTOB
MOJIEIMPOBAHUS C PE3yJIbTATAMU HATYPHBIX
o0cyie1oBaHU.

a7

BbiBOAbl

Monenu mporHO3UPOBAHUS CIIPOCA MO-
TYT OBITh MIPUMEHMMBI KaK I U3YYCHUS
WHIWBUIYaJIbHBIX 0COOCHHOCTEM (DopMUpO-
BaHUS CIIpOCa Ha IEPEeBO3KY, TaK U MpPH
n3y4YeHUU (POPMUPOBAHUS TPAHCIIOPTHBIX
TOTOKOB, OCOOEHHO B MPEAABEPUU PE3KOTO
YBeJIMYCHUS MePEeBO30K, YTO, HAIIpUMED,
MPOUCXOIUT MPU MPOBEACHUU KPYITHBIX
CIIOPTUBHBIX MEPONMPUSITUN, TaKUX KakK

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 134-144 (2020)

OJTUMITUIICKIE UTPHI WJIM YeMITMOHAT MUpa
mo yTooTy.
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Demand Analysis Models
for Passenger Air Transportation
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Vasily E. ZHUKOV

ABSTRACT

Analysis of demand for air transportation is a key
business process around which each airline develops
strategic and operational plans. Based on the demand
forecast, strategic plans for development of the
airline’s route network are developed, as well as
budgeting, financial planning, sales and marketing
plans, aircraft fleet planning, risk assessment and
plans to overcome their consequences. Demand
analysis also facilitates important management
activities, such as decision-making, performance
evaluation, and reasonable allocation of resources in
specific and uncertain conditions for development of
the air transport system.

Based on the specific requirements of the airline
orin relation to a specific airline, an individual demand
forecasting model can be developed. Such a model
is an extension or a combination of various qualitative
and quantitative methods for forecasting demand.
The task of developing a custom model is often
iterative, highly detailed, and driven by expert
knowledge and can be accomplished by introducing
suitable demand management software.
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The task stated in the article is not a staging task
for building a model, but only offers to study the
available theoretical material for the analysis of
demand for air transportation based on the most
famous models for forecasting demand for
transportation.

The method of scientific research of the problem
posed in the article is the method of scientific analysis
of existing models. Offer and demand for air transport
services are reciprocal but asymmetric. Although the
realized demand for transportation cannot take place
without an appropriate level of supply, an air transport
service can exist without appropriate demand. This is
often found in projects that are developed with a
margin that meets the expected level of demand,
which may or may not be realized, or it may take
several years to be realized. Regular air transport
services form a supply that exists even if demand is
insufficient. Several models presented in the article
emphasize the conditions in which there is supply
saturation, and on the other hand, the models in which
demand is formed due to the mutual attractiveness
of the entities that form demand are considered.
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o analyze the demand for air trans-

I portation, we can proceed from the

fact that the demand for air transpor-

tation between two cities or two regions
depends on:

* socio-economic characteristics of the
regions;

* characteristics of the transport system.

These two factors are interconnected. In
general, the characteristics of the transport
system of Russia show that in 2018, according
to the Federal State Statistics Service: transport
turnover in Russia grew by 2,8 % compared to
2017 and amounted to 5640 bln t*km. The
growth was recorded for all modes of transport,
except sea (-10,3 %), air (-0,7 %) and inland
water (-6,8 %) transportation. The freight
turnover of the railway transport increased by
4,2 %. The share of railway transport in the
total structure of freight turnover amounted
to 46,1 % (by 0,7 percentage points higher
than in 2017). The share of railway transport
in total transport freight turnover (excluding
pipelines) amounted to 87,4 % (0,6 percentage
points above the level of 2017). In 2018,
passenger turnover in Russia increased by
6,6 % compared to 2017, to 531,9 bln
passenger-km [1].

Passenger turnover of certain modes of
transport amounted to: railway — 129,5 bln
passenger-km; road — 114,8 bln passenger-km;
air — 286,9 bln pass.-km. The increase in the
passenger turnover of public transport occurred
due to the increase in passenger turnover in air
transport (by 10,6 %). Within the structure of
passenger turnover of public transport, air
transport accounted for 53,9 % (+1,9
percentage points to the level of 2017).
Passenger turnover of railway transport
increased by 5,2 % compared to 2017, but its
share in the structure of passenger turnover
decreased to 24,4 % (by 0,3 percentage points).
The share of road (bus) transport in passenger
transportation by public transport was 21,6 %
(-1,6 percentage points to the level of 2017),
and passenger turnover decreased by 1 % [1].

Models for assessing demand for air
transportation most often evaluate:

* number of potential passengers;

» number of passenger kilometers that can
be achieved;

« expected number of take-off and landing
operations;

* seat occupancy rate.

The process of forecasting the demand for
transportation most often consists of the
following steps:

* trip generation;

* travel distribution;

+ modal differentiation;

* destination of the trip [2].

‘When building a demand model, one should
consider whether the model includes competitive
modes of transport. Therefore, we can consider
modelsthat are independent of the characteristics
of alternative modes of transport and multimodal
models [3].

Aviation is the predominant mode of
transport on many long-distance routes.
Therefore, demand for air transportation on
long-haul routes should be evaluated
independently of other modes of transport.

Multimodal models are mainly used to
estimate demand for air transportation along
short-haul routes.

Demand for air transportation on shorter
routes is usually assessed simultaneously with
assessment of demand for other modes of
transport.

Classification of models of demand for air
transportation:

* macroscopic model;

* microscopic model [4].

Macroscopic models are used to assess the
level of development of air transportation in a
particular country or region:

* number of passengers;

« number of flights;

« number of passenger kilometers.

Assessment of microscopic models:

+ demand for transportation between two
cities;

* passenger flow at the airport;

» number of passengers on a particular route;

« number of passengers in each class [5].

In the macroscopic model: demand is a
function of time, factors affecting the number
of passengers are not taken into account

The model is described as follows:
y =kt +m,
where 7 — time;

y — number of air passengers that changes
over time;

k, m — parameters.

Calibration of the model can be carried out
by the least squares method.

In practice, when modeling various
processes — in particular, economic, physical,
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Pic. 1. Graphical view of a model [5].

technical, and social ones — various methods
of calculating approximate values of functions
from their known values at some fixed points
are widely used [6].

Such problems of approximation of
functions often arise:

« when constructing approximate
formulas for calculating the values of the
characteristic values of the process under
study from tabular data obtained as a result
of the experiment;

* in numerical integration, differentiation,
solving differential equations, etc.;

» when itis necessary to calculate the values
of the functions at the intermediate points of
the considered interval;

* when determining the values of the
characteristic values of the process outside the
considered interval, in particular when
forecasting [7; 8].

If, to simulate a certain process specified by
the table, we construct a function that
approximately describes this process on the
basis of the least squares method, it will be
called an approximating function (regression),
and the task of constructing approximating
functions will be called the approximation
problem [9; 10].

Model as an exponential function:

y=a-b (2
Logarithmic form:
logy = loga +t * logbh. 3)

When using polynomials of various degrees,
the trend control parameters are estimated
using the least squares method (LSM) [11] in
the same way as the parameters of the regression
equation are estimated based on spatial data.
The levels of the dynamic series are considered
as a dependent variable, and the time factor t,
which is usually expressed by a series of natural
numbers 1,2, ..., n, is considered as an
independent variable.

Model in the form of a modified exponential
curve (see Pic. 1):

——

Pic. 2. Gompertz curve [14].
y=k+a b, “4)
where a <0, b< 1, k — fixed level of saturation.

Forecasting of socio-economic phenomena
based on growth curves (saturation curves) has
been used relatively recently. These methods
were first used at the beginning of 20" century
to forecast the growth of biological populations.
However, growth curves have worked well in
forecasting socio-economic phenomena. Their
use in this case requires compliance with
certain conditions:

1. The initial time series should be quite
long (30—40 years).

2. The initial time series should not have
jumps, and the trend of such a series should be
described by a fairly smooth curve.

3. The use of growth curves in forecasting
socio-economic phenomena can give fairly
good results if the saturation limit is determined
relatively accurately [12].

It should be noted that the growth curves
reflect cumulative increase up to a predetermined
maximum limit.

A feature of the growth curves is that
absolute increments decrease as they approach
the limit. However, the growth process goes to
the end.

The significance of growth curves as
methods of statistical forecasting of socio-
economic phenomena lies in the fact that they
contribute to the empirically correct
reproduction of the development trend of the
studied phenomenon.

The most common growth curves used in
statistical forecasting practice are Gompertz
growth curve and Pearl-Reed growth curve.

Both curves are, in general, similar to each
other and graphically depicted as an S-shaped
curve.

A feature of the equations of these curves is
that their parameters can be determined by the
least squares method only approximately. To
calculate the parameters of these curves, a
number of artificial methods are used, based
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on dividing the initial series of dynamics into
separate groups [13].
Gompertz curve (see Pic. 2) [14]:

y=kea". )
Logarithmic form:
logy = logk + b' * loga. (6)

When loga <0, b < 1, k — saturation level.

Logistic curve or Pearl-Reed curve (sce
Pic. 3):
k

Tipee

(7

The least squares method cannot be used to
estimate parameters of:

* modified exponential curves;

* Pearl-Reed curve;

* Gompertz curve.

In the macroscopic model, demand is a
function of socio-economic characteristics.

Dependent variable:

* number of passengers;

» number of flights performed;

» number of passenger kilometers.

The independent variable is selected from
the socio-economic characteristics and the
characteristics of the transport system, most
often these are socio-economic characteristics:

* population;

* national income;

* personal consumption;

* trade volume;

* number of tourists;

* characteristics of the transport system;

* transportation cost;

 speed and travel time.

In general, the model takes the following
form:
y,=a mS,.’,” ﬁ 7,

j=1

t=1

®)

where m — total number of socio-economic
characteristics;

n — total number of characteristics of the
transport system;

y,— number of air passengers during time 7,

S, — value of the i-th socio-economic
characteristic at time t;

T, — value of the j-th characteristic of the
transport system at time #;

a,b; ¢,— parameter.

Logarithmic form:
logy, = loga + i@ *logS, + Zn:Cj *logT,,

J=1

i=1

®

where a; b; ¢— estimates of parameters.

Pic. 3. Pearl-Reed curve [14].

Models of trip distribution

When the total number of trips that a region
can generate is established, trips are then
distributed.

Trip distribution sets the number of trips
between individual zones.

Commonly used models:

* entropy model;

« gravity model (analogy with Newton’s
law of gravity):

PR
i dljz

(10)

where jfj — number of trips between the cities
iandj;

k — constant;

A, — «size» of the city i;

B, — «size» of the city J;

d[j— distance between the cities 7 and j;

A, Bj most often taken as the number of
departures or arrivals.

Problems in the initial gravitational model:
are not satisfied with the following flow
conservation equation:

>, =a. 3, =b, (11)
Modified gravitational model:
fi=k; ca; kb fd), (12)

where k,, kj — coefficients related to the number
of departures and arrivals;

fld l,) — function of distance, it may be
distance, travel time, etc., or a combination of
various variables.

In this way:
>, =a, (13)
iki °a,.°kj°bj°f(d,.j):a,., (14)
k= (15)
, Z::]kj *b, 'f(d,.j)'
Thus:
=, (16)
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k=————.
144 ' z;ki'ai'f(d,j)

1

(17)

Entropy model

«Asinthe case of the gravitational approach,
the idea of constructing an entropy model was
suggested by physics, namely, the second law
of thermodynamics, which states that any
closed physical system seeks to achieve a stable
equilibrium state, which is characterized by a
maximum of entropy of this system» [15; 16,
p. 12]. The use of the entropy model, as well as
the gravitational one, is due to similarity with
processes in physics, i.e., simplicity of
understanding their essential nature. The actual
distribution of the flow is associated with
distribution of flows obtained by maximizing
the entropy function. The entropy function
parametrically depends on the desired state of
the system for all elements. Maximizing the
weighted entropy allows to find not just an
equilibrium state, but to determine the state
that is closest to the real situation, which could
have developed taking into account the
preferences of individuals. Measuring the
entropy of a system is important for determining
the dynamics of a system. An important task of
the air transport system is the ability to assess
changes in the entropy of the system. An
indicator that the entropy of the system is
growing, can be revealed through a constant
increase in the price of air transportation of
passengers and (as a result of this process) a
gradual decrease in demand.

These models have proven themselves in
convergence of simulation results with the
results of field surveys.

Conclusion.

Demand forecasting models can be
applicable both for studying individual
characteristics of formation of demand for
transportation, and for studying development
of traffic flows, especially in anticipation of a
sharp increase in transportation, which, for
example, occurs during large sporting events,
such as the Olympic Games or the World Cup.
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suaBapst 2020 roma cocTos-

JIach IIEPEMOHMS TTOTIICA-

HUS TIPOTPaMMBI Pa3BUTHS
B3anMogeiictBrst OAO «P2K]I» ¢ yHuBep-
CUTETCKUMH KOMIUIEKCAMHU KEJIC3HOIO-
poxkHoTo TpaHcnopTa 10 2025 roxa.

B MeponpuaTUn NpUHSIN ydacTHe
MUHUCTp TpaHcriopTa EBrenmit Iutpux,
reHepaIbHBIM TUPEKTOP — IIPEACeaaTeTh
npasiieHnst OAO «PXKJI» Omer Bemosé-
poB, pekTop Poccuiickoro yHuBepcureTa
TpaHcIopTa Anrekcauap KimMos.

Outer Benno3€poB 0OTMETHIT, YTO PHIHOK
TpyZla CeTOmHS TUHAMHYHO MEHSIETCS,

® MWP TPAHCIOPTA, Tom 18, N2 1 (2020)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

IIOCTOSIHHO MOSIBJISIIOTCSI HOBBIE Ipodec-
CHUM, YCIOXHSIOTCSI TpeOOBaHUSI K CyIlle-
CTBYIOLLMM, M BBICIIAS IIKOJIA JOJIKHA
ruOKO 1 OBICTPO pearupoBaTh Ha 3T 3a-
MPOCHI.

«B mpouIoM rogy Mbl IPUCTYIUIN
K peai3aLiu J0Jr0CPOYHOI IIPOrpaMMbl
pazButusg OAO «P2XJI» mo 2025 rona,
YBSI3aHHOM C HALIMOHAJIbHBIMU ITPOEKTAa-
mu. ChopmyaupoBanHbie [1pe3naeHTomM
CTpaHbl HALIMOHAJIbHBIE LIEIU ITOCTABUIN
repe OTpacjblo aMOMILIMO3HBIE 3a4auK
10 MOJAEpHMU3ALUU UHOPACTPYKTYPHI,
CO3JaHUI0 MHTEJUIEKTYalIbHbIX TPAHC-

. 18, Iss. 1 (2020)



TTOPTHBIX CUCTEM U TIOBBITIIEHUIO d(hhex-
TUBHOCTU paOOTHI. 7151 UCTIOJTHEHUS 3a-
nyMaHHoro P2K/I Hy>XHbI TepBOKJIACCHbBIE
npodeccruoHalbl HA KaXI0M YPOBHE:
PYKOBOIUTENIU U UHXEHEPHI, MPOrpaM-
MUCTBI, GUHAHCUCTBI, CIELIUATIUCTHI pa-
0ouero 3BeHa BCEX KEJIE3HOMOPOKHBIX
npodeccuit», — ormetu rasa P2KII.
«MpbI ¢ Bamu YETKO MOHMMAaeM, 4TO
peuIeHust, KOTOpble MPUHUMAIUCH MO
HAMOHAIbHBIM MPOEKTaM, 33Ja4U 10 UX
pPa3BUTHUIO, TIO UX PA3BOPOTY B CTOPOHY
YeJ0BeKa, HECOMHEHHO, TPeOyIOT TOTO,
YTOOBI UCTIOJHSIN 3T HALIIIPOEKTHI JIIO-
I HOBOTO CKJIaJa, HOBOTO MOKOJIEHUS,
MPOJIBUHYThIE, KOTOPBIE MOCTOSIHHO TO-
TOBBI IBUTATHCSI BIIEPE U UCKATh HOBbBIE
pewreHus. Y B ToM, 4TOOBI OTpacyb MOA-
MUTHIBAJIACH TAKUMU JIIOAbMU, COCTOUT
KJII0YeBas 3a/aya TPaHCIIOPTHOro obpa-
30BaHUsI», — CKa3all B CBOIO ouepenb EB-
renutii Jlutpux. [1o ero cioBam, BOTIpOCHI
00pa3oBaHUs MOCTOSTHHO HaXOISITCS

©® MWP TPAHCIOPTA, Tom 18, N2 1 (2020)

B okyce BHUMaHUsg MuHTpaHca. s
MOArOTOBKY U BHEAPEHUS HOBBIX KaPOB
1 KOMIIETEHIMII B paMKaX HallIIPOEKTOB
IUTAaHUPYeTCs co3naTh Ha 0aze Poccuii-
CKOTO YHUBEPCUTETA TPAHCTIOPTA MHOTO-
(GYHKIIMOHAIBHBII TEXHOJIOTUYECKUMI
kiactep «O0pa3ioBo». «PaccuureiBalo,
yT10 coBMecTHO ¢ OAO «P2K]I» 1 npyrumMm
KPYMHEHIINMU TPAHCITOPTHBIMU KOMIIa-
HUSIMU, MbI C(DOPMUPYEM UHTEJUIEKTYaITb-
HBII y3eJl TPAaHCTIOPTHOM OTpacu, LIEHTP
Hay4YHBIX UCCIEAOBAaHUI B 00JaCTU UH-
TEeJIEKTYaJIbHBIX TPAHCIOPTHBIX CUC-
TeM», — noauepkHys EBrenuit JAutpux.

Ha ocHoBe MaTepuaJjioB nmpecc-IeHTpa
Munuctepersa Tpancnopta Poccuiickoii
®enepanun: https://mintrans.gov.ru/
press-center/news/9404, ¢oro npecc-
nentpa Muntpanca u OAO «P2K]I»:
https://old-press.rzd.ru/news/public/ru?
STRUCTURE_ID=654&layer_id=4069
&refererLayerld=3307&id=95127@
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n January 22, 2020, the Russian
ORailways’ program for the

development of cooperation with
the railway university until 2025 was
solemnly signed.

The event was attended by Evgeny
Ditrich, Minister of Transport of Russian
Federation, Oleg Belozyorov, CEO —
Chairman of the Board of Russian
Railways, Oleg Belozerov, Alexander
Klimov, rector of the Russian University of
Transport.

® MWP TPAHCIOPTA, Tom 18, N2 1 (2020)

Oleg Belozerov noted that the labor
market is changing dynamically, new
professions are constantly emerging, the
requirements for existing ones are
becoming more sophisticated, and the
higher school should respond flexibly and
quickly to these challenges.

«Last year we started implementing a
long-term development program for
Russian Railways until 2025, linked to
national projects. The National goals
formulated by the President of the country

WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1 (2020)



have set ambitious goals for the industry to
modernize infrastructure, build intelligent
transport systems and improve efficiency.
Russian Railways need first-class
professionals at every level to fulfill the
plans: managers and engineers, program-
mers, financiers, employees of all railway
professions», the head of the Russian
Railways said.

«We clearly understand that the
decisions regarding the national projects,
the tasks of their implementation, their
focus on individual persons, undoubtedly
require that these national projects are
implemented by people with new
personality patterns, of a new generation,
advanced people, who are constantly ready
to move forward and look for new solutions.
And the key task of transport education is
to ensure that the industry is provided with
such people», said Evgeny Dietrich.
According to him, education issues are
constantly in the focus of the Ministry of

©® MWP TPAHCIOPTA, Tom 18, N2 1 (2020)

Transport. To train new personnel and
implement new skills and competencies
within the framework of national projects,
it is planned to create Obraztsovo
multifunctional technology cluster center
on the basis of the Russian University of
Transport. «I hope that together with
Russian Railways and other leading
transport companies, we will form an
intelligent hub of the transport industry, a
center of scientific research in the field of
intelligent transport systems», said Eugene
Dietrich.

Compiled from the news and photos of
the press center of the Ministry of
Transport of Russian Federation:
https://mintrans.gov.ru/press-center/
news/9404, photos of JSC Russian
Railways: https://old-press.rzd.ru/news/
public/ru? STRUCTURE _
ID=654&layer_id=4069&refererLayerId
=3307&id=95127®
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UHTerpaunsa cuctem ynpasneHus
U MOHUTOPUHra

AmuTtpuin EGAHOB

CtaymoHapHble cCUCTeMbl MOHUTOPUHra
YCTPOUCTB 06eCcrneyeHns ABUXEHVS Noe340B B Ha-
cTosiLee BpeMs peann3yoTcsl Kak BHELLUHNE Cpes-
CTBa TEXHUYECKOro ANarHOCTUPOBaHUS v pacriosia-
rarTcs npenmMyL|ecTBeHHO LeHTPasan30BaHHO.
Ha6op auarHoctnyeckux napameTpoB SIBJISETCS
CKYAHbIM, @ 60/IbLUMHCTBO M3MePEHN — KOCBEHHbI-
MU. BTO, B KOHEYHOM CYETE, NPUBOAUT K HU3KOU
3P PEKTUBHOCTY QYHKLIMOHUPOBAHNS CUCTEM MOHU-
TOPUHra, a 011 NoJe3HOMU MHGOPMAaLMKY OT 00LLIErO
0b6bEMa JaHHbIX, M0 COOBLLEHWSIM CreumaancToB, He
npeBbILLaeT 5 %. Pa3BuTve TEXHOIOMi MOHUTOPUH-
ra Jo/MKHO MATU 10 MYTU MHTEerpPaLmm M3MepPUTESIbHbIX
W yripaBasioLmx QyHkUuiA. Lienbo paboTsl sBiseTcs
obpallieHne BHUMaHus Hay4Horo coobujecTsa Ha
APUHUNIBI peann3aumm cucTeM MOHUTOPUHIa
W ynpaBsieHnst u Nepexos oT ux pasaesieHuns K MHTe-
rpauuun. VIcrnonb3ysi MeToAbl TEXHUYECKOW AnNarHo-
CTUKW U MOHUTOPUHra, npeasaraercs nepentu
K 60J1€€ NMPOrPeCcCUBHBLIM CUCTEMAaM YriPaB/IEHUS CO
BCTpanBaeMbIMV CPEeACTBaAMU TEXHUYECKOIro AnarHo-
CTUPOBaHWS U MOHUTOPUHra. ABTOPOM MpeaioxXeHa
KOHLenumst UHTerpupoBaHHbIX CPEACTB TEXHUYECKO-
ro AnarHoCTUPOBaHUS C 00 bEKTHLIMY KOHTPOJ1/1ePa-
MU yripaB/ieHns: B BUAE CbEMHbIX MOAY/1EV MOHUTO-
puvHra, rnepegarLnx gaHHbIe N0 BblAe/1e HHbIM

Ecpanos /Imumpuii Buxmoposuu — OO0 «Jloko Tex-Cuenan», Poccutickuii
yHugepcumem mparcnopma, Mockea, Poccus*.

AnarHoCTUYeCckuM TpakTam nepenaqv. B 3aBncnumo-
CTU OT reorpapu4eckoro rnoI0XeHUs KOHTpoJ1iepa
(LUeHTpann3oBaHHOE, Ha MNOCTY yrpasBieHUs Ui
JEeLeHTpaIM30BaHHOE BO3/1e 00bEKTA YrpaB/IeHs])
onpenensercs HAbop ANarHOCTUYECKMX NapameTpoB
u ocylecTBaseTcss Bbibop crnocoboB 06paboTku
AnNarHoCTNYeCcKor nHpopmaumn. B anarHoctnyeckme
MOZY/IN 1PV AELEeHTPaIN30BaHHOM PacCroI0XeHUN
KOHTPOJ1/IEPOB BO3MOXHA nepeaadya avarHoctmye-
CKOVi MHGpOpMaLmm OT BHELLIHUX Y PacrpenenEHHbIX
1aTynkoB Ha 0ObEeKTax Xesne3HoL0POXHOV nHopa-
CTPYKTYPbI. Peanvn3aLyisi npenctTaBieHHON KOHLEnLmn
r03BOJINT nosy4aTb ropa3no 6osibLuee KoM4ecTBO
UCXOAHbIX aHHbIX 17151 PabOTbl CUCTEM MOHUTOPVIHIA,
B TOM YUC/1e, MePEeiTy K MOJTYHEHUIO LUNMPOBbIX KoMK
0ObEKTOB X€JIE3HOAOPOXHOV MHPPACTPYKTYPbI.
B 60os1ee LpOoKOM CMbIC/Ie, PV OpraHn3aLmm cuctem
MOHUTOPUHIra HEOOX0AMMO (POKYCUPOBATLCS HE TOJ1b-
KO Ha CpeacTBax Xesae3HOL0POXHOV aBTOMAaTNK1, HO
W yAensiTb BHUMaHNE NHbIM 0ObeKTaM MHPPACTPYKTY-
pbl, 06CYXNBAEMbIM MEPCOHAaIOM CMEXHbIX XO-
35/icTB. Tak kak BC€ 0ObEeKTbl (YHKLIMOHUPYIOT CO-
BMECTHO, TaKkow NoAxona B OpraHn3aumm MOHUTOPUHra
MOBLICUT KQ4ECTBO ANarHo3a 1 rnporHo3a, a Takxe 4act
BO3MOXHOCTb OLIEHKM OCTaTO4YHOIro pecypca TeXHU-
4eCKuX 0ObEKTOB.

KnioyeBble cnoBa: TpaHCropT, TEXHUYecKasl AnarHoCTuKa, MOHUTOPUVIHI, UHTErpaLms 3MepuTesibHbIX 1
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BBEAEHUE

MeToapl TEXHUYECKOU JUarHOCTUKM [1—6]
IIOBCEMECTHO MCITOJIB3YIOTCS Ha BCEX 3Tarax
>KM3HEHHOT'O 1IUKJIa YCTPOMCTB 1 CUCTEM aBTO-
MaTH4ecKoro yrpasieHus. Ha atarme pa3pabot-
KU YCTPOMCTBA WM CUCTEMBbI, HAaIIpUMep, 3TO
BBIPAXaeTCsl B TECTUPOBAHUU M BepuprKaliy
arrapaTHbIX U IIPOrPaMMHBIX KOMIIOHEHTOB,
B BbIOOpPE M1 00OCHOBaHUY CIIOC00a pear3aliuu
MOJICUCTEM BHYTPEHHETO KOHTPOJISI M AMAarHO-
cTUpoBaHUS U TIp. [7]; Ha 3Tare 3KCIIyaTa-
LMK — 3TO MEePUOAMYECKOEe TeCTUPOBAHUE
1 (DyHKIIMOHATbHOE TUAarHOCTUPOBaHKE 0JIOKOB
¥ KOMIIOHEHTOB, MOHUTOPMHT TEXHUYECKOIO
COCTOSTHMSI TIOJK/TIIOYa€MbIMU U3BHE YCTPOIi-
CTBaMU, TEXHUYECKOE OOCITY>KMBAHKE C TIPUBJIE-
YeHHEM CepBUCHOTO repcoHana [8]. be3 ncrosnb-
30BaHUST CPEACTB BCTPAMBAEMOIO 1 BHEILITHETO
TEXHUYECKOTO JUArHOCTUPOBAHUS U MOHUTO-
pUHIa HEBO3MOXHA peain3aliys KOHIEIIUN
1IMGbPOBOIA XKesle3HOo noporu [9].

IIIupokoe pacrpocTpaHeHKe B MOCIEIHNIE
roJibl BO BCEX OTPACISIX MPOMBIILIEHHOCTH
M TPAHCIIOPTA IMOJYYMJIM HaJCTparBaecMble
TEXHUYECKHUE CPEICTBA IMarHOCTUPOBAHMS
¥ MOHMTOPUHIA COCTOSIHUSI MHXKEHEPHBIX CO-
Opy:KeHUIi 1 KoHCTpyK1uii. K oObekTam auar-
HOCTHPOBAHUS, C LIEJIBIO ITOBBIICHUS UX OTKA-
30YCTOMYMBOCTHU, MPEIOTBPAILICHUS aBapuid
M KatacTpod, MOAKITIOUAIOTCS CIeIMaTU3UPO-
BaHHBIC U3MEPUTE/IbHBIC YCTPOMCTBA, TIepeaato-
LIMe TI0JydaeMble TUAarHOCTUYECKUE JaHHbIC
IOCPEAICTBOM IIPOBOIHOIO (1, TOPA3lI0 pexe,
0eCIpOBOIHOI0) TPAKTa IIepelady B CTPOMCTBA
KOHLIEHTpALIMU U 00paboTKU MH(pOPMALINU.
DTO MO3BOJISIET OIPALIMBATD TATINKU U3MEPH-
TEJIbHBIX YCTPOMCTB C HEKOTOPBIM ITPETyCTaHOB-
JIECHHBIM TepHOA0M U (OPMUPOBATh B MPO-
rpaMMHOM 00eCIIeYeHUY CUCTEM MOHUTOPYHIA
MAaCCHUBBI TMaTHOCTUYECKMX JAaHHBIX, a TAKXKe
IPOBOIMTD aHAJIU3 TOJydaeMbIX TaHHbIX. Ha
OCHOBe aHajM3a (OPMMPYIOTCS COOOLIEHNSI,
BBISIBJISIIOTCSI TEHACHIIMM YXYILICHUST PA00YMX
mapamMeTpoOB U IIPOU3BOIMTCS OIOBEILICHUE
MepcoHaJia.

Ha nepBoHavyajibHOM 3Tare pa3padoTKu
CHUCTEMBI TEXHUYECKOIO AMarHOCTUPOBAHMS
¥ MOHMTOPUHIA MPOBOAMTCS 0OC/IeIOBaHUE
00BbEeKTa AMarHOCTUPOBAHUSI, B Psijie CIydacB
co31a€Tcs MaTeMaThdeckast MOJie/Ib TaHHOTO
00BEKTa, U BEIOMPAIOTCS TOYKU TOAKITIOYSHMST
JIATYMKOB JIIsI 0OeCIIeYeHS TPEOYyeMOl TTOJTHO-
Thl U TTYOMHBI AUarHOCTUpoBaHusi. OObEM
JIMarHOCTUYECKUX ITAPAMETPOB HEMOCPEICTBEH-
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HO BJIMSIET M Ha KQUECTBO TMPOIIEAYPhl MOHUTO-
pWIHTa, TOYHOCTh U CBOEBPEMEHHOCTh TTOCTa-
HOBKM TMAaTrHO3a W TOCJIeyIolee pelleHne
3372491 TIPOTHO3MPOBAHUSI.

1leavro HacToOsILIEN PAOOTHI SIBJISIETCS OOpa-
IeHe BHUMAaHUSI HaydHOTO COOO0IIecTBa Ha
MIPUHIUITEI pean3allid CCTEM MOHUTOPUHTA
U YIIpaBJICHUST U TIEPEXOJl OT WX pa3le/IeHUs
K uHTerpatmu. Vicnonb3ys memods: TeXHUYE-
CKOW TMaTHOCTUKKA 1 MOHUTOPUHTA, TIpe/ijiara-
eTcsI TIepeiTH K 0oJIee TPOrPecCUBHBIM CUCTE-
MaM yITpaBJIeHUsT CO BCTPAMBAaeMbIMU CPENICTBA-
MU TEXHUIECKOTO TMarHOCTUPOBAHMSI 1 MOHU -
TopuHTa. HermocpencTBeHHO B IaHHOM CTaThe
MPEIOKEHO KOHIENTYaIbHOE TEXHUIECKOE
PpellieHue IO COBEPIIEHCTBOBAHUIO TEXHOJIOTUIA
JIMaTHOCTUPOBAHMSI K MOHUTOPWHTA YCTPOMCTB
W CHUCTEM YIIpaBJICHUSI TBUKEHMEM TI0€3/I0B
¢ yuétom ux cneuuduxu [10; 11].

MOHUTOPUHI YCTPOUCTB
YINPABJIEHUHA

Komriieke ycTpoiicTB 1 CUCTEM YITIpaBIIEHUST
JIBIXKEHMEM TI0€37I0B BKITIOUAET B ce0sT pa3Ho-
00pa3HbIe TIPUCTIOCOOIEHUST KeTe3HOTOPOXK-
HOI aBTOMATWKU U TpeHA3HAYEH ISl aBTOMa-
TU3AIUY TTPOLIEYP YITPABICHUS TEXHUIeCKUMU
CpeNCTBAMY PETYJIMPOBAHNST IBVKEHUS TIOE3I0B
U Tiepeiayu NaHHBIX Ha OOPTOBbIE CPENCTBA
ABTOMATUKU TITOBBIX IMOJBUKHBIX €IUHUIL.
OCHOBHBIMU OOBEKTaMU YIIPABJIEHUST N KOHT-
POJIST JI7IsT CUCTEM KEJIE3HOMIOPOKHOI aBTOMa-
TUKU SIBJISTIOTCS HATTOJIbHBIE TEXHOJIOTUIECKUE
O00OBEKTBI — TO 000PYIOBaHUE aBTOMATHUKH,
KOTOPOE PACIIONIOKEHO B HETIOCPEACTBEHHOM
OJTM30CTH K XKeJIE3HOIOPOKHOMY TTOJIOTHY U JIST
HEKOTOPBIX YCTPOMCTB — faske MHTETPUPOBAHO
¢ pefbcamMu (pedb O pesTbCoBBIX 1ersix). K oc-
HOBHBIM HAIOJIbHBIM OOBEKTaM XKEeJIe3HOMIO-
POXXHOI aBTOMAaTUKW OTHOCSITCSI YCTPOMCTBA
ABTOMATUYECKOTO MEPEeBOJIa CTPEJIOK (CTPesIoU-
HbIE JIEKTPOIIPUBOJIBI), YCTPOMCTBA Tiepenaun
CUTHAJIOB MAIIIMHUCTY (CBETO(MOPHI), YCTPOLi-
CTBA MO3UTIMOHUPOBAHMSI TIOIBUKHBIX STUTHULI
(penbcoBbie 1ienm). VIMeHHO Ha JaHHBIE YCTPOii-
CTBa I10 CTATUCTUKE IIpuxoauTcs 10 80 % oTka-
30B BCEX YCTPOWCTB XKEJIE3HOMOPOXKHOM aBTO-
maruku [12, c. 4]. Kpome Toro, HamojbHOE
000pyIOBaHNE KEJIE3HOIOPOKHOI aBTOMATH-
KU, KaK MPaBUJIO, JIMIIIEHO BCTPOSHHBIX CPENICTB
TEXHUYECKOTO TUArHOCTUPOBAHUS, a TIOJaB-
JISTIONIIEE YMCIIO €TO COCTABIISTIONINX SIBIISTIOTCSI
He pe3epBUpyeMbIMH | 11]. OTKa3bI HATTOJIEHOTO
TEXHOJIOTMYECKOTr0 000PYI0BaHNUsI KpaifHE He-
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Puc. 1. CxemaTu4eckunii naaH npoMeXxyTo4yHov cTtaHuymuu [13, c. 279].

TaTUBHO BJIMSIIOT HAa MEPEBO30OYHBIN ITpoIIece
U MOTYT HEMOCPEACTBEHHO BIMITh Ha cOou
B IBMKEHUU MTOE310B U BOSHUKHOBEHUHU HApy-
IIeHUi B rpacduke ABMKEHUS moe3nos. [1o-
5TOMY OCHOBHAsI 3aJ1aua TEXHUUECKUX CPEJICTB
IUArHOCTUPOBAHUS U MOHUTOPUHIA — 3TO
aHaJIM3 COCTOSTHYSI IMEHHO HAMOJIbHOTO TEXHO-
JIOTUYECKOTO 00OPYIOBaHUS KEJIE3HOLOPOXK-
HOI1 aBTOMATUKM ¢ (PUKCAIIUEH TOKPUTUICCKIX
(TIpe10TKa3HbIX) COCTOSTHUIA.

Yuicio HamoJIbHBIX TEXHOJIOTMUYECKUX 00b-
€KTOB 1 X OCOOEHHOCTH OIPEAEISIIOTCS HETI0-
CPEICTBEHHO MCXO[sl U3 IMyTeBOTO Pa3BUTUS
CTaHILIMM U JOMYCTUMBIX TE€XHOJOTUUYECKUX
orepauuii Ha Heli. K mpumepy, Ha puc. 1 n300-
paxkéH cxeMaTUYeCKUil TUIaH TTPOU3BOJbHOMN
MPOMEKYTOYHOMN CTaHLUUU B OZHOHUTOYHOM
HCTIONIHEHUHU (TaKye CTaHLIUY IITMPOKO PacIpo-
CTpaHEeHbI Ha XeJe3HbIX noporax) [13, c. 279].

Ha paccmaTtpuBaeMoii cTaHIIM TSI TTO3U-
LIMOHUPOBAHUS TTOABVKHBIX €TUHUIL] UCITOJTb-
3y10TCs 18 pesibCOBBIX 1ieTieli (8 pa3BeTBIEHHBIX
u 10 Hepa3BeTBAEHHBIX). [l mepeMelleHust
MOE30B C OJJHOTO IYTH Ha IPYToif Ha CTAaHLIUKU
VIIOXEHO 15 CTpeoYHbIX ITEPeBOI0B, 000PYI0-
BaHHBIX CTPEJOYHBIMU 3JTEKTPOIPUBOIAAMU.
JIBYDKEHME peryIpyeTcs ¢ ToMolIbio 14 rmoe3-
HBIX U 5 MaHEBPOBBIX CBETO(OPOB. DTO U CTh
OCHOBHbBIE 0OBEKTHl MOHUTOPMHTA.

HamnonbsHoe TexHo0rMueckoe 06opynoBa-
HME XeJIe3HOIOPOKHOI aBTOMAaTUKK B COBpE-
MEHHBIX CHCTeMaX MOHUTOPUHTA TUArHOCTH-
pyeTcs 1T0 KOCBEHHBIM MPY3HAKaM I10 COCTOSI-
HUIO YITPABJISIFOIIMX YCTPOMCTB, pacrojiaraeMbIX
Ha ToCTy LieHTpaiau3aiuu [8, c. 43]. 3ayacTtyio,
BBUIY OCOOEHHOCTE! KabeabHOro Xo3siicTBa
JKeJIe3HOOPOXKHOW aBTOMATHKM, HAabOp auar-
HOCTMYECKUX MapaMeTpOB BeCchbMa OrpaHUYeH
1 TTO3BOJISIET CYUTh O COCTOSTHUM TOJIBKO LSS0
TPYIIIBI YCTPOMCTB, @ COCTOSTHUE KOHKPETHOTO
00BbeKTa WM TIPUHAIJIEXKHOCTb K 00BEKTY IO~
JIy4EeHHOT'0 U3MEPEHHOTO 3HaYeHUS UACHTU(DU-
UUpPOBaTh KpaiiHe TPyaHO 0€3 3KCTIEPTHOM
olnieHkU. Hampumep, ycTpoiicTBa KOHTPOJIS
JIBUTaTeell CTPEIOUYHBIX JIEKTPOIPUBOAOB
yare BCero MOHTUPYIOTCSI Ha MUTAIOIIMX yCTa-

HOBKaxX U MPOU3BOISAT U3MEPEHUS B LEMSIX
CTPEJIOK TIPU UX TMOCIeI0BATEIbHOM IePEeBOIC
B Kaxaoil u3 ropjaoBuH. Eciu yacTh cTpenok
MOXET MePEeBOAUTHCS MapalIeSIbHO, TO IIPOU3-
BOAMMBbIE U3MEPEHUSI HENIb3s1 OMHO3HAYHO CO-
TOCTABJISAT TOJBKO C KOHKPETHOM XKeJIe3HOI0-
POXXHOM cTpesikoid. [Tpu 3ToM B Liensix u3mepsi-
10TCS (ha3HbIe TOKU U MeXa3HbIe HAMPSDKEHUS.
Kpome naHHol nH(pOpMaM, 0O COCTOSTHUU
JKEJIE3HOIOPOXKHOM CTPEJIKU CYIIST IO TUCKPET-
HBIM JaHHBIM €€ TMOJIOXXEHUSI U COCTOSIHUS
YIPaBISIONIMX 00beKTOB. ClienyeT OTMETUTD,
YTO Ha XXese3HbIX foporax EC pa3Butue TexHu-
YEeCKUX CPEICTB UAET IO MyTU IELIEHTpaTU3aLIMU
JMUATHOCTUUYECKUX CPEICTB U PACTIOTIOKEHUS UX
B HEMOCPEACTBEHHON OJIM30CTU K OOBEKTY
JNMarHOCTUPOBAHUS U PACILIMPEHUIO UX (DYHK-
LIMOHAJIbHBIX BO3MOXHOCTel [14; 15]. dnsa
CBeTO(OPOB U3MEPSIOTCS TOK B LIETTH BKITIOYE-
HUSI pa3peliaroniero Moka3aHus U AMCKPEeTHbIE
COCTOSTHUSI (324aCTy10, TOJIBKO pa3pelIéHHOTO
MoKa3aHus, a He KOHKPETHOIO JIMH30BOTO
KoMrIuiekTa). ISl peJibCOBBIX LieTeil — auc-
KPETHBIE COCTOSTHUS (3aHSITOCTh/CBOOOIHOCT,
3aMKHYTOCTb/HE 3aMKHYTOCTb B MapllpyTe,
BKJTIOUEHUE peXKMa OTMEHBI T UCKYCCTBEH -
HOTO pa3MbIKaHMUsI ), a TAKKE PsI HAIPSDKEHMIA:
HanpsKeHUs Ha ICTOYHUKAX MUTaHUSI U Ty Te-
BBIX 27IeMeHTax (peJie) Mpu (pa30uyBCTBUTETb-
HBIX PEeJIbCOBBIX LIETISIX; HAMTPSIKEHMS Ha BBIXO-
Jllax TeHepaToOpoOB, MYTEeBBIX MPUEMHUKOB
W MYTEBBIX JIeMEeHTaX (peJie) Mpy TOHATbHBIX
pebcoBbIX 1iensax. Kpome Toro, B KauecTBe
JUArHOCTUYECKUX MapaMeTpPOB HUCIOIb3YIOT
JIUTATEIbHOCTH KOAOBBIX MOCBHLIOK CUCTEMBbI
KOIMPOBAHUSI aBTOMATUYECKOUN JJOKOMOTUB-
Ho#l curHanm3anuu. Ko BceM 3TUM JaHHBIM
JIOOABJISIOTCS] JAaHHbBIE O COCTOSIHUM CUCTEMBbI
3JICKTPOMUTAHUS Ha CTaHLIMU, a TaKKe O CO-
CTOSTHUM COTIPOTUBJICHUS U30JIILMUA Kabesb-
HOTO XO34ICTBA.

Kaxk nokasbIBaeT npakThKa, MpeacTaBIeH-
HOT0 MHOXECTBa TaHHBIX HEMTOCTaTOYHO ISt
TOYHOTI'O JUArH03a 1 MOC/IeIYIOIIEero MPorHo3a.
PaccMoTpuM noaxo, pacipsitolyii OJTHOTY
U TIyOMHY TeXHUYECKOTO JUarHOCTUPOBAHUSI,
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TMPUMEHUMBII TTPY pa3pabOTKe HOBBIX CUCTEM  YEeHHE TUarHOCTUUYECKUX JaHHBIX, TTO3BOJISIO-
LIEHTPAIU3ALIUN U YTIPABICHUSI. XX MaKCUMaJIbHO TTOJIHO aHaJIM3UPOBATh

TEXHUUYECKOE COCTOSIHHE OOBEKTOB YIPABICHUSI.
WUHTErPALUUNA OUATHOCTUYECKUX JlaHHbIe nepenaBaTh MO BbIACIEHHBIM JUATHO-

®YHKLUMUNA B OBbEKTHbIE CTMYECKUM KaHaJlaM Tiepeaayn — 0o 1o Ka-

KOHTPOJIEPDI OebHBIM (IIPU HAJMYMU KAOeJbHO ceTn),
CucTeMbl YNpaB/eHs: MOTYT ObITh PEald-  J116GO 1O GECIIPOBOLHBIM.

30BaHbI TI0 PA3JIMYHBIM UAEOTOTUIM [16]. Jtst MakCMATEHO 3 (EKTUBHOTO TpoLiecca

B Hacrosiee BpEMSI UCITOJIB3YIOT €IHBIN BbI- MOHUTOpPUHTA 00BEKTOB yIipaBJIeHU Tpe6yeTC$[
YKCITUTETbHBIN KOMIUIEKC, PACTIONAraeMblidl HA  TioTydeHte cIeIyIonrX mapaMeTpos. i 00b-
TMOCTY LIEHTPATN3ALIMHI WX B TPAHCTIOPTAOLIb-  eKTHBIX KOHTPOJLIEPOB YIPABJIEHMS CTPEIOYHBI-
HOM MopyJie. JIaHHBI BEIYMCATEBHBIA KOMIT- My ABUTaTeIsIMU TpeOyeTCsl u3MepeHue Mexdas-
JIEKC peajin3yeTcst KaK C UCTIOJb30BaHUEM TPA-  HpIX HAMPSLKEHUIA, (Da3HBIX TOKOB, COIIPOTHUBIIE-
JOWLIMOHHOM PEJIEMHOM TEXHUKH, TaK U C IIPU-  Husl U3OJSILUAN KaGessl OTHOCUTENBHO 3eMJIU
MEHEHUEM MUKPOJIEKTPOHHBIX I MUKPOIIPO-  (TIpy MCMHOJb30BaHUM KaOeIbHOIo XO35ICTBa).
LIECCOPHBIX KOMIIOHEHTOB. JIyist yrpaBaeHusT  JIjist 0ObEKTHBIX KOHTPOJLIEPOB CBETO(GOPOB —
nieprepUIitHBIMUA OOBEKTAMU B CTAHLIMOHHBIX HamnpsDKeHU MATaHWS JIaMIT OTHe i cBeTo(hopoB
CHCTEMaX aBTOMATUKU MPUMEHSIOTCA MHTEP-  (IUTaHMSI CBETOIUOIHBIX JJAMIT) ¥ TOKOB B LIETISIX
deiicHbIe pesie Wi OOBEKTHBIC KOHTPOIUIEPBl  MUTaHMSA, COMPOTUBIEHMIT U30MALMN Kabess
(bomee coBpemeHHBIN BapuaHT). [loreorpadu-  ogrHocHTEIBHO 3eMIU (TIpY KCTIONTBE30BAHNH Ka-
YCCKOMY PACIIOJIOKEHUIO OTHOCUTEIIbHO Bbl-  ©ebHOTO X03siicTBa). Ecim cBeTodOpHBII
YHCITUTEILHOTO KOMILIEKCA OOBEKTHBIE KOH-  KOHTPOJLIEP YCTAHABIMBAETCS B CBETO(DOPHOM
TPOJUIEPbI MOTYT UMETh LEHTPAIM30BAHHOE  giiiyKe WU B FOJIOBKE CBeTO(opa, TO 7151 MOHU-
pasMeLleHe WK NeLEHTPATN30BaHHOe. [IpU  ropuHra reoMeTpUIEcKOoro MoIOKEH S MAYThI
LEHTPATM30BAHHOM PasMEIIEHNN OOBEKTHBIE  (rpy eé HaIMYMK) JUACHOCTUYECKUi Mpubop
KOHTPOJLICPbI HAXOMISITCSL B HEMIOCPEACTBCHHOM  cHab:KaeTcs JaTYMKOM KOHTPOJIS yIJIa OTKJIOHE-
0JIM30CTU K BBIYMCIUTEBHOMY KOMIUIEKCY Hug — nHKImHOMeTpoM [18, ¢. 177]. CocraB
1 IIPY IOMOLLIUY Kabes1s cooOLatoTes c nepude-  panHbIx ot 000pyI0BaHUS JATYMKOB KOHTPOJISI
PUIHBIMY OOBEKTAMU YIIPABICHUS M KOHTPOJISL.  [10JI0KEHMSI TIOABVIKHBIX €IMHUIL OTIpENEIAETCA
[Tpu meueHTpaTM30BaHHOM PACTIONOXCHUN  TUIIOM 3THX JaTYMKOB. Hanpumep, npu ncnoss-
OOBEKTHBIE KOHTPOJUIEPBI MOTYT ObITh Pa3Me-  30BAHMU COBPEMEHHBIX PEIbCOBBIX LIENeEil TO-
LIEHBI B HETOCPEICTBCHHO OTM30CTH OT IEPU-  HAJILHOI YaCTOTBI YIPABIEHUE U KOHTPOIIb
(hepUitHBIX OOBEKTOB — B MYTEBBIX KOPOOKaxX OCYILECTBIISIFOTCS C UCTIOJIb30BAHEM TEHEPATO-
¥ SIIIMKAX, B CBETO(OPHBIX SILIMKAX WIN JaXE  pa, (DUIBTPa, TPUEMHMKA 1 PeJie (OHO B EPCTIEK-
B CBeTOCI)OpHBIX roioBKax. B atom ClIlydae IIpy-  TyBe MOXKET ObITh 3aMEHEHO HA MUWKPO3JIEKTPOH-
Kasbl Ha YIPABJIEHUE Y KOHTPOJIbHAS UHDOD-  Hoe YCTPOIICTBO WM, BOOOILE, UCKITIOUEHO U3
Malus TakXke MepeqaloTcs OCPENCTBOM Ka-  pa6otbl). CTOUT OTMETHUTb, YTO (hYHKLIMS PeSlb-
O€IbHOM CeTU Ha OOBEKTHBIE KOHTPOJUIEPBL.  COBOI LIEMA — UMEHHO KOHTPOJIb TTOJIOXKEHUS
DHEProcHa0XEHNE MOXKET ObITh OPFaHM30BAHO  [IOIBIKHOTO COCTABA, A HE YIPaBJIeHNE, OIHAKO
KaK MECTHBIM, TaK U LeHTpalbHbIM. CIoco0  ynpapieHne OCyIIECTBIISIETCS ¢ TeHepaTopa I1y-
peaM3aLny 3aBUCUT OT BBIODAHHOM MACOJIOTUN.  TéM TTOAaYM TOKA onpeneaéHHON 4acTOThI
u crietnduky camoit craHimu. Crefyer OTMe- 1 ipuéMa ero IyTeBbIM IPUEMHUKOM C IIPUEM-
TUTD, YTO NIEPCIICKTUBHBIM, HO ITOKAa HE PEAJIN-  HOM CTOpOHBbI. TaKUM 00pa3oM, MOTpedyloTCs
30BaHHBIM, SIBJIAETCS O€CKAOENbHBIN CIIOCO0  TOKM UM HAIMPSIKEHUS HA BIXOAX TEHEPATOPOB,
YIIpaBJIeHWsI, KOT/ia BCe OOBEKTHBIC KOHTPOJI-  [TyTeBbIX IPUEMHUKOB, (DUIIBTPOB U PEJIE, a TAK-
JIepBI PACTIONIATAOTCS. B HEMOCPEACTBEHHOM e cOMpPOTUBIEHNE M30MISLAN Kabess OTHOCH-
OIM30CTH K OOBEKTaM, CHaOKAIOTCA SHEPTHEN  TeTbHO 3eMIIX (ITPU UCTIONB30BAHUH KAOETbHOTO
OT MECTHBIX MICTOYHUKOB (KaK TPAIMLIMOHHBIX,  X03SiICTBA).

TAaK U aJIBTEPHATUBHBIX), 4 JAHHbIE [EPeNatoT JIOMOJIHUTEJILHO IS KaXKJI0T0o 00beKTa
HA e/IMHbII yNPABJISIONINIA KOMIUIEKC ITOCPE/l-  [arHOCTUPOBAHUS TpeOyeTcs aHalIN3 TaKUX
CTBOM OecrpoBoiHOM cBsizu [17, ¢. 23]. MapamMeTpoB, Kak BUOPALIMOHHBIEC BO3IEHCTBUSI

ITpemmaraercst Kaxablii OOBEKTHBIN KOH-  Ha OOBEKT OUAarHOCTUPOBAHUA N KJIIMMaTU4ie-
TPOJUIEP OCHAIIATh JIETKOCHEMHBIM U3MEPU-  CKMe ycaoBus akcrtyatauuu. C 3Toil Lesbio
TEJIbHBIM MOJIYJIEM, 00€CTIEYMBAIOIINM TTONIY-  MOXET ObITh UCIIOIb30BaHO BLIHOCHOE YCTPOIi-
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KCT — koHTpoJIIep CTp el 04HBIif;

OJIKII — 060py n0BaHME JaTYMKOB KOHTPOJISL TIOJIOMKEHHUS IO IBHIKHBIX €IMHHIL,
JIMCB — 1uarHocTid ecKiii MO 1yJib CBETO YOPHBIiA;

JIMCT — jmarHocTHY €CKU i MO TyJTb CTPEJIOU HbI I,

JIMCITY — arsocTHI ecKUi MOIylTb CTPEJIOYHO-ITYTEBOTO yUacTKa,

BJ] — BEIHOCHBIE JaT4MKH.

“pl/lM@laHlfle. Bcee cBsizn MOTyT OBITH KaK TIPOBOIHBIMH, TaK 6CC]'IpOBOJIHI:IMI/I.

CTBO Ha OCHOBE aKCeJIEPOMETPOB WJIHU K€ BCTPO-
€HHBII TaTYUK B MOMAYJIb AMATHOCTUPOBAHUSI,
a TaKKe KaXblil U3MEepUTEIbHbIN MOIYJIb MO-
KET ObITh CHAOXEH MaTYMKOM TeMIIepaTyphl.
JIn6o Ha 0ObeKTe MOHUTOPUHIA YCTaHABIUBA-
ercst MeteocTaHMsl. Kaxapiii 0ObeKTHBIN
KOHTPOJUIEP TaKXKe JO/DKEH TMepeaBaTh B CUC-
TEeMY MOHUTOPUHTA JAHHbBIE O CBOEM COCTOSTHUM
U COCTOSTHUU CUCTEMBbI DJIEKTPOMTUTAHUSI.
BcrpanBaemble [uarHoCTUYECKUE MOIYJIU
MOTYT CJTy>KUTb TAKXKEe U YCTPOUCTBOM MEPBUY-
HOI1 00pabOTKM JaHHBIX O COCTOSTHUM OOBEKTOB
CMEXHBIX X03s1iicTB [19, ¢. 65]. Hampumep,
BKHEUILIEN 3a1a4€i SIBISIETCSI KOHTPOJIb MEXa-
HUYECKUX U T€OMETPUUYECKUX MapaMeTPOB
PEBCOBOTO TYTU U HEMOCPENCTBEHHO KeJe3-
HOJOPOXHBIX CTpeaoK. [liss X MOHUTOPUHTA
MOTYT ObITh UCMO/Ib30BaHbI BBIHOCHbIE TATYMKH,
pacrnojiaraeMble Kak Ha BHyTPEHHUX 2JIEeMEHTaxX
YCTPOICTB, TaK U Ha BHEILIHUX OOBEKTAaX C MPO-

BOJHBIM WJIX OECITPOBOAHBIM UHTEpGhelicoM
(pMeEpOM SIBJISIETCST M3BECTHOE PEIlIeHUE T10
MOHUTOPHUHTY T€OMETPUN CTPEJIOYHOTO Tiepe-
Bona [20]).

CrienyeT 106aBUTb, YTO CaM U3MEPUTETbHbIA
MOJIYJTb JIOJDKEH SIBJISIThCS CPEICTBOM TTOJTy4e-
HMSI MHOXKECTBA JMarHOCTUIECKUX ITAPaMETPOB
OT OJTHO TPYITITHI B3aUMOCBSI3aHHBIX OOBEKTOB,
YacTh U3 KOTOPBIX CJIEAYeT 00padaThiBaTh HETIO-
CPE/ICTBEHHO «Ha MECTe», a 4aCTh — TPAHCIIU-
pOBaTh Ha CEpBEP MOHUTOPUHTA.

ApXUTEKTYpa CUCTeMbI TEXHUYECKOTO JTar-
HOCTUPOBAaHUSI U MOHUTOPUHTA MUMEET BU/I,
MpeaCcTaBIeHHBIN Ha pUC. 2.

Criemyer OTMETHUTD, YTO pedb UAET UMEHHO
O MOHMTOPMHTE CPEICTB XeJe3HOIOPOKHON
aBToMaTtrku. OIHAKO JUIS MTOTyYeHust udpo-
BOI KapTUHBI O COCTOSTHUSI OOBEKTOB Ha CTaH-
MK TPeOYeTCs MOHUTOPUHT TEOMETPUIECKUX
" (pU3NIECKMX TTapaMeTPOB TAKUX OOBEKTOB,

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 146-157 (2020)

Edanor [1. B. UHTerpauma cuctem ynpaeneHUs U MOHUTOPUHTra



KaK BEpXHEE CTPOCHUE ITyTH, >KEJIE3HOIOPOXKHAS
KOHTAKTHasI IOJIBECKA, UICKYCCTBEHHbBIE COOPY-
keHus. Kpome Toro, MOryT yUuTHIBATHCS U Ma-
paMeTpbl IBWXKYIIMXCS €IUHULL U UCTIOb30-
BaThCs B3BELIMBAaHME COCTaBa Ha XOAy IO Ha-
TPy3Ke Ha KaXIyl OCb KaXKIOW BarOHHOW Te-
JIexXku. Takum 06pa3oM, TIIO0aTbHBIN MyTh
DPa3BUTHS CUCTEM TEXHUUECKOTO TUarHOCTUPO-
BaHUS U MOHUTOPUHTA 3aKJTI0YAETCS] B UHTErpa-
LIMU MHOKeCTBa (DYHKIIWIA U3MEPEHUST PadOUMX
MapaMeTPOB HE TOJIbKO OOBEKTOB XKEJIE3HOIO-
POXXHOW aBTOMAaTUKU, HO U CPelCcTB MH(Dpa-
CTPYKTYPBI XKeJI€3HBIX T0POL.

SAKJTKOHEHUE

Wcrnonb3oBaHKe MHTErPUPOBAHHBIX CPEACTB
TEXHUYECKOTOo AMAarHOCTUPOBAHUSI U MOHUTO-
pMHra Mo3BoJIsIeT CYLIECTBEHHO pacIlUpPUTh
BO3MOXHOCTU B aHAJIUTUKU JMArHOCTUYECKUX
JIAaHHBIX, TTOJTy4aeMbIX OT 00BEKTOB XKEJIE3HOA0-
POXKHOI aBTOMATUKU, U OCYILIECTBUTh NEPEXO]T
K aBTOMAaTU3aLMU [IPOrHO3UPOBAHYSI U BbISIBIIE-
HUSI TIPeNOTKA3HbIX cocTostHUA. CriemyeT oTMe-
TUTb, YTO MPU 3TOM CaMU AUArHOCTUYECKUE
IpUOOPHI /151 POLIEAYP MOBEPKU MOTYT JIETKO
JIEMOHTUPOBATLCS U 3aMEHSIThCS OJiarogaps
CTaHIapTU3ALMU U MOIYJIbHOCTU UCTIOJTHEHUSI,
a IMarHOCTUYECKUE LIETTH SIBJISITHCS BbIACIEHHbI-
MU. DTO MO3BOJISIET OPraHU30BbIBATh OTAEIbHBIE
(He3aBUCUMBbIE OT CUCTEM YIPaBJIEHHUsI) CUCTEMbI
TEXHUYECKOTOo AMAarHOCTUPOBAHUSI U MOHUTO-
pUYIHra, BTOM YMCJIE, UCTIOJIb30BaTh YHUBEPCAITb-
HbI€ I1aTGOPMBI [0 aHATU3Y OOJIBLINX TOTOKOB
JIaHHBIX. MHOXeCTBO JMarHOCTUYECKUX Mapa-
METPOB MOXKET ObITb PACILIUPEHO U JIOIMOJIHEHO
JUTS1 TIOJTydeHMsT LG POBOI KApTUHBI O COCTOSI-
HUST 00BEKTOB CTAHLIMOHHON MH(MPACTPYKTYpPhl
M y4€Ta 3TUX JaHHBIX ITPY SKcImTyatanyn. Camu
JJaHHbI€ OT €IMHOM MIaTHOPMbI MOTYT OBITh
nepeJaHbl Ha aBTOMaTU3UMPOBAaHHBIE paboule
MecTa (CTallMOHapHbIE WX MOOMJTbHBIE ) TEXHU -
YECKOro MepcoHasia CoryiaCHO X KOMIETEHLIMSIM.

Peanuzanust onMcaHHOTO B CTaThe MOAX0a
TIO3BOJISIET TIEPENTU K HOBOM CTYIIEHU B TEXHU-
YeCKOM JIMarHOCTUPOBAHUM U MOHUTOPUHTE
M OCYLIECTBUTb KaueCTBEHHBIN Mepexos K J10-
CTUXKEHMIO TPEX OCHOBHBIX 1IEJICH: MOTyYeHUIO
TOYHOrO AMArHo3a, MporHo3y 1 OLIEHKE OCTa-
TOYHOTO pecypca 00bEKTOB MOHUTOPUHTA.
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and Monitoring Systems
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Dmitry V. EFANOV
ABSTRACT

Stationary systems for monitoring devices of train
traffic control are currently being implemented as
external means of technical diagnostics and are
located mainly centrally. The set of diagnostic
parameters is scarce, and most measurements are
indirect. This, ultimately, leads to low efficiency of
monitoring systems, and the share of useful information
from the total amount of data according to experts does
not exceed 5 %. The development of monitoring
technologies should follow the path of integration of
measurement and control functions. The objective of
the work is to draw the attention of the scientific
community to the principles of monitoring and control
systems implementation and the transition from their
disunity to integration. Using methods of technical
diagnostics and monitoring, it is proposed to switch to
more advanced control systems with built-in means of
troubleshooting and monitoring. The author has
proposed the concept of integrated technical
diagnostic tools with object controllers in the form of
removable monitoring modules that transmit data

Efanov, Dmitry V., LLC LocoTech-Signal, Russian University of Transport, Moscow,

along dedicated diagnostic transmission paths.
Depending on the geographical location of the
controller (centralized at the control station or
decentralized near the controlled object), a set of
diagnostic parameters is determined and a choice of
diagnostic information processing methods is carried
out. With decentralized location of controllers, the
diagnostic modules can transmit diagnostic information
from external and distributed sensors at railway
infrastructure facilities. Implementation of the
presented concept will allow receiving a much larger
amount of initial data for operation of monitoring
systems, including transition to obtaining digital twins
of railway infrastructure facilities. In a broader sense,
when organizing monitoring systemes, it is necessary
to focus not only on railway automation, but also pay
attention to other infrastructure facilities serviced by
personnel of adjacent sectors. Since all objects
function together, such an approach to organization of
monitoring will improve quality of diagnosis and
prognosis, as well as provide an opportunity to assess
the residual resource of technical objects.

Keywords: transport, technical diagnostics, troubleshooting, monitoring, integration of measuring and
control functions, diagnostic data, railway infrastructure facilities, digital twins.
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Background. Methods of technical
diagnostics [1—6] are widely used at all stages
of the life cycle of devices and automatic
control systems. At the stage of development
of a device or a system, for example, this is
expressed in testing and verification of
hardware and software components, in
choosing and justifying a method for
implementing subsystems of internal control
and diagnostics, etc. [7]; at the operation
stage, this is associated with periodic testing
and functional diagnostics of blocks and
components, monitoring the technical
condition of external-connected devices,
maintenance with the assistance of service
personnel [8]. Without the use of embedded
and external technical diagnostics and
monitoring, it is impossible to implement the
concept of a digital railway [9].

In recent years, built-in technical means
of diagnosing and monitoring the state of
engineering structures and units have become
widespread in all industries and transport. In
order to increase their fault tolerance, prevent
accidents and disasters, specialized measuring
devices are connected to the objects of
diagnosis, transmitting the received diagnostic
data via a wired (and, much less commonly,
wireless) transmission path to concentration
and processing devices. This makes it possible
to interrogate the sensors of measuring devices
with a certain predefined period and form
diagnostic data arrays in the monitoring
system software, as well as analyze the received
data. Based on the analysis, informational
messages are generated, trends of deterioration
of operating parameters are identified, and
service employees are alerted.

At the initial stage of developing a system
of technical diagnostics and monitoring, a
controlled object is examined, in some cases
a mathematical model of this object is created,
and connection points for sensors are selected
to ensure the required completeness and depth
of diagnosis. The volume of diagnostic
parameters directly affects quality of the
monitoring procedure, accuracy and
timeliness of diagnosis and subsequent
solution of the forecasting problem.

The objective of this work is to draw the
attention of the scientific community to the
principles of monitoring and control systems
implementation and transition from their
autonomy to integration. Using methods of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

technical diagnostics and monitoring, it is
proposed to switch to more advanced
control systems with built-in means of
technical diagnostics and monitoring.
Directly in this article, a conceptual
technical solution was proposed for
improving technologies for diagnosing and
monitoring devices and systems for
controlling movement of trains taking into
account their features [10; 11].

Monitoring of control devices

The set of devices and systems for
controlling movement of trains includes
various devices of railway automation and is
intended to automate control procedures for
technical means regulating movement of trains
and, in particular, transferring data to
on-board automation equipment of traction
moving units. The main objects of control and
monitoring for railway automation systems are
floor technological facilities, the automation
equipment, which is located in close proximity
to the railway track and for some devices are
even integrated with rails (we are talking about
rail circuits). The main outdoor objects of
railway automation include devices for
automatic switch of arrows (turnout electric
drives), devices for transmitting signals to the
driver (traffic lights), devices for positioning
moving units (rail circuits). According to
statistics, these devices account for up to 80 %
of failures of all railway automation devices
[12, p. 4]. In addition, outdoor equipment of
railway automation, as a rule, is devoid of
built-in technical diagnostics, and the vast
majority of its components are not redundant
[11]. Failures of floor processing equipment
have a very negative effect on the transportation
process and can directly affect train traffic
failures and irregularities in train schedules.
Therefore, the main task of technical means
of diagnosis and monitoring is to analyze the
state of precisely the floor technological
equipment of railway automation with fixing
subcritical (pre-failure) conditions.

The number of outdoor technological
facilities and their features are determined
directly based on track development of the
station and permissible technological
operations at it. For example, Pic. 1 shows a
schematic plan of an arbitrary intermediate
station in a single-line version (such stations
are widespread on railways) [13, p. 279].

. 18,Iss. 1, pp. 146—-157 (2020)
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Pic. 1. Schematic plan of an intermediate station [13, p. 279].

At the station in question, 18 track circuits
(8 branched and 10 unbranched) are used to
position the moving units. To move trains from
one track to another, 15 turnouts equipped
with turnout electric drives were stacked at the
station. Movement is regulated by 14 train and
5 shunting traffic lights. These are the main
objects of monitoring.

