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2022-2024 romax B 21 TOPOACKYIO armome-

pamuro moctymut 1161 egmHMIIa HOBOTO

00IIECTBEHHOTO TPAHCIOPTa Oraromaps
HAIIPOEKTy «be30IacHbIe Ka9eCTBEHHBIE JOPOTH.
Ha st e u3 penepanpHOTO OromKeTa Oyner Ha-
npaBieHo mopsiaka 10 Mipr pyomneit.

B pamkax HaimmpoekTa 60mbII0e BHUMAHHUE y/ie-
JISIETCsI HE TOJBKO MPHUBECHHUIO B HOPMaTHBHOE CO-
CTOSIHHE IOPOKHOH CETH CTPAHBI, HO 1 OOHOBIICHHIO
0O0IIECTBEHHOTO TpaHcHopTa. OYeHb BaKHO, YTOOBI
TIO/IBIDKHOM COCTAB OBLT KOM(OPTHBIM H COBPEMEH-
HBIM, BEIb OT 3TOTO 3aBUCHUT O€30MacHOCTH I1acca-
JKHPOB. B Onrpkaimme Tpy Toa perHoHbI MOTydar
934 aBrobyca, 200 TpormteiidycoB u 27 TpaMBaeB.

Hogsrit Tpancmopt Oyzet nocrasiner B HoBocu-
oupckyto, Tymeckyro, Omckyro, Bonrorpanckyto,
Yensomackyro, Yebokcapekyro, Himkeropoackyto,
ITepmckyro, Courrckyro, Kypekyro, OpeHOyprekyto,
ITerposzaBozackyto, Y pumckyro, bpsiaCckyro, AcTpa-
XaHCKYIO, YITaH- YIPHCKY0, CapaToBcKyto, ToMckyto,
MxeBckyro, BianuBocTokcKkyo 1 Pazanckyro ropozn-
CKHE arIoMepariH.

[lepedeHp pernoHOB, B KOTOPHIX OyIeT 0OHOBIEH
MOABWYKHOM cOCTaB, yrBepamw1 Munrpanc Poccun
TI0 NTOraM KOHKYPCHOTO 0T00pa. Beero moctymmimm
3asBKH OT 44 pernoHoB. [Ipu nx paccMoTpeHHHn Ko-
MHCCHSI OLICHMBAJIA YPOBEHb PA3BUTHS OOIIECTBEH-
HOTO TpaHcropTa B ropoaax. Kpurepusimu otdopa
CTaJIM HAJIW9IMe OCCKOHTAKTHBIX CHCTEM OILIATHI
IIPOEe3/1a, OPTraHU3aMs BBIACICHHBIX TIOJIOC LIS
JBIKEHNST OOIIECTBEHHOTO TPAHCIOPTA, HAIMYIHE
YTBEPKIAEHHBIX JOKyMEHTOB TPAHCHIOPTHOTO TITaHH-
POBaHMs, COONOIEHNE PACTIMCAHMS U PSIIL IPYTHX
MOKa3aTesen.

OrneparopoM IMporpaMmbl IIOCTABOK OOIIECTBEH-
HOTO TPAHCIIOPTa B PaMKaxX HAILIMOHAIBHOTO ITPOEKTa
spisieTcs: AO «locymapcTBeHHAs TPaHCIIOPTHAS
JIM3WHTOBAsI KOMITaHMsD. [1oABIKHOI cocTaB OymeT
MIPHOOPETATHCS C CYIMIECTBEHHON CKUIKON C TIPHMe-
HEHHEM MEXaHW3Ma JIbIOTHOTO JIN3HHTa.

Bech TpaHcnoprt, noctynarouuii B ropoaa mno
HAIIPOEKTY, 000OPY/I0BaH B COOTBETCTBUU C COBpE-
MEHHBIMH TPEOOBaHUAMHE U 00eCIIEIMBAET KOM(OPT-
HYI0 # 0€30IIacHYIO IEePeBO3KY MmaccaxupoB. OH
YUHTBIBAET TIOTPEOHOCTH IPAXKAAH C OTPAHIICHHbI-
MH BO3MOKHOCTSIMH 37I0POBbSI I MalIOMOOHMIIBHBIX
TPYIII HACEJICHHST: 00J1aJaeT HU3KUM ITOJIOM M OTKHU[I-

HOBbIW OBWECTBEHHbIN
TPAHCIMNOPT ONA PETUOHOB

. | : '

HBIMH anmapessiMi. Kpome Toro, Bech TpaHCHOPT,
MOCTYMAIOIIHI B PETHOHBI [10 HAIPOEKTY, — SKOJIO-
THYHBIH.

bnaronaps HarmoHanbHOMY poeKTy «besonac-
HBIe KadecTBeHHbIe Hoporm» B 20202021 roxax B
peruoHs! yxe mnocrarieHo 1131 eanHuIIa HOBBIX
aBTOOYCOB, TPOJUICHOYCOB U TPAMBAEB.

B 2022 romy Gnaronapst peanu3aimu henepalib-
HOTO IpoekTa «Pa3BuTHe OOLIECTBEHHOIO TpaHC-
[OpTay» HALIMOHAIILHOTO MpoekTa «be3onacHble Ka-
YECTBEHHbIE JOPOT» B 9 TOPOICKUX arIoMepariit
nocTynuT 333 eAUHUIEI HOBOW TeXHUKH. 3 10 HOBBIX
aBTOOYCOB MOCTYIT B YenmsiOuHCKyI0, ACTpaxaH-
ckyto, Hmxkeropozackyto, Ilepmckyro, CounHCKYIO,
Kypckyro n Ynan- YIpHCKyro ariomMeparyi, 23 Tpo-
neiidyca — B HoBocuOmpckyro 1 bpsiHCKyo arome-
parmu. Ha i nienu nipeycmotpeHo 6onee 2,5 Mitp
pyo0. 13 denepanpHOrO OHOHKETA.

«B Omkaiiiee BpeMsi 00HOBUM aBTOOYCHBIE U
TPOJICHOYCHBIE ITAPKH B 9 TOPOICKHX aryIoMepany-
AX [0 HaIIpOeKTy «be3omacHble KaueCTBEHHBIC
noporm». HampaBuMm B pernoHs! 333 eIWHUIIBI
TEXHHKHA. DTO HOBBIE aBTOOYCHI U TPOJLICHOYCHI.
MB5I cTaOMIIBHO Pa3BUBAEM JOPOXKHYIO CHCTEMY B
pernoHax. [Toesaku Ha aBTOMOOWIIE IO BCei CTpaHe
cTaHOBSTCs Oe3omacHee u yaooHee. Ho 6e3 pazBu-
THS OOIIECTBEHHOTO TPaHCIOpPTa HAIIM TOpPOAa,
0COOEHHO KpYIIHBIE, Yepe3 HECKOIBKO JIET MOTYT
IPOCTO BCTATh B MpoOKax. [TlosToMy BaskHO co3aa-
BATh TaKUE YCIIOBHS, YTOOBI [TOE3IKHU Ha OOIIIECTBEH-
HOM TpPaHCIOPTE MO KOM(OPTy HE yCTyNaau JIu4-
HBIM aBTOMOOMJISIM», — COOOIIHI BHIIE-TIPEMbEP
Mapar XycHysUIUH.

ITo maTepuaaM npecc-neHTpa
Munucrepersa Tpancnopra Poccuiickoi
®@enepanun: https:/mintrans.gov.ru/press-
center/news/10293, https://mintrans.gov.ru/
press-center/news/10300 e
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KONECHbIE MAPbI:
XENE3HOOOPOXHbIN
TPAHCNOPT 6

CpasHumerbHasi oyeHka NPoueccos U
PE3yNbMamog ynpoYHEHUS C NOMOWbHO
11a36pHOIl U Na3MeHHOl mexHomoauu.

LA

KOMNECHbIE NAPbI:
METPOTONIUTEH 13

M3mepeHus, cmamucmuyeckue daHHble
u paspabomaHHasi Memodonoausi
nosgosnsitom paccyumams
0CMamoYHb Il Pecypc He MobKo
0moerbHbIX 31EMEHMO8, HO U eceli
KonécHol napsl 8a20H08
mMemponoe300s.

HAYKA U TEXHUKA

rMBPUOHBINA
NIOKOMOTMB 21

Ta208ble XapakmepucmuKU: KaK ux
Y8enUYUMb NPU YCMaHoBKe Ms208bIX
aKKyMynsmopos, He Nomepse
MOWHOCMU OU3ESIbHOZ0 TOKOMOMUEA.

s = =

i Y
NIOKOMOTUBHAS
CUTHANU3ALMS 30

|
Mposepka 4yscmeumensHocmu

U nomexoycmoUiqusocmu npuémMHuUKa

u Opy2020 0b6opydosaHust npu NOMOWU
ucnbimamenbHo20 wnelicha: Modesnb

U pac4émel.




HAYKA U TEXHUKA

HAYYHAS CTATbA
YK 629.4.027.118:621.3.028
DOI: https://doi.org/10.30932/1992-3252-2022-20-3-1

Mup TpaHcnopta. 2022. T. 20. Ne 3 (100). C. 6-12

CpaBHUTENbLHbLIA aHaNU3 XapakTepucTMK baHpaxen
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AHHOTALINA

Bokosoll usHoc epebHs konécHol napbI moKkoMomuea Aers-
emcs 00HUM U3 OCHOBHbIX 8UO08 U3HOCa, 803HUKalOWe20 npu
akcnyamauyuu nodsuxHo2o cocmaea. BaxHoll xapakmepucmukoli
0600a xene3HodopoXHO20 Koneca se/1siemces 20 U3HoCocmou-
Kocmb, Komopasi HanpsiMyto 3asucum om codepxaHust yenepoda
8 cmarnu. CoOepxaHue yenepoda 8 KonécHol cmaiu 2 8 Konuye-
cmee 0,55-0,65 ces3aHO ¢ mem, Ymo npu €20 MeHbWel KOHUEH-
mpayuu ysenuyugaemcsi dons 3epHO2PaHUYHO20 (heppuma, Ymo
npueoAUM K CHUXEHUK KOHMaKMHOU NpoYHOCMU KOMEc, a npu
bonbuwel — npusodum K CKIOHHOCMU K XPYNKOMy pa3pyweHuto.
[NoskiweHHoe codepxaHue yerepoda nNo3gonsem ocyLecmeums
3aKariky nosepxHocmu cmanu. s ymeHblweHus: uaHoca 2pebHs
baHOaxa u ysenuyeHuss pecypca KonécHbIX nap 10KOMOMuUgos
803MOXHO NPUMEHEHUE MEXHOMO2UL NIa3MEHHO20 U /1a3epHO20
YNPOYHEHUSI.

Llenbio OaHHoU pabombi sgnsiemces onpedesieHue npeumy-
wecme u Hedocmamkog mexHono2u(l 1a3epHo20 U NNasMeHHo20
ynpo4HeHus paboyux nogepxHocmell b6aHOaxel KonécHbIX nap
Xene3HoO0pOXHO20 NOOBLXKHO20 cocmasa.

B pabome npogodumcs cpasHUMeTbHb Ui aHastu3 MUKpOCMpyK-
MypbI U MUKPOMBEPAOCMU YNPOYHEHHBIX Memodom niasmeHHo
u nasepHoll 3akanku GaHOaxel KonécHbIX nap mensososa
2T325KM, ebinonHeHHbIx u3 konécHoul cmanu 2 FOCT 398-2010.

MocmasneHrHble 3ada4u pewanuch ¢ Ucnob308aHUEM Meo-
pemuyeckux U aKkcnepuMmeHmarbHbix Memo0os UccnedosaHus.
Modzomoska u uccnedogaHue 3akanéHHbIx 06pasy08 8bINOTHEHO
Ha obopydogaHuu ucnsimamensHol nabopamopuu OO0 HTO
«MP3-TNonrocy.

MposedeHo uccnedogaHue 30H yYNPOYHEHUST 8 Pa3fUYHbIX
obnacmsx u yyacmkax 6aHdaxa. [posedeHbl mpubonoauyeckue
UcnbImaHusi Ha U3Hococmolikocmb 06pa3yo8, 3akanéHHbIX ¢ Uc-
NO/b308aHUEM 8bICOKOMOUWHO20 BOTOKOHHO20 /1a3epa. BbiseneHb|
OCHOBHbIE NpeumyLiecmea U Hedocmamku NPOUECCos nasepHoll
U nnasmeHHoll 3aKasku.

posedénHbie uccnedosanus no3gonsiom cdenamsb 8bi800
0 8bICOKOL NEPCNEKMUBHOCMU NPUMEHEHUS MEXHOM02UU f1a3ep-
Holl 3aKanKu 0151 ynpoyHeHust GaHOaxel KonécHbIX nap KaK arb-
MepHamuebI NPOUECCY NNa3MEHHO20 YNPOYHEHUS!.

Knroyesble cnosa: )Keﬂe3HOOOpO)KHbIL7 mpaHcnopm, nia3epHas 3aKaska, niiasMeHHas 3aKarka, KonécHasi napa, KonécHasi cmarib.

[na uumuposanus: Xpunmosuy E. B., lllueaHos Y. H., lNoHomaperko [. B., Limenes C. A., Mwkurses O. []. CpagHumenbHbil
aHarnu3 xapakmepucmuk b6aHdaxel KONEcHbIX nap, 3akanéHHsIX ¢ UCNOb308aHUEM 1a36PH020 U NasMeHH020 UCMOoYHUKa menna / Mup
mpaxcnopma. 2022. T. 20. Ne 3 (100). C. 6-12. DOI: https://doi.org/10.30932/1992-3252-2022-20-3-1.

MonHbI mekecm cmambu Ha aH2nulickoM s3bike ny6aukyemcsi 0 mopoii Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

Brenpenne npuHOMMHAIBHO HOBBIX TEXHO-
JIOTHH JIa3€pHON 3aKaJKH CPETHEYIIIEPOIUCTBIX
1 BBICOKOYTJIEPOJMCTHIX CTalIeH C MPIMEHEHNEM
BOJIOKOHHBIX TPOMBIIIIEHHBIX JIA3€POB U CIICTIH-
AJBHBIX ONTHYECKUX TOJIOBOK, MO3BOJISIONINX
BEITIONTHATE 00pab0TKy OaHIaka 3a OJIIH ITPOXOT
C MHAPHUHOHN 30HBI YIpodHEeHHS 10 40 MM, SBIIS-
eTcsl B HACTOSIIIIEE BPEMST aKTYaJIbHBIM TEXHOJIO-
ru4yecKkuM HampasieHueM. Ilponecc nazepHoit
3aKaJIKM UMECT IIENbIH PsiJT TPEUMYIIECTB HEpes
JIPYTHEMHU BUIaMu 00padoTkw. [Ipu Bo3necTBrm
JIa3epHOTO M3ITyUCHHS Ha TIOBEPXHOCTH 00pada-
TBIBAEMOH AeTann 00pa3yroTcsl COKMMAIOIINE
HaIpsDKEHNS, TOJIOKUTENIFHO BIIMSIONINE Ha 00-
1ee HarpsHKEHHOE cocTostHne m3aenws [ 1]. @op-
MHPOBAaHHUE OOJIBIINX HAMPSDKCHHUIN CKATHA
B 3aKaJIEHHOM ITOBEPXHOCTHOM CJIOE€ M CHIJKCHHE
HaIpsDKEHUH pacTSDKEHUS B MEPEXOAHON 30HE
SIBIISICTCS] BAYKHBIM (DAKTOPOM TTOBBIIICHHS pado-
TOCTIOCOOHOCTH M3/IETHNH, pabOTaIOMINX B YCIIO-
BUSIX KOHTAKTHBIX ¥ 3HAKOTIEPEMEHHBIX HAarPy30K
[2]. [Tpwm ma3epHO#t 3aKaiKe 00eCTICIMBACTCS OJI-
HOPOJHOCTb CTPYKTYPBI ¥ MHUKPOTBEPAOCTH 110
BCeH ITyOMHE 30HBI YIPOYHEHHUS.

CymiecTBeHHBIN TONOKHUTEIBHBIN 3P PEKT
JOCTHTAETCSI TP COMPOTHBIICHUH TTOI3Y4ECTH
Metasuta. OH CBsI3aH ¢ TEM, UTO 32 CIET MEJTKOJIHC-
TIEPCHOM CTPYKTYPbI IPEAOTBPAIIACTCSI TTACTHIC-
CKOE TEUEHHE CTAJIH, KOTOPOE BO3HMKAET TIPH Ha-
JIMYAN PEe3KUX TPAIUEHTOB Temriepatyp [3; 4]. 3a
CUET MEJIKOIUCTIEPCHOCTH CTPYKTYPbI YIPOUHEH-
HOTO ciiosi oOpabaThiBaeMasi JeTalb COUYeTaeT
B ce0c ONTHMANbHBIC 3HAYEHMS TTACTUYHOCTH,
TBEPAOCTH U TIPOYHOCTH, UTO MPUBOIUT K MOBBI-
MIEHUIO €€ TPUOOTEXHIIECKIX XapaKTePHUCTHK [5].
Pesymbrarom ta3epHO TepMOOOPAOOTKH SBISIETCS
YBEJIYEHNE KOHTAKTHO-YCTaIOCTHOH MPOYHOCTH
JIETAIIH, & TAKXKE YBEJIMUEHHE €€ U3HOCOCTOUKOCTH
B HECKOITBKO pa3 [6].

OGopynoBanue I JTa3epHOW 00pabOTKH
rpebHeit baHmaxel KOIECHBIX Tap IPAaKTHISCKU
HE HCTIOIB3YEeTCs HA OTEUECTBEHHBIX PEMOHTHBIX
peaAnpuaTHsx. Jlo HeTaBHETO BPEMEHH OCTa-
BAJICSl €IUHCTBEHHBIN YUaCTOK JIa3€pHOU 3aKaJl-
ku Ha [OpBKOBCKOI Jkese3Ho# mopore Ha Oase
komruiekca «Komera-2» [7]. Tlnasmennas tex-
HOJIOTHSI 3aKaJIK OaHJakel KOIECHBIX map JIo-
KOMOTHBOB SIBIISIETCS] HAOOIIEe pacpoCTpaHEH-
HOW. Ha peMOHTHBIX MPEapUATHAX, 00CTYKH-
Baromux moaBwkHOW coctaB OAO «PXK]I»,
BHEAPEHO 0K0JI0 90 YCTaHOBOK, W3 HIX MHOTHE
(me menee 20) Mo pa3MMYHBIM TMPHUYHHAM HE
HCTIONB3YIOTCS [8].
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Apropamu padotsl [9] mokazaHo, 4To B 30-
He TUIa3MEHHOM 3aKaKu rpedHel oOpa3yores
BBICOKHE OCTATOYHbIE PACTATHBAIOLINE HAIPSI-
xeHus. [Ipn uX BO3HUKHOBEHUHU B MOBEPX-
HOCTHBIX CJIOSX BO3MOXXHO CYMMHpPOBaHHUE
C BHEIIHUMHU PACTATHBAIOIIMMH UM 3HAKOTIE-
PEMEHHBIMH HAIPSDKEHUSIMH, BOSHUKAIOIUMH
B IIpOlLI€CCe dKCIUTyaTauu Koin€cHbIx map [10].
OnucaHHbII YPPEKT MOKET IPUBOJUTH K BO3-
HUKHOBEHHMIO 1€(DEKTOB KOHTAKTHO-YCTaJIOCT-
HOTO NPOMCXOXKJCHHSI M BbI3bIBaTH 00pa3oBa-
HUE TPEIIMH M BBIKPAIIWBaHUH, CIIOCOOHBIX
IIPSIMO MJIM KOCBEHHO BIIUSTH Ha 0€3011aCHOCTh
nBuxkeHus nmoesnos [11; 12].

[TonyueHHbIe IPH UCTIOIB30BAHNH TIJIA3MEH-
HOW TEXHOJIO'MHU DKCIIEPUMEHTAIIbHBIE JIaHHbIC
MI0Ka3aJIu, YTO MU IJIa3MEHHOI 00paboTKe He-
00X0IMMO 00eCIeYnTh PABHOMEPHOCTh YIIPOY-
HEHHOTO CJIOSl KaK 10 IIMPUHE 30HbI 3aKalIKH,
TaK U [0 OKpY»KHOCTH rpedHeii [2]. Mcxons u3
TPE/ICTaBIICHHBIX JJAHHBIX TAKKE MOYKHO CJIEIIaTh
BBIBOJl O TOM, YTO B IPOIIECCE IJIa3MEHHOTO
YIIPOYHEHUSI MOJKET TPOUCXOANTD 3HAUUTEIBHBIH
reperpeB MOBEPXHOCTHOTO CJIosi oOpabarkiBae-
Moii netanu. [Ipu na3epHoii 00paboTKe JTaHHOTO
a¢dekTa He HAOIIONACTCSL.

L]envro naHHOM PAOOTHI SBJISCTCS MPOBEJIEC-
HUE CPAaBHUTEJIBHOTO aHajiu3a (OpMHPOBaHMUS
MHUKPOCTPYKTYpPbI, MUKPOTBEPJJOCTH M H3HOCA
YOPOUYHEHHBIX METOIOM ITA3MEHHOM U J1a3epHO
3aKajKu OaHJakei KOJNECHBIX Iap TEIrioBo3a
2TB25KM, BBITTOJIHEHHBIX U3 KOJIECHOH CTau 2.

OBOPYOBAHUE U METOUKA
OKCMNEPUMEHTOB

DKCHepUMEHTBI IPOBOMIIMCH HA PealIbHBIX
konécubIx napax u3 cranm 2 (FOCT 398-2010)
C 3aKaJIKOM BCeH JUTMHBI OaHaaxel IByX KOJEC.
XUMHUUYECKHI COCTaB KOJIECHOM CTaju ompese-
JISUICS ¢ TIoMolIbIo criekTpomeTrpa Q8 Magellan
o 'OCT 18895 u mpezcrasieH B Ta0. 1.

MukpocTtpykTypa ctanu (puc. 1) npencras-
JsieT co00i TOHKOTUIACTUHYATBIN TIEPIIHT ¢ (ep-
PUTHBIMHM OTOPOYKAMHU HIMPUHON 3—7 MKM IO
ero rpanunam. [Ipu sTom pasmep NepIUTHBIX
3€peH U3MEHSIOTCS B IIpefesiax oT 35 10 55 MKM.
MHUKpOTBEPIOCTH TAKOH CTPYKTYPbI COCTABIISIET
295-333 HVO0,2.

Pabora o na3epHoii 3akajke OaHIaKeH KO-
NECHBIX Map MPOBOAMIACH HA YCTaHOBKE 00pa-
6otku teun Bpauenust [IPG FL-CPM, ykomriek-
TOBaHHOH BOJIOKOHHBIM J1azepoM [PG YLS-10000,
nzrotoBieHHoi B OO0 HTO «MP2-TTOJIFOC»

(puc. 2).
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Taoauma 1
XuMu4YecKkHii cocTaB KOIECHOM cTau 2 [BHINOJTHEHO aBTOpaMHu|
© Si Mn Cr Ni S 1P Mo Cu Co v
0,595-0,617 | 0,372-0,397 | 0,779-0,813 | 0,025-0,039 | 0,043-0,073 | 0,005-0,006 | 0,011-0,013 | 0,003-0,005 | 0,009-0,012 | 0,025-0,031 | 0,021-0,025

Puc. 1. Mukpocmpykmypa D20 Memarnna K
x1000 [ebinonHeHo asmopamu].

i cmanu 2,

Puc. 2. YcmaHoeka o6pabomku men epaujeHuss FL-CPM
[ebInonHeHo asmopamul].

J17151 TIOBBINIICHUS! TPOM3BOUTEIIHHOCTH TIPO-
mecca Ja3epHON 3aKkanku oOpaboTka OaHmaxka
OCYIIECTBIISAIACH MPSIMOYTOJIBHBIM TIpodrieM
ayda ¢ pazmepamu 35 x 5 mm. [IpeoOpazoBanue
KPYIJIOTO TTPOQUIIS MSATHA JIA3EPHOTO U3y ICHUS
B TIPSIMOYTOJBHBIN OCYIIECTBISIIOCH TIPH HC-
TIOJIb30BaHUH CIICIIHAIIN3UPOBAHHOTO MOJYJIS
(hopmupoBatens mrHEitHOTO podrs siTHa [PG
IRE-POLUS, BHemHun# BUJI M BHyTpEHHEE
YCTPOMCTBO KOTOPOTO MPUBEICHBI Ha PHC. 3.

[Tma3zmenHas 3akaka BHITIOMHSIIACH HA CTaH-
JTAapTHOM 000PY/IOBaHHUH, KOTOPOE IIPHUMEHSETCS
Ha PEMOHTHBIX NMPEINPHUATHSAX, 00CITyKHUBaIO-
X mapk JIOKoMoTHBOB OAO «PXK]I».

Pexxumpbl nazepHON 3aKaiku: MOLIHOCTD Jia-
3epHOTO M3ITyueHns: — 5—8 kBT; nmuHeiHas cko-
pOCTB 3aKanku OaHgaxeit — 5—7,5 mm/cek. s
3aIIUTHl ONTHYECKUX 3JIEMEHTOB JIA3€PHOH To-
JIOBKH HCTIONB30BAJIACH MOTIEPEYHasi MPOKadKa
BO3JLyXOM.
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PexxuMbl TTa3MeHHOM 3akanku: pabouas
MOIITHOCTh MUCTOYHWKA 10 35 kBT; nuHeiHas
CKOPOCTh — 5—7,5 MM/CeK; IUPHUHA 30HBI BO3-
neiicteus — 28 MM. B kagecTBe mia3moo0pasyro-
LIEro M 3alllUTHOTO ra3a HCIOJIb30BaJICS a30T.
Pacxon oxiaxparorieid Bojsl coctaBmi 0,8 1 Ha
OJIHY KOJIECHYIO Mapy.

PE3YNbTAThHI

HcenenoBanne MakpoCTPYKTYpBI ITOCIIE TITa3-
MEHHOH U JIa3epHOM 3aKaJIKH IPOBOAWIIN HA IITH-
(ax, BRIPE3aHHBIX U3 ICHTPATHLHON YacTH KoJleca,
KOTOpasi He TO/IBEprajach MOBTOPHOMY HAarpeBy
TIPH 3aMbIKQaHUH IOBEPXHOCTH 3aKkajku. Ha puc. 4
TIOKA3aHbI MTOTIEPeYHbIe MUTU(BI YIPOIHEHHBIX
Y4YacTKOB TOCJIE TUIA3MEHHON W JIa3epHOi 00pa-
OOTKHM ¢ yKa3aHHEM pa3MepOB 30HbI YIIPOIHEHHSI.

Ha makpocTpykTypax puc. 4 BUIHO, 9TO
MaKCHUMaJIbHasl TTyOWHA YIMPOYHEHHOTO CIIOS
MOCIIE IIa3MEHHON M JIa3€PHOM 3aKaJIKH COMO-
cTaBuMa 1 coctasisieT mpuMepHo 1900 mkm. [o
KpasiM 3aKaJEHHOI 30HBI B 000X CITydasix Ha-
OmronaeTcs TUIABHOE CHIDKEHHE TIIyOWHBI 10
HYJEBbIX 3HAUCHHH.

Ha ocHoBe m3ydeHHs] MHUKPOCTPYKTYpPBI
1 MHUKPOTBEPJOCTH 00pa3IOB IOCIE Ja3epHOH
1 TUIa3MEHHOMH 3aKalIKi 0OHAPYXKEHO, UTO MOITy-
JaeMble CBOMCTBA B PA3IMYHBIX 007acTIX OaH-
JlaXka, OTIIMYHBIX OT MECTa 3aMBIKaHH, OHHa-
KOBBI, UTO TIO3BOJISIET BBITIOHSTH HCCIIEI0BAHIE
TOJBKO €TO IEHTPAIbHON YacTH M 00JacTH 3a-
MBIKAQHHS.

HcenenoBanne MUKPOCTPYKTYPBI IPOBOJIHIIH
Ha yJacTKax, MOKa3aHHBIX Ha puc. 4 1 0003Ha-
yeHHbIX nudpamu 1, 2, 3. MuKpocTpyKTypa
U MUKPOTBEPIOCTH CPENHETO ydacTka 2
(puc. 4) anst IUTa3MEHHOHN | J1a3epHoi 00paboT-
KM TIOKa3aHbl Ha puc. 5 u 6.

HccnenoBanne MpHUIIOBEPXHOCTHOTO CIIOS
ydacTtka 2 riryonnoi ~1100 MkM 1mokasao, 4To
TIpY TUTa3MEHHON 00paboTKe MPOUCXOANT 00pa-
30BaHUE MAapTEHCUTHOW CTPYKTYPHI B BHJE
0JI0KOB, 110 TPaHHUIIAM KOTOPBIX HaOIIOmAr0TCs
BKparuieHus peppuUTHO-KapOnaHON cMecH, 3Ha-
YEHUS] MUKPOTBEPJIOCTH COCTABISIIOT 766—857
HVO0,2 (puc. 5a). [Ipun na3zepHOii 3aKkanke MUKpO-
CTPYKTypa COCTOMT W3 MapTeHCHTa ¢ Oonee
BBICOKMMH 3HaueHHsAMHU TBEpHocTtn 783—-879
HVO0,1 (puc. 6a).
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Puc. 3. ®opmupogamesib npsAMOy20/1bHO20 NPOUISA NAMHa:
a - eHewHul 8ud y3na; 6 - KOHCMPYKYUSI y3na [8bINOSHEHO agémopamu].

Puc. 4. Makpocmpykmypa obpa3ya, ebipe3aHH020 U3 30HbI 6aHOaxa Konéc:
a - nocrie nna3meHHoll 3akanku; 6 — nocsie na3epHoll 3akasku [8bINOHEHO agmopamu].

VYnaneHue OT MOBEPXHOCTHU UCCIENYEMOTO
ydacTka Ha riyouny 6omnee 1100 Mxm npuBo-
JIUT TIpH TUIa3MEHHOHW 00paboTke K 0o0pa3oBa-
HHUIO 30HBI NPOTSKEHHOCTBIO 500 MKM € TpoO-
OCTUTO-MapTEHCUTHOU CTPYKTYpOH, MUKpPO-
TBEPIOCTH KOTOPOH cocrtapiuseT 471-621
HVO0,2 (puc. 56), a npu na3epHO B 30HE
MPOTKEHHOCTHIO 0KOIO ~400 MKM IpOUCXO0-
JUT HE3HAUUTEIIbHOE CHMIKEHUE MHUKPOTBEP-
noctu 10 726—-783 HVO0,l u obpaszoBanue
B CTPYKTypE CMECU MapTEHCUTA U TPOOCTHUTA
(puc. 60).
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Ha riry6une 6onee 1600 Mxm B 00oux ciry-
Yasix HaOJIIOIaeTCs IIepexoiHast 30Ha MPOTHKEH-
HOCTBIO ~300 MKM, MUKPOCTPYKTypa KOTOPOH
MIPE/ICTaBISIET COOOH TPEHMYIIIECTBEHHO (ep-
PHUTHO-KapOUIHYIO0 CMECh C MUKPOTBEPJOCTHIO
347-503 HVO0,2 (puc. 5B) npu ruia3MeHHOH 3a-
KaJIke U MHKpPOTBEpHOCThIO 425-669 HVO,1
(puc. 6B) Ipu N1a3epHOIT 3aKake.

Taknm 06pa3om, U3ydeHHe MaKpo- ¥ MUKPO-
CTPYKTYPBI, @ TAaK)K€ MUKPOTBEPIOCTH Pa3IHI-
HBIX yYacTKOB IIEHTPaJbHOW YacTH OaHgaxa
TOCJIe JTa3epHON 3aKaJIKM TT0KA3ajl0 BBHICOKHE
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766-857 HV0.2

471-621 HV0.2

347-503 HV0,2

Puc. 5. Mukpocmpykmypa u Mukpomeépdocms pasnuyHbIX
30H yNpoyYHEHHO20 y4acmka 2 nocse nna3MeHHoL 3aKanku
[ebInonHeHo asmopamu].

3HA4YCHUS TBEPIOCTH IO BCEH MTyOMHE yIpod-
HEHHOTO CJI0sI 32 CUET (POPMHUPOBAHMS MapTEH-
CUTHOW CTPYKTYpHI M (eppUTHO-KapOMITHON
CMECH BBICOKOH TUCIEPCHOCTH.