Outdoor technological equipment of
railway automation in modern monitoring
systems is diagnosed by indirect signs by the
state of control devices located at the
centralization station [8, p. 43]. Often, due to
the peculiarities of cable system of railway
automation, the set of diagnostic parameters
is very limited and allows to evaluate only the
general state of a group of devices, while it is
extremely difficult to identify without expert
judgment the state of a particular object or to
attribute the obtained measured value to an
object. For example, the control devices of the
motors of switch electric drives are most often
mounted on feeding devices and measurements
are taken in the circuits of switches when they
are subsequently moved at each of the necks.
If part of switches can be moved in parallel,
then the measurements could not be
unambiguously associated only with a specific
railway switch. In this case, phase currents and
interphase voltages are measured in the
circuits. In addition to this information the
condition of the railway switch is judged by
discrete data of its position and the state of
control facilities. It should be noted that on
the EU railways development of technical
means follows the path of decentralization of
diagnostic tools and their location in close
proximity to the object of diagnosis and
through expanding their functionality [14; 15].
For traffic lights, the current in the enable
circuit of the permitting indication and
discrete states are measured (often, only the
permitted indication, and not a specific lens

kit). For track circuits discrete states
(occupied/free, closed/not closed in the
route, activation of cancellation or artificial
disconnection mode), as well as a number of
voltages: voltages on power supplies and track
elements (relays) with phase-sensitive rail
circuits; voltage at the outputs of generators,
track receivers and track elements (relays) with
tonal rail circuits. In addition, duration of
code messages of the automatic locomotive
signalling coding system is used as diagnostic
parameters. The information on the state of
the power supply system at the station, as well
as on the state of insulation resistance of the
cable system is added to the data obtained.
As practice shows, the presented set of data
is not enough for an accurate diagnosis and
subsequent prognosis. Let’s consider an
approach that expands completeness and
depth of technical diagnosis, applicable in
development of new interlocking systems.

Integration of diagnostic functions into
object controllers

Control systems can be implemented
according to various ideologies [ 16]. Currently,
a single computing complex located at the
centralization post or in a portable module are
used. This computing complex is implemented
using traditional relay technology, as well as
using microelectronic and microprocessor
components. To control peripheral objects in
station automation systems, interface relays or
object controllers are used (a more modern
version). By geographic location relative to the
computing complex, object controllers can be
centralized or decentralized. With centralized
location, object controllers are located in close
proximity to the computer complex and
communicate with peripheral control and
control objects using a cable. With a
decentralized location, object controllers can
be placed in close proximity to peripheral

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 146—157 (2020)

Efanov, Dmitry V. Integration of Control and Monitoring Systems



Common computing platform

Computing core
of monitoring
system

Computing core
of control system

External devices
and sensors

< Subsystems of the first type

< TLC DMTL j«—— RS

<« Subsystems of the second type
4 N
<> SWC DMS j&——— RS
\_ _
< Subsystems of the third type
/
«—»] ESCP | DMSTS &«—— RS
\_ _/

Designations

TLC — traffic lights controller;

SWC - switch controller

ESCP — equipment of sensors of control of moving units position;
DMTL - diagnostic module of traffic lights;

DMS — diagnostic module of switches;

DMSTS - diagnostic module of a switch-track section;

RS — remote sensors.

Note. All connections can be wired or wireless.

Pic. 2. Structure of organization of the monitoring system (author’s design).
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objects: in travel boxes and drawers, in traffic
lights boxes or even in traffic lights heads. In
this case, control orders and control information
are also transmitted via the cable network to
the object controllers. Power supply can be
organized under both local and centralized
mode. The implementation method depends
on the chosen ideology and the specifics of the
station itself. It is worth mentioning a promising,
but not yet implemented cableless control
method, when all object controllers are located
in close proximity to the objects, are supplied
with energy from local sources (both traditional
and alternative), and data are transmitted to a
single control complex via wireless communi-
cation [17, p. 23].

It is proposed that each object controller
be equipped with an easily removable
measuring module that provides diagnostic
data that allow the most complete analysis of
the technical condition of controlled objects.
Data should be transmitted via dedicated
diagnostic transmission channels — either
cable (if there is a cable network) or wireless.

For the most effective monitoring process
of controlled objects, the following parameters
are required. For object controllers for control
of switch motors, measurement of interfacial
voltages, phase currents, insulation resistance
ofthe cable relative to the ground (when using
cable system) is required. For object controllers
of traffic lights — voltage supply of the lamps
of the lights of traffic lights (power supply of
LED lamps) and currents in the power supply
circuits, insulation resistance of the cable
relative to the ground (when using cable
system) should be controlled. If the traffic
light controller is installed in the traffic light
box or in the traffic light head, then for
monitoring the geometric position of the mast
(ifany), the diagnostic device is equipped with
a deflection angle monitoring sensor which is
aninclinometer [18, p. 177]. The composition
of data from the equipment of sensors for
monitoring the position of mobile units is
determined by the type of these sensors. For
example, when using modern audio-frequency
track circuits, control and monitoring are
carried out using a generator, a filter, a receiver
and relay (in the future it can be replaced by
a microelectronic device or, in general,
excluded from work). It is worth noting that
the function of the rail circuit is precisely
control of the position of rolling stock, and

not control; however, control is carried out
from the generator by supplying current of a
certain frequency and receiving it by the track
receiver from the receiving side. Thus,
currents and voltages at the outputs of
generators, track receivers, filters and relays,
as well as insulation resistance of the cable
relative to the ground (when using cable
system) will be required.

Additionally, for each controlled object,
an analysis of such parameters as vibrational
influences on the object and climatic operating
conditions is required. For this purpose, a
remote device based on accelerometers or an
integrated sensor in the diagnostic module can
be used, as well as each measuring module can
be equipped with a temperature sensor. Either
aweather station is installed at the monitoring
object. Each object controller must also
transmit data to its monitoring system about
its status and the state of the power supply
system.

Embedded diagnostic modules can also
serve as primary data processing device on the
state of objects of adjacent facilities [19, p. 65].
For example, the most important task is to
control the mechanical and geometric
parameters of the rail track and the railway
switches themselves. To monitor them, remote
sensors can be used located both on the
internal elements of the devices and on
external objects with a wired or a wireless
interface (an example is the well-known
solution for monitoring the geometry of the
switch turnout [20]).

It should be added that the measuring
module itself should be a means of obtaining
many diagnostic parameters from one group
of interconnected objects, some of which
should be processed directly «on the spot»,
and some should be transmitted to the
monitoring server.

The architecture of the technical diagnosis
and monitoring system has the form shown in
Pic. 2.

It should be noted that we are talking about
monitoring railway automation equipment.
However, to obtain a digital picture of the state
of objects at the station, monitoring of
geometric and physical parameters of such
objects as the track superstructure, catenary,
and artificial structures is required. In
addition, the parameters of moving units can
be taken into account and weighting the train
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on the go per load on each axis of each wagon’s
bogie can be used. Thus, the global develop-
ment path of technical diagnostic and
monitoring systems consists in integrating
many functions for measuring the operating
parameters of not only railway automation
facilities, but also railway infrastructure
facilities.

Conclusion. The use of integrated technical
diagnostics and monitoring tools allows to
significantly expand the capabilities in the
analysis of diagnostic data from railway
automation facilities and make the transition to
automation of forecasting and identifying
precautionary conditions. It should be noted
that, at the same time, the diagnostic devices for
checking procedures themselves can be easily
dismantled and replaced due to standardization
and modularity of execution, while the diagnostic
circuits are separate. This makes it possible to
organize separate (independent of control
systems) systems of technical diagnostics and
monitoring, including the use of universal
platforms for analysis of big data flows. Many
diagnostic parameters can be expanded and
supplemented to obtain a digital picture of the
state of the station infrastructure facilities and
record these data during operation. The data
itself from a single platform can be transferred
to automated workstations (stationary or mobile)
of specialized technical personnel according to
their competencies.

The implementation of the approach
described in the article allows to move to a new
stage in technical diagnosis and monitoring and
to make a qualitative transition to achieving
three main goals: obtaining an accurate
diagnosis, forecasting and assessing the residual
life of monitored objects.
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OnepaTtnBHOE€ HOPpMUPOBAHUME
3HepropecypcoB Ha TAry noe3anos
C UCnoJsib30BaHMEM MeToAa
MCKYCCTBEHHbIX HEMPOHHbIX ceTen

Cepreit MAJIAXOB Muxaun KANYCTUH

3anaya pecypcocbepexeHus IBASeTcs akTyaslbHOM 415
BCEX TPAHCMOPTHbIX KOMMAHWIA, 1 MOUCKaMU nyTevi e€ peLue-
HUS 3aHUMAIOTCS MHOTME MUPOBbLIE COOBLLECTBA yHEHbIX
U MHXeHepOoB. MnpoBbie Xene3HoA0POXHbIE KOMMaHUN
“ 0COBEHHO Takue KpYyrHble, kak «Poccuiickme xeneaHole
Z10pOru», IBNISIIOTCS OO/bLLMMU MOTPEOUTENSIMI dHEprope-
CypCOB, M03TOMY 3KOHOMMUSI 3TUX PECYPCOB — LiesieBas 3a-
fayqa npy CHUXeHun ornepaumoHHbix 3arpat. OgHuMm u3
€crnocob6oB [OCTUXEHMNSI MOCTaB/I€HHOM L€/ MOXET ObiTb
MPUMEHEHNE CUCTEMBI OMTUMAJIbHOIO HOPMUPOBAHWSI SHEP-
ruv Ha TSry kaxzoro rnoesga — cucrtema ornepaTrBHOIro
HOPMUPOBaHWS. 3TOT crocob OCHOBLIBAETCS HA MOAEIINPO-
BaHUW MPOLIecca ABUXEHUs 3a CHET NMpuMeHeHus MetToaa
TEOPUN ONTUMATLHOIO YrPaBAeHUs — AUHAMUNYECKOIo
nporpamMMmnpoBaHmns. B coBpeMeHHbIX YCI0BUsIX Pa3BUTUS
TEXHUKN Y TEXHOJIOMMI cTasia BO3MOXHA pa3paboTka Takux
cUCTeM 0rnepaTnBHOro HOPMUPOBAHNS, HAAEIEHHBIX BaX-
HbIMY CBOVICTBAMM: BbICOKAS MPOU3BOANTESIbHOCTb, MHOIO-
3a41a4HOCTb, TOYHOCTb PELLEHUS], IPOCTOTa UCIO/Ib30BaHUS
n obenyxuBaHus. 3Ty TpeboBaHUS HakIaAblBaloOT ornpese-
JIEHHbIE OrPaHNYEHNsI Ha apPXUTEKTYPY CUCTEMbI OrepaTuB-

Mauaaxoe Cepeeii Baaepveeuu — Poccuiickuii
YHugepcumem mpancnopma, Mockea, Poccus.
Kanycmun Muxaua FOpvesuu — Poccuiickuii
YHugepcumem mpancnopma, Mockea, Poccus™.

HOIro HopmupoBaHuisi. TunoBasi apXTEKTyPa CUCTEMbI LJOJIXK-
Ha CTPOUTLCS BOKPYI LIeHTPan30BaHHOro y3na, KOTopbIi
OyaeT BbICTYnaTb B POV peLLIaTessi U XpaHunvLa, y3sl 4ssi
BBOAA 1 BbIBOAA MHGOPMaLMY MOTyT ObiTb reorpaguyecku
pasaaesneHsl. MeTtos AnHaMmn4eckoro rnporpaMmMmmpoBaHuns
MOXeT ObiTb YyCOBEPLUEHCTBOBAH 3a CYET MCMO0/Ib30BaHUS
ero B npouecce oby4yeHusi NCKyCCTBEHHbIX HerpoceTerd,
KoTOpbIe 6YAyT POPMUPOBATL HE TOJILKO arpUOPHbIE OLIEH-
Ku pacxoga saHeprvuu Ha Tary, Ho v arioCTepPUOPHYIO OLLeHKY
yrnpassieHUs1 Moe3aom (MaLlMHUCTOM WM CUCTEMOV aBTo-
BefeHs). Takxe ncrosb30BaHNE MCKYCCTBEHHbIX HEpoce-
Tevi NO3BOJINT HEMPePbLIBHO COBEPLUEHCTBOBATL METO 3a
CYET 00yyeHyIsi Ha HaKorMNJIeEHHOM 06bEMeE AaHHbIX PeasibHbIX
r10€e340K, 4TO NO3BOJIUT YTOYHATL HOPMbI PACX04a 3HEPro-
pecypcoB 1 B AalsibHelLeM Ka4eCTBEHHO MiaHnpoBaTb 3a-
Tparel. [1pOTOTUM CUCTEMbI ONEPATUBHOIO HOPMUPOBAaHMS
paspabotaH Ha kapeape «TaroBblvi NoABMXHON cocTas»
Poccurickori OTKpbITOV akaaemumy TpaHcnopTta Poccuiickoro
yHUBepcuTeTa TpaHcrnopTa, v noJiydeHHbIe Ha HEM pesyJib-
Tarbl M03BOJISAIOT YTBEPXAATb, YTO BblIOPAHHbLIA MoAX0A
K peLueHuto npobiemMsl 3HeProcbepexeHusi BbibpaH BEPHO.

KnoyeBblie cnoBa: TpaHCNopPT, Xene3Has Aopora, TIroBble PacyETbl, ONTUMMU3aLms TIroBbIX PACYETOB,
HOPMUPOBAHNE PACXOA0B SHEPropPEeCcypPCOB Ha TAry MOe340B, NCKYCCTBEHHbIE HEMPOHHbIE CeTHU, aBTOMaTH-
Yeckne CUCTEeMbI yrpaB/IeHUs TPAHCIOPTHLIMY CPEACTBaMU, TIroBble CBOVICTBA JIOKOMOTUBA, PEeryimpoBa-

HWS CUJT T U TOPMOXKEHWS.
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BBEAEHUE

B cooTBeTCTBUM C TOJTOCPOYHBIMU TUIAHA-
MU pa3BUTHS XOJIUHTA «POCCUIICKIE XKeTe3HbIE
JIOPOTU» TPEOYETCsI COKPATUTh YIEIbHBIM PACXO
BSHEPropecypcoB Ha TATY 1oe3noB [ 1]. Dra 3aga-
ya SIBJISICTCS aKTyaJbHOM ISl BCEX MUPOBBIX
JKEJIE3HOMOPOKHBIX KOMIIAHUIA, M HA IIPAKTHKE
WAET HeTIPEPhIBHBII ITOMCK PEILIEHUS ITPOOIEMbI
BSKOHOMHUHU HEPropecypcoB U ONTUMAaIbHOIO
BeaeHus noesna [1—7]. Ipobdaema paccmatpu-
BaeTCs Ha pa3HbIX YPOBHSIX: [UII €IMHUIHOTO
noe3aa [5], As Tpyrin Mmoe3aoB, CASAYIOLIUX
JpyT 3a ApyroM [l], Ha ypoBHe yrpaBieHUs
JBIKEHHUEM I1O€3710B OOJIBIIOTO KOJMYECTBA
noe310B [4]. OTeyecTBEeHHbIE YUEHBIE U MHKE-
HEpbl TAKXKE HE OCTaBJSIOT 0¢3 BHUMAaHMUS
yKa3aHHYIO IIPO0JIeMy, YTO OTPaXKEHO B IpaK-
TUYECKOM UCIIOJIb30BAaHUU YCTPOMCTB U TEXHO-
Joruii pecypcocoepexenus [8—10] u padboTax
[11—13]. Ucrioab30BaHuE TATOBBIX PACUETOB
JUISL OTIEpaTMBHOIO HOPMUPOBAHUS SHEPrope-
CYPCOB Ha TATY IOE30B C LIEJbI0 CHIDKEHMS
pacxo/ia 3HEPI1HM SIBJISICTCSI OMHUM U3 TPAKTHU -
YECKUX MPUMEHEHMI MPUKIIATHBIX METOIOB
Teopuu Taru. Ho cyliecTBylolye METOIUKN
TSITOBBIX PACYETOB U UX peain3alluu, pa3pado-
TaHHbIC HA OCHOBAHWU TEKYIIMX IPABUII TATO-
BBIX pacu€ToB [14], He B IOJIHOI Mepe He COOT-
BETCTBYIOT TPeOOBaHUSIM CUCTEM OIepaTUBHO-
ro HopmupoBaHusi. [103ToMy HEOOXOIMMO HC-
KaTh HOBBIE IOJAXOJbI K PELICHUIO 3adadyu
SKOHOMUU 3HEPro3aTpar Ha TSry IOe3/10B.

Ilox onepaTiBHBIM HOPMUPOBAaHUEM SHEP-
rosaTpar OyJeM OHUMATb OITPeIe/ICHUE MUHU -
MaJIbHOTO 000CHOBAaHHOIO PACX0Jia SHEPro3at-
par Ha JABMKEHUe Toe3aa 1o y4acTky. OCHOB-
HBIMU TPeOOBaHUSIMU K CUCTEMaM OIlepaThB-
HOT'O HOPMUMPOBAaHMUs SIBJISIOTCS: BBICOKAsI
MIPOU3BOAUTEILHOCTh, MHOT03a1auHOCTb,
TOYHOCTb PEILIEHNsI, IPOCTOTA UCIIOIb30BaHUS
U 00CTy>KMBaHUS, BRICOKAsI IOCTYITHOCTb. Tak-
JKe Takasl cucTeMa JOJDKHA BBIMOJHSATH He
TOJILKO OIICHKY pacxojla SHEPruu Ha IOe3IKY
anpropH, HO 1 [eJ1aTh OLIEHKY ITOE3IKHU arloCTe-
PHOPU C YKa3aHHEM OIIIMOOK CUCTEMbI aBTOBE-
JICHUST UM MaIlIMHKUCTA.

J1s1 peayu3aiiviy TAKOM CUCTEMbI OITepaTHB-
HOro HOPMMPOBaHUsI HEPro3arpaT Ha TSIy
OE3I0B 11eJIeCO00Pa3HO PUMEHSITh KOMIUIEKC
IIPOTrpPaMM, KOTOPBIi IMO3BOJIMUT 3(H(PEKTUBHO
KCII0JIb30BaTh BHIYMCIIMTEIbHBIE MOIIHOCTH
KOMITBIOTEPOB. DTO 0OBSICHICTCS TEM, UTO TOU -
HbIe ONTUMAaJIbHBIE pelieHusT (00YCIOBIEHO
TpeOOBaHUEM TOUHOCTH), TIOJTYYCHHbBIC YUCIICH -
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HBIM METOIOM TMHAMUYECKOTO IIPOrpaMMUPO-
BaHwUsl [ 12], SIBSIIOTCS TOCTAaTOYHO 3aTPATHLIMMU,
C TOYKH 3PEHMS BBIMUCIIATESIIEHON MOIITHOCTH
npoiieccopa. CyIlecTBYIOT METOIBI HAXOXKIIe-
HUS ONTUMATBHOM TPAaeKTOPHUH JABIDKCHMS Ha
OCHOBe IIpUHIIMIIA MakKcuMyMma TToHTpsTHA
[11], HO Takue pean3allv UMEIOT CEPhEZHbBIE
OorpaHNYeHs Ha (QYHKIIMOHAIBHBIC 3aBUCMO-
CTH.

APXUTEKTYPA KOMIJIEKCA
OMNEPATUBHOIO HOPMUPOBAHUSA
OHEPIrOPECYPCOB

ABTOpaMu pa3zpaboTaHa BBIYUCIUTEIBHO
s exTUBHAS peann3alis MeToIa TMHAMIIe-
CKOTO IPOrpaMMUPOBAHUS IUTSI OMHOKPUTEPH -
JTbHOTO WJIM MHOTOKPUTEPUATIBHOTO TTIOMCKA
ornrtumyma. ITorpeGHOCTH porpaMMBblI B oriepa-
TUBHOW ITAMSITU HA OJTVH TATOBBIN PACYET MOTYT
OBITH OLIEHEHBI TI0 (hopMyJIe:

S v
N, =502 o margpn
c A, A, U

rae S — AuHa MyTy;

A — BeJIMYMHA LIara JMCKPeTU3aluu 1o
KOOp/IMHATE;

V... — MaKCUMaJbHasi CKOPOCTb IBVIKEHUS;

A, — BEJMYMHA 1Iara IMCKPETU3aLMu 10
CKOPOCTH;

N, — uucno ynpasieHuit.

Jlns TunoBoro Taroporo rieva B 200 KM Ha
MOEe31IKYy TTOTPedyeTCsl TOJIbKO OTepaTUBHON
namsiti okoJjio 4 I'b, yto mpu MHOro3agayHoM
napasuleJIbHOM PacuéTe MoTpedyeT cepbe3HbIX
BBIYMCITUTETbHBIX MOIIIHOCTEM, HATIPUMED, TS
1000 ogHOBpEMEHHBIX PacUETOB MOTPeOyeTCs
4 T1b oneparuBHOI maMsaTU. [ToaTOMY, 4TOOBI
COOTBETCTBOBATH TPEOOBAHUSIM BBICOKOI TTPO-
M3BOAMTEIBHOCTA, MHOT03aJauHOCTH, TPeOy-
€TCsI NCTIOJIb30BaTh MOIXO Pa3IeIeHMs 3a/1a4.

[TporpaMMHBIiT KOMILJIEKC COCTOUT U3: TIPO-
rpaMM ITOATOTOBKM HAYaJIbHOM MH(pOpMAaIINH,

H JlokoMoTHB N  pasmmmg

ITone3oBatenu

Puc. 1. TunoBasi apxurekTypa KoMriekca
ornepaTtuBHOro HOPMUPOBaHUSI BHEPropecypcoB
[aBTOpP C. B. ManaxoB].
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Taouua 1

TaroBas xapakrepucTuka 3jekTpoBo3a BJI11 s nocienoBare/ibHO-IapaLieIbHOTO
coeaunennst TO/1 u moJHOro Bo30yKaeHHst

CKOpoCThb, KM/4 Cuna tsiru, KH CKopoCTb, KM/4 Cuna tsru, KH CKOpOCTb, KM/4 Cuna tsru, KH
21,7 557 28,0 239 36,1 106
22,3 513 28,9 217 37,0 100
22,9 468 29,5 196 38,3 93,1
23,5 436 30,4 177 39,8 84,2
24,1 399 31,3 164 41,0 78,3
25,0 355 31,9 154 41,9 75,3
25,9 309 33,1 139 42,8 70,9
26,5 285 34,0 124 43,7 68,0
27,1 261 35,2 114 44,9 65,0

Astop C. B. Manaxos.

PacyETHBIX TTPOrpaMM, TIPOrpaMM BU3yaln3a-
v (puc. 1).

Paznenenue 3amay 1o3BoJIsIeT HE3aBUCHMO
BBITIOJTHSITH: BBOJI 1 aKTyaIU3alnio MH(hOpMa-
LMK 00 YCJIOBUSIX IBVKEHMSI I OTPAHUYEHUSIX,
pacy€Thl, 00pabOTKY pe3y/bTaToB. DTU 3a1a4u
BBITIOJTHSIIOTCS TIapaJljIeIbHO, YTO TpeOyeT He-
0OJIBIIIOTO KOJIMYECTBA OMEePaTopoB, KOTOPhIE
hopMUpPYIOT 3aaHKE Ha pacy€T U o0ecrieunBa-
10T BBOJ HavyaybHOM mHMOpManmu. Tak Kak
TIPEIIToJIaraeTcst, YTO MOTpeouTeIeM MHMOpMa-
LM SIBJISIETCST IOKOMOTUBHOE JIETIO, TO PE3YJIb-
TaThl PabOTHI TPOrPAMMHOTO KOMITJIEKCa TOJIK-
HBI OBITH JOCTYITHBI HEMOCPEICTBEHHO B KOH-
KpeTHOM zierto. OmHaKo Kaxk10e IOKOMOTUBHOE
JIETIO UMeeT OTpaHUMYEHHOE KOJIMIECTBO YUacT-
KOB 00CIIy>)KMBaHUsI, ONpeAeIEHHbIE CepUU
JIOKOMOTHBOB, ITO3TOMY 3a/1auy MOATOTOBKH
U aKTyaJn3almy MHGOpMaIuy O TIoe3IKe He-
00XOMMO pelliaTh Ha 6oJiee BHICOKOM YPOBHE,
YeM OTIEJILHO B3SITOE JIETIO.

NnoAroToBKA U BBOA, HAYAJIBHOMN
UMHDOOPMALIUU

Oreparopsl, peniaroiiye 3aaady Mmojaro-
TOBKM U aKTyaIn3alinv UHGOPMAaIUu, TOJIK -
HBbl M3HAYaJbHO HAIMOJHUTH 0a3y MaHHBIX
TpeOyeMoll HayajibHOU UHpopMauuen (Ts-
TOBBIE U TOKOBBIE XapaKTEPUCTUKU, TPODUITH
U TIJIaH MYTU, TIOTOIHBIE YCJIOBUS U T.I.),
a 3aTeM MPOBOJUTD aKTyaTU3alNI0 ATOM NH-
(bopmanum, HanpuMep, orpaHUYEHUI TIO
CKOPOCTH, TIOTOIHBIX YCJIOBUM U T.1.

B kavecTBe porpaMMbl TIOATOTOBKY Ha-
YaJibHOU MH(OPMAITUY IJIsT pacuéTa 1e1eco-
00pa3HoO MCIOJIb30BaTh MPUJIOXEHUE IS
paboThI C 2JIEKTPOHHBIMU TaOIUIIAMU U3 TO-
TOBBIX CBOOOTHBIX O(PUCHBIX ITAKETOB, HATIPU -
Mep, LibreOffice Calc Ha oIepallmoHHOM
cucreme Linux, KOTOpOE SIBJISIETCS OTKPBITHIM

MporpaMMHBIM obecrieyeHrueM. Tak Kak 00-
MEH JaHHBIMU MEXIY YacTsSIMU KOMILIeKca
MPOXOIsT yepe3 6a3y faHHBIX (puc. 1), To Ha
aTarne MOATOTOBKU JaHHbBIX CJIEAYET UCIOJb-
30BaTh FOTOBOE MTpOrpaMMHOE obecredyeHue,
UMelolllee BepCUH ISl BCeX pacpoOCTPaHEH-
HBIX OTNEePAIMOHHBIX CUCTEM.

TTpodunb 1 r1aH Myt MOXKET ObITH BBEAEH
B 2JICKTPOHHYIO TaOJIUILy C UCTIOJIb30BaHUEM
BO3MOXXHOCTE UMITOpTa, Halpumep, B 6asze
nanHbix MySQL cyiiectByet oneparop «Load
Data Infile», KoTOpbIii MOXET HAMPSIMYIO 3a-
rpyXaTh TaHHbIE U3 (bailia B hopmaTe TeKCTa
C pa3feUTENISIMU.

BBon ¢yHKIIMOHAIBHBIX 3aBUCUMOCTEN,
BbIPaXXEHHbBIX B TaOJWYHBIX TaHHBIX U3 [14],
TakxKe BO3MOXHO peaiu3oBath B LibreOffice
Calc wu Microsoft Excel. PaccMoTpum npumep
MoJy4yeHUsT (PYHKIIMOHATIBHON 3aBUCUMOCTH
TroBoii xapaktepuctuku BJI11, 3amanHoOM
B TabIuyHOM Buze (Tab:. 1).

JaHHbIe BHOCSITCS B 2JIEKTPOHHYIO TaOJTHILY,
3aTeM MO HUM CTPOST auarpammy, 100aBysoT
JIMHUIO TPEHIa, KOTopasi SIBJISIETCS PErpecCUOH-
HOM. [l1s1 mydiero npuOaMKeHUsT BbIOMpaeM
MOJMHOMUAJIbHYIO 3aBUCUMOCTh HE MEHee
ceabMOro rnopsiaka. Pe3yabTaT BbITIOJIHEHUS
Mnpoueaypbl PeACTaBIeH Ha puc. 2. 3HaYeHUe
KoadduIIMeHTa feTepMUHALIMN TTOKA3bIBaCT
JIOCTaTOYHO Xopoliiee pubmkeHue. [Tapamer-
pBI alIpoOKCUMUpYIOeil PYHKIIMU MOTYT
Moa0UpPaThCs IS JaHHBIX WHIUBUIYJIbHO.
KoabduiimeHTsl ypaBHEHUS ¢ pUC. 2 MOTYT
OBITb MEpEHECEHBI B 0a3y TaHHbBIX ITyTEM BCTaB-
KU B 3apaHee 00yc/IoBJIeHHOM ¢hopMate B Tab-
Jiviry 6a3bl JaHHBIX. TakM ke 06pa3oM BBOISIT-
Cs1 ¥ OCTaJIbHbIe (DYHKIIMOHATbHBIE 3aBUCHMO-
CTU JIOKOMOTHMBA 1 COCTaBa.

TTporpammel B cocTaBe KOMIUIEKCA JOKHbI
B3aMMOJIECTBOBATh APYT C APYrOM ITOCPEN -
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Puc. 2. lNMpumep
annpokcumavny TAroBoi
XapaKTepuUcTUKu
anekTtpoBo3a BJ111.
[aBTOp C. B. ManaxoB].
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y =-6E-06x° + 0,0011x° - 0,0883x" + 3,4594x> - 66,698x? + 458x + 1441,8

R?=0,9998
0,00E+00

2,00E+01 2,50E+01 3,00E+01 3,50E+01 4,00E+01

CTBOM 0a3bl JaHHBIX. DTO OOYCIOBJIEHO TEM,
YTO UMEIOTCSI TOTOBBIE MHCTPYMEHTHI IJIsI
TPOCMOTpA 1 IIPaBKK JaHHBIX, 15T 3P HEKTUB-
HOr0 MHOTOITOJIb30BAaTEILCKOTO JOCTyIa
K naHHbIM. baza paHHBIX TTo3BOIsSIET A(PPeK-
TUBHO MaHWITYJINPOBATh JAHHBIMU B paMKax
PEJSILIMOHHOM aJITeOpbI MJTH ITOJTb30BATETHCKIX
CKPUITOB U 00ECTIEUNBAET HANEKHOE CTPYK-
TYpUPOBAaHHOE XpaHEHNE JAaHHBIX, B TOM YHCJIC
B peXXMUMe KJIacTepU3allMy VIV IIapAuHTa.
B xauecTBe Takoii 0a3bl JTAHHBIX MCTIOJE30BAHBI
MySQL (unu ananoru MariaDB, Percona
Server) u PostgreSQL. DTo cBOOOIHBIE CUCTEMBI
yIpaBJieH1st 0a3aMU IAHHBIX, KOTOPbIE MCTIONb-
3YIOTCSI B PEXHMME COBMECTHOTO JTOCTYyTa T10
cetu. J171s1 TOKaIbHOTO TECTUPOBAHMS ITPOTpaM-
MBI MCIIOJIb3YeTCS JIOKaJbHasl 0a3a JaHHBIX
SQlite, koTopast Takxke 00ecreuyrnBaeT MHOIO-
MOJIb30BATEILCKUI JOCTYIT Ha JIOKAJTBHOM
ypoBHe. B citydae peabHOro MCIOIb30BaHUS
CHUCTEMBI C OOJIBILIMM KOJMYECTBOM yAAIEHHbIX
MOJIb30BaTelIel 1eJIeco00pa3HO UCTIONb30BaTh
OIIHY M3 CETEBBIX PEJISIIMOHHBIX 0a3 JaHHBIX
C pa3MellieHreM Ha BbIIEJIEHHOM cepBepe B 00-
nake. O0JaKO MOXET OBITh YaCTHBIM B BHUJIE
COOCTBEHHOTO CepBepa WU KJlacTepa CepBepoB
C MpOrpaMMHBIM OOecCIieYeHreM Ha OCHOBE
orepalmoHHoi cucteMbl Linux (OpenStack,
Apache Cloudstack) uiun o0111e10CTYIHBIM
(matdopma obauHbIX cepBucoB oT Mail.Ru
Group, miatgopma Microsoft Azure, ratgop-
ma Amazon Web Services u T.11.).

MOUCK ONTUMAJIbHOU HOPMbI
PACXOAOA SHEPITUA

B0k aBTOMaTH4eCKOTo TSTOBOTO pacdéra
TaKXXe JOJDKEH OBbITh pa3MelléH B 00JIauHOM
cpene. J1i1st Takoro TpebOBaHMsT €CTh HECKOJIBKO
TIPUYITH:
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4,50E+01 5,00E+01

* BbICOKASI POM3BOAUTEILHOCTD. B KauecTse
YHMBEPCAJIbHOTO METO/Ia ONITUMU3AIK BHIOpa-
HO IMHAMUUECKOE ITPOrpaMMHUPOBaHKE, TaK Kak
MO3BOJIIET pealu30BaTh IETATbHYIO MOJEIb
rnoesna 6e3 orpaHMYeHUI Ha 3aBUCUMOCTU MEX-
Iy TIepeMEeHHBIMU. JIMHaMUUEeCKOE ITPOTrpaMMHU-
poBaHUE TPEIojaraéT HECKOJIbKO 3TaroB:
pa3z0ueHue 3a1a4u Ha 0oJiee MPOCThIe — MaTpU-
112 BO3MOXHBIX COCTOSIHUH TT0€3/1a, TTOJTyYeHUe
W aHaJIN3 BO3MOXKHBIX TPAEKTOPUI JIBIKSHUS
1oe3a, U3MEHEeHUE YCIOBUIA, MePecyEeT MaTpu -
1IbI BO3MOXHBIX COCTOSTHUI WM TiepecOopKa
TPAeKTOPUIA U T.J. DTarbl AITOPUTMa TPEOYIOT
4acTOrO MHTETPUPOBAHUS YPABHEHUSI JBIIKE-
HUS TI0€3/1a C YYETOM MHOTUX OTpaHUYEeHUI
(B 3aBUCUMOCTHU OT CJIO>KHOCTU MOJIEJIN ), KOTO-
pble MOTYT ObITh 3a/1aHbI B BUE T depeHIIm-
JTBbHBIX YPAaBHEHUI1 WU JaXKe B BUIEC CUCTEM
nuddepeHIInaTbHBIX YpaBHEHUI (B caydyae
yuéTa JMHAMUYeCKUX CUI B 1oesze). Jist co-
KpaleHs] BpeMeHU pacuéra TOJDKHBI TIpUMe-
HSITBCSI CEPBEPBI C HECKOJILKMMKM MHOTOSIIEP-
HBIMU TIPOLIECCOPAMU, UX YUCIIO TOJKHO TMO-
3BOJISITh BBIIEPXKMBAThH HATPY3KY OT OTPEeOUTe-
Jiell B cllydyae pocTa 3alpoCOB Ha PacCyérT.
C y4€ToM Mapka rpy30BbIX JOKOMOTHBOB (M0~
psaka 7500) MOXXHO OLIEHUTh MaKCUMaJIbHOE
KOJIMYECTBO TMOE3I0B U COOTBETCTBEHHO KOJIU -
YECTBO 3aMPOCOB Ha PaCU€T, KpaTHOE KOJIYe-
cTBY 1oe310B. [ToaromMy TpedyeTcst MaKCcuMab-
HO MacuITabupyemasi cucTema, 4YTo odecreum-
BaeTCst 00JJaYHBIMU PEIICHUSIMU;

* TpeOOBaHUS K 00BEMY OIIEPATHUBHOI IAMSITH.
JlnHaMu4ecKoe MporpaMMUPOBAHUE SIBIISIETCSI
TTOMCKOBBIM aJITOPUTMOM HAIPaBJIEHHOTO TIe-
pebopa, KOTOPbIii I ONPENeIeHUS PeILIEHUS
OCYILIECTBIISIET HETOJTHBI Mepedop BAPUAHTHBIX
TPAaeKTOPUI, KOJIMIECTBO KOTOPBIX OTPAHNYM-
BaeTCs AITOPUTMUYECKU TTO LIEJIOMY PSITY YCII0-
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Tabumua 2

Pe3yabTaTsl pacyéToB

Pacuér | Pacxom sHeprum (Meton Pacxon aHepruu (MeTon Bpewmst xona (metos Bpewmst xona (meton MHC),
Bennmana), KBt e u HUHC), kBr*u Bennmana), MuH MWH

1 2723 2774 61,54 61,33

2 2810 2852 61,61 61,72

3 2858 2860 61,66 61,65

4 2443 2479 61,39 61,47

5 2597 2423 61,66 61,71

Astop C. B. Manaxos.

Buii. HeBO3MOXXHBIE BapraHTHI TTlepedopa oT-
CEMBAIOTCS Ha KaXKIIOM IIIare, T03ToMy He OCy-
IIECTBIISIETCS ITOJTHBIH iepeoop. Ho maxke B aToM
ciIy4ae TIpY MaJIoi BeJTMIMHE II1ara rmo KOOpIu-
HaTe 1 OOJBIIION JUTMHE TSITOBOTO Tieva KOJI-
YeCTBO BO3MOXHBIX TPACKTOPHIT COCTABIISICT
yuciio 10% u 6onee. Mcnionb3oBaHue 001a4HOM
CPEIbI TTO3BOJISIET 3aITYCTUTh ITPOIIECC PEIICHIST
BHYTPU BUPTYaJIbHON MAaIIIUHEI, pecypcaMu
KOTOPOIT MOXKHO THOKO YIIPaBIISITh;

* ceTeBoii A0CTyn. Boicokre TpeboBaHUs
K amnmapaTHOMY O0eCTICUCHHMIO HaKJIaIbIBAIOT
OTpaHWYCHMS Ha CIICHAPUH MCITOJb30BaHUS
BBIYMCIIATEIBHON TTPOTPAaMMBI TSI OOJIBIIIOTO
Konmuuectsa norpedureseit. [1pu Hammumuy ObI-
CTPBIX KaHAJIOB CBSI3U HET HEOOXOIMMOCTH pa3-
MeIIaTh 000PYIOBaHUE PSIOM C KOHEYHBIM
rmonb3oBaresieM. [loaToMy obmayHoe TTprMeHe-
HMe IIPOrpaMMBI IIO3BOJTUT COKOHOMUTH (hTHAH-
COBBIE PeCypChl 3aKa3urKa M KOHCOMINPOBATh
BBIUMC/TATESTHHYIO HATPy3KYy.

[TpopBIBHBIM pelIeHreM IO CpaBHEHUIO
¢ KJTaCCMYECKMMU METOHAMM SIBJISICTCS METOII,
TTO3BOJISTIOIINI Pa3NeINTh ITPOILIECCHI peaTn3a-
MU 1 TIoTydeHus pereHnst. CoBpeMeHHBIN
TEXHUYCCKUI YPOBEHb M MaTeMaTHUECKUIA arl-
T1apart MO3BOJISIOT B ITOJIHOI Mepe UCITOTb30BaTh
METOIbI HeJTMHEHOM arpOKCUMAII MHOTO-
MEpPHBIX (DYHKIIMIT — MCKYCCTBEHHBIC HEHPOH-
sele cetn (MHC). Takke akTyanzaims Tpeoy-
€TCsI TOJIBKO JIIST KITACCUIECKIX METOIOB OIITH -
MM3alliK, TAKMX KaK MPUHIIUIT MaKCUMyMa
[MoHTpsITMHA MJIM TIPUHITUIT ONTUMAaJIBHOCTH
Benmvmana, KoTopble He TIperioaraoT o0yJeHre
(TTOBBIIIICHNE aAeKBATHOCTH) MOJCIN. Takue
METOIIbI YyBCTBUTEIBHBI K TOUHOCTH HAYaTbHOM
nHbopMar. B ciydae ecnm n3MeHSIIOTCS Xa-
PaKTEePUCTHKH ITOIBIKHOTO COCTABa, HATIpHUMep,
13-3a U3HOCA 00OPYIOBAHMSI, TTOJYYCHHOE OIT-
TAMAaJIbHOE peIlleHre He MpeTeHAyeT Ha TOU-
HOCTb. B oTimmume oT KitaccHIecKnx METOIOB
MMpUMeHeHNe «JI€pHoro simmka» — MHC — mo-
3BOJISIET 00ECIIEYNTh HEeTIPEePhIBHOE O0yICHHE
1 TIOBBIIIIEHNE TOYHOCTA HOPM B 3aBUCUIMOCTH
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OT KOJIMJeCcTBa o0yJatoeit nagopmarmm. C te-
YeHHeM BpeMeHH 00BhEM 00yJatoltieii nHgpopma-
MK OyIET TOJbKO BO3PACTaTh, YTO MO3BOJUT
00eCreunTh HETIPEPHIBHOE YITYUIIIEHUE PE3YIIb-
TaTa 0e3 MPUMEHEHUS OTACIbHBIX JOMOTHUTENb-
HBIX METOJIMK WU TEXHOJIOTUHA.

HeobxonumocTs B prMeHEeHUH TaKUX CTPYK-
Typ BO3HUMKJIA 1O TIPUUMHE OCHOBHBIX HEIOCTAT-
KOB KJIACCUYECKMX METOJOB: JJTUTEIbHOE TOJTY-
YeHWEe ONTUMAJIBHOTO PEILIeHMSsI, TIOTPEOHOCTD
B CIIELMATIBHOM MOBBIIIEHUM aeKBATHOCTY Ha-
YaJIbHBIX TAHHBIX, ATPUOPHAst MOJIEJTb [10E3/1a, He
YUUTBIBAIOLIAS KOHKPETHbIE OCOOEHHOCTU TO-
JIBVXKHOTO cocTasa. JIJ1s1 MeToa MCKYCCTBEHHBIX
HEMPOHHBIX CeTell MMOTPEOHOCTU B MaMSITH OKa-
3bIBAIOT CYILIECTBEHHOE OrpaHUYEHUE TOJIbKO
B pexXurMe 00y4YeHHsI, KOTOPOEe MOXKET ITPOM3BO-
JIUTBCS MapajuieibHO ¢ padOTON HEMpOCETH
¥ pa3aesieHo BO BpeMEHH M TIPOCTPAHCTBE (HAITPH-
Mep, IPyIrMM LIEHTPOM 00OpabOTKU JaHHbBIX), 3a-
BMCSIT OT CTPYKTYPbI CETU 1 pa3Mepa BbIOOPOK.

B xauecTBe yHMBEepCaATBHOTO KPOcCInaThop-
MEHHOTO CPeICTBa BU3yaIM3allu1 Pe3y/IbTaToB
pacy€TOB BHICTYIAeT MHTEP(Eiic BeO-Iproxe-
HUS1, ATBTEPHATUBHBIM BAPUAHTOM MOXKET ObITh
MCMOJIb30BAHME OTAEIBbHOIO IECKTOMHOIO MPU-
JoxeHus1. s paboThl ¢ pazpaboTaHHBIM Ha
Kadenpe «TATOBBIN MOABMKHOI cocTaB» Poc-
CUIMCKOM OTKPBITOM aKageMWM TPaHCIIOPTa
Poccuiickoro yHuBepcuTeTa TpaHCIOPTa KOMIT-
JIEKCOM ObLIO CO31aHO MPUIOKEHNE C TTOIKITIO-
YeHHeM K 0a3e JaHHbIX.

SAKJTIOMEHUE

ITpunoxkeHue MoCpenacTBOM IIPSIMOTO TIOM-
KITIOYEHMSI K 0a3e JaHHBIX U3BJICKAET Pe3y/IBTaThl
pacy€ToB 1 OTOOpakaeT Ha AUCILICE TTOb30Ba-
Tesl (MalmmHuCTa). B mpoToTMIIMpOBaHHOM
BepCUH, pealln30BaHHOI Ha Kadenpe « [roBbIit
TIOBIKHOM COCTaB», BBITIOHSIETCS TOJIBKO T10-
HCK ITO YHUKATBHOMY MICHTHU(DUKATOPY TTOS3IKI
IUTSI TOTO, YTOOBI ITOKA3aTh PEaTM3yeMOCTh ITPeI-
JlaraeMoro B pabote perieHus1. Ecim ncnomn3y-
eTcs ceTeBas 0a3a JaHHBIX, TO TIOAICPXKUBACTCS
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MHOTOTIOJIB30BATEILCKUI TOCTYIT K HOpMaM
B cepBepe 0a3bl TaHHBIX.

15t mpoBepKu padOThl KOMILIEKCA BbIMOJ-
HSUTUCh HOPMUPOBOUHBIE BADUAHTHBIE PACUETHI
JUTST PA3JTMYHBIX YYACTKOB TIYTH C Pa3IMIHBIMU
YCJIOBUSIMU IBVDKEHMSI M TIapaMeTpaMu Toe3na,
00y4eHMe MPOBOIMIIOCH Ha OTpaHIIEHHOM YKCIe
MOJIEJTHHBIX TIOE3M0K.

15 6a30BOro pacyéra BbIOMPAJICS MPOU3-
BOJIBHBII y4acTOK Mpoduiist IIMHOM okosio S50
KWJIOMETPOB, a ITOe3/ COCTOSIT U3 JIOKOMOTHBA
BJI11 1 50 momyBaroHOB, MOJIHOCTBIO U HETIOJ-
HOCTbBIO 3arpykeHHbIX. [IpoBoaMIOCH NecITh
BapUaHTHBIX PACYETOB (TA0I. 2), UMUTUPYIOLLIX
pa3MyUHbIE CUTYaIMK C TIPOITYCKOM IToe31a Ha
OTIEJTbHBIX YUacTKax IMyTH 3a M3MEHEHUsT Bpe-
MEHHBIX OTPaHUYEHUI CKOPOCTU, KOTOPHIE
BBITIOJTHEHBI C PA3JTMYHBIMU YCITIOBUSIMU JIBUKE -
HUs. C LIEbIO CHUKEHUS TOTPEOIeHUS MTaMSITU
M YCKOPEHUST pacyETOB He TIPUBOISITCS] KPUBbIE
JIBVDKEHMSI B TPahTIecKoM BHJIE.

Pe3synbraTel pacu€ToB TTOKa3bIBAIOT, UTO Bpe-
MsI XOJIa TOe3/1a BhIICPXKUBACTCS TOCTATOYHO
TOYHO 1 Pa30pOC 3TOTO ITapameTpa MeHee MUHY -
Thl. Llupel, oydeHHBIE OMHUM U JPYTUM
METOJIOM, SIBJISTIOTCST IOCTATOYHO OJTM3KUMMU, UTO
MOATBEPKAACT SKBUBAJIEHTHOCTb PEIIeHUI.
Pesynsrarel pacy€ToB MepenaTcsl MAIIMHUCTY
moessia Uil BHITTOJHEHUST MOTUBAIIMOHHOU
¢yHkuyu. Ilo oKOHUaHUM TTOE3AKU 110 (haKTU-
YECKUM YCJIOBUSIM JIBVKEHUST TIPOMCXOINT KOP-
PEKTUPOBKA OTePaTUBHOI HOPMBI Y TIPOBOIUT-
Cs1 aHAJIM3 TTOE3/IKM Ha COOTBETCTBHE ONTTUMAITb-
HOMY TUTaHy JBDKeHMsI. B citydae cuibHOTO OT-
KJIOHEHUST HOPMBI U (PAKTUIECKOTO pe3yJIbTaTa
rnoesnka J00aBsieTcsl B 00yJarolyto BEIOOPKY
1t nepeooyyennss MHC.

Takoil moaXo SIBISIETCS] TOJIBKO TIEPBBIM
3TAITOM JIJIS CO3IaHUSI COBPEMEHHOI OeCcTIoT-
HOM eTMHOI CUCTEMBI YIIPaBJICHHS TIEPCTIEKTUB-
HbIMU JJokomMoTuBamu [8]. Ha Bropom atarie
obyuyeHHass MHC moxeT hopMupoBaTh HOPMbI
W TTPOBOJIUTH aHAJIN3 IBVDKEHMS Ha OOPTY JIOKO-
MOTHMBA HETIPEPHIBHO C TTOCTOSTHHBIM 00y4eHUEM
B peXMMe TONKPETIeHNsI, TO eCTh 0e3 He00X0-
JTMMOCTH B yuuTesie (He TpeOyeTcsT MOIIHBI
CTallMOHApHbIN KoMITbIOTEP). Ha TpeTbeM aTarne
CJIEIyeT TIePEXOIUTH K YITPABJIEHUIO TIOE3/I0M Ha
ocHoBe MHC npu coxpaHeHUU KOHTPOJIUPYIO-
1LIETO MepcoHaa.

JINTEPATYPA
1. DHepreTuueckasi crparerusi xoaauHra «Poccuii-
CKHUeE XeJIe3HbIe TOporu» Ha repuon 10 2025 roga u Ha

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 158—-169 (2020)

nepcnekTuBy 10 2030 roga. [DneKTpoHHBIN pecypc]:
http://www.rzd-expo.ru/innovation/resource_saving/
energeticheskay efektivnost/enstrat2030.pdf. Joctymn
19.12.2019.

2. Huang, Jin; Deng, Yangdong; Yang, Qinwen; Sun,
Jiaguang. An Energy-Efficient Train Control Framework
for Smart Railway Transportation. IEEE Transactions on
Computers, 2015, Vol. 65, Iss. 5, pp. 1407—1417. DOI:
10.1109/TC.2015.2500565.

3. Cismaru, D. C., Drighiciu, M. A., Nicola, D. A.
SIMULINK Model for Study of Energy Efficient Train
Control. Proceedings 12" International Conference on
Applied and Theoretical Electricity, 2014. DOI: 10.1109/
ICATE.2014.6972685.

4. Miyatake, M., Ko, H. Optimization of Train Speed
Profile for Minimum Energy Consumption. IEEJ
Transactions on Electrical and Electronic Engineering,
May 2010, Vol. 5, Iss. 3, pp. 263—269. DOI: 10.1002/
tee.20528.

5. Lu, Shaofeng; Hillmansen, S.; Ho, Tin; Roberts, C.
Single-Train Trajectory Optimization. IEEE Transactions
on Intelligent Transportation Systems, June 2013, Vol. 14,
Iss. 2, pp. 743—750. DOI: 10.1109/TITS.2012.2234118.

6. Su, Shuai; Tang, Tao; Roberts, C. A Cooperative
Train Control Model for Energy Saving. IEEE Transactions
on Intelligent Transportation Systems, April 2015, Vol. 16,
Iss. 2, pp. 622—631. DOI: 10.1109/ICIRT.2013.6696259.

7. Yang, Li; Lidén, T.; Leander, P. Achieving energy-
efficiency and on-time performance with Driver Advisory
Systems. IEEE International Conference on Intelligent
Rail Transportation Proceedings, August 2013, pp. 13—18.
DOI: 10.1109/ICIRT.2013.6696260.

8. Uctomun C. I. OnpesieieHre HETIPOU3BOAUTEb-
HBIX MOTEPb JIEKTPOIHEPIUU JIEKTPOTOIBUXKHBIM CO-
CTaBOM C UCTIOTb30BaHNEM OOPTOBBIX MH(MOPMAIIMOHHO-
M3MEPUTETbHBIX KOMIUIEKCOB y4€Ta 3JIEKTPOIHEPTUn //
Bectnuk PI'YIIC. — PoctoB-Ha-[lony. — 2015. — Ne 2
(58). — C. 19-24.

9. Myruninreits JI. A. CoBpeMeHHasi METOIOIOTHSI
TEXHUYECKOTO HOPMHUPOBAHUSI pacxoja TOTUIMBHO-
SHEPTETUIECKUX PECYPCOB TIOKOMOTUBAMU Ha TATY MTOE3-
noB. — M.: BMTI-Ilpunr, 2014. — 144 c.

10. Yepemucun B. T., Yiakos C. 0., Uctomun C. T.
KoHTpoIb HepaloHATBHOTO MCTOb30BaAHMS JIEKTPH-
YeCKOU HEPTUU Ha TSTY TIOE3I0B ¢ TPUMEHEHUEM GOp-
TOBBIX MH(HOPMALIMOHHO-U3MEPUTEIbHBIX KOMILIEKCOB
yuéta anektposnepruu // UzBectust Tpanccuba. —
2015. — Ne 1 (21). — C. 69-74.

11. FOpenko K. U. TMpunumn makcumyma JI. C. IToHT-
PpSITMHA B 331a4€ ONTUMAILHOTO YIIPABJICHUS IBUKEHUEM
roe3na // Becthuk BOmMHUU. — 2018. — Ne 1-2(79). —
C. 147—-161.

12. FOpenko K. U. Pacuér sHeproonTuMaibHBIX peXu-
MOB JIBMDKEHUSI MTEPCIIEKTUBHOTO MOIBMXHOTO COCTaBa
METOZIOM IMTHAMITYECKOTO ITporpaMMupoBanust // M3Bectust
BY30B. DnekrpomexaHuka. — 2013. — Ne 3. — C. 78—82.

13. FOpenko K. U., ®aunees E. U. [1puHIUIIbI 110-
CTPOCHUSI U UMUTALIMOHHOE MOJEIMPOBAHUE CUCTEM
aBTOBE/ICHUS DJICKTPOTIONBUKHOTO cocTaBa // 3BecTust
HO®Y. Texunueckue Hayku. — 2016. — Ne 08. — C. 88—102.

14. TpaBuia TTOBBIX PACUETOB TS TOE3THOM PAOOTHI.
HopmarrBHOE MPOM3BOACTBEHHO-TTPAKTUYECKOE U3IaHHE.
Vreepkaensl pacriopspkernem OAO «P2KII» Ne 867p or
12.05.2016 . — M.: OAO «PX[I», 2016. — 515 ¢.

15. Kanyctun M. 10., Manaxos C. B. K Borpocy 06
yHUDUKAIMU U CTAHOAPTU3ALUN JTOKOMOTUBHBIX
MUKPOIIPOTIECCOPHBIX cucTeM // JIOKOMOTHUBBI. DJIEKT-
puueckuit TpaHcnopT. XXI Bek: T. 2: Matepuasnbl
VI MexnyHapoaHO! Hay4HO-T€XH. KOH(MEPEeHLUHU,
Cankr-IlerepOypr, 13—15 Hos16pst 2018 1. — CH6
MTIVYIIC, 2018. — C. 67-74.

Manaxos C. B., KanyctuH M. 0. OnepatuBHOe HOPMMUPOBaHNE 3HEPropecypcoB Ha TATY NOe3[0B
C UCMNOJIb30OBaHMEM METOa UCKYCCTBEHHbIX HEMPOHHBbIX CeTen




164

—
@)
o
|_
Z
@)
O
0
=
<
|_
=z
L
=
L
O]
<
=
<
=
Z
o
|_
<C
o
|_
2)
=
=
0
<

DOI: https://doi.org/10.30932/1992-3252-2020-18-158-169

Operational Rationing of Energy
Resources for Train Traction using
the Method of Artificial Neural Networks

Sergey V. MALAKHOV Mikhail Yu. KAPUSTIN

ABSTRACT

The task of resource saving is relevant for all
transport companies and many world communities of
scientists and engineers are engaged in search for
ways to solve it. World railway companies, and
especially large ones such as Russian Railways, are
large consumers of energy resources and the
problem of saving is the most urgent for them. One of
directions for solving this task can be the use of an
optimal energy regulation system for traction of each
train — an operational rationing system. Such a task
can only be solved by modelling the process of
movement through the dynamic programming
method. In modern conditions of development of
engineering and technology, it has become possible
to develop such operational standardization systems
endowed with important properties: high performance,
multitasking, solution accuracy, ease of use and
maintenance. These requirements impose certain
restrictions on the architecture of the operational
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rationing system. Typical system architecture should
be built around a centralized node, which will act as
a solver and storage, nodes for input and output of
information can be geographically separated. The
method of dynamic programming can be improved
by using it in the process of training artificial neural
networks, which will form not only a priori estimates
of energy consumption for traction, but also an a
posteriori estimate of train control (by a train driver or
auto-driving system). Also, the use of artificial neural
networks will allow us to continuously improve the
method due to training using the accumulated amount
of data from real trips, which will allow us to clarify the
norms of energy consumption and to plan our costs
in the future. The prototype of the operational
standardization system was developed at the
department of traction rolling stock of Russian Open
Academy of Transport of Russian University of
Transport and the results obtained allow us to state
that the chosen approach to solving the problem of
energy saving has been chosen correctly.
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Background. In accordance with long-term
development plans of the Russian Railways
holding company, it is required to reduce the
specific energy consumption for train traction
[1]. This task is relevant for all world railway
companies and in practice there is a continuous
search for a solution to the problem of energy
saving and optimal train driving [1—7]. The
problem is considered at different levels: for a
single train [5], for groups of trains following
each other [1], at the level of control of
movement of a large number of trains [4].
Domestic scientists and engineers also do not
disregard this problem, which is reflected in
works on practical use of devices and technologies
for resource saving [8—10], and other works
[11—13]. The use of traction calculations for
operational regulation of energy resources for
train traction in order to reduce energy
consumption is one of practical applications of
applied methods of traction theory. But the
existing methods of traction calculations and
their implementation, developed on the basis of
current rules of traction calculations [14], do not
fully comply with the requirements of operational
standardization systems. Therefore, it is
necessary to look for new approaches to solving
the problem of saving energy costs for train
traction.

Operational standardization of energy
consumption means determination of
minimum reasonable energy consumption for
train movement through a section. The main
requirements for operational standardization
systems are: high performance, multitasking,
solution accuracy, ease of use and maintenance,
high availability. Also, such a system should not

JSUTREEEERENEN,

only evaluate the energy consumption for a trip
a priori, but also make an a posteriori trip
estimate indicating the errors of the auto-
driving system or the driver.

To implement such a system of operational
regulation of energy consumption for train
traction, it is advisable to use a set of programs
that will effectively use the computing power
of computers. This is because of the fact that
exact optimal solutions (due to the requirement
of accuracy) obtained by the numerical method
of dynamic programming [12] are quite
expensive in terms of the processing power of
the processor. There are methods for finding
the optimal trajectory of motion based on
Pontryagin maximum principle [11], but such
implementations have serious limitations on
functional dependencies.

Results.

Architecture of the complex of operational
regulation of energy resources

The authors have developed a computa-
tionally effective implementation of the
dynamic programming method for single-
criterion or multi-criteria optimum search. The
needs of the program in RAM for one traction
calculation can be estimated by the formula:

Nre ey

S Vi,
RS
where S — length of the track;
A - value of the sampling step along the
coordinate;
v .. — maximum speed;
A, — value of the sampling step for speed;
N, — number of controls.
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Pic. 1. Typical architecture of the complex of operational regulation of energy resources

[authored by S. V. Malakhov].

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 158-169 (2020)

Malakhov, Sergey V., Kapustin, Mikhail Yu. Operational Rationing of Energy Resources for Train Traction
Using the Method of Artificial Neural Networks



166

Table 1

Traction characteristics of VL11 electric locomotive for series-parallel connection of TED and
complete excitation [authored by S. V. Malakhov].

Speed, km/h Traction force, Speed, km/h Traction force, Speed, km/h Traction force,
kN kN kN
21,7 557 28,0 239 36,1 106
22,3 513 28,9 217 37,0 100
22,9 468 29,5 196 38,3 93,1
23,5 436 30,4 177 39,8 84,2
24,1 399 31,3 164 41,0 78,3
25,0 355 31,9 154 41,9 75,3
25,9 309 33,1 139 42,8 70,9
26,5 285 34,0 124 43,7 68,0
27,1 261 35,2 114 449 65,0

For a typical traction arm of 200 km, only
4 GB of RAM will be required for a trip, which
in case of multitask parallel calculation will
require serious computing power, for example,
for 1000 simultaneous calculations, 4 PB of
RAM will be required. Therefore, in order to
meet the requirements of high performance,
multitasking, it is required to use the task
separation approach.

The software package consists of: initial
information preparation programs, calculation
programs, visualization programs (Pic. 1).

Separation of tasks allows to independently
perform: input and updating information on
traffic conditions and restrictions,
calculations, processing of results. These
tasks are performed in parallel, which
requires a small number of operators which
form the task for calculation and provide
input of initial information. Since it is
assumed that the consumer of information is
alocomotive depot, the results of the software
package should be available directly in a
particular depot. However, each locomotive
depot has a limited number of service areas,
and operates certain series of locomotives, so
the task of preparing and updating trip
information must be solved at a higher level
than a single depot.

Preparation and input of initial informaiton

Operators who solve the problem of
preparing and updating information must
initially fill the database with the required
initial information (traction and current
characteristics, profile and route plan, weather
conditions, etc.), and then update this
information, for example, speed limits,
weather conditions etc.

It is advisable to use an application for
working with spreadsheets from ready-made
free office packages, for example, LibreOffice
Calc on Linux operating system, which is open
source software, as a program for preparing
initial information for calculation. Since the
data exchange between the parts of the complex
passes through the database (Pic. 1), at the data
preparation stage, ready-made software that
has versions for all common operating systems
should be used.

A profile and a track plan can be entered
into a spreadsheet using import options, for
example, in MySQL database there is a Load
Data Infile statement that can directly load data
from a file in delimited text format.

Functional dependencies expressed in
tabular data from [14] can also be implemented
in LibreOffice Calc or Microsoft Excel. Let’s
consider an example of obtaining a functional
dependence of traction characteristics of VL11,
given in tabular form (Table 1).

Data is entered into a spreadsheet, then a
diagram is built, a trend line is added, which is
regression. For a better approximation, we choose
a polynomial dependence of at least seventh
order. The result of the procedure is shown in
Pic. 2. The value of the coefficient of determination
shows a fairly good approximation. The
parameters of the approximating function can be
selected individually for data. The coefficients of
the equation in Pic. 2 can be transferred to the
database by pasting it in a predetermined format
into the database table. The remaining functional
dependencies of the locomotive and the train are
introduced in the same way.

Programs in the complex should interact
with each other through a database. This is due
to the fact that there are ready-made tools for
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Pic. 2. Example of approximation of traction characteristics of the electric locomotive VL11
[authored by S. V. Malakhov].

viewing and editing data, for effective multi-user
access to data. The database allows to effectively
manipulate data within the framework of
relational algebra or user scripts and provides
reliable structured data storage, including in
clustering or sharding mode. MySQL
(oranalogues of MariaDB, Percona Server) and
PostgreSQL are used as such a database. These
are free database management systems that are
used in network sharing mode. For local testing
ofthe program, the local SQlite database is used,
which also provides multi-user access at the local
level. In case of real use of a system with a large
number of remote users, it is advisable to use one
of the network relational databases located on a
dedicated server in the cloud. The cloud can be
private in the form of its own server or cluster of
servers with software based on Linux operating
system (OpenStack, Apache Cloudstack) or
public (the cloud services platform from Mail.
Ru Group, Microsoft Azure platform, Amazon
Web Services platform, etc.).

Search for optimal power consumption rate

The automatic traction calculation unit
must also be located in the cloud. There are
several reasons for this requirement:

* high performance. Dynamic programming
is chosen as a universal optimization method,
since it allows to implement a detailed train

model without restrictions on the dependencies
between variables. Dynamic programming
involves several stages: dividing the task into
simpler ones — a matrix of possible train states,
obtaining and analyzing possible train
trajectories, changing conditions, recalculating
a matrix of possible states or rebuilding
trajectories, etc. The stages of the algorithm
require frequent integration of the equation of
train motion, taking into account many
constraints (depending on complexity of the
model), which can be specified in the form of
differential equations or even in the form of
systems of differential equations (if dynamic
forces in the train are taken into account). To
reduce calculation time, servers with several
multi-core processors should be used, their
number should allow to withstand the load from
consumers in case of growth in requests for
calculation. Taking into account the fleet of
cargo locomotives (about 7500), we can estimate
the maximum number of trains and, accordingly,
the number of requests for calculation multiple
of the number of trains. Therefore, a maximally
scalable system is required, which is provided
by a cloud solution;

* requirements for the amount of RAM.
Dynamic programming is a search algorithm
of directional search, which, to determine
the solution, performs incomplete search of
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Table 2

Calculation results [authored by S. V. Malakhov]

Calculation | Power consumption Power consumption Running time (Bellman | Running time (ANN
(Bellman method), (ANN method), method), min method), min
kV<h kV<h

1 2723 2774 61,54 61,33

2 2810 2852 61,61 61,72

3 2858 2860 61,66 61,65

4 2443 2479 61,39 61,47

5 2597 2423 61,66 61,71

variant paths, the number of which is
algorithmically limited by a number of
conditions. Impossible enumeration options
are eliminated at each step, so a complete
enumeration is not performed. But even in
this case, with a small step along the
coordinate and a large length of the traction
arm, the number of possible trajectories is
1022 or more. Using a cloud environment
allows to start the decision process inside a
virtual machine, the resources of which can
be flexibly managed;

* network access. High hardware
requirements impose restrictions on the use of
a computing program for a large number of
consumers. If there are fast communication
channels, there is no need to place equipment
near the end user. Therefore, the cloud
application of the program will save the financial
resources of the customer and consolidate the
computing load.

A breakthrough solution compared to
classical methods is a method that allows to
separate the processes of implementation and
obtaining solutions. The modern technical
level and mathematical apparatus make it
possible to make full use of the methods of
nonlinear approximation of multidimensional
functions offered by artificial neural networks
(ANN). Updating is also required only for
classical optimization methods, such as
Pontryagin maximum principle or Bellman
optimality principle, which do not involve
training (improving the adequacy) of the
model. Such methods are sensitive to accuracy
of initial information. If the characteristics of
rolling stock change, for example, due to wear
and tear of the equipment, the resulting
optimal solution does not pretend to be
accurate. In contrast to the classical methods,
the use of the «black box» of ANN allows for
continuous learning and improving accuracy
of the norms depending on the amount of

information used for training. Over time, the
amount of that information will only increase,
which will ensure continuous improvement of
the result without the use of separate additional
techniques or technologies.

The need for the use of such structures arose
due to the main drawbacks of classical methods:
long-term obtaining of the optimal solution,
need for a special increase in adequacy of initial
data, an a priori train model that does not take
into account the specific features of rolling
stock. For the method of artificial neural
networks, memory requirements have a
significant limitation only in the training mode,
which can be performed in parallel with
operation of the neural network and is divided
in time and space (for example, by using
another data center), depending on the network
structure and sample size.

The web application interface acts as a
universal cross-platform tool for visualizing the
calculation results; an alternative option may
be to use a separate desktop application. To
work with the complex tool developed at the
department of traction rolling stock of Russian
Open Academy of Transport of Russian
University of Transport, an application was
created providing a connection to the database.

Conclusion

The application, through a direct con-
nection to the database, extracts the
calculation results and displays it on the
display of the user (driver). The prototyped
version, implemented at the department of
traction rolling stock, carries out only a
search by a unique trip identifier in order
to show feasibility of the solution proposed
in the paper. If a network database is used,
then multi-user access to standards in the
database server is supported.

To check operation of the complex tool,
normalization variant calculations were performed
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forvarious sections of the track with different traffic
conditions and train parameters, training was
conducted on a limited number of model trips.

Forthe basic calculation, an arbitrary section
of the profile with a length of about 50 kilometers
was selected, and the train consisted of VL11
locomotive and fifty gondola cars fully and
partially loaded. Ten variant calculations were
carried out (Table 2), simulating various
situations with passage of a train through
separate sections in excess of applied temporal
speed limits, considering different traffic
conditions. In order to reduce memory
consumption and speed up calculations, motion
curves are not shown in a graphical form.

The calculation results show that train
running time is maintained quite accurately and
the spread of this parameter is less than a minute.
The numbers obtained by one and the other
method are quite close, which confirms the
equivalence of the solutions. The calculation
results are transmitted to the train driver to
perform a motivational function. At the end of
the trip, the operating rate is adjusted according
to the actual traffic conditions and the trip is
analyzed for compliance with the optimal traffic
plan. In case of a strong deviation of the norm
and the factual result, the trip is added to the
training set for ANN retraining.

This approach is only the first step in creating
a modern unmanned single control system for
promising locomotives [8]. At the second stage
of training ANN can form the norms and
analyze movement on board the locomotive
continuously with constant training in
reinforcement mode, that is, without the need
for a trainer (a powerful stationary computer is
not required). At the third stage, it is necessary
to proceed to train control based on ANN while
retaining the controlling personnel.
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KBonpocy 9apPeKTUBHOCTU
paboOTbl MAaHEBPOBbLIX TENJIOBO30B
Ha rpy30BbIX TEPMUHaNax

Hukonaii JIbICEHKO WUpuna KYBHELLOBA

KoHcTtantun KY3HELLOB

Jlvicenxo Hukoaaii Eseenveeuyn — Poccuiickuii ynueepcumem mpancnopma, Mockea, Poccus.