[Tpn ruta3mMenHo# 1 Ta3epHOH 3aKanke 6aH-
Jlaxka KoJIECHOM Iapbl 00pasyeTcst 3aMOK — MECTO,
B KOTOPOM IPOMCXOJUT MOBTOPHBIH Harpes
BCJICJICTBHE 3aMBIKAHHS YIIPOUYHEHHOTO CIIOSL.
B pabote npoBoauiics aHaNIN3 JAaHHOTO y4acTKa
B IIOTIEPEYHBIX M MPOAOJIBHBIX HANPABICHUIX
TrocJe J1a3epHoi 3aKkaiku. [TyOnHa MakcuMallb-
HOTO YIPOYHEHHMS HA Y9acTKaxX Havyaja U KOHIa
3ambIkadus coctapisger 1500—-1900 MM, TO ecTh
MIPAKTHUYECKH HA BCIO TTyOMHY 3aKanku. Cpas-
HUTEJBbHBIN aHAJIN3 MUKPOCTPYKTYPBI I MUKPO-
TBEPJOCTH B HAYajJe W KOHIIE 3aMbIKaHUS 00-
JIaCTH YIIPOYHEHUS MOKa3aa (opMHupoBaHHUE 11O
BCell MIyOWHE 3aKaJIEHHOTO CJI0s KaK B Havyale
3aMBIKaHHs, TAK U B KOHIIE, CXOKETO CTPYKTYPHO-
(hazoBorO CocTaBa M ONIM3KNX 3HAYCHUH MUKPO-
TBEPIOCTH C ICHTPATBHON YaCThIO OaHIaka. ITO
CBSI3aHO C OJJMTHAKOBBIM COJICp)KaHHEM MapTEH-
CUTHOH COCTaBIIIOLIEN B CTPYKType COOTBET-
CTBYIOIIMX 110 PACHOI0KEHHIO 30H. BBIABIEHO,
YTO MpPH JIA3€PHON 3aKalke 30Ha MEPEKPBITUS
XapaKTEePHU3yEeTCsl MEIKOAUCIIEPCHOCTBIO JaXe
OCJIE TOBTOPHOM Nepe3aKaakid ¥ MUHUMAJIbHON
30HOM OTITyCKa, B KOTOPOH 3HAYUTENBHO CHUAXKA-
€TCs BEPOSTHOCTD MOSIBICHNUS Ie()EKTOB B XO/IE
SKCIUTyaTalluu KOJNECHBIX map. Takxke CTOUT
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783-879 HVO,1

Puc. 6. Mukpocmpykmypa u Mukpomeépdocms PasnuyHbIX
30H ynpoYHEHHO20 yyacmka 2 nocsne 1a3epHoll 3aKanku
[ebInonHeHo asmopamu].

OTMETHTH, YTO TIPU 00pPadOTKE C UCTIONIE30BAHU-
€M TUTa3MEHHBIX NCTOYHHUKOB TEIlTa 30HA pasy-
MIPOYHEHUS B 007aCTH 3aMbBIKaHUS OOIBINE 3a
c4€T BBICOKOTO TEINIOBOTO HarpeBa 00JacTh
00pabOTKH MTPH BHITIOTHEHUH 3aMbIKaHUS 30HBI
3aKaNKu OaH/IaXel KONECHBIX Map, KOTOPBIHA
TaKKe MPUBOMIHUT K ITepe3aKkalike i OTITYCKY paHee
YIOPOYHEHHOM 30HBI, YTO YBEINYHBAET BEPOSIT-
HOCTH BOSHHKHOBEHHS B 3TOW 30HE Pa3IHIHOTO
porma neqeKToB.

MukpocTpyKkTypa y4acTtkoB | u 3 npu nasep-
HO 3aKaJIKe B COOTBETCTBYIOIIHX 30HAX YIIPOU-
HEHHOTO CIIOS KaK B HaJaje, Tak M B KOHIIE 3a-
MBIKaHUs OJIM3Ka, 2 UMEHHO, B TIOBEPXHOCTHOMH
30He (hOpMHUpPYETCS MapTEHCUTHAs CTPYKTypa
C MaKCHMaJIbHBIMH 3HAYCHUSIMH MHKPOTBEPIIO-
ct 860 HV0,2. ITo Mepe ynaneHus OT oBepx-
HOCTH BBIJCIISCTCS TPOOCTHUT U, KaK CICICTBHE,
MIPOUCXOUT TaIeHUEe MUKPOTBEPIOCTH 110 750
HVO0,2. Tlepexonuslii cinoil xapakrepusyercs
JaJIbHEUIIUM CHUXXEHUEM MHUKPOTBEPIOCTHU
BCJIeACTBHE (DOPMHIPOBAHUS TIPEUMYIIICCTBEHHO
(bepputHO-KapOUgHON cMmecH. MccnenoBanme
y9acTKa 3aMbIKaHUs YIPOYHEHHOTO CIIOS ITOCIIe
Ja3epHOH 3aKaJIKK TIOKA3aJI0, YT0 MUHIMAJEHBIC
3HAYCHUS MUKPOTBEPIOCTH HAXOISATCS B THAIIA-
30HE JIOITyCTUMBIX 3HAUCHUH.

PesynbraThl CpaBHUTENFHOTO aHAM3a pas-
JUYHBIX o0MacTell 3akalnéHHBIX OaHmaXel Ko-
NECHBIX Tap CBUACTEIHCTBYIOT O TOM, YTO
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B CJTydae IIIa3MEHHOM 3aKaIKi 3HaYE€HHSI MHKPO-
TBEPIOCTH B IOBEPXHOCTHOM 30HE YITPOUHEHHO-
TO CJIOS HECKOJIBKO HIDKE, YeM TIPH JIa3epHOU
3akanke. OJJHAKO, IPH YAAJICHUH OT ITOBEPXHO-
CTH B CTOPOHY OCHOBHOTO METaJula 3HAYCHUS
MHKPOTBEPIOCTH COOTBETCTBYIOIINX 30H 3HAUH-
TeNbHO paznuuarorcs. Tak, B cilyyae na3epHOR
3aKalKHl MUKPOTBEPIOCTh MEPEXOIHON 30HBI
BeIe nmpuMepHo Ha 100—-150 eqwaut mo Buk-
kepcy. IIpy HEBBICOKHMX 3HAUEHHSIX TBEPAOCTU
BO3pacTaeT BEPOSITHOCTH NPOSIBICHUS «KaTa-
CTpouIecKOro N3HOCa» OOKOBBIX IOBEPXHO-
cTeil TpedHel Konéc M peabcoB, CBSI3aHHOTO
C TIEPEXOJIOM K M3HANIMBAHUIO M0 MEXAHU3MY
3a7pa, AJ1s1 KOTOPOTo TpeOyeTCst CpaBHUTEIBHO
OO0ITBIIION Iy Th HEMPEPBIBHOTO CKOIBKEHHS ITPH
OTHOCHTETBHO HU3KOH (MeHee 0,7 M/c) CKOpoCTH
n TBEPAOCTH MoBepxHOCcTel He Oonee 600 HV
[13].

ITokazaHo, 4yTo 00a BH/A 3aKaJIKN TIPHBOJIST
K (hOPMUPOBAHHIO B YIPOUHEHHOM CJIO€ TpaJi-
€HTHO-CMEIIaHHOU cTPyKTYpbI. IIpu 3TOM B 1o-
BEPXHOCTHOM CJIO€ IIPH BBICOKHX CKOPOCTSIX
OXJIaXJIeHUsT (POPMHUPYETCS MApTEHCUTHAs
CTPYKTypa, a B HIDKEJICKAIINX 30HAX pacmas
ayCTEHHTa COIMPOBOXKJAeTcsi 00pa3oBaHUEM
(eppuTHO-KapOUIHONW CMECH PAa3THMYHON anc-
niepcHocTH. CTOUT OTMETHUTD, YTO TIPH JIa3epHON
3aKaJIKe TITyOrHa ITOBEPXHOCTHOTO CIIOS C YUCTO
MapTEHCUTHON CTPYKTYPOH OOJIbIIIE, UTO YMEHB-
1aeT NIyOWHY 30H CO CMEIIaHHOW CTPYKTYpPOH
1 Oos1ee HU3KMMH 3HAYEHUSIMA MUKPOTBEPIOCTH.

B mponecce nasepHoil Tepmudeckoit oOpa-
0OTKM IOBEPXHOCTEH CTajel B 30HE JIA3€PHOTO
Harpesa porCcXoaAnT oOpazoBanue (a3 v CTPyK-
TYp, CXO)KHX TIO CTPOCHHUIO CO CTPYKTypaMH,
BO3HHUKAIOMIMMHU MPH KJIACCHUECKUX METOJaX
3aKaJIKM METaJuIoB. biarogaps KopoTkomy Tep-
MHUYECKOMY IHMKIY, BCIECICTBHE KOTOPOTO HE
TIPONCXOANT JTUTEIILHOMN BBIJICPKKH B ay CTCHHT-
HOW 30HE, MUKPOCTPYKTypa 00JacTH 3aKalKH
SIBIISIETCS] MEJIKOJMCIIEPCHOM 110 CPAaBHEHHIO CO
CTPYKTYpOii, 00pazyroreiicst mocie ria3MeHHOH
3aKaiku. JlaHHBIA 3 QEKT OKa3bIBACT MOJIOKH-
TENIPHOE BIUSIHAE HA MEXaHWYECKHE CBOMCTBA
TIPUTIOBEPXHOCTHOTO CJIOS YIIPOYHIEMOH AeTa-
J¥, 9TO NPHUBOAMUT K yBEIMUCHUIO 3HAYCHHUH
TBEPAOCTU U U3HOCOCTOMKOCTH U3IEIUH.

Taknum 00pa3om, BEICOKHE 3HAYECHHS MUKPO-
TBEPAOCTH TIO BCeil TIyOMHE yNPOUYHEHHOTO
CIIOSI, OTCYTCTBHE PE3KOTO U3MEHEHHS CTPYKTYP-
HO-()a30BOTO COCTaBa IPH JIA3EPHOI 3aKajKe
1 (HOpPMUPOBAHHUE MTPEUMYIIECTBEHHO MapTEH-
CUTHOH CTPYKTYpBI IPH IIIyOWHE MaKCHUMAaJIbHO-
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Puc. 7. UnmeHcusHocmb nuHeliH020 U3HawueaHusl 06pasyoe
6e3 mepmoobpabomku u nocse nasepHoll 3akanku: 1 - o6pasey
u3 KonécHoli cmanu; 2 - KOHmpmesno u3 peascogoll cmanu [14].

TO YITPOYHEHHSI MOJKET MPUBECTH K YMEHBIIIEHHIO
M3HOCA B IpOIlecce dKCIUTyaTannn OaHmaxka
KOJIECHBIX Map.

C 1enbio BBISIBJICHUS! CTENICHN BIIMSHUS Ja-
3€pHOMN 3aKaJKH Ha M3HOCOCTOMKOCThH IpeOHeH
OaHaxel MPOBEEHBI MCTIBITAHUS TI0 CXEMe
IJIOCKOCTH (M3 KOJIECHOHM cTaimu 2) U KOJBIO
(113 penbCcOBOIi cTaNIN) C IPUMEHEHHUEM MAITMHBI
tpenust MTY-01.

Ha puc. 7 npuBeneHs! pe3yasTaTsl TPHOOIIO-
TMYECKHUX MCTIBITAHUH Ha ONPE/ICIICHNE BETHIH-
HBl MHTEHCHBHOCTH JINHEWHOTO M3HAIINBAHHSA
1 00pa31oB 13 KOJIECHOI CTal IOCIe JTa3epHOTO
YIPOYHEHHUsS! U Oe3 Hero, B Mape ¢ KOHTPTEIOM
13 PEIbCOBOM CTAIN.

VHTEHCHBHOCTD N3HAIIMBAHUS OIIPEACIISIIN
o gopmye:

I=Ah/L,
rae L — nyTb TpeHUsl, MM;

Ah — BeTMYMHA U3HOCA, MKM.

W3 npuBenénnoit auarpammel (puc. 7) BAA-
HO, 4TO ITPY HE3HAYNTEITHHOM U3MECHCHNH BEITH-
YMHBI N3HAIIUBAHUS PEIbC TPOUCXOANT 3HAYHU-
TEIbHOE M3MEHEHHE CTOMKOCTH 00pa3loB H3
xonécHoit cramu 2. [IpoBenEéHHBIC WCTIBITAHUS
TIOKA3aJI1 BBICOKYIO 3()(eKTUBHOCTD Tpoliecca
JIa3epHOM 3aKaKN OaHIaKeH KOJIECHBIX map.

Taknum 00pa3om, pe3yabTaThl IPOBEAEHHBIX
CPaBHHUTEIBHBIX HCCIEAOBAaHUN MO3BOJISAIOT
C/IeNaTh BBIBOA O TIEPCIIEKTHBHOCTH BHEPEHHS
TEXHOJIOTHH JIA3EPHOTO YITPOYHEHHSI IPHUITOBEPX-
HOCTHOTO cJI0s1 OaHIaXel KOJIECHBIX Map JOKO-
MOTUBOB. E€ BHepeHHEe Ha PEMOHTHBIX NpEN-
MIPUATHAX MTO3BOJIUT CHU3UTH CPEIHIOI MHTEH-
CHUBHOCTbH M3HOCA OaHJaXel M YBEJINYHUTH UX
OXKHJTACMBIN CPETHUIA TPOOET MEKTY 00TOUKaMHU
B XO7I€ TIIAHOBOTO TEXHUYIECKOTO 00CITYKUBAHHS
MIOIBMKHOTO COCTABA.
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BbIBOAbI

I'myOuHa yrpodHEHHOTO CIIOS TTOCIe ThTa3-
MEHHOH M J1a3epHOH 3aKaJKu HAa LEHTPATBLHOM
ydacTke OaHmaxa COMOCTaBUMa U COCTAaBIISET
~1900 MKM, a Ha y9acTKax, PacION0KEHHBIX
ommke x kparo, ~1500 mxm. [Tpn sToM ToryOnHa
MaKCHMAaJIbHOTO YIPOYHEHHS C MOBBIIICHHBIMH
3HAYEHUSIMH MUKPOTBEPIOCTH 1 METKOANCIIEPC-
HOW CTPYKTYpOii OOJIBIIIE TPH JTa3ePHOM 3aKajKe.

O0a Braa 3aKaJKu MMPUBOIAT K POPMHUpPOBa-
HUI0O B YIPOYHEHHOM CJIO€ TPaJHEHTHO-
CMEIIaHHOMU CTPYKTYpBbl. B MOBEpXHOCTHOM ci10€e
TIPH BBICOKMX CKOPOCTSX OXJIaKACHUS (hOpPMH-
pyeTcst MapTEHCHUTHAsSI CTPYKTYpa, a B HIDKEJIe-
JKaIlIIX 30HAX pacmaji ayCTeHHTa COMPOBOXK/Ia-
ercs obOpa3oBaHUEeM (QEeppUTHO-KApOUIHOM
CMECH Pa3IMYHON TMCIIEPCHOCTH. MUKpPOCTPYK-
Typa YIIPOUHEHHOT'O CJIOS CTAJIM ITOCIIE J1a3epHON
3aKayku OoJiee OMHOPOIHA.

Tpubonorudeckue NCIbITaHUs TOKa3aJIH1, YTO
TIPY HE3HAYNTEITLHOM M3HAIIINBAHUHN PEITbC CTOM-
KOCTB OaHJaka KOJIECHOM Taphl IOCTIe Ta3epHON
3aKaJKH MOYKET OBITh YBeNMYeHa B 2,8 pasa.

CMUCOK UCTOYHKUKOB

1. borganos A. B., I'pezes H. B, IlImenes C. A., Myp-
3akoB M. A., Mapkymos 0. B. Ynpounenue konécHoit
CTaJIM BOJIOKOHHBIMU Ta3zepamu // HaykoéMkne TeXHOTOTrHI
B MammHocTpoeHuu. — 2016. — Ne 9 (63). — C 30-37.
[Onexrponnsii pecypc]: https:/ bstu.editorum.ru/ru/nauka/
article/12986/view. Jloctym 27.05.2022.

2. boromosoB A. B., Kanaes A. T. IliiazmMeHHast TEXHO-
JIOTHS YIIPOYHEHHUS TPEOHEH IOKOMOTHBHBIX KOJIECHBIX TTap
// IHHOBanMy B MaTepHAJIOBEAECHHN U METAJLTypPTHH: Ma-
TepHuanbl | MEXAyHap. MHTEPAKTHB. HAy4Y.-IPAKT. KOH.
[13—19 mek. 2011, r. ExarepunOypr]. — ExarepunOypr:
W3n-Bo Ypau. yu-ta, 2012. — Y. 1. — C. 38—43. [DneKkTpoH-
HEL pecypce]: https:/elar.urfu.ru/bitstream/10995/27924/1/
ivmim_2011_08.pdf. loctyn 27.05.2022. ISBN 978-5-
7996-0708-1, 978-5-7996-0709-8.

3. bornanoB A. B., T'onyOenko 0. B. Bomnokonubie
TEXHOJIOTHYECKHE JIa3ephl U HX NMPUMEHeHue: Ydel. moco-
6ue. — CI106.: JIanp, 2016. —208 c. ISBN 978-5-8114-2027-8.

4. Menymenkos A. I1., Hesomu B. H., ITetposckuii B. H.
®dusnyeckue 0CHOBBI J1a3epHOl TexHonoruu. — M.: HUSY
MU®U, 2010. — 210 c. ISBN 978-5-7262-1252-4.

5. Mapkos /1. I1. TpuGonorus u ee npuMeHeHHE Ha
skene3HogopoxxaoM tpancnopre (Tpynst Beepoccuiickoro

Hay4YHO-HCCIIE0BATEIECKOTO HHCTHTYTA KEIE3HOI0POXK-
HoTo TpaHcnopra). — M.: Uurekct, 2007. — 408 c. ISBN
978-5-89277-080-4.

6. lImenes C. A., bornanos A. B., Tarapkun /I. 1O.,
XpuntoBuu E. B. Pa3paboTka onTUMalbHEIX PEXUMOB
YIIPOYHEHHS] KOHTAKTHBIX MTOBEPXHOCTEH KOJIECHBIX Iap
BaroHOB M JIOKOMOTHBOB C HCIIOJIb30BAHUEM BOJOKOHHBIX
nazepoB // Byaymee mammnoctpoenuns: Poccuun: C6. mo-
xanoB JlecsiToi Beepocceuiickoit KoH(EpEHIMH MOTOIBIX
YUEHBIX M CHELHAIMCTOB (C MEKIAYHAPOIHBIM Y4aCTH-
em). — 2017. — C. 230—-236. [DneKkTpoHHBbII pecypc]:
https://www.elibrary.ru/item.asp?id=41786898&pftf=1.
Hoctyn 27.05.2022.

7. Tnazynos B. JI. CiocoObl CHHYKEHHUS H3HOCA KOJIEC-
HBIX Iap MOJBIKHOTO cocTasa // MI3BecTus Ypaibckoro
rocy/lapCTBEHHOI'0 roOpHOro yHusepcurera. — 2019. —
Ne 2 (54). — C. 107-114. [Onexrponuslii pecypc]: https://
iuggu.ru/download/2019/2-54-2019/14_Glazunov.pdf.
Joctyn 27.05.2022. DOI: 10.21440/2307-2091-2019-2-
107-114.

8. Ilerpor C. 10., Ps6oB A. A., KoctiokeBuu A. U.
VipouneHne rpeOHel U CHIKEHHE N3HOCA KOJIECHBIX Map
// Mup tpancnopra. — 2013. — Ne 2 (46). — C. 62—69.
[OnexTponnslit pecypc]: https://www.elibrary.ru/item.
asp?id=19412518. Joctyn 27.05.2022.

9. Kucenes C. H., CaBpyxun A. B., Ky3pmuna I'. [I.
Bnusinue mia3MeHHoH 00paboTku Ha HanpsHKEHHO-1eop-
MHPOBAHHOE U CTPYKTYPHOE COCTOsTHME TrpebHel Oana-
kel Koséc TokoMOTHBOB // CBapoYHOE TPOU3BOACTBO. —
2001. — Ne 6. — C. 9-17.

10. Byiinocos A. Il. OcHOBHbIE NPUYNHBI HHTEHCHB-
HOTo M3HOCa OaHjaKel KOJECHBIX Tap MOABMKHOTO CO-
cTaBa U METOABI UX ycTpaHeHus. — ExarepunOypr: 13a-Bo
VpI'VIIC, 2009. — 223 c. ISBN 978-5-94614-148-2
[orpanuuenHslit focTyn].

11. Wang, Wenjian; Guo, Jun; Liu, Qiyue. Experimental
study on wear and spalling behaviors of railway wheel.
Chinese Journal of Mechanical Engineering, 2013, Vol. 26,
Iss. 6, pp. 1243—1249. [Dnexrponnslii pecypc]: https://
cjme. springeropen.com/counter/pdf/10.3901/
CJME.2013.06.1243. pdf. DOI: 10.3901/
CIME.2013.06.1243 [orpaHH4eHHBII JOCTY].

12. Deters, L., Proksch, M. Friction and wear testing of
rail and wheel material. Wear, 2005, Vol. 258, Iss. 7-8,
pp. 981-991. DOL: https://doi.org/10.1016/j.wear.2004.03.045.

13. Mapxkos /1. I1. Mexanuka u Tpr60IIorust 60KOBOro
n3Hoca konéc u penscos // Becruuk PI'VIIC. — 2003. —
Ne 3. — C. 16-23. [Onexrponnslii pecypc]: https://www.
elibrary.ru/item.asp?id=11693847. loctym 27.05.2022.

14. HImenes C. A. PazpaboTka 000py1oBaHus s 110-
JIy9CHUS JTMHEHHOTO MPOQUIS H3IYy4CHHS BOJIOKOHHOIO
Jn1a3zepa, 00eCIeurBaIOIIEro BEICOKOI(P(HEKTUBHYO 006paboT-
Ky rpeOHel jKeIe3HOI0POKHBIX Koséc // J{ucc. .. KaH/. TeXH.
nayk. — MI'TY umenn H. O. baymanay» (HanuoHanbHbIH
HCCIenoBaTenbCKuil ynusepeuret), 2020. — 166 c. [

Uneopmayus 06 asmopax:

Xpunmoeuy EezeHull Bnadumuposuy — HayanbHUK cexmopa nasepHoll Hanmasku u mepmoobpabomku OO0 HayyHo-
mexHuyeckoeo 0bbeduHeHuss «MPO-Momocy; acnupaHm Mockogcko20 20cydapcmeeHH020 MeXHUYECK020 yHusepcumema UM.
H. 3. baymaHa (HayuoHanbHo20 ucciedosamenbcko20 yHugepcumema), Mocksa, Poccusi, eHriptovich@ntoire-polus.ru.

LllueaHoe Uzopb Hukonaesuy — 00KMOP MEXHUYECKUX HayK, npogheccop Mockogckozo 20cy0apcmeeHH020 MexHUYecko2o
yHusepcumema um. H. 3. baymaHa (HayuoHanbHo20 uccnedosamenbckozo yHugepcumema), Mockea, Poccusi, inshig@bmstu.ru.

lMoHomapeHko [Japbsi BukmopoeHa — uHxeHep, accucmeHm Pocculicko2o 20cydapcmeeHH020 yHugepcumema Heghmu u 2ala
(HayuoHanbHo20 uccnedosamenbCko20 yHugepcumema) umeHu M. M. ['ybkuHa, Mocksa, Poccusi, dponomarenko@ntoire-polus.ru.

Llimenee Cepeeli AHOpeesuy — kaHOUOam MEXHUYECKUX Hayk, 3aMecmumesib HayanbHuka omdena npodax 000 HayyHo-
mexHu4eckoeo obbeduHeHust «MPO-INontocy, Mockea, Poccusi, sShmelev@ntoire-polus.ru.

Nwikunsiee Amunb [lamuposuy — acnupaHm, UHXeHep-mexHooe HayuoHabHo20 uccriedosamesibcko20 50epH020 yHusepcumema

(HUSY MU®U), Mockea, Poccusi, elshkinyaev@ntoire-polus.ru.

Cmambs nocmynuna e pedakyuto 13.05.2022, 00obpeHa nocne peyeH3uposarus 24.06.2022, npuHsima k nybnukayuu 29.06.2022.

®  Mup TpaHcnopTa. 2022.

20. Ne 3 (100). C. 6

XpuntoBud E. B.; LLiuranoB WU. H., NoHomapeHko [1. B., LLimeneB C. A., MwkuHsieB 3. [.
CpaBHUTENbHbIV aHaNMU3 XxapakTepMCcTMK baHOaXen KONECHbIX nap, 3akareéHHbIX
C MCNONb30BaHMEM J1a3ePHOro U NIasMEHHOro UCTOYHMKa Tenna




HAYYHAS CTATbSA
Y[K 629.4.027
DOI: https://doi.org/10.30932/1992-3252-2022-20-3-2

[porHo3upoBaH1e 0CTaTOYHOro pecypca
KONECHbIX nap BaroHOB METPONONUTEHA
«Pycuy» mopenen 81-740/741

Dexuc LUYTOB Wropb NAKUH

AHHOTALINA

CospemenHbIil n0dx00 Kk onpedeneHuto pecypca y3nos u
Oemanell NOOBUXHO20 COCMasa NO3OMAEM HE MOMBKO OUEHU-
8amb npedomkasHoe cocmosiHue 0bbekma, HO U NPo2HO3UpPosamb
€20 pecypc.

Llenbto uccnedosaHus s6/19emcs npo2Ho3uposaHue 8enuyu-
HbI npobeaa KoNECHbIX Nap COBPEMEHHBIX 371eKmponoe3008 Mo-
denu «Pycuy» Ha 0CHO8E UCNOMb308aHUsS CMamucmMu4YecKux
0OaHHbIX U 0npedeneHus 0CMamo4Ho20 pecypca.

[Npu nposedeHuu uccnedosaHusi UCNOb308aHs| pearbHble
0OaHHble, (huKcupyemble npu 0bCyKusaHUU U PEMOHME 31eKmMpo-
noe3dos.

[pednoxeHHbIti No0x00 no3gonsiem nomy4ums Hazs0Hoe
npedcmasneHue o ckopocmu usHoca 0bopy0o8aHus, maK Kak OH
0CHOBaH Ha UCNO/b308aHUU U3MePEHHbIX napamempos 0bbekma.
[posedeHue aHanusa ykasaHHbIX 8eU4UH 0aém 803MOXHOCTb

Knoyesble criosa: mempononumeH, ocmamoyHblil Pecypc, 8a20Hb! MEmMpPONoIUMeHa, KonécHble napbl, Nod8UXHOU cocmas,
npoeHo3uposaHue, duaeHocmupogaHue, Ha0éxHocmb 0bopydosaHusi, 6e3onacHoOCMb OBUXEHUS!.

~

Mup Tparcnopra. 2022. T. 20. Ne 3 (100). C. 13-20

Menuc Cepzeeesuu Illymos ',
Hzopv Hzopeeuu Jlakun ?

2 Poccutickuil ynusepcumem mpancnopma, Mocksa,
Poccus.

I I'VIT «Mocrosckuit mempononumeny, Mockea,
Poccus.

2 AO «Ipancmawxonouney (TMX), Mockea, Poccusi.
04 ! shutov-ds@mosmetro.ru.

onpedenume npouecchI, npomekatowjue 6 usdenuu. Mpu ucnoss-
308aHUU 60X 8bI6OPOK NOSIBNIIEMCS 803MOXHOCTMb NPOSECMU
annpoKCUMayUK NOMTy4eHHbIX YUCIOBbIX 3HaYeHul U npousgecmu
NpPO2HO3 MEeXHUYECK020 CoCMOsHUSA ¢ 60nbwel A0CMo8epHO-
CcMbio.

3adaya npoeHO3UpOBaHUS 0CMaMOYHO20 Pecypca serisiemes
00cmamoyHO CroXHoU u OomxHa pewamscs omoenbHo 0ns
kaxdoz0 suda 060pydogaHus. VmeHHo noamomy obuienpuHsmou
MUupogoli npakmukoll siefisemcs nnaHoeo-npedynpedumenbHas
cucmema mexHU4YeCKo20 0BCryXxusaHus u peMoHma. Ho cospe-
MeHHbIe a8MoMamu3upogaHHbIe YUGPOBbIE CUCMEMbI MEXHUYe-
CK020 QuacHOCMUpoBaHUs (8KTtoyast 6opmogble U 8CMPOEHHbIE)
N036071510M YacMUYHO Nepelimu Ha MeXHUYECKoe 0B6CTyKusaHue
U PEMOHM C y4EMOM (hakmu4ecKko20 MexXHUYECK020 COCMOSHUS
nodeLXHO20 cocmasa.

[ns uumuposaus: Llymoe [. C., IlakuH U. M. [poeHo3uposaHue ocmamoyHo20 pecypca KONECHbIX Nap 8a20H08 MempononumeHa
«Pycua» modenet 81-740/741 // Mup mpa+cnopma. 2022. T. 20. Ne 3 (100). C. 13-20. DOI: https://doi.org/10.30932/1992-3252-2022-

20-3-2.

MonHbiii mekcm cmambu Ha aH2IUlICKOM si3bIKe ny6auKyemcsi 0 emopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.

e O© lyToB A. C., NakuH U. U., 2022
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HAYKA U TEXHUKA




BBEOEHUE

Pecypc nmeraneil onpenensercs Ha sTane
MPOEKTUPOBAHUS U yKa3biBaeTcs B TY Ha uzze-
nue. Harmpumep, y KONECHBIX Iap JIEKTPONOE3-
JI0B Mojienel «Pycuu» Ha UX OTAENbHBIE 3Je-
MEHTBHI yCTaHABINBACTCS CPOK CITy>KOBI B 31 Tox
MIPU YCIIOBUM COOIIOACHUS YCTaHOBICHHOM
CHCTEMBI TEXHHUECKOTO OOCTYXKMBAaHHS M pe-
monTa (TOuP). OxHOM U3 33729 CHCTEM TEXHH-
YECKOTO JIMarHOCTUPOBAHMS SIBISIETCS] IPOTHO-
3UPOBAHNE TEXHHMUYECKOTO COCTOSHUS 0OBEKTa,
a UMEHHO: OTIPEJIETICHHE OCTaTOYHOTO pecypca
000pymoBaHuUs (OCTABIIETOCS BPEMEHH €T0 TPO-
Oera niu paboThI JI0 PEETHLHOTO COCTOSTHHUS) '
Comtacao 'OCT «HanéXHOCTh B TEXHUKEN 2 —
9TO cyMMapHas HapaboTka 00bEeKTa OT MOMEHTa
KOHTPOJISI €70 TEXHUYECKOTO COCTOSHHS JI0 MO-
MEHTa JOCTHKCHHUS MPEJETbHOTO COCTOSHUS.
Kpurepuil npegoTkasHoro COCTOSIHUSI — 3TO
TIPU3HAK WA COBOKYTTHOCTb ITPU3HAKOB MPEIOT-
Ka3HOTO COCTOSTHMS 00bekTa. Kak mpaBmiio, — 310
BBIXOJI OTHOTO MJIM HECKOJBKHX ITapaMETPOB 3a
npenensl gomnycka. [locnennee cymecTBeHHO
YIPOIIAET PEHICHHUE 3a/1a9H MTPOTHO3UPOBAHHS
OCTaTOYHOTO pecypca depes3 armpoKCHMAINI0
TpeHJa AMATHOCTUYECKUX JaHHBIX, KOTOpPAs
TIpeIoiaraeT mog00p MaTeMaTHIecKor (hyHK-
WX I CTaTHCTHYECKUX MAHHBIX C IIEIBIO
pacdéra 0CTaTOuHOIO pecypcea.

3aBHCHMOCTh U3MEHEHHS ITapaMeTPOB 00b-
eKTa JUarHOCTUPOBAHMUS OT BpeMeHH (Tipobera)
3aBHCHUT OT PU3UUECKIX 0COOCHHOCTEH 00beKTa
7 MOXET UMETh KaK JIMHEHHYIO, TaK U JIpyTHe
BH/IBI 3aKOHOMEPHOCTEH: MmapaboandecKyio,
THIEPOOTNYECKYI0, SKCTIOHEHIINATBLHY IO ¥ MHO-
rue apyrue [1]. I3HOC rpeOHsS M TOBEpXHOCTH
KaTaHUs KoJieca TIPH M3MEHEHUH Tpobera mpo-
HCXOIUT PABHOMEPHO, W BEJIMYNHBI YKa3aHHBIX
rmapaMeTpoB MPU W3MEHEHUH mpobera OymyT
HMMETh JUHEWHYI0 3aBUCUMOCTb. B ciydae napa-
Oonmuecko, THITEPOOTNIECKOH, IKCITOHECHITN-
aJIbHOM WJIM JIPYTHX 3aBUCUMOCTEN pelLIeHue
3a/1a4y aNMpPOKCHMAINN JJOCTATOYHO CIIOXKHO.
[TosToMy Ha mpakTHKe OOBIYHO MCHOIB3YIOT
TUHEWHYIO anmpoKCUManuio GpyHKIHA y (B Ha-
IIEeM CiTydae, JHaMeTp U TOJIIHNHA IPeOHs KoJte-
ca) OT TUArHOCTHYECKOTO apryMeHTa x (y =
kex + b), myig 9ero Ha HEOOJBITUX JHANa30HaX

! TOCT 20911-89 Texuuyeckasi AMarHocTuka. TepMUHbI
u omnpezeneHus. [DnexTpoHHslid pecypce]: https://docs.cntd.
ru/document/1200009481. JToctyn 21.02.2022.

2 T'OCT 27.002-2015 HanéxHOCTb B TeXHUKE. TepMUHBI
M onpeneneHus. [DneKTpoHHsIi pecypce]: https://docs.cntd.
ru/document/1200136419. Jloctym 21.02.2022.

®  Mup TpaHcnopTa. 2022

HaOJIIOZICHNUS TIOMYJISIPEH METOJ| HaMMEHBIINX
KBa/IpaToB, OCHOBAHHBI HA MUHUMH3ALUH CYyM-
MBI KBapaToB OTKJIOHEHUH NCKOMOM (pyHKIMH
OT CTaTUCTHUYECKUX JaHHbIX [2]. BenuunHa uc-
KOMOI#1 (PyHKIIMHU paBHA CyMMe€ KBa/IpaTOB OTKJIO-
HEHHMH HaOJIOAAEMbIX BEJIMYUH OT TEOpeTHUe-
CKHX.

Juis HaxoxxaeHus: QyHKIUKM HEOOXOAMMO
OIIPEICIUTD BUJI TIPE/IIIOIaraeMoii 3aBUCMOCTH
(uare Bcero Oepercst JIMHEHHas perpeccus Bujia
y = kex + b) 1 NIPOU3BECTU PCIICHUE CHCTEMbI
YpaBHEHHUIA JIJIsl HAXOXKICHHUS TAPaMeTPOB k u b.

[Tpu pacuére 10JArOBEYHOCTH KOJIECHBIX Map
ANIEKTPOIIOE3/Ia €CTh JIBa MOHATHS pecypca: Mo
Ppa3pyLICHUIO JIMOO0 NCYEPITAHUIO KOHTPOJIUpYe-
Moro napameTtpa [3]. B cBs3u ¢ ManbImM Kosnye-
CTBOM OTKa30B KOJIECHBIX Iap, CBSI3aHHBIX
C pa3pyLICHHEM UX JIEMEHTOB, a TAKIKE C 1IEJIbI0
OIIpEJIeTICHUS MX JOJTOBEYHOCTH B JIaHHOH pa-
Oote OyzeM HMCI0JIb30BaTh METOJI OIPEJIeIICHNUS
pecypca 1o MCUEPIIaHHIO KOHTPOJIHUPYEMOTO
napametpa. [I[puMeHNTENBHO K 2JIEKTpOIIoe3aam,
HEOOXOAMMBIH JTMana3oH Ui OCTaTOYHOTO pe-
cypca pacCuuThIBAETCS J10 OJNMKANILEero JIeToB-
ckoro TOuP: TO-3, TP-1. Ilpu cpennecyTouHom
npobere 700 KM U MeXpPEMOHTHOM Ipobere
B 30 ThIC. KM — 9TO J1Ba Mecsna. [y Takux oT-
HOCHTEJILHO HEOOJIBIIMX TIEPUOI0B MOAXOIUT
METO/] HAUMEHBIINX KBaJpPaTOB.

L]envio paboTHI SIBISETCS OLIEHKA TEXHHYE-
CKOT'O COCTOSIHUSI KOJIECHBIX T1ap AJIEKTPOIIOE3/10B
MOCKOBCKOTO METPOIIOJIMTEHA HA OCHOBE CTaTH-
CTHYECKHX JaHHBIX. JJJIsl peleHust mocraieH-
HOM 3a]1au¥l NCIIOJIb30BAJICS Mermo0 HAaMMEHbBIINX
KBaJIpaToB C JaJbHEHIINM aHAIM30M IMOJTy4EH-
HBIX pe3ynsTaros [4, c. 203-216].

VYka3zaHHBIH METOJ MO3BOJISIET IOJYYUTh
HauboJee TOUHYI0 XapaKTePUCTUKY COCTOSHHS
000pyI0BaHuUs MPH OTCYTCTBUHM TOUYHBIX 3Haue-
HUI{ TapaMeTpOB OT/IENBHBIX JIeTajlel paccmar-
puBaemoro y3ma [2].

PE3YNbTATbI
Hcxoanble naHHBIE

Jlnst mpoBezieHusl aHaliM3a Ipolecca n3Ha-
LIMBaHMs KOJEC ObUIN B3SIThI 3HAYECHHS TNAMET-
POB U TOJIIMH I'PeOHsI KOJIEC, MOTyUYeHHBIE TIPH
(uKcupoBaHHBIX HapaboTkax, u3 «Kapr yuéra
COCTOSIHHSI KOJIECHBIX ap» JUIsi TOJIOBHBIX Baro-
HOB MojienH 8 1—740 1 MPOMEkKYTOUHBIX BATOHOB
mozaenu 81-741.

UYucoBble 3HAYECHUS TUAMETPOB KOJIECHBIX
nap cBeaéM B Tali. 1, a ToNmuHbI TpeOHEel Ko-
neca — B Tadi. 2.

LlyToB A. C., JlTakuH U. U. [IporHo3npoBaHne ocTaTo4HOIo pecypca KONECHbIX nap BaroHOB

meTpononutTeHa «Pycuy» mogenen 81-740/741
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Tadauna 3

IIpumeps annpoKCcHMAIMH H3HOCA MOBEPXHOCTH KaTaHMUA K/M 1J1 Barona Ne 0293
[cocTaBieHno aBTopamu]

Ne /i ITpoGer no o6toukn |, | Matematnaeckoe IIponsBenenne npobera | Kampar
OXKUJIAaHUE THAMETPOB K/TI u uamerpa l «d, mpobera ln2
BaroHa

1 0 860,92 0 0

2 117 554 860,85 101 196 360 13818942916

3 143 351 860,83 123 400 841 20549509201

4 175 644 860,67 151 171 521 30850814736

5 202 728 860,56 174 459 607 41098641984

6 228222 860,36 196 353 079 52085281284

7 240 874 860,17 207 192 588 58020283876

8 246 054 860,07 211 623 663 60542570916

9 265 552 859,97 228 366 753 70517864704

10 292 689 859,89 251 680 344 85666850721

11 322 539 859,81 277 322 257 104031406521

> 2235207 9 464,10 1922767018 537182166859

Tpeun k =-0,000004147 b = 860,92

1 350 000 859,47

239 12 250 000 810,12

240 12300 000 809,92
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g
g
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Puc. 1. 3asucumocms duamempa konéc om Hapabomku Ha 8a2oHe
Ne 0883 [pazpabomaHo asmopamu].
Tonumna
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Puc. 2. 3asucumocmb monwuHbI 2pebHs Konéc om Hapabomku
Ha eazoHe Ne 0291 [paspabomaHo aesmopamu].

B tabn. 1, 2 ykazaHbl YHCIOBBIC 3HAYCHUS
JaMeTpa M TOJIIMHBI TpeOHS KoJEC BaroHOB
moneneit 81-740/741, 3aMepbl KOTOPBIX TIPOU3-
BOJIMITUCH KaK ITPH MOAKATKE KOIECHOM Mapbl O
BAaroH, TaK ¥ MPH MPOBEJCHUH TEPUOANICCKAX
TEXHUYECKHUX 00CITy>KUBAaHHUI 1 PEMOHTOB Baro-
HOB.

C 11enbIo OTpe/IeNIeHUs] 3aBUCHMOCTH MEXKTY
BEJIMYMHON TPpoOera m BeTMYMHAME JHaMeTpa

Y TOJIIIHEI TPeOHS KOJIEC TI0 yKa3aHHBIM 3HaYe-
HUSM TIOCTPOUM HKCIUTyaTaIlHOHHBIC XapaKTe-
PHUCTHKH KONECHBIX map (puc. 1, 2).

Kak BumHO 113 prc. 1 1 2, 9rcinoBbIe 3HAYCHAS
IaMeTpa W TOJMIWHBI TPEOHS KOJIEC B 3aBHCH-
MOCTH OT HapaOOTKH UMEIOT INHCHHBIC 3aBUCH-
MOCTH BHJA ¥ = kex + b. DTO TIO3BOIIICT HAWTH
KO3 PUITHEHTHI k, b M TIPONU3BECTH IIPOTHO3HUPO-
BaHUE OCTATOYHOTO pecypca KOIECHBIX Tap Mmy-
TEM aIrMpOKCUMAllMU YMCIOBBIX 3HAUEHUH aHa-
JTUTHYCCKAMH BBIPAKCHUSIMH, UCTIONB3YS METOT
HAUMCHBIIX KBA/IPaTOB.

IIporHo3upoBaHye 0CTATOYHOIO pecypca
KOJIECHOH mapbl 10 AUaMeTpy KoJeca

B Tabn. 1 nmpuBenén nmpumep naHHBIX 00
HM3HOCE KOJIECHBIX LIEHTPOB MO AuameTpy. s
TIPOTHO3UPOBAHKS OCTATOYHOTO pecypca Heoo-
XOJIMMO MTPOBOJINTH NMEPUOANIECKUE H3MEPEHHS
TEOMETPUYECKUX MapaMeTPOB KOJIECHBIX Map
¢ Havyasa ux SKcruryaramun. OO03HauUM KOITH-
YECTBO 3aMEPOB BENMYMHON N U poBeaEM arl-
MTPOKCHMAITMIO U3HOCA ITOBEPXHOCTH KaTaHUs
KOJIEC HA OCHOBAHHMHM 11 MMEIOIINXCS BEIIMYHH,
TIOJTYYEHHBIX B XOZI€ TIPOBE/ICHUS 3aMEPOB.

[TycTs B pesynbsrare 3amepa n = {1, N} nina-
METpa WM TOJIIMHBI TPEOHS KOJIECHOW Mapsbl
TPU PasIUYHbIX Tpo0Oerax / HarHoCTHIECKUH
napameTp NpuHUMaN 3Havenns d . Torna mune-
Has QyHKIHS TpeHaa OyeT paccuuTaHa METOJIOM
HaMMEHBIINX KBa(paToB 1o popmynam (1) u (2):

®  Mup TpaHcnopTta. 2022. T. 20. Ne 3 (100). C. 13-20
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k=[N3 (1,d,)-

21,234, ]/[N(Zlnzj— (1)
-1
b=1>(d,)-kXI 1/N . )

Ucnonw3ys hopmysst (1) u (2), npousseném
pacuér k03hGHULNEHTOB k 1 b JUIs ypaBHEHHS
BHUJA y = kex + b, TOraa ypaBHEHNE IS TIPOTHO-
3MPOBAHHUS BEJIMUMHBI JHaMeTpa KOIECHBIX Tap
BaroHa Ne 0293 nmpuHHMaeT BHJ, YKa3aHHBIN
B dopmyrne (3):
d=-0,000004147 « [ + 860,92. 3)

[Tpumeps! pe3yabTaToB MPOrHO3UPOBAHUS
pecypca KOJIECHBIX IIap MO UX AHAMETPY IS
Barona Ne 0293 cBeneHs! B Ta0OI. 3.

Taxum 00pa3zoM, MPOCYMMHPOBAB YKa3aHHbIE
B Tabiuie 3 3Ha4YeHHs MPOU3BECHHUIT Ipodera
u quamerpa Koseca (/ *g ), kBajpara podera / 2,

N

nozcTassist ux B Boipaxenue (1) (X.(/,+d,) u
n=1

N
>7,°), NOSBISIETCS BO3SMOKHOCTL HAWTH KO3()-

n=1
¢unment k BeIpaxeHust y = k * x +b.

IIporuo3zupoBanue pecypca KOIECHBIX Map
10 BeJIMYMHE Juamerpa st BaroHa Ne 0293
TTOKa3bIBACT, YTO CMEHY KOJIECHBIX Tap JUIs yKa-
3aHHOTO BaroHa HEOOXOMMO MTPOU3BOUTE TIPH
JOCTIDKEHUH Tipobera 12,25 MITH KM.

[IpousBens aHanorWYHBIE PACUYETHI A
OCTAJIBHBIX BaroHoB coctaBa Ne 0291-0293,
MOJy4YCHBl 3HaUCHUS Npodera, ykazaHHbBIC
B Ta01. 4.

Taknum 00pa3om, pacdET CpeAHEro 3HAUCHUS
npo0era KOJIECHBIX Map MO JIMMHTHPOBAHHOMY
3Ha4YeHHUIo auamerpa [5] koxeca B 810 MM co-
craBa Ne 0291-0293 cocraBwmr 13,375 MITH KM,
YTO TIPH €XKECYTOYHOM TpoOere BaroHa MeTpo-
nommteHa B 700 kM cocTasiseT 52,3 neT ciryskObl
KoJEcHBIX map Oe3 yuéra mpoctoeB Ha TOwnP.
[Nonydennast BenMYMHA CPOKa CITY>KOBI yKa3bl-
BAaeT Ha TO, YTO K TAKOMY IapaMeTpy, KaK jana-
METp KOJeca, NPEIbSIBISIOTCS MOBBIIICHHBIC
TpeOOBaHHS COTTIACHO PYKOBOJICTBY IO IKCILTya-
TalMd U PEMOHTY KOJIECHBIX Tap METPOIIOIH-
TeHa. DTO CBA3aHO C HEOOXOANMOCTBIO MOAIEP-
YKaHUS ONMM3KUX JIPYT K PYTY BEJIMYUH THAMET-
pOB Kon€C OAHOM KONECHOM Maphl, KOJIEC y KO-
JIECHBIX Map Ha OTHOM TEJIEIKKE U KOJEC KOJIECHBIX
Tap OJIHOTO BaroHa.

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 13-20

Taoauna 4
IIporno3upoBaHue COCTOAHUS
K/m pas coctaBa Ne 0291-0293
[cocTaBieHo aBTopamu]

IMpoGer ot Havana
No Barona 9KCILTyaTaIin
- 10 MUHUMAJIBHOTO JTHaMeTpa
810 MM, MITH KM

0291 17

0883 19,45

0888 4,8

0293 12,25
CpenHee 3HaueHUE 13,375

OpHaKo TOMUMO TaKoi KOHTPOJIMPYEMOH Be-
JIMYMHBI, KaK TUAMETpP Kojleca, CYILLECTBYIOT Je-
CSATKH JIPYTHX BEJTMYHUH (TOJIIMHA TPEOHSI, ITUPH-
Ha 000712, TOJIIHA 000712 ¥ JI. ), KOTOPhIe UMEIOT
JIMMHUTHPOBAHHOE 3HAYCHIE. JTO yKa3bIBACT Ha TO,
YTO OMPEACITUTD PEATHHBIA CPOK CITY>KOBI OT/IEITh-
HBIX JICMEHTOB KOJIECHBIX Tap, paccMaTpuBas
TOJIBKO OJMH W3 KOHTPOJIHUPYEMBIX MapaMeTPOB
(HampuMep, AraMeTp Kojeca) HeBO3MOXKHO. [To-
ATOMY MOSIBIISIETCS] HEOOXOMMOCTB B TPUMCHEHUU
MeTO/Ia HAUMCHBIIINX KB IPaTOB K IPYTUM KOHTPO-
JIMPYEMBIM TapameTpam KOJIECHBIX Tap C IIEJIbIO
IIONCKA YSI3BUMBIX MECT M YBEJIMYEHHUS] CPOKa
CIIyKObI OT/ICJIBHBIX JJIEMEHTOB KOJECHBIX Iap,
KOTOpBIH B HacToAIIee Bpems cocTasisieT 31 roz.

IIporHo3upoBaHue 0CTATOYHOIO pecypca
KOJIECHOM Maphl N0 TOJIIIHHE ITPedHs

B Tabn. 2 mpuBenéH mpumep NaHHBIX 00
M3HOCE KOJIECHBIX IICHTPOB IO TONIITHHE TPeOHH,
T7Ie KOJTMYECTBO MTPOBEIEHHBIX 3aMEPOB F'e€OMET-
pPUYECKHUX TTapaMeTpoB KONECHBIX map (N) pas-
HO 7. ictions3yst popmyasl (1) u (2), mponsBeném
pacuér ko3pPUIMEHTOB k U b I ypaBHEHHS
BHJIA y = k ¢ x +b, TOT/Ia ypaBHEHUE IS IIPOTHO-
3UPOBAHMS TOJIIMHEI TpeOHS KoIEC BaroHa
Ne 0291 npuHUMaeT BUA, yKa3aHHEIHA B (popmyrre
4):
2=-0,000003449 « [ +32,42. @)

[Ipumepsl pe3yapTaToB MPOTHO3UPOBAHHUS
pecypca KONECHBIX Map MO0 UX AUAMETPY JJIs
Barona Ne 0291 cBeneHnsl B TalII. 5.

Takum 06pa3oM, IPOCYMMHPOBAB yKa3aHHbIE
B Tabi. 5 3HaUeHHUs NPOM3BEJCHUIl mpodera
¥ TOJIIUHBI TpeOHs (£ °g ), KBaapara 1;11p06era 12,

nozcrasisist ux B Boipaxenne (1) (X.(4,+4d,) u
n=1

N
>7,%), MOSIBISIETCS] BOSMOXXHOCTD HaiTH K09(-

n=l

¢bunueHt k BeIpaxeHust y = k ¢ x +b.
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IIpumMeps! annpoKcHMAIUH TOJIIUIUHBI IPe0HS KoJEécHOI mapsbl A1 Barona Ne 0291

i{ & Taoauua 5
e
[cocTaBieHno aBTopamu]

Ne ni/m [poGer 1o o6Touku | | Maremarnyeckoe Iponssenenne npobera u Kganpar
O)KHJAHUE TOJIIUH TOJIIMHBI TPeOHs | o npobera I 2
rpe6Hst KOJIEC BaroHa

1 0 32,42 0 0

2 120 000 32,38 3885600 14400000000

3 240 000 32,32 7756800 57600000000

4 360 000 32,32 11635200 129600000000

5 480 000 31,85 15288000 230400000000

6 600 000 30,66 18396000 360000000000

7 720 000 29,86 21499200 518400000000

z 2520 000 221,81 78 460 800 1310400000000

Tpenn k =-0,000003449 b=32,42

1 840 000 29,52

2 960 000 29,11

3 1080 000 28,69

4 1200 000 28,28

5 1320 000 27,87

6 1 440 000 27,45

7 1 560 000 27,04

8 1 680 000 26,63

9 1 800 000 26,21

10 1920 000 25,80

11 2 040 000 25,38

12 2 160 000 24,97

[Iporno3upoBanue pecypca KOIECHBIX Hap st ronnoBHBIX BaroHoB Ne 0291 u Ne 0293

10 ToMIIHMHe TpeOHs kosteca Jyuist BaroHa Ne 0291  3maueHus mpobera cocraBunu 2,04 MITH KM
MOKA3bIBACT, YTO CMEHY KOJIECHBIX Map JUId yka- U 1,8 MITH KM COOTBETCTBEHHO, YTO OOJIbIIIE, YeM
3aHHOT'O BaroHa HEOOXOIMMO IIPOM3BOANUTE IIPH  JIJIsI IPOMEKYTOYHBIX BATOHOB. DTO O0OBICHSCT-
JOCTIXeHUH Tpobera B 2,04 MJIH KM, TaKk KaK  CsI T€M, YTO K FOJIOBHBIM BarOHAM C YCTAHOBJICH-
IPH yKa3aHHOM IIPOOEre JOCTUTraeTCsi HAMOOJIee  HBIM CPBIBHBIM KJIAMAHOM MPEIbSBISIOTCS MO~
NpUOIKEHHAsT K MUHUMaIbHOU (25 MM) TOJ-  BBIIICHHBIC TpeOOBaHUs [yisi obeciedeHus Oe3-
myHa rpe0Hs Koseca. B OOMbIIMHCTBE CITydaeB  ONACHOCTH JIBHXKEHUSI.
MPUYMHON YCUIIEHHOTO N3HOCA rpeOHEeBOIl yacTn VHTeHcMBHOMY HM3HOCY I'peOHs Croco0-
KoJieca SIBIISIETCSl POCKAIb3bIBAHUE KOJIECHBIX  CTBYET OOJIbILAsi pa3HUIA TUAMETPOB KOJIEC MO
map B pe3y/ibTaTe MX BCIOI3aHUSA M (WIM) CO-  Kpyry KaraHus. M3mepeHue nuaMeTpoB Kouéc,
CKaJIb3bIBAHMSI OTHOCHUTEIILHO perbea [6]. HAacCa)XKeHHBIX Ha OJHY OCbh, HEOOXOAMMO ISt
IIpousBenst aHamoTHYHBIC PACcUYETHI AN  OOECIeYeHHs IPaBHIBHOIO PACHONIOKEHUS KO-
ocTalbHBIX BaroHoB cocTtaBa Ne 0291-0293, nécHoil napsl B Kojiee, OCKOIBKY IPH Pa3HBIX
IOJIy4eHBl 3HAYeHHUs npolera, yka3aHHBbIE JauUaMeTpax Koi€c pacTéT MX MPOCKaIb3bIBaHHE

B Ta0II. 6. Y BO3HUKAIOT MEPEKOCHl KOJECHOM Mapshl MpH
Crout orMeTuTh, uTo /I Baronos Ne 0883  npmxenuw [7].
u Ne 0888 pacuérHblii mpolOer oT Havamza JKC- Takum 00pazom, pacy€r cpeHero 3Ha4eHHs

TUTyaTalyy 10 MUHIMAJIBHOTO 3HAYCHUS TONMN-  1po0era KOJIECHBIX Map MO JIUMUTHPOBAHHOMY
HBI TpeOHst B 25 MM cocTaBuil 1,2 MITH KM, IPH  3HAYEHHIO TOJIIUHLI IpeOHst [8] B 25 MM cocTaBa
9TOM BENWYHMHA TONIIUHBI IpeOHS M1t obonx  Ne 0291-0293 cocraBmi 1,56 MIIH KM, 4TO MPH
BaroHoB cocTaBmiia 25,1 MM, 9TO yKa3bIBaeT HA  €KECYTOYHOM MPOOEre BaroHa METPOIIOIUTCHA
TOYHOCTh IPUMEHSAEMOTO METOA. B 700 kM cocraisieT 6,1 JieT ci1yKObI KOJIECHBIX
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nap 0e3 yuéra npocroes Ha TOuP. Do, B cBOIO
odepeib, TpeOyeT ONTUMH3AIINIO B YaCTH ITOBbI-
IeHUs HaJI&KHOCTH [9] KOIECHBIX Map, Tak Kak
yKa3aHHBIN y3e7 uMeeT HauOosblllee BIMSIHUE
Ha 6e30IaCHOCTh JBHKCHUS [TOE3/I0B.

Pe3yabTaThbl BhIYMCICHH BeJTHYUH TPpoldera

JlaHHble 0 BeJIMUMHAX MPOOETOB ISl KOJEC
BaroHoB Mozenu «Pycuu» ¢ npopunem JIMeTU
Y MUHMMAJbHBIM 3HAUEHUEM JMaMeTpa Kojeca
810 MM cBesieHbI B Ta0IMI. 7.

W3 tabn. 7 BUIHO, YTO CPOK CITY>KOBI KONIECHBIX
map MpH PaCCUMTAHHBIX 3HAYCHUSAX Mpobera 1o
MHUHUMAJIBHOTO JMAMETPa KOJIEC ¢ y4ETOM IPOCTO-
eB Ha TOwuP cocrasnser 50,8 net, uto Ha 63,8 %
OoJTbIIle, YeM HA3HAYCHHBIN CPOK CITy>KOBI HA OT-
JIeNTbHBIE JIEMEHTHI KOJIECHBIX Tap B 31 rom. D10
CBSI3aHO CO CBOEBPEMEHHOM 3aMEHOM KOIECHBIX
T1ap ¢ IENbIO MOJUIePKaHusI OIMHAKOBOM BETMUHMHBI
JMaMeTpa ISl BCeX KOJMECHBIX IIEHTPOB Ha OJJHOM
BaroHe W, ClieIOBATeIbHO, YMEHBIIICHUEM TUHAMU-
YECKHX Harpy30K Ha Kojéca OJIHOTO BAaroHa.

ITpu >TOM NpUUYMHON 3aMeHbI KOIECHOH Maphbl
MOJKET TAKIKE SBIIATHCSI HECOOTBETCTBHUE €€ KOHTPO-
JIMPYEMBIX TTApaMETPOB JOMYCTUMbBIM 3HAUYEHU-
sSM. B ykazaHHOM ciiydae NeMOHTHpyeMas KO-
nécHasi mapa OTIPABISETCS B TUIAHOBBIA PEMOHT,
00TOYKY WJIH Ha OCBHICTEIILCTBOBAHHE C IIEJIBIO
TPUBEICHUS €€ KOHTPOIUPYEMBIX TTapaMeTpOB
K JIOMYCTUMBIM 3HAQUEHUSIM U MOCTAHOBKH Ha
BaroH /sl TalibHEHNIIIel SKCIUTyaTaluy.

«KonécHple mapbsl OTHOCATCA K XOJOBBIM
YaCTsAM M SIBJISIFOTCS OJHUM M3 HanOoJiee OTBET-
CTBEHHBIX JIEMEHTOB BaroHa. [loaTomy kK HUM
MPEIBSIBISIIOT 0COOBIC, MOBBIIICHHBIC TPEOOBA-
nus [occrangapra, [IpaBun TeXHUYECKON DKC-
TTyaTaluy Kele3HbIX A0por, MHCTPYKIUU 1o
OCBH/ICTCIILCTBOBAHHUIO, PEMOHTY ¥ (hopMHpOBa-
HUIO BATOHHBIX KOJECHBIX Map, a TAKIKE APYTHX
HOPMAaTUBHBIX JOKYMEHTOB MPH MPOESKTUPOBA-
HUU, U3TOTOBJICHUU U cofiepxkaHum» [10].

CBeiéM TaHHBIC O BEJIMYMHAX TPOOCTOB [Ist
KoJ€c BaroHoB Mojenn «Pycuu» ¢ mpoduinem
JAMeTH u MuUHMMAaIbHBIM 3HaYEHHEM TOJIIIMHBI
rpedHs kojeca 25 MM B TaOu. 8.

Taoauma 6
IIporno3upoBanue
cocTosTHMA K/m 1719 cocTtaBa Ne 0291-0293
[cocTaBieHo aBTopamu]

Ne Barona TTpober ot Hauama SKCIITyaTaINH
JI0 MUHUMAJIbHON BEJTHYHHBI
TOIIINHBI TPeOHs 25 MM Konéc
BAaroHa, MIH KM

0291 2,04

0883 1,2

0888 1,2

0293 1,8

Cpenuee 3Hauenue | 1,56

W3 Tabn. 8 BUIHO, YTO CPOK CIIYXKOBI MpH
PACCUMTAHHBIX 3HAUCHUSIX Mpodera 10 MUHH-
MaJbHOW TOJIIMHBI TpeOHS Koiéc ¢ yuéToM
npoctoeB Ha TOUP cocrasmusier 5,9 ner, uro B 5,2
pasza menbie (19,1 % ot Ha3HaueHHOTO MPoode-
ra), YeM Ha3HAYCHHBIN CPOK CITY>KOBI Ha OT/ICITb-
HbIE dJeMEHThI KoNEcHBIX map B 31 rom. OTo
CBSI3aHO C TEM, YTO METOJ] HAMMCHBIIIUX KBa[pa-
TOB HEOOXOAUMO MPUMCHSITh HAUUHAS C BETTHYH-
HbI TOJIIUHBI TpeOHs B 30 mwm. [Ipu TommuHe
rpe6us ot 33 MM 10 30 MM UAET UHTCHCUBHBIN
H3HOC, YTO OBUIO J0Ka3aHO, UCIOJIb30BAHUEM
METOMIOB pacyéra MoKa3aTesci JOJTOBCYHOCTH
B cTatee [11].

BbIBOAbI

AHaJu3 pe3yyibTaToB HCCIICIOBAHMS MTOKa3all,
YTO pacyETHAs BEJIUYMHA MPOOera MpH UCTIOJb-
30BaHHMU METOJ[a HAUMCHBIIINX KBAJIPATOB U aIl-
MIPOKCUMAITUH 3HAYCHUI COCTABIISCT:

 nuaMeTpoB koneca — 13,375 MiH KkM;

* TOJIIUHBI TPeOHs Kosteca — 1,56 MITH KM.

Hcnonb30BaHWe Ha MOJBUKHOM COCTaBe
METPOTIOJINTCHA KOJIECHBIX Map C TEKYIIHM MPO-
¢dueM Koseca Heleaecoo0pasHo, Tak Kak WH-
TCHCUBHBII M3HOC TOJIIUHBI I'PEOHs KoJieca
SIBIISICTCSL IMMUTHUPYIOIIMM (DAaKTOPOM B 4YacTu
YMCHBIICHHS TIpo0era MeXay BHEIUIAHOBBIMU
00CITy)KMBaHUSIMH (TTPOBEACHHE 00TOYKH KOJIEC-
HBIX Tap) [12].

Tabmnua 7
Pe3ynbTarhl BhIYHCICHHI [cOCTaBIeHO aBTOPaMH |
IpoGer Barona Pacuérnas Pacuérnas Pacuérnas HaznaueHns1i IIpouent ot
B CYTKH, KM BEJINYKHA BEIIMYHHA BeJIMYHMHA CPOK CITyKOBI [UIsl | HA3HAYEHHOTO
npobera, THEH mpobera, JieT mpobera ¢ y4ETOM | 2JIEMEHTOB K/TI mpobera cocraBa
IIPOCTOEB, JIET npodmst [MeTU | Ne 0291-0293, %
1 IIaMETPOM
862 mm, et
700 19107 52,3 50,8 31,0 163,8
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Taoauua 8
PesyabTarhl BHIYMCICHHI [cOCTaBIeHO aBTOpaMHu]
IpoGer Pacuérnas Pacuérnas Pacuérnas HasnaueHHbIi IIponent ot
BaroHa BEJIMYMHA BEJIMYHHA BEJIMYNHA CPOK CITy’KOBI [UTsl | HA3HAYEHHOTO
B CYTKH, KM npobera, THEH npobera, JieT npobera ¢ y4€ToM | 37IeMEHTOB K/II npobera s
MPOCTOEB npodus JIMeTH | coctaBa
Ha TOwuP, ner M TOJIIIUHOM Ne 0291-0293, %
rpe6Hs 33 MM,
JeT
700 2229 6,1 5,9 31,0 19,1

B KOHCTPYKTHBHOM OTHOIIICHHH CYIICCTBYIOT
CIIETyOLINE CITIOCOOBI MOBBIIEHHST HAIEKHOCTH
KOJIECHBIX Tap:

* TTOBBIIICHIE MEXaHUUECKIX CBOMCTB 32 CUET
TIPUMEHCHUSI CTAJICH HOBBIX MapOK;

* pacu€T ONTUMAIBHBIX Pa3MEpOB KOIECHOTO
LEHTPa;

* COBEPILICHCTBOBAHUE TEXHOJIOTHU HX W3TO-
ToBneHwus [13].

B cBsi3u ¢ OONBIIMM KOJTHYSCTBOM KPUBBIX
YYaCTKOB ITyTH HA JIMHUAX MOCKOBCKOTO METpO-
TTOJTUTEHA ¥, KaK CIIC/ICTBHIE, TOBBIIIICHHBIM U3HO-
coM rpeOHst Kosteca ¢ BenmnuuHbI 33 10 30 MM 13-3a
BO3JICHCTBUS OOKOBBIX CHII [14] menecooOpa3Ho
HCTIONBb30BaHKe Tipodist 0boma koeca JMeTU
BP ¢ rpe6rem TommmHoH 30 MM mist MBIIC.
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[loBbiWweHUe TArOBbIX XapaKTePUCTUK TennoBo3a
C rMbpuaHoON 3HepreTUYeCcKon yCTaHOBKOM

Enena JIOTMHOBA

[puropuit KYSHELIOB

AHHOTALNA

ObocHosaHa UenecoobpasHoCMb NPUMEHEHUS Ha MeNo8o-
3e 2ubpudHol 3Hepaemuyeckoli cucmeMbl C UCNOb308aHUEM
Msi208bIX aKkKyMynsimopos. AkmyanbHocmb pewaemoli 3adadu
3aKITK4Yaemcs 8 803MOXHOCMU Y8eUYEHUs 8eC080L HOPMbI NO-
e30a 6e3 CHUXEHUSs pecypca 0CHOBHO20 3HEP2EeMUYECK020 060-
pydosaHus mennososa, Ymo umeem bosnbwoe 3HayeHue Ons
noebIiweHus aghghekmugHocmu pabomel xenesHbix 0opoe.

C yernbio NpoeHO3UPOBaHUS IhhekmueHOCMU 8HEOPEHUs Ha
XKenesHbix 00po2ax asMmOHOMHbIX JIOKOMOMUBO8 C KOMBUHUPO-
8aHHbIM UCMOYHUKOM 3Hepauu MemodoM MameMamu4yecko2o
modenuposaHusi onpedesneHbl mseosble ceolicmea mensnoso3a,
0bopydosaHHo20 bamapeeli ms2oebix akkymynsimopos. OcHosol
memoda sensemcs duHamuyeckasi Modesb dsuxeHus noesda, 8
Kkomopoli nlokoMomug npedcmaesieH neKmpoMexaHuyeckoll
cucmemoli ¢ 3nekmponpugodoM NOCMOSHHO20 Moka, 20e 8 Kaye-
cmMee NepeUYHO20 UCMOYHUKA 3Hepauu ucnonb3yemes u3esb-

Enena IOpvesna Jlozunosa ',
Tpuzopuii IOpvesuu Kysneyos ’

-2 Poccutickuil ynugepcumen mpancnopmd,
Mockea, Poccus.
b4 1 ejy-loginova@mail.ru, * kuznetsov_gy@mail.ru.