Kysneuoea Hpuna Anexc

— Poccuiickuii ynusepcumem mparcnopma, Mockea, Poccus.

Kysneuoe Koncmanmun Cepeeesuu — Mockosckas jcenesnas dopoea — guauan OAO «PXKJl», Mocksa, Poccus*®.

OCHOBHbLIMY MaHeBPOBbLIMY OrnepaunusMm Ha
rpy30BOM TEPMUHASIE SIB/ISKOTCS 1104a4a BaroHOB 110/
norpy3ky v ux ybopka nocsae Bbirpy3ku. B ctatbe
onvcaHbl PexXnMbl PaboTbl MAHEBPOBOIO TerN0B03a,
BbIMOJHSIIOLLLEro 3Ty onepaumn. [NpyBeaeHs! Mopsiaok
pac4éra B Buae aroputmMa ornpeneseHus nokasare-
nevi paboTbl MaQHEBPOBOIO TErJI0BO3a, a Takxe pe-
3y/IbTaTbl PACYETOB BbIMOJIHEHNS TEXHOJIOMMHECKOM
oriepaymy rnoaayy BaroHOB rof rorpysKky v ux yoop-
Kv rnoce Bblirpy3ku Ternsioso3om YM33 Ha rpy3oBom
TepmuHane. OnpeneneHa HeoOXo0ANMOCTb 0BbILLIE-
Hus1 TPeboBaHW K Ka4€CTBY MPUHUMAEMbIX yrpaB-
JIEHYECKUX PeLUeHU MalunHUCTaMy MaHeBPOBbLIX
T€n108030B. CKOPPEKTUPOBAH KPUTEPUIA OLIEHKN
MCI10/Ib30BaHUISI TOrO MJIV MHOMO PEXMMA YrpaB/ieHUs
TErn/ioBO30M.

JaHHble nccnenoBaHus HarnpasieHbl Ha obecrie-
4YeHue yrnpaseHns Hanbosee 3¢ PeKkTUBHbLIM Cr10COo-
6om, obecrnedynBaloMM cokpalleHne pacxona
TONIMBa MaHEBPOBLIMU TEM/I0BO3aMU N CHUXEHNE
Tem caMbiM ceb6eCcToOMMOCTY MaHeBPOBOV PaboThl Ha
rpy30BOM TEPMUHAIE, 3aTPaT B/IaAE/bLEB rPYy30BbiX
TePMUHAOB.

Takoke BbINO/IHEH Y MPEACTaB/IEH CPABHUTEIbHBIV
aHaana NpUMeHeHus PasnyHblX BapuaHTOoB yrpaBs-
JIEHWSI TEM/I0BO30M 15l Hanbosiee pacrnpocTpaHEH-
HOWi oriepaumu, noaaqv rsiTy BaroHoB roA rorpy3ky
u ux yOOpKu nocJsie BbirPy3Kku, Ha rpy30BOM TEPMU-
Hasie npu 3aAaHHbIX YCIO0BUSIX 9KCMIyaTauny.
OnpegeneHa CTOMMOCTb COKOHOMJIEHHOIO TOM/IMBa
OT UCI0J1b30BaHWVsI PaLMOHaIbHOro pexuma yrpas-
JI€HVSI MaGHEeBPOBbIM TEM/I0BO30M.
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pamKax cTpateruu g poBoii TpaHC-
dopmaru OAO «Poccuiickue xeses-
HbIE JIOPOTW» aKTyaJIbHBI TIOBBIIIIEHNE
3(phEeKTUBHOCTH TTPOM3BOJICTBEHHBIX MPOIIEC-
COB, UCMOJIb30BaHUE PACIIMPEHHOrO Habopa
WHCTPYMEHTOB MOIEPXKKM MTPUHSTHS PEeIIeHUI
C 9KOHOMUYECKON OLIEHKOHN 3(h(PeKTUBHOCTH,
IUPOKOE TIPUMEHEHWE CUCTEeM TOIePKKHU
TIPUHSTHS PEILICHN, B YaCTHOCTH TIPOTPAMMHBIX
MPOIAYKTOB YIpPaBJIEHUSI MAHEBPOBBIMU TETLIO-
BO3aMHU C LIEJIbI0O SKOHOMUWM TOTLJTMBA U CHIXKE-
HUSI ce0EeCTOMMOCTU MaHEBPOBOM pabOTHI.
KpyrHbie rpy30Bbie TepMUHAIIBI OCYIIECTBIISIIOT
BBITIOJIHEHUE YCIIYT B KOMITIEKCE: MaHEBPOBbIE
oriepaluu, TOTpy3KY, BBITPY3KY, pa3MelleHne
U KpeTUIeHUe TPy30B, XpaHEeHNe, B3BEIIIBaHUE,
CKJIaJICKYI0 006paboTKYy, aBTon0cTaBKy [ 1]. TTopsi-
JIOK BBITIOJTHEHUST OTIepalidii TIoJa9i BarOHOB
OJT TIOTPY3KY U MX YOOPKHU TIOCJIe BBITPY3KU
pentaMeHTUpyeTcst foropopoM. Ha rmyTsix Heoo-
1LIETO TTOJIb30BAHMS C HEOOJIbIIIMM BaroHOO0O-
POTOM 3T MaHEBPOBBIE OIepalvy, KaK MPaBUJIo,
OCYILECTBIISIIOTC 110 yBenomaeHusM [2]. IMona-
Yya BaroHOB TOJ, MOTPY3KY U MX yOopKa Iocie
BBITPY3KU OCYIIIECTBIISIETCS TIPY [IOMOIIY MAHEB-
POBBIX TETITIOBO30B.
PexuM paGoThl MaHEBPOBBIX TEIIOBO30B
[3, c. 73] cocToUT U3 couyeTaHUsI MPOCTHIX
oneparuii, Kaxaast U3 KOTOPBIX MPEACTaBIIsI-
eT co0oii coueTaHue OMHAKOBBIX IO hopme
EIMHUYHBIX PEXUMOB, TIPEJICTABICHHBIX Ha
puc. 1 (pasrox Rpj, MOJICP>XKAaHME MOCTOSTHHON
ckopoctu R 4 BbIOET Ruj, TOPMOXEHUE RU,,
CTOSTHKA WJIM MaHEBPUPOBAaHUE OJMHOYHBIM
JIOKOMOTHBOM R ), OT/IMYAIOIIMXCsT HAYalb-

HBIMU 1 KOHEYHBIMU BEJIMYUHAMH, KOTOPHIE
3a/laHbl B BUJE pacTpeesieHsT TUCKPETHBIX
clyJaiiHbIX BeJnuuH [4]. MopenupoBaHue
MaHEeBPOBOI pabOTHI TETJIOBO3a Ha TPY30BOM
TEPMUHAJIE C UCTIOb30BaHUEM MPOTPaMMHO-
TO TIPOIYKTA BBIMOJTHEHO IO pa3paboTaHHOM
MeToauKe [4], B KOTOPOl MMUTHPOBAHBI
MPOLIECCH ABVKECHUS, IIPOLIECCH TSITU U pe-
aJIbHBIE TIPOIIECCHl B CUJIOBBIX YCTaHOBKAX
C BBIOpAHHOM CTEIEHBIO TOYHOCTH IIJIST KaxK-
JTOTO 13 BBIIIE OITMCAHHBIX e IMTHUYHBIX PEXKI-
MOB. DTO TTO3BOJISIET BBITTOJIHUTH MOJIEIIUPO-
BaHUe pabOThI MAaHEBPOBOTO TEIJIOBO3a 0e3
repecyéra MoBTOPSIOIINXCS ITPOCTHIX OTlepa-
L.

TToxkazaTenu 11060ro eTMHUYHOTO PeXUMa
MOTYT OBITh OIIpeIeICHbI TATOBEIM PACYETOM
[5, c. 28] Ha ycTaHOBUBIIMXCS U MEPEXOAHBIX
peXrUMax ¢ MTHTEPBAJIOM BPEMEHHU Af:
dv/dt =¢(F,+w, —b), (1)
rae F, — KacaTelbHasl CUja TATU TEIoBo3a,
H;

w,— o0llee yIeabHOE CONPOTUBIECHUE,
H/xT;

b — TopmosHas cuna, H.

BpeMs paGoThl Ha MO3ULIMU KOHTPOJLIEpa
CKJIAJIBIBACTCS M3 KOPOTKUX PEKMMOB PaOOTHI,
B KOTOPBIX CTATHYECKMX PEKMMOB ITPAKTHYC-
cKM He ObIBaeT. Ha Kaxkmoit o3uLum TernjaoBo3
paboTaeT CEeKyHIbl, BCE OCTaJIbHOE BpeMs
paboThI 3aHUMAIOT TIEPEXOAHBIE TTPOIIECCHI.

JI71s1 Kak1oro eIMHUYHOTO peXknMa pado-
THI TETJIOBO3a pa3paboTaHbl aJTOPUTMBI
(puc. 2), KoTopble BKIIOUYAIOT OJOKM pacyué-

TOB [6]:

v, mfc
8,0
——
6,0 N
4,0
2,0
0,0
(] 50 100 115 150 ﬂl) 200 215 250 0 350 ¢tc
Ry Rg R Ry R o
paaroH ATHNEHWE C ABHMEHna TOPMO- CTOAHKHW MAKM
NOCTOAHHOR no p wy
CKOPOCTbIO nHepyun oaHoro
nokomoTHBea

Puc. 1. EQUHNYHBIE PEXUMBI.
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Hauano
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PacueT BpemMeHM
W CHOPOCTH

v

PacuéT nokasaTtensi oMaens
per pEpr Wi Prpr P'r\r: EI'TY-" r]i,r-r pmp I::.in-r El‘r“: Nin

l

Pacuét nokazartenei BCNoMoraTensHoro
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]

PacyeT nokazaTensi ABWHEHWA Noe3na
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b,

i

PacuyéT BeINOAHEHHOW paboTel

EEE.IV EEEEF EEO‘ EBir M EEIHI!EH EEIMHJH EEnnT B!
zEm:lT nr Eupr Eyon Nrepsonr ”TT-::EW,: M ETupw t nep. np.Q

v

Boixon,

Puc. 2. Briok cxema anroputma pac4éra eAUHNYHOro pexmnma.

* TTapaMeTpPOB JABUKEHUS COCTaBa C UC-
nojib3oBaHueM nosnoxeHuid [1TP u orpanu-
4yeHui no cuensienuo v, F,, dv/dt, dF /dt,

* rokasateJieli paboThl CUJIOBOM YyCTAHOB-
xkuP, P 6, K [7];

* padOTHI BCTIOMOTATEIbHBIX arperaTton
PBCH;

* MOKa3aTesjeil BBIMOJHEHHOW paboThI

1 3¢ GEeKTUBHOCTU Ny N W 11 [4],
IJie V¥ — CKOPOCTb, C;

dv/dt — yckopeHue cocTtasa, M/c;

dF,/dt — yrnoBas cKOpoCTb, paj/c;

P, — nHOuKaTopHas MOIIHOCTG, BT;

P — MOILIHOCTb MEXaHMYECKHX MOTEPb,
BT,

B_— PACcXo/l TOIUIMBA, KT,

K — mokasatenb noreps, M/c;

P — MOIIHOCTb BCIIOMOTaTE/IbHBIX arpe-

ratoB, BT;
N — KII/I TeryioBo3a Ha aBTOCLENKE;

n,— KIT TeruoBosa o6miwmii;

W — KOMILIEKCHBII KpuTepuii (hopmy.ia
(2));

I1 — mpousBoIUTENHHOCTD, Bar/vac.

Ha puc. 2 mpuHATBE 0003HAYCHUS:

P — 3 heKTUBHAS MOIITHOCTH TU3EIIST Ha
YCTaHOBUBIIIUXCS pexuMmax, BT;

P, — pacuérnas s dexTrBHAA MOTII-
HOCTb aM3ens, Br;

W, — TeKylllee 3HaY€HME YaCTOThI BpALlIEe-
HUSI KOJIEHYATOTO BaJia, paj/c;

P, — MOIIHOCTh MEXaHMYECKHX MOTEPD,
Br;

P, — MHIMKaTOpHAs MOLIHOCTb YCTAHO-
BHUBILIETOCS pexxuma, BT;

B’ — Pacxo/ TOIIMBA YCTAHOBUBILETOCS
pexuma, KT;

M, — WHIMKATOPHbIN KITJI ycraHOBUB-
LIETOCST PEXUMa;

PMH — MOIIIHOCTb CUJI MHepLUU, BT;
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P, — vHanMKaTOpHAas MOLIHOCTD B IEpe-
XOJHOM Tipoliecce, BT;

B," — PacXo/l TOILIMBA B IIEPEXOIHOM IPO-
mecce, KT;

m,, — UHIMKATOPHOE KII/I B mepexoaHoM
mnpolecce;

®," — y/elbHOE COMPOTHUBJIEHUE JIBUXE-
HUIO BaroHoB, H/KT;

®_/ — YAEIbHOE CONPOTUBIIEHUE JIBUXKE-
HUIO Ter1oBo3a, H/KT;

o, — YAeJIbHOE CONPOTUBIICHUE IBUXE-
HUIO X0JI0CcTOro Xoma, H/Kr;

K, — nokasarens nmorepb, M/c;

F,, — KacatenbHas CUia TATH TEILUIOBO3a,
H;

wQ” — COINPOTUBJIEHUE IBUKEHUIO Baro-
HoB, H;

w_ ' — CONpPOTUBJIEHHE ABUKEHUIO TETLIO-
BO3a, H;

a — YCKOpeHMe cocTaBa, M/C;

F oo — KACATEIIbHAS CUJIA TSTH TEIUIOBO3a
Ha aBTocuenke, H;

Av, — nipypalieHne CKOPOCTH, M/C;

AS, — mpupanieHue nyTu, M,

S, — NPOMIEHHBDIIA IyTh, M;

B, — TopmosHas cuna, H;

Y — KOa(DULIMEHT CLerIeHus;

2E_ —nvccunatusHas paboTa TEIIoBo3a,
JIK;

ZECB — JUCCUIIaTUBHAsA paboTa BaroHOB,
JIK;

2. E,—ob61mas nuccunatupHas pabota, JIx;

2B, — pacxo/ TOIIMBA IM3€JIEM IIPY epe-
XOITHOM U YCTaHOBMBIIEMCS PEXKMMaX, KT

N, — KITI nusens;

ZEKMH , — KnHeTnJeckas paboTta BaroHos,
0K

9
2E  —KuHeTHuecKas paboTa TerioBo3a,

!Z[X7

2E . —noTeHInanibHasg paboTa BATOHOB,
Hx;

2E . — noTeHUMaTbHas paboTa Termio-
BO3a, JIX;

EKp — paborta Ha aBTocuernke, /1x;

E_, — pabora Ha Konece, JIX;

L KIIJI TeruioBo3a Ha aBTOCILICIIKE;

Moo — KII/ TerioBo3a o01IMiA;

ETopM — paborta TopMoxeHust, JIx;

! rep.np.o — BPEMSI IEPEXOIHOrO MpoLec-
ca, C.

BrIMoTHUB pacuéT eAMHUYIHOTO PeXKMMa
paboTHI TEIUIOBO3a ITO BBIIICIIPUBEAEHHOMY
AJITOPUTMY, TTOJTy4aeM PEe3yJIbTaThl, IIPeACTaB-
JICHHBIC B BUJIC aBTOMAaTUIECKH COCTABICHHOM

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 170-183 (2020)

CBOJIHOM TaOJIUIIBI 9KCTUTyaTaIlMOHHBIX TTOKa-
3areJsieil paboThI TETIOBO3a TP BHITTOJIHEHU T
EIMHUYHOTO PeXXruMa M TaOJIMIIBI paciipe/e-
JIGHUST pacxojia TOIUIMBA U BPEeMEHU pabOThI
TETUIOBO3a IO TTO3UIIMSIM KOHTPOJUIepa Mallu-
HucTa [4].

11 THIWYHOW MaHEeBPOBOI Orepaluu,
WCTIOJTB3Ysl HA0OP OCHOBHBIX XapaKTePHBIX
EIMHUYIHBIX PEKUMOB MAaHEBPOBOTO TETUIOBO-
3a ¥ BapbMpPOBaHNE KOMIIOHEHTOB, ITOJTy4aeM
KOHEYHBIEe pe3yJIbTaThl B BUIE CBOTHOMW Ta0-
JINIIBI BBITIOJTHEHUSI MAaHEBPOBOI Olepalnu
10 BEIOpAaHHBIM IMHUYHBIM PEKUMaM C yUE-
TOM pabOThI HA XOJIOCTOM XOJy ITPU CTOSTHKAX
[4]. CBonHasa Tabauiia BKJIHOYaeT B cebs:
Ha3BaHUE TEMJI0BO3a, MacCy BaroHOB B CO-
cTaBe, BpeMs, TTyTh, PACXOJI TOTIIMBA, TUCCH-
MaTUBHYIO pabOTy BaroHOB M TEIJIOBO3a,
KWHETUYECKYIO pabOTy BATOHOB U TEILJIOBO3a,
paboTy TOPMOXEHUsI, MOTeHIIMAIbHYIO pa-
00Ty BaroHOB U TEIJIOBO3a, pabOTy Ha aBTO-
cuernke, Ha kosnece, KITJ TermioBo3a Ha aB-
TOCIIENKE W OOIIMii, TPOU3BOIUTEIHLHOCTh
TEIUI0BO3a, Takxke (HOpMUPYIOTCs Tpaduku
pacxona Toruisa (B, B, v ) v Bpemenu (T,
T Hep) 10 TTO3ULIMIM KOHTPOJLJIEpa MallUHUCTA
3a omepanuio [4].

Hcronb3yst KOHEUHBIE PE3yJIbTaThl pacyeé-
TOB, TO €CTh ITOKA3aTeJ I BBITIOJTHEHHOM pa-
0OTHI TEIJIOBO3aMM, MOXKXHO BBITTOJHUTH
aHaJIM3 ¥ PeIIUTh MHOXKECTBO 3a7a4, HaIlpaB-
JIGHHBIX Ha BBIOOD TEIJIOBO3a HanboJee MmoI-
XOJISIIETO JUTSI 3alaHHBIX YCJIIOBUM KCITTya-
TalMM Ha TPY30BOM TEpPMUHAJIE U pPeXuMa
yIpaBJIeHUSI UM, TIPUMEHUB KOMITJIEKCHBII
KPUTEPUIA:

W =(B*T)/m — min, npu E  =const, (2)
rmue EKp — paboTta, BBITIOIHseMas TEII0BO3aMu
Ha aBTocLenKe, JIX;

B — pacxon TormiuBa, Kr;

T — Bpewms, c;

m — KOJIMYeCTBO BarOHOB B COCTABeE.

Hanpumep, HanboJiee pacnpocTpaHEHHAs
JUTSI TPY30BBIX TEPMUHAJIOB, TEXHOJIOTUYECKAsT
orneparlvs oJjauy BAaroHOB IO/ TIOTPY3KY U UX
yOOPKM ITOCIIe BHITPY3KH MOXKET OBITh BBITION -
HeHa pa3HbIMU CITIOCOOAMU: C PEKUMOM pa3-
TOH JIO 3aIaHHOI CKOPOCTHU MPU MaKCUMaJTb-
HOM OBICTPOAEHCTBUM WJIW O 3aJaHHOU
CKOPOCTH Ha 33aHHOI MTO3UIIMYA KOHTPOJLIEe-
pa MamvHucTa (Hanpumep, S5 T1K).

MamuHucTaM 3a4acTy0 MPUXOJAUTCS
YIIPaBJISITh MAHEBPOBBIM TETJIOBO30M [8, ¢. 68]
B YCJIOBUSIX 3MOLMOHAIBHOTO HAMPSIXKEHUS
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TENnJIOBO30B Ha rpy30BbIX TEPMUHaNax



174

Taomua 1

CpaBHeHHe Pe3yJIETATOB BBHINOJIHEHHUS TEXHOJIOTHYECKON ONePALiH MOJA41 BATOHOB 10T
NOTPY3KY M X YOOPKH MOCJI€e BHITPY3KH TemioBo3oM YMD3 npu pa3HbIx BapuanTax Habopa
TO3UIMIA KOHTPOJLIepa MAIMHUCTA™

KomuuectBo | [Tokazatenu paboThl MPU MPUMEHEHUN [Nokasarenu paGoOThI TPU MPUMEHEHUU PeXUMa

BaroHOB peXrMa «pas3roH J10 3aJaHHOI CKOPOCTHU NP «Pa3roH J10 3aIaHHOI CKOPOCTHU Ha 3a1aHHOI
MaKCHMaJTbHOM ObICTpoeiicTBUm» (Pexum 1 no3unuu (5)» (Pexxum 2 (R2))
(R1))

m Bpewms, c, T Pacxon KommnekcHbit | Bpemst, ¢, T2 | Pacxox KomruiekcHbIi

TOMINBA, KT, B | kpurepuid, W, TOIUIMBA, KT, kputepuii W 2
B2

5 363,2 4,5 323,2 397.,8 3,57 286,4

10 381,2 5,4 205,8 421,2 4,6 193,8

15 387,1 6,7 172,9 425,1 5,9 167,2

20 404,3 7,7 155,7 4452 6,9 153,6

25 421,2 8,9 149,9 463,7 8,1 150,2

30 433,1 10,0 144 4 482,5 9,2 148,0

35 450,3 11,1 142,8 499,3 10,3 146,9

an/IMG‘-[aHI/ICZ * pacqéT BBITIOJTHEH ITPU OAMHAKOBBIX 3aJaHHBIX YCJIOBUAX, JJIMHA HpOﬁZ{CHHOFO YT COCTaBJISICT

3000 m.

U CTPECCOBBIX CUTYALIMH 10 TIPUYMHE BO3CH -
CTBUSI HEOJIarOMPUSITHBIX (DAKTOPOB 1 Pa3JIAd-
HOTO pojia ToMeX, U30BLITOUHOCTU U Aepu-
nruTa MHGOPMALIMU, OTPAHUYEHHOCTH 10
BpPEMEHHM, BO3JIOKEHHOU BBICOKOI OTBET-
CTBEHHOCTH 3a obecrieueHue 0e30MacHOCTH
1 32 KOHEUHBII pe3yJIbTaT, YTO MOKET ITPUBE-
CTH K OIIMOOYHBIM ASHCTBUSIM U OTPAKACTCS
yBeJIMYEHUEM pacxoja TorinBa. [1oaTomy,
ITOMUMO CHCTEM MOHUTOPWHTA W KOHTPOJIS
TeruioBo3a [9], moBbIlIeHUE TPeOOBAHU K Ka-
YeCTBY MPUHUMAEMBIX YIIPaBIEHYECKUX pe-
IIEHWA, B TOM 4YMCJIe MAaIlMHUCTAMM, HEOO0-
XOIUMOCTbh 00paboOTKK 6OJbIINX 0OBEMOB
MH(bOPMALIY U PALIMOHAIM3AIIMY ITPOLIECCOB
MPETONPEeIISTIOT BHEAPEHUE HA MAaHEBPOBOM
TeMI0BO3€e aBTOMUIOTOB [Harp., 10], aBToma-
TU3UPOBAHHBIX CUCTEM YITPABICHUS UM,
B YaCTHOCTH 0J10Ka BEIOOpA peXXrma yrpaBJie-
HUSI, 00ECIIeYMBAIOIIEro CHUXKEHUE pacxona
TOIUIMBA 3a CYET MCMOJb30BaHUSI Hanubosee
PaLMOHAIBHOTO BapUaHTa YIIPABJICHUS PEKU-
MaMU pabOThI U TEM CaMbIM — OOeCITeunBast
CHIDKEeHHME ce0eCTOMMOCTH MaHEBPOB U pac-
XOJIOB BJIaJIEJIbIIEB I'PY30BBIX TEPMUHAJIOB
(MHCTpYMEHTapHil TOCTVKEHUS JTaHHOM LIeJTN
omnucat B [4]).

Bre1GepeM pallMoOHATBHBIN PEXUM YITpaB-
JICHWSI MAHEBPOBBIM TEIIOBO30M JIJISI KOH-
KPETHBIX YCIIOBUIA.

B ta61. 1 mpuBeaeHbI pe3ysibTaThl pacuéTa
10 BBIIIEONTMCAHHOMY aJITOPUTMY BBITIOJTHE-
Hus TerioBozoM YMD3 [11] o6opyaoBaHHO-
ro OCYBT (a71eKTpOHHOI CUCTEMOI BITphICKA

TOIUIMBA) OIepalluy MoJauyl BarOHOB O]
MOTrPYy3KY ¥ UX YOOPKH IOCJIE BBITPY3KU MPU
YIpaBJIEHUU Pa3IMYHBIMU CITOCOOAMM.

Kak BuaHo 13 tab1. 1, A1 3aAaHHBIX YCJI0-
BMIA TIpY KOJIMYECTBE BarOHOB B COCTaBE MEHEe
25 HaunboJiee MPenroYTUTe/IeH BTOPOii BApUAHT
BBITIOJTHEHUSI TEXHOJIOTUYECKOI Oorepanuun
110/IaYM BaroHOB IO TIOTPY3KY U UX YOOpKHU
T10CJIe BBITPY3KH C PESKMMOM «Pa3roH JI0 3a1aH-
HOWM CKOPOCTM Ha 3ajaHHOI mo3uuuu (5)».
3HaueHue SKoHOMUM TorLinBa [ 11] 3a Hanbonee
PacrpoCcTpaHEHHYIO TEXHOJIOTMUECKYIO orepa-
LIMIO TIOJIa4 M TISITU BarOHOB TIOI TIOTPY3KY U X
yOOpKM MOC/Ie BBITPY3KH, PACCUMTAHHOE TI0
JIAHHBIM Ta0J1. 1, onpeneauM o gopmyJie:
ABp =B, —B,, 3)
rae B,, u B,, — pacxon Toruisa TemnuioBo3om
MPU TIEPBOM M BTOPOM CITOCO0€ BHIMOTHEHMS
TEXHOJIOTMYECKO orepaliy Iojiay BATOHOB
MO/ TIOTPY3KY U UX YOOPKU IOCJIe BHITPY3KHU
Tena10Bo30M UM D3 coOTBETCTBEHHO, KT.
ABP= 4,5-3,57=0,93 k.

CTOMMOCTh COKOHOMJIEHHOTO TOIIMBA
coctaBur [4]:
c=u,- ABP,
rae L, —uena 1 xr torumsa, 49 pyo6.

C =49+0,93 = 45,6 py0. 3a ogHy ornepa-
LIVIO TIOJau ¥ TISITH BarOHOB IO/ TIOTPY3KY U X
yOOPKU TOCTIE BBITPY3KH.

B 1ies10M 3a TO CTOMMOCTD COKOHOMIIEH-
HOTO TOIUIMBA 3a OJHY OIlepaluio Mmogadu
MSTH BaroHOB IOJ MOIPY3KYy U MX YOOpKHU
1ocJie BBITPY3KW COCTaBUT [4]:
Cogur = (365 —Tp) < C <k,

C))

%)
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Puc. 3. Ipagpmyeckoe nzobpaxeHne nuaMeHeHns nokasaresieri paboTsl TeN10B03a N KOMIIEKCHOro kputepus W,
NPy BbINOJIHEHUN TEXHOJIOrMYECKOU onepaLuy nogaym BaroHOB oA rnorpy3ky n ux y6opku nocsie Bbirpy3Ku.

Ta6amua 2
CpaBHeHMe Pe3y/IbTaTOB BbINOJTHEHHS TEXHOJIOTMYECKOI ONepaIyn MoJAaYu BATOHOB MO
MOTPY3Ky M MX YOOPKH MOcJie BHI'PY3KH TemioBo3oM UYUMD3 npu pasHbIX BApHAHTAX HAOOpa
MO3MIMi KOHTPOJIIepa MAITMHUCTA (IISITh BATOHOB)

HnuHa TTokazarenu paboThl MPU MPUMEHEHU N TTokasarenu paboThl P MPUMEHEHU N AW,
MapIlpyTa | pexXuMa «pa3roH 10 3aIaHHOM CKOPOCTU | peXKrMMa «pa3roH 0 3aIaHHOM CKOPOCTU Ha
MpU MaKCUMaJIbHOM OBICTPOAEHUCTBUM» | 3alaHHOM MO3ULIMU (5)»
(Pexxcum 1 (R1)) (Pexaum 2 (R2))
IL Bpewms, ¢, T | Pacxon Kowmmnekcnsrit | Bpewms, ¢, T2 | Pacxon KomruiekcHbIin
TomnuBa, | Kpurepuid, W TOIINBA, KT, | Kputepuid, W, ,
kr, B B2
1520 299 3,39 202,72 266 2,39 127,15 75,57
3200 507,6 4,2 426,38 513,6 3.8 390,34 36,04

roe k — KOJIWYeCTBO TeIJI0BO30B (1 em.) Ha  IIOf IOTrpy3Ky M UX YOOPKHU ITOCJIC BBITPY3KU

TPY30BOM TEPMUHAJIE; Ha OTHOM TPy30BOM TepMUHAJIC.

Tp — npocroii TeruioBo3a MpU TEXHUYE- YuuThiBasg KOJIMYECTBO I'PY30BbIX TEPMUHA-
CKOM OOCTyXMBAaHWU W PEMOHTaX 3a IO, JIOB M KOJIMIECTBO MAaHEBPOBBIX OITEPALINIA B I1e-
npuHsaTo Tp = 15 cyTOoK. JIOM TIO CTpaHe, UCTOJIb3Ysl PalIMOHAILHBIA pe-

Cogu . = (365—=15)+45,6 -1 = 15960 py6. KuM yrpaBieHUs: MAHEBPOBBIM TEILIOBO30M,
BTO/I 32 OJHY OITEPALIMIO TIOJAYH IISITY BATOHOB  3aJIOKEHHBII B 0JI0Ke BBIOOPA pesKIMa yIIpaBIie-
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HUSI, MOXHO TIOJTyYMTh 3HAUYNTETbHBIN 9KOHO-
MMUECKU 2(PEKT U CHIDKEHNE CE0ECTOMMOCTH
MaHEeBPOBOIA Pa0OTHI Ha TPY30BbIX TEPMUHATIAX.

Ha puc. 3 nmokazaHa kpuTuyeckasi Touka,
TapaMeTpbl KOTOPOI TIOATBEPIKIAIOT, UYTO MPU
KOJIMYECTBE BarTOHOB B COCTaBe 0oJiee 25 11e1eco-
00pa3HO TIPUMEHSATH TIEPBBIN BAPUAHT BBITTOJ-
HEHUST TEXHOJIOTMUECKOM orepaluy Mmojaadu
BaroHOB IO/, TIOTPY3KY U MX YOOPKHU TIOCIIE BbI-
TPY3KU C PEKMMOM «Pa3roH JI0 33IaHHO CKOPO-
CTU TTPU MAaKCUMAIIEHOM OBICTPOICCTBUM».

Taxke MOXKHO OTMETUTBH, UTO SKOHOMMS
TOTUTMBA OT BEIOOPA PAITMOHATIBHOTO PeKMa
yIpaBJIeHUsI MAaHEBPOBBIM TETUIOBO30M OoJiee
OYeBHMIHA MPU BBIITOJHEHUN MaHEBPOBOU
paboThl KOPOTKMMU MapIIpyTaMHu.

B pesynbrate uccienoBaHuii chopmyu-
poBaHa cTpaTeTus MoKucKa paluoOHaJIbLHOTO
THUIIa TETIJIOBO3a JIJIT KOHKPETHOU paboThI
1 BBIOOpA pexkruMa yrpaBJieHUSI UM B 3aBUCH -
MOCTH OT 00BEKTa UCCIIEIOBAHUS U YCITOBUI
9KCTUTyaTallu¥, B YACTHOCTU TSI TPY30BBIX
TEPMUHAJIOB. B KaXX10M KOHKPETHOM cJTydae
MOXHO BBIOpaTh pallMOHAbHBIN, Hanbosee
SKOHOMUWYHBIN, BApUAHT, YIUTEIBasI MHOTO-
o0pa3ue IKCIUTyaTUPYeMbIX MOJENeil JIOKO-
MOTUBOB [Hamp., 12].

CrieninajJnCcThl Hay4YHO-MCCIIeT0BATEIb-
CKMX OpraHu3alluii, U3TOTOBUTEIN U COO-
CTBEHHUKU MaHEBPOBBIX TETIJIOBO30B, IPy-
30BBIX TEPMUHAJOB TOJKHBI CTPEMUTHCSI
K BHEIPEHUIO MHTEJJIEKTYaJbHBIX CUCTEM
VIIpaBJIeHUS TEXHUYECKUMU CPeACTBAMMU,
YY4aCTBYIOIIMMU B IIpolleccax MepeBO3oK,
B TOM 4HCJIe U JUISI MAHEBPOBOIl pabOTHI, K
paroHaaIn3alnuy dKCIUTyaTallMOHHOM pa-
0OOTHI, THOKOMY BHEIPEHHWIO HOBBIX TEXHO-
JIOTU M TOIXOJ0B B YCIOBUSIX HU(PPOBOiA
9KOHOMMKHU.

BbiBOA4bl

1. UmuTauus npoueccoB BBIMOJTHEHUS
MAaHEBPOBBIX ONEpallUii Ha TPY30BOM TEPMMU-
HaJie TO3BOJISIET C BBICOKOI TOCTOBEPHOCTHIO
BBITIOJTHUTh PACUET MoKa3aTesieil padoThl
MaHEBPOBOTO TETJI0BO3a, YTOUHUTH PACXOJ
TOIUTMBA [4] ¥ BLISIBUTH HanboJiee pallioHa b-
HbIE PEXUMBI YIIPABJICHUS TEILJIOBO30M IO
KOMILIEKCHOMY KpHutepuio W .

2. BbITOJTHEH pacyéT rmokasaresieil MaHeB-
PpOBOIi pabOTHI ITOAAYY BATOHOB MO ITOTPY3KY
U UX YOOPKM TOCJIE BBITPY3KU HA FPY30BOM
TepMUHaJIe TerIoBo3oM UMD 3 18t 3a1aHHBIX
yCJIOBUM, TpadUuecku MOKa3aHO BIUSHUE

PEXMMOB pabOTHl MAHEBPOBOTO TETUIOBO3a Ha
€Tr0 TOTUTMBHYIO SKOHOMUYHOCTb.

3. I[IpoBenéH cpaBHUTEJbHBIN aHaIU3
HCITOJIH30BaHUS Pa3IMIHBIX PEKIMOB YITpaB-
JICHUsSI MAaHEBPOBBIM TEIUIOBO30M U OIIpelIe-
JIeHa CTOMMOCTh COKOHOMJIEHHOTO TOILIMBA
JUTsT HanboJiee pacrpoCcTpaHEHHOMN TEXHOJIO-
TUYECKOU OTepally MOJAYN IISITH BarOHOB
TOJ, MIOTPY3KY M MX YOOPKM ITOCTIC BBITPY3KH
Ha TPY30BOM TepMMHAJIE.
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ABSTRACT

The main shunting operations at the cargo
terminal compose of supply of cars for loading and
their removal after unloading. The article describes
the modes of operation of a shunting diesel locomotive
performing these operations. The procedure for
calculating in the form of an algorithm for determining
performance indicators of a shunting locomotive is
given, followed by the results of calculations for
performing a technological operation of supplying
cars for loading and removing them after unloading
by a ChMES3 diesel locomotive at the cargo terminal.
The necessity of increasing the requirements for
quality of control decisions made by drivers of
shunting diesel locomotives is determined. The

criterion for evaluating the use of one or another
locomotive control mode has been adjusted.

These studies are aimed at ensuring control in the
most efficient way, providing for a reduction in fuel
consumption by shunting diesel locomotives and
thereby reducing the cost of shunting work at the cargo
terminal, the costs for owners of cargo terminals.

Also, a comparative analysis of the use of various
options for controlling a diesel locomotive for the most
common operation, supply of five cars for loading and
their removal after unloading, at the cargo terminal
under specified operating conditions is performed
and presented. The cost of fuel saved through the use
of a rational mode of control of a shunting locomotive
has been determined.
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cargo terminal, cost reduction.
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s part of the digital transformation
178 A strategy of JSC Russian Railways, it is
important to increase efficiency of
production processes, use an expanded set of
decision support tools with economic assessment
of their efficiency, widespread use of decision
support systems, in particular, software products
for controlling shunting diesel locomotives in
order to save fuel and reduce the cost of shunting
work. Large cargo terminals provide servicesin a
comprehensive way comprising shunting
operations, loading, unloading, stowage and
securing of cargo, storage, weighing, warehouse
handling, road delivery [1]. The procedure for
performing operations of supplying cars for
loading and removing them after unloading is
regulated by the contract. On non-public tracks
with a small wagon turnover, these shunting
operations, asarule, are carried out on notification
[2]. The supply of wagons for loading and their
removal after unloading are carried out using
shunting locomotives.
Operating mode of shunting locomotives
[3, p. 73] consists of a combination of simple
operations, each of which is a combination of
single modes of the same form shown in Pic. 1
(acceleration R, maintaining constant speed
R, coasting R, braking R, parking or
maneuvering with a single locomotive R ),
differing in initial and final values, which are
given in the form of a distribution of discrete
random variables [4]. Modelling of the shunting

operation of a diesel locomotive at the cargo
terminal using a software product was carried
out according to the developed method [4],
simulates motion processes, traction processes
and real processes in power plants with a
selected degree of accuracy for each of the
above-described single modes. This makes it
possible to simulate the operation of a shunting
locomotive without recalculating repetitive
simple operations.

Indicators of any single mode can be
determined by traction calculation [5, p. 28]
on steady-state and transient modes with a time
interval At:
dv/dt =¢(F,£w, —b,), (1)
where F_is tangential traction force of the
locomotive, N;

w, — total resistivity, N/kg;

b, — braking force, N.

The operating time at a given controller
position consists of short operating modes, in
which there are practically no static modes. The
locomotive runs for seconds at each position,
the rest of time is occupied by transient
processes.

For each single mode of operation of a
diesel locomotive, algorithms have been
developed (Pic. 2), which include calculation
blocks comprising [6]:

* parameters of train movement using rules
of traction calculations (RTC) and adhesion
constraints v, F,, dv/dt, dF /dt,

v, m/s
t,s
Rpj Rdj Ruj Rtj Rxxj
Acceleration Constant Coasting Braking  Parking or moving
speed a single
movement locomotive

Pic. 1. Single modes.
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Start

v

Time and speed

W
Calculation of diesel indicators
Pe, Pel, Wi, Pml, Piy, bfy) 77iy, Pinert, Pin,
by rlﬂin
Calculation of indicators
of auxiliary equipment

k.

Calculation of movement indicators @, ”, @,
a)O)CX/) Kl) Fkl) WQ”,v Wl') a} choup) Avl, ASI: Si) Bf) yl

4

Calculation of the work performed Y Eg Y Eq,
ZES, zBi, nr, Ekinw, zEkinl, ZEpoTc, ZEpoT 1, Ecr,

Ewh, 77T coups 7]Ttot, E Tbhrake, t trans.pr.0

v

Exit

Pic. 2. Block diagram of the algorithm for calculating a single mode.

» performance indicators of the power P, — power of mechanical losses, W,
plantP, P , b/, K,[7]; bf— fuel consumption, kg;

* operation of auxiliary units P_ ; K, — indicator of losses, m/s;

* indicators of work performed and P . — power of auxiliary units, W,
efficiencyn _,n,, W, P[4], n,, — efficiency of a diesel locomotive on
where v — speed, s; an automatic coupler;

dv/dt — train acceleration, m/s; n,— overall efficiency of a diesel locomotive;

dF /dt — angular speed, rad/s; W, — complex criterion (formula (2));

P, — indicated power, W; P — productivity, wagon/h.
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In Pic. 2 the following designations are

180 accepted:

P_— effective power of the diesel engine at
steady state modes, W;

P_,— calculated effective power of the diesel
engine, W,

w, — current value of the crankshaft rotation
speed, rad/s;

P_ —power of mechanical losses, W,

PI.y — steady state mode indicator power, W;

by — steady state mode fuel consumption, kg;

Ny~ steady state mode indicator efficiency;

P, . — power of inertial forces, W,

P, — indicated power in the transient
process, W,

b — fuel consumption in the transient
process, kg;

n,, — indicated efficiency in the transient
process;

o," — specific resistance to movement of
cars, N/kg;

o / — specific resistance to the locomotive
movement, N/kg;

o, ' — specific resistance to idle motion,
N/kg;

K, — indicator of losses, m/s;

F,, — tangential traction force of the
locomotive, N;

wQ” — resistance to movement of cars, N;

w,’ — resistance to movement of the
locomotive, N;

a — train acceleration, m/s;

F,.,,, — tangential traction force of the
locomotive with automatic coupler, N;

Av, — speed increment, m/s;

AS, — path increment, m;

S, — distance traveled, m;

B, — braking force, N;

Y — coefficient of adhesion;

>.E — dissipative work of a diesel locomo-
tive, J;

2E_ — dissipative work of wagons, J;

2.E —total dissipative work, J;

2B, — diesel fuel consumption during
transient and steady state conditions, kg;

n, — diesel efficiency;

2E,,, ,—kinetic work of wagons, J;

2.E,,, ,—kinetic work of a locomotive, J;

2E, ;,— potential work of wagons, J;

ZEpoT ,— botential work of the locomotive, J;

E, — work with automatic coupler, J;

E,, — work on the wheel, J;

Mooy — efficiency of a diesel locomotive
with an automatic coupler;

Ny, — overall efficiency of the locomotive;
— work of braking, J;
ranspr0 time of the transient process, s.

Having performed the calculation of a
single mode of operation of the locomotive
according to the above algorithm, we obtain the
results presented in the form of an automatically
compiled summary table of operational
performance of a locomotive performing a
single mode operation and the table of
distribution of fuel consumption and operating
time of the locomotive by positions of the
driver’s controller [4].

For a typical shunting operation, using a set
of basic characteristic single modes of a shunting
diesel locomotive and varying the components,
we obtain the final results in the form of a
summary table of performing a shunting
operation for the selected single modes, taking
into account idling at standstill [4]. The
summary table includes: name of the
locomotive, mass of wagons in the train, time,
distance, fuel consumption, dissipative work of
wagons and locomotive, kinetic work of wagons
and locomotive, braking work, potential work
of wagons and locomotive, work with automatic
coupler, work related to a wheel, efficiency of
a locomotive when working with automatic
coupler,overall locomotive efficiency,
performance of the locomotive. Graphs of fuel
consumption (B » Bfm) and time (T, T, ) are
also formed according to the positions of the
driver’s controller during an operation [4].

Using the final results of calculations, that
is, the indicators of the work performed by
diesel locomotives, it is possible to analyze and
solve many problems aimed at choosing the
most suitable diesel locomotive for the given
operating conditions at the cargo terminal and
its control mode, applying a complex criterion:
W,= (B +T)/m — min, ipu E_ = const, (2)
where E_ — work performed by diesel
locomotives with an automatic coupler, J;

B — fuel consumption, kg;

T —time, s;

m — number of wagons in the train.

For example, the most common technolo-
gical operation of supplying cars for loading
and their removal after unloading at cargo
terminals can be performed in different ways:
with the acceleration to a given speed with
maximum performance or with a given speed
at a given position of the driver’s controller (for
example, 5 PC).

ETbrake
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Table 1
Comparison of results of performing the technological operation of supplying cars for loading
and their removal after unloading by ChME3 diesel locomotive with different variants
of setting of positions of the driver’s controller*

Number | Performance indicators when using the acceleration | Performance indicators when applying
of cars | mode to a given speed with maximum performance |the acceleration mode to a given speed at a given
(Mode 1 (R1)) position (5) (Mode 2 (R2))

m Time, s, T Fuel Complex Time, s, T2 Fuel Complex
consumption, | criterion. W consumption, | criterion W2
kg, B ! ke, B2

5 363,2 4,5 323.2 397.8 3,57 286,4

10 381,2 5,4 205.8 421,2 4,6 193,8

15 387,1 6,7 172.9 425,1 5,9 167,2

20 404,3 7,7 155.7 4452 6,9 153,6

25 421,2 8,9 149.9 463,7 8,1 150,2

30 433,1 10,0 144.4 482,5 9,2 148,0

35 450,3 11,1 142,8 499,3 10,3 146,9

Note: *the calculation was carried out under the same specified conditions, the distance traveled is 3000 m.

T,s; W, B, kg

T Wi T2 Wi2 B B:

Pic. 3. Graphical representation of the change in the performance of the locomotive and the complex criterion W,
when performing the technological operation of supply of cars for loading and their removal after unloading.
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Table 2

Comparison of the results of performing the technological operation of supplying cars
for loading and their removal after unloading by the diesel locomotive ChME3 with different
variants of the set of positions of the driver’s controller (5 cars)

Route | Performance indicators when using Performance indicators when applying AW
length [ the acceleration mode to the specified speed the acceleration mode to a given !
at maximum speed speed at a given position (5)
(Mode 1 (R1)) (Mode 2 (R2))
L Time,s, T Fuel Complex Time, s, T2 Fuel Complex
consumption, | criterion, W, consumption, | criterion, W2
kg, B kg, B2
1520 299 3,39 202,72 266 2,39 127,15 75.57
3200 507,6 4,2 426,38 513,6 3.8 390,34 36.04

Drivers often have to operate a shunting
locomotive [8, p. 68] in conditions of emotional
stress and stressful situations due to impact of
unfavorable factors and various kinds of
interference, redundancy orlack ofinformation,
time constraints, high responsibility for
ensuring safety and for the final result, which
can lead to erroneous actions and that is
reflected by an increase in fuel consumption.
Therefore, in addition to monitoring and
control systems for a diesel locomotive [9], the
increased requirements for quality of control
decisions, particularly those made by drivers,
the need to process large amounts of information
and streamline processes, predetermine intro-
duction of autopilots on a shunting diesel
locomotive [e.g., 10], automated control
systems for them, in particular, the control
mode selection block, which ensures a decrease
in fuel consumption by using the most rational
option for controlling the operating modes, and
thereby reducing the cost of manoeuvres and
costs for owners of cargo terminals (the tools
for achieving this goal are described in [4]).

Let’s choose a rational control mode for a
shunting locomotive for specific conditions.

Table 1 shows the results of the calculation,
according to the above-described algorithm,
for the diesel locomotive of ChME3 type [11]
equipped with ESUVT (electronic fuel injection
system) that supplies wagons for loading and
removes them after unloading under various
control methods.

As can be seen from Table 1, for the given
conditions with the number of wagons in the
train less than 25, the second variant of
performing the technological operation of
supplying cars for loading and their removal
after unloading with the mode of acceleration

to a given speed at a given position is most
preferable (5). The value of fuel economy [11]
for the most common technological operation
of supplying 5 cars for loading and their removal
after unloading, calculated according to the
Table 1 is determined by the formula:

AB =B, -B,, 3)
where B, and B, — fuel consumption of the
diesel locomotive in the first and second modes
of performing the technological operation of
supplying cars for loading and their removal
after unloading by the diesel locomotive
ChME3, respectively, kg.

AB =4,5-3,57=0,93 ke.

Cost of saved fuel is [4]:
C=P-AB,
where P, isprice of 11fuel, 49 rub.

C =49-0,93 = 45,6 rub. per an operation
of supply of 5 cars for loading and their removal
after unloading.

In general, for the year the cost of the saved
fuel, for operations of supplying 5 cars for
loading and their removal after unloading, will
be [4]:

C.,= (365—T)*C *k, 5)
where k —number of diesel locomotives (1 pcs.)
at the cargo terminal;

T, — idle time of a diesel locomotive during
maintenance and repairs for a year, taken as
Tp = 15 days.

C./= (365—15)+45,6 < 1 = 15960 rub. per
year for operations of supply of 5 cars for
loading and their removal after unloading at
one cargo terminal.

Taking into account the number of cargo
terminals and the number of shunting
operations in the country (company) as a
whole, using the rational control mode of a
shunting diesel locomotive incorporated in the

4
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control mode selection block, one can obtain
a significant economic effect and reduce the
cost of shunting work at cargo terminals.

Pic. 3 shows the critical point, the
parameters of which confirm that when the
number of wagons is more than 25, it is
advisable to use the first option for performing
the technological operation of supplying cars
for loading and their removal after unloading
with an acceleration mode to a given speed with
maximum performance.

It can also be noted that the fuel saving from
choosing a rational control mode for a shunting
locomotive is more obvious when performing
shunting work by short routes.

As a result of the research, a strategy was
formulated to search for a rational type of diesel
locomotive for a specific operation and to select
its control mode depending on the object of
research and operating conditions, in particular
for cargo terminals. In each specific case, it is
possible to choose the most rational, most
economical option considering variety of
operated locomotives [e.g., 12].

Experts of research organizations, manu-
facturers, and owners of shunting locomotives,
and owners of cargo terminals should strive to
introduce intelligent control systems for technical
means involved in transportation processes,
including for shunting work, to rationalize
operational work, to implement in a flexible
manner new technologies and approaches in a
digital economy environment.

Conclusion

1. Simulation of processes of performing
shunting operations at the cargo terminal
allows with high reliability to calculate
performance of a shunting locomotive, to
clarify fuel consumption [4] and to identify the
most rational modes of control of the locomotive
according to the complex criterion W,

2. The calculation of the indicators of the
shunting work of supplying cars for loading and
their removal after unloading at the cargo
terminal by the ChME3 diesel locomotive for
the given conditions has been carried out, and
the influence of operating modes of the
shunting diesel locomotive on its fuel efficiency
is graphically shown.

3. A comparative analysis of the use of different
control modes of a shunting locomotive was carried
out and the cost of the saved fuel for the most
common technological operation of supplying 5

cars for loading and their removal after unloading
at the cargo terminal was determined.
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CoBepLUeHCTBOBaHUE MEeTOAUNKMN pacyéTa
cpenHeB3BELIEeHHOro o6opoTa nosysaroHoB
MeTaJUlypru4eckoro npeanpuatusa

Anexcein NOMNOB Aptem XMEJIEB

CpenHecyTo4HbIV npober BaroHa, ero rpo-
U3BOAUTENILHOCTb M 060POT OMNpPeaesisiioT ypo-
BEHb 3¢ EKTUBHOCTU NCM0OJIb30BaHWS MOLABMX-
Horo coctaBa. O60pOoT BaroHa pacc4YmTbIBAET-
Cs Y HOPMUPYETCS HE TOJIbKO B LI€JIOM AJ1s1
napka, HoO v [Jisl Kaxa0ro Tvna rnoaByIXHOIo
cocTaBa, AJ151 OTAE/IbHOro parioHa v Joporu
B 3aBUCUIMOCTU OT Xapaktepa rnepeBo304YHOM
paboThl. YckopeHue ob6opoTa BaroHa roBsbiLla-
eT ero npou3BoANTESIbHOCTb U YyBEINYUBAET
npubblsib 0Neparopckoyi koMmnaHun. B 1o xe
BPEMSI €ro CHUXEeHUE HeratMBHO CKa3blBaeTCs
Ha rporyCckHOU CriocoOOHOCTU MHGPAaCTPYKTY-
Ppbl, B1IE4ET 3a cOOOV yBeIMHeHne 3arpar Ha
MaHEeBPOBYIO U M0e3HY0 paboThl, @ 3Ha4YUT,
BEOET K yAOPOXAHUIO NepeBO3KU.

B coBpemMeHHbIx ycrioBusix 060poT onpeae-
NIIeTCS 4151 KaXA0ro y4acTHuUKa rnepeBo3ku
B COOTBETCTBUM C €r0 30HOU OTBETCTBEHHOCTM!.
Jlns meTtannyprudeckoro npeanpusiTysS: UCroJib-
30BaHve ornTUMaslbHOVi METOAVKY yHETa Bpeme-

Ilonoe Arexceii Tumogpeesun — Jluneyxuii
20Cy0apcmeeH bl MeXHUMeCKULl YHUBepCUmem
(JIT'TY), Jluneyx, Poccus.

Xmeaee Apmem Cepeeeeun — Jluneuyruii
20Cy0apcmeeHHbLI MeXHUMeCKUL YHUBEPCUmem
(JIT'TY), Jluneux, Poccus™.

HW HaxXoX4eHWsl BaroHa Ha ero ryTsix no3B0JSIeT
a/1eKBaTHO OLIEHVBATb 3TOT BaXXHbI KA4YE€CTBEH-
HbIVi r1oKka3arteJib, a TakXXe KOHTPOJIMPOBaTb ero
NU3MEHEHNE B pe3yibTate BHEAPEHUNS HOBbIX
TEXHOJI0rMV TPAHCNOPTHOrO 0OC/TYXUBaHWS Lie-
XOB, PEKOHCTRYKLIM MYTEBOI0 Pa3BUTUSI CTAHLINN
v onTyIMmM3aLmm NepeBo304HOIo rpoLecca.

Llenbo nccnepnoBaHus sBASIETCS COBEP-
LIEeHCTBOBaHNE MEeToAVKM orpeaesieHns 060-
poTa BaroHa Ha nogbe34HbIX MyTax MeTaaayp-
rM4ecKoro rnpeanpusaTns 4ss yHMBepcasabHOro
nMoABVIXKHOIr0O cocTaBa B yCJ/10BUSIX MPUMEHEHMS
CABOEHHbIX orepaLmi.

ABTOPbI MCMO/Ib3YIOT 00LLEeHayYHbIE METO-
[bl, MaTemMaTtn4yeckme MeTobl, CPaBHUTEJIbHbIV
aHanm3s.

B paHHoU cTatbe npuBoAsSiTCS OCHOBHbIE
MOJIOXKEHUST MeTOANKN, KOTOopasi Mo3BOJINT
onpenensTb 060pOT N0JlyBaroHOB C OA4HOM
v ABYyMS1 oriepaumsiMu B BUAe eanHOro riokasa-
Tes1s1 — cpeaHeB3BeLIeHHOro 06opoTa BaroHa.

Kno4yeBbie cioBa: Xene3Ho40POXHbIV TPaHCIoPT, oneparopckasi KOMrnaHus, rnoaBvXHOMN
cocTaBs, MeTaJlypruyeckoe npeanpusitne, o6opoT BaroHa.
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€JIE3HOJOPOXHBIM TpPaHCIIOPT

METaJITypPTUUeCKOTO TIPEaITpUs -

TUS TIPENCTABISIET COOOM CITOXK-
HYI0 MHOTO(AaKTOPHYI0O 1 MHOTOKPUTEPU -
aJIbHYIO CHCTEMY, KOTOpast XapaKTepu3yeTcst
3HAYUTEJIbHBIMU 00bEMaMU BXOJSIIETO
W UCXOMSIIETO TPY30TIOTOKOB, MIMPOKOM
HOMEHKJIATYPO#l MepeBO3MMBIX TPY30B
u paznuuHbiMu Bugamu I[1C. B xoae npose-
JIEHUsI aHaJIM3a TEKYIIEeTo COCTOSTHUS TTpaK-
THUKY B chepe yrpaBieHUs TPAaHCTIOPTHBIMU
MOTOKAaMU MeTaJIypruu aBTOpaMu Oblia
COCTaBJIEHA CXeMa CYIIECTBYIOIIMX BaTOHO-
MOTOKOB (puc. 1).

C TOYKM 3peHUs] OPUINIECKOTO 0(hOpM-
JeHus: B Poccuu mpepocTaBieHe BaroHOB
MOJT TIePEeBO3KY IPy30B METAJLTYPTrUIECKOTO
KOMOWHAaTa OCyHIeCTBIISIETCS Ha OCHOBE
JIOTOBOpa TPAHCIIOPTHO-3KCIEAUTOPCKOTO
o0CJyXUBaHUS (OMEPUPOBAHUSA) MEXIY
OIepaTopoM U MPEATNpPUSITHEM, B KOTOPOM
YKa3bIBaeTCsl CTaBKa IMPUBJIEYEHUS] BaroHa
W HOPMUPYETCS BpeMsl HaXOXIEHUS I10-
nBuxHoro coctaBa (I1C) Ha moabe3gHOM
nyTU HeoOllero mojn3oBaHud [1, c. 299].
B ciyyae mpeBbillieHUsI JaHHOTO 000poTa
MpeATnpusITHEe ToydaeT mTpad 3a CBepX-
HOPMAaTUBHBIN CPOK HaXOXACHUS BaroHa Ha
CBOUX TYTHX, a ecyiu (haKTUIeCcKoe BpeMs

HUXXe YKa3aHHOTO, TO OTIepaTOp MOXKET BbI-
IUIATUTh IIpeMuio [2, c. 265].

Ipy30Boii Barox 6oJblilyto 4acTb Bpeme-
HU TOJIXEH HaXOOUThCS B TPYKEHOM pelice,
a ero MpocCToii 0e3 ABMXKEHUS WU TTOPOXK-
HUM TIpOOeT JIUIIb YBEIMUYNBAIOT YOBITKHA
U TIPEJCTABISIIOT COO0W B 9KOHOMUYECKOM
OTHOILIEHUH YITyLIEHHYIO BoIroay [3, c. 60].

W3 aToro cremyet, 4To, BO-MEePBbIX, METa-
JIyPTUYECKU KOMOMHAT IPSIMO 3aMHTEPECO-
BaH B COKpAIleHWU BPEMEHU HAXOXICHUS
BaroHOB Ha MOIBE3IHBIX ITYTSIX, T.K. CHIDKEHHE
3aTpaT Ha npusiedyeHue [1C apTomaTuyecku
CHIKAET JIOJTI0 TPAHCIIOPTHBIX PACXOJIOB B Ce-
06ECTOMMOCTU METAJUIOPOIYKIIMY Y TIOBBIIIIA-
€T peHTa0eJIbHOCTD. A, BO-BTOPBIX, YCKOpEHIE
000poTa BaroHa IO3BOJIUT OMEPATOPCKOM
KOMIIAaHWY BHITIOJTHITH aHAJIOTUIHEIN 00BEM
MepeBO30K MPU MEHBIIEH YMCIEHHOCTH Ba-
TOHHOTO Mapka [4, c. 106].

B aTux ycioBusix ocodyo pojib Urpaet
METOJMKa, C TOMOIIbIO KOTOPOI OTIpeesi-
eTcsT BpeMsI HaXOKACHUSI BATOHOB Ha MTOIb-
e3IHBIX nyTsax. OHa JoJKHA OBITH TTOHST-
HOIi, 00BbEKTUBHON M JaBaTh BO3MOXHOCTH
BEPHO OILIEHUBATh TEKYIIYIO CUTYaIHIO IO
ob6opoty. JIJs1 3TOro 1ejiecoodpa3Ho UC-
MOJIb30BaTh €IMHBII TTOKA3aTeIh, KOTOPBIH,
C OIHOM CTOPOHBI, AAET TpeAcTaBIeHUE

Puc. 1. Cxema BaroHornoTokos.
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1) BaroH ¢ ogHon onepauuen (npubbiTue—BbIrpy3ka—caaya)

npubkLITVE C rpy30M

BbIrpYy3Ka

coada NopoXHUM

2) BaroH ¢ geyms onepauusamu (NpubbiTue—BeIrpy3ka—norpyska—caava)

NpUBLITHE C rPY30M BhITPY3Ka

norpyaka cAada rpYKEHLIM

3) BaroH ¢ ogHon onepauuen (npubbiTne—norpyska—caaya)

nNpuBeITHE NOPOXKHUM

norpyaka

caaqa rpyKeHsIM

Puc. 2. MpubbiTne n caaya BaroHa Ha CeThb.

o BpemeHU HaxoxneHus [1C Ha KomOuHaTe,
a ¢ IPYroii — Mmo3BoJisieT 0e3 TOTOIHUTEIIb-
HBIX TPY103aTpaT OTAEJIMUTb OOOPOT BATOHOB
C OIHOI omnepanueit oT 000poTa BATOHOB CO
CIBOCHHBIMU onepanusamu |5, c. 34]. [1pu-
MEHEHHNE MOMOOHON METOAMKHU ITOMOXKET
BBISIBUTb HENPOU3BOAUTEIbHBIMA IIPOCTOM
[1C 1 HaMeTUTh TIaH JaJbHENIIUX aeii-
CTBUI 10 YCTPAHEHUIO «y3KNX MECT» B TE€X-
HOJIOTUYECKOM TIpoliecce.

HameueHHBI Kypc Ha M pOBU3ALINIO
METAJJyPruueCKuX MPenrnpusiTuii B 4acT-
HOCTHU U POCCUMCKON 3KOHOMUKMU B LIEJIOM
TaKXXe BBIIBUTAET CBOU TPeOOBAHUSI K OTIpe-
JIEJIEHUIO KOJMYECTBEHHBIX MTOoKa3aTesei
paboOTHI XKEJIE3HOAOPOXKHOTO TpaHCIIOpTa,
KOTOpbBIE SIBJISIIOTCS OJHUM W3 KPUTEPUEB
3D (PEeKTUBHOCTHY MEPEBO30YHOTO ITpoliecca.
MNmMmeHHO 000pOT BaroHa rnpeacTaBiisieT
co00lf OIMH M3 TaKUX IMOKa3aTelieil, 4To
o0ycnaBanBaeT HEOOXOAUMOCTD €I'0 TOUHO-
ro 1 aBTOMaTU3MPOBAHHOTO pacuéTa. DTUM
BOMPOCOM MPOAOJIKAIOT 3aHUMATbC KakK
OTEYECTBEHHBIE, TaK U 3apyOeKHbIE UCCIIE-
npoBatenu [6, c. 169; 7, ¢. 130].

B cBsI3M ¢ 9TUM aKTyaJIbHbIM SIBJISIETCS
MMpUMEHEHNE MaTeMaTUIECKUX Memnodo8 s
MOJEJIUPOBAHUS TPAHCIIOPTHBIX MOTOKOB
U OIIpeleIeHUs ToKa3aTeleil paboTHl Xe-
JIE3HOW JOPOTHU C Yeablo TPOBEACHUS JaJb-

HEMIIEero CpaBHUTEIBHOTO aHATN3a 1 OTIpe-
JeIeHUs HATIPaBIIEHUI ONITUMU3AIINH.

ONPEAEJIEHUE OBOPOTA BArOHA
Oo6mas ¢popmysia obopora umeet Bum [8]:

1, L
0 24(qu Fhope e+, 01, (1)
rae L — peiic BaroHa, Kum;

V,, — Y4aCTKOBasi CKOPOCTb [IBIKCHUSI,
KM/9;

K . — KOJIMYECTBO TEXHUYECKUX CTAHIIMIMA
B IIyTH CJICIOBaHUSI;

t  — BPEMs HaXOXIEHMUS BAarOHA Ha Te€X-
HUYECKOM cTaHLIMHU (CpeaHee), 9;

k, — xo3bduuHeHT MECTHOH paboOThI,
KOTOPBIH ITOKa3bIBaCT KOJMIECTBO I'PY30BBIX
oIepaIinii 3a BpeMsi OTHOTO 000pOTa BaroHa;

t, — BPEMsI HaXOXICHMsI BaroHa moj
Tpy30BOIi ornepanueit (cpenHee), 4.

W13 dopmynsr (1) BUmHO, 4TO 060pOT
BaroHa COCTOMT U3 TPEX OCHOBHBIX JIEMEH -
TOB: HETIOCPEICTBEHHOE BpeMs X0Ja, Ipo-
CTO Ha TEXHOJIOTUYECKUX CTAHIIUSIX U IIPO-
CTO# Ha CTAHLMSIX MOTPY3KH U BBITPY3KMU.
IIpu >TOM crnemyeT pa3rpaHUUYMBATh 30HBI
OTBETCTBEHHOCTHU KaXKIOTO M3 YYaCTHUKOB
nepeBo3ku. [lomasisioliee 00JIbIUIMHCTBO
MEeTaIIypTUIECKUX KOMOMHATOB MMEIOT
COOCTBEHHBIII JIOKOMOTUBHBIN MapkK, Mo-
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3TOMY BaroHbl 3a0MparTCs CO CTAaHUUH
NPUMBIKAaHUH JIOKOMOTUBAaMU BETBEBJIA-
JleJiblia, 9YTO OTOBapUBAETCS JOTOBOPOM Ha
AKCIUTyaTallMio XeIe3HOMO0POXKHOTO TyTH
HeoOllero nojap3oBaHus. TakuM obpasom,
30Ha OTBETCTBEHHOCTU TPEANMPUATHUS 3a
000pOT HAYMHAETCSI OT MOMEHTA 3a4ynciie-
Hus [1C (mpubbiTHEe Ha KOMOWHAT) U 3aKaH-
YMBaEeTCS BEICTaBJICHNEM BaTOHOB U IIPEIb-
SIBIICHUEM UX K TTIepeBO3Ke — cllaya Ha CeTh.

PaccMOTpuM aBTOPCKYIO CXeMY MPUOBI-
THSI M CllauM BaroHa Ha CeTh Ha IpuUMepe
OTHOTO M3 KPYITHEUIITNX METAJITYPTUUECKUX
KoMmbuHatoB Poccuu (puc. 2).

TTocnenHuit n3 MoOKa3aHHBIX HA PUCYHKE
TUTIOB XapaKTepeH Il r1aThopM, HUCTEPH
W IPYTUX BUAOB cnielianusupoBanHoro [1C,
KOTOpBIE B paMKax JaHHOM CTaThbU paccMa-
TpUBATbLCS HE OYAYT.

1) BaeoH c 00noii onepayueii (npubvimue—
8blepys3Ka—coaua)

OTCU€T BpeMEHU HAaXOXICHUST BaroHa Ha
MOBE3THOM ITyTH HEOOIIETO MOTb30BaHUS
HaYMHAETCsI C MOMEHTa ero 3aurcieHust. [Toce
pachopMHpOBaHUs COCTaBa, MOAAYM Ha IPy-
30BOM (DPOHT U BBITPY3KH MIPOUCXOIUT yOOPKa
TMOPOXHUX BaroHOB, (hPOPMUPOBAHUE TIEpeIa-
TOYHOTO COCTaBa Ha CETh 1 BLICTABJIEHHE TOTO-
BOTO ITO€3/1a Ha CTAHIIMIO TIPUMbIKAHUSI.

B aToM ciyyae BpeMsi HaXxOXIeHUs 1O-
JlyBaroHa Ha ITyTSIX HEOOIIIETo TOJIb30BaHUS
onpexaesieTcs no gopmye [9, c. 85]:
t=t +t .+t +t +t +t

Tp.1Ip pacd o1t Toct

erp+
+t +t 4+t +t, +t  +t o (2)
y6 copT H.C hopm Tp. OTI BBICT
rne tnpAn

», — BPEM:I ITPOCTOS BATOHOB Ha BHYT-
pEHHEN CTaHLIWU;

t e — BPEMS Ha pacopMupoBaHue CO-
cTaBa, 4;

t — BpeMs HaKOIUIEHUA MOJa4H, Y,

H.

t — BpeMs Ha IToJayy BaroHOB Ha I'py-

oz

30BOI (PPOHT, Y;
t _— BpeMs Ha TOCTAaHOBKY BArOHOB Ha

nocT

(bpoHT BBITPY3KH, U;
t  — BpeMs BBITPY3KH, U;

BBITD
tc — BpeMst Ha yOOPKY BaroHoB, 4;
top; — BPEMSI HA COPTHPOBKY BaroHOB,

t . — BpeMs IPOCTOSA BaroHOB I1OJ Ha-
KOTIJICHUEM, U;

tyopy — BPEMST DOPMHUPOBAHHUST COCTaBa,
q;

t1»om — BPEMSI IPOCTOS B TTapKE OTIIPAB-
JIeHUs, U;

smer — BPEM: HA BBICTABJIICHUC BarOHOB
Ha CTaHIUIO IPUMbIKaAHUWA, Y.
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Hnsa ynpomeHust GopMyasl (2) BpeMs
HaXOXJIEHWs BaroHa ¢ OJHOU oTiepalueii Ha
MYTSAX MNPEANPUSATUS MOXHO MPEACTaBUTh
KaK:
t,=t

1 TI-BBITP

: (3)
BBITP-C
rae t — BpEMA OT MOMCHTaA HpI/I6I)ITI/I9[
T-BBITP

BaroHa 10 MOMEHTAa OKOHYaHW BbITPY3KU, Y,
=t +t +t +t +
H.IT nox

TI-BBITD TIp.Ip

+t

nocT

5 “4)
BBITD
rae t — BpEMA OT MOMECHTA OKOHYaHUA
BBITP-C

BBITPY3KMW 1O MOMCHTaA Caa4yu ITOPOXKHETO

BaroHa Ha C€Tb, 4.

t =t +t +t
yo

copt

pact

J’_

H.C

: (5)
Tp. OTII BBICT
2) Baeon ¢ dsyms onepauyusmu (npudoi-

mue—evlepy3Ka—noepy3Ka—coaua)

Eciu BaroH mociie BBITPY3KHM MOmAETCS
Ha IpyToil Tpy30BOi PPOHT I MOCTIEIYIO-
IIei ITOTPY3KHU, TO B 3TOM CJIydae ero 000poT
BBIYUCISIETCS CAeAylolUuM obpa3oMm [9,
c. 85]:

t,=t 4t HFt +t +t A+t
p.mp pacd H.II oz moct BBITD
+t +t +t +t +t 4+t +
yo copT nep TIOM.TT orp yo.1p
SR U SRS L SR (6)
i pM TIp. OTII BBICT

rae t  — BpeMsi Ha IIepeMeIeHIe BaTOHOB
K (poHTY TTOTpy3KH, U;

t .. — BDEMsI Ha T0Ja4y MO MOTPY3KY,
q;

t o, — BPEMSI ITOTPY3KH, q; )

t ., — BPEMsI Ha YOOPKY IPYXKEHBIX Baro-
HOB, Y.

ITo aHajorun ¢ 060pOTOM BaroHa c oji-
HOMl omepaiueit hpopmyny (4) 3anuiiem

B BUC:
t2 = tH—BbIl'p thrp-norp miorp-c’ (7)
rae t — BpEMA OT MOMCHTA OKOHYaHUA

BBITP-TIOTP

BBLIT'PY3KH 10 MOMCHTA OKOHYaHUMA ITOIrpy3KH,
5

=t +t +t_ +
Vo ep

BBITP-TIOTP

+t

TIOJL.TI

_—_— (3)
rae t — BpEMA OT MOMCHTA OKOHYAaHUA
rorp-c

ITOTPY3KH 0 MOMEHTA CAaYM TPYKEHOTO Ba-
TOHA Ha CETh, U:
=t tt *t

Torp-c yo.rp ic] bopm

copt

®)

TIp. OTIl BBICT®

CPEOHEB3BELUEHHbIA OBOPOT
BAITOHA

J1s ocylecTBIEHUS KOMMEPYECKUX
pacy€ToB C ONEpPaTOpoOM BENETCS pas3fieib-
HbIA YYET BATOHOB C OTHOU U C ABYMS OIle-
pauusimu. BeneHue Takoro yuyérta B TEXHU-
YEeCKOM OTHOIIEHWM HE COBCEM YAOOHO IO
CJIEAYIOLIMM IIPUYUHAM:
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Puc. 3. lMpumep A

* CJIOKHOCTB OTCJICKMBAHWSI BpeMEHU Ha
KaXXJIOM 3Talle: «IIPUOBITHE—BHITPY3Ka»,
«BBITPY3Ka—II0IPy3Ka», «BbIrPy3Ka—caada»,
«ITOTpy3Ka—Ccaadar;

* OTCYTCTBWE €IMHOTO 3HAYCHUS, OTpa-
JKaIOIIeTo CUTYAINIo TT0 000POTY B LIEJIOM,
C pa3leieHMeM Ha BarOHBI C OMHOU U IBYMS
oIepanusiMu.

B sTOM citydae 1iesiecoobpa3Ho BBeIeHHE
HOBOTO IOKa3aTeNIs — CPpeIHEeB3BEIIEHHBIM
000pOT BaroHa, KOTOPHIf COCTOUT U3 YEThI-
PEX DJIEMEHTOB: by Comrp-c> Comrpertorp® Trorpect
J st Toro 4ToOBl MoKa3aTejlb Haubojee
ITOJTHO M aJIEKBATHO OTOOpazKaJj CYIIeCTBYIO-
LIYI0O CUTYyallMlo, HEOOXOAMMO OMNpeneanuTh
BpeMs IS KaXIOro M3 3TaroB (cleayeT
VYUTBIBATh OTIEJIbHO 3UMHUN W JIETHUI
MEePUONBI) W AN JAJTbHEHIIUX PacuyEéToB
MIPUHSTH CpeHee 3HAaUCHWE 110 KaxKIOMY:

N

z t(n—sblep)n
1

ppact el

n—eviep N )

rie N — KOJIMYeCTBO BaroHOB Ha JTare
«TIPUOBITUE —BBITPY3Ka».

z t(ewpr)m

pacy m=

==, (11)

rome M — KoJu4ecTBO BarOHOB Ha 3Tare
«BBITPY3Ka—Caauar.
L

Z t( @blep—nozp)!
pacu =1

aviep-nozp L s

(10)

12)

rae L — KoanM4yecTBO BATOHOB Ha 3TaIle «Bbl-
rpy3Ka—Iorpy3Ka».

cpeaH iHOro o6opora.

I
Zt(noeH)i
pact =l

noap-c J s

(13)

rae I — Kom4yecTBO BarOHOB Ha 3Talle «I10-
rpy3Kka—cuayda».

ITocne atoro omnpenensiercst moust T1C,
cIlaBaeMOro ITOCJI¢ BBITPY3KHW Ha CETh B TTO-
POXHEM COCTOSTHUH, M BATOHOB, HAIIpaBJIsie-
MBIX ITOJ TOTPY3Ky. OKOHYATEIbHBIN pacuET
CpeIHEeB3BEIIEHHOTO 000POTa OCYIIECTBIISI -
eTcs 1o popmyJie:

phact oy phac Y

swep—c p— noepc

100 100 100
roe X — IOJisi BATOHOB C OJHOM oTlepaliu-
eii, %;

Y — moJist BATOHOB C IBYMs OIlepaliusi-
mu, %.

Tpu Hanuuum Ha TIPEANTPUATUN UHDOP-
MAaIIMOHHOM CHUCTEeMbI KOHTPOJIS 3a BaroHa-
MU yKa3aHHBINA pacy€T clienyeT aBTOMAaTH-
3UpPOBATh C IEJbI0 COKpAIleHUS 3aTpaT
BPEMEHHM Ha eT0 BHIMOJHEHHE, a TaKxkKe
00eCcTIeYnTh HAKOTUICHUE TaHHBIX 32 UCTEeK-
II¥e TIePUOIBI U BU3YaIM3UPOBATH MOJTYICH-
HbIe 3HAYCHUS ST HATJISITHOM JeMOHCTpa-
1y BpemMeHn HaxoxaeHus [1C Ha moabe3n-
HBIX MyTsIX. B pe3ynbrare ompeneaeHUs
BPEMEHM HAXOXICHMS BaroHa Ha MOIbe3I-
HOM MNyTU KPYITHOTO METaIIypruuecKoro
NPEaANPUSITUS aBTOpaMHU OBLT MTOCTPOEH
clienyomuii rpaduK, MOKa3bIBAIOIINIA 11~
HaMHMKY U3MEHEHUS CPEAHEB3BEIICHHOTO
obopoTa BaroHa 3a MOCJEIHUE TSATH JET

(puc. 3).

pacu o
t — ppact 7 Y
cp.06 — 'n-gwiep

. (14)
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BbiBOAbl

B coBpeMeHHBIX PHIHOYHBIX YCIOBUSIX
s deKTUBHAs SKCIITyaTallusl KaK CBOMX, TaK
¥ TIPUBJICYEHHBIX BATOHOB BKIIIOYAET B ce0sI
yAy4dIIeHWe TOoKa3aTeJei NCIOIb30BaHUS
T1C u cHUXXeHue TPaHCITIOPTHBIX PACXOI0B.
B TO Xe BpeMs HEeZOCTAaTOYHBIN ypOBEHb
pa3BUTHUS YIIPABICHUS] BarOHHBIM MMapKOM
CHMKAeT 3HAUYCHUS MPOU3BOAUTEIbHOCTHA
W YBEIMYMBACT HArpy3Ky Ha MHDPACTPYKTY-
py [10, c. 72].

IIpuMmeHEeHNE METOAUKHU OIIpeAeTeHUS
CpEeIHEeB3BEIIECHHOT0 000pOoTa BaroHa Ha
MONBE3AHBIX MYTIX METAJUIyPTUIECKOTO
TPEIIPUSTHUS TTO3BOJIUT MTOBBICUTH TOUHOCTH
¥ TOCTOBEPHOCTH pacyéTa CpoKa HaXOXKICHUS
T1C BHYTpuM KOMOMHATa, a CIielMaIMCTaM
TPAHCTIOPTHOW JOTUCTUKHU aCT BO3MOXK-
HOCTb KOHTPOJUPOBATh BpeMs HaXOXICHUS
TOJIyBaroHa Ha KaXkIIOM U3 YeTBIPEX ITAIIOB:
puOBITHE, BRITPY3Ka, IMMOTPy3Ka, OTIIpaBie-
HHE, YTOOBI OMepaTUBHO pearupoBaTh Ha
TPEeBBIIICHIE HOPMATUBHBIX 3HAYCHUI. DTO,
B CBOIO o4epedb, VIYIIINUT 3(PPEeKTUBHOCTD
paboOTHl BCE CUCTEMBI MPOMBIIIIEHHOTO
JKEJIE3HOOPOXKHOI0 TpaHCcIopTa 1 0J1aro-
NPUSITHO OTPA3UTCSI HA TPAHCIOPTHOM
uHdpacTpykType. JaabHeH M pa3BUTHEM
METOIMKHU OYACT Mepexo Ha OIepaTUBHYIO
TEXHOJIOTUIECKM-3KOHOMUYECKYIO OILIEHKY
pe3yabTaTOB pabOTHI, OCHOBaHHYIO Ha HATY-
PaTbHO-CTOMMOCTHOM M3MEPUTEIIE, KOTOpast
SICHO OTPA3UT CBSI3b MEXKIY TPYIOM PaOOTHU-
KOB TPAHCTIOPTA U OIIaTOM pe3ynbTaToB [11,
c. 39]. MarepuanpHoe CTUMYJMPOBAHUE
B 3TOM CJIydae MOBBICUT YPOBEHb KOHKYPEHT-
HBIX OTHOIIEHUI BHYTPHU KOJIJIEKTUBA, yBe-
JINIUT TMIPOU3BOIUTEIILHOCTD TPYIA M CHU3UT
TpaHCIIOpTHBIE pacxoasl [12, c. 75].

CIeyronmm 3TarioM COBEPILIEHCTBOBAHMS
METOIMKH pacy€éTa CpeHEeB3BEIIEHHOTO 000-
pOTa MOXHO OITPEICTUTD €€ aBTOMAaTU3AIIIIO
W pacIpoCTpaHeHNWE Ha CIeLMaIU3UPOBaH-
el [1C ¢ pasgeneHneM BpeMeHM HaXOXKJIe-
HUSI BHYTPU METAJLTyPIrMIecKOro KoMorHaTa
Ha COOTBETCTBYIOILINE STAIIBI.

IIpennaraemast MeTonuKa ompeaeaeHUs
000poTa IMOJIyBarOHOB Ha MTOABE3THOM ITYTH
METaJLTypTUUECKOTO IIPEATIPUSITUS MOXET, Ha
HaIl B3IJsd, HAWTU MpUMEHEHUE KaK Ha
MPOMBIIIICHHBIX TJIOIIAAKAX pa3IMIHBIX
oTpacliel 5KOHOMMKM Hallled CTpaHbI, TaK
u 3a pyoexowm [13, c. 38; 14, c. 435].
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Improving the Methodology for Calculating
the Average Turnover of Gondola Cars
of an Iron and Steel Plant

Alexey T. POPOV Artem S. KHMELEV

ABSTRACT

The average daily mileage of a wagon, its
productivity and turnover determine the level of
efficiency of rolling stock use. The car turnover
is calculated and normalized not only for the
fleetas a whole, but also for each type of rolling
stock, for a particular region and road,
depending on the nature of the transportation
work. Accelerating car turnover increases its
productivity and increases profit of an operator
company. At the same time, its decrease
negatively affects the capacity of the
infrastructure, entails an increase in the cost of
shunting and train work, which means that it will
increase the cost of transportation.

In modern conditions, turnover is determined
for each participant in transportation in
accordance with his area of responsibility. For
an iron and steel plant, the use of an optimal
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methodology for recording the time spent by a
wagon on its tracks allows us to adequately
assess this important quality indicator, as well
astomonitorits change as a result ofintroduction
of new technologies for transport maintenance
of workshops, reconstruction of station layout
and optimization of the transportation process.

The objective of the study is to improve the
methodology for determining car turnover on
access roads of a metallurgical enterprise for
universal rolling stock in the context of dual
operations.

The authors use general scientific methods,
mathematical methods, comparative analysis.

This article presents the main provisions of
the methodology, which will allow determining
turnover of gondola cars subject to a single or
dual operations in the form of a single indicator
which is average weighted car turnover.
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Background. Railway transport of a
metallurgical enterprise is a complex multi-
factor and multi-criteria system, which is
characterized by significant volumes of
incoming and outgoing cargo flows, a wide
range of goods transported and various types of
rolling stock. In the course of analysis of the
current practices in the field of metallurgical
traffic management, the authors compiled a
diagram of the existing car flows (Pic. 1).

From the point of view of legal regulation
in Russia, provision of cars for transportation
of goods by a metallurgical plant is carried out
on the basis of a freight forwarding service
(operation) agreement between the operator
and the enterprise, which indicates the cost rate
of provision of a car and normalizes time spent
by rolling stock (RS) on the private access
tracks [1, p. 299]. If this turnover is exceeded,
the enterprise receives a fine for the excess time
spent by a wagon on its tracks, and if the actual
time is less than indicated, the operator can pay
a premium [2, p. 265].

A freight wagon should spend most of the
time in a loaded run, and its idle time or empty
run only increase losses and represent
economically lost profit [3, p. 60].

From this it follows that, firstly, a
metallurgical enterprise is directly interested in
reducing time spent by cars on access tracks,
because lower costs for attracting rolling stock
automatically reduce the share of transportation
costs in the cost of metal products and increase

profitability. And secondly, acceleration of car
turnover will allow the operator company to
carry out a similar volume of traffic with a
smaller number of wagon fleet [4, p. 106].

In these conditions, a special role is played by
the methodology, with the help of which time
spent by cars on access tracks is determined. It
should be understandable, objective and give the
opportunity to correctly assess the current
situation in terms of turnover. To do this, it is
advisable to use a single indicator, which on the
one hand gives an idea of time spent by RS at the
plant, and on the other, without additional labour
costs makes it possible to separate turnover of cars
subject to a single operation from cars subject to
dual operations [5, p. 34]. The application of such
atechnique will help to identify unproductive idle
time of rolling stock and outline a plan for further
actions to eliminate bottlenecks in the process.

The planned course towards digitalization
of metallurgical enterprises in particular and
the Russian economy as a whole also puts
forward its requirements for determining
quantitative indicators of railway transport,
which are among criteria that helps to
evaluate the efficiency of the transportation
process. It is car turnover that represents one
of these indicators, which necessitates its
accurate and automated calculation. Both
domestic and foreign researchers continue to
deal with this issue [6, p. 169; 7, p. 130].

In this regard, it is relevant to use mathe-
matical methods to model traffic flows and
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Empty route
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Pic. 1. Scheme of car flows.
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1) Car subject to a single operation (arrival-unloading—return)

arrival with cargo

unloading

returned empty

2) Car subject to dual operations operations (arrival-unloading—loading—return)

unloading

arrival with cargo

loading returned laden

3) Car subject to a single operation (arrival-loading—return)

arrival empty

loading

returned laden

Pic. 2. Arrival and delivery of a car to the network.

determine performance of the railway in order
to conduct further comparative analysis and
determine optimization guidelines.

Objective. The objective of the study is to
improve the methodology for determining car
turnover on access tracks of a metallurgical
enterprise for universal rolling stock in the
context of dual operations.

Methods. The authors use general scientific
methods, mathematical methods, comparative
analysis.

Results.

Determination of car turnover

The general formula for turnover has a form

[8]:

1 L
0= ﬂ(Vi + Ko * Lic

sec

+kioty),

(M

where L — car run, km;
V.. — sectional speed of movement, km/h;

k.., — number of technical stations en
route;
t_— time of car stay at a technical station

tech
(average), h;

k, — coefficient of local work, that shows the
number of freight operations per time of
turnover of one car;

t, — time spent by a car during a freight
operation (average), h;

From the formula (1) it can be seen that car
turnover consists of three main elements: direct
travel time, idle time at technological stations and
idle time at loading and unloading stations. In

this case, it is necessary to differentiate the areas
of responsibility of each of the participants in the
transportation. The vast majority of metallurgical
plants have their own locomotive fleet, so the cars
are taken from the adjoining stations by the plant
owner’s locomotives, and this is stipulated by the
contract for operation of the non-public railway.
Thus, the area of responsibility of the enterprise
for turnover starts from the moment RS is
delivered (arrival at the plant) and ends with cars
being put up and provided for transportation, that
is delivery to the network.

Let’s consider the author’s scheme of arrival
and delivery of a car to the network using the
example of one of the largest iron and steel
plants in Russia (Pic. 2).

The latter model shown in Pic. 2 is typical
of platforms, tanks and other types of specialized
RS, which will not be considered in this article.

1) Car subject to a single operation (arrival—
unloading—return)

Calculation of time spent by the car on
non-public access tracks starts from the
moment the car is recorded as delivered one.
After the train is disbanded, delivered to the
freight front and unloaded, empty cars are
removed, the transfer train is formed to be
returned to the network and the train is put up
at the adjoining station.

In this case, time spent by the gondola car
on non-public tracks is determined by the
formula [9, p. 85]:
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t1 = t1d1 + dlsb + t + t + t + tLmload
+ tr + t + t + t + tld dep. + tset’ (2)
where t, . 1d1e tlme of cars at the internal
station,;

t,, — time to disband the train, h;

t,, — delivery accumulation time, h;

t,, — time for delivery of cars to the freight
front h;
t . — time for setting cars to the unloading
front, h;
t, 1 — Unloading time, h;
t . — time for removal of cars, h;
t . — time for cars sorting, h;
t.—idle time of carsunder accumulation,
t
t.

— time of train formation, h;

— idle time in departure zone, h;

t. — time for setting cars to the adjoining
station, h.

To simplify the formula (2), time spent by
the car subject to a single operation on the
enterprise’s tracks can be represented as:

form
1d dep.

t1 = ta—unload tunload-r’ (3)
wheret —time from arrival of the car until
the end of unloading, h;

a-unload = tld i tdisb + t + tdel + tsel unload’ (4)

nioad. — time from the moment unloading is
completed until the empty car is delivered to
the network, h;
tunload-r= trem + tsorl + tld a. + tform + tld dep. + tset' (5)
2) Car subject to dual (two) operations
(arrival—unloading—loading—return)
If the car after unloading is delivered to
another freight front for subsequent loading,
then in this case its turnover is calculated as

follows [9, p. 85]:

t = t1d1 dle + t + t + t + tunload
+ t + tson + tm oV + td ll load + tremAlad4
+ tlda + tform + tn Tt 2 (6)
. mp.otn set”
where t  — time for moving cars to the front

of loading, h;

Ui — time' for Flelivery for loading, h;
t ., — loading time, h;
t — time for removal of laden cars, h.

rem.lad.

By analogy with turnover of a car subject to
a single operation, we write the formula (4) in
the form:

t2 = ta-unload+tunload-‘load+ tload-r’ (7)
wheret . —timefromthe end ofunloading
to the end of loading, h;
unload-load = trem—ij tsorl + tmov + tdeLL + tload’ . (8)
where t_ — time from the end of loading to
the moment of return of a laden wagon to the

network, h.

t =t tt

load-r rem.lad.

+t, Ft,, +t.(9)

id.a. form id.dep.

Weighted average car turnover

For commercial settlements with the
operator, separate accounting of cars subject to
a single or dual operations is carried out.
Maintaining such records is technically not very
convenient for the following reasons:

« difficulty of tracking time at each stage:
«arrival—unloading», «unloading—loading»,
«unloading—return», «loading—return»;

+ absence of a single value reflecting the
situation as a whole in terms of turnover while
differentiating cars subject to a single or dual
operations.

In this case, it is advisable to introduce a
new indicator which is weighted average car
turnover, consisting of four elements: t_
€, oader? Cuntoadiond? Lioaas 11 OTder for the indicator
to most fully and adequately reflect the current
situation, it is necessary to determine time for
each of the situations (winter and summer
periods should be taken into account
separately) and for further calculations take
the average value for each:

N
z t(a—unlaad »n
tcal n=1

a-unload = N 5

(10)

where N — number of cars at the stage «arrival—
unloading»

}:(mmm4m
tcal

unload-r — M bl

an

where M — number of cars at the stage
«unloading—return».

L

z lf (unloadload )l
tc:l/ _ 1=l
unload—load ™~ L 5

(12)

where L —number of cars at the stage
«unloading—loading».

- z (load—r)i
Ry (13)

where I — number of cars at the stage «loading—
return».

After that, the share of rolling stock
returned empty after unloading to the network
and cars sent for loading is determined. The
final calculation of weighted average turnover

is carried out according to the formula:
t _ tﬁ'ﬂ[ + tunlaadfr X
w.a.t a-unload 1 O 0
tcal Y tcal
+

4 Luntoad-toad oad—r * Y

100 100

, (14)
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Pic. 3. Example of dynamics of weighted average turnover.

where X — share of cars subject to a single
operation, %;

Y — share of cars subject to two operations, %.

Ifthe enterprise has an information system
for monitoring cars, this calculation should be
automated in order to reduce time spent on it,
as well as to ensure accumulation of data of the
past periods and visualize the obtained values
to clearly demonstrate time spent by rolling
stock on the access tracks. As a result of
determining time spent by a car on the access
tracks of a large metallurgical enterprise, the
authors constructed the following graph
showing the dynamics of the change in
weighted average car turnover over the past five
years (Pic. 3).

Conclusions. In modern market conditions,
the effective operation of both own and third
parties’ cars includes improvement in the
operation of rolling stock and decrease in
transportation costs. At the same time, an
insufficient level of development of fleet
management reduces productivity and increases
load on the infrastructure [10, p. 72].

The application of the methodology for
determining weighted average car turnover on
the access tracks of a metallurgical enterprise
will increase accuracy and reliability of
calculating time spent by rolling stock inside

the plant, and transport logistics specialists will
be able to control time spent by a gondola car
at each of four stages (arrival, unloading,
loading, departure) to respond quickly to
exceed standard values. This, in turn, will
improve the efficiency of the entire industrial
railway transport system and will have a
beneficial effect on transport infrastructure. A
further development of the methodology will
be transition to operational technological and
economic assessment of the results of work,
based on a natural value meter, which will
clearly reflect the relationship between the work
of transport workers and payment of the results
[11, p. 39]. Material incentives in this case will
increase the level of competitive relations
within the team, increase labour productivity
and reduce transportation costs [12, p. 75].

The next step in improving the methodology
for calculating the weighted average turnover is
its automation and application to specialized
rolling stock with differentiation of time spent
inside the metallurgical plant at the appropriate
stages.

The proposed methodology for determining
turnover of gondola cars on the access road of a
metallurgical enterprise can, in our opinion, find
application both at industrial sites in various
sectors of the economy of Russia and foreign
countries [13, p. 38; 14, p. 435].
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K BOonpocy HopmaTuBHOro ooecne4yeHus
aKcnJjliyaTaumm naccaXXupcKkux
3J/1IeKTPU4YeCKUX TpaHCNOPTHbIX CPpeacTB

Makcum KYAPALLOB

Anekcanpp MTPOKOMNEHKOB Papvon ANPUEB

Kyopsimoe Maxcum Arexcandposuu — I'VII « Moceopmpanc», Mockea, Poccus.
Ilpoxonenxos Asexcandp Baadumuposuu — Accoyuayus « TAMA», Mockea, Poccus.
Aiipuee Paoduon Caprucosuyu — I'YII «Moceopmpanc», Mockea, Poccus*®.

B cTatbe npuBeneHbl pe3ysibTatsl MPOMEeXyToH-
HOro artana peanau3aunmn uccaenoBaHuii o paspa-
6oTKe npoekTa co3aaHusi UHGPacTPyKTYPbl SKCITya-
Taumy BbICOKO3KOJIOMMYHbIX 3J1EKTPUYECKUX TPAHC-
MOPTHbIX CPEACTB.

lNepexon Ha 371EKTPUYECKNI TPAHCOPT SIB/ISIET-
CS1 0QIHUM 13 METOLO0B PELLEHVS Po6/1eMbi BbIGPOCOB
U [JOCTVIXKEHUSI SKOJSIOrNHYECKUX LieIeN. SnekTpobyc —
OTHOCUTEJIbHO HOBbIV TUM MOABUXHOIrO COCTaBa,
B CBSI3U C YeM HEO0bOX0ANMO B3BELIEHHOE Y 0ObEK-
TBHOE 060CHOBaHME BbI60OPa TEX NI MHbIX BO3MOX-
HbIX BAPUAHTOB TEXHUYECKUX, TEXHOJIOMMYECKMX,
SKOHOMUHECKIMX U APYIX aCreKTOB PeLLUeHWs 384a491
opraHu3auuy ero paboTsl Ha MapLLpyTe.

Jns noctvxerus ueam ro paspaboTke npoekra
co3aaHus UHPPACTPYKTYPbl IKCMTyaTaummy BbICOKO-
9KOJIOMNYHBIX B/IEKTPUHECKUX TPAHCIIOPTHBIX CPEACTB
BbIMOJIHEH M1EPBUYHbIV aHaIN3 HOPMATUBHbLIX MPaBo-
BbIX aKTOB, TEXHUYECKUX XapakTepuUCTUK 371eKTPo6Y-
CcoB 1 TpebyeMoii MHPPACTPYKTYPbI B Napke v Ha

mMapLupyTe, rnoaxoA0B K opraHn3aumnm rnepeBo3ok
371eKTPOBYCamMu C PasnyHbIMY KOHLEMLMSIMU 3aPsia-
ku. lNpoBenéHHbIN aHanM3 KoHLUenuui 3apsaku 6a-
Tapevi anekTpobyCcoB Mo3BOINII UX PA3AEINTb HA 5
KnaccoB v 06beaNHUTL B 3 rpyrirbl Mo CKOPOCTY 3a-
psakv. AHann3 Tpebyemorii nHGPacTPyKTypbl A1
paboTbl 3/1eKTPOBYCOB r1okasasl, YTO KOHLEenTyaabHO
CYLLECTBYIOT 2 THna 3apsaHbIX CTaHLMIA.

lMpoBeneHb! pac4ETbl v OLeHKa PasnyHbIX Bapu-
aHTOB opraHu3auum paboTbl 371eKTPOOYCOB Ha PUK-
CYPOBaHHOM MapLLpPYTe C Pa3/INYHbIMU KOHLENLus-
My 3apsaok. HeobxoavmMbiM HarnpasieHUeM aasib-
HeuLmx nccrenoBaHunii BaseTcsi 9KOHOMUYeckasl
OLEHKa 3KCri1yataummy 3/1eKTPoBYCOB C Pa3/INYHbIMU
KOHLenuusMm 3apsiakv i Heobxo4mMmMowi TpaHCopT-
HOWV HGPAaCTPYKTYPbI.

B kayecTtBe MeTOAOB MCMO/Ib30BaHbl aHaInN3,
oLieHKa paHee BbiNOJIHEHHbIX aHA/TNTUYECKNX NCCTIe-
10BaHWii, HOPMaTVBHO-MPaBOBbLIX aKTOB 1 06006LLe-
HMe OTEYECTBEHHOIO 1 3apyBEXHOIro orbiTa.

KnioyeBble c/ioBa: 371eKTpobyc, 371eKTPUHECKME TPaHCNOPTHbLIE CPEACTBA, 3apsiAHbIe CTaHUMMN, aBTOMO-
OUIIbHBIVI TPAHCMOPT, FOPOACKOM NMacCaxunpCKuii TpaHCrnopT OOLLEro rnosib30BaHUSI.
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AKTYAJIbHOCTb

CucremMa ropoiCcKoro maccaxupckoro
TPaHCIIOPTA SIBJIICTCS BasKHEMIIIEH colraib-
HoI cepoii ropoga MocKkBbl, OT 3 HEKTUB-
HOCTH e€ (DYHKIIMOHUPOBAHMS 3aBUCSIT Kaue-
CTBO XXM3HU HAaCeJeHUSI U MPOAYKTUBHOCTD
paboThl Pa3IMYHBIX OTPAC/ICil SKOHOMUKHU.
CoBepIlIeHCTBOBAHUE CUCTEMbI 1 ITOBBIILIEHNE
Ka4ecTBa TPAHCIOPTHOIO OOCYXUBaHUS
HaceJIeHHs TpeOyIOT peaanu3alii KOMILIEKC-
HBIX UCCJICIOBaHMIA IO OLIEHKE, aHaJIu3y
M BBISIBJICHUIO aKTyaJIbHBIX ITPO0JIEM OpraHu -
3a1M1 ¥ 0€30I1aCHOCTH, B T.4. 3KOJIOTMUECKOM,
IepeBO30K IAacCaXXMpPOB Ha TEPPUTOPUU T'O-
pona Mockshbl [1-5].

CoracHO CBEJIEHHSIM roCy1apCTBEHHOI'O
nokiana «O cocTOSTHUU U 00 OXpaHe OKpY-
karomeit cpenbl Poccuiickoit denepanun
B 2018 romy» [6] 06bEM BeIOpOCOB B LIDO ot
MePEIBIXKHBIX NICTOYHUKOB 00Jiee YeM B B
pasza mpeBbIlIaeT 00bEM BHIOPOCOB OT CTa-
LIMOHApHBIX UCTOYHUKOB (3849 1 1529 ThIC.
TOHH COOTBETCTBEHHO).

AHanu3 IMHAMUKK 00BbEMOB BBHIOPOCOB
sarpsi3Hsionux Bemects ¢ 2010 mo 2018 1.
MOKAa3bIBaeT OOIIYI0 TEHACHIIMIO Ha UX CHU -
JKEHUE OT CTallMOHAPHBIX U YBEJIMYCHUE OT
repeaBUKHBIX MICTOYHUKOB [6].

VYBeMueHue KOJIMYeCTBa aBTOTPAHCIIOPT-
HBIX CPEICTB, COCPEIOTOYCHUE UX B LICHT-
paJIbHOM YacTU TOpojia, Ha KPYIHEHIINX
TPAHCIOPTHBIX y3JIaX BMECTE C YBEJIMUYCHUEM
3arpy>K€HHOCTH IOPOT U MIOHMXKEHUEM CPe/l-
HUX CKOPOCTEN ABUKEHUSI IPUBOIUT K YXY/I -
IIEHUIO 3KOJOTUYECKO OOCTaHOBKH.
B ycinoBusix xkapkoii 6e3BeTpeHHOM MOTOIbI
HMMEIOT MECTO CJlydyad 00pa3oBaHUsI TPOIIO-
cepHOro o3oHa 1 cmora. Beiopochl oTpado-
TaBIIMX Ta30B OT aBTOMOOMJIBHOTO TPaHC-
MopTa MPeACTaBJISIIOT CEPhE3HYIO OITACHOCTh
JUISL HAaCeJICHUsI, IIPOXKMBAIOIIEro BOJIU3U OT
ABTOMOOMJIbHBIX JTOPOL.

Ilepexom Ha 2JIEKTPUYECKUIA TPAHCIIOPT
SIBJISIETCSI OTHUM M3 METOJO0B pelIeHUs
Mpo0JIeMbl BHIOPOCOB U JOCTUXEHUSI KO-
JIoruyeckKux uenei [7—11].

CoBepllIeHCTBOBaHME HOPMATUBHOM ITpa-
BOBOM M METOJIOJIOTMYECKO 6a3bl ropojaa
MocKBBI, B TOM YHMcJie B 00J1aCTU «3KOJIOTH -
3alUK» 3aKYITOK Il TOCYIapCTBEHHBIX HYKII,
BHEJIPEHUS 9KOJIOTMYECKMX ITOKa3aTeIei IIpu
olieHKe 3((HEKTUBHOCTU IOCYIapCTBEHHBIX
MIpOorpaMm ropojaa MocKBbl, CO3MaHUSI CTaH -
JIAPTOB «3KOJOTMYECKU YMCTOI0 TPaHCIIOpTa
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U TPAHCIIOPTHOW MHMPACTPYKTYpbl» SBIS-
IOTCS KJIIOUEBBIMU MPUHLIMIIAMU, HAMPaB-
JICHHBIMUM Ha KayeCTBEHHbIE Mpeodpa3oBa-
HUS TPAHCIIOPTHOW cucTeMbl. B cTaTbhe
MPOBEAEH aHAIW3 YyIpaBIeHUS Ha3eMHbIM
TOPOJCKUM 3JIEKTPUUECKUM MACCAXKUPCKUM
TPAHCTIOPTOM OOIIETO MOJIB30BAHUS U COOT-
BETCTBYIOLIE TPAHCIOPTHON UHMPACTPYK-
TYpO¥i.

AHAJIN3 HOPMATUBHOIO
OBECIMNEYEHUA OPTAHU3ALUUU
NMEPEBO30K 3JIEKTPOBYCAMMU

OcHOBHBIM (beepaTbHBIM HOPMATUBHO
MPaBOBBIM aKTOM, PETYJIUPYIOIINM JESITETb-
HOCTb TOPOJACKOTO HAa36MHOTO 2JIEKTpUYEC-
CKOTO TpaHcTiopTa, siBisieTcs DenepanbHbIH
3akoH No 259-®@3 [12]. CornacHo aTOMY 3a-
KOHY yCTaHOBJICHBI OCHOBHBIEC MPUHIIUITHI
U TIOJIOKEHUSI, PETYJIUPYIONINE TTepeBO3KU
MacCaXXnpoB aBTOOyCaMU, TpPaMBasIMU, TPOJI-
JeiidycaMy 1 JIETKOBBIMM TaKCU. AHaJIU3
MOKa3aj, YTO CTaThsl 2 YKA3aHHOTO 3aKOHa,
MOCBSIIEHHAS OCHOBHBIM MOHSTUSIM, HE
CONIEPXUT CBEIEHU I KacaTeIbHO TPAHCTIOPT-
HBIX CPENICTB, UX BUJOB U KiacCU(pUKAIINIA.
TepMUHOJIOTUS TPAHCTIOPTHBIX CPENCTB
MPUBOIUTCS UL TIPU (HOPMYTUPOBAHUN
U YCTAaHOBJIEHUY TepMUHOB «DpaxToBaTesib»
1 «DpaxTOBIIUK».

IMo TexcTy yka3zaHHOTO HOPMATHUBHOTO
aKTa eCTb CChUIKM Ha «aBToOychl». Hampu-
Mep, B cTaThe 3.2 0 TIpoleaype TUIIEH3UPO-
BaHUSI TEPEBO30K MTAcCaXnpoB. B HEeKOTOpBIX
CTaThsIX UCIOJB3YIOTCSI TEPMUHBI «TPAHC-
IIOPTHBIE CPEACTBa», a TAKXe «TpaMBaii»
U «TPOJIIEHOYyC» B 4ACTU TOPONICKOTO BJIEK-
TPpUYECKOTO TpaHcnopTa. [1aBa 3 ykazaHHO-
ro 3aKoHa TOCBSIIEHA PETYJSIPHBIM Tepe-
BO3KaM MAacCaXupoB U Oaraxa. YKazaHHasg
ry1aBa 3aKOHA HOCUT OOIIEKOHIIETITYaTbHbBIN
XapakTep M, C TOUKU 3PEHUS TTOJBUKHOTO
COCTaBa, OTIEPUPYET MOHSATUEM «TPAHCITOPT-
HbI€ CpPEICTBa». AHAJOTUYHASI CUTYyaIlUs
WMEeeT MECTO TIPU YCTAHOBJIEHUY TTPUHITUTIOB
U TIOJIOXKEHUW TI0 OpPTaHM3allNy 3aKa3HbIX
TepeBO30K MaccaxkupoB 1 Oaraxa.

Takum o6pa3oM, MPOBEAEHHBIN aHAIN3
YcTtaBa aBTOMOOUIBHOTO U TOPOICKOTO
9JIEKTPUIECKOT0 Ha3eMHOTO TpaHcmopTa [ 12]
TMOKAa3bIBAET, YTO B HACTOSIIIIEE BPEMSI OH HE
COMIEPXKUT MOHSITUS «IJEKTPOOYC» 1 B OCHOB-
HOM OIEePUPYET TEPMUHOM <«TPAHCIIOPTHOE
CPEICTBO».
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Puc. 1. Cucrema knaccugpukauymm aBTo6ycos.

Ha ocHoBaHum neiicTByioniero Ycrasa
[12] MocTtanoBnenuem [Mpasurensctsa Poc-
cutickoit Penepanuu [13] yrBepKIeHB
MpaBuyia TIEPEeBO30K MacCaXXUpPOB aBTOMO-
OWTBLHBIM U TOPOICKUM HAa3eMHBIM DJIEKTPU-
YeCKUM TpaHCIOPTOM. B pasmerne oOmumx
MOJIOXEHUI yKa3aHHOTO aKTa MPUBOISTCS
TOHSITUS, XapaKTepU3ylolline MOABUXHON
cocraB. ComiacHO yKa3aHHOMY TOKYMEHTY
TIPUBOAUTCS KJIacCU(PUKAIMS TPAHCTTOPTHBIX
CPEJICTB B pa3pe3e Ux KaTeropuii. B konTek-
CTe pacCMaTpUBAEMOTO HAMU TIpeIMETa U3-
BECTHbBIE B HACTOSIIIIEE BPEMSI TUTIBI AJIEKTPO-
OycoB oTHocsTCsl K Kareropuu M3. K aroit
KATErOPUK OTHECEHBI «TPAHCIIOPTHbBIE CPEe-
CTBa», KOTOPbIE UCTTOIB3YIOTCSI TSI IEPEBO3-
KU MMaccaXupoB, UMeEIole MOMUMO MeCTa
BOAUTENST OOJIee BOCBMU MECT JIJTSI CUJICHUS,
1 MaKCUMaJIbHAsI Macca KOTOPBIX MPEBbIIIIA-
eT TITh TOHH. B manbHelilieM TOKyMEHT
B YaCTH MOJABUXHOTO COCTaBa OMEpUpYeT
MMOHSATHEM MMEHHO «TPAHCIIOPTHOE CPEN-
CTBO».

CornacHo Pemrenuto Komuccun tamo-
JKeHHOTo coto3a EBpa3uiickoro skoHomuye-
ckoro coobmiecTsa [ 14] MOXHO OTpeaessiTh,
K KaKOif KaTerOpUU OTHOCUTCS TO WU MHOE
TpaHCTIOPTHOE cpeacTBo. Mcxons u3 ykazaH-
Horo PetieHusi, MOCKOBCKHUE 3JIEKTPOOYCHI
OTHOCSTCS K Kareropuu M3, knacc I, T.K. oHu
TpeIHa3HAYEHBI /1715 IEPEBO3KU MACCAXKUPOB
U UMEIOT TIOMUMO BOJUTENSI O0Jiee BOChbMU
MeCT JIJISI CUICHUSI, 2 UX TeXHUUECKHU IOy~
cTUMasi MaKCUMajbHasi Macca TMpPeBbIIIaeT
naTh TOHH. [IpUHANIEXHOCTh K Kaccy
I oOBsicHSsIETCSI TEM, YTO BMECTUMOCTbD JIeK-
TPOOYCOB COCTABJISIET CBBIIIIE 22 MaCCAKUPOB
TMMOMUMO BOJUTEJISI, @ TAKXKE OHU UMEIOT
BBIIEJEHHYIO TUIOIIAAb IJIS1 CTOSIIIUX Tacca-
KMPOB U 00€CTIeYnBAIOT OBICTPYIO CMEHY
Maccaxupos.

® MWP TPAHCIOPTA, Tom 1

B coorBerctBum ¢ TOCT P 52051-2003
[15] anexTpobychl, aKcITyatupyembie B Mo-
CKBe, aHAJIOTUYHO [ 14] oTHOCATCS K KaTtero-
puu M3, knacc I.

Heob6xonuMo oTMeTUTh, UTO Kiaaccudu-
kanuu B cootBercTBur B TOCT P 41.36-2004,
T'OCT P 41.52-2005, TOCT P 41.107-99,
T'OCT P 52389-2005, OTpacneBoiit HopMaabio
OH 025270-66 B HacTos11llee BpeMsl Heeii-
CTBUTEJIbHBI.

ITo pesynwraram ananusa [14; 15] omnpe-
JieJieHa cliefylolasl cuctemMa kiaccuduka-
uuu (puc. 1).

B Poccuiickoit @enepalinu CymiecTByeT
DenepanbHbIil 3aKoH [16] co cBOMM KaTero-
pUpOBaHUEM TPAHCTIOPTHBIX cpeAcTB. Cor-
JIACHO MY, MOCKOBCKUE 3JIEKTPOOYCHI OTHO-
cATCs K Kareropuu «D», Tak KaK OHU UMEIOT
0oJiee BOCbMU CUIISTIMX MECT, TOMUMO CUJIe-
HbSI BOJIUTEJS.

CyliecTBYIOT pa3nyHble Kiaccuduka-
1MUY TPAHCTIOPTHBIX CPEJCTB (TI0 TACCaXKUPO-
BMECTUMOCTH, TabapUTHOM JJINHE, 9KOJIOTH -
YeCKOMY KJIACcCy, TUIY ABUTATEJIsI, KOMIIO-
HOBKE Y TUIAHWPOBKE CaJIOHA U TIP. ), OTHAKO
aHaJIN3 yKa3aHHBIX KJIacCU(DUKALIUI U COOT-
BETCTBYIOIIETO KATETOPUPOBAHUST HE SIBJISI-
€TCsI 3a/mavueii ncciieoBaHUSI.

ITpu 3amycke mepBBIX IJIEKTPOOYCOB
B MockBe OBLIO TOATOTOBJICHO opsiaka 400
BoauTeneit Mocroprpasca. [1j1st 5Toro Hy>HO
OBLIO TIPOUTHU cTieMATIbHOE TIepeodyueHune
U cAaTh 9K3aMeH Ha kateroputo D [17]. Ta-
KM 00pa3oM, MOXXKHO OTMETUTb MTPUHAIEXK -
HOCTb 3JIEKTPOOYCOB K Kateropuu D, 4To 1o
MEXIYHApOAHON KiacCu(pUKaIuu COOTBET-
CTBYyeT Kareropuu M3.

Cornacxo HanoroBomy Konekcy Poccuii-
ckoit Penepauuu [18], mpu HayuCcIEeHUU
TPAHCIIOPTHOTO HaJora, MOJABMKHON COCTaB
KiaccuuImpyeTcs B KaTeTOPUU «TPAHCTIOPT-

21,C. 196-211 (2020)
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Taommna 1

Knaccudukanus noaBmxkHOro cocTana

HopMmaTuBHbIi TPaBOBOI aKT

TepmuHonorus

®enepanbhblii 3akoH ot 08.11.2007 . Ne 259-D3 [12]

TpaHCTIOPTHOE CPECTBO
ABTOOYCHI, TPOJIIEIOYChI, TPaMBau

IMocranosnenue [1pasurensctBa PO ot 14.02.2009 & Ne 112 [13]

TpaHCTIOpPTHOE CPENCTBO
Kareropust «M»

Pemenne Komuccun TamoxenHoro coto3a ot 09.12.2011 . Ne 877 [14]

TpaHcropTHOE CPEeaCTBO
Kareropust «M3». Knacc [

Denepanbhblii 3akoH or 10.12.1995 . Ne 196-D3 [16]

TpaHcTIOpTHOE CPENCTBO
Kareropust «D»

®DenepanbHbiii 3akoH oT 19.07.2009 . Ne 117-D3 [18]

TpaHcropTHOE CpeacTBO
ABTOMOOMJIN, aBTOOYCBI

HbIe cpeacTBa». CoryiacHo cratbe 358 yka3aH-
HoOro 3aKOHa, B Ka4eCTBE 00 bEKTOB HAJIOT000-
JIOXKEHUS TIPU3HAIOTCSI, B TOM YHUCJIe, aBTOMO-
ounau u aBToOychl. CorylacHO yKazaHHOMY
HOPMAaTUBHOMY aKTy, HAJIOTOBbIC CTaBKU Ha
TPAaHCIIOPTHBIE CPEICTBA YCTAaHABIMBAIOTCS
3aKOHaMU cyOobekTOB Poccniickoit Deneparmn
B 3aBUCHMOCTH OT MOIIIHOCTHU MX IBUTATEJIS.

C 2003 roma B MockBe AefCTBYET 3aKOH
o Hajtore Ha uMyIectBo [19]. B 2008 romxy 6bu1
TIPUHSAT OTAEJbHBIN 3aKOH ropoga MoOCKBBI
o0 TpaHcropTHoM Hajore [20]. Yka3zaHHbBIN
3aKOH ompeneana pa3Mephbl HAJIOTOBBIX CTa-
BOK JIJISI aBTOOYCOB U1 JIETKOBBIX aBTOMOOMIIE T
C Pa3IMYHOI MOIITHOCTBIO ABUTaTE . B ropo-
e MockBe OT yIUIaThl TPAaHCIIOPTHOTO HaJI0-
ra oCBOOOXIAIOTCS, B TOM YHCJIe, OpraHu3a-
MM, OKa3bIBAIOIIME YCIYTH 10 IEPEeBO3KE
MaccaXupoB TOPOJACKUM MacCaXKUPCKUM
TPaHCIIOPTOM OOIIIETO MOJIb30BaHUsI, — IO
TPAHCIOPTHBIM CPEACTBAM, OCYIIECTBIISIO-
IIMM TTePEBO3KU ITaCCAXKUPOB (KPOME TAKCH ).
B cooTBeTcTBMM €O CcTaThEl 3 BHOBD MPUHSI-
Toro 3akoHa ropoga MockBbl oT 20 HOSIOpPS
2019 roma [21] B 3akoH ropoga MoCKBH
O TPAaHCTIOPTHOM HAJIOTe BHECEHBI U3MEHEHMS
[20]. OT ymnaTel TpaHCIIOPTHOTO HAJIOTa OCBO-
OOXKICHBI JINIIA, UMEIOIIE TPAHCIIOPTHBIC
CpeacTBa, OCHAIIEHHBIC MCKIIOYUTEIbHO
BJIEKTPUICCKUMM JBUTATEIISIMMU.

ITpuHSTHIE MEPBI TOCYIAPCTBEHHOM MO~
NIep>KKWA Ha 3aKOHOAATeJIbHOM YPOBHE TOpO-
J1a MOCKBBI 1O Pa3BUTHUIO U UCITOJIb30BAHUIO
BJIEKTPUYECKUX TPAHCTIOPTHBIX CPEICTB SIB-
JISTIOTCS IOTUYECKUM TTPOIOJIKEHUEM peasi-
3alMY TOCYIapCTBEHHOM MMPOrpaMMBbI ropoa
MockBbl «Pa3Butue TpaHCIIOPTHOM CUCTE-
MbI» [22]. CornacHo noamnporpamme «O01e-
CTBEHHBII TpaHcopT. HazeMHBbIN ropoackoit
naccaxXMpCKUil TpaHCIIOPT», MOCTaBIeHA
3ajava 1o BHeapeHuto ¢ 2021 roga Ha ropo-
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CKUX MapuipyTax TpaHCIopTa 0011IeTO MOJb-
30BaHUS TOJIbKO 3JIEKTpoOycoB. st 3TOi
1IeJIM, HaUMHasl ¢ yKa3aHHOW NaThl, TUIaHU-
pyeTcs nmpuoOpeTeHue ISl ropoaa TOJbKO
3JIEKTPOOYCOB, a TaKXe PEKOHCTPYKIIUS
JEUCTBYIOIINX aBTOOYCHBIX TAPKOB U MHBIX
00BEKTOB TPAHCMOPTHOU MH(PPACTPYKTYPbI
TSI 9KCTUTyaTalny JIEKTPOOYCOB 1 CO31aHNE
UHOPACTPYKTYPHI 3aPSIKN 3JIEKTPOOYCOB.

CBeneHUsI 13 OCHOBHBIX HOPMaTUBHBIX
MPaBOBBIX AKTOB, KJIACCU(PUIIUPYIOLINX Mac-
CaXupcKue aBTOTPAHCIOPTHBIE CPEACTBA,
CBeJeHBI B Ta0IMLYy 1.

AHAJTU3 KJTACCUDPUKAL A
SJIEKTPOBYCOB
N UHOPACTPYKTYPbI

Kak 0bL10 0OTMEUeHO paHee, 2JeKTpooyc
SIBJISIETCS] aBTOOYCOM Ha 3JIEKTPUYECKOM TsTe.
DJIeKTPO3HEPrusl, HeooXonumasl ISl IBUXKe-
HUS 3JIeKTpoOyca, MOXKET TeHEPUPOBAThHCS KaK
Ha 00pTY TPaHCIIOPTHOTO CPEACTBA (TIpUMEp —
rMOpUAHBIA BOAOPOAHBIM aBTOOYC), HAXO-
IUTHCSI B EMKOCTU aKKYMYJISITOpa VI TT0Aa-
BaTbCsl TPAHCTIOPTHOMY CPEACTBY OT KOHTAKT-
HOW CeTH.

OnHUM U3 MMapaMeTpoB KiaccuduKaunm
BJIEKTPOOYCOB SIBJISIETCS CIIOCO0 MX 3apSIIKU.
B 3aBuCHMOCTH OT KOHIICTIIIUU 3apsIIKK Oa-
Tapeil 2JIeKTpoOyChl MOXHO pas3leinuTh Ha
clenyomue Kiaaccol [23]:

1. C nuTtaHueM B ABMKEHUU.

2. C rmoa3apsiiKoii B IBUKEHUM.

3. C mom3apsaKoil Ha MapIipyTe.

4. C mopazapsiikoi Ha TpeanpusaTuu (B
napke).

5. C muTaHKeM OT TOTUIMBHBIX 3JIEMEHTOB.

ITo ckopocTu cucTeMBbI 3aPSIAKU DJEKTPO-
OyCOB MOXHO OObEIMHUTD B TPU TPYIIIILI:

1. MenneHnHas 3apsiaka.
2. YabrpabbICTpast 3apsaKa.
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Taomua 2

NudpacTpykrypa ais o6ecnedeHunsi padOThI 2IEKTPOOYCOB

3apsiAHON CTAaHLIMM C KOMIUIEKCHOM
TpaHC()OPMATOPHOIL MOACTAHLIMECH.
ITpokianka ka6eneii. [TogkioueHue
3apsITHBIX CTAHLIUII.

KoHuenius Tpebyemast uHMpPacTpyKTYypa B Mapke Tpebyemast uHdpacTpykTypa | BausHue Ha
3apsSIIKN Ha MapIipyTe SHEPrOCUCTEMY
Mennennas B mapke motpebyeTcsi CTPOUTELCTBO - TpeGyeT reHepanu

MOIIHOCTEN Ha
TepPUTOPUU TTapKa.

VibrpabbicTpasi | B mapke norpedyeTcsi CrpouTeIbCTBO
CTaHIIMY MeUIEHHO 3apsiiKu

JUTSI TIO/I3APSIIKI DJIEKTPOOYCOB

Tarosast OACTaHLMS,
3apsiIHas CTAHIIVS.
Jlns obecrieueHUst

Tpebyer reHepanuu
MOUIHOCTEN Ha
KOHEUHBIX ITyHKTaXx.

CTaHIIMY MEUTEHHOM 3apsiiKu

TSI TOA3aPSIIKY 2JIEKTPOOYCOB

¢ JUTUTETbHBIM MpocToeM. Bo3moxkHa
SKCIUTyaTalus HHOPACTPYKTyPhI
TPOJLICOYCHBIX TTAPKOB.

¢ JUTUTETIbHBIM MPOCTOEM U YCTAHOBKA | SHEprocHaOXeHus 3apsinHbix | CkaukooOpasHast
CTaHIIMU YJIBTPAOBbICTPOIA 3apsIKH. CTaHIIMi1 TOTpedyeTCst Harpyska.
CBSI3BIBATH MOJCTAHIIUU
KaOeJIbHBIMM CETSIMU.
[unamuueckas | B mapke motpebyeTcsi CTpPOUTETLCTBO KoHrakTHas ceTb, OTIOPHI, PaBHOMepHas

Ka6eJ'I$I, crenmyacTu
" apMarypa, TsAroBbIie
NOoJACTaHLIUU.

Harpyska B TeUeHue
Bcero gHsa. Moxer
MCIOJIb30BaTh
NEUCTBYIOILYIO
TPOJIIEOYCHYIO CETh.

3. Jlunamu4deckas 3apsiaka (muraHue
B IBYXKeHUN) [24].

B 3aBucnMocTH OT cucTeMbl (KOHLICTILINM )
3apsIIKKM 3JIEKTPOOYCOB TPEeOYeTCsI COOTBET-
CTBYyIOIIIAst MHPpACTPyKTypa. AHAIU3 Tpedye-
MO MH(MPACTPYKTYPHI AJIsI pabOThI BJIEKTPO-
OycoB Ha MaplIpyTaxX B 3aBUCUMOCTU OT KOH-
LIETILIVY 3apsIIKY TpeaCcTaBIeH B Tao. 2 [25].

3apsiHble CTAHIMU MOAPA3IEISAIOTCs Ha
nBaTuna. B tabn. 3 mpuBeaeHbI XapaKTepruCTH-
KM 000X TUITOB 3apsITHBIX CTaHLIMI [25].

TEXHUYECKUWUE TPEBOBAHU4A
K 3JIEKTPOBYCAM

B Hacrosimiee Bpems IlpaButenbcTBOM
MoOCKBBI pea3yloTCsl MEPOITPUSITHSI, HAIIpaB-
JIEHHbIE Ha pa3BUTHE W COBEPLICHCTBOBAHUE
HAa3eMHOTO FOPOJICKOI0 IACCaXKMPCKOIO TPAHC-
IopTa, CHUXKEHME 3arpy>KEHHOCTU TOPOKHOMI
CETH U YJIy4llIeHUE 9KOJIOTMYECKOI 00CTaHOB-
KU B TOPOJIE.

I'VIT «MocroptpaHc» sIBAsieTCs IIaBHBIM
HCIIBITATEIbHBIM ITOJIMTOHOM B PD 11 aKTUBHO
TECTUPYET Ha MapiupyTax MOCKBBI pa3HbIe
MOJIEJIN DJIEKTPOOYCOB.

B xonue 2017 roma I'VIT «MocroprpaHc»
C yJacTreM ACCOIIMAIINK COACHCTBUS pa3BU-
TUIO TPAHCHOPTHOM oTpaciu « [paHcnopTHas
Acconmanusi MoCKOBCKOM Arjiomepaium»
(Accoumanus «TAMA») pa3paborai u ormyo-
JINKOBAJI MIPOEKT TeXHUIecKoro 3agaHus (1T3)
MOCKOBCKOTI0 3JieKkTpodyca [26]. Co3maHuio
npoekTa T3 mpeniiecTBoBaIy IKNPOKUE 00-
CYXICHUSI U TUCKYCCUU, TIPOBEAEH HAYIHO-
TEXHUYECKUI COBET C yyacTHEeM 3KCIIEPTOB,
NPOU3BOAUTECH MOABMXKHOTO COCTaBa
¥ KOMILIeKTytoI1ux. Ha 6a3ze atoro rexHuue-
cKoro 3agaHust [26] Obl1 0OBSIBIIEH KOHKYPC
Ha 1ocTtaBKy B MockBy 300 aBTOOyCOB Ha
BJICKTPUIECKOM TSITe IO KOHTPAKTY KMU3HEH-
HOTO ITMKJIA.

OcCHOBHBIE TEXHUUYECKHE TpeOOBaHUS
K anekTpobycaMm corinacHo T3 I'VIT «Mocrop-
TpaHC» MPEACTaBICHBI Ha PUC. 2.

CornacHoO MpUBeIEHHOM HAMU KJ1acCu(pu-
KallH, TaHHBIC TUTIBI 3JIEKTPOOYCOB OTHOCST-
s K 2JIEKTpoOycaM ¢ KOHIIEIIMEeH YabTPa0bl-
CTPOM 3apsIaKH.

COBMECTHO C 3JIEKTPOOycaMu ITPeIycCMOTpe-
Ha ITOCTaBKa 3apsiIHBIX CTAHIIUM, CITIOCOOHBIX

Ta6amma 3
Tunbl 3apsAAHBIX CTAHIUI
Xapakrepuctuka / Tun | [TucroneTHbie VibrpadbicTphbie
MoluHoCTb 25—150 kBt 150—600 kBT
Bpewmst 3apsiaiku [1o 1Byx yacoB 2—6 MUH

Hasnauenue 3apsika B mapke

VYaprpabbicTpast 3apsiika Ha KOHEYHBIX OCTAHOBOYHBIX
MyHKTax, B TapKe U Ha MapIipyTe
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MuHumansHoe Bpems
aBTOHOMHOI pa6oThb!

Puc. 2. OcHOBHble TexHuyeckne TpeboBaHus K aN1eKTpobycam.

o0ecreYnBaTh 3apsiiKy aKKyMyJISITOPOB B MaK-
CUMaJIbHO KOPOTKKE CPOKU. JIaHHbIE 3JIEKTPO-
3apsiIHbIE CTAaHLIMKM OYIyT PaciojioXeHbl Ha
KOHEeYHBIX cTaHuusx, TTTY 1 HerocpeacTBeHHO
B 9KCILIyaTaLIMOHHBIX ITapKax. 3apsiiHbIe CTaH-
LIMM TAKXKE 3aKYTIAlOTCS 10 KOHTPAKTY KU3HEH -
Horo LykJiia. O6s3aTe/IbHbIM YCIIOBUEM TOIOBO-
pa IOCTAaBKMU SIBJISIETCSI JIOKATM3ALIMS TIPOU3BO/I -
CTBa MOJIBUKHOIO COCTaBa Ha TEPPUTOPUU
Poccuiickoit Deneparu.

PACYETbl OPTAHU3ALUU
OBCJTY)KUBAHUA MAPLLUPYTA
SJIEKTPOBYCAMMU

WcxonHoii nHdopmalimeit nmpu opraHuza-
MU pabOThI MOJABUKHOTO COCTaBa HA MapIll-
pyTe U pacyeTe ero NoTpedHOro KoJauyecTna,
MOMMMO JaHHBIX O MACCAXKUPOITOTOKE, Mapa-
MeTpax MapllpyTa, BMECTUMOCTH MOIBUKHO-
ro coctaBa U T.M., SIBJIIETCS BpeMsl 3apsiiKu
aJIeKTpoodyca.

CyIIecTBYIOT pa3IMIHEBIC METOIBI pacuéTa
MOTPeOHOro KOJIMYECTBA MOABUXKHOIO COCTA-
Ba Ha MapuipyTe: Mo MaccaxkupoIroToKy, IO
3aJJaHHOMY MHTepBay JABUXEHUS U IO MPO-
W3BOAUTEIbHOCTH MOJBUKHOIO COCTaBa.

JIBMXKeHMe Ha MapllpyTe OpraHMW30BbIBa-
€TCsI BCOOTBETCTBUU C paclMCaHUEM, KOTOPOe
COCTaBJISIETCS OTAEIBHO JJ151 Oy THUX U BBIXOJ1-
HBIX JTHEW, B OCEHHE-JIETHUW U BECEHHE-
3UMHUN NEPUOIBI.

TTpumep opraHu3alUuy IBUKEHUS DJIEKT-
pobyca Ha MapupyTe [25] ¢ pasamIHBIMU
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KOHLEMIUSIMU 3apsaaKu MpeacTaBJeH Ha
puc. 3.

B xadyecTBe MCXOMHBIX JAHHBIX TTPUHSITHI:
MPOTSIKEHHOCTh Mapuipyta — 10 KM; Bpemst
000poTHOTO peiica — 40 MUHYT.

W3 puc. 2 BUAHO, UTO TOJBKO aBTOOYC
U BJIEKTPOOYC C IMHAMUYECKOU 3apsiAKoi
00ecIeyrBaloT TMJIaHOBOE BBIITOJHEHUE pac-
MMUCaHus.

YKkazaHHBIC TUIIBI TOABUXXHOTO COCTaBa
BBITIOJIHSIOT 12 peiicoB 0e3 TOITOJHUTEIh-
HBIX BPEMCHHBIX 3aTpaT Ha MOA3apPSIIKy
B HaYaJIbHOM MJI KOHEYHOM OCTAaHOBOYHBIX
MMYHKTAaXx.

C y4y€ToM yKa3aHHbBIX MTapaMeTpPOB 3KC-
TUIyaTamusi 3JeKTPOOYCOB ¢ KOHUEHLUSIMU
MeJJICHHO! M YJIbTpaOBICTPOl 3apsIIOK He
obecrieunBaeT BBIMOJIHEHUE TJIAHOBOTO KO-
JIMYEeCTBA PEiCOB M COOTBETCTBEHHO MapIil-
pyTHOro pacnucaHus. B uessix odbecrieueHust
3a[JaHHOTO PaCIMCaHUsI TOTPEeOYeTCs BHIMTYCK
JTOTIOJTHUTEJIbHBIX 3JIEKTPOOYCOB TTOIBUXKHO-
ro cocTaBa Ha MapuIPyT. DJIEKTPOOYCHI C KOH-
LENUUSIMU MEIJEHHON U YJIbTPaObICTPOA
3apsaKaMu CMOTYT BBIITOJHUTHh MEHbIIIEe
KOJMYECTBO PEiiCOB M3-3a MOTEPU BpEeMEHU
Ha 3apsIaKy.

BrImycK mOIMOJTHUTEIBHOTO KOJIMYECTBA
3JIEKTPOOYCOB Ha MapuIpyT MOTPeOyeT Mpu-
00peTeHUs JOMOJTHUTEIbHBIX eIUHUIL I0-
JIBUKHOTO COCTaBa, YTO MPUBEAET K yBeIUYE-
HUIO 3aTpaT Ha 3aKyMNKy M 3KCIUIyaTaluio
mapka MoABMXKHOTO COCTaBa.

Kyapswoe M. A., NMpokoneHkoB A. B., Aiipues P. C. K Bonpocy HOpmaTMBHOro o6ecrne4yeHus aKcryatauum
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Puc. 3. Mpumep opraumnsaumu paboTbl 3/1eKTpobyca Ha MapLupyTe.

BcnenctBrie M3I0KEHHOTO, C TOYKU 3PEHUST
OpraHu3al1y ABMKEHUSI ITOABMKHOIO COCTaBa
Ha MapllIpyTe, 3KCILTyaTalus 3JeKTPOOYyCOB
C KOHLEMIMEH IMHAMIYECKOM 3apPSIIKH SIBJIsI-
eTCs TIPEAIMOYTUTETLHOIA.

BMmecrte ¢ TeM B LIEJISIX OTTpeaeIcHUST ONITH-
MaJIbHOM KOHIIEMIIMH 3aPSIKHU 3JIEKTPOOYCOB
HEOOXOAMMO BBIMTOJIHEHIE SKOHOMUYECKON
OLICHKM TTpeUTaraeMbIX PEIICHUIA.

SAKJTIOMEHUE

DNeKTpOOYyC ABISICTCS OTHOCUTEIBHO HO-
BBIM TUIIOM TOJABMXHOIO COCTaBa, B CBSI3U
C YeM HeOOXOIMMO B3BEIICHHOE 1 OObEKTUB-
HOe 000CHOBaHME BhIOOpA TEX WU MHBIX
BO3MOXHBIX BADMAHTOB TEXHUYECKUX, TEXHO-
JIOTUYECKUX, SKOHOMUYECKUX U JAPYTHX ac-
MEKTOB pelICHHUs 3aJauyd OpraHu3aluu ero
paboThl Ha MapIIpyTe.

[poBeaEHHBII aHAIM3 HOPMATUBHBIX TIpa-
BOBBIX aKTOB, PETYJIUPYIOLINX OPraHU3aLNIo
MePEBO30K MACCaKUPOB HA3EMHBIM 3JIEKTpUYE-
CKUM TOPOACKHMM TPAHCIIOPTOM, MOAXOI0B
K OpraHM3alliy ABKEHUS 1 UHGDPACTPYKTYPHI,
a TaKKe BhIOOpaA THTIA 3JIEKTPOOYCOB MTO3BOJTIIT
clenarh CJAeAyIoIIe OCHOBHBIC BHIBOJIBI:

1. B Hacrosiiee BpeMst pasindHbIe Jeii-
ctBytoinue B Poccuiickoit @eaepariniu Hopma-
TUBHO-TIPABOBbIC aKThl UCIOJIb3YIOT pasiny-
HbIe TEPMUHBI 1 OTIPeIeIEHUs ITPY KJIacCUdu-
KaLlMK TOABMXKHOTO COCTaBa aBTOMOOMIIEHOTO
M Ha3eMHOTO TOPOACKOTO 3JCKTPUUECKOTO
TpaHCIOPTA.

JleiicTBYIOII1IE HOPMATUBHbBIE aKThI B YaCTH
3JIEKTPUYECKOIro TPAHCIIOpTa HE colaepkKaT
KaTeropuy ¥ TEPMUHA «3JIEKTPOOYC».

K roponckum 31eKTpuuecKuM TPaHCIIOPT-
HBIM CPEICTBAM OTHOCSITCSI TOJIbKO TpamMBau
U TPOJIIEOYCHI.

2. Mcxons u3 TpeboBaHMIi K TOMYCKY BO-
JIUTeJIei Ha IIPaBO BOXKIIEHUS 3JIEKTPOOYCcaMU,
OHU OTHOCSITCSI K TPAHCIIOPTHBIM CPEACTBAM
kateropuu «D», T.e. aBToOycam. [1pu aTom
BOAUTEIN 00sI3aHbI IIPOXOIUTH CIICLIMAIbHOE
JOMOJTHUTENIbHOE O0yYeHMe MPU YYaCTUK
MpeAcTaBUTEel 3aBOJOB-U3rOTOBUTEIICH
3JIEKTPOOYCOB.