2eHepamopHas ycmaHoska U numuli-UoHHasi akkyMynsmopHas
6amapes. [Noka3aHo, Ymo NPUMEHeHUe Ha mennoeo3e 2UbPUGHO-
20 UCMOYHUKa 3Hepauu ¢ Hakonumenem émkocmeto 1300 avnep-
yac no3gonsiem Ha 18 % nosbicums 8ecosyto HopMy noesda npu
dsuxeHuu no munogomy npocpurto. Ocoboe gHUMaHue ydensem-
¢ mpebogaHUsIM K dKCnyamayuu mseo8bIX 31eKmpuyeckux
MawuH Onsi UCKIMIYEHUs UX npexoespeMeHHo20 omkasa. Yema-
HOB/IEHO, Ym0 Npu A8LUXEHUU SIoKomomusa ¢ 2ubpudHoll 3Hepae-
muyeckol ycmaHOBKoU ¢ cOCmasoM pacyémHoe2o eeca U npu
HOPMarbHbIX YCI08USIX y8eNuUYeHUe moka Haepy3Ku mseosbix
anekmpodsuzamenell He npusoOUM K nepezpesy ux 06MOMOK Ha
pacyémHom nodbéme.

MpusedéHHas modenb s8nsemcs yHueepcasnbHol U no3go-
n15em paccyumams 3¢hexkmusHocmb pabomsi mennogosa ¢
2ubpudHoll aHepzemuyeckoll ycmaHoskoul npu mobbIX ycrogusix
0BUXEHUS!.

Kntouesnble criosa: xenesHodopOXHbIL mpaHCnopm, a8MOHOMHbIL TokoMomue, 2UBPUOHast 3Hepaemuyeckas yemaHoska, Iumuti-
UOHHas akKymynsimopHasi bamapesi, OuHamuyeckasi Mo0esb 08LXKEeHUsT noe3da, ms208ble 31eKMpUYECKUe MallUHbI.

s uumuposanus: JlozuHosa E. fO., KyaHeyog I K. [NosbiueHue msi2o8bIx Xapakmepucmuk mensoso3a ¢ 2ubpUuOHoL aHepaemuyecKoll
ycmawoskoll // Mup mpaHcnopma. 2022. T. 20. Ne 3 (100). C. 21-29. DOI: https://doi.org/10.30932/1992-3252-2022-20-3-3.

MonHb1l mekem cmambu Ha aH2nulICKOM si3bIke ny6uKyemcsi 0 emopoll yacmu daHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.

* ©

HoBa E. 10., Ky3sHeuoB I 10., 2022

.

HAYKA U TEXHUKA




BBEOEHUE

Hcxonst m3 TpeOOBaHMIA MTOBBIIIICHUS MOIII-
HOCTH aBTOHOMHBIX JJOKOMOTHBOB U CHHKEHHS
PacXo/10B Ha MX AKCIUTyaTaluio (TOTIMBO, MacIo
7 JIp.) B HACTOSIIIEE BPEMS PEIIAETCS BOTIPOC O
pa3paboTKe TEeTIIOBO30B, CIIOCOOHBIX OCYIIECTB-
JSITH ABM)KEHME C TTOE3JaMH TIOBBIIICHHON BECO-
BOI HOpPMOI1. YBeNn4YeHHE BECOBOW HOPMBI I10-
€371a BO3MOYKHO PEaIN30BaTh 3@ CUET HCIONIB30-
BaHUS THOPHUIIHBIX TEIIOBO30B, KOTOPHIE HC-
MOJIL3YIOT B Ka4€CTBE JOMOJIHUTEIBHOTO
HWCTOYHUKA SHEPTHH TATOBBIC OaTapen (HaKOIH-
TEJH) C LEeNbI0 aKKyMYIHPOBAaHUS CBOOOIHOMH
SHEPTHH IS TTOCIIEIYIOIIETO MPUMEHEHNS e€ Ha
TSDKENBIX pexUMax ABMkeHUA. Hakomurenu
9HEPTUM HAXOAST IIMPOKOE NMPUMEHEHHE MPH
WCTIONb30BaHNH B THOPHIHBIX HCTOYHHUKAX SHEP-
ruu [1-4].

HakonuTenn Ha MOABMKHOM COCTaBE JUIS
peanu3aniy JOMOITHATEIEHON SHEPTUH yXKe TIPH-
MEHSIOTCS 3a pyOeskoM [5—7]. dnms cHIOKEHUS
9KCIUTyaTallMOHHBIX PACXOJ0B TEIIOBO3a HEOO-
XOZMMO BBIOMPATh HAKOITUTEIb SHEPTUH C BBICO-
KMMH YJICTbHBIMH MOKA3aTeIsAMHU 110 EMKOCTH,
TUTOTHOCTH 3aI1acaeMOi SHEPTUH H CPOKY CITY KOBI
[8-9]. OnHOBpEMEHHO HAKOTIUTEIHN YHEPTHH IS
YCIIOBHH TSTH JI0JDKHBI IMETh HU3KHE Becoraoa-
PUTHBIE TIOKA3aTeNN 1 OBITh PACCIUTAHHBIMH Ha
6ompme Tokn. Kpome Mcrons30BaHuUsT HAKOITH-
Tenel Ha PeXXUMax TATH HEKOTOpPBIE OITyOIHNKO-
BaHHBIC PA0OTHI MOCBSIICHBI NX TPUMEHEHHIO 1
JUTSL TIOBBIIIICHUS 3()(EKTUBHOCTH PEKyTIePaTHB-
HOTO TOPMOYKEHUS TOKOMOTHBOB [ 1; 3; 4].

KonmdecTBo sHeprum, KOTOpoe MOXKET OBITH
3alaCeHO B HAKOMHUTEIh, HETIOCPEICTBEHHO
BIIMSIET HA €ro CTOMMOCTH [10].

IIpumenenne HakonUTENEH YSHEPTUH HA JKe-
JIE3HOIOPOKHOM TPAHCIIOPTE SBISIETCS KOMII-
JIEKCHOI 3a7a4el, pH peIIeHIH KOTOPOi HeoO-
XOIMMO YYHUTHIBaTh PabOTy 00OpYIOBaHUS JIO-
komotuBa B menoMm [11-15]. Kpome Tsarooit
Garapen sHepreTHUECKast LETb HAKOTUTEISI CO-
JIEPXKUT JAOPOTOCTOAINE MPeodpa3oBaTesn
SHEPrHuH Ha 0a3€ CHIIOBBIX EKTPOHHBIX KITFOUEH
CO CJIOXHBIM aJTOPUTMOM ympasieHus. B pe-
3yJbTaTe [[EHA SHEPTETUIECKOTO 000PYTOBAHHS
THOPUIHOTO TETUIOBO3a 3HAYUTEIIFHO BO3pacTa-
eT, M ero co3manue TpedyeT 000CHOBAaHUS KO-
HOMHYeCKoH apdexruBHOCTH. [ToaTOMy pacuér
TIOBBIIICHUS TSATOBBIX CBOWCTB THMOPUIHOTO
TETIJIOBO3a MO CPABHEHHIO C AN3EIIBHBIM SIBIISET-
Cs BAXKHBIM ATAIOM pa3padOTKH M BHEJAPEHNUS HA
AQBTOHOMHBIX JIOKOMOTHBAaX THOPHUIHBIX MCTOU-
HUKOB SHEPTHUH.

Mwup TpaHcnopTa. 2022

OnHa 13 OCHOBHBIX IPOOJIEM CO3/aHuUs THO-
PHIHBIX TEMJIOBO30B — COMACOBaHHas paboTa
JIByX CHJIOBBIX arperaroB: MH3eJs U TATOBOTO
naxorutesst sHepruu (HOT). E€ pemenne tpe-
OyeT pa3pabOTKK JMHAMUYCCKON MOJIEIH dHEp-
TeTHYECKOH CHCTEMBI TEIUI0BO3a C THOPHIHBIM
HCTOYHHKOM SHEPTUH U BBITIOHCHHS YHCIICHHBIX
9KCIICPUMEHTOB T10 OTPEICICHUIO €r0 TATOBBIX
CBOIICTB, YTO U SIBISICTCS 1felblo TAHHOTO UCCITe-
JIOBaHHSI.

PE3YNbTATbI
JHepreTnyeckas Henb rHOPUIHOIO
Temn10B03a

DOHepreTuyeckas 1elb MOPUIHOTO TeIUIo-
BO3a IIpeycMaTpuBaeT paboTy IByX HCTOYHUKOB
SHEPTUH Ha TSTOBBIC dICKTponBUraresu (puc. 1).
[IprMeHHUTENBHO K TETIIOBO3Y C YHEPTeTHUECKOI
CHCTEMOM TePEMEHHO-TIOCTOSIHHOTO TOKA OCHOB-
HOM MCTOYHHUK 3HEPTrUH COCTOMT U3 ausens [l,
TATOBOTO CHHXpOHHOrO reneparopa (TCT) ¢
KOMOWHHMPOBAHHON CUCTEMOI1 yIIpaBJIeH s, BbI-
npsiMUTENbHOM ycTaHoBKH (BY) u TsroBbIX
anekrpoasurareneit (TO) 1-6. st BO3MOXKHO-
CTH IIepeBoJia 3IEKTPOABUraTeIei B TOPMO3HOM
PEXUM DHEpreTHyYecKas cuctemMa o0opyIoBaHa
Topmo3HbIM nepekitoyareniem (TIT).

JloTOTHUTEIBHBIA HCTOYHUK SHEPTUH BKIIFO-
4yaeT B ce0sl TArOBBIH HAKOIMTEIb SHEPIHH U
YCTpOICTBa perylnpoBaHus 3apsaa 1 paspsanaa
(YP3P) c cucremoii ynipasnenusi (CY). [Iponecc
3apsia HOT ocymiecTisieTcss Ha TOPMO3HBIX
pekuMax paboThI TeI10Bo3a BKItoueHreM HOT
Ha HanpspkeHue TOJl ¢ moMoIbI0 KOHTaKTOpa
K2.

Ha ruOpunHOM TerioBo3e B pexxuMe TATH
nutanue 00MoToK TOJ] MOXKET OCYIIECTBIATh-
cs kak ot TCI' coBmectHO ¢ Hakonutesiem HOT,
tak 1 Tosbko oT TCI. Tok paspsna HIT pery-
JIUPYeTCsl YCTpoucTBOM ympaBieHus Y P3P,
MpeacTaBIsoIuM co0oit Mmonyins Ha IGBT-
Tpan3ucropax u CY. Ycrpoiicteo YP3P noa-
ximogaeT HOT k TaroBoMy npuBOly JIOKOMOTH-
Ba KoHTakTopoM K3 (mpu 3aMKHYTOM KOHTakK-
tope K1). B ycioBUsSX HU3KOTO COMPOTURIICHUS
nBwkeHnto koutaktop K3 orkimrouaer HOT ot
TATOBOT'O MIEKTPONPUBOJIA, U MUTAHUE MTOCIE-
Hero ocymectBisercs or TCI uepes BY.

[Tpu Heodxomumoctn HOT MOXKHO OTKIIIO-
YHUTh OT CUJIOBOM I[ENTH Pa3MbIKAHHEM KOHTAKTO-
pos K1, K2 u K3.

Ecni HeoOX0MMO HCIIOJIB30BATh AIIEKTPH-
YECKYIO SHEPIHIO TOJIBKO TATOBBIX HAKOTIUTEIEH,
Harpumep, Jisi paboThl Ha CTAHIIMOHHBIX MY TSIX,
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Puc. 1. TAzoeas anekmpuyeckas cxema 2ubpudHo20 m 3a ¢ nepedayell nepeMeHHO-NOCMOSIHHO20 MoKa:

I11, 16 — noe3dHbIe KOHMaKMOPbLI NEP8020 U WEeCmMo20 MA208bIX anekmpodeuzamenell; [17 — mopmo3sHoli
koHmakmop; OB1, 0B6 — o6momKu 8036)yx0eHus1 Nnepeo2o U Wecmoz20 msi208bIx 31ekmpodeuzamenel;
0511, 0516 — o6MomKu sIkopsi NePeo20 U Wecmo20 Ms208bIX aekmpodeuzamerell [6bINONHEHO agmopamul].

JIOCTAaTOYHO PAa30MKHYTh KoHTakTop K4 u 3a-
MKHYTb KoHTakTopbl K1 1 K3. TIpn aTom, kak
B PEKUME TOPMOXKEHHUSI, TU3EIh JOJDKEH pado-
TaTh 1OJ] Harpy3Koi, uToOsl Hanpsbkeane TCI
OBLTO IOCTATOYHBIM JUIsl PAOOTHI MOTOP-BEHTH-
nsiTopoB oxnaxkaeHus TO/I.

[Ipu pabote TOJl 0T rHOPUIHOTO UCTOUHHIKA
SHEPTUH BO3HHMKACT OTACHOCTH NEPErpeBa ero
00OMOTOK, MOCKOJIBKY yBEIMYECHHE TSATOBOTO
MOMEHTA PEaN3yeTCs 3a CUET yBEIIMUCHNUS TOKA.
Ot1o Tpebyer obopymoanus TO]l cucremoit
KOHTPOJISI TeMIieparyp oOMOTok. B Hacrosimee
BpeMs 3a1a9a KOHTPOJIS TEKYIIEH TeMIepaTypbl
O0OMOTOK BJIEKTPHYECKUX MAIIWH pelcHa U He
BO3HMKACT TPYJHOCTEH B yIIPABICHUN HAIPSDKE-
auem TCI u Gmoka YP3P nns orpanndeHus
TOKA TSTOBBIX JIBUTATEINICH.

Jln1st 9MCIIeHHOTO pelIeHNs 3a4a49i Ompeie-
JICHUS TATOBBIX CBOWCTB TEIIOBO3a B YCIIOBHAX
9KCIITyaTanuy OblIa pa3paboTaHa ero TNHAMH-
YecKast MOZIENb. DHEpreTHIeCcKast LIeTlb B MOJICIIH
TIpeJicTaBIIeHa THOPUAHBIM HCTOYHUKOM SHEPTUH
Ha 0aze TeruioBo3za 2TO116 (tabdm. 1). HOT B
MOJIEJIH TIPE/ICTABIIEH OJIOKaMH TATOBBIX aKKY-
mynsitopoB LT-LFP70M (Tabm. 2).

TeruoBo3z 2T2116 momuocteio 2200 kBT

AMEET DICKTPUUYCCKYIO Tepeiady mepeMeHHO-
TTOCTOSTHHOTO TOKA C TSATOBBIMH AIICKTPOIBUTA-
tensmu DJ1-118 u sBisseTcs ogHUM U3 Hanboee
pacmpocTpaHEHHBIX TPY30BBIX TEIUIOBO30B B
Poccun m cTpaHaX OCTCOBETCKOTO MPOCTPAH-
CTBA.

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 21-29

AKKyMyIsITOpHBIE OaTapey Ha TpaHCIIOpPTE
MIPUMEHSIOTCS JUIsl TTycKa ra30TypOMHHBIX H
MTOPUTHEBBIX JABUTATENCH, B MPOMBIIUICHHOM
TPAHCIOPTE, MIEKTPOMOOMISIX, a TaKkKe Kak
aBapuitHbIE, pe3epBHBIC HITH BCTIOMOTATEIbHBIC
ncrouHukn mutanus [16-23]. Camu mo cebe
JUTHH-MOHHBIE aKKyMYJISITOpHBIE OaTapen OT-
HOCSTCS K COBPEMEHHBIM HaKOTHUTEISIM dHEp-
ruu. BIOKW TATOBBIX aKKyMYJISITOpPOB
LT-LFP70M pnst ruGpuiHOTO UICTOYHNKA YHEP-
TUH TETTOBO3a OBLITH BEIOPaHBI HCXOS U3 TOTO,
9TO OHH 3P PEKTHUBHO UCTIONB3YIOTCS IS TTUTA-
HUS DIICKTPOJBUTATENIEH MAlIMH U OOPTOBBIX
CHUCTEM PeNbCoBOro TpaHcmnopra. Kpome Toro,
JTAaHHBIN THIT AKKyMYIIITOPOB yXKe TPUMEHSCTCS
Ha 3KCHEPUMEHTAILHOM I'MOPUIHOM TETIIOBO3E
TOMSX.

XapaKTepHCTUKU CONPOTUBIEHUH NIPH BU-
JKCHHUH T0e3/1a IPUHUMAITICh Ha OCHOBaHMH [25].

MopnenupoBaHue IBHKEHUS MO€3/1a OCyIIe-
CTBIISIIOCH 1O 0000mEnHOMy npodumio 11
KJlacca B COOTBETCTBHMH C KiIacCH(pUKauen
BHUMXT (Bcecoro3uslii HayqHO-HCCIIEA0BA-
TENbCKHI HHCTUTYT KEIE3HOLOPOKHOIO TPaHC-
1opTa), Il KOTOPOTO pacdETHHIN MOABEM CO-
CTaByiseT i = 9 %o [25]. TIpu 5TOM BBITIONHSIICS
pacuéT TeKymiel TeMneparypbl 0OMOTOK STKOpeit
T3/l B COOTBETCTBUHU C METOAUKON, TTPUBEACH-
HOI B [24].

Ha nepBom stare pacuéros Oblia onpesene-
Ha BECOBasi HOPMa COCTaBa MOe3/1a Mpu padboTe
TEIJIOBO3a CO IUTAaTHOW DHEPreTUUYECKON CHC-
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Tadauua 1
OcHOBHBIE IapaMeTphI
TermoBo3a 2TI116 [24]

Macca JT0KOMOTHBA, T 276
Pacuérnas ckopocth Vp KM/9 24,2
Pacuérnas cuia Tsru FKP°103, H 506
Cuennoii Bec P_, kH 2760
Koncrpykumnonnas ckopocts V., km/4 100
Tadanma 2

HomuHnabHBbIC NapaMeTpsl A4eiiku
akkymyasaTopuoi 6arapen LT-LFP70M [8]

EMKocTh sueiiu, ammep-yac 73
ITnotHoCTH 3HEpTUM, BTew/KT 130
HomunansHoe Hanpsbkenue, B 3
JlomycTUMBI TOK JUIMTENBHOTO paspsijaa, A 146
MakcuManbHbIH TOK KPaTKOBPEMEHHOTO 219
paspsiga, A

MakcumasbHbIi TOK 3apsijia, A 73
BuyTpennee conportusienne, M*Om 0,5
Pecypc akkymymaTOpa B HHTEpBAe 3apsaaa- 5000
paspsizia, HUKIIbI

Bremaye rabaputHeie pa3Mepsl, 222 x
BxIIx T, mm 135 x 30
Macca, kr 1,8
Jlnanason pabo4nx Temmeparyp 30450

npu paspsiae, C°

TeMmoil (0e3 HaKOMHUTENs YHEPTHHU), KOTOpas
ObLTa IPUHSATA KaKk 0a30Basi BEIIMYMHA.
PacuérHblii Bec Tpy30BOTO COCTaBa Qp omnpe-
JIEJISIIICS. UCXOMISl U3 TOTO, YTO MOIIHOCTh JIOKO-
MOTHBA HUCIOJB3YCTCS MOTHOCTHIO MPH PaBHO-
MCPHOM JIBH)KCHUH C PAaCYETHON CKOPOCTBIO V.
N0 pacu€THOMY MOABEMY i . Pacuérnslil Bec
CcOCTaBa Ipy30BOro moesaa ¢ Onpeesics 1o
dhopmyre, kH:
0 = Efp _1:::4'(W") (V{’)_H'p)
e wo (v, )+,

e w, (v,) — OCHOBHOE yJe/IbHOE CONPOTHBICHHE
JIBYKEHHIO JIOKOMOTHBA B PEKUME TATH TPH
pacuérHoi ckopoctu, H/kH;

wo"(vp) — OCHOBHOE Y/IEJIbHOE COMPOTHBIICHHUE
JIBMKEHHIO TPY30BOr0 cocTaBa (BaroHOB) TPH
pacuérHoi ckopoctu, H/kH;

F_— pacuérHas cuiia TAru JJIOKOMOTHBA ITPU

Kp
pacué€tHoii ckopoctu, H;

; (M

®  Mup TpaHcnopTa. 2022

P, — cuerHoit Bec okomoTHBa, KH;
[, — KpyTH3HA PaC4ETHOTO MOABEMA, J%o.
OCHOBHOE yIEITEHOE COTTPOTUBIICHHUE ABIKE-

HHIO JIOKOMOTHBA B PEKHUME TATH W ' PACCUMTBI-

BaJoCh Ha ocHoBaHWH [24], H/xH:

Wy (v,)=1,9+0,01+v+0,0003v*, )

OCHOBHOE Y/IeJIbHOE COMPOTHBIICHHUE IBUKECHHIO
YeThIPEXOCHBIX BATOHOB HA POJIMKOBBIX TTO/IIHII-
HHUKax B coorBercTBuH [24], H/kH:
3+0,09+v + 0,002+

wo(v,)=0,7+ .
0

3

B pesynbrare noiy4eHo, 4To pacy€THbIH Bec
IPy30BOro cocTapa O sl MPUHATOIO ripoduIIst
¢ pacu€THBIM OABEMOM 9 %o cocTaBmin 43280 kH
umm 4413 1.

B nporpammuom nakere MathCad 6su10
MIPOM3BEACHO MOJICIMPOBAHUE PEXNMA JIBHKE-
Hus JokomMoTtuBa 2TD116 ¢ TaroBoi akkymysisi-
TOpHOU OaTapeeii n 6e3 HeE ¢ COCTaBOM.

JUIst 9UCIIeHHOr0 ONpeaeIeHUs TSATOBBIX
XapaKTEePUCTUK TEIJIOBO3a C TMOPHUIHBIM H
IITaTHBIM MCTOYHMKOM DHEPIHU OBLIM BBINOJ-
HEHbI CPAaBHHUTENILHBIE PACUETHI PEXKUMOB JIBU-
HKEHUSI:

1. Pacuér cuibl TSIrM M KUHEMAaTHYECKUX
XapaKTepUCTHUK JIBMXKEHUS C COCTaBOM 0a30BOM
BecoBOI HOpMOI1 4413 T.

2. Pacuér cuibl TSATM M KUHEMAaTHYECKUX
XapaKTepPHCTHK JIBM)KEHUS TEIIOBO3a C THOPH -
HBIM HCTOYHHKOM SHEPTUH C COCTaBOM, BEC KO-
TOPOTO MPEBBIIIACT OA30BbIH.

3. Pacuér TokoB HOT nns nuranus TOJI nmpu
JIBHYKEHUH TETI0BO3a C THOPHUIAHBIM HCTOYHHKOM
SHEPrHH U COCTaBaMH, BEC KOTOPBIX [TPEBBIIIACT
0a30BBbIi.

4. Pacuér temneparyp oomorok TOJ mpu
JIBHYKEHUH TETI0BO3a C THOPHUIAHBIM HCTOYHHKOM
SHEPrHH U COCTaBaMH, BEC KOTOPBIX ITPEBBIIIACT
0a30BBbIi.

Pacuér cuibl TATH 1 KHHEMATHY€CKHX
XapaKTePHUCTHK JJOKOMOTHBA

Pacu€rt cuitbl TSITH ¥ KHHEMATHYECKHIX XapakK-
TEPHUCTUK COCTaBa ¢ 0a30BOIl BECOBOI HOPMOW
OCYIIECTBIISLICS NCXOAs M3 ycioBuit padorsl TCTT
Ha TO/I.

ITo 3HAUCHHIO CKOPOCTH TEIJIOBO3a U3 TOKO-
BBIX XapaKTEPUCTHK TATOBBIX dJICKTPOIBUraTe-
neii I1Y-133 ¢ yuérom 3HaueHnit ko3 purueH-
TOB 0CJIa0JICHUS BO30YKICHUS OMIPEICIISIICS TOK
Harpysku TOJI.

DJIeKTPOMArHUTHBIA MOMEHT TSTOBOTO JIBH-
rarens Mm, Hwm:
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Puc. 2. U3ameHeHUe cKopocmu mMens0603a co WmamHol 3Hep2emuyeckoll ycmaHoeKoll u cocmaeom pacyémHo2o eeca npu dewxeHuu
no npocpunro nymu lll knacca e 3asucumocmu om epemeHu xoda V = f(t) [ebinonHeHo aemopamu].

M _=c +l +, @)
T M a
Tac CM — IIOCTOAHHAsA TATOBOI'O IBUTaTCIIsA, Ol'IpC-

JiensieMast o 3aBUCUMOCTH;
Nep 1 1

c :7p-—:ce.—, (5)
a 2n 21

KacarenpHbIf MOMEHT Ha KOJIECE BCETO TET-
no0Bo3a M ¢ yuérom konmmuectsa ocedd, Hwm:
MK - noc ¢ M‘raﬂ ¢ “’Tp ‘ n'rp’ (6)
[Jie 1 — YUCIIO OCEH TEMIOB034,;

N, — K03 (HUIHUEHT TOJE3HOTO JCHCTBUS
TATOBOTO PEAYKTOPA;

H,, — MEPEeNaToYHOE OTHOMIECHHE TATOBOIO
peaykropa.

KacarenbHas cuna Tsru temiososa F, H:

M

FK & MK/RK’ (7)

e R_— paguyc KoJeca TETIoBO3a.
Yckopenue moesna, M/c:

a(v’s):E((V)_WO(V)_WO(V)_Z(S) ) 8)

Q,+F,

INomyueHHast HA OCHOBE MATEMaTHYECKOTO
pacuéra KpuBasi CKOPOCTH TETLIOBO3a B IPOTPaM-
me MathCad npezcrasiena Ha puc. 2.

Pacuér cniibl TATH M1 KHHEMATHYECKUX
XapaKTEePUCTUK TMOPHIHOTO JTOKOMOTHBA
Pacuér cuel TSITM TEMI0BO3a ¢ HAKOTIUTEIEM
SHEPTUH OCYILECTBISIETCS aHATIOTUYHO, 33 UCKITIO-
YeHHEM pacuéTa TOKa Ha TATOBBIX JBUTATEIISIX.
Tok Ha Ka)XJIOM JBHUTraTejIe THOPHIHOTO TEIl-

JI0BO3a B pexume Tsaru [, A:
/ A(ax6)

O ©)
nOE
rae [, — tok, nogasaembiit Ha TOJL ot TCT, A;
L0 — TOK PA3pAIA TATOBOH aKKyMyJIATOP-
HOI1 Oarapew, A.
Pacuyér KMHEMaTHYEeCKUX XapaKTEpUCTHUK
THOPUIHOTO TeII0Bo3a B porpamme MathCad
MIpeJCTABIEH Ha puC. 3.

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 21-29

Tok HaKONUTEIs HIEKTPOIHEPTUU OTIPEIEIISI-
Cs1 UICXOJIsl U3 HanpshKkeHus Ha anementax HOT.

PacuéT TOKOB TATOBOr0 HAKONMUTEJISA
31eKTPOIHEPruu

HanpskeHue B 30HE 9KCIIOHEHIIUATIBHOTO
paspsaa U, ONUCHIBAETCS HEIUHEHHBIM
ypaBHeHHeM [26], B:
Us,. \on = BattAdee 5424, (10)
rne Ag — cHKeHue EMKOCTH Oarapeu Ha mare
HMHTErpUPOBAHUSL.

Jliist onipenenenus napameTpos 6arapert HOT
B COOTBETCTBUH C [26] OBUIH MCIOJIB30BaHbI
SMITUPUYECKUE KOIPPUITESHTHI:
Batt4 = 0,084 « U + 0,00004,
BattB = 60,693.Q."""

-bamapeu >

(1)
(12)
rae U—Texylee 3HaueHUe HapsKeHUs! STYEHKU
Garapewn, B;

Ofarapen — TEKYIICE 3HAYCHHE EMKOCTH aKKYy-
MYJISITOpPHOU OaTapen, ammep-yac.

B pesynsrare Hanpspkenue Ha Oarapee U B
TEKYLIUIl MOMEHT BPEMEHU NpU paszpsze, B:

U = BattE0 +U6m‘. ke + Uﬁar, HOM + UGaT. HOM. paspsin® (13)
pu 3apsje, B:

U = BantE0 +U6m‘. ke Gar. HoM Gar. Hom. 3apsan’ (14)
TIe

BattE0 = 1,0843 « U — 0,00002, (15)

ar. o COCTaBJIAIONIAs HANPSKEHUA B 30HE
HOMHUHAIIFHOTO pekuMa padboTsl, B;
Gar. HOM. pa3psit’ Gar. HOM. 3apsi1 pic OCTBILIOTING
HaIpsDKEHUs B 30HE 3apsjia WIK paspsiaa, B.
Hanpsbxenue B 30He HOMUHAJIBHOTO pexXuMa
paboter Garapen U, — ONHCHIBAETCS ypaBHE-

HHEeM, B:
—BattK « BattQc
U s, =
e = e (16)
rae BattK, BattQc — sMmupraeckue ko3 hunn-

CHTBI.
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Puc. 3. U3smeHeHue ckopocmu m 3a ¢ 2ubpudHoli 3Hep2emuyeckoll ycmaHoskol npu dewkeHuu ¢ cocmasom 5750 m eeca
no npogpunto nymu Ill knacca e 3agucumocmu om epemeHu xoda V = f(t) [ebinonHeHo asmopamu].
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Puc. 4. Pa3psidHas xapakmepucmuka Modenupyemoli akkymynssmopHol 6amapeu U = f(AQ) [ebinonHeHo asmopamu].
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Puc. 5. UsmeHeHue ckopocmu noe3da npu deuxeHuu no npogpunio nymu lll knacca e 3agucumocmu om epemeHu xoda V = f{t):
1 - nokomomue 273116 co wmamHol sHepzemuyeckoll ycmaHoe8Koll U ¢ cocmasom pacyémHol mMaccbi 4413 m; 2 - nokomomue 273116
¢ 2ubpudHoii 3Hepzemuyeckoil ycmaHosKol u ¢ cocmagom Maccoli 5750 m [8binosHeHo asmopamu].

®  Mup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 21-29

JlornHoga E. 10.; Ky3HeuoB I |O. [NoBbilleHNEe TATOBbIX XapaKTEPUCTUK TENTOBO3a C rMOpnaHON

SHepreTM4eckom ycTaHoBKOMU




t.°C

0
LNt
120 7 ,//\*/ - N LA
T T < N
B} SERET A |
N = N

77

X [ =
?QQ A Q[\b}—

60 /

0 4

g 0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 770 780 190 200 210 220 mum

Puc. 6. Kpuebie npesbiweHusi memnepamypbi 06MOMKU SKOPsi MA208bIX 3nekmpodsueameneli 2u6pudHo20 menogo3a
npu deuxeHuUU ¢ cocmasamu nosblweHHo20 eeca: 1 - cocmae Maccoli 4600 m u HIT ¢ 1 ayelikol mszoeoil 6amapeu;
2 - cocmae maccoli 4900 m u H3T c 6 siveiikamu mszoeoii 6amapeu; 3 — cocmae Maccoli 5250 m u H3T ¢ 11 syelikamu msazoeoli 6amapeu;
4 - cocmae maccoii 5750 m u H3T c 18 siuelikamu msizoeoli 6amapeu [8bINoNHEHO aemopamu].

BattK =0,006196 v , 17)
-bamapeu
BattQc =1,0341 » Qﬁmpm —0,0013. (18)
B cootBeTcTBHE ¢ [26] pacCUHTHIBAIUCH
MTOKA3aTeNd HAIPSHKCHUST HA HOMHUHAJIBHOM pe-
sKuMe npu paspsge U

6ar. HoM. paspsia’

—BattKI .. +BattOc
Uam. vom. paspno = — , (19)
BattQc — Agq
H HpH 3ap51}16 Uﬁan HOM. 3apsia’ :
BattK-1I . ..+BattOc
Uﬁam. Hom. 3apsd $’ (20)
Ag + BattQcsBattkc

rae Battkc = 0,1 — mocTosTHHAS aKKyMYJISITOPHON
Garapen.

Tok paspsiia Ipu aKTUBHOM Harpyske Ipwﬂa
BBIYUCIIACTCS 10 3aKoHy OMa /11 yJacTKa [enH, A
1 = U/R, 20

paspsana

rae R — akTUBHOE CONPOTHUBIICHUE HATPY3KH, K

KOTOpOIi mozkimoueHa 6arapes, OM.
ITonydyeHHas pas3psgHas XapakTepPUCTHUKA

Garapeu mpencTaBieHa Ha puc. 4.

Pacyér HarpeBa TAToBbIX
3J1eKTpoABUTaTeeil

Pacuér HarpeBa TAroBbIX AIEKTPOIBUIATENEH
BBITIONTHSAJICS B COOTBETCTBHU ¢ [24] pu nBHXKe-
HUU B pekume 11, °C:

At At
T=T, 0+ T I—— |,
T T

IIPY JIBMKCHUHM B PEXKHUME XOJOCTOTO XOIa H
ITHEBMAaTHYECKOTO TOpMOkeHus, °C:

(22)

(23)

T= ‘roo(l—%j,

rae At — paccMaTpuBaeMblil HHTEPBAJl BDEMEHH,
MUH;
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T, — HaYaibHas TEMIIEPATypa HA MOMEHT
pacuéra;

T, T, — TEIUIOBBIE MOCTOSHHBIE JUISL TATOBOTO
AJIEKTPOJIBUTATEIIS.

Tennosple MOCTOSHHBIE T, T, UL TOH B
(YHKIMU OT TOKA SIKOPSI JIBUTATEJIsI TIPUBEICHBI
B [24].

AHaJM3 N0JY4YeHHBbIX Pe3yJbTaTOB

CpaBHEHHE KHHEMAaTUIECKUX XapaKTePHUCTHK
JIBIDKEHHS ITOE3/10B, BEIOMBIX IOKOMOTHBAMU CO
LITATHOW ¥ THOPUIHON SHEPreTUUECKUMH yCTa-
HOBKaMH, IPUBEACHO Ha pUC. 5.

Ananu3 paboThl TATOBOTO JEKTPOIPHUBOAA
JIOKOMOTHBA ¢ THOPUIHON DHEPreTUYECKOU
YCTaHOBKOH MO3BOJIMI PACCUYUTATH PALMOHAIb-
HBIE TIapaMETPhI TATOBOM OaTapeu JJist OBbIIIe-
HUS SKCIUTYaTaIl[HOHHBIX XapaKTEPUCTUK JOKO-
MOTHBA.

O0opyoBaHKe JIOKOMOTHBA TATOBOI aKKy-
MYJLSITOPHOM Oarapeeii HakiIaJbIBaeT Onpe/IesIEH-
HbI€ OrPaHUYEHHs Ha pabOTy IHEPreTHUECKOTO
000pyIOBaHUS:

1. Tox OT HAaKOTIUTEJSI AIEKTPUIECKON dHEP-
THH BBI3BIBACT JIOTIOJHUTEIBHBII HAarpeB TSro-
BBIX JIEKTPO/IBUTATEIEH.

2. B pexumax padotet HOT He moKHBI
JIOITYCKaThCsl PEXKHUMBI ITIyOOKOTO paspsijia u
MTOBBIIIEHHOTO 3apsAa.

3. BecoBas HOpMa moeszia ¢ TUOPUIHBIM
JIOKOMOTHBOM OyJIeT BBbILLIE, YEM JIJIsl CEPUIHHOTO
JIOKOMOTHBA; MIPU ATOM TpelyeTcsi 00ecneunTh
3a/1aHHBIC KHUHEMAaTHYECKUE XapaKTePUCTUKHU
JIBUKEHUS TI0€3/1a, UCXOMS 3 YCIOBHUS PEKUM-
HOW KapThl, U UCKJIIOYHUTH MEperpeB 0OMOTOK
TATOBBIX JIEKTPOJIBUTATENIEH.
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Puc. 7. Kpuebie paspssida msizoeoli akkymynsimopHol 6amapeu H3T nokoMomueoe ¢ 2ubpudHoil 3Hep2emu4ecKkoll ycmaHoeKoll:
1- cocmae maccoli 4600 m u H3T ¢ 1 suelikoii mazoeoli 6amapeu; 2 - cocmae Maccoli 4900 m u H3T ¢ 6 syelikamu mazoeoll
6amapeu; 3 - cocmae maccoli 5250 m u H3T ¢ 11 syelikamu msizoeoli 6amapeu; 4 — cocmae maccoll 5750 m u H3T ¢ 18 siyelikamu
msizoeoii 6amapeu [8bINOTHEHO aemopamu].

PanpionanbHOE KOJIMYECTBO SYEEK HAKOIH-
TeJIsl HNMEKTPUUECKON SHEPTUH PACCUNTHIBACTCS
W3 YCJIOBHI HOPMAalIbHOM SKCILTyaTaluy JOKO-
MOTHBA.

Ha puc. 5 nokazaHo, 4T0 BBIOOP ITPAaBUIILHO-
TO YHCIIa sSTYeeK OaTapen Mo3BoJIsieT 00eCIIeunTh
JIBIDKEHUE JJIOKOMOTHBA Ha 33JJaHHOM Y4acTKe C
Pacy€THON CKOPOCTHIO (Vp = 24,2 xM/4) naxe
IIPU BECE COCTABA, IPEBBIMIAIONIEM PACUETHBIN
Ha 30 %.

Ha puc. 6 npeacraBieHo uaMeHeHUE TeMIie-
parypsl 0oMoTkH sikops TOJ] npu JBUKEHUH
JIOKOMOTHBA C THOPUAHONW IHEPTreTHUECKOH
YCTaHOBKO# (IIPH pa3JInuHOM KOJIMYECTBE SIUSEeK
TATOBOH aKKyMyJISTOpHOI Oatapen). [lomyuen-
HBIE PE3YJIbTaThl I03BOJISIIOT YCTAHOBUTH (DYHK-
LIMOHAJILHYO 3aBUCMOCTb MEX/y BECOM 110€3/1a
¥ MaKCUMaIJIbHOH (WIIH CpeHEe) TeMIrepaTypoi
O0OMOTKH SIKOPS Ha JTAHHOM PEKUME JIBUKCHHSI.

IIpormecc paspsima-3apsiaa TAroBoil Oarapen
HOT npu aBMKEHUH JTOKOMOTHBA UMEET BBIpa-
JKCHHBIN IpoBast octatouHoi émroctu (SOC) Ha
pacuétHoM mombéme (puc. 7). Ctemens pa3psna
HOT omnpenensercss KoMu4ecTBOM sY€EK U pe-
JKMMOM PadOThI DHEPTETHUECKOTO 000PYI0BAHHS
TETIOBO3A.

BbiBOAbI

Taknum 00pa3om, ¢ UCHOIB30BAHUEM pa3pa-
0GOTaHHON MOJENN OIPEAEICHBl KOINYECTBCH-
Hble Mokazarenu 3()(HEKTUBHOCTH UCIIOIb30Ba-
HUSI THOPUTHOTO TETIIIOBO3a KaK TATOBON €/TMHH-
ubl. Ha mpumepe MojenupoBaHUsT pPEKUMOB
pabdorsl TemoBo3a 2TD116 ¢ rubpugHOi
DHEPreTUYECKON YCTAHOBKOM C TSATOBBIMH aKKy-

®  Mup TpaHcnopTa. 2022

MyJSTOpHBIMEU Oarapesimu Turna LT-LFP70M
OBUTH MTOJTYYEHBI CIICAYIOIINE BBIBOIBI.

1. B pe3ynbrare HCHOJIB30BaHHS Ha TEILIO-
BO3€ TATOBOM aKKyMYJISITOPHOM Oarapen macca
COCTaBa IM0e3/1a rapaHTHPOBAHO MOXKET OBITh
yBenuueHa Ha 1000 T (18 %).

2. 3a cuéT yBeNIUYEeHUs BECOBOI HOPMBI CO-
cTaBa BpeMs Xoj1a 1oe3/1a yBenuunbaeTcs Ha 8 %
MIPU COXPaHEHUHW YCTAHOBJICHHOTO 3HAYCHUS
pac4éTHOI CKOPOCTH TEIIOBO3A.

3. 3a cuér yBennueHus BECOBOM HOPMBI CO-
cTaBa CyMMapHBIH Pacxo]l TOIUTUBA TEIJIOBO30M
Bo3pacTaeT Ha 9 %.

4. VienbHBIN pacxo/ TOIJIMBA HAa €IUHUILY
nepeBo304HO# paboTs! Kr/10* T*kM Op yMeHbITIa-
etcst Ha 10 % u3-3a 3HAYUTETHLHOTO MOBBIIICHUS
Macchl COCTaBa.

5. IIpeBbiieHne Temmeparypsl 0OMOTKH
sikopst TOJl n3Mensiercs B mpenenax, yCTaHOB-
nenHbix [OCT-2581 (MakcuManbHast Temrepa-
Typa 0OMOTKH SIKOPSI TSTOBBIX AJIEKTPOJIBUTATE-
neit cocrapuna t, = 130°C).

HMcxonst U3 mpeicTaBiIeHHbBIX BBIIIE PEe3Yiib-
TaTOB, MOYKHO C/IeJ1aTh OOIINi BEIBOJL O TOM, YTO
HCIIOJIb30BAHUE HA JIOKOMOTHBE THOPHUIHON
9HEPreTUYECKOil YCTaHOBKH ITO3BOJISICT 3HAUU-
TEJILHO ITOBBICUTH TSTOBBIE CBOWCTBA TEIJIOBO3A.

CrenaHHbIe BEIBOJIBI 10 CBOEH CyTH YHUBEP-
CaJIbHBI, TO €CTh MOTYT OBITh MPUMEHEHBI JUIS
JIFOOBIX JIOKOMOTHBOB MY TEM TTOJICTAHOBKH YHC-
JIOBBIX 3HAUEHUH UX XapaKTEPHCTHK.
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AHHOTALINA

O0Holi U3 OCHOBHbIX MEXHUKO-3KCNITYamayLUOHHb X Xapakme-
PUCMUK TIOKOMOMUBHO20 NPUEMHUKA CUCMEMb] A8MOMaMUYeCcKoL
JIOKOMOmMUBHOU CUeHanu3ayuu, 8Xodswe20 8 COCMas 8CeX MUNog
OCHOBHbIX JIOKOMOMUBHbIX ycmpoticme 6e3onacHocmu, siefisem-
CS1 20 4y8CMBUMENbHOCMb. [laHHash Xapakmepucmuka no3eo-
J1Iem OUEHUMb KOCBEHHbIMU Memodamu COOMHOWeHue cugHar/
nomexa Ha 8xode NIOKOMOMUBHO20 NPUEMHUKa, a, 3Haqum, U
OUEHUMB NOMEXOYCMOLYUBOCMb €20 PAGOMbI NPU HOMUHAMbHbIX
napamempax CueHariog agmomamuyeckoll TOKOMOmugHoU Cue-
Hanusayuu 8 pesbcoeoll UHUL 8 YCoBUSX IKCNTyamayuu — cure
moka u yacmome.

3a cuém npasumbHOU pezynuposku 4yecmeumensHoCmu
JIOKOMOMUBHO20 NPUEMHUKA BO3MOXHO CYUECMBEHHO CHU3UMb
yucno cboee 8 pabome OCHOBHbIX FIOKOMOMUBHbIX ycmpolicme
6esonacHocmu. [poeepka 4y8cmeumeibHocmu TOKOMOMUBHO20
npuémHuka u dpyeux napamempos ycmpolicme 6esonacHocmu
ocywiecmensiemcst Ha KOHMPOIbHbIX NYHKMaXx, 060pydyembIx, Kak
npaeuo, 8 0eno NPU NOMOWU CMAYUOHAPHBIX UCNbIMamesTbHbIX
wnelihos, UMUMUPYIOWUX 3MIEKMPOMacHUMHOe none, opmu-
pyemoe CuzHalTbHbIM MOKOM, NPOMEKaOU4UM 8 PeflbCoBOU TUHULL.
Ha pesynbmamb! uaMepeHust YyscmeumenbHOCMU OKabigarom
MusIHUE Pa3uYHbie (hakmops, 8 Nepayio odepedb NoMoXeHue
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OueHKa 4yBCTBUTENbLHOCTA TIOKOMOTUBHbIX
NPVUEMHHUKOB NPY UCMONb30BAHUN
ucnbiTaTeNbHbIX WNEUdOB CO CKpeLUuBaHUAMM

Bnaoucnae Cepzeesuu Kyzomun ',
Anexcandp Koncmanmunosuy Tadynugukos ’

! Poccutickutl ynusepcumem mpancnopma,
Mockea, Poccus.
04 1 vs. kuzmin@bk.ru.

NPUEMHbIX kKamywiek 8007k UChbimamenbHo20 welicha, 8binon-
HEHHO20 CO CKPEeWUBaHUSIMU, @ MaKxXe paccmosiHue Mexdy co-
CeOHUMU CKpewjusaHusimu. BnusiHue daHHbIX ¢hakmopos Moxem
npugodUMb K HEBO3MOXHOCMU NPOBEPKU NPaBUIbLHOCMU pabomb|
JIOKOMOMUBHBIX ycmpoticme 6e30nacHocmu Npu HOMUHasbHbIX
napaMempax CueHarnos, a makxe K HegepHOU OUEHKe Yyscmeu-
menbHocmu.

Llenbto daHHOU pabombi S611siemes OUeHKa 8USIHUS yKadaH-
HbIX ¢hakmopos Ha pe3ysibmams| U3MEPEHUs 4yscmaumesnHoCmu
JIOKOMOMUBHO20 NPUEMHUKa. B pamkax pabomsl, ucnonb3ys 06-
weussecmHble Memodsl aHanu3a u cuHmesa, bbia paspaboma-
Ha moderb, basupyrowasics Ha 3akoHe buo—-Casapa-/lannaca u
onuckigarowast UHOYKMUBHYIO C8s3b «UchbimamebHbIl wielih=
kamywkay. [TonyyeH psid xapakmepHbix 3agucumocmell. Pesysb-
mambl cONOCMasneHbl C CyLEeCmayWUMU mpebogaHusmMu K
NOMOXEHUI0 KamyWweK OMHOCUMEbHO UCNbIMamenbHo20 wiel-
(ha, 8bINOITHEHHO20 CO CKPEWLIBAHUSMU.

[ins obecneyeHus Haubomee MOYHbIX Pe3ynbmamos uame-
PEHUL Yy8cmeUmesTbHOCMU JIOKOMOMUBHO20 NPUEMHUKa nped-
JIOXEHO pacnonazamb NPUEMHbIE KamywKu TOKOMOMUBHbIX
ycmpoticme 6e30nacHOCMU Ha pagHoM yOaneHuu om coceoHuX
cKkpewusaHull ucnbimamesnbHoeo welipa.

Kntodesnle croga: xene3Ho00pOoXHbI mpaHcnopm, asmoMamuyeckas JI0KOMOMUSHas CugHanuayus, ycmpoticmea 6e3onacHo-
cmu, JI0KOMOMUBHbIL NPUEMHUK, winelih, CKpeuwusaHue, KORMPOIBHbIL NyHKM.

doi.org/10.30932/1992-3252-2022-20-3-4.
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BBEOEHUE

JIrobast cuctema peryaupoBaHus WITH yIIpaB-
JICHUS! IBIKCHNEM TI0€3/I0B UMEET B CBOEM CO-
CTaBe M0 KpailHel Mepe OMH KaHaj Iepenadyn
nHGOPMALNU OT CTAIMOHAPHBIX MU, KaK WX
WHa4Ye HA3BIBAIOT, KITYyTEBBIX» 00BEKTOB HH(Pa-
CTPYKTYpHI K OOPTOBOH ammapaType: KaHal
«IIyTh—JIOKOMOTHBY». Ha cetn poccuiickux xe-
JIE3HBIX JOPOT IIMPOKO PACHPOCTPAHEHBI CHC-
TEMbI PETYIHUPOBAHMS ABMKEHHS MOE3I0B, NC-
TOJIB3YIOIINE B CBOEM COCTAaBE MHAYKTHBHBIC
KaHaJIbl CBS3M, T7I€ B KAUECTBE JIMHUI Mepeiadn
CHTHAJIOB MCHOJB3YIOT PETLCOBBIC LIETIH.

Cremyer OTMETHTB, YTO OTKJIOHEHHE Tapa-
METpPOB KaHaja «IMyTh—IOKOMOTHB» OT HOMH-
HAJIBHBIX 3HAYCHUH MOXET NMPHUBECTH K COOSIM
B paboTe paccMaTpUBaEMBIX CHCTEM U COMYyT-
CTBYIOIIEMY BO3HMKHOBEHHIO HEIITATHBIX CO-
CTOSTHUII OTBETCTBEHHOTO TEXHOJIOTHYECKOTO
mporecca IBIKeHUA moe3noB [1]. B cesasm
C 9TUM OOJIBIIOE 3HAYEHHE MPHUOOPETaIoT MPo-
LIECCHI TEXHUIECKOTO 00CITYKMBaHUS M PEMOHTA
000py/10BaHusI, HANPaBJICHHbIE HA MOLACPKAHIE
XapaKTEPUCTUK KaHaJa MEePENad «ITyTh—II0KO-
MOTHB» B 00J7aCTH JOITyCTUMBIX 3HaYeHHH [2].
OcoO0BIif HHTEpEeC MPEACTABIAIOT IMPOIECCH
TEXHUYECKOTO OOCITYXHBAaHUS M PEMOHTa 000-
pyZOBaHMSI aBTOMAaTHYECKOM JIOKOMOTHBHOM
CUTHAJIM3ALNH, Pa3MEIIaeMOro Ha >KeJIe3HOI0-
POKHOM TIOJIBMKHOM cocTaBe. J{JIst OIEHKH ero
TEXHUYECKOTO COCTOSTHHS, KPOME XapaKTEPHUCTHK
KaXJI0TO U3 OJIOKOB, TEXHOJIOTHS OIPEACICHHS
KoTOophix omnucana B Muctpykimu Ne JI2291,
LIEJIECO00PA3HBIM SIBISIETCS OIPEICIICHNE YPOB-
HSl TIOMEXOYCTOHYNBOCTH PabOTHl KOMILIEKTa
npuéMHoro obopynoBanus B 1enoM [3]. Hemo-
CPEACTBEHHOE OIPEICICHNE ATOH XapaKTepH-
CTUKH ISl TOKOMOTHBHBIX NMPUEMHHUKOB HE
OCYIIECTBIIACTCS BBULY TOTO, UTO:

* BO-TIEPBBIX, AMHAMUUECKUH THANIa30H U 110-
Joca 9acTOT MOMEXH BO MHOTOM 3aBHCAT OT
CEpHUH IKCILTYaTHPYEMbIX €IUHHMI] JKEJIC3HONO0-
POXHOTO TOABMKHOTO COCTaBa, PEKUMOB HX
paboTEhI, a Tak)Ke HHBIX 0COOEHHOCTEH Ka)X10To
W3 YYACTKOB JKEJIE3HOJOPOKHBIX THHHH [4];

* BO-BTOPBIX, TAKHE MIPOBEPKU 3aHUMAIHN OBl
JUTUTEIIEHOE BpeMs (OT HECKOIBKHX JI0 IECSTKOB

! THCTPYKIIHS 11O TEXHUIECKOMY 00CITY’KUBAHHIO H PEMOHTY
JIOKOMOTHBHBIX YCTpOicTB Oe3omacHoctu Ne JI1229, yTB.
pacniopsoxerreM OAO «PX/I» ot 12 mapra 2019 1. Ne 454/p
(B pexa. Pacnopsoxenus OAO «PX/]» ot 6 aBrycra 2020
Ne 1677/p). [Dnexrponnslii pecypc]: consultantplus://offline/
ref=3EFCC965A7D98E47C2DE4862AC4B7F4A77F3DBE

093B33095DDE8542B41DB77AB46814B78A3F1C7BED
BOF3A7ACFDB53v2EAL. [loctyn 11.04.2022.
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4acoB), TaK Kak IoTpedoBajach Obl MpOBEpKa
BCEX BO3MOYKHBIX COYETAHNI ITOMEX H MOJIE3HBIX
CUTHAJIOB.

ITo 3TOl MpUYHMHE OLIEHKY TOMEX0YCTONYH-
BOCTH OCYIIECTBIISIIOT KOCBEHHBIMU METOAAMH.
C 071HOI CTOPOHBI, OIIEHKY MOXKHO pean30BaTh
3a c4éT 0COOCHHOCTEH alIropuTMOB PadOTHI
nexonepoB [5]. C apyroil cTOpOHBI, OIIEHKY
MOYKHO OCYIIECTBUTD 3a CUET U3MEPEHUIT BEIH-
yuHbl JIC Ha BX0JIe TOKOMOTHBHOTO MPUEMHH-
Ka, HABOJMMOW MPU MHUHUMAaJIbHO BO3MOXKHOU
B YCJIOBHUSIX JKCIUTyaTallUW BEJIMYHMHE TOKa
B JINHUYU MHJIyKTHBHOH CBSI3H, IPUBOASIIEH K €ro
cpabaThIBaHUIO — YYBCTBUTEIBHOCTH JIOKOMO-
TUBHOrO nmpuémMmHuka [6]. IlocnenHuit monxon
TMIOJTy4HJT HanOoJiee IIMPOKOE PacIIpOCTPaHEHHE
U HCIOJIB3YeTCs B YCIOBUSIX CHENUAIBLHO 000-
PYAYeMBIX KOHTPOJIBHBIX ITyHKTOB.

B OousibIIMHCTBE CiydaeB KOHTPOJIbHbBIE
MYHKTBl Pa3MeINaroTCs B JIENO, Il He BCeraa
€CTh TEXHUYECKasi WM IPOU3BOACTBEHHAS BO3-
MOKHOCTbh OpPI'aHHM3alUK TIPOBEPKU PEITbCOBBIX
uereil. PenbcoBble enu TpeOyroT 060iboe Ko-
JIMYECTBO MYTEBOM ammaparypsl B pacyére Ha
OJIHY HCIIBITYEMYIO €IMHUILY TOJBHIKHOTO CO-
CTaBa, K TOMY K€ OHM 3HAYUTEIHHO CHIKAIOT
nepepadaThIBaIOIINe BOBMOXXHOCTH yYacCTKOB
IIPOM3BOACTBA 0 OOCIIY)KUBAHUIO U PEMOHTY
TSITOBOT'O MOJIBMYKHOTO COCTABA: OJ[HA PEJILCOBAsI
LIeTTb — OJIH JIOKOMOTHB, B TO BPEMs1 KaK B 00JIb-
LIMHCTBE CIIy4aeB Ha KOHTPOJILHOM ITYHKTE Ol
HOBPEMEHHO TPOXOAST 00CIY)KUBaHUE B CPE/l-
HEM TPU—TISITh JIOKOMOTHBOB.

Ha KOHTpOJBHBIX TYHKTaX B3aMEH PEeJbCo-
BBIX [ETIeH IPUMEHSIOT HCIIBITATEeNbHbIC LIS -
(Bl — IPOBOHUKH, TTPOJIOKEHHBIE ONpPeIesIEH-
HBIM 00pa30M € TeM, YTOOBI IPH IIPOTEKAHUH MO
HUM D3JIEKTPUYECKOI'O TOKa 3a/IaHHBIX CHJIBI
1 4acToThl obecrneynBaioch (GOpMUPOBAHKE
BOKPYT HUX 3JIEKTPOMarHUTHOT'O MOJIsI, SKBHUBa-
JICHTHOTO DJIEKTPOMArHUTHOMY TIOJIIO PellbCa.

[IpuMeHeHne HCTIBITATEIbHBIX 1IeH(OB
Hec€T B ce0e psiji OUCBUIHBIX TPYyIHOCTEH [7-9],
CBSI3aHHBIX B TOM YHUCJIE C HEOOXOJUMOCTBIO
MIPaBUJILHOTO pa3MelIeH s OOpTOBOIi anmapary-
PBI Ha TIEPUOJ TPOBEACHHS IPOBEPOK.

W3BecTHBI pabOTHI, CBS3aHHBIE C ONBITKON
OLICHKH BIIMSIHUSI TEOMETPUYECKOTO TTOJIOKEHHSI
UCIIBITATENIBHOTO HIjIeli(ha Ha BEJIMUMHY WHITYK-
UM MAarHUTHOTO 110JIs1, OPMHUPYEMOTO BOKPYT
Hero [10]. ITpu 3TOM, HECMOTPSI Ha TOCTATOYHO
1oipoOHOE onrcaHnue 0COOEHHOCTEH HH/TyKTHB-
HOM CBSI3M PEJILCOBBIX HUTEH M CTAllMOHAPHBIX
IIPOBOJIOB HIIEH(OB C MPUEMHBIMU KaTyIIKaMU
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000pyIOBaHUS ABTOMATHYECKOM JIOKOMOTHBHOM
CUTHanu3anuu B nurteparype [11-14], orcyr-
CTBYIOT paboOThl, HallpaBJIEHHbIC HA OLEHKY
BJIMSTHHSI MECTOIIOJIOMKEHUSI IIPUEMHBIX KaTyIIEK
HCTBITYEMOH €JUHUIIBI KEIE3HOIOPOXKHOTO
TATOBOTO MOJBIMKHOTO COCTaBa BJOJIb UCIBITA-
TEJIHOTO HuIekida nim KOHPUTrypaIuy UCTIbITa-
TeJIbHOTO Huelda (co CKpelrBaHusIMH WK 0e3
CKpeLMBaHUN) Ha U3MEPEHUE YYBCTBUTEIBHO-
CTH JJOKOMOTHBHOTO NpuéMHHUKa. B cnenmanu-
3UPOBAaHHOM CITPaBOYHOI IUTEPAType, B YACTHO-
cTH, B TeXHHUECKOM CIPaBOYHUKE KEJIE3HOI0-
POXHHUKA?, IPUCYTCTBYIOT TOJIBKO pacyETHbBIC
BbIpa)KeHU 115 orleHkH BennuuHbl JJ1C, HaBo-
JUMOM B MpUEMHOM KaTyIIKe OT OTAEIBbHOTO
MIPOBOJIHHUKA C TOKOM — PEITbCOBOM HUTH. JlaHHBIE
BBIP@XKEHUSI HE MOTYT OBITh MCIIOJIb30BAHbI JUIsI
OLICHKH BJIMSTHHS UCIIBITATENIbHBIX IIUICH(OB Ha
H3MEpEeHUe TyBCTBUTEIBHOCTH JOKOMOTHBHOTO
NPUEMHUKA, TAK KaK HE YUUTHIBAIOT HU HAJTMYHS
CKpPELIMBAHUM y MOCIEAHUX, HU MOJIOKESHUS
MPUEMHBIX KaTyIIeK OTHOCUTEJIBHO CKpEIIUBa-
HUH.

Crenyer OTMETHUTD, 4TO 3apyOeiKHbIE HCCIIe-
JIOBAaTEJIM TAaKXKE€ PAacCMaTpPUBAIOT BOIPOCHI,
CBsI3aHHBIE C OCOOCHHOCTSIMHU SKCIUTyaTaluu
JIMHUHI CBSA3M B CUCTEMaX aBTOMAaTUKU U TeJIeMe-
XaHUKH Ha ’KeJIe3HOJOPOKHOM TpaHcnopre. [Tpu
9TOM OOJIBIIMHCTBO COBPEMEHHBIX HCCIIE/I0BA-
HUH MOCBSAIEHO BONPOCAM IPUMEHEHHUS PAHO-
kaHana. B vactHocTH, B [15] uccnenoBarenu
MpOaHAIU3UPOBANH BO3JEHCTBHUE MOMEX Ha
npuémornepenatomiee 000pyJoBaHUE CUCTEM
perynupoBaHus IBUIKEHHS 10€3/10B Ha 0a3ze
paauokaHasa ¢ MCIHOJIb30BaHUEM YHCIEHHBIX
METOJIOB.

3HAYUTENIBHO PEXE PacCMaTPUBAIOTCS BOII-
pOCBHI, CBSI3aHHBIE C MHIYKTUBHBIM KaHAJIOM
nepenaun nHpopmanuu. Yactb Takux pabor
CBsI3aHa C PACCMOTPEHHEM BOINPOCOB ANIEKTPO-
MarHUTHOH COBMECTHMOCTH 00OpYyHOBaHUs
C Pa3IMYHBIMU UCTOYHUKAaMU TomeX. Tak, B [16]
MpeJICTAaBICHBl PE3yAbTaThl aHAINU3a BIMSHUS
TrapMOHHK TSITOBOTO TOKA Ha PabOTy IPHEMHOTO
obopynoBaHus penbcoBbIX Heneil. B [17] pac-
CMOTPEHBI BOMPOCHI, CBSI3aHHbIE C BIUSHUEM
KOHTaKTHBIX IIPOBOJIHBIX JINHUH Ha JINHUM CBS3U
CHCTEM aBTOMATHKH.

B [18] ¢ ucnonb3oBaHMEM KOMIIbIOTEPHOTO
MOJICTUPOBAHNUS OCYIIECTBICHA OLIEHKA JJIEKT-

2 TeXHHYECKHIl CIPAaBOYHHK JKeJIEe3HOZOpOoXHKKa. Tom 8.
CurHanusanusi, HeHTpaIu3anus, OJOKHPOBKa, CBsI3b. — M.:
TocynapcTBeHHOE TPAHCIIOPTHOE HKEIE3HONOPOXKHOE H3/1a-
TenbCTBO, 1952. — 976 c.
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POMarHuTHON OOCTaHOBKH, XapaKTEPHOM st
ANEKTPUPUIUPOBAHHBIX KEJIE3HOJOPOKHBIX
nuHuit. Cnenyer OTMETUTh, YTO ISl OLICHKU
pacnpesieneHusl BeIUYHH TOKOB BJOJb y4acTKa
ITyTH UCIIOJIb30BaHbI MOJIOKEHUS TEOPUU MHO-
TONPOBOAHON JUHHUHU, AJOCTATOYHO HIUPOKO
MIPUMEHSIEMOI OTEUeCTBEHHBIMHU CIIeLUaIIICTa-
MH JUIsl QHAJIN32, B TOM YKCJIe, IMHUI HH/TyKTUB-
HOW cBsi3u. OIHAKO OMHCaHHAasi B pabOTe METO-
JIMKa HE MOXKET OBbITh UCIIOJb30BaHA B HACTOS-
LI[eM HCCIIeIOBAaHUH, TaK KaK OHa HE MO3BOJIET
OLIEHUTh 0COOCHHOCTH WHJYKTUBHOW CBSI3H
«HCTIBITATEIbHBIN NUICH(p—KaTyIIKay.

B cBs13u ¢ BBIIIEU3TIOKEHHBIM, Y€/1b10 HACTOS-
el paboThl SIBJISIETCS OLIEHKA BIMSHHS Iapa-
METPOB UCIIBITATENILHOTO HIIeH(a 1 NOJI0KEHHS
MPUEMHBIX KaTyIIeK BJIOJIb HCIBITATEIbHOTO
nuelia Ha U3MepeHHe YyBCTBUTEIBHOCTH JIO-
KOMOTHBHOTO ITPUEMHHKA.

J131st ToCTHIKEeH M TOCTaBISHHOM 11eJIn He00-
XOAUMO PELIUTh CIEAYIOLINE 3a0ayu:

* pa3paboTaTh MOJIEIIb, OITMCHIBAIOILYIO ITPO-
L[ecC MepeAayn CUTHAJIOB U3 JIMHUHM UHIYKTHB-
HOU CBSI3M B ()OpPME HMCHBITATEIBHOIO ILICH(a
MIPOM3BOJILHON KOH(PUIYpalli U TeOMeTpHYe-
CKHX pa3MepoB B NMPUEMHYIO JOKOMOTHUBHYIO
KaTyIIKy; TIPU 3TOM MOJENb JO0JKHA OTBEYATh
Ha BOIIPOC: 00ECHEYHBAIOT JIM 3aJIlaHHbIE Mapa-
METPBl HCHBITATENILHOTO 1IUICH(a U reoMeTpu-
YeCcKoe MOJIOKEHUE MPUEMHBIX KaTyIlIeK BIOJb
e (a BO3MOKHOCTh U3MEPEHHS UyBCTBUTEIIb-
HOCTH JIOKOMOTHUBHOTO NMPUEMHHKA U, €CIU
00€ecCIIeunBaoT, TO ¢ KaKOH TOYHOCTBIO;

* aHAJM3 BIUSHUS F€OMETPHUECKOTO I0JIO-
YKEHUsI TIPUEMHOM KaTyLIKH BJIOJIb UCIIBITATEIb-
Horo nuieiida Ha BO3MOXXHOCTb U TOYHOCTh HM3-
MEpPEHHUsI YyBCTBUTEIBHOCTH JIOKOMOTHBHOTO
NIPUEMHHUKA,

* COITOCTABJIEHHE CYIIECTBYIOLIEH HOPMaTUB-
HOM JTOKyMEHTAIlMM U PEe3yJIbTaTOB MOJAEIHPO-
BaHMSI.

[Ipu npoBeneHnn Hacrosie paboOThI UC-
T10JIb30BaHbI OOLICTIPUHSTHIC Memoobl CUHTE3a
u a”anu3a. [Ipu cuHTe3e MOJeNnu HCIOIb30Ba-
JIUCH TIOJIOKEHUS KIIACCUYECKOI TEOpUH JIEKT-
POMAarHUTHOIO MOJIS B YaCTH OMNPE/AETICHUs Be-
JIMYMHBI MArHUTHOM MHIYKIMH 1 3akoHa Dapa-
nest. Kpome Toro, ucrosb30BaHbl 00IEH3BECT-
HBIE MTOJIOKEHUSI TPUTOHOMETPHUH.

[Tpu pa3zpaboTke MOJENN YUTeHbI pa3Mepsbl
MIPUMEHSIEMBIX JKEJIE3HOMOPOKHBIX PENbCOB,
a TaKoKe AeHCTBYIOIINE HOPMATUBHBIE JOKYMEH-
ThI B 00JIACTH ITPOEKTUPOBAHMUS 1 000PYIOBAHUS
KOHTPOJIBHBIX ITYHKTOB.
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Puc. 1. [paghuyeckoe npedcmassieHue cyusecmeeHHbIX napamempos Modenu ucnsimamesnsHO20 wineliha co CKPewueaHusMUu [8bINOHEHO
asmopamu Ha ocHoge delicmeyroujeli HopmMamueHoii dokyMeHmayuu — Uucmpykyuu 35002-00-00, 36090-00-00 MY].