3. CuurtaeM 1esiecoOOpa3HbIM BBIUTHU
B MockoBcKylo ropojackyio JAymy ¢ npea-
JIO)KEHUEM MHUIIMMPOBATh YCTaHOBJICHUE
Ha (peepabHOM YPOBHE B KJ1acCUMKALIM -
SIX TPaHCHOPTHBIX CPEACTB TepMUHa
«3JIEKTPOOYC» KaK OTAEIbHOIO TUITa TPAHC-
IIOPTHOTO CPeACTBa (BHECEHUE U3MEHEHU I
B YcTaB aBTOMOOUJIBLHOIO TpaHCIOpTa
M FOPOJICKOTO HA36MHOI'0 3JIEKTPUYECKOTO
TpaHCIIOpTa).

4. ITpoBea€HHbBIN aHAIN3 KOHIEMINI 3a-
psinKy OGaTapeil 2J1eKTpOOYCOB MO3BOJIMI MX
pa3aeauTh Ha 5 KIacCcoB M OOBEAMHUTH B 3
TPYIIIIBI IO CKOPOCTU 3aPSIIKH.

AHanmu3 TpebdyeMoii MH(PPACTPYKTYpPhI 11
paboThI AIEKTPOOYCOB MOKA3aJ1, YTO KOHLIEIITY-
aJIBHO CYILECTBYIOT 2 TUIIA 3apSIIHBIX CTAHLIMIA.

5. IlpoBen€HHbBIE pacu€Thl U OLIEHKA pa3-
JIMYHBIX BApMAHTOB OpraHU3aluu paboThl
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3JIEKTPOOYCOB Ha (DMKCUPOBAHHOM Mapuipy-
T€ C pa3NUYHBIMU KOHIEMIUSIMU 3aPSIIOK
TOKa3aJin, YTO MPEATIOYTUTETbHBIMU C TOUKHU
3pPEHUSI TOTPEOHOTO KOJMYECTBA TPAHCTIOPT-
HBIX CPEJICTB SIBJISTIOTCS 31EKTPOOYCHI C IMHA-
MUYECKOU 3apsSIKON.
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ABSTRACT

The article provides the results of an intermediate
stage of research on development of a project to
create infrastructure for operation of highly
environmentally friendly electric vehicles.

The transition to electric transport is one of the
promising methods to solve the problem of emissions
and achieve environmental goals. An electric busis a
relatively new type of rolling stock, requiring a
balanced and objective justification for selection of
certain possible options for technical, technological,
economic and other aspects of organisation of its
operation.

To achieve the goal of developing a project to
create infrastructure for operation of environmentally
friendly electric vehicles, an initial analysis of legal
acts, technical characteristics of electric buses and
the parking and on route infrastructure approaches

to organizing transportation by electric buses with
various charging concepts was performed. The
analysis of the concepts of charging electric bus
batteries allowed to divide them into 5 classes and
group into 3 groups according to charging speed. An
analysis of the required infrastructure for operation
of electric buses showed that conceptually there are
2 types of charging stations.

The calculations and evaluation of various options
for organizing operation of electric buses on a fixed
route with various concepts of charging were
performed. A necessary direction for further research
is economic assessment of operation of electric buses
with various charging concepts and the necessary
transport infrastructure.

The methods used include analysis, evaluation of
previously performed analytical studies, legal acts
and a synthesis of domestic and foreign experience.
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transport.
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Background. The system of urban passenger
transport is among the most important social
sphere of the city of Moscow. The quality of life
of population and productivity of various
sectors of the economy depend on effectiveness
of its functioning. Improving the system and
improving quality of transport services for
population requires implementation of
comprehensive studies to assess, analyze and
identify urgent problems of organization and
safety, environmental safety, urban mass transit
in the city of Moscow [1-5].

According to the state report «On the State
and Environmental Protection of the Russian
Federation in 2018» [6] the volume of emissions
produced be transport vehicles in Russian
Central Federal District is more than twice the
volume of emissions from stationary sources
(3849 and 1529 thousand tons, respectively).

The analysis of the dynamics of pollutant
emissions from 2010 to 2018 shows a general trend
towards a decrease of emissions from stationary
and an increase from mobile sources [6].

The increase in the number of motor
vehicles, particularly characteristic of central
part of the city, and of the largest transport hubs,
together with the increase in traffic congestion
and the decrease in average speeds, lead to a
deterioration of the environmental situation. In
hot, calm weather, there are cases of formation
of tropospheric ozone (smog). Exhaust gas
emissions from motor vehicles pose a serious
danger to people living in the vicinity of roads.

The transition to electric transport is one of
the methods to solve the problem of emissions
and achieve environmental goals [7—11].

Improving the legal and methodological
regulations of the city of Moscow, including in
the field of «greening» procurement for public
needs, introducing environmental indicators
in assessing the effectiveness of public programs
in Moscow, creating standards for «environmen-
tally friendly transport and transport infra-
structure» are key principles aimed at qualitative
transformation of the transport system. The
article analyzes management of ground-based
urban electric passenger public transport and
related transport infrastructure.

Analysis of regulatory support for
organization of transportation by electric buses
The main federal legal act regulating the
activity of urban land electric transport is
Federal Law No. 259-FZ [12]. That law has
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established the basic principles and provisions
governing transportation of passengers by
buses, trams, trolleybuses and passenger taxi.
The analysis showed that Article 2 of this law,
devoted to the basic concepts, does not contain
information regarding vehicles, their types and
classifications. The terminology regarding
vehicles is given only when formulating and
establishing the terms «Charterer» and «Charter
provider».

There are references to «buses» throughout
the text of this regulatory act, for example, in
Article 3.2 on the procedure for licensing
passenger transportation. Some articles use the
term «vehicles», as well as «tram» and
«trolleybus» in the part devoted to urban
electric transport. Chapter 3 of this Law is
devoted to regular transportation of passengers
and baggage. The said chapter of the Law is of
ageneral conceptual nature and, from the point
of view of rolling stock, operates with the
concept of «vehicles». The situation is similar
when establishing principles and provisions for
organization of customized transportation of
passengers and baggage.

Thus, the analysis of the Charter of road
and urban electric land transport [12] shows
that at present it does not contain the concept
of «electric bus» and mainly operates with the
term «vehicle».

On the basis of the current Charter [12], the
Resolution of the Government of the Russian
Federation [13] approved the rules for
transportation of passengers by road and urban
land electric transport. In the section of general
provisions of this act, concepts describing
rolling stock are given. According to the
specified document, classification of vehicles
is given in the context of their categories. In the
context of the subject we are considering, the
currently known types of electric buses belong
to M3 category. This category includes
«vehicles» that are used to transport passengers,
which, in addition to the driver’s seat, have
more than eight seats, and the maximum mass
of which exceeds five tons. The document
further on and regarding rolling stock operates
the concept of «vehicle».

According to the Decision of the Commis-
sion of the Customs Union of the Eurasian
Economic Community [14], it is possible to
determine which category this or that vehicle
belongs to. Based on this Decision, Moscow
electric buses belong to category M3, class I,
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Maximum weight, t

Passenger capacity,
passengers

Pic. 1. System of classification of electric buses.

because they are designed to carry passengers
and have, in addition to the driver’s, more than
eight seats, and their technically permissible
maximum weight exceeds five tons. Belonging
to class I is explained by the fact that capacity
of electric buses is over 22 passengers in
addition to the driver, and also they have a
dedicated area for standing passengers and
provide a quick rotation of passengers.

In accordance with GOST [Russian State
Standard] R52051-2003 [15] electric buses,
which are in operation in Moscow, similarly to
[14] belong to category M3.

It should be noted that classifications in
accordance with GOST R41.36-2004, GOST
R41.52-2005, GOST R41.107-99, GOST
R52389-2005, Industry normal ON025 270-66
are currently not valid.

Based on the results of the analysis [14; 15]
the following classification system is proposed
(Pic. 1).

In the Russian Federation there is Federal
Law [16] defining categories of vehicles.
According to it, Moscow electric buses belong
to D category, as they have more than eight
seats, besides the driver’s seat.

There are various classifications of vehicles
(according to passenger capacity, overall
length, environmental class, engine type,
layout and arrangement of the compartment,
etc.), however the analysis of these
classifications and the corresponding categori-
zation is beyond the task of the study.

When the first electric buses were launched in
Moscow, about 400 Mosgortrans drivers were
trained. Forthis, it was necessary to undergo special
retraining and pass an exam for category D [17].
Thus, it can be noted that electric buses belong to
category D, which according to the international
classification corresponds to category M3.

According to the Tax Code of the Russian
Federation [18] when calculating transport tax,

rolling stock is classified by categories of
«vehicles». According to Article 358 of the said
Law, cars and buses are recognized as objects
of taxation. According to the specified
regulatory act, tax rates on vehicles are
established by the laws of the constituent
entities of the Russian Federation, depending
on the power of their engine.

Since 2003, Moscow has a law on property
tax [19]. In 2008, a separate law of the city of
Moscow on transport tax was enacted [20]. The
said Law determined tax rates for buses and
cars with different engine power. In the city of
Moscow, organizations that provide services for
transportation of passengers by passenger
public transport are exempted from paying
transport tax for vehicles carrying passengers
(except taxi). In accordance with Article 3 of
the newly adopted law of the city of Moscow
dated November 20, 2019 [21], the law of the
city of Moscow on transport tax was amended
[20]. Persons with vehicles equipped exclusively
with electric motors are exempted from paying
transport tax.

The measures of public support taken
at the legislative level in the city of
Moscow for development and use of
electric vehicles are a logical continuation
of implementation of the state program of
the city of Moscow «Development of the
transport system» [22]. According to the
subprogram «Public transport. Land urban
passenger transport», the task was set to
introduce only electric buses on city
public transport routes since 2021. For this
purpose, starting from the indicated date,
it is planned to purchase only electric
buses for the city, as well as reconstruct
existing bus fleets and other transport
infrastructure facilities for operating
electric buses and create an infrastructure
for charging electric buses.
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Classification of rolling stock’

Table 1

Normative legal act

Terminology

Federal Law dated 08.11.2007 No. 259-FZ [12]

Vehicles

Buses, trolleybuses, trams

Resolution of the Government of the Russian Federation dated 14.02.2009 Vehicle
No. 112 [13] Category «M»
Decision of the Commission of the Customs Union dated 09.12.2011 No. 877 Vehicle

[14] Category «M3», Class [
Federal Law dated 10.12.1995 No. 196-FZ [16] Vehicle

Category «D»
Federal Law dated 19.07.200 No. 117-FZ [18] Vehicle

Cars, buses

Table 2
Infrastructure to support electric buses operation

Charging concept | Required infrastructure in the Required infrastructure on the Influence on energy
park route system

Slow It is required to build a charging — Requires power
station with a transformation generation on the
substation in the park, to lay park territory.
cables, to connect charging
stations.

Ultra-fast It is required to build a slow Traction substation, charging Requires power
charging station to charge electric | station. To ensure power supply of | generation at
buses with long idle time and charging stations it is required to terminal points.
to install an ultra-fast charging connect substations through cable | Uneven load.
station in the park. networks.

Dynamic It is required to build a slow Contact network, supports, cables, | Even load
charging station to charge electric | special parts and reinforcement, throughout the day.
buses with long idle time. It is traction substations. Can use the existing
possible to operate trolleybus park trolleybus network.
infrastructure.

General information on the main normative
legal acts classifying passenger motor vehicles
is summarized in Table 1.

Analysis of classification of electric buses and
infrastructure

As noted earlier, the electric bus is a bus using
electric traction. The electric power necessary
for electric bus movement can be generated both
on board the vehicle (for example, a hybrid
hydrogen bus), obtained from the battery, or
supplied to the vehicle from the contact network.

One of classification parameters of electric
buses is the method of charging them.
Depending on the concept of charging batteries,
electric buses can be divided into the following
classes [23]:

1. With power supply in motion.

2. With recharging in motion.

3. With recharging on the route.

4. With recharging at the enterprise (park).

5. With power supply by fuel elements.

According to the charging speed, the
electric bus charging system can be grouped
into three groups:

1. Slow charging.

2. Ultra-fast charging.

3. Dynamic charging (power supply in
motion) [24].

Depending on the system (concept) for
charging electric buses, different infrastructure
is required. The analysis of the required
infrastructure for operation of electric buses on
routes, depending on the charging concept, is
presented in Table 2 [25].

Charging stations are divided into two types.
Table 3 shows the characteristics of both types
of charging stations [25].

Technical requirements for electric buses

Currently, Moscow Government is
implementing measures aimed at
development and improvement of land
urban passenger transport, reducing traffic
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Table 3

Types of charging stations

Characteristic / Type Pistol Ultra-fast

Power 25—150 kW 150—600 kW

Charging time Up to two hours 2—6 min

Purpose Charging in the park Ultra-fast charging at terminal stopping
points, in the park and on the route

Passenger capacity: 85 |

in 18/9/2 mi
100 % low floor in 16/0/2 min

Minimal run without charging
is of 40 km (load 100 %,
heating or climate control is on)

Traction engines of 180 kW (2 pcs,
synchronous, alternating current with
liquid cooling, total power 180 kW)
Specific electric energy
consumption not more than
1,3 kWeh/km

Service life of the body’s housing
(resistance to fatigue damage,
leading to emergencies or failures)

Together with electric buses
ultra-fast charging stations are

supplied

External power supply from
direct current voltage 6008

Duration of battery charging cycle: fast
charging on the route to 100 %/50 %/10 %

" Minimal operation time
per day up to 20 hours

Night charging by current 100 A to
100 %/50 % in 90/45 min

On-board sources of electric energy

. should serve not less than 15 years
(life cycle contract) (service
life/manufacturer’s responsibility of
manufacturers of high-voltage circuits
of traction batteries)

_.Autonomous diesel heater should turn on
at temperature +5°C; time of warming of
the compartment to normal values is of
15 minutes

Two-zone climate-control for driver’s
cabin and passenger compartment

Life cycle contract of 15
years, vehicle should be
produced in Russia

Max value of current at the
input not higher than 500 A

Max voltage at the output not

more than 600 V

Max current at the output not

higher than 500

Pic. 2. Main technical requirements for electric buses.

congestion and improving the environmental
situation in the city.

SUE Mosgortrans is the main testing
ground in the Russian Federation and is actively
testing different models of electric buses on
Moscow routes.

At the end of 2017, SUE Mosgortrans with
participation of the Transport Industry
Development Assistance Association «Transport
Association of Moscow Agglomeration» (TAMA
Association) developed and published a draft
technical specification (TS) for Moscow
electric bus [26]. The development of TS draft
was preceded by extensive discussions, a
scientific and technical council was held with
participation of experts, manufacturers of
rolling stock and components. Based on this
TS [26], a tender was announced for supply of
300 electric buses to Moscow under a life cycle
contract.

The main technical requirements for
electric buses according to TS by SUE
Mosgortrans are presented in Pic. 2.

According to the classification given by
us, these types of electric buses belong to

electric buses with the concept of ultra-fast
charging.

Together with electric buses, it is planned
to supply charging stations capable of charging
batteries as fast as possible. These electric
charging stations will be located at terminal
stations, transport-interchange hubs and
directly in fleet parks. Charging stations are also
purchased under a life cycle contract. A
prerequisite of supply contract is localization
of production of rolling stock in the territory
of the Russian Federation.

Calculations of organization of route
maintenance by electric buses

Initial information when organizing operation
of rolling stock on a route and calculating its
required amount in addition to data on passenger
flow, route parameters, rolling stock capacity, etc.
is charging time of an electric bus.

There are various methods for calculating
the required amount of rolling stock on a route:
according to a passenger flow, according to a
given interval of movement, and according to
performance of rolling stock.
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Pic. 3. An example of organization of electric bus operation on the route.
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Traffic on the route is organized in

210 accordance with the schedule, which is

compiled separately for weekdays and
weekends, for autumn-summer and spring-
winter periods.

An example of organization of electric bus
movement on the route [25] with various
charging concepts is given in Pic. 3.

The following data were taken as initial
data: length of the route is 10 km; round trip
time is of 40 minutes.

Pic. 2 shows that only a bus and an electric
bus with dynamic charging ensure the planned
compliance with the schedule.

The indicated types of rolling stock carry
out 12 trips without additional time costs for
recharging at the initial or final stopping points.

Given these parameters, operation of
electric buses with the concepts of slow and
ultra-fast charging does not ensure the
fulfillment of the planned number of trips
and, accordingly, the route schedule. In order
to respect a given schedule, it will be
necessary to release additional electric buses
of rolling stock to the route. Electric buses
with slow and ultra-fast charging concepts
will be able to perform fewer trips due to loss
of charging time.

The release of additional units of rolling
stock on the route will require purchase of
additional electric buses, which will lead to an
increase in the costs of purchase and operation
of rolling stock.

Due to the above, from the point of view of
organizing movement of rolling stock along the
route, operation of electric buses with the
concept of dynamic charging is preferable.

However, in order to determine the optimal
concept for charging electric buses, it is
necessary to carry out an economic evaluation
of the proposed solutions.

Conclusion. An electric bus is a relatively
new type of rolling stock. So, a balanced and
objective justification for selection of various
possible technical, technological, economic
and other aspects of solving the problem of
organizing its work on the route is necessary.

The analysis of regulations and legal acts
governing organization of passenger transporta-
tion by land electric urban transport, approaches
to traffic management and infrastructure, as
well as the choice of type of electric buses,
allowed the following main conclusions to be
drawn:

1. At present, various legal acts in force in
the Russian Federation use different terms and
definitions to classify rolling stock of road and
land urban electric transport.

Current regulations regarding electric
transport do not contain the category and term
«electric bus».

Urban electric vehicles include only trams
and trolleybuses.

2. Based on the requirements for admission
of drivers to drive electric buses, they consider
vehicles of category D, i.e. to buses. At the same
time, drivers are required to undergo special
additional training with participation of
representatives of manufacturers of electric
buses.

3. We consider it expedient to file with
Moscow City Duma a proposal to initiate at
the state level of the Russian Federation the
implementation in classifications of vehicles of
the term «electric bus» as a separate type of
vehicle (amending the Charter of road transport
and land urban electric transport).

4. The analysis of the concepts of charging
electric bus batteries allowed to divide them
into 5 classes and, on the contrary, to combine
into 3 groups according to charging speed.

The analysis of the required infrastructure
for operation of electric buses showed that
conceptually there are 2 types of charging
stations.

5. The calculations and evaluation of
various options for organizing operation of
electric buses on a fixed route with different
charging concepts showed that dynamically
charged buses are preferred from the point of
view of the required number of vehicles.
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SKCINPECC-URH@ORPMAUME
EXPRESS INFORMATION

HOBbIY TEPMUHAJ C B A3POMNOPTY LUEPEMETbBEBO

LllepemeTheBO BBEAEH B 3KCIUIyaTallMi0 HOBBII
naccaxupckuii tepmuHan C. OH mocTpoeH 1 060-
PYIOBaH IO CaMbIM BBICOKMM MUPOBBIM CTaHIApTaM.

B uepeMOHMM OTKPBITUSI IPUHSLIN, B YACTHOCTH, y4acTUe
3aMeCTUTEeNIb MUHUCTpPa TpaHcnopTta Asnekcanap KOpuuk, pyko-
Bonutesnb PocaBuauuu Anexkcannp Hepanbko, npenacenarenb
MOCKOBCKOI1 061actHO# [lymbr irops BpbiHiianos, ipencenareib
coera aupekropoB AO «MALL» Anexkcannp [ToHomMapeHKO
u reHaupekTop AO «MALL» Muxaun BacuiieHko.

«[lepemMeTbeBO B OCJIEHKE TO/IBI SIBJISICTCS JIMIEPOM B pas3-
BUTHUH a3POTIOPTOBOI MH(MPACTPYKTYPHI HALlIeH cTpaHbl, EBpOITb
1 MHpa. 3/1eCh TEXHOJIOTMU OYeHb FTAPMOHUYHO U OUYEHb OPTaHNY-
HO COEIMHUINCH C KOHCTPYKTUBU3MOM, C KYJIBTYPHBIMU U apXU-
TEKTYPHBIMHU PEIIEHUSIMUA. A3POTIOPT U €ro 6a30BbIi MEPeBO3YMK
«Aspodsior» — drarMaHbl aBUALIMOHHOW OTpaciu. DTO OYEHb
HY>KHBII ¥ BAXKHBII CUMOMO03» , — CKa3aJl Ha OTKPBITUU AJIEKCaHIP
IOpuuk. ITo ero cioBaM, pa3BUTHE BO3/YLIHOI raBaHu UAET Ha
ocHoBe [UI1. DT0 eAMHCTBEHHBII a3pOMNOPT, KOTOPbI UMEeT
TOJTHOLICHHOE KOHIIECCMOHHOE COTJIallIeHUE.

«[IepemMeTbeBO MOJYYUT PA3BUTHE C OTKPLITUEM HOBOM
JKEJIE3HOMOPOKHOM CTAaHLIMU. A TIOSIBIEHUE TPEThel B3IETHO-
TOCAIOMHO ITOJIOCHI a0 BO3MOXXHOCTb PeaTu30BbIBATH HOBE -
LI1e TEXHOJOIMYECKUE PEIeHUs» — OTMETHII OH.

B cBoto ouepenn, Anekcanap Hepanbko moayepkHys, 4yto
rpaxniane u roctu Poccuiickoii Denepaiivy MpuBBIKIN O30~
BaTbCSl CAMBIM YJIOOHBIM U KOM(OPTHBIM BUIOM TPAaHCIIOPTa —
Bo3aymHbIM. B 2019 romy yepe3 asponoptsl Poccun nporuiu
Gosee 221 MitH maccaxupos. M3 Hux moutu 50 MIIH 06CTyXKuiu
B asponopry LlepemeTbeBo.

«[lepemeTbeBO UTrpaet 0codyio poib B pa3BuTe MOCKOB-
CKO# 00J1aCTH, TTOJICPKUBACT IETOBYI0O aKTUBHOCTbh PETMOHA,
MOBBIILIAET €r0 MHBECTULIMOHHYIO U TYPUCTUYECKYIO MPUBJIEKa-
TEJBHOCTh» — 0TMeTU Mrops BpbiHuanos.

ITo cioBam Anexkcanapa [ToHoMapeHKO, BBOJI B 9KCILTyaTa-
LIMIO TEPMUHAJIA SIBJISIETCS] BAXKHEIILIMM I11aroM B I0JITOCPOYHOI
nporpamMMe pa3BUTHUS adpONopTa, KOTOpas MmpuypoueHa

1 siHBaps 2020 roga B MexXayHapOIHOM a’poropTy

K 2030 romy. «OtkpbiTie TepmuHaia C 1aét HaM BO3MOXHOCTb
YBEJIMUEHUST TTaCCakMPoIoToka 10 80 MJIH MaccakupoB B TOI.
MBI cTpeMUIIUCh B KpaTyaiiliiie CpoKu IOCTPOUTb M 060py10BaTh
TepPMUHAJ TaK, YTOObI OH COOTBETCTBOBAJ BLICOKUM CTaHIAPTAM
00CTy>KMBaHMUSI NTACCAXXMUPOB M aBUAKOMITaHWiA. B HaIIMX najib-
HEHILINX I1aHaxX — CTPOMTEIbCTBO BTOPOit ouepein TepmuHaa C.
Taxxke k 2021 roay Ham naptHép kommnaHust «PXK/1» momkHa
3aBEPLUMTb CTPOMTEILCTBO XKEJIE3HOLOPOKHOM CTAaHLIMU «A3pPO-
sKcnpecca». OHa MO3BOJIMT HALLIMM Taccaxupam 6e3 nepecaaku
13 ropojia MpUObIBATh B CEBEPHbII TEPMUHATIBHBIN KOMILIEKC», —
COOOIINII OH.

MMaccaxupckuii TepMuHan C MoCcTpoeH B paMKax J0Jro-
CPOYHOIl POTPaMMBbI Pa3BUTUsI MeXIyHapOIHOTO a3poIopTa
[llepemMeTbeBO U BXOIUT B cocTaB ero CeBEepHOTO TePMUHATb-
Horo Komruiekca — tepmuHaibl B u C. IlpeaHasHaueH ais
MEXIyHAapOIHBIX aBUAJIMHMUIA, €TO MPOITYCKHAs CTOCOOHOCTD —
20 MuIH maccaxupos exerogHo. OH BKJII0YaeT OCHOBHOE
7-3TaxHOE 3laHue a3POBOK3AJILHOIO KOMIUIEKCa OOLIei 110~
manpio 127375 KB. M, BBILIKY yIIPaBICHUS HA3€MHBIM IBHXe-
HMEM BO3IYIIHBIX CYJIOB U KPBITHII [IECTHYPOBHEBBIN MaPKUHT
Ha 2500 MalIMHOMECT, COSIMHEHHBII C TEPMUHAIOM MeLIEX0/1-
HOW ranepeeit. OCHOBHOM 3amaveil TIPU NMPOEKTUPOBAHUU
U CTPOUTETbCTBEe TepMHuHaia C ObLIO COBMEIIEHUE BHICOKOTO
YPOBHSI TEXHOJIOTUYHOCTU U KOHLIENTYaJIbHOIO apXUTEKTYPHO-
nu3aiiHepckoro peureHust. OHO HaclenyeT TpaauLusIM PycCKO-
IO KOHCTPYKTHUBU3MA.

Tepmunan C o6beanHéH ¢ tepmuHanom B. CTbikoBKa Kop-
MYCOB «TIO/I OJHO¥ KpBINIEi» CTajda OAHOUM M3 CIOXHENITNX
0COOEHHOCTe CTpoUTeIbCTBA. EIMHCTBO COOPYKEeHMIi TTO3BOJISI-
€T Mmaccaxupam IMoJb30BaTbCsl CEPBUCHBIMU U TEXHUYECKUMU
BO3MOKHOCTSIMU Cpa3y ABYX TEPMUHAIOB, a TpaHChEPHBIM
raccaxmpam 3a MUHMMAaJbHOE BPEeMsl MepPeMeaThCsl MEXILy
HHUMMU Y4epe3 TPAaH3UTHYIO 30HY.

Tlo mMaTepuanam npecc-uenTpa
Munucrepcrsa Tpancnopra Poccuiickoit Denepanuu:
https://mintrans.gov.ru/press-center/news/ 9399@

NEW TERMINAL C OPENED AT SHEREMETYEVO AIRPORT

airport on January 17, 2020. It was built and equipped to
meet the highest world standards.

The opening ceremony was attended by Alexander Yurchik,
Deputy Minister of Transport, Alexander Neradko, head of Federal
Agency of Air Transport, Igor Bryntsalov, chairman of the Moscow
regional Duma, Alexander Ponomarenko, chairman of the board
of directors of JAC MASH (Moscow International Sheremetyevo
Airport), and Mikhail Vasilenko, CEO of MASH.

«Sheremetyevo has been a leader in the development of airport
infrastructure in our country, Europe and the world in recent years. Here
the technologies are very harmoniously and very organically combined
with constructivism, with cultural and architectural solutions. The airport
and the main carrier based here, which is Aeroflot, are the flagships of
the aviation industry. This is a very necessary and important symbiosis»,
Alexander Yurchik said at the opening ceremony. According to him, the
development of the air harbor is based on PPP. It is the only airport that
has a full concession agreement. «Sheremetyevo will take new
development with the opening of a new railway station. And the
emergence of the third runway made it possible to implement the latest
technological solutions», he said.

In his turn, Alexander Neradko stressed that residents and
guests of the Russian Federation have got used to travel by air, the
most convenient and comfortable mode of transport. In 2019, more
than 221 million passengers passed through Russian airports. Of
these, almost 50 million passed by Sheremetyevo airport.

«Sheremetyevo plays a special role in the development of the
Moscow region, supports the business activity of the region,
increases its investment and tourism attractiveness», Igor Bryntsalov
said.

According to Alexander Ponomarenko, the commissioning
of the terminal is the most important step in the long-term

a new passenger terminal C was inaugurated at Sheremetyevo

program of airport development, which is timed up to 2030. «The
opening of Terminal C gives us the opportunity to increase
passenger traffic to 80 million passengers per year. We sought to
build and equip the terminal as soon as possible so that it met the
high standards of passenger and airline service. Our future plans
include the construction of the second phase of Terminal C. Also
by 2021, our partner company Russian Railways should complete
the construction of the Aeroexpress railway station. It will allow
our passengers to arrive at the northern terminal complex without
transfer directly from the city», he said.

Passenger terminal C is built as part of the long-term
development program of Sheremetyevo International Airport
and is part of its Northern Terminal Complex comprising
terminals B and C. Designed for international airlines, its
capacity reaches 20 million passengers annually. It includes the
main 7-storey building of the 127,375 sq m terminal complex,
a ground operations’ control tower, and an indoor six-level
parking lot for 2,500 cars connected to the pedestrian gallery
terminal. The main task in designing and building Terminal C
was to combine the high level of technology and a conceptual
architectural and design solution. It inherits the traditions of
Russian constructivism. Terminal C is combined with
Terminal B. Docking of buildings «under one roof» has become
one of the most difficult features of construction. That allows
passengers to use the service and technical capabilities of two
terminals at once, providing minimum passenger transfer time
through the transit zone.

Based on the news of the press centre of the Ministry of
Transport of the Russian Federation: https://mintrans.gov.ru
press-center/news/9399
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Hoebii TepmuHan C B asponopty LLlepemeTbeBo

New Terminal C Opened at Sheremetyevo Airport
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NUccnepoBaHmne ocobeHHOCTEN
coBJiafaaloLWwero NnoBeaeHnsa KypCaHToB-
NMUJIOTOB rpaxxaaHCKou aBnauum

Mapuna EPXOBA Jiioagmuna LULYMKOBA

B cratbe o60CcHOBaHa akTyasbHOCTb U3YHEHUSs]
Y pa3BUTUS COBJIAAAIOLIErO MOBEAEHUS OyAyLLNX
MUII0TOB rpaxxaaHCKoV aBuaLmm B yCI0BUSIX 110J1y4e-
HUS UMW BbICLLIErO MPOMECCUOHAIbHOIro 06pa3oBa-
Hus. [pyuBeneHbl pe3yibTarsl UCCeA0BaHWs, LieJiblo
KOTOPOro CTasio OnpenesieHne BblPaxeHHOCTU CO-
BAaAaloLLMX CTpaTerui, ncrosib3yemMbix niioTamm-
KypCaHTamMu B CJIOXHbIX XU3HEHHbIX CUTyaLMsX,
a TaKxke XapakTepHbIX [J15 HUX TUMOB MCUX0s10ru4e-
CKUIX 3aLUNT, «3aryCKaloLUMX» MEXaHU3M YKJIOHEHUS
OT 0rnepaTuBHOro M KOHCTPYKTUBHOIO pPeLueHus
JINYHBIX U TPOGECCHOHaIbHbIX MPobieM. TeopeTmnko-
MeTOL0JI0rM4eCcKoli OCHOBOW NCC/Ie0BaHus S1BJIsI-
eTcsl CTPeCcCco-0pPUEeHTUPOBAHHbIV MOAX0A K COBJa-
nanwuio (P. Jlazapyc, C. ®onkmaH). JaHHbiv noaxon
n3y4aet peHOMEeH CcoBnafaHvsi C TO4YKM 3pEHNs 9¢-
PEKTUBHOCTU N HEIPPHEKTUBHOCTY B3ANMOAENCTBUS
4yeJsioBeka Co CTPecCcOoBbIMY pakTopamu.

B kayecTBe amnvpmn4eckoro Metosaa uccienoBa-
HUs 6b1710 BbIGPAHO TECTUPOBAHUE MO OMNPOCHUKY
«CTparernv coBnaaaloLero noBeaeHus», pa3pabo-
TaHHOMY rpYyrrow y4EHbIX 1ab0paTopuv KIIMHUYECKOM
ricuxonoruy CaHkT-leTepbyprckoro rncuxoHeBpPosI0-

Epxosa Mapuna Bukmopoena — Yivsnogckuii
uHCMUmMym epaxcoanckoil asuayuu um. Iiaenozo
mapwana asuayuu b. I1. byeaesa, Yavanoeck, Poccus.
Illymrkosa Jlroomuaa Iennaovesna — YavsaHoscKull
uHcmumym epaxcoanckoil asuayuu um. Inrasnozo
mapwana asuayuu b. I1. Byeaesa, YavsaHosck,
Poccus*.

rudeckoro nHctuTyTa um. B. M. bextepesa, n onpoc-
HUKY TUIMOB MCUXOJI0rM4eckor 3aLumtsl (P. [nyTduk
B agantauun J1. . BaccepmaHa, O. ®. EpsbilieBa
nap.). pHeKkTnBHOCTb AaHHbIX METOAUK MOATBEP-
XagaeTcs pe3ysibTatamu ux npuMeHeHus npuv obcese-
Z0BaHUN PasiNyHbIX KOHTUHI€HTOB WCIbITYEMbIX,
PEeTecToBOM HaAEXHOCTbLIO, BHYTPEHHEV N BHELLHEN
Ba/IMAHOCTBIO.

Lns onpeneneHunsi Haan4us M OTCYTCTBUS JIMHEN -
HOWVI CBSI3U MEXAY PSIAOM 3HaYEeHWV KOMUHI-CTpareryum
«KoHgpoHTaums» (kak Hanbosee, o MHeHWIO aBTOPOB,
JAECTPYKTUBHOWV CTpareruy B yCJi0BUsSIX MoaETa) vi ps-
AaMu 3Ha4eHWi Hanbos1ee BbiPaxXeHHbIX TUIMOB MCYXO-
JIOrMHECKUIX 3aLLUNT PECTIOHAEHTOB, BbISIBJIEHHbIX B UC-
cnenoBaHuu, GbU1 NPYMEHEH METOL NapameTPNHeCcKor
CTarnucTUKU — PacHET Kputepus Koppensaumm [pcoHa.
Ha ocHoBe OLieHKM TECHOTbI KOPPESSLIMOHHBIX CBSI3EN
MexXAay KonuHr-ctparerven «KoHGpoHTaums» U rncmuxo-
Jiormyeckumm 3alumtamm «Perpeccust», «[lpoekuymsi»,
«3amelLeHvie» 6bl1a nNpPoaHaIn3NpPoBaHa CTENEHb NxX
BJINSIHNISI HA XapakTep B3anMOLEViICTBUS /I0TOB B JIET-
HOM V1 KABMHHOM SKUIMaxax v Ha 6e30nacHOCTb OIETOB
B LI€JIOM.

Knoyesbie crioa: rpaxzaaHckas asmaums, obydeHne, coBiaaaroLlee rnoseaeHne, KypcaHT-rnuioT, cu-
Xosorndeckas 3alumTa, KonuHr-ctTpareriv, 6e30nacHoCTb rnoiETos.

*MHdbopmaumsa 06 aBTopax:

EpxoBa MapuHa BUKTOpPOBHa — KaHOWAAT Nefarormieckmnx Hayk, AOoLEeHT kadpeapbl 'yMaHUTapHbIX

1 COLMANbHO-3KOHOMMYECKUX ONCUNMANH YIbAHOBCKOIrO MHCTUTYTA MPaxAaHCKon aBnaumm um. MasHoro
MapLuana asnaumm b. . byraesa, YnbsiHoBck, Poccusi, m.v.erhova@mail.ru.

LymkoBa Jlioagmuna leHHagbeBHa — KaHAMOAT NeJarorMyecknx Hayk, AekaH dakynsrteta noaroToBKM
aBNALMOHHbBIX CNELMANNCTOB YNbSHOBCKOIO MHCTUTYTA MrPaXKAaHCKoW aBraL M uMm. MmaeHoro mapLuana
aBmnaumn b. . byraesa, YnbsiHoBCK, Poccus, fpas-1@yandex.ru.

Crtatbs noctynuna B pegakumio 25.09.2019, npuHaTa k nyénvkauum 08.01.2020.

For the English text of the article please see p. 222.
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BBEOAEHUE

CoBpeMeHHas npodeccruoHanbHas cpeaa
XapaKTepU3yeTCsl YBEJMYSHUEM KOJINYeCTBa
CUTYaTUBHBIX (DAKTOPOB, OKa3bIBAIOIIUX CY-
IIECTBEHHOE BJIMSHUE Ha IICUXOJOIMYECKOe
COCTOSIHME COTPYAHUKOB U, KaK CJIEICTBUE,
Ha KayecTBO uX paboThl. PazHooOpa3ue gaH-
HbIX (haKTOPOB OIPEAEISETCS 0COOCHHOCTSIMU
caMoil ipoeccMOHaIbHON eI TeIbHOCTH,
YCJIOBUSIMU TPyJa, OTHOLUEHUSAMU B KOJUIEK-
THBE, COLIMAIbHO-3KOHOMUYECKUMU (haKTO-
paMM, OCOOEHHOCTSIMU CEMEMHBIX OTHOIIIE-
HUIi, BHYTPUJIMYHOCTHBIMU M MEXJIMYHOCT-
HBIMU KOHGIMKTaMK 1 Ap. Kaxknbiid u3 aTux
¢dakTOpoB TpedOyeT OT YejJoBeKa 0co0Oro
criocoba pearupoBaHMsl, KOTOPbIiA BHIOMpPAET-
cs1 paOOTHMKOM KaK IOTEHIIMAIbHO YCIIEII-
HbIIA, CHIZKAIOIIMI IICUXOJIOTMYECKYIO HATIPS -
KEHHOCTb 1 00eCIIeYMBAIOIIII ONITUMAJIBHYIO
COLIMAJIbHYIO aJalTUBHOCTh. PacimmpeHue
Yyciia BHEIITHUX M BHYTPEHHUX BO3ACICTBUIA
TpeOyeT OT YeaoBeKa BCE 00Jibliieii TMOKOCTH,
YCUJIUIA TI0 CAMOKOHTPOJIIO, aHATUTUIECKUX
HaBBIKOB U Jipyroe. B cBs13u ¢ 3TMM BO3HUKIIA
HE00XOIMMOCTh OIPEACIUTh CIIOCOOHOCTh
pabOTHMKA CIPABISATHCS C PA3IMYHOrO poja
JKU3HEHHBIMU CUTYalUSIMU KaK HEKYIO MHTE -
rpajbHYI0 0COOEHHOCTh IMYHOCTU COBPEMEH -
HOTO YyejioBeKa. JTa 0COOCHHOCTh Oblia
oInpejeleHa KaK «COBJajaHKe», TO €CTh
«...TIOBEJICHYECKIE, KOTHUTUBHbBIE 1 SMOIIO-
HaJIbHbIC IEUCTBUS 4YeoBeKa, MPEAIPUHM-
MaeMble UM JUIsl TIPEOA0JICHUS TPYIHBIX CH-
TyallMil ¥ aganTaldy K BOSHUKIIIMM 00CTOSI -
TeJbcTBaM» [1]. BiepBble MOHsITHE «COBAaaa-
Hue («coping») ObLIO BBeaeHo JI. Mépou
B 1962 romy v moJiydusio CBOE dajbHelIee
pa3BUTHE B 3r0-OPMEHTHPOBAHHOW TEOPUU
copnaganus (K. Menninger, V. Vaillant,
N. Haan u n1p.), KOTHUTUBHO-(hPEHOMEHOI0-
TMYEeCKOl TEOPUM COBJIAJaHUs CO CTPECCOM
(R. Lazarus, S.Folkman). B oTeuyecTBeHHOI
IICUXOJIOTUU TEOPETUIECKHE, METOI0JIOIMYE -
CKUE BOIIPOCHI IIPEOI0JICHUS CTpecca HalLIu
oTpaxkeHue B padotax JI. 1. AHundeponoii,
B. A. boaposa, C. K. HaproBoii-bouaBep
M JIp.

B HacTosiiee Bpemst mpobsieMa coBiiaga-
HUS SIBJISIETCSI IIPEAMETOM OOJIBIIOTO YMCIIa
MPUKJIATHBIX UCCIEI0BAaHUI, OTpaXKarolux
MHOT000pa3ue CTPeCCOBBIX (aKTOPOB,
BJIMSIIOIIMX HAa COBPEMEHHOTO 4YejloBeKa.
K HMM MOXHO OTHECTH UCCIIeI0BAHMS ITOBCE-
JHEBHBIX, MIOCTTPAaBMATUYECKHUX CTPECCOPOB
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M CTIOCOOOB MX IIPeoHoJIcHUS [2—4]; u3yueHne
00pa3oBaTebHBIX CTPECCOB [5], MHTErpasb-
Hasl OlLlEHKA JUYHOCTU YeJIOBEeKa, UCITBIThI-
BAIOLIEro pa3iMYyHble BUALI cTpecca [6—S8];
HCClIeIoBaHNE 0COOBIX BUIOB Mpodeccuo-
HaJIbHOM JIeSITEIBHOCTH, TIPOTEKAOIIIeH B He-
OOBIYHBIX, HATIPSIKEHHBIX M CTPECCOBBIX
ycioBusx [9] u ap.

Ileas ctaTby — 00OCHOBaHME 3HAYMMOCTU
WU3YYEeHUs U Pa3BUTHS COBJIAIAIOIIETO TTOBE-
JIeHUsI OyTyIINX IMJIOTOB TPaKIaHCKOM aBra-
IIUY B YCJIOBUSIX TTOTYYEHUS] UMU BBICIIETO
npodeccruoHaabHOro oopazoBanus. s no-
CTMXKEHUS TTIOCTABJICHHOM 11eJT1 B CTaThe ObLITN
HCTIONIb30BaHbI TEOPETUUECKUE Memodbl TIO-
3HaHMs (aHAIU3 HAyYHOM IUTEpaTyphl, KJlac-
cuduKarms), a TakKe SMITUPUIECKUE METOIbI
(u3MepeHue, SKCIIEPUMEHT).

IIpencraBieHHOE najnee McciaegoBaHUE
COBJIaIAlONIETO TTOBEAEeHUS OCHOBAaHO Ha
CTPECCO-OPUEHTUPOBAHHOM ITOJXO/IE K CO-
praganuio (P. Jlazapyc, C. ®onkman). JdaH-
HBII TTOX0/1 M3yJaeT (heHOMEH COBJIaJaHUs
€ TOYkH 3peHus apdexTuBHOCTU U HeaDbeK-
TUBHOCTU B3aMMOJEHCTBUS YeIOBEKa CO
crpeccoBbIMU (pakTopamu|[10].

P. JTazapyc n C. ®onkMaH BBIACISIOT ABa
IJ100aTbHBIX TUTIA WJIA CTPATETUH B3aUMOIE -
CTBUSI CO CTPECCOBOW CUTYyallEN, HA3BaHHBIX
MPOOJEMHO- ¥ 9MOIIMOHAILHO-OPUEHTUPO-
BaHHBIM cOBJagaHueM. B ocHoBe BbIOOpa
CTpaTeTVH JISKUT OLICHKA Y€JIOBEKOM BO3MOXK -
HOCTH-HEBO3MOXKHOCTH YTO-JTN0O MpeATTpH-
HSTB C 1IeJIbIO UBMEHEHUSI CTPECCOBOM CUTYa-
uuu. [To MHEHUIO aBTOPOB, MPOOJIEMHO-
OPUEHTUPOBAHHOE COBJIaJlaHWE HAYMHAET
peo0J1anaTh, €CIM YeJI0BEK CIIOCOOeH n3Me-
HUTb CUTYallMI0, COTJIAaCHO CBOEH OlIeHKE.
DMOIMOHATTLHO-OPUEHTUPOBAHHOE COBJIaIA-
HUE BO3HUKAET B TOM CJIydyae, ecJid YeJIoBeK
MOKET U3MEHHTh JIUIIB «CIIOCO0 MHTEPIIpe-
TallM CITYYMBILIETOCST», HO HE CaMy CUTYaIlHIO
[11].

B pesynbraTe 9KCrepuMeHTaIbHOTO HC-
caepoBanus (C. Dosikman, 1986) ObLia mojy-
YyeHa BOCbMMU(aKTOpHAsI MOJIENTb COBJIAIaHUST
CO CTPECCOM, B KOTOPYIO BOIIUIN CIIEAYIONINE
WKaJIbl: 1) KOHMOPOHTUpYIOIIee TTOBeIeHUE
(confrontive coping); 2) AucTaHIMpPOBaHUE
(distancing); 3) caMOKOHTpOJIb (self-control);
4) mouck couMabHOU TomIepkKu (seeking
social support); 5) NpUHSATUE OTBETCTBEHHO-
ctu (accepting responsibility); 6) yxomn-u36e-
raHue (escape-avoidance); 7) 3arjiaHupoOBaH-

EpxoBa M. B., LLlymkoea J1. I. UccnepoBaHne ocoGeHHOCTE COBNaaaloLLero noseaeHns
KYPCaHTOB-NMUIOTOB rpaXaaHCKoW aBnaumum




Cosnananne

TIpo61eMHO-OPHEHTHPOBAHHOE

Hanpapnennbie Ha mpoGieMy ycHIms
B CJIy4ae BO3MOKHOCTH Pa3peleHuUs

Llens — paspenierne npodiIeMsl:
e KOH(pOHTALWS;
®  [UIAHHPOBAHHE PELICHHS
mpodneM

3MOHHDHaHLHO-OpHCHTHpOBaHHOC

CamMoperyJisiust SMOLUI B ciTydae
HEBO3MOXHOCTH pa3speiieHus I'I]JOGJ'IEML]

Ilenb — COXpaHEHHEe CAMOKOHTPOJISL:

®  MCTAaHIMPOBAHNE;
CaMOKOHTPOJIb;
MOMCK COLUAIBHOM I0AIEPKKY;
NPHHSTHE OTBETCTBCHHOCTH;
yxoz-usberanmue;
TO3UTHBHAS [IEPEOLICHKA

Puc. 1. Mpo6/1eMHO-0pUEeHTUPOBAHHOE N 3MOLIMOHAaIbHO-OPUEHTUPOBaHHOe coBnagaume [11].

Hoe pa3pelrreHue mpooiaemsl (planful problem-
solving); 8) monoxuTtenapHas MepeoleHKa
(positive reappraisal) [12].

KpaTtko oxapakrepniyeM 0003HAYCHHBIC
KOITMHT-CTPaTeTU M.

1. KondponTtupyrmolee coBiagaHie OIMU-
CBIBaeT arpeCCUBHBIC YCHUIIMS YeJIOBeKa, Ha-
IpaBJICHHBIC HA N3MEHEHWE CUTYALINH, W TIPEI-
rmoJIaracT HaJIM4IKe y 4eJI0BeKa OIpeIeIEHHOM
CTETICHU BPaXIeOHOCTH M PUCKOTEHHOCTH,
BKJTIOYAET UMITYJIbCUBHBIC TEHCTBUS M HEOO-
JIyMaHHBIC ITOCTYITKM, OCYIIECTBIISIEMbIC paau
caMuX OeiCTBUIA.

2. AucTaHuMpoBaHUE OMMCHIBACT KOTHH-
TUBHBIC YCUJIWSI, HAIIpaBJICHHbBIC HA OTCTpa-
HEHHE OT MPOOIEMEI.

3. CaMOKOHTPOJIb OTTUCHIBACT dMOIINO-
HaJIbHBIC YCUJINSI, HallpaBJICHHBIC HA COXpa-
HEHHME caMOOOJIalaHNsI M PEryJsinio co0-
CTBEHHBIX YYBCTB 1 ITOBEIACHMSI.

4. IToucK colMaabHOU MMOMIEPKKU OITH-
CBIBaeT YCUJIUS, CBSI3aHHBIC C TIOMCKOM WH-
G opMaIIMOHHO 11 SMOIIMOHAIBHOM ITOIICPK-
KU.

5. [IpuHSTHE OTBETCTBEHHOCTH OITMCHIBA-
eT YCHWJIMSI, Kacarollnuecs O0CO3HaHUS CO0-
CTBEHHO POJIM B CJIOXKUBIIEHCS CUTYaINHN:
BKJTIOUAET B CeOSI KPUTUKY M CAMOOOBUHEHHE.

6. Yxon-u3zberaHue OINKMCHIBAET MEUThI
0 JXeJlaeMOoM, BKITFOUAeT pa3IMIHBIC CITOCOOBI
CaMOWHTOKCHUKAIIUK M CITOCOOBI 3aIIIUTHOTO
ITOBEICHIECKOTO YCTPaHEHUS.

7. 3arutaHMpoBaHHOE pa3peleHue mpooIIe-
MBI OMUACHIBAECT OEHCTBUS MO0 M3MEHECHUIO
CHUTYaIlUM U €€ pa3pelIeHHIO.

8. [TonoxuTeIbHOE TIEPEOCMBICIICHUE WITH
TepeolieHKa OIMCHIBACT YCUINS, CBSI3aHHBIC
C CO3MaHNEM ITO3UTUBHOTO 00pa3a CIIyIMBIIIC-

® MWP TPAHCIMOPTA, Tom

rocs B pe3yibTaTe IMepeHeCeHUsT aKIeHTa
¢ TIpo0JIeMBI Ha JIMIHOCTHOE Pa3BUTHE.

ITo MHeHMIO aBTOPOB, K SMOIIMOHAIBHO-
OPUEHTHUPOBAaHHOMY COBJIATAHMIO OTHOCSITCS
IIIeCTh CTPATETUI, CBSI3aHHBIX C COXpaHECHUEM
CaMOKOHTPOJISI B Hepa3peIInMOi CTPEeCCOBOM
CUTYyaIliM, a UMEHHO:

* IVCTAaHIIMPOBAHUE;

* CaMOKOHTPOJIb;

* MOWMCK COLIMATbHOM IMOIIEePKKH;

* yxoa-usberaHue;

* MIPUHSITHE OTBETCTBEHHOCTH;

* MMO3UTHBHAS TIePEOIIeHKA CUTYalllH.

[TpobGireMHO-OpHUEHTUPOBAHHBIE CTpaTe-
TUY COBJIaIaHMsI HaIIPaBJICHBI Ha pa3pelicHIe
CUTYyaIllnu 4epe3 KOHDPOHTHUPYIOIIIee ITOBeIe-
HIE 1 3aIUIAaHUPOBAHHOE pa3pelieHne poo-
meMbl. OlleHKa BBIPAXCHHOCTH JTAaHHBIX
CTpaTeTUii MOXHO OIIPEIEINTh, MCIIOIb3YS
OIpoCHUK crioco0oB KormHra (Ways of Coping
Questionnaire, WCQ) [7; 9], amaniTupoBaHHBII
BapuaHT KOTOPOTO MBI MCTIOJIB30BAIN B XOIE
peacTaBIeHHOTO ucciienoBanus [13].

M3ydyeHne CIIOXHBIX XKM3HEHHBIX CUTya-
U B KOHIEITIINSIX COBIaTaHMSI CBSI3aHO HE
CTOJIBKO C BBISIBJICHHEM THaIia30Ha BEIHOCIIH -
BOCTH UeJI0BeKa, MAaKCMMAaJIbHOTO YPOBHSI €TO
SHEPTETUUECCKUX U TICUXUISCKUX 3aTpar,
CKOJIBKO C BEIOOPOM aIeKBaTHOTO, YMECTHOTO
¥ ONITUMAJILHOTO CITOCO0a IIPYIIOKEHUST YCH -
JIA#A 15T YCTICTITHOTO Pa3peIeHIST BO3HHUKIIIE-
ro 3aTpyaHeHus [14].

ITo muHeHuo Hopmebl XaaH, coBaaaroime
CTpaTeruu oTpaxkarT 3(hGeKTUBHBIC (C TOU-
KU 3peHUSI pe3yiabTaTa), ONTHUMAaJbHBIC
(c TouKM 3peHUsI BHYTPEHHMX 3aTPaT) U KOH-
CTPYKTUBHBIC (C TOUKU 3peHUSI 11eJIeco00pa3-
HOCTH) CITIOCOOBI TIPMIOXKEHUS YEJIOBEKOM
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YCUJIWIA I pa3peleHns] BOZHUKIIETO 3a-
TpyaHeHus [15].

B nmpoTtuBOBeEC COBIAIAIONTNM CTPATETUSIM
3aIIUTHBIE CTPATETUU TIPOSIBIISIIOTCST B HEA(] -
(beKTUBHBIX (C TOUKU 3pEHUS pe3ysibraTa),
HEONTUMAJIbHBIX (C TOYKM 3pEHUST BHYTPEH-
HUX 3aTpaT) U HEKOHCTPYKTUBHBIX (C TOUKHU
3peHUs 1IeAeco00pa3HOCTU) Criocobax B3au-
MOJIEHICTBUST YeIOBEKA CO CJIOXHBIMU KU3-
HEHHBIMU CUTYyallMsIMU. 3alllUTHBIE TEHICH-
1MW OTPAKAIOTCST B UMITYJIbCUBHBIX PEAKITUSIX
YyeJIoBeKa U B €ro OXUIAHWUU YCTPAaHEHUS
BHYTPEHHETO OeCITOKOWCTBa 0€3 Hemocpe-
CTBEHHOTO pa3pelieHus MpoOJeMHOI CUTya-
uu [15].

TakuM 00pa3oM, B OTJIMYNE OT 3AIIUTHOTO
noBeneHust «KonuHr-moBeneHue (cosyaa-
HUE) — 3TO TMOKOE, HAMEPEHHOE, OPUEHTH -
pOBaHHOE Ha peabHOCTh M Pa3BUBAIOIIEECS
noBeneHue» [14].

ITpodeccus nunora rpaxkaaHCKoil aBUa-
uuu (I'A) npenycMmaTpuBaeT HEOOXOAUMOCTD
pPa3BUTHUS COBJIANAIOIIETO MOBEACHUS KakK
WHTETPAIILHON XapaKTePUCTUKU TICUXUKU
JTAHHOI KaTeTOPWH CITeIIMAICTA, TTO3BOJISIIO-
el eMy He TOJIbKO ONTUMU3UPOBATh B3au-
MOJIeliCTBYE B KAOMHHOM 3KUIIaXe, HO U TTPH -
HUMAaTh ONITUMaJIbHbIE, OTepaTUBHBIE pellie-
HUSI B CTAHIAPTHBIX U HECTAaHIAPTHBIX JIETHBIX
CUTYalIMSIX.

KoruutuBHOE coBIagaHne CIIOCOOCTBYET
TOIEP>KAHUIO BBICOKOU MHTEJIEKTYaTbHON
AKTUBHOCTU M Pa3BUTHIO KOTHUTUBHOW MO-
tuBaiu. [ToBeneHIeCKOe COBIaTaHNE TIOMO-
raeT YeJIOBEeKY B JIOCTUXKEHUHU TTOCTABJIEHHBIX
1eJieid, yCUIMBaeT YBEPEHHOCTh B JOCTHKE-
HUU ycriexa. DTH KauecTBa SIBJISIIOTCS YPE3BhI-
YaifHO BaXKHBIMU 711 TJIOTOB [A. TpeHUHTU
CRM (Crew Resource Management), KOTO-
DBbIE SIBJISIIOTCS HEOOXOAUMOU COCTABISIOIECH
MOArOTOBKU MUJIOTOB [A, comepxar oTaesb-
Hble oOyyarolue 0JJOKW, HalpaBJIeHHbIe Ha
pa3BUTHE HAaBBIKOB COBJAdaHUSI — OJOK
«[TpuHaTus pelneHuii», 6JoK «CuTyaluloH-
HOU OCO3HaHHOCTW», 0JIOK «/les10BOI KOMMY-
HuKauum» 1 ap. OgHako npeobagaroiuMu
(opMamMu oOyueHUsT B paMKax JTaHHOTO Tpe-
HUWHTA SIBJISIETCST HayYeHUe, TPEHUHT YMEHUIA.
PaszBuTHe coBanaroiero NHTe/UIeKTa MjoTa
MpeaycMaTpuBaeT IIEHHOCTHO-CMBICIIOBOE
MOTPYXXeHUE, CJENCTBUEM KOTOPOTO SIBIISIETCST
HE TOJIbKO MU3MEHEHUE OTHOIIEHUS K OIITNOKE,
YTO SIBJISIETCSI OCHOBHBIM TTOJIOXKEHUEM KOH-
nenuunu CRM, HO 1 onTUMaTbLHOE MCITOJIb30-
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BaHME TPEX MOJATBHOCTEN CTpaTernii, oTpa-
XaloUX creuubuKy MpeanpuHuMaeMbiX
YeJI0BEKOM YCUIU (KOTHUTUBHYIO, 9MOLIMO-
HaJIbHYIO U MTOBEACHYECKYIO), TPEX BEKTOPOB
HaIlpaBJIEHHOCTU CTpaTeruii (Ha Apyrux, Ha
cebs1, Ha MPeaIMeT), a TAKKE IBYX XapaKTepH-
CTUK MHTCHCUBHOCTH CTpaTeruii, OTpaxaro-
IIUX JTUOO aKTUBHBIN, JTMOO IMACCUBHBIN Xa-
paKTep B3aUMOICHCTBUS ITAJIOTA C 3aTPYIHU-
TeJIbHOM cuTyalueil. PazButue copiiagaonie-
ro MHTeJIeKTa nMuaoToB A Lenecoobpa3Ho
WHULIMUPOBATh B MEPUOM TOJYUEHUS] UMU
BBICIIIETO MTPOdeCcCuOHATLHOI0 00pa3oBaHUs.
B cBs13u ¢ 3TMM, Ha HaII B3IJISI, MOXET
CTaTh MHTEPECHBIM MCCIICIOBAaHNE BEIPaXKeH-
HOCTU OCHOBHBIX COBJIANAIOIINX CTpPaTETUiA
MMAJIOTOB-KYPCAHTOB, TUTIOB IICHXOJIOTHYE-
CKMUX 3allUT, CBOMCTBEHHBIX 3TOI KaTErOpUU
DPECHOHACHTOB, U CBSI3el MEXKIy HUMU.

UCCNEOOBAHUE OCOBEHHOCTEMN
COBJIAOAKOLLEEro NOBEAEHUA
KYPCAHTOB-NMUJ1I0TOB

B 2019 romy B YAbSIHOBCKOM MHCTUTYTE
rpakIaHCKOM aBMaly M. [J1TaBHOTO Mapiia-
Ja aBuanuu b. I1. byraesa Obuio mpoBeneHO
HCCIe0BaHNe OCOOCHHOCTEN COBIAIAIONIETO
MOBENIEHUSI KypCaHTOB-TIMJIOTOB 5 Kypca (a-
KYJIBTETA YITPaBJICHYS BO3AYIIIHBIM JIBIKEHUEM
1 6e30macHOCTU MoJieToB. B onpoce yyacTBo-
Bajio 24 xypcaHTa. llens ucciegoBaHus —
oIpeiesieHUe BhIPa)KEHHOCTH COBJIAIAIOIINX
CTpaTeTuii, NCIOJIb3YeMbIX MUJIOTAMU-KYP-
CaHTaMM, U CBOMCTBEHHBIX UM THUIIOB IICUXO-
JIOTUUECKUX 3aIITUT, «3aITyCKAIOIINX» MEXaHU3M
3aIIUTHOTO ITOBEICHMS B ITIPOOJIEMHBIX CUTYa-
uusix. Cienyer oTMETUTb, YTO KOJIMYECTBO
DPECIIOHJIEHTOB, 3a/1eiCTBOBAHHBIX B UCCIIEN0-
BaHUU (24 KypcaHTa), HEAOCTaTOYHO JJISI BbI-
SIBJICHUSI YCTOMYMBBIX CBSI3€M, 3asIBJICHHBIX
B LIe71 MccaenoBanmsl. OmMHAKO, ITOTyIeHHBIE
pe3YJIBTaThl MOTYT MPEACTABIISITh OMPEACIIEH-
HBIII uHTEpEC i 60see IyOOKOTO UCCIIEN0-
BaHUSI COBJIAAAIOLIETO MOBeAeHMsI MUI0TOB TA.

B kauecTBE OCHOBHBIX METOJIOB UCCEN0-
BaHUS UCIOJIb30BAIUCH: TEOPETUYECKUE Me-
TOABI (AaHAJIU3 TICUXOJIOTMUECKOM JTUTEPaTypPhl
I10 IpOo0JIeMe pa3BUTHSI COBJIAIAIOIIETO ITOBE-
IIEHUSI U CBS3M COBJIAMAIONINX U 3aIIUTHBIX
CTpaTeruii MOBeICHMS YeIOBEKa); SMITUpUUE-
CKUEe METOIBI (TECTUPOBAHMUE ITO OIIPOCHUKAM,
OTBeYalolIre TpeOOBaHUSIM 000CHOBAHHOCTH
U HaAEXKHOCTH); METOIbI TTapaMeTpUIeCKO
CTaTUCTUKMU (pacyET KOa(PPULIMEeHTOB KOppe-
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Taouua 1

THNbI KONUHT-CTPATErHIA, UCIOJIb3YEMBIX MHMIOTAMH-KypcanTamu [13]

Turibl KOMUHT-CTPATET i
2 g
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coumanbHom
NoAAEPKKN

e PO BNEMHO-
OpPUEHTUPOBAHHBIE TUMbI

—3MOLMOHANIbHO-
OPUEHTUPOBAHHbIE TUMbI

Puc. 2. Bbipa)>keHHOCTb KOMUHIr-cTpaTterni
nunoroB-kypcaHToB [11; 13].

nsunu [Tupcona). ONpoCHUKYM, MCIIOIb3Ye-
MbIe B rccienoBanny («CTpaTeruu CoBlanao-
1Iero rmoBeAeHUs» 1 «OMPOCHUK KU3HEHHOTO
CTUJIsT» ) OBITA CTAHAAPTU3MPOBAHBI, alaMTH -
POBaHBI 1 aIIpOOMPOBAHBI Ha PYCCKOSI3BIYHOM
KaTeropuu pecIioOHICHTOB B JJabopaTopuu
KauHu4YecKoi ncuxonorum CaHkr-Ilerep-
OYPICKOro ICHMXOHEBPOJIOTUYECKOTO MHCTH -
TyTa uM. B. M. Bextepesa [13; 16]. MeTtonnku
00J1aJaloT PeTeCTOBOM HAIEXKHOCTBIO, BHYT-
PEHHEN Y BHEIIHEU BAJIMIHOCTBIO U HAXOASIT
IIPOKOE MIPUMEHEHNE B BOCCTAHOBUTEIbHOM
MeauIuHe, npodeCcCuoOHaIbHOM OTOOpE
B CTPECCOTeHHOI MpodecCuOHaIbHON Jes-
TEJIbHOCTH.

HccaemoBanue MpoBOAWIOCH B TPU 3Tara.
Ha nepBomM aTarne Oblia mpoBeAeHa AUarHo-
CTHUKAa KypPCaHTOB IO OITPOCHMKY «CTpaTernu
coBrnagarpmero nosenenus» (CCII) [13].
OnpocHuK BkIouaeT 50 yrBepKaeHMI, KaxK-
o€ M3 KOTOPHBIX OTpaXkaeT OMpeacaEHHBIN
BapMaHT MOBEICHUS B TPYOIHON CUTyallUU.
I1yHKTBI onpocHUKa O00BbEAUHEHBI B BOCEMb
IIIKaJI, COOTBETCTBYIOIIMX OCHOBHBIM BHIIaM

KOIMHT-CTpaTeTuii, olMcaHHbIX BhIIe. [Tocte
pacy€Ta «ChIPBIX» MOKa3aTeseil 1o IIKagaM
OBLIT OCYIIECTBJIEH UX ITEPEBOJI B CTAHJAPTHBIE
T-6a1bl c MCOB30BAaHUEM Pa3pabOTaHHBIX
Ttabaui [13]. Pe3yabraThl 1MarHOCTUKU IO
ornpocHuky CCII npencraBieHbl BTao1. 1 M Ha
puc. 2.

AHaIU3 pe3yIbTaTOB TMarHOCTUKM ITOKa-
3aJI, YTO B CPEIHEM I10 IPYIITE TPOSIBIISETCS
yMepeHHasi BHIpakeHHOCTh BCEX KOIUHT-
ctpateruii (ot 40 o 60 T-6as0B). Hanbosee
npeobysanawlineil aBasieTcss MpPoOJIEeMHO-
OPHMEHTUPOBAHHAsI CTpATEeTHsI COBJIATaHUs —
TUTaHWPOBaHWE pelIeHUsT MpodieM. DTO ro-
BOPUT O TOTOBHOCTU PECTIOH/IEHTOB BOCITPH -
HUMAaTh MMPOOJEMHYIO CUTYalIMIO KaK pa3pe-
MUMYI0O U MOAEIUPOBATh TEXHOJIOTHUIO €&
paspenieHus.

Ha BropoM aTare ucroyib30Bajicsi OIpoc-
HHUK TUITOB MCUXOJOTUYECKON 3alIUThI
(P. ITnytuuk B anantauuu JI. Y. Baccepmana,
O. @. Epniiena, E. b. Kity6oBoii u ap.) wiu,
10 IpyToMy, OITpoCcHUK « MHIeKC XM3HEHHO-
ro ctuiist» [16]. JlaHHBI OMPOCHUK OCHOBaH
Ha TICUXO3BOJIIOLIMOHHOW TEOPUU IMOLIUK
P. TInyTynka v CTPYKTYPHOU TEOPUU JIMYU-
Hoctu I. KennepmaHa, npeajaraioliieit cre-
M(UIECKYIO B3aUMOCBSI3b MEXKTY pa3TUIHbI -
MW YPOBHSIMU JIMYHOCTH: YPOBHEM SMOILIMIA,
3alIUTON W TUCITO3UIIMEH (HacaeICTBEHHbIC
MPEAPACIIONOXKEHHOCTH K MCUXUISCKUM 3a-
oosieBaHMsIM ). OnipeesieHue rpeodiagaroie-
IO TUTIA ICUXO0JIOTUYECKOM 3aIIUThI TI0O3BOJIS -
€T OIpenenuTh cepy MpobieM yeaoBeka,
BO3HUKHOBEHUE KOTOPHIX OIMMPAETCST Ha BbI-
SIBJICHHBIE 3allIUTHBIC YCTAHOBKH.

Pe3ynbraThl AMarHOCTUKKM TUTIOB TICUXO-
JIOTUYECKOM 3aIUTHI KypCaHTOB IPEACTaBIIE -
HBI B TaOj. 2 U Ha puc. 3. BeipaxkeHHOCTb
TUIIA 3alIUTHI ITPeICTaBIeHa B 0ajuiax v cpaB-
HUBAETCS CO CpeAHUM 3HaYeHrueM M HopMa-
TUBHBIX JTaHHBIX, BBISIBJICHHBIX aBTOpaMu
METOIIUKH.
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Tabumua 2

Bmpa;xennocu THUIIOB NCHXOJOTHYECCKHUX 3AIIUT MUJIOTOB-KYPCAHTOB

THITBI ICUXOJIOTMYECKUX 3ALIUT
g = < = g z
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g S m 8 =) % B E 3
= o a s 8 o D Y <
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o« Mm T A QO = = m o T SRG) Ao
CpenHee 3HaYEeHME 5,25 3,7 2,6 3,2 5,8 2,1 6,5 1,7
I10 IpyIIIe
Hopma M 4.5 4 4,7 3,1 8,2 3,8 5,9 3,1

AHaM3 pe3yIbTaTOB IMAarHOCTUKM ITOKa-
3aJ1, YTO HanboJIee BHIPAXKEHHBIMU B CPETHEM
10 TpyIIre (110 CPaBHEHUIO ¢ HOPMOI) CTalln
CJIeIyIOIIMe TUTIBl 3aIIUT PECTIOHAEHTOB:
perpeccusi, MpOeKIIUs U 3aMeIleHHE.