PE3YNbTATbI
IMocTpoenue Mmonesin

PaszpabareiBaemasi Mozienb JTOJDKHA OBITH
HarpasjieHa Ha U3y4eHHE BIMSHUS IIapaMeTpOB
HCIIBITATEIbHBIX UICH(OB 1 reoMeTpUIECKOTO
TIOJIO’KEHUSI OTHOCUTEIBHO HUX MPUEMHBIX Ka-
TYIIEK HCITBITYEMOH €MHUIIBI TITOBOTO XKEJe3-
HOJIOPO’KHOTO MOABMKHOIO coctaBa. Mozens
XapaKkTepHu3yeT MHAYKTHBHYIO CBSI3b MEXKIY
CJICIyIONIMMHU 00bEKTaMu: MPUEMHAST KaTyIlIKa
1 MCIIBITATeNIbHbIN HITeH .

[Tapamerpamu MozeNH SBISIOTCS:

* KOJIMYECTBO CKPEIINBAHNI HCIIBITATEIBHO-
ro nuieiica N (pu paBeHCTBE MTapameTpa HyIo
CUMTAEM, YTO UCTIBITATEIIbHBIN IIUIeH () BBITOIHEH
B BUJIC OJTHOHM paMKn);

* JUIMHA JIMHUW UHIYKTHBHOH CBSI3M HCIIBITA-
TenbHOTO nuieida Lg;

* PacCTOSIHUE MEX]y JIEBOI TpaHHICH HC-
MIBITATEIBHOTO Ik (ha ¥ MEPBBIM CKPEIIHBa-
Huem L

* paccTOsTHHE MEKIy IpaBoil TpaHunei uc-
MIBITATENIFHOTO 1IIeH(ha 1 MOCISTHUM CKpPEIH-
BaHueM L ;

* PAaCCTOSIHUE MEKAY COCEIHUMU CKPELIUBa-
HHAMM MCTIBITATEBLHOTO mutekda L, tae s —
HaTypalbHOE YHUCIIO B quana3zone ot 1 jo N—1;

* HOMep CKpemuBaHus K, 3a KOTOPBIM pac-
rojiaraeTcs mpuéMHasi Karymka (oTcuérT ocyiie-
CTBJISIETCSI OT JICBOM I'PaHMUIIBI HCIIBITATEILHOTO
nuega);

* paccTosHue [, OT ckperuBanys K 10 mpH-
EMHOM KaTyIIIKH;

* BBICOTA PACIOJIOKEHUSI UCIBITATEIIEHOTO
1Teki(a OTHOCHTENBHO YPOBHS TOJIOBKH PENbea /1, ;

* BBICOTA /1, TI0/IBECA IPUEMHON KaTyIIKH k
OTHOCHTEIIBHO YPOBHS TOJIOBKH pelibca » (pac-
CTOSIHHE JI0 LIEHTPa cepleYHnKa IPUEMHON Ka-
TYIIKH k);

* TEOMETPUUCCKHE Pa3Mephl (BBICOTA, ITHPH-
Ha, JJTMHA CepICYHHKA, TUIOIIAIb CEYCHUSI OJJHO-

® Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 30-38

IO BUTKA S, ), MATEPHUAI CEPJICIHNKA (MATHUTHAS
NPOHUIAEMOCTh MaTepHaa CEpACYHHKA L, )
MpUEMHON KaTyIIKu k;

* KOJINYECTBO BUTKOB OOMOTKH NMPHEMHON
KaTymku N, .

Bce mapameTpsl, XapakTepH3yOIe reome-
TPUYECKHE Pa3MEPBbI, IOJKHBI OBITH BEIPAXKEHBI
B METpax.

Jl1s1 moHMMaHMsI IPUBENEM CXEMATUYECKYO
WJLTIOCTPAINIO, HA KOTOPOH MOKa3aHbl CyIIe-
CTBEHHBIE T€OMETPUUECKUE MapaMeTpPhbl UCIIbI-
tarenbHOro nuieida (puc. 1).

Mozenb CTpOUTCS, UCXOS U3 CIEAYIOIINX
JIOIY LLIEHUI:

1. BricoTa mogBeca UCIBITATENILHOTO MUIEH-
¢ba U KaKAOro U3 XOMOBBIX PEJILCOB ORHON
KEJIE3HOIOPOKHON KOJIEH OAMHAKOBA; BHICOTA
oJBeca MPUEMHBIX KaTYIIEK OTHOCHTEIbHO
UCIIBITATEILHOTO Iuleli(ha OANHAKOBA.

2. Benmnunna JJ1C, HaBoguMoii B paccmar-
puBaeMoi NPUEMHOM KaTylIKe OT ydyacTKa
UCIBITATENBHOTO HuIeH(pa, 3aKperI€HHOro Ha
JIIPYTOM XOJOBOM pEJIbCE€, PaBHA BEIHUYMHE
OJIC, HaBenEHHONW OT paccMaTPHBAEMOTO
y4acTKa MCIBITATeIbHOTO Huleii(a B Apyroi
NpUEMHON KaTyIiKe (CIEACTBHE U3 IIEPBOTO
MOJIOKEHUS) M MOTOMY 3a CYET BCTPEYHOI'O
MIOCJIEA0BATEIBLHOTO BKIIOUECHUS MPUEMHBIX
KaTyIIeK MeKIy cO00M MOXKET HE paccMaTpH-
BaThCA.

VpeanbHBIMH yCIOBHAMH, 00€CII€4YHBAIO-
IIMMH MakcuMaibHyto Benununny JJIC, HaBo-
IUMOW B IPUEMHON KaTymIke, OyaeM CUUTaTh
CUTYyalHUIo, KOorja NpuéMHas KaTylKa 3aKper-
JieHa HaJl OECKOHEYHO IJIMHHBIM MIPSIMBIM TOH-
KHMM IIPOBOJAHUKOM ¢ TOokoM. IIpm Takux ycio-
BUAX YYBCTBUTEIBHOCTb JOKOMOTHBHOTO
pUEMHHKA MOXKET OBITh Ope/ieNieHa abCOI0T-
HO TOYHO. PeanbHbIMU OyieM CUUTATh YCIOBUA,
pu KoTopsix I/1C B mpréMHOI KaTyIIKe HaBO-
JIATCS OT IPSIMOTO TOHKOTO MPOBOJHUKA C TOKOM

Ky3bmuH B. C.; TabyHuimkoB A. K. OLieHKa HyBCTBMTENEHOCTU JTOKOMOTUBHbIX MPUEMHUKOB
NpU UCMONb30BaHUN UCNBITAaTENBHbIX LUNEN(OB CO CKpPeLLMBaHUSAMU
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Puc. 2. OnpedeneHue 8enuyuH KOCUHycoe 07151 Modenu [8bINOHEHO agmopamu].

KkoHewHo uinHbL. OTHOMmeHue DJIC, HaBeAEH-
HOM B peanbHbIX ycnoBusix ER, k DJIC, Haso-
IUMOW B HACaNbHBIX ychmoBusx El, Oymem
CYUTATh KO3P(PHUINEHTOM 3P (PEKTUBHOCTH
ucnpiTarenbHoro mueida K, (1):

K,=EJE,. 1)

Ha sToMm 3Tamn KoHIenTyaIbHOTO IPOEKTHPO-
BaHMS MOJICJIN MOXXHO CUNTATh 3aKOHYCHHBIM.

Ilepeliném K HEMOCPEACTBEHHOMY MOCTPOE-
HUIO MOJICNTH, KOTOPOE CBOJUTCS K JIETEPMHHA-
nun BenmanH OJ1C B pasoii yact (1). Bragane
3alHUIIEM OCHOBOIOJIATAIONINE BBIPAKEHNUS,
CBSI3BIBAIOIIIIE:

* BEIMYNHY HHIYKLNA B | MArHUTHOTO IIOJIs
B Cep/IeUHNKeE MPUEMHOH KaTyIIKH k, popmupye-
MOH TOKOM /B IpOBOJIE MUIEH(a s, 3aKPETUIEN-
HOM Ha peIbCe 7, ¢ BEICOTOH TTo/1Beca MPUEMHOM
KaTyIIKHA OTHOCHTEIBHO OCH MPOBOJa IuIei(a
A, =h +h, (2)

* BEIMYNHY HHIYKLUA B | MArHUTHOTO II0JIs
JUTsl TPUEMHO KaTyIIKH k OT poBoAa Iuteida
S € TEOMETPUYECKUM MOI0KEHUEM MPUEMHON
KaTyIIKH OTHOCHTENIBHO IIPOBOAA Imjeiida s
KOHEUHOH 1HHEI (3);

* a rake Benmanny OJIC E | B ipuémHoOi
KaTyIIKe k OT TpoBoAa muiekda s ¢ HHIyKIneH
MAarHHATHOTO TIOJIA (4):

MMl
B, =ttt
IR (2)
B, =%f(cos(ax,l)—005(as,z)) , (3)
N, dD NS, cos(a, , )dB
E — k s,k — K~k rk S,
. (0,08, 4

Ioncrasnss (2) B (4) u (3) B (4), MOXHO
TOJTY4UTh OKOHYATEIbHBIC (OPMYIIBI ISt pacué-
ta OJIC B npuéMHOM KaTyIIKe & JUIs IPOBOJHU-
Ka OeCKOHEYHOH JUIMHBI (5) U MPOBOJHUKA KO-
HEYHOW JITUHBI (6):

N do N,S,cos(a., . )dB,

Bu= a dt ’ @

Mwup TpaHcnopTa. 2022

N, S.cos(o, ) dI
iy __ Mito V0, COSW, ) al
e 27, , dr’ )
Wy N, S, cos(a,, dl
E, = _%(k)(cos(am)—cos(aﬂ))g .(6)

'k

PaHee oroBapuBagoch, YTO UCTIBITATEIIBHBIH
uIekQ vare Bcero uMeeT cKpenuBanus. Torna
MpU paccMOTpeHUH Huieid, MPOT0KECHHBIN
BIIOJIb OJTHOTO pejibca, CIEAyeT pa30ouBaTh Ha
N + [ y4acTKOB — OT/AEJIbHBIX MPOBOJHUKOB,
HaIpaBJICHHE TOKAa MPH ATOM B JIFOOBIX JIBYX
COCEIHUX y4acTKax OyeT MPOTHBOIMOIOKHBIM.
Jlist yaéra HampaBJIeHHs TOKa BBeAEM B (op-
mysy (6) koddduuuent k, kotopsiii Gynem
CUHMTATh PABHBIM |, €CJIM TOK MPOTEKACT CIcBa
HanpaBo (puc. 1) u -1, ecnu TOK MPOTEKaeT B
obpaTHOoM HampasieHun. ClenyeT OTMETHUTh,
yto BenuunHa JJIC, HaBomuMasl B MPUEMHOM
KaTYIIKE, B COOTBETCTBUH C IIPUHITUIIOM CYIIEp-
no3uuuu paBHa cymme JJ[C oT kaxxaoro us3
MPOBOAHUKOB, cienoBarensHo DJIC ER, mony-
yaeMasi B peajbHbIX YCIOBHUSAX, MOXKET OBITh
paccuutana o Gopmyie (7):

EX = ko NSy cos(ar,k) dr |
* 4mA dt

. ” ™
02 - ks -(COS ((XS’] ) - COS(C(:,Z))-

5=0

[Moxncrasus (5) u (7) B (1), coxparuast nomyT-
HO IapameTpbl IPUEMHOM KaTyIIKH k (110JIb3ysICh
TEM, YTO pacCMaTpUBAETCsI OJIHA U Ta JKe KaTyIll-
Ka, U BIMsIHUE e€ IapaMeTpoB Ha BO3MOXKHOCTb
HU3MEPEHHs] YyBCTBUTEIHHOCTH NMPUEMHHUKA B
JIAaHHOH paboTe He pacCMaTpUBAIOTCS), TOITYYUM
bopmyy (8):
K, =%Z—k:(cos((x“)—cos(a:’z)), (8)

5=0
JanbHeiimas paboTa CBOIUTCS K Ope/esie-
HHUIO BEJIMYUH KOCHHYCOB. PaccMoTpuM JBa
CITyYasi: CBA3b KAaTYIIKK C YYaCTKOM HCIIBITATE b~
HOTO Ijet(a, HaJ KOTOPBIM OHA PACIIONOKEHa,

Ky3bmuH B. C.; TabyHumkoB A. K. OLieHka HyBCTBMTENbHOCTU JTOKOMOTUBHbIX MPUEMHUKOB

Npu NCNOJ1Ib30OBaHUN UCNbITATEeJIbHbIX mneﬁcboa CO CKpelwuBaHUAMHn




i |

04

Kosument sdexruroct
WCnBITaTe BHOTO MITEHba
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PaccrosiHne OT JIeBOI IPAHHIIBI HCIIBITATEIBHOTO IUICH(A B METPAX NMPH Pa3jIHIHON JUTHHE HCITBITATEIbHOrO miieiida:

——5MeTpoB  ——6 MeTPOB  ——7 METPOB

Puc. 3. 3agsucumocmsb ko3aghgpuyueHma aghghekmueHoCmu ucnbimamenbHo20 wieligha om Mecma pacnosioKeHust
npuémHol kamywku Had HUM [8bINOTHEHO asmopamu].

Lt

lk
(L) +(h, +h,)

s=1
I+ ,-:xl =

cos(a,,) =

\/(lk A )2 +(h,+h,,

= secaus = K;

,ecaus < K;
)2
)

secaus > K;

K1
lk u ZI=:+IIH

\/(—lk 0, )2 +(hy+h, )

lk
(L) +(h, +h,)

e+ ZLKIF"

cos(a,,) =

\/(lk £ )Z +(h,+h,

secaus < (K —1);

k)2

=,ecus =(K-1);

(10)

1 CBSI3b KAaTYIIKH C y9acTKOM IuIeiida, HaJ Ko-
TOPBIM OHa He pacnonoxkena (puc. 2). JInaus
VIILI Ha pucyHKE COOTBETCTBYET YPOBHIO
MIPOKJIA/IKM HCITBITATENILHOTO IIIei(a.

Ha ocHOBaHMY BBITIIEH3II0KEHHOTO (hOPMYITBI
JUISl KOCHHYCOB YIJIa MOJKHO 3aIlicaTh B 00IIeM
Buze kak Gopmyist (9) u (10), koTopsle mpuBe-
JICHBI OT/ICJIEHO BBIIIIC.

O6benunsas ¢popmynsr (8)—(10) B cuc-
TEMY, MOXXHO CUNTATh ITOCTPOCHUE MOJCIH
3aBEPIIEHHBIM.

PE3YNbTATbI MOOENUPOBAHUA
[lepBOHaYaIBHO OCYIIECTBUM MOJEIHPOBA-
Hue ko3¢ punnenta >3pHEeKTHBHOCTH TS HCTIBI-
TaTeJFHOTO MIIeH(pa MPOU3BOILHON AITHHBI 03
CKpEIIMBaHUN. DTO HEOOXOIMMO ISl OIICHKH
pacnpenenenus koddpunrenta s3pheKTHBHOCTH
BIIOJIb YAaCTH MCITBITATEIFHOTO NUTEH(a MEX Ty

® Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 30-38

\/(—lk N )2 +(h,+h, )

Jecaus > (K -1).

JIByMsI COCEIHUMHU CKpEIMBaHUsIMU Oe3 yuéra
BIIMSTHUSI CMEKHBIX YYaCTKOB MCIBITATEIILHOTO
nuieiida. st atoro nononuum cucremy (8)—(10)
cnenyronmmM ypasHeHueM (11):

N=k=0. 1)

Kpowme Toro, 3ajaiumcst pa3InyHbIMH JUTHHA-
MM JINHUH WH/TyKTHBHOH CBSI3U UCITBITATEIIEHOTO
uekida. Ilycts L npunnMaet 3Hauenns 4, 5 u
6 M. [Toctponm rpadux 3aBucumoctu koddhu-
1reHTa 3P QEeKTHBHOCTH HCIBITATENIHLHOTO HIICH-
¢a Oe3 ckpemmBanus (puc. 3). Beicora momseca
MPUEMHOM KaTyIIKA OTHOCHTEJIBHO YPOBHSI I'O-
JIOBKHU pelibca mpuHsTa paBHoit 100 MM.

W3 rpadukoB ciemyer, 4to cHKeHue ddhex-
TUBHOCTH MCIBITATENILHOTO HITeia mponcxoanT
TOJILKO B 00JacTH BOJM3W ero rpaHunbl. Ha
YAaJICHUH OT TPAHMIIBI HCIIBITATEILHOTO Iuletia
Ha 1,1 M u Gosice BeNMYMHA MATHUTHOM MHIYK-
11K, GOpMUPYEMOii NCTIBITATEIBHBIM HUIeH(OM,

Ky3bmuH B. C.; TabyHuimkoB A. K. OLieHKa HyBCTBMTENEHOCTU JTOKOMOTUBHbIX MPUEMHUKOB
npy MCNonb30BaHUU UCTbITAaTENBHBIX LUNENGOB CO CKpeLLMBaHUAMU
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Kopprment spipexruriocTn
‘HembTaTeMLHOTO MACHA

0,2

0,00 0,47 0,94 141 1,88

ot 1eBoro

235 282 329 376 423 470
Liciiha B METPaX NIpH BHICOTE TOZBECA MPHCMHO/ KATYIIK

OTHOCHTEBHO YPOBHS TO/IOBKH PETbea:
=100 MM ——170 MM ——280 MM

Puc. 4. 3asucumocmsb Ko3ghgpuyueHma aghghekmueHoCmMu ucnbimamesnbHo2o wieligha om NoNoKeHuUss NPUEMHOL KamywiKu 8ok
y4acmka ucnbimamesnbHo2o wiieligha Mexdy coceOHUMU CKpeuwjueaHusIMU [8bINOTHEHO agmopamu].

/. —I, +IF, 1

/. +IF, 20, -1,

\/( I+1,) +(h, +hy

coctaBisgeT He MeHee 0,99 oT aHaIOrHYHOM Be-
JIMYUHBI B MJICAIBHBIX YCIOBHSX MPH JIAHHOM
BBICOTE I1O/BECA TPUEMHON KaTyIIKH. 3aMETUM,
410 KO3 PUIHEHT 3)PEKTHBHOCTU HUCIIBITATEI b
HOTro nuieiida npu pasMeneHny NpruEMHOI Ka-
TYUIKH BHE €r0 Ha PacCTOSIHUM OT I'PaHUIIbI HE
MeHee 1,5 M MpakTHYeCKH PaBeH HYNII0. DTO
MIO3BOJISIET B 3HAYUTEIILHOM CTEIIEHH YIIPOCTHTh
MOJIeNIb U CBsI3aHHBIEC C HEl paccyxaeHus. Jlo-
CTaTOYHBIM B JIIOOOM M3 CiTy4yaeB OyJIeT paccMOT-
peTh TOJBKO TPH ydyacTKa HCIBITATEIbHOTO
nuieida: Haji KOTOPBIM HEMIOCPEACTBEHHO HAX0-
JUTCS MpUEMHas KaTyllKa U JiBa CMEXKHBIX
C HUM — TIPH YCJIOBUH, YTO JJIMHA MCIBITATEIb-
Horo uwiedda L >> 1,5 M (Ha IIpaKkTUKe MUHH-
MaJIbHO JIOITyCKaeMO€ PACCTOSIHUE MEKY JIBYMSI
COCEIHUMH CKPELIMBAaHUAMU COCTaBIsIET 4,7 M,
cornacHo Tabnuue! I.1 Mucrpykunu Ne 35002-
00-00%). Tora, mosarast, 9To BCE y4aCTKH UCIIbI-
TaTeJILHOTO HUTeH(a NMEIOT OJMHAKOBYIO JUTHHY
1F1, cucremy (8)—(10) MoxHO 3amucarbh OJHUM
ypaBHEHHEM B Oosiee nmpoctom Bue (12).

Jlanee B oTHOIICHNH 1UIEH(OB CO CKpEIINBa-
HMSIMH Oy/IeM OTIepUpOBaTh TOJBKO (hopmystoi (12).
3T0 3HAYUTEILHO COKPATHT KOJIMYECTBO PACUETOB
IPU JIOCTATOYHOM ISl MCCIICIOBAaHUSI CTEIICHN
TOYHOCTH.

PaccmotpumM cityyaid, Korjia JJIHHbI BCeX PaMOK
OJIMHAKOBBI ¥ PaBHbI THIIOBOH MHUHMMAJIbHO BO3-
MOyKHO#H Benmuune L = 4,7 M, coriacHo TpeboBa-

3 MHCTpyYKLWs 110 000PY/A0BaHHIO, TCXHUYECKOMY O0CITyKH-
BAHHUIO M PEMOHTY HCIBITATCIbHBIX HIICH(OB M MyTEBBIX
ycrpoiicte AJIC xonTponsHoro mynkra AJICH Ne 35002-
000-00, ytB. pacnopsokenuem OAO «PXXK» ot 12 urons
2021 1. Ne 1510/p. [DnexrpoHHsIit pecypc]: consultantplus://
offline/ref=ACFCOF802E265D5609396C61FA2297645A36
CD 753B15BBFOF0683C6B87B643E0101F73D15E3E927
DF0C91393978316kCG2L. Jloctyn 11.04.2022.

\/(l +,)

x . (12)

w(hy+h ) @=L+, b,

ausm tadmmtet I1 Maetpyxim Ne 35002-00-003
(puc. 4). Kak MbI paHee yxe yOequich, C yBEIH-
YEeHWEM JUTMHBI JIMHUY WHTYKTUBHOH CBSI3M KO3(-
¢unnenT >p(HEeKTUBHOCTH HCHBITATEIBHOTO
nuieiida mprMepHO paBeH eAMHUIE Ha OOMbIIeH
YyacTH e€ NpoTshKEHHOCTU. Hanxyaimm yciaoBueM
SKCIITyaTalny OyIeT SBISTHCS CaMOEe KOPOTKOE U3
BO3MOXKHBIX PACCTOSTHUE MEK/Ty CKPEIIBAHHSIMU.

[Nomyuennas KapTHHA O3BOIISIET CY/IUTH O CJIe-
ayromeM. YeM Hipke BbICOTA MOABECA IPUEMHOMN
KaTyIIKH OTHOCHTEIIFHO YPOBHS TOJIOBKH PEJbca
TIPH UCTIOB30BaHNH IILTeH(a co CKPEIBaHUMHY,
TEM MEHBIIIE 00JIacTh BOIM3M MECT CKPEIIMBAHNUS
TTOCIIETHETO, B KOTOPOi Kod(duImeHT 3 ek THB-
HOCTH HCTIBITATENBHOTO NuIeH(a M3MEHSETCs Cy-
IIECTBEHHO. [Ipn paBHBIX PAacCTOSHUSIX OTHOCH-
TEIBHO COCETHUX CKPEIIMBAHN NCTIBITATEIEHOTO
nuetida kodhpumueHT APpHEKTHBHOCTH UCITBITA-
TENBHOTO 1Ieii(a Mpy TaHHBIX: €T0 JUTMHE U BbI-
COTe ToJBeca MPUEMHOM KaTyIlIKH — MAaKCHUMAJIeH
(maHHOE YTBEPIKIICHHE MOXKET OBITH JJOCTaTOYHO
MPOCTO JI0KA3aHO ITyTEM OIPENIENIEHNS] MAKCUMyMa
(byHKIIMH, oTnpenenéHHOHN BeIpaykeHneM (12) oTHO-
CHTENBHO L, ). BOMM3M MECT CKpEIMBaHMs HCTIBI-
TareapHOTO UIeida koddduimenT 3¢hPeKTuBHO-
CTH WCTIBITATENIBHOTO TUIeH(a Pe3KO CHIKACTCS
3a CYET BIMSIHUS CMEKHOTO YJacTKa HCIIBITATEb-
HOTO nuiekda, 9To TPUBOIUT K HEBO3MOKHOCTH
N3MEpEHHs] 4yBCTBUTEIBHOCTH JIOKOMOTHBHOTO
TIPHEMHIKA B TAaHHON 00JIaCTH IPH HOMUHAIEHOH
CHJIe TOKa B HCTIBITaTeNibHOM Tnteiide. C yaérom
9TOTO TOCTPOMM TpaduK 3aBUCHMOCTH K03(du-
mreHTa 3(p(heKTHBHOCTH UCTIBITaTeNFHOTO NITeia
IIPU Pa3MEIICHUU TPUEMHON KaTyIIKX HA PABHOM
YHAICHAH OT COCETHUX €TO CKPEIIMBAHUH (pHC. 5).

C yuértom rpadukoB, MpeACTaBICHHBIX Ha
puc. 5, MOXHO ChpOpPMYIHPOBATH BEIBOJ O TOM,

®  Mup TpaHcnopTa. 2022.
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Koopdmuent s pescruocrin
HCTIHITATEbHOTO HLIeHida

4
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uwieiidha B METPAX IpH BHCOTE TIOZIECA IPHEMHOT KaTyIIKH

OTHOCHTETLHO YPOBHS FOTOBKH PEbea:
—1003M =170 —280 wy

Puc. 5. 3asucumocms ko3aghghuyueHma aghghekmueHoCmMuU ucnbimamenbHo20 wieligha om paccmosiHus
Mexdy cOCeOHUMU CKpewusaHuUsIMuU UucnbimamesbHo2o wieligha [8bINOHEHO asmopamu].

YTO MPHU M3BECTHOM JIOIYCTUMOM JHAIa30HEe
BBICOT I10JIB€Ca MPUEMHBIX KaTyIIEK OTHOCH-
TEJIbHO YPOBHSI TOJIOBKH peJibca IPU OLCHKE
YyBCTBUTEIBHOCTH JIOKOMOTHBHOT'O ITPUEMHHUKA
HEO0XOAUMO, BO-IICPBBIX, OIPEACIUTh Tpedye-
MYIO TOUHOCTb (MOXKET OBITh 3a1aHa KO PHIH-
eHTOM 3(()EKTHBHOCTH HCITBITATEIBHOTO IUICH-
(a; xapakTepu3yeT OTIMYHE MOJYy4aeMbIX pe-
3yapTatoB u3MepeHuit 3J{C, HaBOAUMEBIX B
MPUEMHBIX KaTyIIKax, 0T MAKCUMaIbHO BO3MOK-
HBIX 3HA4Y€HHIi), a, BO-BTOPHIX, ONPEACIUTh
MHUHHMMAJILHOE PACCTOSIHUE MEXKAY CKpelInBa-
HUSIMH, [IPY KOTOPOM HPH pa3MeIleHUH TPUEM-
HOM KaTyHIKH CUMMETPHYHO OTHOCHUTEIHHO
COCEJIHUX CKpEIIMBaHHUN OyleT OCTUTaThCs
3aJlaHHast TOUHOCTb.

[osnyueHHble pe3ysIbTaThl MO3BOJISIFOT MPOaHa-
JIM3UPOBATH CYILIECTBYIOIME HOPMBI, YCTAHOBJICH-
HBIE Pa3IMYHBIMU JOKyMeHTamu: 1. 1.8.4 Metonu-
yeckux ykazanuii 36090-000-00 MY* u 1. 3.4.6.6
Huctpykimu Ne 35002-00-003. M3 yka3aHHBIX
HOPMAaTHBHBIX JIOKYMEHTOB CJIE/IYET, YTO «IIPUEM-
HbIE KaTYIIKU €IMHHUIIBI TSTOBOTO YKEJIE3HOIOPOK-
HOTO MOZBIYKHOTO COCTaBA JIOJKHBI PACIIONararbCst
He Ommke 200 MM K MECTY CKPEILMBAHHSI HCTIBITA-
TeNbHOTO Huierda». CormacHo pesyiibTaraM Mojie-
JIMPOBAHMSI HA YKA3aHHOM PAaCCTOSHUU KO3 duIu-
eHT 3G (HEKTUBHOCTH HCIIBITATEILHOTO IUTeida
HaxoauTcs B quanaszone ot 0,45 mo 0,67, cienosa-
TEJILHO, YyBCTBUTEIILHOCTh JIOKOMOTHBHOTO TIPH-
EMHHKa He MOXKET OBbITh OITpe/ieNieHa [PYU HOMUHAb-
HBIX BEJIMYMHAX CHJIbI TOKA B UCIIBITATEIILHOM
nuieride (HaBomumast IJIC Oymer OTIMYaThCs OT
HOMHHAJILHOM BEJIMYMHBI [IOYTH B J[BA Pa3a).

J171s IOATBEpIKIeH S TTOJTYYEHHBIX B PE3YJIbTa-
TE MOJICIMPOBAHMS JAHHBIX TPEOyeTCs! IPOBEICHUE
HATYPHOTO JKCIEPUMEHTAILHOIO HUCCIIEIOBAHHS
JUISL yTOYHEHHS! BeTMYMHBI Kod(duimenTa s dex-

* KourponpHbiii myHktT AJIC. MeToandeckue yKka3aHus mo
MIPOCKTHPOBAaHUIO N 0bopynoBanuto. 36090-00-00 MV:
VY TBepIKICHBI 3aMECTHTENEM HauaIbHUKA yIIPABICHUS CHI-
HaJIM3aIlH, CBSA3H M BBIYUCIUTEIbHON TeXHUKH 30.12.1996.
AnsooMm 1. Beero aas6omoB 2. — M., 1996. — 24 c.
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THUBHOCTH HCIIBITATENIBHOTO 1UIeH(a B 30HE CKpe-
LIMBAHUS UCIIBITATEIBHOTO HuIelda.

3AKNOYEHKUE

Ha ocHoBe pe3ynbraroB npoBeIEHHOIO HC-
CJIE/IOBaHMSI MOYKHO C(OPMYIIUPOBATh CIIEAYIO-
I€ OCHOBHBIC BBIBOIbI:

1. Ha ocHOBe rumore3sl 0 TOM, 4TO B 3aBH-
CUMOCTH OT IOJIOKEHHUSI MPUEMHBIX KaTyIleK
BJIOJIb UCIIBITATENILHOTO 1HUIei(a CyIecTBEHHO
W3MEHSIFOTCSI YCIIOBHS JJIsl OLIEHKH 4yBCTBHUTEIb-
HOCTH JIOKOMOTHBHOI'O IpUEMHUKA, OblIa pa3-
paboTaHa MaTeMaruuecKasi MOJIeIb, TO3BOJISIO-
11as1 OCYIIECTBIISITh MOJICITUPOBAHUE BEJTMYMHBI
ko3¢ dunnerTa 3pHEKTHBHOCTH UCITBITATEIIEHO-
ro 1uieiida B 3aBUCUMOCTH OT HOJIOKEHHS TIPH-
E€MHOM KaTyILIKH1 U TapaMeTPOB UCTIBITATEIbHOTO
nutefida. IIpu paspaboTke MOAEIU yUTEHBI
TpeOOBaHMsI ACHCTBYIOLIMX HOPMATHBHBIX JIOKY-
MEHTOB K ITPOKIIAJIKE UCTIBITATEIbHBIX HIICH(OB.

2. T1o pe3ynbraramMm MOJIETMPOBAHHS YCTaHOB-
JIEHO, YTO Y€M HMKE BbICOTA 110/IBECA MPUEMHON
KaTyIIKA OTHOCHUTENILHO YPOBHS TOJIOBKH PEJibCca
NIPU KCIOJIb30BaHKH HIUIei]a CO CKpelBaHus-
MH, TeM MEHbIIIEe 00J1aCTh BOJIM3U MECT CKPEILH-
BaHUs MOCJCIHEr0, B KOTOPOH KO3(p(GHUIIUEHT
3(PEeKTUBHOCTH UCTIBITATEIILHOTO IIICH(a n3Me-
HsieTCs cyliecTBeHHO. Dopma 3aBUCUMOCTH KO-
s¢pdunueHTa 3pHEKTHBHOCTH UCIIBITATEIIEHOIO
nuieida Ha Pa3IMYHON ero UIHHE OIWHAKOBA U
MMEET OIMHAKOBBIEC XapAKTEPHBIE TOUKH.

3. Ha ocHOBe comocraBiieHHsl pe3y/IbTaToB
MOJIEJIMPOBAHHMSI C JISUCTBYIOIIMMH HOPMaMH 110
pa3MEeIIeHnI0 MPUEMHBIX KaTyIIEK HUCIBITYEMOU
€IMHHIIBI TSATOBOTO JKEJIE3HOIOPOIKHOTO TTOABHIK-
HOTIO COCTaBa ObLIO YCTAHOBJIEHO MX HECOOTBET-
crBHe. J{yis yKka3aHHOTO B HOPMATHBHBIX JIOKyMEH-
Tax PACCTOSHUSA MEXAY NPUEMHOM KaTylIKOW U
MECTOM CKPEILMBAHUSI UCTIBITATEIIHOIO Iuieli(a
ko3 durmeHT 3hPEKTUBHOCTH HCIBITATEILHOTO
nuietica cocrapisieT TobKo Juiib 0,45—0,67, uto
HE T03BOJISIET 00ECIICUNTh YCIIOBHUS ISl OLCHKH
qyBCTBUTEJILHOCTH JIOKOMOTUBHOTO NPHEMHHKA.