ITposiBsIs 3aIIMTHYIO peakildio perpec-
CUM, YEJIOBEK CTPEMUTCS M30eXKaTh TPEBOTH,
3aMeHsIsl pellieHre CyObeKTUBHO 00JIee CIIOXK-
HBIX 3aa4 Ha OoJiee TIPOCThIe U JOCTYITHBIC
B CJIOXXMBIILIEWCS cuTyaruu. Yacto 310 mpo-
MCXOJIMT 3a CYET MCTIOJIb30BAHUST TPUBBIYHBIX
MOBeACHYECKUX cTepeoTuroB. Ciemayer oTMe-
TUTh, YTO MpodeccuoHalbHOE TTOBEACHUE
MMIOTOB PErJIaMEHTUPYETCSI OTPOMHBIM KO-
JIMYECTBOM MPABWIIL: (DeepaTbHBIMI aBUALIY -
oHHBIMU NTpaBuiaMu (PAIT), ctaHTapTHEIMU
oneparmoHHbIMU poueaypamu (SAP), iup-
kynsgpamu MKAO u np. D10 hopMupyeT Hekre
CTEPEOTUITHI MPOGhECCUOHAIBHOTO MOBEIE-
HUsI, KOTOPbIE TIOMOTAIOT IMUJIOTaM OBICTPO
OPMEHTUPOBATHCS B CTAHIAPTHBIX M HECTAH-
JMAPTHBIX CUTYaIIMIX, o0ecTieunBas Ge3omac-
HOCTh IOJIETOB. BO3MOXXHO, TaKOTO pojaa
MPUBEPXKEHHOCTD perjiaMeHTaM 1 (hOpMHUPYeET
y IMWJIOTOB 3aIIUTHBIA MEXaHU3M PErpecCcum
Kak o0pallleHre K M3BECTHBIM U TPOITHCAH-
HBIM mpaBmiaM. OQHAKO, aKTyaau3alus
JTAHHOTO 3alIUTHOTO MEXaHM3Ma B CJIIOXKHBIX
aBMAITMOHHBIX CUTYaIIUSIX MOXKET 3HAUUTETh-
HO OCJIOKHUTH ITJIOTY OTIEpaTUBHOE TTPUHS -
THE PEIIeHMSI.

3alUTHBI MEXaHU3M TTPOCKIINU TTPOSIB-
JIIETCS B TOM, YTO HETIPUEMIIEMbIE JUTSI YeJI0-
BeKa YyBCTBA M MBICJU TPUMKCHIBAIOTCS
JIPYTUM JIIOISIM U, TAKUM 00pa3oM, OTIpaBIIbl-
BalOTCs. AKTyaau3als TaHHOTO MeXaHU3Ma
YCWJIMBAET TO03PUTEIBHOCTD, YIIPSIMCTBO,
HECTOBOPUYMBOCTh, HETEPITMMOCTh K BO3paKe-
HUSIM, TCHIEHIIMIO K OOBUHEHMIO OKPYKESHUS,
TTOMCK HEJIOCTATKOB, TIOBBIIIIEHHYIO YYBCTBU -
TEJIbHOCTh K KPUTHKE U 3aMeYaHUsIM, TPeOO-
BaTeJIbHOCTb. B OTHOIIIEHWU MUJIOTOB 3TU
KavyecTBa CHIXKAIOT 3(h(PeKTUBHOCTh B3aUMO-
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npoeKkuua

=TUMbI NCMXO/IOTNYECKOI
3awWuTbl B 6annax

= Cpe/iHee 3HauyeH1e HOpMbI

Puc. 3. Bbipa)>xeHHOCTb TUMOB MCUXO0JIOrNYeCKNX
3aLmT NN10TOoB-KYypcaHToB [16].

JIECTBUSI B KAOMHHOM M JIETHOM 2KMIIaXax,
0COOEHHO B CTPECCOBBIX CUTYAIIMsIX, YTO Ha-
MPSIMYIO BIIMSIET Ha O€3011aCHOCTD MOJIETOB.

3aIUTHBIN MEXaHU3M 3aMeIeHUsI TIPOSIB-
JISIETCSI B pa3psijike YeJIOBEKOM MOaBICHHBIX
SMOLME (KaK MpaBUJIO, BPaXKaeOHOCTH, THE-
Ba), KOTOPbIC HAIpPaBISIOTCS Ha OOBEKTHI,
MPEICTaBIISTIONINE MEHBIITYIO OITACHOCTD WJIN
OoJiee JOCTYITHBIC, YeM Te, YTO BBI3BAJIU OT-
pMLaTeIbHBIE SMOLMU W YYBCTBa. B aTol
CUTYaIIMH Y€JIOBEK MOXET COBEPILIATh HEOXKM -
JIaHHbIE, Take 0€CCMBICIICHHBIC NEUCTBUS,
KOTOPbIE CHMKAIOT BHYTPEHHEE HalPsDKEHUE.
B cutyanusx mpodeccnoHaIbHOro B3anuMo-
JIECTBYS ITMJIOTOB MaHHBII MEXaHU3M MOXET
MPOSIBUTBCS, KOT/Ia MPOOJIEMBI, 1, KaK CIIeN-
CTBHE, HETaTUBHBIC YyBCTBA, BOSHUKIIIUE JI0
moJiéra (cembsl, 3aJiepKKa BbUIeTa, 3I0POBbE,
0o0IIIeHMEe ¢ KOJUIeraMy B a3poIiopTy M JIp.)
TePeHOCITCS Ha KAOMHHBII KUK BO BPeMsT
nojéra. Dt1o, 6e3yclIOBHO, Pe3KO CHUXKAET
KOHCTPYKTUBHBIN XapaKTep B3aMOACHCTBUS
MMJIOTOB M, TEM CaMbIM, BJIUsIET Ha Ge3omac-
HOCTb IMOJIETA.

OrnrcaHHbIE BBIIIE 3aITUTHBIE MEXaHU3MBI
JIOCTAaTOYHO YacTO BCTPEYAIOTCSI B OOBIYHOM
>KU3HU, HO B YCJIIOBUSX TOJIETA OKa3bIBAIOT
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Koaddumment koppensiuuu r-Ilupcona

Tabanna 3

TMwnotei-KypcaHTh (24 yenoBeka) 32 muioTa

Ha3zpanue IIEPBOTO

Ha3zpanue BTOpPOTO

KoaddunmeHt kop-

KpI/ITI/I'-IeCKOC 3Ha-

KpI/ITI/I‘{eCKOC 3Ha-

psiia IepeMeHHbIX | psiaa mepeMeHHbIX. | pessiuuu r-Ilupcona | yenue r-Iupcona yenue r-Ilupcona

Munexe KOHTPOIIsT (BEpOSITHOCTD OLIMOKY | (BEPOSTHOCTD
0,05) oun6oku 0,01)

Konuur-ctparerus | Tun ncux. 3amutel | 0,55 0,4 0,52

«Kondponranus» «Perpeccusi»

Konuur-crparerust | Tumn ncux. 3amutbl | 0,42 0,4 0,52

«KoHndponrauus» «[Mpoexuus»

Konuur-ctparerug | Tun ncux. 3amutel | 0,32 0,4 0,52

«3amernieHue»

«Kondponranus»

HeraTMBHOE BIMSIHUE Ha YIIPaBJICHUE BO3MYIII-
HBIM CYITHOM.

Ha tpeTbeM aTame mcciaenoBaHus ObLIa
orpezeJieHa CTelieHb COTIAaCOBAHHOCTU MEXK-
Iy pSITOM 3HaUEHMI KOMUHT-cTpaTteruu «KoH-
¢poHTauMsI» (KaK HauboJiee, Ha HaIll B3TJISIA,
JIECTPYKTUBHOM CTpAaTEeTUU B YCIOBUSIX TTOJIE-
Ta) U psIAaMU 3HaYEHU I HanboJjiee BhIpaXKeH-
HBIX TUITOB IICUXOJOTMYECKUX 3aIIUT PECTIOH-
JIEHTOB, a UMeHHO, «Perpeccusi», «[1poexims»
U «3aMeIIeHUE».

Hnst uccnemoBaHusl B3aMMOCBSI3U IBYX
MepeMEHHBIX, U3MEPEHHBIX B METPUYCCKUX
1LIKaJIaX Ha OJHOM 1 TOM Ke BLIOOPKE, UCTTOIb-
3yetcs KoadduimeHt koppeasunu [Tupcona
(r-TTupcona) [17].

OlicHUM TOJlyYeHHbIE HAMU SMIIUpUYC-
ckue 3HaueHus koagdunueHra Iupcona,
CPaBHUB €ro ¢ COOTBETCTBYIOIIMM KPUTHYE-
CKVM 3HaUYC€HUEM TSI 3aJaHHOTO YPOBHSI 3Ha-
YUMOCTH 13 TaOJIUIIBI KPpUTUIECKUX 3HAYCHUI
ko3 durenTa koppesaiuu [Mupcona. Insa
BBIOOPKU C YMCJIOM BJIEMEHTOB 24 11 ypOBHEM
3HaunMocTH p = 0,05 KpuTHdyeckoe 3HaUCHNE
koappunmenra [Mupcona L™ 0,4, cypoBHEM
3HaunumocTu p = 0,01 u o™= 0,52.

AHayn3 TabJUYHBIX TaHHBIX TTOKA3bIBACT
OTCYTCTBUE CTAaTUCTUYECKN 3HAUMMOI 3aBU-
CUMOCTHU MEXIY BBISIBJICHHOM Y KypCaHTOB
KOIMUHT-cTpaTernu «KoHdpoHTaMsI» 1 BbI-
PaK€HHOCTBIO UX IICUXOJIOTMYECKOM 3aIIUThI
«3aMelleHue».

KoadppuuumeHT Koppensium Mexay Ko-
NMUHT-cTpaterveit « KoHbpoHTalYst» MJIOTOB
1 3HaYEHUEM BBIPAXKEHHOCTH Y HUX TTICUXOJIO-
ruyeckoi 3amutel «[Ipoekuus» 0omblie
KPUTUYECKOTO 3HAYCHMSI C YPOBHEM 3HAUM-
mocTu 0,05 (HaxoauTcsl B 30HE 3HAUMMOCTH)
CBUIETENBCTBYET O IPSIMOM JIMHEHHOM 3aBU-
CUMOCTH MEXIy JTaHHBIMU TlepeMeHHBIMU. To
€CTh, C YBEJUUYEHUEM BBIPAXKECHHOCTHU

y PECIIOHIEHTOB MCUXOJOTUYECKON 3aIUThI
«[Ipoexiius» yBeTuIMBaeTCsS BEPOSITHOCTD UX
KOH(POHTALIMOHHOTrO MoBeaeHust. MHbIMU
cJIOBaMM, Halm4yue y Oyaymux nuiaoToB TA
BBIPAXKEHHOM TEHIECHIIMU, IIPU KOTOPOU He-
npuemMJieMble A HUX YYBCTBA M MBICIU
TMPUMKUCBHIBAIOTCA OPYTUM JIOASIM U, TAaKUM
00pa3oM, TEPSIIOT JIMYHOCTHYIO 3HAUMMOCTb,
CHUXKAIOT YPOBEHb KPUTUYHOCTH K ceoe, Bie-
4€T 3a COOOI TOBBIIIEHNE BEPOSITHOCTU UM~
MyJIbCUBHOTIO, BPaXKIEOHOT0, KOHMJIMKTHOTO
noBeaeHUs. Takol TUI pearupoBaHMSI OCO-
OCHHO OITaceH MPU B3aUMOJICCTBUU JIETHOTO
BKMIIaXKa B OCTPBIX CTPECCOBBIX CUTYyaIIUSIX,
B YCJIOBUSIX MepEeyTOMJICHUSI, 00Ileil Hecpa-
0OTaHHOCTM dKHUTMaxa u Ap. B kauecTBe mpo-
(punmakTUUecKoro crmocobda MmpeogoeHus
KOH(pPOHTALIMOHHON KOMUHT-CTpaTeTuUn
HCITOIb3YeTCs OCBOCHME MUJIOTaMU TEXHOJIO-
TUY ITO3UTUBHOM HACTOMYUBOCTHU, IIPOXOXKIE-
Hue umu TpeHnHra LOFT (Line Oriented
Flight Training). OgHako, oco3HaHue Oyay-
IIMMU MWIOTaAMU CUCTEMAaTUYECKOTO MPOSIB-
JIGHUsI B CBOEM MOBEACHUU 3aIIUTHOTO MeXa-
Hu3Ma «[IpoeKius», MOXeT 1aTh UM BO3MOXK -
HOCTb U3MEHUTH OTHOIIIEHUE K CBOUM JIUY-
HOCTHBIM OTPaHUYEHUSM, YBaXUTEIbHO
pearupoBaTh Ha KPUTUKY U, B 1IeJI0M, Oojee
npodeccuoHalbHO OTHOCUTCS K OLIMOKAM,
YTO SIBJIIETCS] CUCTEMOOOPA3YIOIINM ITPUHIIM -
oM cucteMbl CRM.

KoadppulimeHT Koppeasiiuu MexKay Ko-
nuHT-cTparerueii « KoHhpoHTalus» M1IOTOB
¥ 3HaUYCHUEM BBIPAXKEHHOCTU Y HUX IICUXOJIO-
ruueckoil 3amuthl «Perpeccus» 0onbiie
KPUTUUYECKOIO 3HAYEHUSI C YPOBHEM 3HAUU-
moctu 0,01 (HaxomauTcs B 30HE 3HAUMMOCTHU)
CBUIETEIBCTBYET O MPSIMOM JIMHEHHON 3aBU-
CHUMOCTH MEXIY TaHHBIMU IIepeMeHHBIMU. To
€CTh C YBEJIMYEHHUEM BBIPAXXCHHOCTHU Y pec-
TMOHACHTOB TICUXOJOTMYECKOM 3aIIuThI «Pe-
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rpeccusi» yBEJIUYUBACTCS BEPOSTHOCTb UX
KOH(MPOHTALIMOHHOTO MOBEACHUS. DTO O3HA-
YyaeT, 4YTo OyaylIuii MUIOT MpU 3TOi hopme
3alIUTHON peakluu B CTPECCOBO CUTyalluu
MOXET 3aMEHUTh PelIEHUE CYObEeKTUBHO 60-
Jiee CJTIOXKHBIX 3a/1a4 Ha 0oJiee TPOCThIE B CI10-
KUBILIEWUCS CUTyalluU. DTO (POpMUPYET y MU~
JIoTa HEOOBEKTUBHBIN 00pa3 MoJiéTa U, Kak
CJIeICTBUE, MPOBOLIMPYET KOHMIUKTHI U KOH-
(poHTaLIMIO BJIETHOM M KAOMHHOM SKMITaXkKax.

Takum oOpa3oM, BbISIBJIEHHbBIE B Pe3yyibTa-
Te UcCcenoBaHUsl Hauboyiee BhIPaXKEHHbBIE
Y MWJIOTOB-KYPCAHTOB TUITbI ICUXOJIOTUYECKUX
3aut «ITpoexiusi» u «Perpeccusi» okazanuch
B JIMHEHHOW 3aBUCUMOCTU (CTAaTUCTUYECKU
3HAYMMOI) OT KOonUHT-cTpaTeruu « KondpoH-
Tauus». JlaHHas cTpaTerust NpeoaoaeHus
cTpecca c1abo BbIpaXkeHa y PECIOHIEHTOB.
OnHako HAJTMYKME BBISIBJICHHOM CBSI3U JEMOH-
CTPUPYET BO3MOKHBIE PUCKU B3aUMOJEHCTBUS
JIETHOTO 2KHUIaxa, BEPOSITHOCTb KOTOPBIX
MOKET YCWJIMTBCS B YCIOBUSIX MOJIETA.

3AKJTIOMEHUE

IIpoBenéHHOE MCccIenOoBaHNe MOKA3ajio
3HAYMMOCTb 00J1ee ITyOOKOro u3y4eHus Mcu-
XOJIOTMYECKNX MEXaHN3MOB, (DOPMUPYIOLIIX
npodecCHOHATBHBIN CTHIIB TIOBEICHUS OyIy-
mux muiiotoB IA. BHeapeHue Bo Bcex aBUa-
OUOHHBIX KoMITaHUsAX cucteMbl CRM (Crew
Resources Management), pa3BUTHE KyTBTYPbI
0e30ITaCHOCTH KaK ITPUOPUTETHOM OpraHn3a-
OUOHHON IEHHOCTU TPEOYIOT OT MUJIOTOB
0Cc000T0 CTUJISA ITPOheCCHOHATBHOTO TTOBEIC-
HUSI, BOCITMTAaHNE KOTOPOTO IOJKHO HaUM-
HaThCS y3Ke TIPU TTOJTyYeHIH UMH TIPOdeCcCHO-
HaJIbHOTO 00pa30BaHUs. DTOT MPOIIECC AOJI-
JKEH OBITh OCHOBaH Ha KOMILIEKCHOM M3y4de-
HUM HE TOJIBKO 0COOCHHOCTE KOTHUTUBHBIX
TIPOIIECCOB KYPCAaHTOB, HO TaK:Ke dMOINO-
HaJbHBIX, IMTOBEACHICCKUX, JUUHOCTHO-
CMBICJIOBBIX OCOOCHHOCTEH OYIYIITNX ITIJIOTOB
TA.
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Study of Peculiarities of Coping Behavior
of Cadets-Pilots of Civil Aviation

Marina V. ERKHOVA
ABSTRACT

The article substantiates the relevance of the
study and development of coping behavior of future
civil aviation pilots in the context of their higher
professional education. The results of the study are
presented, the purpose of which was to determine
strength of coping strategies used by cadet pilots in
difficult life situations, as well as their types of
psychological defenses that «trigger» the mechanism
of evading prompt and constructive solutions to
personal and professional problems. The theoretical
and methodological basis of the study is a stress-
oriented approach to coping (R. Lazarus, S. Folkman).
This approach studies the phenomenon of coping in
terms of effectiveness and inefficiency of human
interaction with stress factors.

As an empirical research method, testing was
selected according to the questionnaire «Strategies
for coping behavior» developed by a group of
scientists from the laboratory of clinical psychology
of St. Petersburg Psychoneurological Institute named
after V. M. Bekhterev, and the questionnaire of types
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of psychological defense (R. Plutchik in adaptation of
L. l. Wasserman, O. F. Eryshev [et al]). The effective-
ness of these methods is confirmed by the results of
their application in examination of various categories
of tested persons, by retest reliability, internal and
external validity.

To determine presence or absence of a linear
relationship between a number of values of
«Confrontation» coping strategy (as, in our opinion,
the most destructive strategy in flight conditions)
and a series of values of the most pronounced types
of psychological defenses of the respondents
identified in the study, the method of parametric
statistics was applied, calculation of the Pearson
correlation criterion. Based on assessment of
strength of the correlation between the coping
strategy «Confrontation» and psychological defenses
«Regression», «Projection», and «Substitution», the
degree of their influence on the nature of interaction
of pilots in the flight and cabin crew and on flight
safety in general was analyzed.
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Background. The modern professional
environment is characterized by an increase in
the number of situational factors that have a
significant impact on the psychological state of
employees and, as a result, on quality of their
work. The variety of these factors is determined
by the characteristics of professional activity
itself, job conditions, team relationships, socio-
economic factors, the characteristics of family
relations, intrapersonal and interpersonal
conflicts, etc. Each of these factors requires a
person to have a special response method that
the employee selects as potentially successful,
reducing psychological tension and providing
optimal social adaptability. The expansion of
the number of external and internal influences
requires a person to apply more flexibility, self-
control efforts, analytical skills and more. In
this regard, it became necessary to determine
the ability of an employee to cope with various
kinds of life situations as a kind of integral
personality trait of a modern person. This
feature was defined as «coping», that is,
«..behavioral, cognitive and emotional actions
of a person taken to overcome difficult situations
and adapt to the circumstances» [1]. The concept
of «coping» was first introduced by L. Murphy
in 1962 and was further developed in the ego-
oriented theory of coping (K. Menninger,
V. Vaillant, N. Haan, etc.), the cognitive-
phenomenological theory of coping with stress
(R. Lazarus, S. Folkman). In Russian psycho-
logy, theoretical, methodological issues of stress

management are reflected in the works of
L. I. Antsiferova, V. A. Bodrov, S. K. Nartova-
Bochaver [ef al].

Currently, the problem of coping is the
subject of a large number of applied research,
reflecting the variety of stress factors affecting
a modern man. These include studies of
everyday, post-traumatic stressors and ways to
overcome them [2—4]; the study of educational
stress [5], integrated assessment of the
personality of a person experiencing various
types of stress [6—8]; the study of special types
of professional activity occurring in unusual,
intense and stressful conditions [9] and others.

The objective of the article is to substantiate
importance of studying and developing the
coping behavior of future civil aviation pilots
in the context of their higher professional
education. To achieve this objective, the
research has used theoretical methods of
cognition (analysis of scientific literature,
classification), as well as empirical methods
(measurement, experiment).

Results. The study of coping behavior
presented below is based on a stress-oriented
approach to coping (R. Lazarus, S. Folkman).
This approach studies the phenomenon of
coping in terms of effectiveness and inefficiency
of human interaction with stress factors [10].

R. Lazarus and S. Folkman distinguish two
global types, or strategies for interacting with a
stressful situation, called problem-and
emotionally-oriented coping. The choice of a
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Pic. 1. Problem-oriented and emotionally-oriented coping [11].
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strategy is based on a person’s assessment of
possibility-impossibility of undertaking
something to change a stressful situation.
According to the authors, problem-oriented
coping begins to prevail if a person is able to
change the situation, according to his
assessment. Emotionally oriented coping
occurs if a person can only change the «way of
interpreting what happened», but not the
situation itself [11].

As a result of an experimental study
(S. Folkman, 1986), an eight-factor model of
coping with stress was obtained, which included
the following scales:

1) confrontive coping;

2) distancing;

3) self-control;

4) seeking social support;

5) accepting responsibility;

6) escape-avoidance;

7) planful problem-solving;

8) positive reappraisal [12].

Let’s describe briefly the designated coping
strategies.

1. Confrontive coping describes a person’s
aggressive efforts aimed at changing the
situation and assumes that a person has a
certain degree of hostility and risk-taking,
includes impulsive actions and rash acts carried
out for the sake of the actions themselves.

2. Distancing describes cognitive efforts to
escape a problem.

3. Self-control describes emotional efforts
aimed at maintaining self-control and
regulating one’s own feelings and behavior.

4. Seeking social support describes efforts
related to the search for informational and
emotional support.

5. Accepting responsibility describes efforts
related to recognition of one’s own role in the
current situation: it includes criticism and self-
incrimination.

6. Escape-avoidance describes dreams of
what is desired, includes various methods of
self-intoxication and methods of protective
behavioral elimination.

7. Planned resolution of the problem describes
the actions to change the situation and to solve
it.

8. Positive rethinking, or reappraisal,
describes the efforts involved in creating a
positive image of what happened as a result of
shifting the emphasis from the problem to
personal development.

According to the authors, six strategies
related to maintaining self-control in an
unsolvable stressful situation are related to
emotionally-oriented coping, namely:

« distancing;

* self-control;

« seeking social support;

* escape-avoidance;

* accepting responsibility;

* positive reappraisal of the situation.

Problem-oriented coping strategies are
aimed at resolving the situation through
confrontive behavior and planned resolution
of the problem. Assessment of severity of these
strategies can be determined using Ways of
Coping Questionnaire (WCQ) [7; 9], an
adapted version of which we used in the course
of the present study [13].

The study of complex life situations in
concepts of coping is associated not so much
with identifying a person’s endurance range,
maximum level of his energy and mental costs,
but rather with choosing an adequate,
appropriate and optimal way to apply efforts
for successful resolution of the difficulty [14].

Accordingto Norma Haan, coping strategies
reflect effective (from the point of view of the
result), optimal (from the point of view of
internal costs) and constructive (from the point
of view of expediency) ways for a person to make
efforts to resolve the difficulty [15].

In contrast to coping strategies, defensive
strategies are manifested in ineffective (from
the point of view of the result), non-optimal
(from the point of view of internal costs) and
non-constructive (from the point of view of
expediency) ways of human interaction with
difficult life situations. Protective trends are
reflected in impulsive reactions of a person
and in his expectation of eliminating internal
anxiety without directly resolving the problem
situation [15].

Thus, unlike defensive behavior, «Coping
behavior (coping) is flexible, intentional,
reality-oriented and evolving behavior» [14].

The profession of a civil aviation (CA) pilot
requires development of coping behavior as
an integral characteristic of the psyche of this
category of specialist, allowing him not only
to optimize interaction in the cockpit, but also
to make optimal, operational decisions in
standard and non-standard flight situations.

Cognitive coping contributes to main-
taining high intellectual activity and
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Table 1

Types of coping strategies used by cadet pilots [13]
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Pic. 2. Severity of coping strategies of cadet pilots [11; 13].

development of cognitive motivation.
Behavioral coping helps a person to achieve
his goals, strengthens confidence in achieving
success. These features are extremely
important for CA pilots. CRM trainings (Crew
Resource Management), which are a necessary
component of CA pilot training, contain
separate training blocks aimed at developing
coping skills: «Decision Making» block,
«Situational Awareness» block, «Business
Communication» block, etc. However, the
prevailing forms of training in the framework
of this training is learning, skills training.
Development of pilot coping intelligence
involves a value-semantic immersion, the
result of which is not only a change in attitude
to error, which is the main point of CRM
concept, but also the optimal use of three
modalities of strategies that reflect the
specifics of a person’s efforts (cognitive,

emotional and behavioral), three vectors of
orientation of strategies (on others, on
themselves, on the subject), as well as two
characteristics of intensity of strategies,
reflecting either the active or passive nature of
the pilot’s interaction with the difficult
situation. Itis advisable to initiate development
of coping intelligence of CA pilots during the
period of their higher professional education.

In this regard, in our opinion, it may be
interesting to study severity of main coping
strategies of cadet pilots, the types of
psychological defenses inherent in this
category of respondents and the relationships
between them.

Study of the characteristics of coping
behavior of cadets-pilots

In 2019, at Ulyanovsk Institute of Civil
Aviation named after Chief Marshal of
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Table 2

Severity of types of psychological defense of cadet pilots

Types of psychological defense
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Pic. 3. Severity of types of psychological defense of cadet pilots [16].

Aviation B. P. Bugaev a study of the peculiarities
of coping behavior of 5"-year pilot cadets of
the faculty of air traffic control and flight
safety was carried out. The survey involved 24
cadets. The objective of the study was to
determine severity of coping strategies used
by cadet pilots and their characteristic types
of psychological defenses that «trigger» the
mechanism of protective behavior in problem
situations. It should be noted that the number
of respondents involved in the study (24
cadets) is not enough to identify sustainable
relationships stated for the purpose of the
study. However, the results obtained may be
of some interest for a deeper study of coping
behavior of CA pilots.

The main research methods used were:
theoretical methods (analysis of psychological
literature on the problem of development of

coping behavior and the relationship of coping
and protective strategies for human behavior);
empirical methods (testing with questionnaires
that meet the requirements of validity and
reliability); methods of parametric statistics
(calculation of Pearson correlation coefficients).
The questionnaires used in the study («Strategies
for coping behavior» and «Life style
questionnaire») were standardized, adapted
and tested for the Russian-speaking category
of respondents in the Clinical Psychology
Laboratory of St. Petersburg Psychoneurological
Institute named after V. M. Bekhterev [13; 16].
The methods have retest reliability, internal and
external validity and are widely used in
restorative medicine, professional selection in
stressful professional activities.

The study was conducted in three stages.
At the first stage, cadets were diagnosed using
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Table 3

r-Pearson correlation coefficient

Cadet pilots (24 persons)

Name of the first row of | Name of the second row of variables Critical value | Critical value

variables control index r-Peall'sqn of r-Pearson of r-Pearson
S a.tlon (error (error
coefficient probability probability

0,05) 0,01)

Coping strategy Type of psychological defense 0,4 0,52

«Confrontation» «Regression» 0,55

Coping strategy Type of psychological defense 0,4 0,52

«Confrontation» «Projection» 0,42

Coping strategy Type of psychological defense 0.3 0,4 0,52

«Confrontation» «Substitution» >

the questionnaire «Strategy for coping
behavior» (SCB) [13]. The questionnaire
includes 50 statements, each of which reflects
a specific version of behavior in a difficult
situation. The questionnaire items are
combined into eight scales corresponding to
the main types of coping strategies described
above. After calculating the «raw» indicators
using the scales, they were converted to
standard T-points using the developed tables
[13]. Diagnostic results for the SCB
questionnaire are shown in Table 1 and in
Pic. 2.

The analysis of the diagnostic results
showed that on average the group shows
moderate severity of all coping strategies (from
40 to 60 T-scores). The most predominant is
the problem-oriented coping strategy: problem
solving planning. This indicates the willingness
of respondents to perceive the problem
situation as solvable and to model the
technology for resolving it.

At the second stage, a questionnaire of
types of psychological defense was used
(developed by R. Plutchik and adapted by
L. I. Wasserman, O. F. Eryshev, E. B. Klubova
[et al])) or, in another way, the questionnaire
«Life Style Index» [16]. This questionnaire is
based on the psycho-evolutionary theory of
emotions of R. Plutchik and the structural
theory of personality [Ego Defenses and
Emotions] by H. Kellerman, which offers a
specific relationship between different levels
of personality: level of emotions, protection
and disposition (hereditary predispositions to
mental illnesses). Determining the predomi-
nant type of psychological defense allows to
determine the scope of human problems, the
occurrence of which is based on the identified
protective settings.

Diagnostic results of the types of psycholo-
gical defense of cadets are shown in Table 2
and in Pic. 3. The severity of the type of
defense is presented in points and is compared
with the average value M of regulatory data
identified by the authors of the methodology.

The analysis of the diagnostic results
showed that the following types of respondents’
defense became the most pronounced on
average for the group (compared to the norm):
regression, projection, and substitution.

Manifesting a defensive reaction of
regression, a person seeks to avoid anxiety by
replacing the solution of subjectively more
complex tasks with simpler and more accessible
ones in the current situation. Often this occurs
through the use of familiar behavioral
stereotypes. It should be noted that the
professional behavior of pilots is regulated by
a huge number of rules: federal aviation rules
(FAR), standard operating procedures (SAP),
ICAO documents, etc. This forms some
stereotypes of professional behavior that help
pilots quickly navigate in standard and non-
standard situations, providing flight safety.
Perhaps this kind of adherence to regulations
also forms a protective regression mechanism
among pilots as an appeal to well-known and
prescribed rules. However, updating this
protective mechanism in complex aviation
situations can significantly complicate the
pilot’s operational decision making.

The defensive mechanism of projection is
manifested in the fact that feelings and
thoughts that are unacceptable to a person are
attributed to other people and, thus, are
justified. The actualization of this mechanism
enhances suspicion, stubbornness, intran-
sigence, intolerance to objections, a tendency
to blame the environment, search for flaws,
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increased sensitivity to criticism and remarks,
and exactingness. In relation to pilots, these
features reduce effectiveness of interaction in
the cockpit and flight crews, especially in
stressful situations, which directly affects
flight safety.

The defensive mechanism of substitution is
manifested in discharge by a person of suppressed
emotions (usually hostility, anger), which are
addressed to objects that are less dangerous or
more accessible than those that caused negative
emotions and feelings. In this situation, a person
can perform unexpected, even meaningless
actions that reduce internal stress. In situations
of professional interaction between pilots, this
mechanism may manifest itself when problems,
and, as a result, negative feelings that arose
before the flight (family, flight delay, health,
communication with colleagues at the airport,
etc.) are transferred to the cabin crew during the
flight. This, of course, dramatically reduces the
constructive nature of interaction of pilots and,
thus, affects flight safety.

The protective mechanisms described
above are quite common in everyday life, but
in flight conditions have a negative impact on
control of the aircraft.

At the third stage of the study, the degree
of consistency was determined between a
number of values of «Confrontation» coping
strategy (as, in our opinion, the most
destructive strategy in flight conditions) and
a series of values of the most pronounced types
of psychological defenses of respondents,
namely, «Regression», «Projection» and
«Substitution».

To study the relationship of two variables
measured in metric scales on the same sample,
the Pearson (r-Pearson) correlation coefficient
isused [17].

Let’s evaluate the empirical values of the
Pearson coefficient obtained by us, comparing
it with the corresponding critical value for a
given level of significance from the table of
critical values of the Pearson correlation
coefficient. For a sample with 24 elements and
a significance level of p = 0,05, the critical
value of the Pearson coefficient isr_, = 0,4,
with asignificance level of p=0,01,r_ =0,52.

The analysis of tabular data shows the
absence of a statistically significant relationship
between «Confrontation» coping strategy
revealed by cadets and severity of their
«Substitution» psychological defense.

it

The correlation coefficient between the
coping strategy «Confrontation» of pilots
and severity of their psychological defense
«Projection» if greater than the critical value
with a significance level of 0,05 (located in
the significance zone) indicates a direct
linear relationship between these variables.
That is, with an increase in severity of
«Projection» psychological defense by
respondents, the likelihood of their
confrontational behavior increases. In other
words, presence of a pronounced tendency
among future CA pilots in which feelings
and thoughts unacceptable to them are
attributed to other people and, thus, lose
their personal significance, reduce their
level of criticality, and entail an increase in
the likelihood of impulsive, hostile, conflict
behavior. This type of response is especially
dangerous when the flight crew interacts in
acute stressful situations, in conditions of
overwork, general crew unworkedness, etc.
As a preventive way to overcome the
confrontational coping strategy, the pilots
master the technology of positive persistence
and undergo LOFT (Line Oriented Flight
Training) training. However, future pilots’
awareness of the systematic manifestation
of «Projection» defensive mechanism in
their behavior can enable them to change
their attitude to their personal constraints,
respectfully criticize and, more generally,
treat errors more professionally, which is the
backbone principle of CRM system.

The correlation coefficient between the
coping strategy «Confrontation» of pilots
and severity of their psychological defense
«Regression» if greater than the critical
value with a significance level of 0,01
(located in the significance zone) indicates
a direct linear relationship between these
variables. That is, with an increase in
severity of the respondents of the psycho-
logical defense «Regression», the likelihood
of their confrontational behavior increases.
This means that a future pilot with this
form of defensive reaction in a stressful
situation can replace the solution of
subjectively more complex tasks with
simpler ones in the current situation. This
forms a biased image of the flight for the
pilot and, as a result, provokes conflicts and
confrontation in the flight and cockpit
CTews.
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Thus, the types of psychological defenses
«Projection» and «Regression» that were
identified as a result of the study and were
most pronounced among cadets-pilots turned
out to be in a linear (statistically significant)
dependence on «Confrontation» coping
strategy. This stress management strategy is
poorly expressed among respondents.
However, the presence of the identified
relationship demonstrates possible risks of
interaction between the flight crew, the
probability of which may increase in flight
conditions.

Conclusion. The study showed the
importance of a deeper study of the
psychological mechanisms that shape the
professional behavior of future CA pilots. The
implementation of CRM (Crew Resources
Management) system in all aviation
companies, development of a safety culture
as a priority organizational value, requires
that pilots have a special style of professional
behavior, upbringing of which should begin
when they are getting their professional
education. This process should be based on
a comprehensive study of not only the
cognitive processes of cadets, but also of the
emotional, behavioral, personality and
semantic characteristics of future CA pilots.
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O1IeMMPOBAast CTATUCTUKA TTOKA3bIBa-

€T, YTO YMCJIO TIOTUOIIINX B Pe3yIbTa-

te JATII nponoskaet pacTu, COCTaB-
Jisist 6osee 1,3 MIJIH UesloBEK €XKeroiHo, XOTs
YPOBEHb CMEPTHOCTH OTHOCUTETHHO YMCIICH -
HOCTHU HaceJICHUsI B MUPE B ITOCIETHUE TOIbI
crabunusuposaics. CokpalieHrue CMEPTHO-
CTU HaOJIoMaeTcs, Kak MpaBujio, B T€X rocy-
JnapctBax, Koropbie BO3 TpaiMLIMOHHO OTHO-
CHUT K CTpaHaM C BBICOKMM YPOBHEM JIOXOJA.
Ha ux noso npuxoautcst 40 % TpaHCIIOPTHBIX
CPEICTB U JIUIIIb 7 % OT 00LIIEeMUPOBOI CMEPT-
Hoctu B pesyabsrare IITII[1, c. 7]. 3HauuTENb-
HYIO pOJIb B CHUXKEHUHU TJIO0AJTbHBIX TTOKa3a-
TeJIeil TOPOKHO-TPAHCITOPTHOM CMEPTHOCTH
urpatot ctpanbsl EBporneiickoro cor3sa. Poc-
cHsI Xe cpenu rocynapcts EBporeiickoro
peruoHa BO3 3aHMMaeT 01HO U3 MEPBBIX MECT
10 TIOKAa3aTeJIsIM JTOPOXHO-TPAHCIIOPTHOM
cMepTHocTH [2, ¢. 3].

TeM He MeHee B ITOCJIeTHUE TOIbI HAMETH -
Jlach TIOJIOXUTEbHAsT TeHaeHIMs. YTo CBU-
JIETEJIbCTBYET O TPAMOTHBIX JIEUCTBUSIX TTpa-
BUTEJbCTBEHHBIX MHCTUTYTOB B pamKax Pe-
JlepabHOM 11eJ1eBOM rporpaMmel «IToBbiliie-
HUe 0e30MacCHOCTU TOPOXKHOTO JBUKEHUS
B 2013—2020 rr.» u Crpareruu 6e€301MacHOCTU

JIIOPOXKHOTO IBMKeHMS B Poccuiickoit Dexe-
pamy Ha 2018—2024 rogsr. C 2009 mo 2014 1.
MmoKas3aTeJn CMEPTHOCTU U aBapUUHOCTHU
JIep>KaTnCch IIPUMEPHO Ha OHOM YPOBHE, HO
HaunHag ¢ 2014 1. HabIIOgACTCST CTaOMIIBHOE
cHukeHnwue (puc. 1) [3].

C 9yeM MOTYT OBITh CBSI3aHBI CTOJIb BBICOKHE
rokaszatesiv cMmepTHOCTH B PD 110 cpaBHEHUIO
¢ IpyruMu cTpaHamu pernoHa? Bo MHorom
9TO OOBSICHSIETCS TIPeHEOpeXeHNEM TpaXKaa-
HaMJ OCHOBHBIMU ITOBEIEHIECKUMHU (DaKTO-
pamu pucka, K KoTopbiM BO3 oTHOCUT: cKO-
pOCTh, YIIpaBJICHUE TPAHCIIOPTHBIM Cpel-
CTBOM B COCTOSTHUY OIIbSTHEHUSI, ITHOPUPO-
BaHME MOTOIMKJIETHBIX IIJIEMOB, PEMHEH
0e301acHOCTH, UCITOJI30BaHUE MOOUILHOTO
TesiehoHa MPU yIpaBJIeHUU aBTOMOOWJIEM [2,
c. 7—15]. Poccuiickoe 3aKOHOIATE€IbCTBO
MpeaycMaTprBaeT cxoxue co ctpanamu EC
OrpaHWYCHMSI, HO MHOTHE BOIUTEIIN TpeHe-
OperaroT JaHHBIMU IIPaBUJIaMH BBUAY OTHO-
CUTEJIbHO HEBBICOKMX 1ITpacdoB (32 UCKIIO-
YEHMEM €3IbI B ITbTHOM BHJIE) M BOBMOKHOCTH
OBITh HE TOMMaHHBIMU 3a HapylieHus. OTBIT
ITOKa3bIBAET, YTO CTAOMIBHOE CHIDKEHUE CKO-
pOCTHU 10 TpeOyeMBIX ITpaBUIaMH M 3HaKaMU
3HAYeHUI HAOIIOJAeTCsl B MECTaX YCTAHOBKU
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Puc. 1. Konnyecteo ATl B nepunos 2000—-2018 rr. ABTOPCKuii pUCYHOK 10 Matepuasiam nctoyHmka [3].
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CTallMOHAPHBIX Kamep (UKcallMu Hapylie-
Huii. Kpome Toro, B Poccuu cyiectByer Ka-
TEeropust BOAUTENEN, TPAKTUYECKN HETO] -
BJIACTHBIX KOHTpOJII0 co ctopoHbl TMBJIJI —
CY/IbU 1 TIPOKYPOPBI, B OTHOIIIEHUU KOTOPBIX
MPOJO0JIKAET AeHCTBOBATh OCOOBII MOPSI0K
Mep obecrieueHUs TPOU3BOCTRA IO eJiaM 00
AIMUHUCTPATUBHOM IpaBOHapylieHuu [4].

Ocoboe npeHebOpexeHue K MpaBuiaM 10-
POXHOTO TBUXEHUS MPOSIBIISIIOT BOJUTEIN
B Bo3pacte 18—25 yiet, Korjaa akTUBHO MPOSIB-
JISIeTCSI XKaX/Ia «OCTPBIX OLIYIIEHU» U caMO-
yBepeHHOCTh [5]. Kak ObUIO YCTaHOBIEHO
B [6; 7], 3HAYMTEIHHOE KOJIMYECTBO MOJIOIBIX
Bonuteeit (15 %) MMeT MOBBIIIEHHYIO
CKJIOHHOCTb K PUCKY, UTO Hapsiay C pacrpo-
CTpPaHEHHBIM B MOJIOAEXHOM cpefie MpeacTaB-
JICHUU O CBOEM MPEBOCXOJCTBE B pabOTOCHO-
COOHOCTU M CKOPOCTH peaKIiM, MO3HAHUSX
B TEXHUYECKOU 00JacTU aBTOMOOWIIEH Mpu-
BOJIUT K BBICOKMM aBapUHHOCTU U CMEPTHO-
CTU B JaHHOW BO3PAaCTHOI KaTeropuu. Ycra-
HOBJIEHO, YTO TIPUCYTCTBUE MMAaCCaXUPOB
B CaJloHE aBTOMOOWJISI MPUBOAUT K OoJjiee
OBICTPOI1 €3/1e, YEM BOXKIEHUE B ONUHOUKY [8].
OTcyTCcTBME MTO3TAMHOTO AOCTYTA K yIIpaBie-
HUIO TPAHCITOPTHBIM CPEACTBOM, ITOKA3aBIIIe-
ro cBoi a¢dexkTuBHocTh B Kanazae, CIIA,
HoBoii 3enanauu, HekoTopbix ctpaHax EC,
OTpULIATEJIBHO CKa3bIBAE€TCS HA aBAPUNHOCTU.
BBenenue psima orpaHMYUTETBHBIX Mep (KO-
JIMYECTBO TMAacCaxkupoB, CKOPOCTh) JJIsI He-
OTBITHBIX BOIUTEJIEH MOTJIO ObI BO MHOTOM
U3MEHWUTh CUTYAIUIO.

IToMuMoO BbILLIECKA3aHHOTO, KpailHe BaxX-
HBIM ()aKTOPOM B CHUXKEHUU MOPOKHO-
TPAHCIIOPTHOW CMEPTHOCTU SIBJISIETCST CBOE-
BPEMEHHOE U KaUeCTBEHHOE OKa3aHUe MepBOi
nomMoiu. ¢pGeKTUBHOE OKa3aHUE SKCTPEH-
HOW TTOMOIIIM HAYMHAETCS Ha MeCTe aBapuu
¢ IeWcTBUI cBUAETEEN mpour3oieaero [9].
Haxe camasi coBpeMeHHasl CUCTeMa 9KCTPEH-
HOI ToMon Hea(hdEeKTUBHA, €CITN OUEBUILIbI
CPOYHO HE BBI30BYT MEAUIIMHCKYIO ITOMOIIIb,
HE pacro3HAIOT CEPbE3HYI0 TPABMY, U HE TIPU-
MEHSIT 3JIeMEeHTapHbIe TPUEMBI ITEPBOI ITOMO-
i [ 10].TTocse Toro Kak rnmpou3oliiia aBapus,
CBOEBPEMEHHOCTb TTOMOIIY MTOCTPAIABIINM
HMMeEET pelllatonlee 3Ha4YeHKe: MUHYTHOE MPo-
MeJJIeHUEe HepeaKOo OompenessieT rpaHuly
MeX]y BbIXKMBaHUEM U rubenbio [11].

CaMbIMU pacTipOCTpaHEHHBIMUA TPABMaMK
npu ATII gaBastorcs ymuobl, mepeaoMbl
U IpyTHe TIOBpeXIeHMs KocTeil. YacTo mepe-

JIOMaM COITYTCTBYIOT KpoBoTeueHUs. [Ipu
CYIIECTBEHHOM MOTEpe KPOBU PE3KO Tajaer
apTepuanabHOe NaBJIeHUE, U, €CITU TTOCTPaIiaB-
meMy He OyIeT MaKCUMaJIbHO OBICTPO OKa3a-
Ha TiepBast MeIUIIMHCKAs TOMOIIb, OH MOXKET
MOTMOHYTh OT MoTepu KpoBu [12].

Bo BceM Mupe yaensercsl 3HaUMTEIbHOE
BHUMaHME O0YYEHUIO U TIOTYJISIpU3alliy 3Ha -
HUI 0 OKa3aHUIO TIepBoii TomMotnu. OTHaKO
YPOBEHb 3HAHUH TpaXkIaH B Pa3HBIX CTpaHaX
ommyaercs. Tak, B EBpone HanimoHanbHbie
obmectBa KpacHoro Kpecta u KpacHoro
TTonymecsua Tonbko 3a 2014 rog obyuunu
9TUM HaBbIKaM 4161366 uesnoBek. B crpaHax
3anamHoit EBporis mosist rpakiaH, 00y4eHHBIX
MpuEMaM IepBOi TOMOIIIM, MOXET JOCTUTATh
95 % [13]. B onipoce, mpoBeaérHHoM B 2010 ro-
ny B Crokronpme (LlIBeuust) mo mpuémam
MepBOIl TTOMOIIIH, MOKa3aTelb YCTIEIITHOCTH
coctaBui 52 % [14].0mnpolleHHbIE TpaXxaaHe
Hopsernu cMoryin 661 0CTaHOBUTH KPOBOTE -
yenue B 81 % cayuaes [15]. B Manuectepe
(BeaukoOpuTaHusl) CBUAETEU OKa3bIBAIOT
MOMOILb IIpY TpaBMax B 75 % ciydaes [16].
3HauMUTeNIbHOE YJIy4YllleHNEe HaBBIKOB OKa3a-
HUs MIEPBOI TTOMOIIH TTOCTIE COOTBETCTBYIO-
mero odydyeHus1 U ero GeccriopHasi MmoJje3-
HOCTb MOATBEPXKIACHBI UCCICNOBAHUIMU
B Upane u Hurepuu [17; 18].

B nmanHoi1 paboTe MmpeacTaBaeHo MPOIo-
KeHue Hauero ucciaenonaHus [19]. TTocras-
JIEeHa yenb: CPABHUTH YPOBEHb 3HAHUM TIPUE-
MOB TIE€PBOIi MOMOIIY CPeaN BOIUTEIEH
B Poccniickoit denepanum u ctpaHax EC.
HWccrnenoBanue mpoBOIUIIOCH Men00OM OTIPO-
ca rpaxnaH P®, umeonmx BOIUTEIHLCKOE
YIOCTOBEPEHWE M OTIBIT YIIPaBICHUST TPaHC-
TMIOPTHBIM CPEICTBOM, B pa3HBIX pPErMoHax
CTpaHbI O MEAUIIMHCKOM MTOATOTOBKE B aBTO-
mkoJax, yuactuu B JITII, mpuémax okazaHust
TepBOIi TTIOMOIIHN, JIJIST YeTO MCIOJIb30BaIach
pa3paboTaHHas aBTopamu aHkera. Konmue-
CTBO OMPOIIIEHHBIX yBeanueHo co 107 go 403
yestoBek. IJ1si cpaBHEeHUST TToKa3aTesieil ObUT
omnpouieHbl rpaxaaHe EBponeiickoro Coro3a
(Benukobputanus, Yeuickasi pecryouka,
Hanus, Tepmanust, Utanus, KopoaeBcTBo
HunepnannoB) B konuyectBe 402 yeaoBek.
Onpoc npoBoausics B Mae-ceHTs10pe 2018 ro-
na u guBape u uioHe 2019 r. IIpumeHsaca
HEIIOCPEACTBEHHBINA OMPOC, MPOBOIAUMBINI
cuwiamu ctyaeHtoB BITU (bwiuan) Bonl' TY
u BonrI’'MY. Takxe ucnoJib3oBajiach Ijiat-
dopma https://docs.google.com/forms, cchi-
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Puc. 2. Pacnpegenenne oTBETOB Ha BONpoc «Kak ocTaHOBUTb KPOBOTEYEHNE NPy paHeHUN BEHbI U HEKPYIMHbIX
aprepunii?». ABTOPCKUIA PUCYHOK.
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KpoBb TémHoro ugeTa
BbITEKAEeT U3 paHbl MeIEHHO.
Ha paHy HaknagbiBaetca
[/AaBAlLanA MoBA3Ka, C
yKa3zaHWeMm B 3anucke
BPEMEHM Ha/NoXKeHUA
NoBA3KM

KpoBb AipKo-asoro useTta
BbITEKaeT U3 paHbl
nynbCcupyioLLei nam
dOHTaHMpYIOLWEN CTPyelt.
ApTepua npmxmmaetca
nasbLamu, 3aTem B TOYKax
NPUKaTUA BbILE PaHbl,

1,00% 0% mPo

mEC
KpoBb BbITEKaeT 13 paHbl

meaneHHo. HaknaapliBaetca
KPOBOOCTaHaB/MBAIOLLMIA
HKIYT HUXKe MeCTa paHeHwus, €
YKa3aHuem B 3anncke
BPEMEHU HANOXKEHUA XKryTa

MaKCMMasbHO 6/IM3KO K Hell,
HaknagpiBaetcs
KPOBOOCTaHABMBAIOLLMIA
KTYT C YKa3aHUeM B 3anucke
BPEMEHM HaNOKEHWNA KryTa

Puc. 3.PacnpeneneHue oTeeTa Ha Bonpoc «KakoBsl NPU3HaKu KPOBOTEYEHNS N3 KPYMHOV apTepun U C 4ero
HayMHaeTcs nepsasl MOMOoLLb rpu €€ paHeHUn?». ABTOPCKUI PUCYHOK.

Ka Ha aHKeTy pa3Mellajach B HauboJjee ak-
THUBHBIX COOOIIIECTBAX BOAUTEICH B COLIUAIb-
HBIX ceTsix «BkoHTakTe» u «Facebook».
3aHITHSI 10 OKa3aHUIO IIEPBOI MEIUIIMH-
CKOI1 IIOMOIIY B aBTOLIKOJIaX, SIBJISIOIIMECS
00s13aTeJIbHOI YaCThIO IIPOrPAMMBbI, Y 00JIb-
IIMHCTBa aHKeTUpyeMbIX B PD (63 %) npoBo-
JIAJI COTPYIHUK aBTOIIKOJIbI M TOJIbKO Y 17 % —
YeJIOBEK ¢ MEIMIMHCKUM O00Opa30BaHUEM.
Ay 23 % omnpolleHHbIX TAKUX 3aHSITUI HE
ob110 BoBce. B EBponeiickom Coro3e moist
OIIPOLIEHHBIX, Y KOTOPBIX 3aHITHSI IIPOBOIMI
MEIULIMHCKUI PaOOTHUK, 3HAYUTEIHHO BbI-
e — 36 %. Kpome Toro, y 68 % onpoLeHHbIX
B P® u 48 % B EC He ObLIO MPaKTUYECKUX
3aHSTHIA 10 0KAa3aHUIO ITEPBOI1 MEIULIMHCKOM
IIOMOIIY C UCIOJb30BaHMEM MAaHEKEHOB.
Oxkoio 17 % B PO u 7 % B EC crankuBa-
JIUCh C CUTYyalMeil HEOOXOAMMOCTH OKa3aHUs
TIepBOM ITOMOIIM 1 oKa3biBasin €. OkoJo 14 %
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BP®u 11 % B EC He MOIIM 0Ka3aTh ITOMOIIb
10 IpUYMHe OOSI3HU HaBPEAMTh ITOCTPagaB-
LIEMY ¥ CTPECCOBOM 0OCTAHOBKU.

Jlanee pacCMOTPUM PsiJt BOIIPOCOB, Kacalo-
LIMXCSI HEIOCPEICTBEHHBIX TPUEMOB ITePBOI
MEIULIMHCKOM ITOMOIIIN.

Ha Bompoc «Kak ocTaHOBUTb KpOBOTEYE-
HUME TIPY PAHEHUM BEHBI M HEKPYITHBIX apTe-
pUii?» IpaBUJIbHBIA OTBET (HAJOXUTD JaBsi-
1IY10 TIOBSI3KY) najiu auib 42 % (P®) u 39 %
(EC) onpoieHHBIX (puc. 2).

[Ipu3Haky KpOBOTEUECHMSI U3 KPYIHOM
apTepMu U C Yero HauMHAEeTCs TIepBast ITOMOIIb
Nnpu €€ paHeHUU MOTYT onpeaeautsb 94,5 %
(P®) 1 96 % (EC) onpoieHHbIX (puc. 3).

Ha kakoit cpok MOXeT OBbITh HaJlOXeH
KPOBOOCTaHABJIMBAIOIIMIA XKTYT, 3HaoT 71 %
(P®) u 78 % (EC) pecrionaeHTOB (puc. 4).

I[IpusHaku Ajs HavajJa CEepIEYHO-
JIETOYHOI peaHMMaIlMK MOTYT Ha3BaTh 95 %
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Puc. 4. PacnpegeneHmne oTBetTa Ha BOnpoc «Ha kakowi cpok MOXeT ObITb HaJlI0)XXeH KPOBOOCTaHaBJINBAIOLNIA
XryT?». ABTOPCKWNI PUCYHOK.
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Puc. 5. Pacnpeaenexnme oTBeTa Ha BONpoc «B kakux ciy4asix cieayet Ha4nHaTh cepaeYHO-N1EroYHyio
peaHumaLmio nocTpagasLuero?». ABTOPCKUIi PUCYHOK.
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HaAaBAMBaHUI Ha rPyANHY

[laBneHune pykamm Ha
rPYAVHY nocTpasasLuero n
MCKYCCTBEHHOE JbIXaHKe:
BHavane 15 HagaBAvBaHWUi
Ha rpyauHy, 3atem 1 Baox

meToA0M «POT KO pTy»
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mEC

[laBneHune pykamu Ha
rPyAUHY NOCTPaAaBLUEero n
MCKYCCTBEHHOE JbIXaHWe:
BHavane 30 HafjaBAMBaHUI
Ha rpyauHy, 3aTem 2 Boxa
MeToA0oM «POT KO pTy»

Puc. 6. PacnpeneneHue orBeta Ha Bonpoc «Kakum o6pa3om npoBoANTCS cepAeYHO-NIEro4YHas peaHumaumns
noctpagasLuero?». ABTOPCKNUI PUCYHOK.

(P®) u 88 % (EC), a BOT npaBUJILHO €€ OKa-
3aTh criocoOHbI Jinib 38 % (PD) 1 44 % (EC)
(puc. 5, 6).

Oxka3zath MepBYIO MOMOIIb IIPU OXOTax
crioco6Hbl 91,5 % (P®) u 95 % (EC) omnpo-
IIEeHHBIX (puc. 7).

IpaBWabHO OKa3aTh MOMOIIb MPH Tepe-
JIoMax KoHeuHocTeir cmoryt 53,8 % (PD)
n 42,5 % (EC) anketupyeMbix (puc. 8).

CorracHO yKa3aHHBIM JaHHBIM POCCHIi-
CKHME aBTOIIKOJIBI 3HAYMTEJIFHO Yallle Mpe-
HeOperamoT MpoBeaeHUEM 3aHITUH MO OKa-
3aHMIO TIEPBOM MOMOIIM, YEM €BPOIIEMUCKUE.
PecronnenTsl n3 EC ropasgo pexe cTaaku-
BaJIMCh C HEOOXOAMMOCTBIO OKa3aHUs Mep-
BO# ITOMOIIM, 9YTO MOXET OBITh CBSI3aHO
C MEHBIIINM BpeMeHEeM MPUOBITUS Ha MECTO
HTTII 6purans! Bpaueii. B nenom, paznuuus
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Mo/nTb 0KOroBYIO NOBEPXHOCTL
XOIOAHOW BOAOM, HAaKPbITh
CTEepUNbHOM candeTkomn 1 Tyro
3abuHTOBaTL

BCKPbITL OXKOroBbIE My3bIpH,
OUMCTUTL OXKOTOBYIO
NOBEPXHOCTb OT OCTAaTKOB
OAE@XKAbI, HAKPbITb CTEPUBLHOM
candertkoit (He 6uHTOBaTH), NO
BO3MOXKHOCTU MPUNOMKNTL
X010/, NOWTL NOCTPAAABLIETO
BOAOMN

T
OX/1aauTb OKOrOBYIO
NOBEPXHOCTb BOAON B TeYeHMe
20 MUHYT. O0roBble Ny3bipn He
BCKPbIBATh, OCTATKN OAEK/bI C
0B 0MKKEHHON NOBEPXHOCTU He
YAaNATb, MECTO 0XKOra HaKpbITh
CTepunbHOM candeTkoit (He
B6UHTOBATb), NO BO3MOXKHOCTU
NPUNOKNTL XONOA, U NOUTL
nocTpazasLuero BoAoN

Puc. 7. PacnpegeneHve orBeTa Ha Bonpoc «KakoBa nepBasi TOMOLLb NPy HaINYUN NMPU3HaKOB MOBEPXHOCTHOIro
TepMUYeCcKoro oxora?». ABTOPCKUIi pUCYHOK.
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BepxHI0I0 KOHEYHOCTD,
COTHYTYIO B /IOKTe,
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Tynosuuyy. HukHue
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BepxHI0t0 KOHEYHOCTb,
COTHYTYIO B /IOKTE,

I'IpVIﬁVIHTOBbIBaKJT K
Tynosuwy. HuxHue
KOHEYHOCTU NNOTHO
NPVXMMAIOT APYT K APYry U
nNpUBUHTOBbIBAIOT

MPONOXKNB MeXay HUMU
MATKYIO TKaHb

Puc. 8. PacnpegeneHue oTseTa Ha Bonpoc «Kak okasbiBaeTcs nepsasi TOMOLLb NPy NepesioMax KOHeYHOCTeld,
€CJIM OTCYTCTBYIOT TPAHCMOPTHBIE LUMHBI M MOAPYYHbIE CPEACTBA AJ1S1 UX U3rOTOB/IEHUSI?». ABTOPCKUI PUCYHOK.

B 3HaHMSIX 00 OKa3aHUHU ITEPBOI TOMOIIM HE
Tak Beauku. Haumbonpliee pacxoxiaeHue
MMeET MECTO 10 BOIIpOCcaM BPEMEHM HaJjlo-
JKEHHsI KPOBOOCTAaHABIMBAIOIIETO KIyTa,
nokKa3aHWil Hayajia cepAedyHO-JIErOYHOMI
peaHUMaLlMu U €€ MeToJax, NeidCTBUI TIpu
nepejoMax KoHeuyHocTei. 2Ku3HEHHO BaxkK-
HBIMM MOXHO Ha3BaTh BOIIPOCHI O cepiey-
HO-JIETOYHOI peaHMMalud U OCTAHOBKE
apTepuaJbHOTO KPOBOTEUYECHUS, TIe CUET
UAET Ha MUHYTBI. IMEHHO B 3THX BOIpocax
MPOLIEHT OTBETUBIIMX BEPHO HUXKE, YeM
B EC. Eciu yuecTsb, 4TO B MacuiTabax cTpa-
HBI 32 KaXIbIM ITPOLIEHTOM HeNpaBUJIbHBIX
OTBETOB MOTYT CTOSITh COTHU HECITaCEHHBIX
JKU3HEW, TO pa3InyMs OKaXyTCsI He TaKu-
MW HE3HAaYUTEJIbHBIMU. MOXHO caesiaTh
OOIIMI BBIBOJ, YTO BOIIpOCAM IEPBOM IMO-
moiu B EC ynensiercst 6oibliie BHUMaHUS.
Y10 OTHOBPEMEHHO C TAKMMU MEPOMPHUSI-
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THSIMU, KaK BBICOKHE IITPadbl, MO3TAITHbBIIA
JIOIYCK K YIIPaBJIeHUIO aBTOMOOWIEM, pa-
BEHCTBO B OTBETCTBEHHOCTH JIJISI BCEX Tpaxk-
JlaH, TIPUBEJIO K CHUXXEHUIO aBapUIHOCTHU
U CMEPTHOCTH.

st yaydienus: cutyauuu B Poccun Bu-
JIATCS HEOOXOAMMBIM: 00s13aTeIbBHOE MIPOBE-
JIEHWE 3aHSITUI 110 MEIULIMHCKUM BOIIpOCaM
B aBTOIIKOJIaX MEAMIIMHCKUM PaOOTHUKOM,
ylejeHue OOJIbIIET0 BHUMAHUS O0yYEeHUIO
puéMaM OKa3aHus IIepBOi TOMOIIM B 0Opa-
30BaTEJIbHBIX YUPEKIACHUSIX, O0YYeHHUE CO-
TPYAHMKOB CITCLIUAJIBbHBIX CIIy>K0, KOTOPBIE
MoryT npuobbITh Ha MecTo JITTI panbie Bpa-
Yyeil, HaBbIKaM OKa3aHUs MEePBOI MOMOIIU
U COICICTBUE O0YYCHUIO PSIOBBIX TPaKaaH,
B TOM 4YHKcJie 60Jiee TECHOMY COTPYIHUYECTBY
(enepanbHbIX, perMOHAIbHBIX U MECTHBIX
Baacteii ¢ Oo6mectBoM KpacHoro Kpecra
un KpacHoro IMonymecsina.
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B 10 ke Bpemst mpobJieMa CHUXXKEeHUSI aBa-
PUIHOCTU YU CMEPTHOCTU MpeIioaaraeT KOMII-
JiekcHbI noaxof. IToBblllieHre O0IIEN Kyb-
TYypbl BOXKAEHUsI, YCTAHOBKA CTallMOHAPHBIX
KaMmep (pUKcalMKu OMAacHbIX HapyILIeHUM, OT-
MeHa 0coboro rnopsijaka aiMUHUCTPATUBHOTO
MPOU3BOACTBA JJsl Cyleil U MPOKYPOPOB,
CHUXXEHME BJIIMSIHUS OCHOBHBIX TTOBEJEHYE-
CKUX (haKTOPOB pUCKa MOCPEACTBOM YCUTIEHUS
TpadHbIX CaHKUMI 3a HauboJjiee onacHbIe
HapyleHus (HanpuMep, HeIaBHO BBEAEHHbI
mTpad 3a «onacHOe BOXIEHUE»), BBEACHUE
MO3TAMHOro JOCTYIAa K YIIPaBIEHUIO aBTOMO-
OusieM Mpu MOJYyYEeHUU BOIMUTEIbCKOTO YI0-
CTOBEpEHMUSI.

VYkazaHHbIe Mepbl, IPUMEHsIEeMbIE CO-
BMECTHO, TTO3BOJISIT JOCTUYD CYILIECTBEHHOTO
CHIXKeHM Kak obiiero koaudectna JATTI, Tak
U TSDKKUX MOCJIEACTBUI OT HUX, YTO YCTAHOB-
seHo CtpaTterueit 6e30MacHOCTH JOPOXKHOTO
nBkeHus B Poccmiickoit Denepannn Ha
2018—2024 ronsi.
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OT PEOAKLUU

CrenaHHbBIM aBTOpaMU aK1IEHT Ha HEI0CTaTOY -
HOCTb HaBBIKOB OKa3aHMSI BOIMTEISIMU TEPBOM
MOMOILM KaK Ha (haKTop, BEAYIIMI K POCTY UMCiIa
xeptB I TTI, 6e3ycinoBHO akTyajieH. BMecte ¢ TeM
HEKOTOPbIE BEIBOJIBI OTHOCUTEILHO ITPUIMH TaKOM
CUTyallUu U MPEAJIOXEeHUs Mo €€ U3MEHEHUIO
B JIYUILYIO CTOPOHY SIBJISIIOTCSI HE 0€CCITIOPHBIMMU.
JanbHeiiliee pa3BUTHE 3TOUW TEMBI MOTPeOyeT
NpoBeneHMs 60iee IUPOKUX UCCIEAOBAaHUI, B TOM
YUCJIe U OMPOCOB, U HECOMHEHHO MOXET CTaThb
MpeaMETOM JUCKYCCUU Ha CTpaHMIIaX XKypHaJa.
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ABSTRACT

The Russian Federation occupies one of the first places in terms
of road transport mortality. While the countries of the European Union
play a special and significant role in reducing global indicators of road
traffic mortality. The objective of the study is to compare the level of
knowledge on first aid techniques among drivers in the Russian
Federation and EU countries. In continuation of the previous work, in
the framework of which a study was conducted by interviewing citizens
of the Russian Federation according to the questionnaire developed
by the authors, the number of respondents increased from 107 to 403
people. To compare the indicators, 402 European Union citizens were
surveyed. The survey was conducted in May—September 2018 and in
January and June 2019. A direct survey was conducted by the students
of VPI (branch) of VoISTU and Volgograd State Medical University. The
platform https://docs.google.com/forms was also used, a link to the
questionnaire was posted in the most active driver communities in the

social networks Vkontakte and Facebook. According to the data
received, Russian driving schools are much more likely to neglect
conducting first aid classes than European ones. EU respondents were
much less likely to encounter the need for first aid, which may be due
to the shorter time for arrival of a team of doctors at the scene of an
accident. The most significant discrepancies were revealed in drivers’
knowledge regarding issues related to application of a hemostatic
tourniquet, indications of beginning of cardiopulmonary resuscitation
and its methods, and actions in case of fractures of the extremities, i.e.
critical in cases of traffic accidents. The general preliminary conclusion,
subject to fruther detailing, is drawn that more attention is paid to first
aid issues in the EU. To improve the situation in Russia, a number of
measures have been proposed: compulsory medical classes at driving
schools by a medical professional, greater attention to training in first
aid techniques in educational institutions, training of special services
for first aid skills and facilitating the training of ordinary citizens.
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lobal statistics show that the number
238 G of deaths from road accidents

continues to grow, reaching more
than 1,3 million people annually, though the
mortality rate relative to the world population
has stabilized in recent years. A reduction in
mortality is observed, as a rule, in those states
that WHO traditionally classifies as high-
income countries. They account for 40 % of
vehicles and only 7 % of the global mortality
due to traffic accidents [1, p. 7]. The countries
of the European Union play a particularly
significant role in reducing global indices of
road transport mortality. Russia, among the
countries of WHO European Region, occupies
one of the lower places in terms of road
transport mortality [2, p. 3].

Nevertheless, in recent years there has
been a positive trend. This indicates the
competent actions of government institutions
in the framework of the Federal target program
«Improving road safety in 2013—2020» and
Road Safety Strategy in the Russian Federation
for2018—2024. From 2009 to 2014, mortality
and accident rates remained at approximately
the same level, but since 2014, a steady
decrease has been observed (Pic. 1) [3].

What can be associated with such high
mortality rates in the Russian Federation in
comparison with other countries of the region?
This is largely due to neglect by citizens of the
main behavioral risk factors, which are
according to WHO: speed, driving while
intoxicated, neglecting motorcycle helmets,
seat belts, and using mobile phone when driving
acar [2, pp. 7—15]. Russian legislation provides
for restrictions similar to EU countries, but
many drivers neglect these rules because of the
relatively low fines (except for driving while
drunk) and the possibility of not being caught
for violations. Experience shows that a steady
decrease in speed to the values required by the
rules and signs is observed in the places of
installation of stationary cameras for recording
violations. In addition, in Russia there is a
category of drivers that are practically beyond
the control of the traffic police — judges and
prosecutors, in respect of whom a special
procedure for ensuring the proceedings in an
administrative case continues to be applied [4].