Ky3bmuH B. C.; TabyHuimkoB A. K. OLieHKa HyBCTBMTENEHOCTU JTOKOMOTUBHbIX MPUEMHUKOB
NpU UCMONb30BaHUN UCNBITAaTENBHbIX LUNEN(OB CO CKpPeLLMBaHUSAMU



https://www.elibrary.ru/item.asp?id=38536129 [orpanu-

21.]'[5[ IMOJIYUYCHHUS TOYHBIX PE3YJIbTATOB OLICHKH
YEHHBIH T0CTYI].

YYBCTBUTCIIBHOCTU JIOKOMOTHBHOI'O HpI/IéMHI/IKa

CJIelyeT pacroJiarath NMPUEMHbBIC KAaTYIIKH Ha
PaBHOM YJaJIeHHU OT MECT CKpElIMBaHuK, a pac-
CTOSIHHC MEXITy CKPCIIIUBAHUSMHU UCTIBITATSIIBHO-
1o 1uiekia noadHpars ¢ yuéToM 3apaHee MPUHITON
TOYHOCTU U3MEPCHHH.

JL1s yTOuHEHHs pe3ynbTaToB MOAETHPOBAHHS
HEO0OX0IMMO TIPOBECTH COOTBETCTBYIOIIUE IKC-
NepUMEHTaJIbHbIE MCCIIe0BaHMs, paboTa Hal
KOTOPBIMH YK€ BEIETCS CIICIUATUCTaMU Kade -
pbl «ABTOMATHKA, TEICMEXaHUKA M CBs3b Ha
JKEJIe3HOZIOPOKHOM TpaHcropTe» Poccuiickoro
YHHBEPCHTETA TPAHCIIOPTA.
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AHHOTALIUA

Llenbto pabomsi sgnsiemcs uccredogaHue Memodog npozHo-
3UpoBaHUs pasgUMUSi MPaHCNOPMHbIX cucmem U onpedeneHue
UX NPU20OHOCMU 8 YCII08USIX HECMAaBUMLHOCMU SKOHOMUKU.

CospemerHas memodonno2usi NPo2HO3UPOBaHUS passuMust
Pe2UOHabHbIX MPaHCNOPMHBIX CUCMEM 8KTko4aem e cebsi KC-
nepmHble u hopmasibHble Memodsl, Memodsb! aKmugHoO20 U nac-
CUBHO20 NPOZHO3UPOBAHUS.

B kayecmse nepcnekmugHbIX HanpasneHull MOXHO Ha3samb
NPUMEHEHUE 8 NPO2HO3UPOBaHUU 3KCNEPMHbIX CUCMEM, CUeHap-
HO20 NPO2HO3UPOBAHUS U CMpameauyecko20 NaHUpO8aHust.

CueHapHoe nnaHuposarue 8 bosbweli cmenexu npucnocob-
IEHO K HenuHelHbIM Npeobpa3osaHusiv 8 IKOHOMUKeE, YeM mpa-
OUYUOHHOE NUHeliHoe niaHuposaHue. B mpaduyuoHHOM nnaHu-
PpOsaHUU Npowioe 06bACHAEM HaCMosILee, 8 CUEHaPHOM NiaHu-
posaHuu bydywiee s8nsiemcs cMbiciiom Hacmosweeo, bydywee
co3daémcs.

MHozo06pa3ue u HecmabusbHOCMb CMamucmMuU4YecKux no-
ka3amenel nobyxdaem co30asamb 2ubpudHble cucmemb| Mode-
neli nPo2HO3UPO8aHUS. VX 0CHOBY COCMaBNAoM pespeccUoHHbIe,

Hapexna TAPABYKUHA

u Kucenenko ', Eézenuii IOpvesuu Cyndykos *, Haoexcoa Anopeesna Tapadykuna ’
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a makoxe UHmennekmyarbHbie MoOEsU, 8 MOM YUCTE UCKYCCMBEH-
Hble HelpOHHbIEe U aHanumuveckue cemu u 0p., komopble donosi-
HSIOMCS CYEHaPHBIM NPO2HO3UPOBaHUEM.

Bbis611eHb1 0CHO8HbIE (hakmopsl, onpedensiroujue yHKYUO-
HuposaHue mpaHcnopmrol cemu Esponetickol u [puyparnsckol
ApKmuku, u ocyuiecmenéH ebibop Memodos Npo2HO3UpPosaHust eé
passumusi. OCHO8HbIMU chakmopamu, He2amusHO BIUSIOWUMU Ha
passumue mpaHcnopmHol cemu uccnedyemMoz0 peauoHa, sess-
romces Hexeamka epy3oeoli 6a3b! nopmos; HedocmamoyHas npo-
nyckHasi cnocobHOCMb MPaHCNOpMHbIX Nodx0d08 K MOPCKUM
nopmam, nonuMmMuYeckue, coyuanbHble, NPUPOOHO-KMUMamuye-
cKue u dpyaue pucku.

Ha npumepe CegepHo20 MOPCK020 Nymu nokasaHo Ucnosb30-
8aHue 2ubpudHoli cucmemb| Modenell npo2Ho3uposaHus Anst nosy-
YeHUs BO3MOXHbIX 3Ha4YeHull 06bEMo8 nepeeo3ok. Ha ocHoge
aHarnu3a pespeccuoHHb X Modenel u uccedosaHus 803MOXHOCMU
docmuKeHUs Lenegoeo nokasamerisi 06bEMo8 nepeso3ok k 2024
200y bb1n cOenaH 861800 0 NPUHLUNUATLHOU NPUMEHUMOCTMU aHHOU
Modenu k npoeHo3uposaHUo 06béma nepego3ok no CMIT.

Kntouesble crioga: mpaHcnopmHasi cucmema, MemoOdb| npozHo3uposaHusi, Eeponetickast u lMpuypanbckas Apkmuka, peepeccuoH-
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BBEOEHUE

TpaHCTIOPT, ABISAACH OTPACITHIO YKOHOMHUKHA
7 TIOCTABIIMKOM YCIYT, 00ecTeunBaeT mpe-
MOCBIJIKM aKTHUBHU3AIIUN XO3SHCTBEHHOU Ies-
TEJIBHOCTU HAa TOW WJIM MHOW TEPPUTOPUH,
a pa3BHUTHE TPAHCIIOPTHOW HHPPACTPYKTYPHI
JIOJDKHO HOCHTH OTlepexaronuii xapaxrep [1]
110 OTHOIICHHUIO K MaTePHaIbHBIM MPOU3BOII-
crBaM. [losToMy HEOOXOAMMO BEISBICHHE
TeHICHIINN W IMOKa3aTeJIeH, MO3BOJISIONINX
MPOTHO3MPOBATh Pa3BUTHE TPAHCIOPTHHIX
CHCTEM Kak B OJIvpKalIIell, Tak U B OTHAIEHHON
TepCIIEeKTHBE.

Ha npotsixkenun Bcedl cBOEW HMCTOPUU
YEJIOBEYECTBO MBITANOCH 3aTAHYTh B Oymy-
1ee W y3HaTh, 4TO XKAET Brepeau. MapTuH
BaH Kpeempxa [2] paccka3siBaeT ¢ MO3HITUI
HCTOPUKA O BOSHUKHOBEHHUH PA3TUYHBIX Me-
TOIWK MpeACKa3aHus, IPUHIIUIIAX U yOexae-
HUSX, JeXamuX B ux ocHoBe. CeromHs yué-
HBIE CTPEMSTCS eNaTh MPOTHO3HI C UCIIONb-
30BaHHEM HOBEHIINX KOMITBIOTEPHBIX TEXHO-
JIOTHH.

AHanm3 pa3InYHBIX METOOJIOTUH POTHO-
3UPOBAHUS, B TOM YHCJIE I TPUMECHUTEIBHO K
TPAaHCTIOPTHBIM CHUCTEMaM, BBINMOJTHEH
A. M. AuanponoseiM, A. H. Kucenenko,
E. B. MoctuBeHKo [3, c. 26—41]. B ycrnoBusax
IUTAaHOBOW PKOHOMHKH (¢ Hadama 1970 rr. u
10 1991 r.) MeTobI, 0CHOBY KOTOPBIX COCTaB-
JIIOT TEOPHS BEPOSTHOCTEH, MaTeMaTHIeCKas
CTaTUCTHKA, TEOPUS PETPEeCCHU, IMHPOKO
WCTONB30BANNCh NPH MPOTHO3UPOBAHUU
00BEMOB TIEPEBO3OK.

L[envro HacTOSImEH pabOTHl sABISETCS
ompeneneHne MPUMEHUMOCTH 3TUX H psAaa
MEPCIEKTUBHBIX METOJOB IMPOTHO3HPOBAHUS
Pa3BUTHS TPAHCIIOPTHBIX CHCTEM B COBPEMEH-
HBIX DKOHOMHUYECKHUX yCIOBHUAX, XapaKTepH-
3YIOLIMXCS BBICOKOM CTENEHBIO HEONIPEIENIEH-
HOCTH.

PE3YNbTATbI
MeTonoJiorus
Ilpoznosuposanue pazgumusn
MPAanCROPMHBIX CUCHEM U HAYUHbBLE MENO0bL
AsTtopsl [3] pa3paboTany COBpEeMEHHYIO
METOAOJIOTHIO TIPOTHO3UPOBAHUS Pa3BUTHS
pPErHOHANBHBIX TPAHCIIOPTHBIX CHCTEM, BKITIO-
YaIOIIYIo B ce0s IKCIepTHRIE U (hopMaTbHEIE
METO/BI, METOJBl aKTHBHOTO M TACCHBHOTO
MPOTHO3NPOBAHUS, METOIBI (CHU3Y—BBEPX»
1 «C8epxy—6HU3», NHANBUAYATbHBIC U TPYTI-
TTOBBIE MOJICIIH.
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[Ton sxcnepmubiMy NTOHUMAIOTCSI METOIBI
COCTaBIICHHUs IPOTHO30B Ha OCHOBE MPEII0-
J0KeHUH sKcnepToB. Cpeau HUX BBIICISIOT-
cs Metonbl «Jleabdu», «KMO3roBOH aTakuy,
«MOP(OIIOTHISCKUI» U T.II.

MeTonamMu naccusHo2o npocHO3UpPO6aHUs
3HaYeHNE NHTEPECYIOIIEro M0Ka3aTess npej-
cKa3bpIBaeTCsl 03 yKazaHHs TOTO, KAaKUM 00-
pa3oM OHO Oy/IeT IOCTUTHYTO, HAPUMED, TPH
9KCTPANOJISILIUY BPEMEHHBIX PSJIOB.

[Ipu akxmusnom npozcno3upoganuy TOYHO
OTHCHIBACTCS MEXaHNU3M (POPMUPOBAHHUS Pac-
cMaTpHuBaeMoro rnokasarens. B 3apy0exHoin
JUTEpaType Mojg00HbIe METO/IbI TAK)KE Ha3bl-
BaIOT HOPMAMUBHBIMU, & TACCUBHBIE — HOUC-
KOBbIMU.

[IporHo3sl UMEIOT pa3HbIE BPEMEHHbIE
MPU3HAKYU (CBBIIIE MATH JIET, TATh JET, IO/,
KBapTaj, Mecsll U T.IL.).

TpaHcropTHBIE 0OBEKTHI UMEIOT OIpe/ie-
JNEHHYIO MEPapXHI0 MO MPUHAIECKHOCTH
K pa3JIMYHBIM BEJJOMCTBAaM, pErHOHAM, MPEJI-
MPHUATHSIM Pa3IUYHbIX (OPM COOCTBEHHOCTH.
Heo0XxonuMbIM yCI0BHEM KaueCTBEHHOCTH
MPOTHO30B, pa3padaTbiBaeMbIX JJIsi TpaHC-
MOPTHBIX 00BEKTOB (IIPOTHO30B pa3HBIX
YpOBHEi1), SBISIETCS MUX COOTBETCTBHE JPYr
ApyTy.

Takyke MpU MPOTHO3MPOBAHUU PA3BUTHUS
TPAHCHOPTHBIX CUCTEM TPUMEHUMBI UHOUBUOY-
anvHule u epynnosvie mooenu. VInmuBuyanbHas
MOJIeJIb MTPOrHO3UPOBAHMSI OCHOBaHA Ha pac-
CMOTPEHHUH Ka)JI0OTO O0BEKTa MO OTAEIBHOCTH
(HampuMmep, TPaHCIOPTHOE MpEAINpUsITUE),
IpYIIOBasi MOJIEJIb — Ha PACCMOTPEHHN HEKOTO-
pO¥ COBOKYITHOCTH OOBEKTOB OIHOBPEMCHHO
(a’poTOPTHI U T.11.)

Jlnst aHanu3a ¥ MPOTHO3MPOBAHUS Pa3BU-
THS TPAHCIIOPTHBIX CHCTEM YaCTO MCIIOIb3Y-
IOT METOJIbI MHOTOMEPHOU TMHEHHOM perpec-
cuu.

Ilpuzoonocms memooos npozHo3upoeanus
6 YCNI06UAX HECIMAOUTLHOCIU IKOHOMUKU
Knaccuueckue memoowl npoenosuposanus
ABTOpBI paboTHI [4] OTMEYAIOT, YTO «IIPH
BCEX OTMEUEHHBIX OI'paHMYEHHUSIX Haubolee
MIPUMEHSIEMBIMU B YKOHOMUYECKUX HCCIIEI0Ba-
HUSIX METOJaMHU IPOTHO3UPOBAHUS CIIpoca Ha
yCIyrd MHGPACTPYKTYp Ha ypOBHE pernoHa
OCTaIOTCSl METOJIbI, OCHOBAHHBIC HA CTaTUCTHYE-
CKHX 3aBUCUMOCTSIX. [I[pUUUHBI — B JOCTYITHOCTH
CTaTHCTHUYECKOW MH(OPMAIMU U TIPOCTOTE pea-
JIM3alluK, KOTJa Ha MepeTHUN TUIaH BBIBOANUTCS

KnuceneHko A. H., CyHaykoB E. |0.;, TapabykuHa H. A. MeToabl NporHo3npoBaHUsi pa3sBUTUs
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CooTHoOLIeHHE clleHApHs, MPOrHo3a, Buaenus [11]

Crenapuit IIpornos

Bunenue

Oy ryiero

Bo3moxnble, HanOo1ee BeposTHEIE BapHaHTHI | BeposiTHbIe BapHaHTHI OyyInero

JKenaemsblii BapraHT
Oyy1ero

OcHOBaH Ha HeOHpeI[CIIéHHOCTI/I

OCHOBaH Ha ONPEICNEHHBIX CBSA3IX

OCHOBaHO Ha [IEHHOCTH

IlokasbIBaeT pucku

CKpBIBACT PHCKU

CKpbIBaeT PUCKU

KauecTBeHHBIN MM KOJINYECTBEHHBIH

KonnuecTBennpiit

OOBIYHO KAYECTBEHHOE

Heobxoxnm, 4To0bI 3HaTh, KAKOE PeLICHHE
TIPUHSATD

Heo6x011M, 4TOOBI OCMETUTHCS
NPUHSTH PEIEHHUE

[ToOy>xnaer Kk IeHCTBHIO

Penko TIPUMCHACTCA

HpI/IMCHSICTCSI CKCOAHCBHO

HpHMCHﬂCTCﬂ OTHOCHUTEIIBHO
qacTo

DddexTuBeH B cpepHell JOATOCPOUHON
NEPCIEKTHBE U NPH CPEJHEN MIIH BBICOKOM
CTEICHU HEONpeIeIEHHOCTH

Db dexTrBeH B KPaTKOCPOIHOH
MIEPCTICKTHBE U IIPH HU3KOH CTENCHH
HEONpeeIEHHOCTH

Hrpaet posb mycKOBBIX
MEXaHH3MOB JUIS
CO3HATEIBHBIX
npeoOpa3oBaHuit

3aj1a4a JJOCTH)KECHNS SKOHOMHUYECKOTO POCTa KaKk
00111eT0, TAaK ¥ MO COCTABIISFOIIIM.

TypOyaeHTHOCT SKOHOMHUKH aKTyaIn3upyeT
pa3paboTKy METO0B MOIYyYEHHS MTPOTHO3HBIX
3HAUCHNH COLMAIbHO-9KOHOMHYECKHX IOKa3a-
TeJeW MPH HEeCTaOMIBHBIX BPEMEHHbIX psIax.
B xauecTBe nepCreKTUBHBIX HApaBIEHUH PO-
THO3MUPOBAHMSA MOXXHO Ha3BaTh NMPUMECHEHHE
9KCTIEPTHBIX CHCTEM [5; 6], ClieHapHOTO MPOTHO-
3UPOBaHMS U CTPATETHUECKOTO TITAHUPOBAHUS
[7-9], uTo HaéT BO3MOXKHOCTH HCTIONIF30BATh IPH
TIOCTPOCHHUH CIICHAPHEB KaK AKCIEPTHBIC, TaK
7 pOpMaTN30BaHHBIC METO/IBI.

Cyenapnoe naanupoganue B OONbIICH cTe-
TICHH NTPHUCTIOCOOIICHO K HEITMHEHHBIM ITpeodpa-
30BaHUSM B 3KOHOMHUKE, YEM TPAJUIIMOHHOE
JIMHEHOe MIaHupoBaHue. B TpaguunoHHOM
TUTAHWPOBAHNH TIPOIILTOE OOBSCHSET HACTOSIIIEE,
B CIICHAPHOM IUTAHUPOBAHUY Oy/IyIIIee SBISETCS
CMBICIIOM HacTosIIero, Oyayriee co3nacresl.

T. Caarn n K. KepHe natot ciemyroriee onpe-
JIeJIeHne crieHapuio: «B camoM obmiem Buae
CLEHApUl — 3TO TMIOTETUYECKUH UCXOA, KOTO-
PBI ompenensieTcss ¢ NOMOIIbI0 HEKOTOPBIX
TIPEANIOIOKEHNH O TEKyIIeH 1 Oy/Ty X TeHCH-
musx» [ 10, c. 144].

M. JIunarpen u X. banaxonsa oTMedanu, 4to
«cIeHapui He SBISIETCS MPOTHO30M, TO €CTh
OTHMCAaHNUEM CPAaBHUTEIBHO IPEICKa3yeMOro
pasBuTHs coOBITHI HacTosmero. He sBisercs
OH W BHJICHHEM — KellaeMbIM OynyrmM. CrieHa-
pHUl — ATO THIATENBHO MPOAYMAaHHBINA OTBET HA
BOIpocC: «YTO caydnTCs MPEAIONOKUTEIBEHO?»
i «Yro mponzoitnér, ecnu...?» [11]. CootHo-
meHue (pasandne) CLeHapHs, IPOrHO3a U BUJIe-
HUSl, TIOKa3aHHOE B 3TOH paboTe, MPUBOAUTCS
B TaOm. 1.

b. B. ApraMOHOB OTMEYAET, YTO «LEIbIO
HaMCaHUs CIICHAPHUS ABISETCS HE CTOIBKO
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npejickazanne OymayIIero, CKOJIBKO XKeJlaHHe
BBISIBUTH OCHOBHBIC 3aKOHOMEPHOCTH U TEH/ICH-
LU Pa3BUTUS PACCMAaTPHBAEMOT0 OOBEKTa BO
BpPEMEHH, 00eCIeUnTh 00JIee BHICOKYIO BEPOSIT-
HOCTB BBIPAOOTKH 3 (PEKTUBHOTO PEIICHHS B TEX
CHUTyanusX, KOrja 3TO BO3MOXHO, U CBECTH
OXHJaeMble TIOTEPH K MUHUMYMY B TEX CHTYya-
[USX, KOT/Ia OHU Hen30exHbD [12].

B monorpadum [13, c. 187] ormeuaercs, uro
CIIEHAPHBII aHAJIM3 CTaJl AKTHBHO NCHIONIb30BATHCS
HaunHas ¢ 1970-x ronos. Ero cnemyer «paccmar-
puBaTh Kak JOMOJHUTEIBHBIA HHCTPYMEHT IPO-
THO3MPOBAHUS K TPA/TUIIMOHHBIM KOJIMYECTBEHHBIM
METO/IaM IPOTHO3UPOBAHHMS U CHMYITUPOBAHUSL, KaK
CPEICTBO CTPATETHYECKOTO TIAHUPOBAHMSD, TIO-
CKOJIbKY «OCHOBHAsI II€JIb CIICHAPHOTO aHAIN3a
3aKJIFOYAeTCsl HE B TIPOTHO3MPOBAHUN OyIyIero
COCTOSIHUSI 3KOHOMHYECKOH CHCTEMBI, & B CHIKE-
HUH HEONPEJETEHHOCTH €€ Pa3BUTHS.

Kpome toro, aBtops! [10; 13] BeIgEnstoT
CIeNyIOINe KJIACChl CIICHAPUEB: UCCae006d-
menvekue cyenapuu (TTOCTPOCHBI HA HCCIIEIOBA-
HUM TIPUYUHHO-CIIC/ICTBEHHBIX CBS3€H MEXIy
TEKYIIUM COCTOSIHUEM CHUCTEMBI i BapHAHTAMHU
e€ Oynymiero pasBuTHA); ynpexcoarowue (npeo-
sapaiowue) cyenapuu (CTPOSTCS HA NCCIIEOBa-
HUM NPUYUHHO-CJICICTBEHHBIX CBS3eH B 00part-
HOM HalpaBJICHUHU — OT XKEJTaeMoro OymyImiero
COCTOSTHHSI CHCTEMBI K TEKYIIIEMY ITyTEM BBISB-
JICHUSI CTPATETuil pa3BUTHSL, KOTOpBIE 0Oecnedar
HCKOMBIH TIepEeXo); CLICHapUH, OCHOBAaHHbIEC HA
KOJIMYECTBEHHBIX MAaTEeMaTHYECKUX MOJIEISIX
1 UMHUTAIMOHHOM MOAEIUpoBaHMH. ExnHOTO
MOAX0/a K METOIOJIOTHH CLIEHAPHOTO aHAIM3a
HET, KX/l METOJl IMEET «CBOM JIOCTOMHCTBA
1 HEJIOCTaTK{, CBOM OTPAaHWYEHUS B MPUMCEHH-
MOCTHY.

OTHOCHTENBHO TPAHCTIOPTHOTO O0ECTICHEHHS
ocBoeHus Poccuiickoit ApKTHKHY B MOHOTpaduH

KnuceneHko A. H.; CyHaykoB E. |0., TapabykuHa H. A. MeToAabl NporHo3npoBaHWUsi pa3sBUTUS
TPaHCMOPTHLIX CUCTEM B COBPEMEHHBIX YCIIOBUAX




Taoauma 2

CpaBHeHHe NMPOTrHO3HBIX OLEHOK 00bEMOB NepeBo3ok 1o CMII ¢ ¢pakTHyeckumMu
3HaYeHusiMu 3a 2020 u 2021 rr. (mau 1) [18]

Ne Cucremubie | DakTHUECKHE IIporHo3HbIE OLEHKN
/| 00BEKTHI TPY30MOTOKA
Ileccumuctuyeckuii cueHapuii | ONTUMUCTHYECKUIN CLIEHAPHiA
2020 r. 2021 r. 2020 . 2025 . 2030 2020 r. 2025 2030
1 CMII 32,98 34,85 19,7 39,8 39,0 23,2 68,6 71,1
2 Tpan3ut 1,28 2,04 1,5 2,0 3,0 2,0 4,0 8,0

[13, c. 63—64] ToBOpPHUTCS, YTO «HEOOXOAMMO
000CHOBaHHE PACUETHBIX BAPHAHTOB CIIEHAPHBIX
ycnoBuii GOpMUPOBAHUS M PA3BUTHS SHEPTETH-
YECKMX M TPAHCIIOPTHBIX CHCTEM Ha apKTHUE-
CKHX TEPPHUTOPHUSAX ... BO B3aUMOJEHCTBUU
C IIPOLIECCAMH Pa3BUTHS IIPOM3BOANTEIHHBIX CHIT
6a30BOTO PErHOHAY.

HeoOxoaumocTh mosrydeHust MporHO3HBIX
3HAUCHNH B YCIIOBHSAX HECTAOMIBLHOCTH AWHA-
MHYECKHUX PAZIOB U HEONPEAEIEHHOCTH CIIOCO0-
CTBYET HCIIOJIb30BAaHNIO MHOTOIIPOIIECCOPHBIX
ApXUTEKTYP, KOTOPBIE TT0 CBOEH MPOM3BOUTEITh-
HOCTH MPHUONIKAIACH OB K BO3MOKHOCTSIM
YeJIOBEUECKOTO MO3Ta, KaK, HAIPUMeEp, UCKYC-
cmeenHvle netiponnvle cemu (MHC) [14].

NHC «cocraBieHbl U3 MHOXECTBA OTHENb-
HBIX MPOIIECCOPOB, KOTOPHIE MBI HAa3bIBAEM
61oxkamu o6paboTku ganHbX» (BOJ), «Tak xe,
Kak c(popMUpOBAHEI HEHPOHHBIC CETH B )KUBBIX
Omonmorndeckux cuctemax» [15, c. 465—466].

BO/I BrITtO9aeT HECKOIBKO BXOIOB (1), KaXK-
TIOMY 13 KOTOPBIX MIPUITCAH HEKOTOPBIH BEC (W)
Bec MoxeT OBITH Kak MOJIOKHUTENBHBIM (B030Y-
KAAIOMHUH dQPEKT), TaKk ¥ OTPHULATEIHHBIM
(ropmossimuii a3 dekr). Ha Bxomsr BOJ] mocty-
MaroT MEPEMEHHBIE (X,), TPHHAMAIONINE 3HaYe-
Hus «O» uimm «1».

B3Bemennas cymma (hakTHIECKHUX BXOIOB S
Ha3bIBaeTCs 3P (YEKTHBHBIM BXOJIOM 1 OTIPE/IENs-
eTcs KaK MHOJKECTBEHHAS! JIMHEHHAsT PETPECCHSI:

S= ix}.-w}. +0,
i=1

rae 0—napametp cmemienus. Ecii oH He oroBa-
puBaetcs, To 6 = 0.

3naueHne 3(h(HEKTUBHOTO BXO/la CpPaBHUBA-
€TCSl C 3a/laHHBIM ITOPOTOBBIM 3HaYCHUEM P.
Ecmu S > P, na Beixon BOJ] Bemaérest «1»,
B IPOTHBHOM CITy4ae Ha BBIXOJ BhIIAETCS «O».

Omnpenenenne BECOBBIX KOAP(UINEHTOB
BOJ] MHC mmeeTr cX0ACTBO C OINpeeIIEHUEM
BECOBBIX KOA(PPHUIIMEHTOB MPH UCIIOIH30BAHUN
METoJla aHaJIM3a uepapxui [16, c. 64—66; 17].

Kpome nepedncieHHbIX, K METo1aM TpOTHO-
3UPOBAHMS PA3BUTHS TPAHCIOPTHBIX CHCTEM
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MOKHO OTHECTH NameHmHbvle UCCAe008AHUSA
(TIepcHeKTUBHBIE TPAaHCHIOPTHEIE cpecTBa). «Emé
OJIVIH aCIIEKT BPEMEHH —3TO CKOPOCTh BHEAPEHUS
nHHOBauwi» [11], B TOM umcIe 1 Ha TpaHCIIOpTE.

Huxe paccMOTpUM IPUMEHEHUE BBIIIEU3II0-
JKEHHBIX [10JIX0JI0B K IPOrHO3UPOBAHMIO Pa3BH-
Tusl TpaHcnopTHo! cetu EBponeiickoit u Ipu-
ypanbsckoit Apkruku (EullA).

OcHoBHBIE (paKTOPBI, ONpeeIAIoNIue
(¢yHKIMOHNPOBaHNE TPAHCIIOPTHOM CETH
Esponeiickoii u IIpuypaiibckoil ApKTHKH

Tpancnoprhas cets EullA, Britouaromas
JKEJIE3HOJIOPO’KHBIE, aBTOMOOWIIBHBIE, BO3LYII-
HBI€, BOJHBIC ITyTH U CUCTEMY TPYOOIIPOBOIOB,
(YHKIMOHUPYET Ha CIEAYIOINX CYXOITyTHBIX
Tepputopusix Poccuiickoil ApKTUKH U IPUMBI-
KAIOIMX K HUM BOJHBIM ITyTsIM, BKJItouast Cesep-
HBIH Mopckoit myTs (CMII): Mypmanckast 00-
nacth, HeHenkuil aBTOHOMHBIA OKpYT, 4acTu
Teppuropuil fImano-HeHenkoro aBTOHOMHOTO
OKpyra (1Ba TOPOJICKMX OKPYTa U J1Ba MyHHIIH-
NaJIBHBIX paiioHa), pecryonuk Kapenus (msrs
MYHHUIMNAIBHBIX PaOHOB M TOPOJICKOHM OKPYT)
n Komu (Tpu ropoAIcKHX OKpyTra 1 MyHUIUIAIb-
HBII paifoH), ApXaHTenbCKoil obnactu (Tpu ro-
POJCKHX OKpyra M 4YeThbIpe MYHHIMIAIbHBIX
paiioHa).

OcCHOBHBIE (PAKTOPBI, OIPEEISIONINE TPY30-
Bbl€ MepeBo3ku B Poccuiickoil ApKTuke, nepe-
grcieHsl B padote [18, c. 89]. OHM «pa3nencHb
Ha JIB€ T'PYNIIBI: 3K30T€HHBIE (IPUPOIHO-
KIIMMaTHYeCKUE YCIIOBHS, COCTOSHHE TII00aIh-
HBIX CBIPBEBBIX PBIHKOB, T'€OMOJIUTUYECKHE
U F€0PKOHOMHUYECKUE OTHOILIECHUS, CTPaTeruu
100aJIBHBIX KOPIOPAIMI ¥ KOMIIaHHUI) U 9H/I0-
TeHHbIE (TOCYAapCTBEHHAs! SJKOHOMHUUECKasl 110-
JIUTHKA B OTHOIICHNH TOOBIUH MOJIE3HBIX HCKO-
IIaeMBIX, TOCYIapCTBEHHAs MOJIUTHKA B cepe
peryaupoBaHus apKTUYECKOrO CyHOXOACTBA,
COCTOSIHHE TTOPTOBOM M TPAHCIIOPTHOM HMH(]pa-
CTPYKTYPBI, COCTOSIHHE TOPTOBOT'O U JIETOKOJIb-
HOTO (PI10TOB, OpPraHNU3aNMOHHO-9KOHOMHYECKAsI

HH]PaCTPyKTypa)».
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Agsrtopamu [18] ObUTH MMOTYYEHBI TIPOTHO3HBIC
olLeHKH 00bEMOB TiepeBo3ok 1o CMII no nsym
creHapusiM. CpaBHHM KX C (DaKTHYCCKUMHE TPY30-
norokamu 3a 2020 u 2021 rozei (Tadm. 2).

CpaBHeHHE TOKa3bIBACT, YTO (DaKTHYECKHE
3HaueHus1 00bEMOB riepeBo3ok 1o CMIT B 2020 ro-
JTy OKa3aJIMCh BBIIIIE TPOrHO3HBIX OLIEHOK JAKe IpU
ONTHUMHCTHYECKOM CLieHapHu. B To sxe Bpemst 00b-
&m Tpanzuta B 2020 roy okazascs HUKe POTrHO3-
HBIX OLIEHOK, HO JJOCTATOYHO OJIM3KMM K TIPOrHO3-
HOMY 3HA4€HHUIO B IECCUMHUCTHYECKOM CLICHApHH.

Ha nam B3misi1, K OCHOBHBIM (paKTopam, Hera-
THBHO BIIMSIOLIMM Ha Pa3BUTHE TPAHCTIOPTHOM CeTH
EullA, snstorcs:

* HEXBaTKa rpy30Boi 0a3bl optoB [19];

* HEJIOCTAaTOYHAs MPOITyCKHAasl CIIOCOOHOCTH
TPaHCTIOPTHBIX TOIXO0B K MOPCKIM roptam! [20];

* TIOJINTHYECKHE, COLUAIIbHBIE, IPUPOIHO-
KIMMaTH4YeCKHe U Apyrue pucku [21].

[Tporiecc BO3AEHCTBUS BHEIITHNX U BHYTPEHHHX
(hakTOPOB UMEET CIIOKHBII M MOCTOSTHHO MEHSIIO-
tmiicst xapakrep. [1pu mporHo3upoBaHmy 00EMOB
niepeBo3ok EulTA na 2021 rog 0CHOBHBIE IPyTIIIBI
(hakTOPOB 110 3HAYMMOCTH MOYKHO OBUIO PACIIONO-
JKUTh B CJIEIYIOIIEH TTOCIIeIOBATEILBHOCTHU: JOCTa-
TOYHOCTb (WJIM HEJOCTATOYHOCTb) TPY30BOH 0a3bl;
BJIMSIHUE KOBUJI-OIPAHMYCHUH (MMEHHO C 5THM
MOXKHO YBSI3aTh 3aMeJICHUE TEMIIOB IPHPOCTa
00béMoB niepeBo3ok o CMII B 2019-2021 rr).
MoskHO OkuzIaTh, 4T B 2022 1oy BIUSIHUE KOBH/I-
OrpaHUYEHUN TTOCTEIIEHHO Oy/IeT CHIKAThCsl, Ha
TIEPBBI [UIaH MOTYT BBIWTH IPYTHE OrpaHHICHUSI.