Particular disregard for traffic rules is
shown by drivers aged 18—25 years, when
thirst for «thrills» and self-confidence are
actively manifested [5]. As it was established

in [6; 7], a significant number of young drivers
(15 %) have an increased tendency to risk that
along with the widespread perception among
youth of their superiority in performance and
speed of reaction, knowledge in the technical
field of cars leads to high accident and
mortality rates in this age category. It is
established that the presence of passengers in
the car leads to faster driving than driving
alone [8].The lack of gradual access to driving,
shown to be effective in Canada, the USA,
New Zealand and some EU countries,
adversely affects the accident rate. The
introduction of a number of restrictive
measures (number of passengers, speed) for
inexperienced drivers might greatly change
the situation.

In addition to the above, the timely and
high-quality first aid is an extremely important
factor in reducing road traffic deaths. Effective
emergency assistance begins at the scene of
the accident with the actions of witnesses of
the incident [9]. Even the most modern
emergency care system is ineffective unless
eyewitnesses urgently call for medical help,
do recognize a serious injury, and do master
basic first-aid methods [10]. After an accident
has occurred, timely assistance to victims is
crucial: a minute delay often define the border
between survival and death [11].

The most common injuries in road accidents
are bruises, fractures, and other bone injuries.
Often fractures are accompanied by bleeding.
With a significant loss of blood, blood pressure
drops sharply, and if the first medical aid is not
provided to the victim as quickly as possible,
he may die from blood loss [12].

Significant attention is being given
throughout the world to training and
promotion of first aid knowledge. However,
the level of knowledge of citizens in different
countries is different. So, in Europe, the
National Red Cross and Red Crescent
Societies in 2014 alone taught 4161366 people
these skills. In Western Europe, the proportion
of citizens trained in first aid can reach 95 %
[13]. Ina 2010 survey in Stockholm (Sweden)
on first-aid measures, the success rate was
52 % [14]. Surveyed Norwegian citizens were
able to stop the bleeding in 81 % of cases [15].
In Manchester (UK), witnesses provide first
aid in 75 % of cases of injuries [16]. A
significant improvement in first aid skills after
appropriate training and its undeniable
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usefulness have been confirmed by studies in
Iran and Nigeria [17; 18].

This paper presents the continuation of our
study [19]. The objective is to compare the level
of knowledge of first aid techniques among
drivers in the Russian Federation and EU
countries. The study was conducted by
interviewing citizens of the Russian Federation
with a driver’s license and driving experience
a vehicle in different regions of the country
about medical training in driving schools,
participation in road accidents, first aid
methods, for which the questionnaire
developed by the authors was used. The
number of respondents increased from 107 to
403 people. For comparison of indicators,
citizens of the European Union (Great
Britain, Czech Republic, Denmark, Germany,
Italy, the Kingdom of the Netherlands) in the
amount of 402 people were interviewed. The
survey was conducted in May-September 2018
and in January and June 2019. A direct survey
was conducted by the students of VPI (branch)
of VoISTU and Volgograd State Medical
University. The platform https://docs.google.
com/forms was also used, a link to the
questionnaire was posted in the most active
drivers’ communities in the social networks
Vkontakte and Facebook.

First aid classes in driving schools, which
are a mandatory part of the program, were
conducted by a driving school employee for
the majority of respondents in the Russian
Federation (63 %), and only 17 % had a person
with medical education. And 23 % of the
respondents did not have such classes at all.
In the European Union, the percentage of
respondents whose classes were conducted by
amedical professional is much higher — 36 %.
In addition, 68 % of respondents in the
Russian Federation and 48 % in the EU did
not have practical training in providing first
aid using dummies.

About 17 % of respondents in the Russian
Federation and 7 % in the EU faced the
situation of the need for first aid and provided
it. About 14 % of respondents in the Russian
Federation and 11 % in the EU could not help
because of fear of doing harm to the victim
and stressful conditions.

Next, let us consider a number of issues
related to direct first aid.

To the question «How to stop bleeding in
injured veins and small arteries?» only 42 % (RF)

and 39 % (EU) ofthe respondents gave the correct
answer (to apply a pressure bandage) (Pic. 2).

94,5 % (RF) and 96 % (EU) of the
respondents can identify signs of bleeding
from a large artery and with what the first aid
begins when it is wounded (Pic. 3).

71 % (RF) and 78 % (EU) of respondents
know for how long a hemostatic tourniquet
can be applied (Pic. 4).
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Pic. 1. Number of traffic accidents in the period
2000-2018. Authors’ drawing based on the materials
of the source [3].
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Pic. 2. Distribution of the answers to the question «How to stop bleeding in case of injured veins
and small arteries?». Authors’ drawing.
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pressure bandage above the wound, maximally tourniquet

close to it, a hemostatic
tourniquet is applied with
indication of time of a

0%

Pic. 3. Distribution of the answers to the question «What are the signs of bleeding from a large artery and what
does first aid for when it is wounded?». Authors’ drawing.
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Not more than half an hour Not more than one hourin  Time of application of the
in warm season and not ~ warm seasona and not more  tourniquet is not limited
more than one hourin cold  than half an hour in cold
season season

Pic. 4. Distribution of the answers to the question «For how long can a hemostatic tourniquet be applied?».
Authors’ drawing.
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In case of heart pains and
heavy breathing

In case of absence of
consiousness, regardless of consciousness, breathing and
presence of breathing

In case of absence of

pulse

Pic. 5. Distribution of the answers to the question «In what cases should the cardiopulmonary resuscitation
of the victim begin?». Authors’ drawing.

The signs for the start of cardiopulmonary
resuscitation can be called by respectively
95 % (RF) and 88 % (EU) respondents, but
only 38 % (RF) and 44 % (EU) of respondents
were able to provide it correctly (Pics. 5, 6).

91,5 % (RF) and 95 % (EU) of those
surveyed are able to provide first aid in case of
burns (Pic. 7).

53,8 % (RF) and 42,5 % (EU) of those
surveyed will be able to properly help with
fractures of the limbs (Pic. 8).

According to the indicated data, Russian
driving schools are much more likely to
neglect conducting first aid classes than
European ones. EU respondents were much
less likely to encounter the need for first aid,
which may be due to the shorter time for
arrival of a team of doctors at the scene of an
accident. In general, the differences in
knowledge about first aid are not so great. The
greatest discrepancy takes place regarding
timing of application of a hemostatic

50,00%

44%

45,00%

40,00%
35,00%
30,00%
25,00% -
20,00% -
15,00% -
10,00% -
5,00% -
0,00% -

33,00%

29,00%

Artificial respiration and
pressure with hands on
sternum: first 1 breath

pressures on sternum

Pressure with hands on
sternum of the victim and

breath «mouth to mouth»

mRF
EEU

Pressure with hands on
sternumof the victim and
artificial respiration: first 15 artificial respiration: first 30
«mouth to mouth», then 15 pressures on sternum, then 1 pressures on sternum, then 2

breaths «mouth to mouth»

Pic. 6. Distribution of the answers to the question «How is cardiopulmonary resuscitation of the victim carried
out?». Authors’ drawing.
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60,00% WEU
50,00%
40,00%
30,00%
20,00%
10,00% - ¥ . 1%
0,00% - N —— i — i

To water the burn surface with  To open burn blister, to clean  To cool burn surface with water

cold water, to cover with a
sterile napkin and to bandage
tight

burn surface from the clothes, to within 20 minutes. Not to open
cover with a sterile napkin(not
to bandage), to apply cold if

burn blisters, not to remove
clothes from burn surface, to

possible, to give the victim to cover place of burn with a sterile

drink

napkin (not to bandage), to
apply cold if possible and to give
the victim to drink

Pic. 7. Distribution of the answers to the question «What is first aid with the signs of surface thermal burn?».
Authors’ drawing.

tourniquet, the indications of onset of
cardiopulmonary resuscitation and its
methods, and actions in case of fractures of
the extremities. Vital questions include
questions about cardiopulmonary resuscitation
and stopping arterial bleeding, when each
minute counts. It is in these questions that the
percentage of correct answers of Russian
respondents is truly lower than in the EU.
Given that, nationwide, for every percentage
of incorrect answers there may be hundreds of
unsaved lives, the differences will seem less
insignificant. It can be concluded that first aid
issues are given more attention in the EU. At
the same time with events such as high fines,
phased access to driving, equality of

60,00%

responsibility for all citizens, it led to a
decrease in accident rate and mortality.

To improve the situation in Russia, it seems
necessary to proceed with: compulsory conduct
of medical classes at driving schools by a
medical professional, paying more attention to
training in first aid methods in educational
institutions, training of special services which
may arrive at the scene of an accident earlier
than doctors, first aid skills and facilitating the
training of ordinary citizens, including closer
cooperation between federal, regional and local
authorities with Red Cross and Red Crescent
Society.

At the same time, the problem of reducing
accidents and mortality suggests an integrated

50,00%

40,00%

30,00%

23,80%

20,00%

10,00% -

0,00% -

53,80%

HRF
mEU

Upper extremity, elongated Upper extremity, bent in the Upper extremity, bent in the
along the body, is bandaged elbow, is hanged on the scarfelbow, is hanged on the scarf

to the body. Lower
extremities are bandaged to
each other, with soft tissues
put between them

and is bandaged to the body. and is bandaged to the body.
Lower extremities are
bandaged to each other,
with soft tissues put

Lower extreities are pressed
to each other and are
bandaged

between them

Pic. 8. Distribution of the answers to the question «How is first aid provided for fractures of the extremities if
there are no transport tires and improvised tools for their manufacture?». Authors’ drawing.
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approach. Improving the general driving
culture, installing stationary cameras for
recording dangerous violations, abolishing the
special administrative procedure for judges and
prosecutors, reducing the influence of the main
behavioral risk factors by increasing penalties
for the most dangerous violations (for example,
the recently introduced fine for «dangerous
driving»), introduction of phased access to
driving while obtaining a driver’s license.

These measures, applied together, will
allow to achieve a significant reduction in both
the total number of accidents and grave
consequences from them, which is provided
for by the Road Safety Strategy in the Russian
Federation for 2018—2024.
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EDITORIAL NOTE

The focus on insufficient drivers’ first aid skills
highlighted by the authors within the context of the factors
resulting in increased road accidents fatality rate is of high
topicality. Nevertheless, some conclusions on the causes
ofthe situation and suggestions regarding measures towards
positive changes are to some extent disputable. Further
development of the topic requires broader research,
comprising more representative surveys, but it is no doubt
that it might be subject to efficient journal’s discussion.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 230—243 (2020)

Popov, Alexander V. Kaimakova, Ulyana M., Stetsky, Nikolay P. Level of First Aid Skills Among Drivers

in Russia and the European Union




244

VIK 656.2-027.45
DOL: https://doi.org/10.30932/1992-3252-2020-18-244-257

CyObeKkT TpaHCnopTHOM MHPPACTPYKTYPbI
KaK 3JIeMeHT cucTeMbl obecrneyeHuns
TPaHCNOPTHOM Oe3onacHoOCTHn

Anexcewn LUBELLOB

B cratbe ¢ rnpnMmeHeHnem Metog0oB
CUCTEeMHOro n cpaBHUTEJIbHOIro aHasin3a
OblL/I CUCTEMATU3NPOBAHbI 38484/, OCHOB-
Hble aTarbl Y y4aCTHUKY rpoLecca obecrie-
YeHWsl TPAHCIOPTHOV 6e30rnacHOCTH, rpo-
aHam3unpoBaHa PoJib CYyObeKTa TPaHCopT-
HOVi MIH(PAaCTPYKTYpPbI B JAHHOM ripoLecce,
copmuypoBaHa B BUAE COOTBETCTBYIOLLIEN
CXeMbl PYHKLIMIOHaITbHas CTRYKTYPA A TE b-
HOCTV CyOBbeKTa TPaHCMOPTHOM MHPPAaCTPYK-
TYpPbl B paMkax 00eCcreyeHus TPaHCropTHOM
6e3onacHocTun. OnpenesieHa OCHOBHasi CO-
CTaBJidroLLasi CUCTeMbl yripaBJieHns obecrie-
YeHUs] TPaHCMOPTHOVI 6e30rMacHOCTH.

Pesynbrarel nccrenoBaHus, KDoOMe pas-
BUTYISI CYLLIECTBYIOLLIErO METOAO/I0MNYECKOro
arinapara B cghepe obecreHeHyis TPaHCropT-
Hovi 6e30rnacHOCTH, MOryT ObITb UCI0J1b30-
BaHbI B CJ/ieyroLnx obsiactsx: rpwvi opraHu-

Illseuoe Anexceii Baaducaasosuu — JlanvHe8ocmouHblii 20cy0apcmeeHHblil
yHusepcumem nymeii cooowenus ([IBIYIIC), Xabaposck, Poccus; Cesepo-Bocmounbiii
gedepanvrviit ynueepcumem (CBDY), SAxymck, Poccus®.

3aumy rpoLiecca yrpassieHyst 00ecre4yeHu-
€M TPaHCropTHOM 6e30rnacHOCTVI OOLEKTOB
TPaHCIOPTHOV MHPPAaCTPYKTYPbl M TPAHC-
MOPTHbIX CPEACTB PA3JINYHBIX BUAOB TPAHC-
riopta, B y4€OHOM MPOLIECCE BbICLLVIX Y CPES-
HUX y4eOHbIX 3aBEAEHUH, a Takke y4eObHOM
ripoLecce crneunann3vpoBaHHbIX yY4EOHbIX
LIeHTPOB M0 NoAroToBKe crieynaancToB
B cepe obecrieyeHns TPaHCopTHON 6e3-
onacHocCTu. Pe3ynbTatbl nccaenoBaHus
TaKkxe MOryT rnpeacTaB/siTb MHTEPEC AJ1s
JOJ/DKHOCTHBIX JINL], OTBETCTBEHHbIX 32 00€EC-
rneyeHne TPaHCcrnopTHOM 6e30nacHoCTH,
rnpexzae Bcero B Takux komnaHusix, kak OAO
«Poccurickne xenesHble aoporn», NMAO
«Aspogsior» 1 'Yl «MoCKOBCKur METPOIO-
JINTEH», SBJISIIOLLMXCS] KPYMHEeLLNMYU CYOb-
eKkTaMu TPaHCrNoOPTHOU NMHGPAaCTPYKTYPbI
B Poccuiickor eanepadim.

Knto4eBsle cnoBa: TpaHcrnopTHas 6e30MacHOCTb, CYObEeKT TPaHCNOPTHOM uHppa-
CTPYKTYPbI, aKT HE3aKOHHOIrO BMeLLaTeIbCTBa.
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XXI Beke TpaHCHOPT OCTAETCsI OAHOM

13 OCHOBHBIX IIeJieil COBPEMEHHOTO

Teppopu3ma Kak B Poccuu, Tak v B Mu-
pe [1—12]. B akTax He3aKOHHOIO BMelIaTe/b-
ctBa” (AHB), coBepiiraeMbIX Ha TpaHCIIOPTE,
KOJIMYECTBO TIOTUOIINX W TTOCTPAIABIINX HC-
YUCIISETCS IECITKAMU, a B OTIEJIbHBIX CITydasix
cotHsamu [7; 13].

Tax, 11 mapta 2004 1. B Manpune (Mcranus)
BYETHIPEX MPUTOPOIHBIX TTOE3/1aX, TPUOBIBIIINX
B YTPEHHME Yachl MUK Ha cTaHIUI0 Atocha,
MPaKTUYEeCKU OTHOBPEMEHHO ObL COBEPILIEH
psin AHB ¢ mpyMeHeHreM B3pbIBHBIX YCTPOCTB
(puc. 1), B pesyasrate yero norudsio 192 yeno-
Beka, paHeHo 1856 uenoek [7; 13].

KpynHeiiimii TepakT B UICTOPUHA YeJI0BeYe-
ctBa, B Helo-Mopke (CIIIA, 2001 1), B pe3yib-
TaTe KOTOPOTO OBUIM TIOJTHOCTBIO Pa3pylIeHbI
IBa Hebockpéba [14; 15], TakKe SIBISICTCS
TPUMEPOM BO3MOKHBIX ITocieacTBuii mpu AHB
Ha TpaHcnopte (puc. 1). B jaHHOM vHIIMAEHTE
B pe3yJbTaTe HecOOTIoNeHNS IpaBIT Oe301ac-
HOCTH ObUTH 3aXBaYeHbI aBUAIaliHEPBI, KOTOPbIE
W CTaJIM MHCTPYMEHTOM coBeplueHuss AHB
(puc. 2).

B Poccuiickoit @enepaiiii B HaCTOSIIIEE
BpEMSI ISl 3alIUThl OOBEKTOB TPAHCITOPTA OT
AHB peanusyeTcst KOMILIEKC MEPOTIPUSITUIA TTO
00eCTeYeHHIO TPAHCTIOPTHOM 6€30MacHOCTH ™.

ObecneyeHre TPaHCIIOPTHOM 6e30MacHOCTI
(OTDB) — «peanuzanysi orpeaesieMoii rocyaap-
CTBOM CHCTEMBI IPaBOBBIX, IKOHOMUYECKUX,
OpraHM3allMOHHBIX M MHBIX MeP B chepe TpaHC-
IMMOPTHOTO KOMILIEKCa, COOTBETCTBYIOIINX
yrpo3aM COBEpIIEHUsI aKTOB HE3aKOHHOTO
BMeLIATeNILCTBa» [16].

«lenamu obecrieueHusT TpaHCTIOPTHOM
0€30MacHOCTH SIBJISTIOTCST YCTOMYMBOE U 0e3-
ornacHoe (PyHKIIMOHUPOBAHUE TPAHCIIOPTHOTO
KOMILIEeKCa, 3allluTa MHTEPEeCOB JIMIHOCTH,
00I1IeCcTBa M TOCYIapCTBa B chepe TpaHCIIOpT-
HOTO KOMIUIEKCa OT aKTOB HE3aKOHHOTO BMe-
LIaTebCTBa» [16].

TpaHcrnopTHast 6€301MacHOCTh Ha COBPeMEH-
HOM 3Tale — 3TO CJIOXHEMIasi COIUaaTbHO-

* AKT He3zakoHHoro BMmemareiabctBa (AHB) — «mpo-
TUBOIMpPaBHOE JeiicTBue (Oe3aeiicTBue), B TOM UMCie
TEPPOPUCTUYECKHUI aKT, yrpoxaroiiee 6e30MacHO
NeSITeTbHOCTH TPAHCTIOPTHOTO KOMITIeKca, MOBIEKIIEe
3a co00i MPUUMHEHUE BPeIa XKU3HU U 30POBBIO JTIOJIEH,
MaTepualIbHBI yiepo MO0 co3naBliiee yrpo3y HacTyI-
JIEHUST TAKUX TTOCTEACTBUI» [16].

** TpaHncmopTHas 6e3omacHocTh (TB) — «cocrosiHue
3alIUIIEHHOCTH O0BEKTOB TPAHCTIOPTHOM MH(MPACTPyK-
Typbl (OTHU) 1 TpancnoptHbix cpeacts (TC) o akToB
HE3aKOHHOTO BMENIATEIbCTBA» [16].

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 244-257 (2020)

Puc. 1. Mocnepcreus AHB Ha xene3Hoii gopore
B Maapunge (2004 r., Ucnanus) [13].

a)

6)

Puc. 2. TepakT B Hbio-Wopke (CLLA, 2001 r.):
a) noanér 3axsa4yeHHoro asnanaiiHepa [14];
6) TapaH BTOporo Hebockpé&ba 3axBa4yeHHbIM
aBuanavinepom [15].

LligewoB A. B. CyGbEKT TPaHCMOPTHON MHPPACTPYKTYPbI Kak 3/IEMEHT CUCTEMBI 06ecneYyeHns
TpaHCMNoOpTHOM 6e30nacHOCTH
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NHdopmaumoHHoe,

MaTepuanbHo-

TeXHUYeCKoe U Hay4YHO-

TexHu4yeckoe
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TpaHCNopTHOM

6esonacHocTn

Puc. 3. 3agayn obecrnieyeHns TpaHCNOPTHOW 6e3onacHocTu B PP.

~

3aKOHHOCTh

BsanmHasi OTBETCTBEHHOCTh
JIMYHOCTH, OOIIECTBA
M rocy1apeTBa B 00acTi
obecriedeHus TPaHCIIOPTHO#
6e3omacHoCcTH

-

Coburosienue
GaaHca HHTEPECOB
JIMYHOCTH, 00IIecTBa
M TOCy/apcTBa

NPUHUMIIBI OBECIIEYEHHS TPAHCIIOPTHOM
BE3OITACHOCTH

HenpeprisrocTh

= —— -

Bsanmoeiictare cyObeKkToB
TPAHCTIOPTHOH
HMHPPACTPYKTYPbI, OPraHOB
roCyapCTBEHHON BIACTH
M OPraHoB MECTHOTO
CaMoyTpaBIeHHs

HWurerparus
B MEJK/lyHAPOJIHbIS
CHCTEMBI
OesonacHocTH

T I e

Puc. 4. Mpuuunnsl ob6ecnevyeHns TpaHCNOPTHoU 6e3onacHocTy B PP.

MOJINTUYECKAsI Y HayYHO-TeXHUUYeCKasl 3ajaua,
CYLIHOCTb U COAEpKaHNEe KOTOPOI OCTAIOTCSI
TEOPETUYECKU HENCCIIETOBAHHBIMMU.

B Hactosiee Bpems 1poiiecc obecrieue-
HUSI TPAHCIIOPTHOM 0€30MaCHOCTU BKJIIOUAET
3HAYUTEIbHOE YMCJIO OIepaluii IpaBoBOTO,
MaTepUaabHOIO U MH(GOPMALIMOHHOIO XapaK-
Tepa, BHIMOJHSIEMbIX KaK TOCY1apCTBEHHbIMU
opraHamu, Tak U cyObeKTaMu TPAaHCIIOPTHOM
nHOpacTpyKTypsl. IIpy 3TOM MTOCTOSTHHO
PacTE€T KOJMYECTBO HOPMATHUBHO-ITPABOBBIX
aKTOB, PETYJUPYIOLIMX 00J1aCTb 0OeCIIeueHUS
TPaHCIIOPTHOI 0€301IaCHOCTHU, B YHUCJIE KOTO-
peix DenepanbHbIe 3aKOHBI, YKa3bl [Ipe3u-
IeHTa, pacrnopsikeHus [lpaBurenbcTBa,
ImprKa3bl MUHTpaHCca 1 IPYTuX demepaTbHBIX
BEIOMCTB.

Ileav HaACTOSIILIETO UCCIEOOBAHUS — IIPO-
BECTU aHAJIU3 M CUCTEMATU3aLIMIO CYILIECTBYIO-
ILIETO TTOJIOXKEHUS B c(pepe 0OecTiedeHrsI TpaHC-
MopTHOI 6e3oracHocTh B Poccniickoit Dene-

parmu, CIIOXKUABIIIETOCS B pe3y/IbTaTe IPUHSITUS
¥ BBeleHM B neticTBre PemepaibHOTO 3aK0HA
or 09.02.2007 . Ne 16-D3 «O TpaHCIIOPTHOM
0e30IMacHOCTH», B TOM YHCJIC BBISIBUTH OCHOB-
HYIO COCTaBJISIONIYIO CHCTEMBI yIIpaBICHUS
o0ecIieueHreM TPaHCITOPTHOM Oe30IacHOCTH.

OCHOBHEBIC 3a1auM 00eCITeUYeHUs TpaHC-
TIOPTHOI Oe301macHOCTH, orpenenéHHbIe Dene-
panbHbIM 3aKOHOM N2 16-M3 «O TpaHCIIOPTHOI
0e30ITaCHOCTH» , CUCTEMAaTU3NPOBAHbI aBTOPOM
B puc. 3.

OCHOBHBIC TIPUHIIUIBI 00ecIIcUYeHUEM
TPAHCIIOPTHO# 0€30ITaCHOCTH B COOTBETCTBUM
¢ [16] mokazanbl Ha puc. 4.

IIpouecc obecrieueHUsI TpPaHCIIOPTHOM 0e3-
oIacHOCT! B cooTBeTcTBUM ¢ DenepaabHBIM
3aKOHOM No 16-MD3 coCTOUT U3 1LIECTU OCHOB-
HBIX 3TAIoB (pHuc. 5).

PaccMmorpum Oojiee mogpoOHO OCHOBHbIE
3TaIbl 00eCIIeYeHNsT TPAHCIIOPTHOI Oe30I1ac-
HOCTH.
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OnpepeneHue yrpos coseplieHna AHB

KateropuposaHue OTU* n TC**

OueHka yassumoct OTU n TC

Paspabortka nnaHos OTB***

Peanusauua nnaHos OTb

ObecneyeHue Has30pa 1
KOHTpoAs B 061actn OTB

Puc. 5. lMpouecc obecnevyeHns TPaHCNOPTHOW 6e3onacHocTn. *OTU — 06beKTbI TPaHCIOPTHOM MHGPACTPYKTYpPbl,
** TC — TpaHcnopTHbIe cpeacTsBa, *** OTB — o6ecneyeHne TPaHCNOPTHON 6€30MNacHOCTH.

Vrposa pazMenieHus Hin
TIOTIBITKH pasMEIICHUS HA
kputHueckoM s1emente OTU
n/umn TC BY* (BB)**

Vrpo3sa pa3merueHus uiu
TOTIBITKY Pa3MEIICHHUs Ha
OTU w/umu TC BY (BB)

Yrpo3a B3peIBa
KPHTHYECKOTO
anementa OTU
w/um TC

OTWTC

masssssmssssssnnnnnnst

yrpo3a 3axBara

yrposa B3pbiBa

<yrpo3a nopaxkenuss OB***

< yrpo3a 0JOKHPOBaHUSI

VIrno3a XUIIEHUA

‘Yrposa 3axBaTa

KPHTHYECKOTO
anementa OTU
u/um TC

Puc. 6. lNMoTteHumanbHbie yrpo3bl coBeplieHns AHB B nestenbHoctb OTU u TC. *BY — B3pbIBHOE yCTPOWCTBO,
**BB — B3pbiBYaTbie BeljecTsa, ***OB — oTpasnsiiowne BeljecTsa.

Onpedenenue yepos coseputernuss AHB. CoB-
mectHbIM [Ipukazom (Munrpanc P®, ®Ch
P®, MBJ1 P®) ot 05.03.2010 . Ne 52/112/134
[17] onpeneneHbl AeBITh MOTEHIUAIBHBIX yTPO3
COBEPILIEHUST aKTOB HE3aKOHHOTO BMEIIATeTh-
crBa B aesrenbHoctb OTH u TC (puc. 6).

Kamezopuposanue 06sexmog mpancnopmHoii
UHPacmpyKmypsl U MPAHCHOPMHBIX CPeOCm8.
KonuuecTBo kareropuii u KpuTepun KaTeropu-
posanust OTU u TC ycraHaBnMBaroTCs B TOPSzI-
Ke, onpenensieMmoM MuHTpancoMm P®, 1o co-
rnacoBanuio ¢ ®Ch P®, MB/] P®, u Mutsko-
Hompassutust PO [16].

KateropupoBaHue 00beKTOB TPaHCITOPTHOM
WHOPACTPYKTYPhl U TPAHCIIOPTHBIX CPENCTB
OCYIIECTBIISIETCS] KOMITETEHTHBIMU OpTraHaMu®

* MenepalibHble OPraHbl UCIOJHUTEIbHOW BJIACTH,
ynojgHoMmoueHHbie [IpaButenbctBom PO ocyiiecTBisiTh
(YHKLMM IO OKA3aHUIO FOCYIapCTBEHHBIX YCIIYT B 00J1a-
CTH 00OECTIeUeHUSI TPAHCTTOPTHOM 6€30MacHOCTH.
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B 00J1acTU 00€eCIeyeHns! TPAHCIIOPTHOW 0e3-
OITaCHOCTH (TI0 BMIaM TPAHCIIOPTA):

* OTHU n TC aBHaLIMOHHOTO TPaHCIIOPTA:
PocaBuauueii;

* OTU u TC xkeae3HOTOPOKHOTO TPaHC-
nopta: Pocxxennopom;

* OTU u TC aBTOMOOMIIBHOTO TPAHCIIOPTA:
Pocasronopowm;

* OTHU u TC MOpCKOTo U peIHOTrO TpaHC-
mopta: PocMoppeddioToM.

Ouenka ysazeumocmu (OY) OTU u TC npo-
BOJIUTCSI CTIEIIMATM3NPOBAHHBIMU OpPTaHMU3a-
nussmMu B oomactu OTDH, opranusauusmn
u noppaszaeneHusmMu ®Cb PO u MBJ1 PO,
C y4ETOM TpeOOBaHUI 110 006eCTIeYEHUIO TPaHC-
MOPTHOM 0€30MaCHOCTH HA OCHOBE MyOJIUYHO-
TO JIOTOBOpa M0 Tapudam, ycTaHABINBAEMbIM
OCT PD [16].

3aKka34yMKoOM B IOTOBOPE Ha MPOBEACHUE
OV asnsiercsa cooctBeHHNK OTH umn TC, T.e.

LlieewoB A. B. CyGbeKT TpaHCMOPTHON MHPPACTPYKTYPbI Kak 3/IEMEHT CUCTEMBI 06ecneyeHns
TpaHCNoOpTHOM 6e30nacHOCTH
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CyOBEKT TPAaHCIIOPTHOW MH(PPACTPYKTYPHI
(CTH)".

PesynsraTel TpoBeNEHHON OLIEHKM YSI3BU-
Moct OTU u TC yrBepKaat0TCS KOMIIETEHT-
HBIMU OpraHamu (TI0 BUIaM TPaHCTIOPTa).

Pazpabomra u peanruzayusa nnanos OTh. Ha
OCHOBaHUM PE3YJILTaTOB IMPOBENEHHOM OTIEHKH
ys3euMocT OTH u TC, cyObeKT TpaHCIIOPTHO
UHOPACTPYKTYphl pa3pabaThiBaeT IIaH obec-
neveHus TpaHcropTHoi 6e3onacHocTu (ITOTDH)
OTH wnu TC. ITnan OTDB npenycmaTpuBaeT
cucreMy Mep 1o obecrieueHuto Th. Tlopsimok
pazpadotku I[TOTDH ycraHnaBnuBaeTcss MuHM-
cTepcTBOM TpaHcropta P, o corlacoBaHUIo
¢ ®CBh PO u MBI PD [16].

ITnanbr obecrieyeHus1 TpaHCIOPTHOM O6e3-
onacHoct OTH u TC yTBepknaroTcs KoMIie-
TEHTHBIMU OpraHaMMU.

B cootBetcTBUM ¢ PenepaibHBIM 3aKOHOM
Ne 16-®3 ot 09.02.2007 . «O TpaHCITOPTHOI
Oe3omacHOCTH» ObecTiedeHre TPAaHCITOPTHOM
0e301macHOCT OOBEKTOB TPAHCIIOPTHOM MH(bpa-
CTPYKTYPBI Y TPAHCTIOPTHBIX CPENICTB BO3JIara-
€TCsT Ha CYOBEeKThI TPaHCTIOPTHOM MH(pacTpyK-
TYpPBI, €CJIM MHOE HE YCTAaHOBJICHO 3aKOHOJIA-
TeabeTBOM Poccuiickoii Deneparvin™, B TOM
yucie u 00s13aHHOCTh no peanuzauuu [1OTH
OTUuTC.

IIpu pazpaboTke U peanusalyu MIaHOB
obecrieueHUsT TPAHCIIOPTHOM 0e30TacHOCTH
CTH HeobxoauMo:

* pa3paboTaTh 1 COTIIACOBATH C YITOJTHOMO-
YeHHBIMU TOCYJIapCTBEHHBIMU OpTaHaAMU
KOMILJIEKC OpTaHU3aIlMOHHO-PACTIOPSITATETb-
HBIX TOKYMEHTOB, B UMCJIe KOTOPBIX: TOKYMEH-
ThI, pETJIAMEHTUPYIOITUE TIPOTTYCKHOM PEKUM,
TOPSIIOK TIepeauyn B CUJIOBBIE CTPYKTYPBI
nHdopMarmu o6 yrpozax AHB Ha OTU u TC
U T

» ocHactuth OTHU u TC TexHUYECKUMU
cpejicTBaMM 00ecTIeYeHYsI TPAaHCTIOPTHOM Oe3-
OITaCHOCTH, B TOM YHCJIe: MHTPACKOIIaMH,
paMKaMM MeTaJUTOMCKATe e, 3aTpakKIeHUSIMU,
cUCTeMaM¥ KOHTPOJIST TOCTYTIA U T.1I.;

* CyObeKTOM TPAHCIIOPTHON MHGMPACTPYKTYPbI SIBJISIETCS
opuanYeckoe nin Guanyeckoe JUIO0 — COOCTBEHHUK
00BEKTOB TPAHCTIOPTHON MH(PACTPYKTYPbI U TPAHCIIOPT-
HBIX CPEICTB UJIN UCTIOb3YIOLIEee UX HA UHOM 3aKOHHOM
OCHOBaHUU.

** OOBEKTbI TPAHCIIOPTHOM MH(MPACTPYKTYpPbI U TPAHC-
MOPTHBIE CPEJCTBa, obecrneyeHne TPaHCIOPTHOM 6e3-
OMACHOCTH KOTOPBIX OCYIIECTBIISIETCS] UCKIIOYUTEIBHO
(enepasbHBIMU OpraHaMu UCIOJIHUTEJIBHON BJIACTH,
onpenessiioTes GenepaibHbIMUA 3aKOHAMU, HOPMATUB-
HbIMU NpaBoBbIMU akTamu [1paBurenbeTBa Poccuiickoit
Denepanyu.

* Ha3HAYUTD JINI] OTBETCTBEHHBIX 32 00eC-
rneyeHue TpaHcropTHoii 6e3onacHoct B CTH,
a Takke Ha OTU u TC, npoBectu obyueHue
M aTTECTAIUIO COTPYTHUKOB, B YbM CITy>KEOHBIC
00s13aHHOCTHU BXOISIT (DYHKIIMU, CBSI3aHHBIC
¢ obecnieueHueM Th, a Takxke peaau3oBaTh
IIMPOKUI ITepedeHb IPyruX Mep HAIPaBIeHHBIX
Ha OTb OTH u TC npunamnexanmx CTHU.

TTpu peanuzauuu [TOTB CTHU Bnipase mpu-
BJIEKaTh Ha TOTOBOPHOI OCHOBE BHEIITHUE OP-
raHu3aluu, aTTeCTOBaHHbIE KOMIIETEHTHBIM
OpPraHOM B KaueCTBE CUJI TPAHCITOPTHOI 6e3-
OTIACHOCTH JUTSI 00eCIIeYeHMsT TPAaHCITOPTHOM
0e30MacHOCTU Ha CBOMX OOBEKTAX.

Oo6ecrieyeHre Haa30pa U KOHTPOJIsT B 00J1a-
CTH 0oDecTieYeHUsT TPAHCIIOPTHOM Oe30I1acHO-
ctu. CyOBbeKThI TPAaHCHOPTHOM UH(MPACTPYKTY-
PBI 1 TIEPEBO3YMKHN HECYT OTBETCTBEHHOCTD 32
HEWCITOJTHEHUE TPeOOBaHMUI 110 00eCTIeUeHUIO
TPaHCITOPTHOM 0E30MaCHOCTA B COOTBETCTBUM
¢ 3akoHoatesbcTBoM Poccutickoii Desreparm.
B cootBerctBuM ¢ [Tpukazom MunTpanca Poc-
cum ot 13 nexadpst 2011 . Ne 313, obecrieueHne
Haj30pa U KOHTPOJISI B 00JIaCTH OOeCTieUeHUST
TPAHCTIOPTHOM 0E301TaCHOCTH BO3JIOKEHO Ha
®DenepanbHyo CIyxk0y Mo Hag3opy B cdepe
TpaHcnopTa (PoctpaHcHanzop).

CHCTeMHBII aHATM3 CYIIECTBYIOIIIETO TIOJI0-
keHust B cpepe OTD, crnoxuBiLierocs B pe3yJib-
Tare TPUHSTHUS 1 BBelleHWs B ielictBue Pene-
pasibHOro 3aKkoHa «O TpaHCIIOPTHOM Oe30I1acHO-
CTW», TTIO3BOJISIET CIEJIaTh BHIBOJI, YTO OCHOBHASI
POJIb B TUTAHUPOBAHUM W peaiu3alliy Mep, Ha-
MpaBJIeHHBIX Ha obecIieueHre TPAaHCTIOPTHON
6e3onacHoct OTU u TC TpaHCTIOPTHOTO
Komruiekca Poccuiickoit Demepariim, B HACTOSI-
111€€ BpeMsI OTBOIUTCS CYObeKTaM TPAaHCTIOPTHOM
nHbpacTpykTypbl. HeobxommmMo 0TMETUTB, YTO
B cootBetcTBUM ¢ [16] CTH, yuacTByeT B yrpaB-
JIeHMM o0ecIieYeHreM TpaHCIIOPTHOM Ge3omac-
HOCTH HE TOJIBKO COOCTBEHHBIX TPAHCITOPTHBIX
cpencts, Ho u TC, mpuHaIeXalx Ha IpaBe
COOCTBEHHOCTH JIPYTM CYOBEKTaM TPaHCIIOPT-
HOI MH(MPACTPYKTYPhI, B MOMEHT HaXOXICHUST
(TIpOXOXKIIEHST) TAHHBIX TPAHCTIOPTHBIX CPEIICTB
yepes Tepputoputo OTU cyobekTa.

CpaBHUTEJIbHBIN aHAJIN3 3aKOHOAATETbHBIX
TpedoBaHuii B oosactu OTD B pa3nuuHbIx cTpa-
Hax MMUpa, TTOKa3bIBaET, YTO CTAHOBJIEHNE TTPO-
necca OTB nmpoucxoauT Be3ae mo-cBOEMY, OJ1-
Hako HaOro1aeTcst 00I11ast TEHISHIIMS 110 BO3-
JIOXKEHUIO OMNpPEeSIEHHON YacTu (hYHKIIUIA 1O
00eCITeueHUIO TPaHCTIOPTHOM 0€301MacHOCTH Ha
CYOBEKTHI TPAHCITIOPTHOW MH(MPACTPYKTYPHI
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TPaHCIOPTHBIX cpeAcTB yepes Teppuropiio OTU cyObekra.

Puc. 7. @yHkunoHanbHas CTpykTypa aestesnsHoctu CTU B pamkax OTB.

[1-7; 16]. Hanpumep, B BenukoGputaHuu
un ®paniuy BeinmoHeHue GyHkumii mo OTh
pacrpeiesnsieTcss MeXay rocylapCTBEHHBIMU
M HETOCYIapCTBEHHBIMU CTPYKTypamu. Tak,
B MeTpornojuteHe JIoHmoHa, obecrieueHueM
TPaHCIIOPTHO 6e30ITaCHOCTH 3aHUMAIOTCS TPU
CTPYKTYphI: BpuTaHckasi TpaHCTIOPTHAST TIOJTU -
s, JemaprameHT TpaHcmopTa JIoHImOHA
u oniepaliioHHble komnaHuu [8]. B CIIIA nocne
TepakToB 11 centsiopst 2001 rona B Heio-Mopke
pu MUHKCTEPCTBE BHYTPEHHE 0€301TaCHOCTH
ObLIa co31aHa AMMUHUCTPALIMSI TPAHCTIOPTHOM
oeszonacHoctu (Transportation security
administration (TSA)) — rocynapcTBeHHbIN
opraH, 00ecreunBaloIIMii TPAHCTIOPTHYIO Oe3-
OTIaCHOCTB Ha OOJIbIIIEN YaCTH OOBEKTOB TPAHC-
noprta CIIIA, B ToM uucie puHamIeXaImx
M YaCTHBIM KOMITIaHUsIM [12].

CucremMaTu3npoBaTh (yHKIIMOHATBHYIO
ctpyktypy nesreapHoctu CTH B pamkax OTh
MOXXHO CJICIYIOIIUMHU B3aMMOCBSI3aHHBIMU
onokamu (puc. 7).

B3auMooTHOIIEHUS MEXIY CyObeKTOM
TPaHCITOPTHOM MH(PPACTPYKTYPhI, KOMITETEHT-
HBIMU OpraHaMM, KOHTPOJIMPYIOIIMMU Opra-
HaMu, npuBiedyeéHHbIMU cuslamu OTh, nepe-
BO3YMKAMM U T.J., KaK 3JIeMEHTaMU CUCTEMbI
OTDb umerot cBoto crietnduky. C oIHO CTO-
poHbl, ynpasieHue OTB B pamkax cTpaHbl
OCYILIECTBIISIETCSI TOCYIapCTBEHHBIMU OpraHa-
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MM, B TO K€ BpeMsI HETIOCPEICTBEHHOE yITpaB-
JIeHUe obecrieyeHMeM TpaHCIIOPTHO Oe3omac-
Hoctu OTHU u TC ocyliecTBiIsIEeT UMEHHO
CyOBEKT TPAaHCIIOPTHOM MH(PPACTPYKTYphI. DTa
0COOEHHOCTH OTpeessieT He0OXOIUMOCTh
BblAeeHUs ToHATUs yrpaieHuss OTb Ha
ypoBHe CTHU Kak OCHOBHOI cocTaBsIOIIEi
cuctembl ynipasiaeHust OTb. Yrpasinenue OTb
Ha ypoBHe CTU «BKJII0YaeT B CBOM COCTaB
JIOCTaTOYHO MHOTO 3BEHBEB, BBHITIOJHSIOIINX
pasaudyHble (GYHKUMU, HO 00BEAMHEHHBIX
0011Iei1 UHTerpaTUBHOM 1ieablo» [18] — obec-
TeYeHYe COCTOSTHUS 3allMIIEHHOCTH OO BEKTOB
TPAHCITIOPTHOM MH(MPACTPYKTYPHl U TPaHC-
MopTHBIX cpeacTB oT AHB.

B Poccuiickoit @enmepanii B TPOIKY KPyIi-
HEUIMX CyObeKTOB TPAHCTIOPTHOM MHbpa-
CTPYKTYPHI ITO TAKMM OIIECHOYHBIM (haKkTopam,
kak koymmnyectBo OTU n TC, a Takke 00bEM
(bmHaHCOBBIX 3aTpaT Ha 0OECIIeYeHre TpaHC-
TTOPTHOM 0€30ITaCHOCTH, B HACTOSIIITNI MOMEHT
BxomsT OAO «Poccuiickue xeie3Hble JOPOTn»,
TTAO «Aspodior» u I'YIT «MockoBckuit Me-
TporojuteH» [19].

BbIBO4bl

[MpoBenéHHoe uccnenoBaHue MO3BOJISIET
cleyiaTh BBIBOJ, YTO B HACTOSIIEE BpeMs
CyOBEKTY TPaHCIOPTHON MHOPACTPYKTYPHI
MPUHAJIEKUT 0cobast pojib B 00ecrieueHUun
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TpaHcropTHoit 6e3omacHocTu. CTU cBsI3bI-
BaeT BOEIMHO BCE 3JIEMEHTHI CUCTEMBI 00€eC-
MeYeHusI TPAHCMOPTHOU ©6e30macHOCTH,
obecneunBasg npouecc ynpasieHuss OTb
00BEKTOB TPAaHCTIOPTHOM UH(PPACTPYKTYPHI
U TpaHCMOpTHBIX cpencTB. Oynkiusm CTU
npu OTDb npucyuiy 4epThl, CBOMCTBEHHbIE
JII000M Ipyroit Npou3BOACTBEHHOMN mesi-
TeJbHOCTU. OAHAKO, MO CPaBHEHUIO
C OCTaJIbHBIMU BUAAMU AESITEIbHOCTH,
obecrneyeHre TpaHCITOPTHOI 6€30MaCHOCTU
00JlalaeT LEeJbIM PSAOM cheuupUuIecKux
yepT, MOPOXKIAEMBbIX XapaKTepoM Mmpolecca
obecreyeHrs TPaHCTIOPTHO 0€30IMTacHOCTH.
ITo mHeHuto aBTOpa, ynpasienue OTb Ha
ypoBHe CTU sBasieTcsi OCHOBHOI COCTaB-
JISIIOLLIEH CUCTEMBI yITpaBAeHUs 00eCcIeueHu -
€M TpaHCITOpTHOI 6e3omacHocTU B Poccuii-
ckoii Penepannu.

ITonyyeHHbBIE pe3yabTaThl UCCIETOBAHUS
MOTYT OBITh MCITOJIb30BaHbI B CAEIYIOIINX
00J1aCTSIX: TPU OPraHU3alIMK IIpoliecca yIpaB-
JIeHUs oOecrneyeHUueM TPaHCMOPTHOUW 0e3-
OITaCHOCTU 0OBEKTOB TPAHCITIOPTHOI MHGPa-
CTPYKTYPBI Y TPAHCIIOPTHBIX CPENICTB Pa3any-
HBIX BUAOB TPAHCIIOPTA, B y4eOHOM Ipoliecce
BBICIIIMX U CPEAHUX YYEOHBIX 3aBEIECHUIA,
a TakXe y4eOHOM Ipoliecce Creluaain3upo-
BaHHBIX YYEOHBIX LIEHTPOB MO MOATOTOBKE
CMEeUATUCTOB B chepe obecrneyeHus TpaHC-
MOPTHOI 6€30MacHOCTH.
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ABSTRACT

Using the methods of systematic and
comparative analysis, the article
systematized the tasks, main stages and
participants in the transport security
process, analyzed the role of the transport
infrastructure stakeholders in this process,
and formulated the functional structure of
the activity of the transport infrastructure
Sstakeholder in the form of an appropriate
scheme in the framework of ensuring
transport security. The main component
of the transport security management
system is determined. The results of the
study, in addition to development of the
existing methodological apparatus in the
field of transport security, can be used in
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n 215 century, transport remains one of the

main goals of modern terrorism both in

Russia and in the world [1—12]. In acts of
unlawful interference” (AUI) in transportation
activite, the number of victims, dead and
injured is in the tens, and in some cases
hundreds [7; 13].

So, on March 11, 2004, in Madrid (Spain),
in four commuter trains arriving at Atocha
station in the morning rush hours, a number of
AUTI using explosive devices were committed
almost simultaneously (Pic. 1), as a result of
which 192 people were killed and 1856 people
were injured [7; 13].

The largest terrorist attack in the history of
mankind, in New York (USA, 2001) as a result
of which two skyscrapers were completely
destroyed [14; 15], is also an example of the
possible consequences of AUI in transport
activity (Pic. 1). In this incident, as a result of
non-compliance with safety rules, airliners
were seized, becoming the instrument for
committing AUI (Pic. 2).

In the Russian Federation, a set of measures
to ensure transport security™ is currently being
implemented to protect transport facilities from
AUIL

Ensuring transport security (ETS) is
«implementation of a state-determined system
of legal, economic, organizational and other
measures in the field of the transport complex,
corresponding to the threats of acts of unlawful
interference» [16].

«The objectives of ensuring transport
security are stable and safe functioning of the
transport complex, protecting the interests of
individuals, society and the state in the field of
the transport complex from acts of unlawful
interference» [16].

Transport security at the present stage is a
very complicated socio-political and scientific-
technical task, the essence and content of
which remain theoretically unexplored.

Currently, the process of ensuring transport
security includes a significant number of
operations of a legal, material and informational
nature, performed by both government bodies

" Act of unlawful interference (AUI) — «unlawful act
(inaction), including a terroristic act, posing threat to
safe activity of the transport complex, causing harm to life
and health of people, material damage or posing threat to
occurrence of these consequences» [16].

™ Transport security (TS) — «state of protectability of
transport infrastructure entities (TIE) and vehicles from
acts of unlawful interference» [16].

Pic. 1. Consequences of AUl on the railway in Madrid
(2004, Spain) [13].

b)

Pic. 2. Terrorist attack in New York (USA, 2001):
a) approach of a captured airliner [14]; b) ram of the
second skyscraper by a captured airliner [15].
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Pic. 4. Principles of ensuring transport security in the Russian Federation.

and transport infrastructure entities. At the
same time, the number of legal acts regulating
the field of ensuring transport security is
constantly growing, including federal laws,
decrees of the President, government orders,
orders of the Ministry of Transport and other
federal departments.

The objectives of this study are to analyze
and systematize the existing situation in the
field of ensuring transport security that has
developed in the Russian Federation as a
result of adoption and enactment of the
Federal Law of 09.02.2007 No. 16-FZ «On
Transport Security», including identification
of the main components of the transport
security management system.

The main tasks of ensuring transport
security defined by Federal Law No. 16-FZ
«On Transport Security» are systematized by
the author in Pic. 3.

The basic principles of ensuring transport
safety in accordance with [ 16] are shown in Pic. 4.

The process of ensuring transport security
in accordance with Federal Law No. 16-FZ
consists of six main stages (Pic. 5).

Let us consider in more detail the main
stages of ensuring transport security:

Identification of threats to commit AUI. By a
joint Order (Ministry of Transport of the
Russian Federation, Federal Security Service
of the Russian Federation, Ministry of Internal
Affairs of the Russian Federation) dated March
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Determination of threats of commiting AUI

Categorization of TIE* and V**

Assessment of vulnerability of TIE and V

Development of plans of ETS***

Implementation of plans of ETS

Ensuring supervision and control in the field of ETS

Pic. 5. The process of ensuring transport security. *TIE — transport infrastructure entities,
**V - vehicles, *** ETS — ensuring transport security.

Threat of explosion
of a critical element
of TIE and/or V

Threat of placing

or attempt of placing

on acritical element

of TIE and/or V ED* (EM)**

Threat of placing
or attempt of placing
on TIE and/or V ED (EM)

Threat of seizure
of a critical element
of TIE and/or V

Pic. 6. Potential threats of committing AUI with the activity of TIE and V. *ED — explosive device,
**EM - explosive materials, ***TS — toxic substances.

5, 2010 No. 52/112/134 [17], nine potential of Economic Development of the Russian

threats of acts of unlawful interference with the
activities of TIE and V were identified (Pic. 6).

Categorization of objects of transport
infrastructure and vehicles. The number of
categories and categorization criteria for TIE
and V are established in the manner
determined by the Ministry of Transport of
the Russian Federation, in agreement with
the Federal Security Service of the Russian
Federation, the Ministry of Internal Affairs
of the Russian Federation, and the Ministry

Federation [16].

The categorization of transport infrastructure
entities and vehicles is carried out by the
competent authorities” in the field of ensuring
transport security (by mode of transport):

» TIE and V of air transport: Rosaviation;
* TIE and V of railway transport:
Roszheldor;

* Federal executive authorities, authorized by the Russian
Government to carry out functions to render state services
in the field of ensuring transport security.
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» TIE and V of road transport: Rosavtodor;

* TIE and V of sea and river transport:
Rosmorrechflot [the abridged names of Federal
Agencies in the field of, respectively, civil
aviation, railway, road, sea and river transport].

The vulnerability assessment (VA) of TIE and
Vis carried out by specialized organizations in
the field of ETS, organizations and units of the
FSS ofthe Russian Federation and the Ministry
of Internal Affairs of the Russian Federation,
taking into account the requirements for
ensuring transport security on the basis of a
public agreement at the rates established by the
Federal Tariff Service of the Russian Federation
[16].

The customer in the contract for VA is the
owner of TIE or'V, i.e. stakeholder of transport
infrastructure (STI)".

The results of the vulnerability assessment
of TIE and V are approved by the competent
authorities (by mode of transport).

Development and implementation of ETS
plans. Based on the results of the vulnerability
assessment of ETS and V, the stakeholder of
transport infrastructure develops a plan of
ensuring transport security (PETS) of TIE or V.
ETS plan includes a system of measures to
ensure TS. The procedure for development of
PETS is established by the Ministry of Transport
of the Russian Federation, in agreement with
the Federal Security Service and the Ministry of
Internal Affairs of the Russian Federation [16].

Plans to ensure transport security of TIE
and V are approved by the competent
authorities.

In accordance with Federal Law No. 16-FZ
dated February 2, 2007 «On Transport Security»,
transport security of transport infrastructure
entities and vehicles is entrusted to the
stakeholders of transport infrastructure, unless
otherwise provided by the legislation of the
Russian Federation™, including the obligation
to implement PETS of TIE and V.

In the development and implementation of
plans to ensure transport security, STI must:

* develop and coordinate with the
authorized state bodies a set of organizational

“ Stakeholder of transport infrastructure is a legal entity or
an individual, owing transport infrastructure and vehicles
or using them on other legal basis.

“ Transport infrastructure entities and vehicles, ensuring
transport security of which is carried out exclusively by
the federal executive authorities, are defined by the federal
laws, normative legal acts of the Government of the Russian
Federation.

and administrative documents, including:
documents governing access control, the
procedure for transferring information about
the threats of AUI to TIE and V to the security
forces, etc;

+ equip TIE and Vwith technical means of
ensuring transport safety, including:
introscopes, metal detector frames, barriers,
access control systems, etc.;

* appoint persons responsible for ensuring
transport security in STI, as well as at TIE and
V, conduct training and certification of
employees whose job responsibilities include
the functions related to providing TS, and also
implement a wide range of other measures
aimed at ETS of TIE and V belonging to STI.

When implementing PETS, STI has the
right to engage external organizations on a
contractual basis, certified by the competent
authority as transport security forces to ensure
transport security at his facilities.

Ensuring supervision and control in the field
of ensuring transport security. Stakeholders of
transport infrastructure and carriers are
responsible for failure to comply with
transport security requirements in accordance
with the legislation of the Russian Federation.
In accordance with the Order No. 313 of the
Ministry of Transport of Russia dated
December 13, 2011, supervision and control
in the field of ensuring transport security is
entrusted to the Federal Service for
Supervision in the Field of Transport
(Rostransnadzor).

System analysis of the existing situation in
the field of ETS that has developed as a result
of adoption and enactment of the Federal Law
«On Transport Security» allows us to conclude
that the main role in planning and implementing
measures aimed at ensuring transport security
of TIE and V of the transport complex of the
Russian Federation, is allocated currently to
stakeholders of transport infrastructure. It
should be noted that in accordance with [16]
STI is involved in management of ensuring
transport security not only of its own vehicles,
but also vehicles owned by other stakeholders
of transport infrastructure, at the time of stay
(passing) of these vehicles through the territory
of TIE of the stakeholder.

Comparative analysis of the legislative
requirements in the field of ETS in different
countries of the world shows that formation of
ETS process takes place everywhere in its own
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Pic. 7. Functional structure of STI activity within ETS.

way, however, there is a general tendency to
assign a certain part of the functions to ensure
transport security to the stakeholders of transport
infrastructure [1-7; 16]. For example, in the
United Kingdom and France, performance of
ETS functions is distributed between state and
non-state actors. So, in the London
Underground, three structures are involved in
ensuring transport security: the British Transport
Police, the London Department of Transporta-
tion and operating companies [8]. In the USA,
after the September 11 attacksin New York, the
Transportation Security Administration (TSA)
was created under the Department of Homeland
Security, a government agency that provides
transport security for most of the US
transportation facilities, including those
belonging to private companies [12].

It is possible fo systematize the functional
structure of the activity of STI within the
framework of ETS with the following
interconnected blocks (Pic. 7).

The relationships between the stakeholder
of transport infrastructure, competent
authorities, regulatory authorities, involved
safety department, carriers, etc., as elements of
the security system have their own specifics. On

the one hand, ETS management within the
country is carried out by state bodies, at the same
time the stakeholder of transport infrastructure
is directly responsible for ensuring transport
security of TIE and V. This feature determines
the need to highlight the concept of ETS
management at the level of STI as the main
component of ETS management system. ETS
management at ST level «includes a lot of links
that perform various functions, but are united
by a common integrative goal» [18]: ensuring
the state of protectability of transport
infrastructure objects and vehicles from AUI.
In the Russian Federation, the three largest
stakeholders of transport infrastructure for such
estimated factors as the number of TIE and V,
as well as the amount of financial costs for
ensuring transport security, currently include:
JSC Russian Railways, PISC Aeroflot and State
Unitary Enterprise Moscow Metro [19].
Conclusions. The study allows us to
conclude that at present, the stakeholder of
transport infrastructure has a special role in
ensuring transport security, STI combines all
the elements of the transport security system,
providing the process of managing ETS of the
transport infrastructure entities and vehicles.
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The STI functions in case of ETS are inherent
to the features characteristic of any other
production activity. However, in comparison
with other types of activities, ensuring transport
security has a number of specific features
generated by the nature of the process of
ensuring transport security. According to the
author, ETS management at the ST level is the
main component of the transport security
management system in the Russian Federation.

The results of the study can be used in the
following areas: in organizing the process of
managing transport security of transport
infrastructure entities and vehicles of various
modes of transport, in the educational
process of higher and secondary educational
institutions, as well as in the educational
process of specialized training centers for
training specialists in the field of ensuring
transport security.
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SKCINPECC-URN@DOPMALIAS
EXPRESS INFORMATTION

BECMUJTOTHbIE ABUALUMOHHBIE CUCTEMDbI:
YCTOMYUBOE PA3BBUTUE N BOMNPOCHI PEMNYJINPOBAHUA

a cocTosiBieMcsi B Hauaste despaist 2020 roga B Kuranu

(Pyanna) AdpukaHckom dhopyme 1Mo IpoHaM MpeacTaBr-

e MKAO nomuepkHyIM BaXXHOCTb MCITOJIb30BaAHUS
OecnIOTHBIX aBUallMOHHbIX cucteM (BAC) s ycroitunBoro
pa3BUTHUS.

DT0 MepornpusaTHe ObIJIO OPraHU30BaHO MPABUTEIBCTBOM
Pyan i1 B coTpyiHuyecTBe co BcemupHbiM 6aHKOM 1 BceMupHbIM
sKkoHOMUYeckuM hopymom (BOD) B cBeTe GBICTPOTO paciimpe-
HMSI MCTIOIb30BaHUS IPOHOB B PETMOHE U C y4ETOM Ipeodpasyro-
LIE 1 BaKHOM POJIM 3TUX TEXHOJIOTUIA JUIS LIEJIOTO Psijia CEKTOPOB,
BKJTIOUAsI CEJIbCKOE XO351CTBO, MEAULIMHY, TOPHOE 1eJ10, 30H1-
poBaHue, HayYHbIE UCCIICNOBAHNST, TYMAHUTAPHYIO IESITEJIbHOCTD,
a Takxe pyrue chepbl U MPUIOKEHUSI.

Bce 9T HOBBIE BOBMOXHOCTH MTPAIOT BaXKHYIO POJIb B CO-
NIECTBUM TOCTVKEHUIO MHOTHX 1IeJIeil B 001aCTH YCTOIINBOTO
pasButusi, copmynupoBaHHbiX B [ToecTke aHst 1o 2030 roaa,
YTO 0COOEHHO aKTYaIbHO C YYETOM Havasia cepbE3HOi paboThI 110
peanmsauuu LIYP B pamkax «[lecsarunerus aeiicrsuit> OOH.

I'-xa Jlecnu Kepu, pykosoasiuas B MKAO pa6oToii mo
NUCTAHLIMOHHO MIJIOTUPOBAHHBIM aBUALIMOHHBIM CUCTEMaM,
OTKpBLJIa TO MEPOTIPUSITUE OT UMEeHU [eHepaIbHOTO ceKpe-
tapsi UKAO 1-pa ®an JTio. I'-xa Kepu nmomguepkHyJia, 4To «Ha
MepBbIi B3MJIs11 OeCITMIOTHBIE aBUallMOHHbIe cucTeMmbl (BAC)
BBITJISIISIT 4EM-TO HOBBIM M OTJIMYAIOLIUMCS OT TPAIULIUMOHHOM
aBuauuu. OJHAaKO y HUX OJMHAKOBble (yHIaMEHTaJlbHbIE
OCHOBBI: MBIl PACCUMTBIBAEM, UTO BO3AYIIHOE CYIHO CMOXKET
JieTaTh, OyieT GyHKIMOHUPOBATh, KaK 3allJIAHMPOBAHO, U He
OyneT manaaTh, a Takxke OyIeT co3laBaTh MUHUMAaJlbHbIE He-
yao0cTBa JIOASIM, HEe YYaCTBYIOIIMM B 3TOM MPOIIECCE».

Pa6ora MKAO B 3T0if 06JacTu nomoraeT HayuyHo-
HCCIIE0BATEbCKOI A€SITEIbHOCTH B 00J1aCTH TPEOyeMbIX TEXHO-
JIOTHIA M METOOB CepTUGhUKAINN, U YKE OCYILIECTBIISICTCS pa3pa-
60TKa HOPMaTUBHO-ITPABOBO 0a3bl JIJIst OPraHM3alMK IBVKEHUST
GecnuaoTHBIX aBUalnoHHBIX cucteM (UTM)», — no6aBuia r-xa
Kepu. «B To ke Bpems 31ech B Adpuke BeaéTcst paboTa 1o pere-
HUIO ITPOOGJIEM, KOTOPBIE IOJKHBI OBITh TIPEOIOJICHBI, @ SHTY3Ma3M
U PELIMMOCTD 10OUTHCS YCIIEXOB B 9TOI HOBOI1 001aCTH O4YeBUI-

HBbI BCEM».

BoicTymasi iepe/i peryisiTopaMu U IpyruMK 3aHHTePeCcOBaH -
HBIMU CTOPOHAMHU, TpecTaBIeHHbIMU Ha dopyme, r-xka Kepu
OTMETHJIA, YTO OTPACIIU MPEICTOUT PELIUTbh HEMPOCTYIO 3aaady
T10 alanTalluy TPAAULIMOHHBIX CUCTEM YIIPABICHMSI BO3IYIIIHBIM
JIBUKEHHMEM K HOBOIA peajibHOCTH.

«Ham Heo6xomuMbl HOPMBI JIs1 OECTIMIIOTHOM aBUALIMU,
corlacoBaHHbIE Ha IJI0OAIBHOM YPOBHE», — 3asiBUJIa r-ka Kepu.
«Oxuaaercst, 4To BCE GOJIblLIEe KOJIMUECTBO BO3AYLIHBIX CYJI0B,
KaK MUIOTUPYeMBbIX, TAK U OCCIUIOTHBIX, OyIeT BBITOJHSTH
MOJIETEl HAa HEOOJBLINX BBICOTAX B TOPOACKMX M HE TOPOICKUX
pailoHax, U 3TO MOTpedyeT HOBBIX MOAXOJ0B K YIPaBICHUIO
BO3IYIIHBIM ABMXeHUEM. Takke MpPeiCTOUT PEHIUTh BOMPOC
HaXOXIEHWS, BBIIETICHMS M BO3MEILEHNST (PMHAHCOBBIX CPEJICTB,
TpeOyeMBbIX ISl pPa3paboTKu U BHeApeHUs dusndeckoii uHbpa-
CTPYKTYDBI.

WM HakoHell, YTOObI 3TH TEXHOJOTUN ObLTH MPUHSTHI Pery-
JISITOPaMU U LIMPOKO#A OOLLECTBEHHOCTBIO, TOTPEOYeTCsl PEIIUTh
Takue BbI3bIBAIOIIME 00ECMOKOCHHOCTb BOTPOCHI, KaK ILIYM,
HEMPUKOCHOBEHHOCTh YaCTHOM XM3HM M 3alMTa TaHHbIX. He-
KOTOpBIE U3 3TUX PeLIeHU Oyi1eT HeoOX0aMMO pa3paboTaTh Ha
HaMOHAJILHOM WJIM MECTHOM YPOBHE».

B xoze MepornpusTusi IMpeKTop A3pOHABUTALIMOHHOTO
ynpapieHusi MKAO r-u CtuBen Kpumep npuHsa yyactue
B 9KCIIEPTHOM 00CYXIeHUU Bompoca o peryiaupoBaHuu BAC
B Adpuke. OH MOAYEPKHYJI, YTO JJ1s1 O€3011aCHOCTH aBUALIUU
M 00IIeCTBA YPE3BbIYAHO BaKHOE 3HAYEHHUE UMEET BbIPAbOT-
Ka TaKMX MOAXOI0B K CO3JaHUI0 HOPMATUBHO-TIPABOBBIX 6a3
JUTSL IPOHOB, KOTOPbIe Obl YIUTHIBAIHU, MPEXJIE BCETO, TEXHU-
YecKue acreKThl U PUCKHU, a TAKXKE OTMETUJI HEOOXOAUMOCTb
00eCIeYnTh UX COTIACOBAHHOCTb C PETMOHAIBHBIMU U TJIO-
GaJIbHBIMU TIOAXOAAMM K YIPABJICHUIO TPAIULIMOHHBIM BO3-
JyUTHBIM JIBUXKEHUSIM.

ITo marepuanam UKAO: https://www.icao.int/Newsroom/
Pages/RU/Kigali- Forum-highlights-importance-of-drone-
operations-to-sustainable-development-in-Africa.aspx @

DRONE OPERATIONS: SUSTAINABLE DEVELOPMENT
AND REGULATION ISSUES

(UAS) operations to sustainable development, ICAO

highlighted the significance of Africa’s global leadership in
this area during last week’s African Drone Forum in Kigali, Rwanda
during the first days of February, 2020.

The event was convened by the Government of Rwanda in
collaboration with the World Bank and the World Economic Forum
(WEF), in light of the rapid expansion of drone use in the region
and the transformative importance of these technologies to a vast
array of sectors. These include agricultural, medical, mining, survey,
scientific, humanitarian, and other operations and applications.

All of these new contributions are playing an important role
in supporting the attainment of many Agenda 2030 Sustainable
Development Goal (SDG) benefits, and notably as the United
Nations’ «Decade of Action» toward realizing the SDGs begins in
earnest.

ICAO Remotely Piloted Aircraft Systems Chief, Ms. Leslie
Cary opened the event on behalf of ICAO Secretary General Dr.
Fang Liu. Cary underscored that «on the surface, unmanned
aviation systems (UAS) appear new and different from traditional
aviation. However the fundamentals underneath are the same — we
expect the aircraft to be airworthy, to operate as intended and not
crash, and to create minimal disruption to people not participating
in the operation».

«ICAO’s work in this area is helping focus research and
development activities for required technologies and certification
methods, and the development of a framework for UAS traffic
management, UTM, is well underway», Cary added. «Meanwhile,
the challenges that need to be overcome are being addressed here

s tressing the importance of Unmanned Aircraft Systems

in Africa, and the enthusiasm and determination to succeed in this
new arena is clear to see».

Preparing the regulators and other aviation stakeholders in
attendance for their discussions, Cary noted that the industry would
face challenges to address new realities as they adapt to traditional
air traffic systems.

«We need globally harmonized provisions for unmanned
aviation», Cary said. «Meanwhile, the increasing numbers of
aircraft, whether manned or unmanned, planned to operate at low
level simultaneously within urban and non-urban areas, will require
new approaches to air traffic management. The identification,
allocation and recovery of costs for the development and
deployment of physical infrastructure remain to be addressed.

And finally, acceptance of these technologies by regulators
and by the public at large will require solutions for concerns such
as noise, privacy, and data protection. Some of these will need to
be developed on a national or local basis».

ICAO Air Navigation Bureau Director, Mr. Stephen Creamer,
took part in a panel during the event which addressed UAS
regulations in Africa. He strongly underscored the inherent aviation
and societal safety value of establishing operation-centric, risk-
based approaches to new drone regulatory frameworks, and the
need for those to be further aligned and harmonized with regional
and global approaches to managing traditional air traffic.

Compiled based on ICAO information:
https://www.icao.int/Newsroom/Pages/Kigali- Forum-highlights-
importance-of-drone-operations-to-sustainable-
development-in-Africa.aspx @
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NpaBoBble 3HaHNS Ang OyayLnX
TPaAHCNOPTHUKOB

Mockea, Poccusi™.

Wean XOJINKOB

lpaBoBeaeHue A8 CTYAEHTOB TPaHC-
nopTHbIX By30B: Y4eb6Huk ans By30s / Mox
ob6w. pea. A. N. Semnuna. — 4-e n3g., ne-
pepab. ngon. — M.: Oparit, 2020. — 421 c.
ISBN 978-5-534-13560-2.

lpeacraBieHa peueH3nss Ha y4eOHUK
«[MpaBoBeneHve A5 CTYAEHTOB TPAHCIOPTHbIX
BY30B», N0ArOTOB/IEHHbIV KOJIIEKTMBOM Kages-
pbl «TpaHcnopTHOE npaBo» Kpuanyeckoro
MHCTUTYTa Poccuiickoro yHuBepcuTeTa TpaHc-
nopra.

B y4ebHuvKe B cucTemMaTu3anpoBaHHOM pop-
Me V3JI0XEeHbl AnaakTuieckne 610ku, BKIIIO-
4YeHHbIe B Kypc «[lpaBoBeAeHne», OpPUEHTUPO-
BaHHbIVi Ha CrneLmaancToB TPaHCOPTHbIX BY30B
n coaepxatlinii matepuas, HeobxoanMabii
M AOCTaTOYHbIV [J151 POPMUPOBAHNS Y OyAYLLUNX

Xoauroe Hean Baadumupoeus — HHcmumym 3aKoH00amenscmea U CpasHUmenbHo20
npagosedenus npu llpasumenvcmee Poccuiickou Pedepayuu, Hayuno-sxcnepmmoiii
cosem Llenmpa uccaedosanusi npobaem bezonachocmu Poccuiickoii akademuu Hayk,

creymnanncToB B 0671aCTy TpaHCNIOpPTa KOMIie-
TEHUMV rpaBoBOV HarpasJIeHHOCTU, 03BO-
JNIFIOLLMX 0OECNeYNTL YCrEeLLIHOE BbIMOJTHEHNE
MM B nocsieayroLem obsi3aHHOCTEN 10 rnpes-
CTOSILLEMY [O/IKHOCTHOMY NPeaHa3HavyeHno
B YCJIOBUSIX UNPpoBuU3aLnNmM 3KOHOMUKU
W TPAHCMOPTHOM I0rncTvku. lNpeacrtaBieHHbIN
marepuas oTpaxaeTr BCe COBPEMEHHbIE TEH-
AEHUMY ANHAMNYHO Pa3BMUBaKOLLErOCs POCCUN-
CKOIro 3aKoHo4ares1bCTBa, MoCaAC4HNE USMEHE-
HUSI B HOPMATUBHbIX MPaBOBbIX akTax, perysv-
pyoLmx AessTesIbHOCTb B chepe TpaHcropTa.

U3naHve MoXeT rnpeacTas/iiTb UIHTEPEC HE
TOJIbKO /19 CTYAEHTOB, HO v /15 Hay4YHbIX pa-
60THMKOB, nperiogaBaTesne, crneunaancToB
W BCEX, KTO MHTEPECYEeTCS BOrnpocamu npasa
U ero cBs3siMu C QYHKLMOHUPOBaHNEM TPAHC-
MOPTHOUW CUCTEMBbI.

KnrwoyeBbie cioBa: TpaHCMopT, npaBo, 3aKOHOAAaTe/1bCTBO, 0Oy4eHNe, CTYACHTHI,

rpaBoBOE PErynpoBaHue.

*NHdopmauma 06 aBTOpE:

XonukoB UBaH BnaamMmupoBuy — JOKTOP IOPUANYECKNX HayK, Mpodeccop kadeapbl MeXayHapoaHOro
1 eBponeinckoro npaea MIHCTUTyTa 3akoHO4ATENbCTBA U CPABHUTENIbHOMO NPaBOBEeAEHUS NPU
MpaBuTenscTBe PD, 3amecTuTENb PYKOBOAUTENS HanpasieHus «TpaHcnopTHas 6e30nacHoCTb»
Hay4Ho-akcnepTHoro coseTa LieHTpa nccnepgosanus npobnem 6esonacHoctn Poccuiickoi akagemmnm

Hayk, Mocksa, Poccus, iv_kholik@mail.ru.

PeueH3ns noctynuna B pepakumio 15.02.2020, npuHsTa k nybnukaumm 27.02.2020.

For the English text of the article please see p. 263.
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paHCIOpTHAs AesATeNbHOCTb Mpe.-

cTaBysieT cob0il oaHY U3 0a30BbBIX

OCHOB 9KOHOMUKMU U SIBJIIETCSI OCHOB-
HBIM CBSI3YIOIIMM 3BEHOM TePPUTOPUATIBHON
mesocTHocT Poccuiickoit Penepanumu.
TTocTosiHHOE COBEPILIEHCTBOBAHUE U Pa3BU -
TUE TPAHCIOPTHOW MHGPACTPYKTYPhI 00-
YCJIOBJIMUBAETCS HapacTalOUIUMU TeMITaMU
COLIMaTbHO-9KOHOMUYECKOTO Pa3BUTUS
CTpPaHBbI, €€ OOIUPHOU TEPPUTOPUEI U T€O-
rpaduyecKuMU OCOOEHHOCTSIMU, a TakxKe
BcTymieHueM Poccuu B HOBBIM ATalm rocy-
JIapCTBEHHOIO CTPOUTEIbCTBA, COMPSIKEH-
HOro ¢ MoOuUIM3alMeil YCUIU Mo 3alluTe
HallMOHAJbHBIX UHTEPECOB U 6€30MaCHOCTU
B YCJIOBUSIX 000CTPEHUSI SKOHOMUYECKUX,
MOJUTUYECKUX U MHBIX MPoOJIeM B COBpeE-
MEHHOM TpaHCGHOPMUPYIOLIEMCS MUPE.
BaxHO OTMETUTBH, YTO TPAHCIIOPT SIBJISIETCS
He TOJIBKO CPENCTBOM CBSI3U, HO U 3aHUMa-
€T MPOMEXYTOUHOE MOJOXEHUE MEXIY
MPOU3BOACTBOM U MOTPEOIEHUEM TOBAPOB.
OT TOrO, KakuM 00pa3oM BBIMOJHSETCS
paboTa nepeBo3UuMKa, BO MHOTOM 3aBUCUT
a(pdexTuBHasg paboTa MPOMBILLIEHHOCTH,
TOPTOBJIU, MIPOUYUX OTpacieil SKOHOMUKHU,
a TakXke ynoOCTBO U XXKM3HEHHBbI KOMDOPT
rpaxnad [1, c. 4].

Bex MHGOpMalMOHHBIX TEXHOJOTUN
no0yxXaaeT yejJoBeKa K MOCTOSTHHOMY 00-
HOBJIEHUIO 3HAHUIA, U, OLILyIas 3Ty TOTPeO-
HOCTb, TPAHCHOPTHUK 00s3aH MOCTOSIHHO
OOHOBJISITH UX, YTOOBI COBEPIIEHCTBOBATh
npodeccruoHanibHbie KOMITeTeHIMU. Kitto-
YeBbIM 3B€HOM B LMY MPOGheCCUOHATBHBIX
KOMTMETEHIIUI TPaHCIIOPTHUKA SIBJISIOTCS
npaBoBble 3HaHUS. BMecTe ¢ TeM oueBUAHA
HEOo0X0IMMOCTb (DOPMUPOBAHUS Y CTYICH-
TOB TPAHCHOPTHBIX CMEUUATBHOCTEN He
TOJIbKO HEMOCPEACTBEHHO MPaBOBBIX 3HA-
HUI, HO U BBICOKOW MPABOBOM KYJIBTYPHI,
pa3BUTOTO MPoGheCCUOHATbHOIO MPaBOCO-
3HAHUS, TPAXIAHCKOU 3pesocTu U oblile-
CTBEHHOU akTUBHOCTU. He TosbKO camu
3aKOHbl U WHbIE HOPMATHUBHbIE MMPAaBOBBIE
AKThI HY>XXHBI JJIS1 YCTIEIITHOTO (DYHKIIMOHU -
pOBaHUS TPAHCIIOPTHOM CUCTEMBI, TPEOYyeT-
csl, HaIIpUMep, HaJJIeXallluii TPOKYPOPCKUA
HaJ30p, YTOOBI TOP>KECTBOBAJA 3aKOHHOCTh
U YKpEeMmJsjcs MpaBOMOPSI0OK Ha TpaHC-
nopTte, HeOOXOAMMa peanu3alus MEPOTIPHUSI -
TUI 0 0OecrneyeHn o 6e30MacHOCTU TPaHC-
NOPTHOU MHMPACTPYKTYphl HAa OCHOBE
TOKTPUHAIBHBIX ITOIX0I0B [2, ¢. 14], KOMII-
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Jlekca MEAULIMHCKUX U MEIUKO-COLhab-
HBIX MEpPOTpPUSITUI, HaNlpaBJIE€HHbIX Ha
CHUXEHUE PUCKAa BOSHUKHOBEHUS YPE3BbI-
YalHBIX CUTyalluit, HA MUHUMU3ALIUIO Me-
JIUKO-CAHUTAPHBIX MTOCJIENCTBUI, HA COXpa-
HeHUE 3J0POBbS JIOJE U YMEHbIIECHUE
yuiep6a okpyxarolieit npupoaHoii cpeje [3,
c. 185], u mHoroe apyroe. BeimonHeHue
MEXIYHApPOIHO-MPABOBBIX 0053aTEJIbCTB
HaIIleTO TOoCyAapCcTBa B TPAHCIIOPTHOU cde-
pe Takke MpeACcTaBIsgeTCs KpaliHe BaKHOM
3ajavyeil, 4yTo Haluio oTpaxkeHue B TpaHc-
nmoptHoit ctpaterun Poccuiickoit denepa-
muu [4, c. 98].

ITpu HU3KOI MPAaBOBOM KYyJBTYPE 3aKOHBI
OCTaHYTCS HE TPOHYTBIMHU, B JIyUIlIEM ClIydyae
HUX MIPOYMTAIOT, TOJYUYUB MEPBUYHbIEC 3HAHUS
IS IETKOTO MPEACTaBICHUS O TOM, UTO
B HUX mponucaHo. Ho 3HaHue o 3aKOHe
HEBO3MOXHO OTHECTH K TOMY YPOBHIO Mpa-
BOBOTO 3HAHUS, C MTO3ULIUIA KOTOPOTO TOJIb-
KO U BO3MOXHO MOCTUYb CMBICJ 3aKOHOB
U CTaTh CMIOCOOHBIM BOTJIOIIAThH UX B Mpa-
BOITOPSIIOK.

B cucteme moAroToBKM CHenUaavCcTOB
TpaHCIOpTa 0co00e 3HaAYeHUE 3aHUMAET
npaBoBoe obyuyeHue. [IpaBoBbie 3HAHUSA
KpaliHe HeoOXOAUMBI BCeM pabOTHUKaAM
TPAHCMOPTHOW CUCTEMBI, AJISI TOTO YTOOBI
KaXKJbIi U3 HUX MTPU BBIMOJIHEHU U BO3JIOXKEH -
HBIX 0013aHHOCTE OCO3HAHHO OCYILECTBIISIT
CBOIO JIESITEJIbHOCTh B TOM MOPSIAKE, KaKOM
onpeneaéH HOPpMaTUBHBIMU MPaBOBbBIMU
aktamu. Ilpu ocyiiecTBaeHUN JIOOOM mesi-
TEJIbHOCTU — WHXKEHEPHOW, TeXHUYECKOM,
OpPraHMU3alMOHHOM UM UHOW — COTPYIHUKY
TpaHCIOPTa CJIeNYyeT PYKOBOJACTBOBATHCS
MpaBOBbIMU HOPMaMHM, /i€ IPOIKMCAH MOpPsi-
JIOK JeSTeJIbHOCTU, YKa3aHbl HOPMATUBHI,
KOTopble TpebyeTcs co0It0aaTh, ONpeaesi€H
MOPSIOK MPeI0TBpallleHus onacHocTu. [1pa-
BOBbI€ 3HAHUSI (DOPMUPYIOT YMEHUS JTaBaTh
BEPHYIO OLIEHKY 3aKOHaM Y UHBIM HOPMATUB-
HBIM MPaBOBBIM aKTaM, oOecrieurBasi BO3-
MOHOCTb BOIUIOLIEHUS MPaBOBBIX HOPM
B TPAHCHOPTHYIO MpakTuky. OTCyTCTBUE
Yy paOOTHUKOB TPAHCTIOPTA MPABOBBIX 3HAHU I
MOBBIIIAET BEPOSITHOCTh TOTO, UTO OCYIIIECTB-
JisieMasi UMU JeSITeIbHOCTb OKaXeTCs POTU -
BOTIPAaBHOM U cO3AacCT yrpo3y mis 6e3omnac-
HOTO (PYHKLMOHUPOBAHUS TPAHCIOPTHOM
CHUCTEMHI |5, ¢c. 6—8].

Hcxonst u3 BBIIEU3I0XKEHHOTO, aBTOPbI
y4eOHUMKa CKOHILIEHTPUPOBAJIUCH Ha 3a7aye

Xonukoe U. B. NpaBoBble 3HaHUA Aig GyAyLIMX TPAHCMOPTHUKOB
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00yyeHUS CTYyAEHTOB HaBbIKaM aHaauW3a
3aKOHOJaTeIbCTBA B chepe TpaHcIopTa,
YMEHUIO COOTHOCUTbH TMOJIOXKEHUS TeX WJIU
WHBIX HOPMATUBHBIX MPAaBOBBIX aKTOB, pe-
IJaMEHTUPYIOIIUX AESTEIbHOCTh TPAHC-
MOPTHBIX OpraHu3al Uil U PYHKIIMOHUPOBA-
HUS TPAHCIMOPTHOTO KOMILJIEKca, ¢ OOlle-
MPaBOBBIMU KATETOPUSIMU U UHCTUTYTAMMU.
B nensx pemeHus yka3aHHOW 3amayu
B YUeOHMKE OCBEIIAIOTCI OCOOEHHOCTU
MMPaBOBOrO PEryJIMpPOBaHUS TPAHCIIOPTHOU
eI TeJIbHOCTU KaXAOW OoTpaciyiblo MpaBa
¢ yuéToM TpeOOBaHUII MPaBOBBIX HOPM,
PEeryuMpyrouuX OTHOIIEHUS Ha TPAaHCHIOPTE.

M3naHue moaroToBaeHO KOJIJIEKTUBOM
npenoaasateeit kKadpeapsl «TpaHCIIOPTHOE
npaBo» FOpuanueckoro uHcTUTyTa Poccuii-
CKOTO YHUBEPCUTETA TPaHCHOPTA, SBJISIO-
IIETOCs TOJOBHBIM TPAHCIIOPTHBIM BY30M
Poccuu, uHTErpUpyIOMIUM O0LIECUCTEMHbIE
3a/lauv B paMKax €JUHOW TPaHCIOPTHOM
CHUCTEMBI, U BBIMIOJHSIOIIUM (PYHKIIUU y4eo-
HO-METOJIMYECKOTr0 LIEHTPa OTPACIH.

YueOHUK npencTasisieT co0oii YeTBEPTOE
U3JaHUE, CYUIECTBEHHO JOMOJHEHHOE U Te-
pepaboTaHHOE, KOTOPOE IMOCBSIIEHO pac-
CMOTPEHUIO BCEX TeM, U3yYaeMbIX B paMKax
yuyeOHoi nucuurniauHbl «I[IpaBoBeneHue»
CTyI€HTaMU TPAHCIOPTHBIX 00pa30BaTEIIb-
HBIX OpraHu3anuii. B taHHOM u3gaHuu
MpeaCTaBIeH IO0CTATOYHbI 00bEM MaTepUa-
Jla, TIO3BOJISIIOLIMEI obecneuyuTh GopMUpo-
BaHUE Yy MePBOKYPCHUKOB MPAaBO3HAYUMBIX
KOMITETEHIIM A, HEOOXOAUMBIX JIST yCIIelll-
HOTro OOYyYEHHUS Ha MOCJIEeAYIIIUX Kypcax
B paMKax AucuuruiuHbl «[IpaBoBoe obecrie-
yeHue nNpohecCUOHATbHOMN AeITETbHOCTU».
Takum o6pa3oM, pelleH3UPYEMbI yUeOHUK
MPU3BaH 3aJ10XUTh GYHIAMEHT IJ1s PopMU-
POBAHUSI CUCTEMbl 3HAHUI, HEOOXOIUMBIX
JUISL YCTIEIIHOTO UCIOJHEHUS OyAyIIUMU
CreMaluCcTaMU-TPAHCIIOPTHUKAMU 0051-
3aHHOCTE MO MPEeACTOSIIEMY TOITKHOCTHO-
MY MpeTHa3HAYEHUIO.

Martepuan, U3JI0XKEHHBI B yueOHUKE,
HOCUT aBTOPCKUI U 3aKOHYEHHBIN Xxapak-
Tep U MpeAcTaBsieT coO00l yOenuTeJabHYIO
KOHIIEMNIIMIO TPAHCIOPTHOTO MPaBOMOHU-
MaHus. OH oTpaxaeT BCE COBPEMEHHBIE
TEHICHIMU TUHAMUYHO Pa3BUBAIOIIErOCs
POCCUIICKOTO 3aKOHOMATEIbCTBA, MOCTE -
HU€ U3MEHEHUSI B HOPMATUBHBIX MPABOBBIX
aKTax, PeryJUpylolmunux AesiTeJIbHOCTb
B c(hepe TpaHcTIOpTA.

B yueOHuUKe B mocTynmHoi dopMe mpen-
CTaBJIEHbI 3HaHUS 00 001Lel TeopuHM Ipasa,
a TaKXe CBeJeHUS U3 00JacTU OCHOBHBIX
oTpacJieii COBpeMEHHOTO MpaBa: KOHCTUTY-
LIMOHHOTO, TPaXIaHCKOTO, aAMUHUCTPATUB-
HOTO, TPYLOBOIO, CEMENHOTO, YyrOoJI0BHOIO
u ap. U3nanue B HE0OOXOAUMOM U 1OCTATOY-
HOIi CTeNeHU OTpaxkaeT 0COOEHHOCTH Mpa-
BOBOTO PETYJIMPOBAaHUS OTHOIICHU B ce-
pe TpaHcnopTa. B To Xe BpeMsl mpakTuka
NpaBONPUMEHEHUS MOKA3bIBAET HAIUUYUE
MHOTOYHMCJIEHHBIX TTPO0EJIOB U KOJUIU3U
B CMCTEME IIPABOBOIO PETYJIUPOBAHUS U 3a-
KOHOJATEeIbHOTO o0ecrnevyeHust PyHKIIUMOHU-
pPOBaHUS TPAHCIIOPTHON MHMPACTPYKTYPHI.
ITo MHeHUIO aBTOPOB, HaAW4Yue NpoOeIoB
U TIPOTUBOPEYU A TPABOBOTO PETYJIMPOBAHUS
He B TOCJIEIHIOI0 oYepeab 00YCIOBIECHO He-
OTHO3HAYHOCTbIO MOHUMAaHUST Oa30BbIX Ka-
TEropui, B TOM WJIX MHOUW CTEIIEHU COOTHO-
CHUMBIX C pacCMaTpUBaeMOii MPoOIeMaTUKOM.

Y4yeOHUK MOJTHOCTbIO COOTBETCTBYET
TpeOOBaHUSIMU FOCYIaPCTBEHHOTO 00pa3o-
BaTEJIbHOTO CTaHAapTa MO IOPUCTIPYACHIIUHA,
HamnucaH MPOCTbIM U MMOHSITHBIM, OpUANYE-
CKU TPAMOTHBIM JIUTEPATYPHBIM SI3bIKOM,
U, HECOMHEHHO, OyNIeT MPeCTaBIsTh UHTE-
pec He TOJIbKO AJIS CTYIEHTOB, HO WU IJIs
HayuyHbIX paOOTHUKOB, MpenojaaBaTesei,
CIIELIMAJIMCTOB U BCEX, KTO UHTEPECYETCH
BOMpOCAMU IpaBa U €ro CBA3SIMU C TpaHC-
TMOPTOM.
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A suggested review is devoted to the
textbook «Jurisprudence for students of
transport universities» prepared by the staff of
the department «Transport Law» of the Law
Institute of Russian University of Transport.

The textbook in a systematic form sets out
the didactic blocks included in the course
«Jurisprudence», aimed at specialists of
transport universities and containing material
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necessary and sufficient to build legal
competencies for future specialists in the field
of transport, which will ensure their successful
fulfillment of their future responsibilities in the
context of digitalization of the economy and
transport logistics. The presented material
reflects all modern trends of dynamically
developing Russian legislation, recent changes
in regulatory legal acts regulating activities in
the field of transport.

The publication may be of interest not only
for students, but also for scientists, teachers,
specialists and everyone who is interested in
issues of law and its relations with functioning
of the transport system.
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the economy and is the main connecting link of the

territorial integrity of the Russian Federation.
Continuous improvement and development of transport
infrastructure is determined by the growing pace of socio-
economic development of the country, its vast territory and
geographical features, as well as Russia’s entry into a new
stage of state construction, coupled with mobilization of
efforts to protect national interests and security in the face
of aggravation of economic, political and other problems
in the modern transforming world. It is important to note
that transport is not only a means of communication, but
also occupies an intermediate position between production
and consumption of goods. The efficient work of industry,
trade and other sectors of the economy, as well as
convenience and living comfort of citizens, largely depend
on how the carrier’s work is performed [1, p. 4].

The age of information technology encourages people
to constantly update knowledge, and, sensing this need,
the transporter must constantly update them in order to
improve professional competencies. The key link in the
chain of professional competencies of a transport specialist
is legal knowledge. At the same time, there is a need for
formation by students of transport specialties of not only
directly legal knowledge, but also of a high legal culture,
developed professional legal awareness, civic maturity and
social activity. Not only the laws themselves and other
normative legal acts are necessary for successful functioning
of the transport system, for example, proper prosecutorial
supervision is required to ensure and strengthen the rule
of law in the activity of transport, it is necessary to
implement measures to ensure transport infrastructure
security based on doctrinal approaches [2, p. 14], a set of
medical and medical-social measures aimed at reducing
the risk of emergency situations, minimizing the health
consequences, preserving human health and reducing
damage to the environment [3, p. 185], and much more.
Fulfillment of international legal obligations of our state
in the transport sector also seems to be an extremely
important task, which is reflected in the Transport Strategy
of the Russian Federation [4, p. 98].

With a low legal culture, the laws will remain
untouched, at best they will be read, having received
primary knowledge for an easy idea of what is written in
them. But knowledge of the law cannot be attributed to
that level of legal knowledge, from the standpoint of which
it is only possible to comprehend the meaning of laws and
become able to translate them into the rule of law.

In the training system for transport specialists, legal
education is of particular importance. Legal knowledge is
extremely necessary for all employees of the transport
system, so that each of them, when fulfilling their duties,
consciously carries out their activities in the order defined
by regulatory legal acts. When carrying out any activity —
engineering, technical, organizational or otherwise — a
transport employee should be guided by legal standards,
where the order of activity is prescribed, the standards that
must be followed are specified, the procedure for preventing
danger is defined. Legal knowledge forms the ability to give
true assessment of laws and other regulatory legal acts,
providing the opportunity to translate legal norms into
transport practice. The lack of legal knowledge among
transport employees increases the likelihood that their
activities will be unlawful and pose a threat to safe
functioning of the transport system [5, pp. 6—8].

Based on the foregoing, the authors of the textbook
focused on the task of teaching students the skills of analyzing
legislation in the field of transport, the ability to correlate
the provisions of certain regulatory legal acts regulating the
activities of transport organizations and functioning of the
transport complex with general legal categories and
institutions. In order to solve this problem, the textbook
highlights the features of legal regulation of transport activity
by each branch of law, taking into account the requirements
of legal norms governing relations in transport.

ransport activity is one of the basic foundations of
264

The publication was prepared by a team of teachers of the
department «Transport Law» of the Law Institute of Russian
University of Transport, which is the leading transport university
in Russia, integrating system-wide tasks within the framework
ofasingle transport system, and acting as an educational center
of the industry.

The textbook is the fourth edition, substantially
supplemented and revised, which is devoted to consideration
of all topics studied in the framework of the discipline
«Jurisprudence» by students of transport educational
organizations. This publication provides a sufficient amount
of material to ensure formation by first-year students of the
relevant competencies necessary for successful training in
subsequent courses in the discipline «Legal support of
professional activities». Thus, the peer-reviewed textbook is
intended to lay the foundation for formation of the knowledge
system necessary for successful fulfillment by future transport
specialists of duties during their upcoming professional
mission.

The material presented in the textbook is authorial and
complete in nature, and represents a convincing concept of
transport legal understanding. It reflects all modern trends of
dynamically developing Russian legislation, recent changes in
legal acts regulating activities in the field of transport.

The textbook in an accessible form presents knowledge
about the general theory of law, as well as information from
the field of the main branches of modern law: constitutional,
civil, administrative, labor, family, criminal, etc. The
publication reflects in a necessary and sufficient degree the
peculiarities of legal regulation of relations in the field of
transport. At the same time, the practice of law enforcement
shows the presence of numerous gaps and conflicts in the
system of legal regulation and legal support of functioning
of transport infrastructure. According to the authors, the
presence of gaps and contradictions in legal regulation is not
least due to ambiguity of understanding of the basic
categories, to one degree or another, related to the issue
under consideration.

The textbook fully complies with the requirements of the
state educational standard in jurisprudence, is written in a
simple and understandable, legally competent literary language,
and will undoubtedly be of interest not only for students, but
also for researchers, teachers, specialists and everyone who is
interested in issues of law and its connections with transport.
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Boabumx U. B. UnenTndgukanus MeTaLIonoIm-
MepHBIX TPHOOCHCTEM C KOMIIO3MIMOHHBIM MOKPbI-
THEM XOJIOJHOTO OTBepxkKAeHus / Asroped. muc...
KaHJ. TexH. HayK. — PocroB-Ha-/lony: PI'VIIC,
2019. - 22 c.

Bbi pazpabotan MaTpUIHBIN KOMITAYH]T XOJIO -
HOTO OTBEPKISHMSI VTSI KPYTTHOTaOapUTHBIX TPUOO-
CHUCTEM, KOTOPBIH SIBJISIETCS] OMHOBPEMEHHO are3u-
BOM JUTsSI HAHECEHUsI TIOKPBITHSI, 00eCTIeYMBAIOILIM
JIOCTaTOYHYIO MPOYHOCTh W anre3uto. [lomyyeHsl
PE3YNBTaThl MHOTOKPUTEPUATBHON ONTUMU3ALUN
B BUJIe KOMIIO3UITMOHHOTO aHTU(MPUKIIMOHHOTO
Marepuaia ¢ MaTpUIIe XOJOTHOTO OTBEPKICHUS
TUTS TSDKETTOHATPYXKEHHBIX KPYMTHOTa0aPUTHBIX Y3-
JIOB TPEHUSI.

IloaBeneHbI UTOTM BBIMOTHEHHBIX TEOPETUYE-
CKUX MCCIIeOBAaHWI KOHTaKTHOM TeMIepaTyphl
B 30HE TPEHUSI, YUCIIEHHBIE Pe3yJIBTaThl KOMITHIO-
TEPHOTO MOJIEIMPOBAHUS W TaHHBIE SKCTIEPUMEH-
TaJIbHBIX TeMIIepaTypHbIX ucciaenoBaHuii. Co3naH
KOMIUIEKC MOJeeii, OTpaxKalouuX 3aBUCUMOCTb
TPUOOTEXHNUYECKHX TAapaMETPOB METALIIONOIMMEDP-
HOIi napel TpeHus (Ko3hGULUEHT TpeHUs, TeMITe-
paTtypa KOHTaKTHOI 30HbI, THTEHCUBHOCTb M3HA-
IIWBaHMS, PECYPC) OT IKCILTYaTaIl[MIOHHBIX PEXXMMOB
Harpy>keHust TpuOOCUCTEM.

IIpoaHanu3upoBaHbl METOAMKA U PE3YJIBTAThI
peayn3allii MHOTOKPUTEPUATbHOM (IPOYHOCTB,
ajre3usi, BA3KOYIIPYTre CBOMCTBA, KOA(DUIIMEHT
TPeHMUsI, U3HOC) ONTUMU3AINY KOMITO3UIITMOHHOTO
cocTaBa aHTUGPUKIIMOHHOTO MOKPHITHS HA OCHOBE
CHMIUIEKCPEIIETYATBIX KCIIEPUMEHTATbHBIX T1a-
HOB.

TTpousBeneHbI pacu€Thbl MOPOroBoit U hakTUye-
CKOU BEJIMIMHBI TOTTYCTUMOM TIPU SKCIUTyaTallu
TIOKPBITHSI TEMIIEPATYPHI ¥ YCTAHOBJIEHA 3aBUCH-
MOCTb TEMITEPATYpPhbl 30HbI TPEHUST B UCCIEAYyeMON
METAJUTONOIMMEPHOI TPUOOCUCTEME OT PEXUMOB
HarpyXeHUsl; KOMITbIOTEPHOE MOJIEJTMPOBAHUE Me-
TOJIOM KOHEYHBIX 371eMeHTOB (KoMruiekc COMSOL
Multiphysics) pacrtipeneneHust TeMriepaTypbl B 30He
KOHTAKTa U TIPUJIETAIONINX O0IACTSIX.

YcTaHOBIEH ONTUMANIbHBIN COCTAB MOJIMMEPHO-
TO MaTPUYHOTO CBSI3YIOLIETO XOJIOIHOTO OTBEPK/Ie-
HUs, o0ecTieunBaoLIMii TpeOyeMble TIPOYHOCTHBIE,
a/re3MOHHEbIe, BI3KOYIIPYTHe U TPUOOTEXHIUECKIEe
XapaKTepUCTUKHN aHTU(DPUKIIMOHHBIX TTIOKPBITHIA.
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ABTOpedepaTbl AUccepTaunmn

OrnpezeseHbl MapaMeTpbl TEXHOJIOTUN HaHece-
HUSI aHTU(DPUKITMOHHBIX MIOKPHITUI Ha CyOCTPATHI
NIBYX TUTIOB (CTaJIb M MEIHBIE CTUIABBI) U OTIPEIeEH
NIMATIa30H PallMOHATBHBIX HATPY30YHO-CKOPOCTHBIX
PEXMMOB 9KCIUTyaTall aHTUGPUKLIMOHHBIX KOM-
TO3ULIMOHHBIX MTOKPBITU. [1J1s1 MHXKEHEPHBIX pac-
YE€TOB aHTU(DPUKLIMOHHBIX TOJIMMEPHBIX KOMITO3H -
LIMOHHBIX MTOKPBITH ITOJTy9eH KOMIUIEKC MHTEPITIO-
JISIIMOHHBIX PETPECCUOHHBIX MOJIENEH, TTO3BOJISTIO-
IIMX OTPEAETUTH Clenylolrue TpudonapaMeTphbl:
pecypc, MHTEHCUBHOCTb U3HALIMBaHUs, K0abdu-
LIMEHT TPEHUsI, TEMITEPATYPY.

TIpoMbIlIIeHHBIe UCTIBITAHUS TOAIIUITHUKOB,
pa3paboOTaHHBIX IO UTOTAM UCCIIEIOBAHU, TTPO-
BEAEHHbIE HA TEXHOJOTMYECKOM O0OpYyIOBaHUU
PocToBckoro-Ha-/10Hy 316KTPOBO30PEMOHTHOTO
3aBoaa (POP3), mo3Boauau yBeJIuuuTh U3HOCO-
CTOMKOCTD y31a TpeHus Ha 22—23,5 %. Bce akc-
TepUMEHTAJIbHBIE MCCIIeNOBAHUS TTPOBOAIINCH
10 TTOTHO(MAKTOPHBIM U CUMILIEKCPEIIeTIaThIM
iaHaM C MOCJeayIoIe cTaTuCTUYeCKOoi oopa-
00TKOI1 pe3yabTaToB. YKo nmapasiebHbIX OTbI-
TOB COCTaBJIsIO He MeHee 3—5. [ToayyeHHbIe pe-
3yJIBTaThl HAILIA MPUMEHEHNE TIPU MPOBEIEHUN
WCCJIeIOBAHU, BBITIOJTHEHHBIX TIPY (DMTHAHCOBOM
noxnepxxke PO®U B pamkax HaydHOTO MPOEKTa
Ne 10-08-00777 A.

Cneyuanvrocms 05.02.04 — Tpenue u usnoc é ma-
wunax. Paboma evinoanena ¢ Pocmoeckom eocydap-
CMEEHHOM YHU8epcumeme nymeti cooOujeHus.

Mavuexun H. 10. Bimsnne HU3KuX Temneparyp Ha
PAIMOHAIbHBIA BHIOOP U MEPHOIANYHOCTH 3aMEHBI
MOTOPHBIX MAaceJl PH TEXHUYECKOM 00C/TyKUBAHHU
aBTomMoOuieii / ABToped. auC... KaHI. TEXH. HAYK. —
Owmck: CuoAJIN, 2019. — 20 c.

PazpaboraHo TeopeTuueckoe 000CHOBaHUE
MOBBIICHUS 3(PHEKTUBHOCTH SKCITTyaTallui aBTO-
MOOMJIEl Ha OCHOBE pallMOHAJbHOTO BhIOOpA
U ONpeesIeHUs] PallMOHAIbHBIX CPOKOB TEXHUYE-
CKOro 00CTy>KMBaHUS X ABUTATENEeH 13-32 OCOOCH-
HOCTEl YCIIOBUII AKCIUTyaTalluy MPY HU3KUX TeM-
neparypax. BeIsiBIIeHa 3aBUCMMOCTb U3MEHEHMS
rnokaszareseit paboTocrnocoOHOCT MOTOPHBIX Maces
MpY KCTUTyaTalluy aBTOMOOUJIEH B YCIIOBUSIX HU3-
KMX TeMneparyp. Pa3zpaboraH anroputm BbIOOpa
MOTOPHOTI'O MacJja ¢ YYETOM BIAUSIHUSL HU3KUX TEM-
TepaTyp Ha IKCILTyaTalnio aBTOMOOWIIEH.

Ha ocHOBe BBISIBIIEHHBIX 3aBUCMOCTEN pa3pa-
00oTaHa METOIMKA OTpeneSeHUs] pallMOHATbHBIX
CPOKOB 3aMEHbI MOTOPHOTO MacJja Mpu TeXHUYe-
CKOM O0CIyXXMBaHUU aBTOMOOUJIEH C Y4ETOM
YCJIOBUI 3KCITTyaTallid Ha OCHOBE ITOKa3aTelis,
Hau0oJiee 3HaUMMOTO MIPU OLIEHKE pabOTOCOCO0-
HOCTH MOTOpPHOTO MacJjia. [Ipon3BeneHa sKciepu-
MEHTaJbHasl OlleHKA TEOPETUYECKUX 3aBUCHUMO-
creil. [IpoBepeHa ageKBaTHOCTb TEOPETUUYECKUX
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U OKCIIEPUMMEHTAJbHBIX JaHHBIX. Onpeneaé
KOPPEKTUPYIOIINI KOA(PHOUITUEHT MEPUOIUIHOCTH
3aMeHbl MOTOpPHOTO Maciia. [IpoBeneHa TexHUYe-
CKasl OlleHKa Pe3yJIbTaToB MCCIIeNOBaHMs.

PazpabotaH aaroput™ npenBapuTeIbHOTO BbI-
Oopa MacJa Uil CMa3bIBaHUST CHITOBOM YCTAHOBKU
aBTOMOOWMJIEl HA OCHOBE CYIIECTBYIOIINX KJIACCH~
dukaLmii ¢ y4éToM KJIMMaTUYECKUX U DKCIUTyaTa-
LIMOHHBIX (HhaKTOPOB; MOJYIEeHbI 3aKOHOMEPHOCTHU
M3MEHEHMsI OCHOBHBIX ITOKa3aTesIeil KauecTBa MO-
TOPHOTO MacJia 1 000CHOBaHBI HanboJIee 3HAUNMbIe
[OKAa3aTe/n Ul OLIEHKU €ro paboTOCIIOCOOHOCTH
IIPH SKCIUTyaTallMi aBTOMOOMJIEN B YCIOBUSIX HU3-
KUX TeMIIepaTtyp; pa3paboTaHa METOIMKA OIpeae-
JIEHUsI PallMOHAIbHBIX CPOKOB TEXHMYECKOTO 00-
CITy’KMBaHUS C yIETOM KCIUTyaTalli aBTOMOOWIIEH
B YCJIOBUSTX HU3KHX TeMTIEpaTyp.

Cneyuanvrocms 05.22.10 — Dxcnayamayus as-
momobunbHo2o mpancnopma. Paboma evinoanena
6 Cubupckom eocydapcmeeHHOM A8MOMOOUAbHO-
0dopodicHOM YHUGepcumeme.

IletpoB A. A. XonoBble HCTBITAHUS TPY30BBIX
BAroHOB C MPUMeHEeHHeM TEH30MeTPHYECKOi KOJIECHOI
napel / ABToped. amc... KaHa. TexH. Hayk. — CII6.:
III'YIIC, 2019. — 16 c.

PazpaboraHa matreMatuyeckast MoJeJib, TO3BO-
JITIONIAsT yCTAHOBUTD PAllMOHATBHBIE MeCTa pa3Me-
LIEHUST TEH30Pe3UCTOPOB Ha JUCKAX KOJEC KOMEC-
HOI Mapbl, HEOOXOINMOE U JOCTATOYHOE UX KOJTH-
yecTBO. Co3aHbl ¥ BHEAPEHBI B MPAKTUKY TIPOBE-
NIEHUST XOJOBBIX AMHAMUYECKHUX U MO OLEHKE
BO3JEICTBUS MOJBUXKHOTO COCTaBa Ha XKeJIe3HOIO0-
POXHBIN MMyTh UCTIBITAHWIA YyCTPOMCTBA PETUCTPALIMU
MMHAMUYECKUX CWJI, IeUCTBYIOIINX BOJIM3M TISITHA
KOHTAaKTa CUCTEMbI «KOJIECO—PETIhC».

Paszpaborana TKII, nMeroias cymiecTBeHHbIE
OTJIMYMS OT BCEX M3BECTHBIX B HACTOSILLEE BPEMSI
aHaJIOrOB, MO3BOJISIIONIAs PETUCTPUPOBATH BCE TPU
KOMITOHEHTBI CUJIOBOTO BO3IEUCTBUSI TOBUKHOTO
cocTaBa Ha KeJe3HOJOPOXKHBIN TyTh (BEPTUKATb-
Hble, OOKOBBIE U TTPOAOIbHBIC YCUIIUS ), 00eCIeur-
BaTh AMCKPETHOCTb U3MEPEHUi ¢ 1aroM 190 MM 3a
OIIMH 000POT KoJieca, PerucTPUPOBATh TPAEKTOPHUIO
CMeIeHHUs TISITHA KOHTAKTa IT0 TIOBEPXHOCTH KaTta-
HWUS KoJjeca.

OtpaboTtaHo prMeHeHre GECTIPOBOIHOM CHCTe-
MbI niepenaur nHgopmaru (Wi-Fi) ¢ Bpaiaronmx-
cstyacTelt BaroHa (poTopHasi yacTb — OJIOK perrcrpa-
umu TKIT) k cucreme coopa u 00pabOTKM JaHHBIX
(cTaTopHast 4acTh — TIEPCOHAIBLHBIN KOMIIBIOTED,
pa3MelLEHHBII B BaroH-jadoparopun). PazpadboraHo
MporpaMMHoe obecrieyeHrue KOMITIeKca TeXHuIe-
CKHX CPECTB OTPEIEICHUS MAaCILITA00B U3MEPEHUH,
perucTpayu 1 o0paboTKy AMHAMUYECKUX MPOLIEC-
COB; alIPOOMPOBAHBI METO/IbI OLIEHKU IMHAMUYECKUX
KauyecTB U BO3IEWCTBUS TTONBIKHOTO COCTaBa Ha
JKeNe3HOMOPOXKHBIN IMyTh ¢ ipuMeHeHneM TKIT.

PazpabotaH anmnapaTHO-NporpaMMHbIA KOMII-
JieKc (maTeHT Ha u3o0peteHne Ne 2682567) peru-
CTpalliy U OLIEHKU PE3YJIETaTOB CUJIOBOTO B3aUMO-
JIEACTBUS B CUCTEME «KOJIECO—PEThC» TIPU XOIOBBIX
HCTIBITAHUSIX TPY30BBIX BATOHOB C MPUMEHEHUEM
TKIT, otinuaroniuiicst peructpaimeil yCuamii B Tpéx
HaIpaBJIeHUSIX ¥ YIETOM TIOJOXKEHHUsI TIATHA KOH-
TaKTa KoJjieca Ha peJibCe.

TpennoxeHHass MeToaUKAa TIPOBENEHUSI XOI0-
BBIX AUHAMUYECKUX U IO BO3AEWCTBUIO TTOJBUXK-
HOTO COCTaBa Ha XeJIe3HOMOPOXHBIN MyTh UCTIbI-
Tanuii ¢ npuMmeHenueM TKII no3BojsieT MHOro-
KpaTHO YBEJIMYUTH OOBEM CTATUCTUISCKU 3HAUM-
Mol peructpupyemoii uHgopmaruu. Co3naHHbIN
KOMIUIEKC TeXHUIECKUX CPENCTB cOopa mHpopma-
LMY TTO3BOJISIET ONTUMU3MPOBATH CYIIECTBYIOIINE
METOJbl TIPOBEIECHUS UCTBITAHUI, TpeOylouire
HaKJIEHKN TEeH30METPUUYECKHUX CXEM Ha PENIbChl
KeJIe3HOIOPOKHOTO TYTH, U OTKA3aThCsl OT MHO-
TOKPATHOTO TIPOe3/Ia UBMEPUTETbHBIX y4aCTKOB 32
CUET MOJIyYeHUS CYILIECTBEHHO OOJIbIIIETO 00bEMa
CTaTUCTUYECKU 3HAUUMON MHGOPMALIUK C TIOMO-
b0 TKIT.

J10CTOBEPHOCTD Pe3yJILTaTOB U3MEPEHUIA CUIIO-
BBIX BO3ICHICTBUIA, PETUCTPUPYEMBIX C IPUMEHEHU -
em TKII, noaTBepxkaeHa B pe3yJibTaTe MPOBEACHUS
XOJIOBBIX UCTIBITAHUI TPEX TUTIOB BATOHOB, B KOTO-
pBIX ObUIA YCTAHOBJIEHA YIOBIETBOPUTETbHAS CXO-
JIVMMOCTb Pe3yJIbTaTOB, MOJYYEHHbIX C TOMOILbIO
TKII u cyuiecTByIomuMx METOIOB UCCIeI0BaHUMN
BaroHOB, PacXoOXIeHUE He TpeBbIiacT 13 %.

Cneuuanvrocms 05.22.07 — [lodéuscroii cocmaé
JcenesHbix 0opoe, msea noe3008 U 3NeKmpupuUKayus.
Paboma evinoanena é [lemepbypeckom eocydapcmeen-
HOM yHUGepcumeme nymeii coobuenus Hmnepamopa
Anexcandpa I.

Poros C. A. UnTesuieKTyam3anusi METOIOB H AJI-
TOPUTMOB YTIPABJIeHHSI TEXHOJIOTHYECKIMH POLecca-
MH Ha COPTHPOBOYHBIX rOpKax / ABroped. AuC... KA.
TexH. HayK. — PoctoB-nHa-/ony: PT'YIIC, 2019. —
16 c.

Pa3zpaboraH oOuiuii moaxoa K MHTEJIEKTYaIn-
3alMU CUCTEM aBTOMATU3ALUU COPTUPOBOUYHOTO
npouecca (CIT), pa3BUTHIO COOTBETCTBYIOIIETO
MHCTPYMEHTAPUSI UCCIIENOBAHUS U (DYHKIIMOHUPO-
BaHUs1 COPTUPOBOYHBIX cucTeM (CC).

IIponenaHa pabora Mo coBepileHCTBOBAHUIO
¥ CUCTeMaTH3alluy TTOHSITUITHOTO arrapara ucciie-
JIOBaHUSI TIPY BBISIBJIEHUU U Kilaccudbukanu (ax-
TOPOB, obecrneunBaloInX 3(PHeKTUBHOCTD U 0e3-
omnacHoctb CIT. [IpoBeaeHa aganTaiyst MHCTpyMEH-
Tapysl MHTSJICKTYAIM3allMK TIPON3BOACTBEHHBIX
TPOIIECCOB IIJIST PEIlIeHUs 3a1a4 aBTOMaTU3aluu
COPTUPOBOYHBIX TOPOK, pa3pabOTaHbl AITOPUTMBI
¥ MaTeMaTUIeCKUil anmapaT WHTEJUIeKTyaTu3auun
yTpaBiaeHUs CKaTbIBAHUEM OTLIEIIOB C COPTUPOBOY-
HOWi TOPKM.

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 265-270 (2020)
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Co3nmaHa aBTOpcKasi THHOBAIIMOHHAST KOHIIETI-
st pa3zBuTHsi CC. B €€ 0CHOBY IOJTOXKEHBI CIICTYIO-
IIMe TIPUHIIUIIBI: TPEEMCTBEHHOCTb Pa3IMYHbIX
BapMaHTOB MCMOJHEHUS CUCTEMbI, MOAYJIbHOCTh
¥ YHUBEPCATBHOCTD €€ OJIOKOB, alanTHPyeMOCThb
TEXHOJIOTUU YIIPABIEHUSI K U3MEHSTIONTUMCS YCIIO-
BUSIM (DYHKIIMOHUPOBAHUS, MHTEJUICKTYaTU3AIIUST
MPOLIECCOB yMPaBICHUS, CAMOAMATHOCTUKA YIIPaB-
JISTIOIIET0 KOMILIEKCa, IPY>KECTBEHHBIN YeJI0BEKO-
MauHHbIA uHtepdeiic nomcucrembl CITITP u np.
CrpyKTypa 1 conep>kaHue pa3paboTaHHBIX MOJIETIeH,
METOIOB Y MEXaHW3MOB ITO3BOJIIET OCYIIECTBUTh
pa3pabOTKy TEXHOJIOTUYECKUX PEIICHUN B pa3HBIX
BapyaHTaxX MOAYJbHOIO Habopa (yHKIIMOHATbHBIX
MOACUCTEM COPTUPOBOYHBIX KOMILIEKCOB, YUUThI-
BaIOIIX MECTHBIC YCJIOBUS M 3a1aud U 00ecTiedr-
BAIOIINX CUCTEMHBIH TIOIIXOJT K PEIIEHUIO TTPOOTIeMBbI
aBromaTusanuu CI1. YcoBeplieHCTBOBaH KaTero-
pUAaTbHBIN anmapar UcciefoBaHUsI 0e30MacHOCTH
M XuBydecTH aBToMaTu3npoBaHHbIX CC. Co3naHa
metoauka yrnpasieHust CIT ¢ yu€tom obecrieueHust
JKUBYYECTU, OE30MaCHOCTU U 9KOHOMUYECKOM A(p-
(EeKTUBHOCTU COPTUPOBOYHOTO TTPOLIECCa.

IIpenyioxkeHO CMHTE3MPOBATh yIPaBISIONINC
BO3IEHCTBUSI HA OCHOBE y4€Ta TPEX 0a30BBIX KPUTE-
pueB: 6e30MacHOCTHU, XKUBYYECTH, SKOHOMUUECKOM
apdpexktuBHOCTH CC. YTOUHEH BUI KPUTEPUS KO-
HOMUYECKOU 2P (PEeKTUBHOCTU HA OCHOBE yu€Ta
3aTpaT Ha colepxkaHue cUCTeMbl. JlokazaHo, 4To
JKWBYYECTh CUCTEMBI, 00€CIIeYMBAOIICiT POCITYCK
COCTaBOB, SIBJISIETCS OCHOBOU (IEPBONPUUMHOI)
TEXHOJIOTMYECKOM 6€30MacHOCTH POCIyCKa.

Cneyuanvriocms 05.13.06 — Aemomamu3zayus
U ynpasnexue mexHoA02U4eCKUMU npoyeccamu U npo-
useodcmeamu (mpauncnopm). Paboma evinoanena
6 Pocmoeckom eocydapcmeenHom yHueepcumeme ny-
meii cooOueHus.

Crpekanos H. H. ABTomMaTHueckas cuctema pe-
TyJIMPOBAHMUS TEMIIEPATYPHI CHIOBBIX MOJIYIIPOBOIHA-
KOBbIX MPUOOPOB TATOBBIX MPeodpa3oBareieil JOKO-
motuBoB / Jluc... Kana. TexH. Hayk. — M.: PVT,
2019. — 134 c.

PenieHa akryanbHasi HAydHO-TEeXHUYECKas! 3a-
Jaya, 3aKTI04aloniascs B pa3paboTke aBToMaThye-
CKOU CUCTEMBI TUTABHOTO PETyIMPOBAHMS TeMIIepa-
TYPbI CUJIOBBIX MOJIyIPOBOJHUKOBBIX TPUOOPOB
TSITOBOTO MPeoOpa3oBaTeisi YaCTOThI 33 CUET TMPU-
MEHEeHUS 3HeproahdOEKTUBHOTO 3JIEKTPONPUBOIA
BEHTUJISITOPA OXJIAXKIEHUS C ACMHXPOHHBIM JIBUTA-
TeJieM U M3MEHEHUST YaCTOTHI KOMMYTAIIY CUJTOBBIX
KITIOYEH.

B pesynbrare pacuéra ycTaHOBJIEHO, UTO TEMITE-
parypa nosyrpoBOTHUKOBBIX PUOOPOB IBYXyPOB-
HEBOT0 aBTOHOMHOT'O MHBEPTOPA HAMPSKEHUS Ha-
YUHAET IMPEeBbIIIaTh aHAJIOTUIHYIO TeMIIepaTypy
B TPEXYPOBHEBOM MHBEPTOPE TIPU aCTOTAX KOMMY -
tauuu 4,5...5,5 xIiI.

® MWP TPAHCIMOPTA, Tom 18, N2 1, C. 265-270 (2020)
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CuHTe3upoBaHa KoMOuHupoBaHHass ACPT
CUJIOBBIX TIOJTYTIPOBOTHUKOBBIX IIPUOOPOB TSTOBO-
ro mpeobpasoBarens 4acToTel. [lokazaHo, 4TO
cBoiicTBa 3aMKHYyTOM 110 Temmieparype ACPT orm-
CBIBAIOTCS TMHAMUYECKUM 3BEHOM YETBEPTOTO
nopsiika npu ucnoiabzoBaHuu [l-perynsropa
U JUHAMUYECKUM 3BEHOM ISITOTO TMOpsIIKa MpHU
ucnojb3oBanuu [MU-perynsitopa. Kombunupo-
BanHasgs ACPT moiynpoBoqHUKOBBIX TTPUOOPOB,
obecrieunBaeT yMEeHbIIIEHNE He TOJbKO TeMIlepa-
Typhl, HO U IWana3oHa e€ U3MEHEeHUs 3a CUET pe-
TYJMPOBAaHMSI YaCTOThl KOMMYTALMU ITOTYTIPOBOA-
HUKOBBIX TIPUOOPOB.

YCTaHOBJIEHO, YTO YBEJIMYEHUE MOIIHOCTHU
ACMHXPOHHOTO JBUTATENSI U, COOTBETCTBEHHO,
TIOJTyPOBOHUKOBBIX PUOOPOB CBUTAET AMATIA-
30H PEKOMEHIyeMbIX YACTOT KOMMYTAllUU B CTO-
POHY MEHbIIMX 3HAYeHUIA. J1J1s1 IBUTATENsT MOILHO-
crbio 14 xBr f = 5...36 kIi1, ans asurarens mMor-
HocTbio 360 kBt f, = 1...8 kIi1. Ha cunresupopaH-
HYIO CUCTEMY MOJYYeH MaTeHT Ha MOJe3HYI0
MOJIEJb.

IMokazaHo, 4TO ¢ TOYKM 3PEHUST SHEPTETHUE-
CcKO#l 3¢pGeKTUBHOCTH Hanmboyiee pallMOHAIbHO
TIPUMEHEHUE IEKTPOTIPUBOAOB C ACMHXPOHHBIMU
NBUTATEJISIMU U PEoOPa30BaTENSIMU YACTOTHI IS
arperaToB ¢ BEHTWISITOPHOW Harpy3koil. [l Mu-
HUMHU3ALMU MOIIHOCTU MOTEPbh CUHTE3MPOBaHa
cucTeMa yrpasJIeHUs C TIOAIepKaHUeM 3aJaHHOTO
3HaYeHUsT Kod(pdUIIMeHTa MOITHOCTH 0OMOTKHI
cTaTopa aCMHXPOHHOTO JBUTATEJNsI, IPUMEHEeHNE
KOTOpOii mo3BossieT moBbicuTh KIT anexkrponpu-
Bona Ha 18 % mo otHomrenuio Kk KITJI anekTpornpu-
BOJIa C KJIACCUUYECKOM CHUCTEeMOU CKaJspHOTO
ynpasieHus 1o 3akoHy M. I1. Koctenko.

PaspaboTaHa u U3rotosiieHa JabopaTopHas
YCTaHOBKA, cofiepKalliasi CUJIIOBOM MOJTYITPOBOHU -
koBbIit Moayab FF300R06KE3 ¢ cucteMoii ero
ynpaBiieHus, Harpy3ky B Buae RL-1iemouku, BeH-
TUJISITOP OXJTAXKICHWS, TIPUBOIUMBII BO BpallleHHe
ACMHXPOHHBIM IBUTATEJIEM C TIOTYTTPOBOTHUKOBBIM
npeodpa3oBaTeseM YacTOThI U TIOAAIOIINI OXTaxk-
MAIONIMI BO3AyX Ha MOJTYIPOBOIHUKOBBIN MOIYIb
yepes3 ThOKMIi BO3AYXOBO/. YCTaHOBKA 000pyI0BaHA
aTYMKaMM TOKA ¥ TEMITEPATypbl 1 MHOTO(DYHKIIMO-
HanbHbIM MoaysieM ALITT. TTpoBenéHHble uccieno-
BaHUsI TIOKa3aly aleKBaTHOCTh pa3paboTaHHOM
MaTeMaTU4YeCKOI MOJIeSTN yCTAaHOBUBIIMXCS U TIepe-
XOJTHBIX TETJIOBBIX MPOLIECCOB, a TAKXKE pabOTOCTIO-
COOHOCTh KOMOMHMPOBAHHOI aBTOMaTUYECKOM
CHCTEMBI PETYJIMPOBAHUS TEMIIEPATYPBI, C PETYIN-
PYIOIIMM BO3IEUCTBMEM TIO0 YaCTOTe KOMMYTaIlUU
CUJIOBBIX KJTIoueil. MakcuMabHOE paccoriacoBa-
HUE pe3yJbTaTOB, MOJTYYEHHBIX TEOPETUUECKU
U 9KCTIEPUMEHTAIbHO, He MpeBbiiaeT 9 %.

05.22.07 — [lodsusrcroii cocmag scene3nvix dopoe,
msiea noe3006 u nekmpugpuxauyus. Paboma evinon-
Herna 6 Poccuiickom yrueepcumeme mpancnopma. @
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Bolshikh, I. V. Identification of metal-polymer
tribosystems with a composite coating of cold
hardening. Abstract of Ph.D. (Eng) thesis
[ Identifikatsiya metallopolimernykh tribosistem s
kompozitsionnym pokrytiem kholodnogo otverzheniya.
Avtoref. dis... kand. tekh. nauk]. Rostov-on-Don,
RGUPS publ., 2019, 22 p.

A cold hardening matrix compound for large
tribosystems has been developed that is also a coating
adhesive providing sufficient strength and adhesion.
The results of multicriteria optimization in the form
of a composite antifriction material with a cold
hardening matrix for heavy-loaded large-sized
friction units have been obtained.

Results of theoretical studies of the contact
temperature in the friction zone, numerical results
of computer modeling and data of experimental
temperature studies are summarized. A set of models
has been created that reflect the dependence of
tribotechnical parameters of a metal-polymer
friction pair (friction coefficient, contact zone
temperature, wear rate, resource) on operating
modes of tribosystem loading.

The technique and results of implementation of
multicriteria (strength, adhesion, viscoelastic
properties, coefficient of friction, wear) optimization
of the compositional composition of antifriction
coating based on simplex lattice experimental
designs are analyzed.

Calculations were made of threshold and actual
values permissible during operation of coating,
temperature and of established dependence of
temperature of the friction zone in the investigated
metal-polymer tribosystem on loading conditions;
computer simulation by the finite element method
(COMSOL Multiphysics complex) of temperature
distribution in the contact zone and adjacent areas
was made.

The optimal composition of the polymer matrix
binder of cold hardening has been established,
which provides required strength, adhesive,
viscoelastic and tribotechnical characteristics of
antifriction coatings.

The parameters of the technology of applying
antifriction coatings on two types of materials (steel
and copper alloys) have been determined, and the
range of rational load-speed modes of operation of
antifriction composite coatings has been determined.
For engineering calculations of antifriction polymer
composite coatings, a set of interpolation regression
models has been obtained, which make it possible
to determine the following triboparameters:
resource, wear rate, friction coefficient, temperature.

Industrial tests of bearings developed as a result
of research carried out on the technological
equipment of the Rostov-on-Don Electric
Locomotive Repair Plant (RERZ) made it possible
to increase wear resistance of the friction unit by
22-23,5 %. All experimental studies were carried
out according to full-factorial and simplex-lattice
designs with subsequent statistical processing of the
results. The number of parallel experiments was no
less than 3—5. The results obtained have found
application in research carried out with the financial
support of the Russian Foundation for Basic
Research in the framework of scientific project
No. 10-08-00777 A.

Specialty 05.02.04 — Friction and wear in
machines. The work was carried out at Rostov State
Transport University.

Machekhin, N. Yu. Influence of low temperatures
on the rational choice and frequency of replacement
of engine oils in maintenance of cars. Abstract of
Ph.D. (Eng) thesis [ Viyanie nizkikh temperature na
ratsionalniy vybor i periodichnost’ zameny motornykh
masel pri tekhnicheskom obsluzhivanii avtomobilei.
Avtoref. dis... kand. tekh. nauk]. Omsk, SibADI publ.,
2019, 20 p.

A theoretical justification has been developed
for increasing efficiency of vehicle operation based
on a rational choice and determination of rational
terms of maintenance of their engines due to
peculiarities of operating conditions at low
temperatures. The dependence of the change in the
performance indicators of engine oils during vehicle
operation at low temperatures was revealed. An
algorithm has been developed for choosing engine
oil, considering the effect of low temperatures on
operation of vehicles.

Based on revealed dependencies, a method has
been developed for determining the rational timing
of engine oil replacement during vehicle
maintenance, taking into account operating
conditions on the basis of the indicator most
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significant in assessing performance of engine oil.
An experimental evaluation of theoretical depen-
dences has been made. The adequacy of theoretical
and experimental data has been verified. The
correction factor for frequency of engine oil change
has been determined. Technical assessment of the
research results was carried out.

An algorithm has been developed for preliminary
selection of oil for lubricating the power plant of cars
based on existing classifications, taking into account
climatic and operational factors; regularities of
changes in the main indicators of quality of engine
oil were obtained and the most significant indicators
were substantiated for assessing its performance
when operating cars at low temperatures; a method
has been developed for determining the rational
terms of maintenance, taking into account operation
of vehicles at low temperatures.

Specialty 05.22. 10— Operation of road transport.
The work was carried out at Siberian State Automobile
and Highway University.

Petrov, A. A. Running tests of freight wagons using
a tensometric wheel set. Abstract of Ph.D. (Eng)
thesis [Khodovie ispytaniya gruzovykh vagonov s
primeneniem tenzometricheskoi kolesnoi pary. Avtoref.
dis... kand. tekh. nauk]. St. Petersburg, PGUPS
publ., 2019, 16 p.

A mathematical model has been developed that
makes it possible to establish rational locations for
strain gauges on wheels of a wheel set, the necessary
and sufficient number of them. Testing devices for
recording dynamic forces acting near the contact
patch of the «wheel—rail» system were developed
and put into practice to carry out running dynamic
tests and to assess the impact of rolling stock on a
railway track.

A tensometric wheel set (TWS) has been
developed, which has significant differences from
all currently known analogues, which allows
registering all three components of the force action
of rolling stock on railway track (vertical, lateral and
longitudinal forces), ensuring discreteness of
measurements with a step of 190 mm per wheel
revolution, registering the displacement trajectory
of the contact patch over the rolling surface of the
wheel.

The application of a wireless data transmission
system (Wi-Fi) from the rotating parts of the wagon
(the rotor part is the TWS registration unit) to the
data collection and processing system (the stator part
is a personal computer located in the laboratory
wagon) has been tested. The software has been
developed for a complex of technical means for
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determining the scale of measurements, registration
and processing of dynamic processes; methods for
assessing dynamic qualities and the impact of rolling
stock on the railway track using TWS have been
tested.

A hardware and software complex (patent for
invention No. 2682567) has been developed for
registering and evaluating the results of force
interaction in the «wheel—rail» system during
running tests of freight wagons using TWS, which is
distinguished by registration of efforts in three
directions and taking into account the position of
the wheel contact patch on the rail.

The proposed method for carrying out measuring
of the running dynamic and of the impact of rolling
stock on the railway track tests with the use of TWS
allows to multiply the amount of statistically
significant recorded information. The created set of
technical means for collecting information allows
to optimize the existing test methods that require
sticking strain gauge diagrams on the rails of the
railway track, and to abandon the multiple passage
of the measuring sections due to the receipt of a
significantly larger volume of statistically significant
information using TWS.

The reliability of results of measurements of
force effects recorded using the TWS was confirmed
as a result of running tests of three types of wagons,
in which a satisfactory convergence of the results
obtained using TWS and existing methods of wagon
research was established, the discrepancy does not
exceed 13 %.

Specialty 05.22.07 — Railway rolling stock, train
traction and electrification. The work was carried out
at Emperor Alexander I Petersburg State Transport
University.

Rogov, S. A. Intellectualization of methods and
algorithms for controlling technological processes on
hump yards. Abstract of Ph.D. (Eng) thesis
[Intellektualizatsiya metodov i algoritmov upravleniya
tekhnologicheskimi protsesami na sortirovochnykh
gorkakh. Avtoref. dis... kand. tekh. nauk]. Rostov-
on-Don, RGUPS publ., 2019, 16 p.

A general approach has been developed to
intellectualization of automation systems for the
sorting process (SP), development of appropriate
research tools and functioning of marshalling
systems (MS).

‘Work has been done to improve and systematize
the conceptual apparatus of study in identifying and
classifying factors that ensure effectiveness and safety
of the SP. The adaptation of the tools for
intellectualization of production processes for
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solving the problems of automation of hump yards
was carried out, algorithms and the mathematical
apparatus for intellectualization of control of rolling
cuts from the hump yard were developed.

The author’s innovative concept for develop-
ment of the MS was created. It is based on the
following principles: continuity of various versions
of the system, modularity and versatility of its
blocks, adaptability of control technology to
changing operating conditions, intellectualization
of control processes, self-diagnostics of the control
complex, friendly human-machine interface of the
DSS subsystem, etc. Structure and content of the
developed models, methods and mechanisms
allows development of technological solutions in
different versions of a modular set of functional
subsystems of sorting complexes, taking into
account local conditions and tasks, and providing
asystematic approach to solving the problem of SP
automation. The categorical apparatus for
investigating safety and survivability of automated
MS has been improved. A methodology for
managing the SP has been created, taking into
account survivability, safety and economic
efficiency of the sorting process.

It is proposed to synthesize control actions based
on considering three basic criteria: safety,
survivability, and economic efficiency of the MS.
The type of criterion for economic efficiency has
been clarified based on accounting for the costs of
maintaining the system. It has been proved that
survivability of the system that ensures dissolution
of trains is the basis (the root cause) of technological
safety of dissolution.

Specialty 05.13.06 — Automation and control of
technological processes and production (transport).
The work was carried out at Rostov State Transport
University.

Strekalov, N. N. Automatic temperature control
system of power semiconductor devices of traction
converters of locomotives. Ph.D. (Eng) thesis
[Avtomaticheskaya sistema reguliirovaniya
temperatury silovykh poluprovodnikovykh priborov
tyagovykh preobrazovatelei lokomotivoy. Dis... kand.
tekh. nauk]. Moscow, RUT publ., 2019, 134 p.

An urgent scientific and technical problem has
been solved, which consists in development of an
automatic system for smooth temperature control
of power semiconductor devices of a traction
frequency converter through the use of an energy-
efficient electric drive of a cooling fan with an
asynchronous motor and changing switching
frequency of power switches.

As a result of the calculation, it was found that
temperature of semiconductor devices of a two-level
autonomous voltage inverter begins to exceed the
same temperature in a three-level inverter at
switching frequencies of 4,5...5,5 kHz.

A combined automatic temperature control
system (ATCS) of power semiconductor devices of
atraction frequency converter has been synthesized.
It is shown that the properties of a temperature-
closed ATCS are described by a fourth-order
dynamic link when using a P-controller and a fifth-
order dynamic link when using a PI controller.
Combined ATCS of semiconductor devices,
provides a decrease not only in temperature, but also
in the range of its change due to regulation of
switching frequency of semiconductor devices.

It has been established that an increase in power
of an induction motor and, accordingly, semicon-
ductor devices shifts the range of recommended
switching frequencies towards lower values. For a
14 kW motor f, = 5...36 kHz, for a 360 kW motor
f, = 1...8 kHz. The synthesized system received a
patent for a useful model.

It is shown that from the point of view of energy
efficiency, it is most rational to use electric drives
with asynchronous motors and frequency converters
for units with a fan load. To minimize power losses,
a control system was synthesized with maintaining
agiven value of the power factor of the stator winding
of an asynchronous motor, the use of which makes
it possible to increase efficiency of an electric drive
by 18 % in relation to efficiency of an electric drive
with a classical scalar control system according to
the law of M. P. Kostenko.

A laboratory installation has been developed and
manufactured containing a power semiconductor
module FF300R06KE3 with its control system, a load
in the form of an RL-chain, a cooling fan driven by
an asynchronous motor with a semiconductor
frequency converter and supplying cooling air to the
semiconductor module through a flexible air duct.
The unit is equipped with current and temperature
sensors and a multifunctional ADC module. The
conducted studies have shown adequacy of the
developed mathematical model of steady and
transient thermal processes, as well as operability of
the combined automatic temperature control system,
with a regulating effect on switching frequency of
power switches. The maximum discrepancy between
the results obtained theoretically and experimentally
does not exceed 9 %.

05.22.07 — Railway rolling stock, train traction
and electrification. The work was carried out at
Russian University of Transport. ®
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