I'uGpuHast Mozes1b NPOrHO3UPOBAHUSA
Pa3BUTHS TPAHCNIOPTHOI ceTH EBponeiickoii
u [Ipuypaibekoii ApKTHKH

b. B. ApramoHOB oT™MeuaeT: «B ycloBuUsIX BbI-
COKOH HEOIpe/IeNIEHHOCTH 1 OBICTPBIX N3MEHEHUI
SKOHOMHMYECKOW M PHIHOYHOM KOHBIOHKTYPBI IPH
pa3paboTKe CTpaTeruy J000ro XO3sSHCTBYIOLIEro
CyOBEKTa UMEET CMBICI BOCIIONIB30BaThCS CLIEHAP-
HBIM [IPOTHO3UPOBAHKEM, B X0OZI€ KOTOPOTO € y4ETOM
OJIHOBPEMEHHOTO M3MEHEHHSI MHOTHX (DaKTopoB
paccMaTpuBaeTcsi BOSMOYKHOCTb BO3HUKHOBEHUS
Pa3IMYHBIX CUTYALNI, B KOTOPBIX MOXKET OKa3aThCst
H3ydaeMblil CyObekD» [22].

E. O. JlemuzioBa BbLAEISE€T TPU YKPYTHEH-
HBIX 9Tana CHEHapHOTO MPOTHO3WPOBAHUS

! MuxaiinoB A. MypmMaHCKHE NMOPTBI CTOJKHYJIUCH

C HEXBATKOH MpOmycKHO# cmocobuoctn / UHTepHET-
nopranl «Poccuiickoit razers». [DIeKTpOHHBIN pecypc]:
https://rg.ru/2021/11/30/reg-szfo/murmanskie-porty-
stolknulis-s-nehvatkoj-propusknoj-sposobnosti.html. Jloctymn
27.05.2022.

®  Mup TpaHcnopTa. 2022

Y IUTAHUPOBAHMSL: ITPEACHCHAPHBIH, CLIEHAPHBIN
U dTam BHEIpEeHUs cueHapues [23, c. 3].

Ha npenciienapHoM 3Tane J0KHBI OBITH
OIIPE/ICTICHBI LIEJIN CLIEHAPHOTO TPOrHO3MPOBa-
Hust U chopmupoBaHa paboyas rpyrra.

OCHOBHO 3aJa4elt ClIeHapHOTO JTama sIBJs-
€TCsl BBISIBIICHHE KITFOYEBBIX (JaKTOPOB, KOTOPbIE
OIIPEIEIISIFOT PA3BUTHE MPOU3BOJICTBEHHBIX CHC-
TeM (B HAIlleM Cllydae — TPaHCIOPTHBIX). Jlanee
cllellyeT Henocpe/CcTBeHHasi pabora 1o ¢opmu-
POBAHUIO CIIEHAPUEB, B XOJI€ KOTOPOH «IJIsI CIie-
HapHEB BBIJCIISIOT KIIIOUEBbIE JIBIIKYIIUE CHIIBI
co ciaboii KoppessIueil 1 HaMeuaroT TUara3oH
HX BO3MOXKHBIX 3HaUeHH». CO CCHUIKOM Ha 3apy-
OeXHBIX HCCIIe0BaTe]IeH aBTOp OTMEYAET, YTO
«CIIEHAPUH B KOJIMYECTBE OOJIBIIIE YETHIPEX HAYH-
HAIOT PACIUIBIBATHCS U TEPSITh CBOU BAKHBIC JIJIs
MIPUHSATHSA pelleHns pasnuaus» [24, c. 238].

Tocneanuii atarn npaBuwibHee ObUIO Obl HA3BaATH
«3TaroM peaiusaliy cieHapueBy». B xozie ero BbI-
TIOJTHEHHST HEOOXOIMMO YIIEJSITh JIOJDKHOE BHUMa-
HHE KQKJIOMY CLIEHapHIO, OCYILECTBIISITh UX MOHH-
TOPHHT ¥ aHAJIM3UPOBATh OOPATHBIE CBSI3U.

Agrop padoTsl [23, c. 3] Taroke ormeuaer: «Crie-
HapHBII METOJ SIBIISIETCSI IOCTATOUHO JIOPOTOCTOSI-
LM U pecypcoéMKnM MeporipusitueM. OIHaKo npu
IPaMOTHOM HCIIOJIb30BAHHH CLICHAPHEB B CTPATET U~
YEeCKOM IUIAHMPOBAHUU 3aTparbl MHOTOKPATHO
OKYIAIOTCSI, TaK KaK JAFOT OOJIBIION SKOHOMHIYE-
ckuii a¢dekT 3a cuér donee 3PPEKTHBHOTO NCTIONb-
30BaHUsI OTKPHIBAIOIIMXCSI BOBMOYKHOCTEH U IIPOTH-
BOCTOSIHHSI YTPO3aM».

b. B. ApramonoB nomuépkuBaet [22], 4To
«Ha0Op BapUAHTOB CIIEHApUEB 00pa3yeT KOHYC
CLIEHAPHOT'O MPOTHO3UPOBAHUS, TPAHULIAMHU
KOTOPOTO SIBJISIFOTCS» ONTUMUCTUYECKUH U Tec-
CUMHCTHYECKHH CLIEHAPHH.

[IporHoszupyemoe pa3BUTHE CUCTEMBI OIIpe-
JIeIISIETCS] BEKTOPOM (TpaeKTOpUeil) CLIeHapHOTO
pa3BUTHS, KOTOPBIII HAXOIMUTCSI BHYTPU KOHYcCa
[IPOTHO3UPOBAHMUSL.

Pacriono)xeHune 31oro BeKTopa OJIM3K0 K IpaHu-
1[aM KOHTypa (ONTHMUCTUYECKOMY HIIH TTECCHMU-
CTUYECKOMY CLIEHApHsIM) B 000X CITyd4asix Hecér
PHCKH (DyHKIIMOHHPOBAHHIO CHCTEMBI, TI03TOMY JIIS
Pa3BUTHS CHCTEMBbI ONTHMAaJIbHBIM OyAeT BHIOOD
0a306020 cyenapuist, KOTOPBIH TIO3BOJIUT PALMOHAIb-
HO HCIIOJIb30BATh PECYPChI CUCTEMBI ISl JIOCTHIKE-
HMS1 LIETIEBOTO pesysibrara. [ Ipu 5ToM Ha OCHOBaHWH
JIaHHBIX HEMpPEepPbIBHOIO MOHUTOPHHIA OCYILIECTB-
JISIETCST KOPPEKTUPOBKA CLICHAPHEB.

OnMH 13 BO3MOXKHBIX aITOPUTMOB CLIEHapHOTO
YIIPaBIICHNS] PETHOHAIBHBIM PA3BUTHEM, KOTOPBIH
MOXKET OBbITh MPHUMEHEH 1 K YIPABICHUIO Pa3BUTH-

KnuceneHko A. H.; CyHaykoB E. |0., TapabykuHa H. A. MeToAabl NporHo3npoBaHWUsi pa3sBUTUS
TPaHCMOPTHLIX CUCTEM B COBPEMEHHBIX YCIIOBUAX




Taoéauma 3

O0BémbI nepeBo3ok mo CeBepHomy Mopckomy nyTu B 2011-2021 rr. (TeIc. T) [[29; 30],

a Takske Mo aHaJduTH4YeckuM JaHHbIM J{upexuuu CMII Tockopnopanuu «PocaTom»*|
Ton

2011 (2012 [2013 [2014 [2015 [2016 2017 [2018 [2019 [2020 |2021

O0BEMBI 3111,0 |3752,0 [3930,0 [3982,0 [5392,0 |7256,0 [10691,0|20180,2|31531,2|32978.,9 |34867,9
MePEBO30K
no CMII

B T.4. 824,0 |1212,0 |13559 (2743 39,6 210,0 [214,5 |491,3 |697,3 |1281,0 [2041,3
TPaH3UT

*O0beM IepeBO30K Ipy30B B akBaropuu CeBEepHOro MOPCKOTO HMyTH. [DIeKTpoHHBIH pecypc]: https://www.fedstat.ru/
indicator/51479. Joctyn 28.05.2022.

€M TPaHCIOPTHBIX CHCTEM, TIPEIICTaBIIeH B paboTe [ rommncncro o |
T. B. Conorépoii u C. I. Yedpanosa [25]. YermoBHO | !
MOPKHO BBIIEJHTE YeTIpE STAIA PEATH3AIIH 5TOr0 | o || el I oo e
AITOPUTMA: : U
«Ha nepBoM (HagaIbHOM) 3Tare MPOUCXONT: j [ o | [ e e |
(OpMHpOBaHHUE LIENH CHHTE3a CLEHAPHS; OIpee- [ ] [ e s |
JICHHE BPEMEHHOTO TOPU30HTA ClLieHapHst; popmu-
POBaHHE COBOKYITHOCTH IEJIEBBIX OPUEHTHPOB; ‘
I/I,I[GH”H/I(bI/maL[I/IH eV AUCTRICOC IO Puc. 1. TubpudHas cucmema Modenell npozHo3uposaHus [27].

Jlanee oCyIIECTBISAETCS CHHTE3 CLIEHAPHBIX
ycroBuii (BTopoii atam). [IpoBoguTest MpoBepKa,  MMETh MOIYIIBHYIO apXUTEKTypy, UTO MPHAAET eit
00pa3oBaHa JIM TIPY 3TOM TIOJTHAS TPYTITIA COOBITHI.  IOTIOTHUTEIHHYIO YCTOHUHBOCTB.
B citydae ycnenrHoii mpoBepKy OLIEHUBAETCS BEPO-
SITHOCTh HACTYIUICHHUSI COOBITHH, onpezernsiommx — Mcnonb3oBanne rudpUIHOI cucTeMbl Mojesei
CLIEHApHBIE YCIIOBHS;, PACCUNTBIBAIOTCS OKA3aTEN  Ha MPUMepe MOTy4YeHUs MPOrHO3HbIX
KavecTBa HaOOpa CIIEHAPHBIX YCIIOBUH; IPOBEpsieT-  3HaYeHHi 00bEMOB NepeBo3ok 1o CeBepHOMY
Csl, TOCTUTHYTBI JIM JTydlnve rnokasarend. [Ipu 1o-  mMopckomy myTH

CTI)KCHMH JIy4dIINX MoKazareineill gpopmupyercs KomidecTso mokasareneil, XxapakTepu3yrOLIuX
CHCTEMA YIPABIISIONINX BO3ACHCTBUN [UISl pa3ind-  yPOBEHb EPEBO30K MACCAKUPOB U TPY30B, HCTIOMb-
HBIX CLIEHApHBIX YCIIOBHIL. 3yeMBIX B PA3IMUYHBIX 3a/1a4aX MPOrHO3HPOBAHUS

Ha tpeTpem atare rocre ciHTE3a COBOKYITHOCTH M TNTAHUPOBaHHMS paboThl Tpancnopra EullA, ouennb
WHMKATOPOB CIICHAPHBIX YCIIOBHH, MOHUTOPHHTAa  BENMKO. Ha ceromHsmmmii IeHs cymmecTByeT Oomee
COCTOSIHHSI O0BEKTA yIIpaBIeHUs M BHEIHEH cpentbl, 150 MeTomoB 1 Mozieneid mporHosupoBanust. OHy,
TIPOBEPSIETCS PEANU3ALMS CLICHAPHBIX YCIOBHIL. KaK MPaBUJII0, 0a3MPyIOTCs Ha CTAOMIIBHBIX BPEMEH-

Ha 3aBepiaromeM srarne BBITONHIETCS pealn-  HulX psIax MoKas3arenei, MaTeMaTHYeCKON CTaTHC-
317 YIPABILIOIINX MEPOTIPHUATHI [UT HanOoiee  THKE ¥ IPOrpaMMupoBanmi [ 1, c. 16—17].
BEPOSITHBIX CLIEHAPHEB (KaK OTOBApHBAJIOCH BBIIIIE BaxnpIM 1okazareneM (yHKINOHUPOBAHMS
TPEX-YIETBIPEX ). TpaHcnopTHO cucteMsl EullA sBnsercs 006éM

H. M. byxapoB mpe/iaraer ncHosb30Barh co-  IPY30BBIX IepeBo30k 1o CMII, koTopsIil nMeeT
YeTaHNUs Pa3IMYHBIX TOAXO0IO0B B IPOTHO3UPOBAHUN  UCKJIIOYMTENBHOE 3HAYEHUE, B IEPBYIO OYEPED,
1 Ha3bIBaeT MX «THOpumHbIMI»: «[Ipu ymaunoMm  uis oGecriedeHns: 6€30MacHOCTH APKTHYECKOH
rcxozie rudprzIa OKUIAIOT MOTydIeHHEe CHHEpreTH-  30HbI Poccniickoit denepanmu. Onpenenén ero
4eckoro d(dekTa, 3T0 3HAYNT 3HAYUTENBHOE YITyd-  I[eIeBOM mokasaress B 80 MitH T k 2024 romy?.
IIIEHHE eTO TToKazaTernein [26]. Taxas neneBast ycTaHOBKa aKTUBUPYET J1Ba BO3-

[To mueHMIO aBTOPOB padoTH! [27, ¢. 130—131] MOXHBIX cIlCHApHUs Pa3BUTHUA APKTHYECKON
ruOpuIHAs CHCTEMa Mojieliei IPOTHO3UPOBaHUS — TPAHCIIOPTHOW CHCTEMBI M TPAHCTIOPTHOM CETH
COCTOMT M3 KOMIUIEKCA perpeccHoHHbIX Moneneld  EullA kak e€ cocTaBHOM YacTH: ONTUMUCTHYE-
U COBOKYMHOCTH HMHTEIUIEKTYalIbHBIX MOJIEIEH,
B TOM YHCJIE UCKYCCTBEHHBIX HEMPOHHBIX CETEH, 2 VTBep:kaéH ruiaH pasuths HHpacTpykTypbl CeBepHOTO
aHATTIYECKHX ceTel u ap. (puc. 1). Mopckoro myT 1o 2035 rozxa. [DnekTpoHHEIH pecypc]:

. http://government.ru/docs/38714/. Ilopran rocmporpamm

Taxast cuctema sIBISETCS] OTKPBITOH M TO3BOMISET

P®. [DnexrponHslii pecypc]: https://programs.gov.ru/Portal/
BKJIIOYaTh HOBBIE MOJEIN U ITOKA3aTelId, MOXKET  pilot_program/24/elements. loctymn 27.05.2022.
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Puc. 2. 3kcmpanonsyusi epeMeHHbIX psidoe 2011-2020 22. u 2011-
2021 22. 8 yacmu 06bEMoe nepego3ok no CMIT ¢ ucnonb3oeaHuem
Ppe2peccuoHHbIX Modesnell [8bINOTHEHO asmopamu].

CKHU (yKa3aHHBII 00BEM IepeBO30K OyneT s10-
CTUTHYT) ¥ NECCUMHUCTHYECKHUH (Ha3BaHHBIN
00BbEM TepeBo3ok He OyneT nocTUrHyT). Ilo
KaKoMYy M3 HUX ITOUAET pa3BUTHE, OTIPEAEISIETCS
9KOHOMHYECKHMH, TIOJIMTUYECKUMH, IPUPOTHBI-
MU U JpyruMH puckamu [28, c. 53].

B nepuon ¢ 2011 nmo 2019 rr. Habmonancs
HEYKJIOHHBIH POCT 00BbEMOB I'PY30BBIX MEPEBO-
30k 1o CMIT 3a cuér yBenmueHust 006EMOB 10-
Ob1um yriieBostoposioB B EullA u nepeBo3ku nx
Ha 3KCHOPT, YTO MO3BOJISUIO pa3pabaThiBaTh
BIIOJIHE aJICKBATHBIE MOJIEIN JUIS UX TIPOTHO3H-
POBaHMS METO/IOM PETPECCHOHHOTO aHaAJIN3a.

Jannbie 1o 00bEMaM mepeBo3ok mo CMII
B 20112021 rr. npuBeseHs! B TadI. 3.

OnpenenéHHbIi BKIaI B 3TOT POCT BHOCUIH
TpPaH3UTHBIE TIEPEBO3KH I'Py30B U3 A3HMaTCKO-
Tuxookeanckoro peruoHa B EBpomy, omHaxo,
00BEMBI NX HE3HAUYUTEIBHBI.

ITo nmeronuMcs 3HaYEHUSIM OBLTH TOCTPOE-
HBI PErpecCUOHHBIE MOJIENHN JUISI BPEMEHHbIX
psanos 2011-2020 . u 2011-2021 rr. (puc. 2).

Jnsa BpemenHoro psaa 2011-2020 rr. npo-
THO3HOE 3HAYCHHE, MOJyYCHHOE MO JECATH
(haKTHYECKMM 3HAYEHHSIM TIOCPEICTBOM KBaJIpa-
TuyHOU Monenu, Ha 2021 1., cocTaBUIO
45199,7 ThIC. T, YTO 3HAYUTENLHO NPEBBIIIAECT
peansHOe 3HaueHue — 34850,0 Teic.T. OueHka
00bEMOB TIepeB030K B 2022 T. 110 3TOI Moaemu
paBHa 56292,4 ThIC. T, JaJbHEIIIEE TPOAOIIAKE-

HUE JIMHUU TPEHJa MOATBEPKAAeT JOCTHKH-
MOCTb 11eJIeBOT0 1nokasareis B 2024 rofy.

s Bpemennoro psja 2011-2021 rr. 3Haue-
Hue 00bEMOB niepeBo3ok 1o CMIT Ha 2022 1. (Ha
ocHOBe 11 QakTHUecKUX 3HAUYEHHII) paBHO
47824,4 ThIC. T, HO NIPH 3TOM MO pe3yNbTaTaM
PErpecCHOHHOTO aHaIN3a He UCKIIIOUEHO pa3BU-
THE T10 TIECCUMUCTUYECKOMY CIIEHAPHIO, B TOM
YHUCJIe ¢ MEHee OBICTPHIMH TeMIIaMHU pocTa
k 2024 rony.

Takum 00pazoM, 1o pe3ynbTaTaM perpeccu-
OHHOTO aHaJIN3a BO3MOXKHO CAETATh ONPEAeIEH-
HBIE TPEIOJIOXKEHHUS O JOCTHKUMOCTH WIIH
HEJIOCTHKMMOCTH I[eJIEBOTO TIOKa3aTelsl MpH
HAJIMYUH CTAOMIIBHBIX TUHAMHUYECKHX PSIJIOB.
Cxema TakuX HMCCJIEJOBAaHHI HalpaBlieHa «U3
npornwioro B Oymymiee» [31, c. 18].

[Ipu >TOM HYXHO MCXOIUTH W3 OONBIION
3aBUCHMOCTH PETrPECCHOHHOTO aHallnu3a OT Te-
KYIIMX W3MEHEHUH TUHAMHUKH JOCTHTHYTBIX
TIOKazaTenei, B TOM YHiciie BpEMEHHOTO Xapak-
Tepa, YTO CHIKAET TOYHOCTH IMPOTHO3A.

B ciyuae MHC uccnenoBaHys HalpaBIICHBI «H3
Oy/IyIIero K HacTOSILEMY», T.€. CHadasa ompesie-
JISTIOTCSI OCHOBHBIE (DAKTOPBI, KOTOPBIE MOTYT
OKa3bIBaTh BIMSIHIE HA (PYHKIIMOHUPOBAHUE CHC-
TEMBI B NIEPCIEKTUBE, a 3aTeM pa3padaThIBACTCs
HECKOJIBKO CIIEHAPHEB TEKYILETO Pa3BUTHSL.

Hwxe npuBenéH NpUHIMITHATIBHBIA TIPHEMED
Mozenu noctpoenus anementos MHC, onpene-
JISTFOIMH BO3MOKHOCTB JIOCTHIKEHUS! LIEJIEBOTO
nokasarens 00bEMOB mepeBo3ok mo CMII
k2024 1.

Ilocmpoenue bazosoco O/

C y4éTOM MCXOJIHBIX TAHHBIX OBLIH OIpesie-
JICHBI BXOJIHBIC U BBIXOJHBIE MIEPEMEHHBIE, IS
BXOJIOB 3aJIaHKI [TPE/IBAPUTEIBHBIC Beca (Talll. 4),
a TakXke 3a/1laHo 1moporosoe 3Hadenue P = 0,4.
Criestyet yuecTh, uTo MpeABapUTEIIbHBIE TPYIIITHI
YUUTHIBAEMBIX OrPaHUYEHHH, UX COCTaB (B TOM
YHCIIE JIEKOMITO3UPOBAHHBIN M0 OTIEIBHBIM TI0-
3UIMSAM) ¥ COOTBETCTBYIOIIHE BECA, ONPE/IeIEH-
HBIE SKCIIEPTHBIM METOJIOM, HE SIBJISIFOTCSI CTPOTO

Taonuuna 4

BxonHble U BLIXOHBIE epeMeHHbIe U X Beca st 6azoBoro bOJ
[cocTaBiieno aBTopamu|

O6o3nauenue CMBICIIOBOE 3HAYEHUE EPEMECHHBIX X, «Becy nepeMeHHoi w,
MIePEMEHHBIX
xl Buenrane OTrpaHUYICHUS (SKOHOMI/I‘ICCKHG, OKOJIOTHYCCKHUE 1 0,2
HHbIC)
X, KoBua-orpannuenus 0,3
. Henocrarounast rpy3oo0pasyomas 6a3a 0,5

IleneBoii mokasaTenab JOCTUTHYT / HE JOCTUTHYT
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X1 02 Re! 0,11
x1 03 0.4 Xz 0,13 0.2 .
7 ¥ J
X3 0,5 X3 07
Puc. 3. basoeb1ii 5O/] dns 3as61eHHOL yenu NPo2HO3UPOBaHUs!. Puc. 4. UsmeHéHHbIU BOJ_2.
A B < D
Bec nepemeHHoi (06vem
C P o no npt Y, MAH T),
1 ( ) Wi
2 1 |Hoswinopt X31 5,56
3 2 |BocTok Oin X32 30,00
4 3 |AmancCnr X33 13,70
5 4 |ApxTuk CNM2 X34 12,60
6 5 |OBckuii MXK X35 0,60
7 6 |Hopwuabckmit Hukens X3,6 0,96
8 7 |Cwipagacaiickoe mecTopomieHue X37 3,50
9 8 |Mpouwne npoekTbl X38 0,31
9 |Ipysbl oBecneueHus, «ceBepHbIN 3803, X5 16,78
10 TRAH3UT
11 CmelleHue 63 -10,01
12 ‘ P ytouas 6asa X3
13 P=g0

Puc. 5. Tabnuya ucxodHbix OaHHbIx BOJ_1 dns aHanusza docmamoyHocmu 2py30eoii 6a3bi nepego3ok no CMIT [cocmaeneHo aemopamu Ha
ocHoee PacnopsikeHus lpasumenscmea P® om 01.08.2022 Ne 2115-p «06 ymeepxdeHuu naHa pazeumusi CegepHO20 MOPCKO20 Nymu Ha
nepuod do 2035 20da» / CnpagoyHo-npagoeas cucmema «KoHcynbmanm lntoc»].

33JaHHBIMH U B JIAHHOM CITyJae CIIyXaT MJLTIO-
CTpaTUBHBIM NpuMepoM. [Ipu nocrpoenun aei-
CTBYIOIIEH MOJIEIN OHHU JIOJDKHBI OBITH Orperie-
JICHBI HA OCHOBE ITUPOKOTO 3KCIIEPTHOTO OTIpoca.

Cdopmuposannsrii 6azoBsiit bO/] mokaszan
Ha puc. 3.

C ucnosb30BaHUEM ITPOTPAMMHON pean3a-
i MHC —nakera Flux.jl (Oubmmoreka mammH-
HOTO 00y4eHHs’, HaMMCaH Ha S3bIKE IPOrpaM-
mupoBanus Julia* u a7st Hero) BecoBbie KOA()-
(uIMEeHTH! OBUTH TEepPEeCYUTaHbl, YCTAaHOBICHO
HOBOE TOporoBoe 3HaueHue P’= 0,2, HOBBIE
nannbie BBeneHb! B BO/I 2 (puc. 4).

Jlist aHanm3a 10CTaTOuHOCTH IPY30BOi Oa3bI
niepeBo3ok o CMIT MHC pazpaboran BO/I 1,
TaOJTMIIa ICXOTHBIX TAHHBIX KOTOPOTO MPEJICTaB-
JIeHa Ha pHC. 5.

Bexonnast nepemennas bOJ] 1 mocrymnaer Ha
Bxox BO/I 2, KOTOpBIi TOMHUMO JTOCTATOYHOCTH
TPy30BOH 0a3bl aHAJIM3UPYET BO3/IEHCTBHE IPYTHX
BHEITHUX (paKTOPOB.

Hcxonnble nanHble canThBaKCh 13 Excel-daii-
na B Julia ¢ momorpio makera XLSX jl, aTo mo3Bo-
JIMJIO JIETKO KOPPEKTUPOBATh JIAHHBIC (Beca Tepe-
MEHHBIX) B 3aBHCHMOCTH OT 3asIBIICHHBIX 00BEMOB
TPY30IIOTOKOB (pHC. 5). Pe3ybrars! Bcex BBIUHCIIC-
HUH TaroKe SKCIIopTHpoBasvch B Excel-gaiin.

3 Flux: The Julia Machine Learning Library. [ DiexTpoHHbIi
pecypc]: https://fluxml.ai/Flux.jl/stable/. JocTtymn 27.05.2022.
* The Julia Programming Language. [ DnexTpoHHbIi pecypc]:
https://julialang.org/. [Joctym 27.05.2022.
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B 3aBucuMocTH OT 1ieiel Hcciaeq0BaHusS
MOKHO 3aMEHSITh BXO/IbI JIEMEHTOB CETH HOBBIMH
BO/I-aMu, TeM caMbIM yBEJIMUHBAST YHCIIO CIIOEB
WHC, mu6o gucno BO/I-oB B kakoM-mn6o0 ciioe.

B pe3ynbrare OIEHKH TEKYIINX 1 TEPCIIeKTHB-
HBIX 00BEMOB Tpy3orepeBo3ok 1Mo CMIT MoxHO
CJIeNaTh BBIBOJL O PHCKAX, CONPSHKEHHBIX C JOCTH-
JKeHHeM K 2024 1. TUpeKTHBHO-TIPOTHO3HOTO 3HAYe-
HUs Tpy30000poTta B 80 MitH T. OJJHUM U3 TIPETIsT-
CTBYIOIINX (haKTOPOB, TIOMUMO BBIIIIE HA3BAHHBIX,
SIBIISIETCST OTPAHNYEHHAs IIPOITYCKHAs! CIIOCOOHOCTb
JICHCTBYIOMINX JKEIE3HOJOPOXKHBIX MOIXO0B
k MopckuM nopram EulTA Mypmancka u Apxas-
TeNbCKa W OTCYTCTBHE TAaKOBBIX aisi CalOeTTh
1 NIEPCTIEKTUBHOTO NopTa Muaura.

KavectBo mo00ro mpor{osa 3aBHCHT OT TOU-
HOCTH BBO/IMMBIX JIAHHBIX, B TAHHOM CITyJac —I1e-
PEUHS YUUTHIBAEMBIX (DAKTOPOB 1 MPHCBOCHHBIX
1M JKCIEPTHBIM ITyTEM BECOBBIX OLIEHOK. B aT0I
CBSI3H IIPOTHO3 B CKJIA/IBIBAIOIIMXCS THTHAMIYIECKH
M3MEHSIOIINXCS YCIOBUSIX HE MOXKET paccMarpu-
BaThCs KaK OKOHYATEITFHO C(hOPMHUPOBABIIHIACS.

Tak, mepBas momosuHa 2022 rofa mokasana,
YTO TpyHIa 3apyOeKHBIX CTpaH OyleT OTKa3bl-
BaTbCsA® OT POCCHHCKHX HEe(TH, rasza M yIis,
mputoM, 4To B 2021 romy 3Ta rpymma cTpaH

> TloBopoT Ha BocCTOk mpukazaHO YCKOPHTH: MyTh

JHepropecypcoB B A3HI0 OyIeT TEPHUCT. [DNEKTPOHHBIH
pecypc]: https://eadaily.com/ ru/news/2022/04/15/povorot-
na-vostok-prikazano-uskorit-put-energoresursov-v-aziyu-
budet-ternist. Jloctym 27.05.2022.
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X, 0,11 BHeNHHH ¢axtop 1

X 0,13 BHEIIHUI (akTop 2

X, 0,7 BHewHKH (aktop 3 (HegocrarouHas rpy3oobpasyroras 6a3a)
y IleneBoit nokasatens He OyIET JOCTUTHYT

P= 0,2

Puc. 6. Mpumep mabnuybi ucxodHbix daHHbIx BOL]_2 dnsi npo2Ho3upoeaHusi docCMUXeHus Lyenego20 nokazamens 06bEMa 2py308bIxX
nepeso3sok no CMI1 [cocmaeneHo asmopamul.

obecrieunsia Oosee MOJOBUHBI BEIPYUKH OT IKC-
nopra sHeproHocuteneir (okomo 100 us
191,5 mupa moni.). 3TO MOXKET TOTEHITUATBHO
HETaTHBHO MOBJIUATH Ha 000CTPEHHUE MPOOICMbI
HEXBATKH IPy30BOM 0a3bl apKTUUECKUX OPTOB
1, KaK CJIC/ICTBHE, BbI3BATh CHIDKEHUE 00bEMOB
Tpy30BbIX IiepeBo3ok mo CMIIL.

C apyroit cTOpOHBI, CHUKEHHSI IPOTHO3a
T10 JIOCTHIKEHUIO YCTaHOBIIEHHOTO ITOKa3aTelst
Kk 2024 roxy He IPOU3O0ILIO, IIEIEBBIM OCTa-
ércs mokaszarenb B 80 muH TC. ITpoucxoaut
NepeopUeHTALMs DKCIIOpTa HEPTH U Ta3a Ha
MEPCIEKTUBHBIE PBIHKU APYTHX TPYII CTPaH
(peub UAET B TOM 4YHCIIe O peajlu3aluyd HH-
(pacTpyKTYpHBIX IIPOCKTOB: )KEJIE3HOTOPOK-
HBIX, TPYOOIIPOBOJHBIX, IIOPTOBBIX, & TAKKE
00 obecrneyeHnn MOTpeOHOCTEH B 3HEPTOpE-
cypcax Ha BHyTpeHHeM pbiHKe). [Ipu atom,
B IIEJIX ONPEeJIeIeHUS IPUOPUTETHOCTH HE(-
TEra3oBbIX MPOEKTOB U UX pealin3aliu, He-
00X0JIMMO HCITI0JIb30BATh IIPOrHO3HBIC 3HAYE-
HUsl, 00JIaJaI0IIKMe BBICOKOH CTEMEHbBIO J0CTO-
BEPHOCTH.

B nestom aTa 3aa4a 00yciioBiieHa He TOJIBKO
CKJIa/IBIBAIOLLIEICSI CUTYaLMEN Ha ONPEEIEHHOM
OTpe3Ke BPEMEHH, HO MU HOCHUT JIOJITOCPOYHBIN
xapakrep.

3AKNOYEHKUE

«KoMmIiekcHOCTh TIPo0sIeM SKOHOMHUYECKOTO
MPOTHO3UPOBAHUS, B YaCTHOCTHU, Pa3BUTHUS
TpaHCIOPTHOM ceTu EBponelickoii u [Ipuypans-
CKOM ApPKTHKH OmpejaeliseT HeoOX0IUMOCTh
MEKIUCHUILTMHAPHOTO MOIX0/1a K UX PELICHUIO,
pacuMpeHre U UHTErPALUI0 Y)KE UMEIOIIUXCS
MeToauK» [32].

MHoroo0pasue 1 HeCTabUITbHOCTh CTATUCTH-
YEeCKHX oKa3aTesiel o0yk/IaeT co3iaBarb Tu-
OpHIHBIE CUCTEMbI MOJIEJICH TIPOTHO3UPOBAHHUSL.
WX OCHOBY COCTaBIISIIOT PErPECCUOHHBIE MOJIE-

¢ Poccust mocraBut mo CeBmopryTti 80 MIH T rpy30B
K 2024 rony. Ussectus, 5 mas 2022 roxa. [DaeKTpOHHbII
pecypc]: https://iz.ru/1329712/2022-05-04/rossiia-dostavit-
po-sevmorputi-80-mln-t-gruzov-k-2024-godu. doctyn
27.05.2022.

®  Mup TpaHcnopTa. 2022.

JIM, UHTEJUIEKTyaJbHbIE MOJENH, B TOM YHCIIe
HCKYCCTBEHHbIC HEHPOHHBIE CETH, aHAJIUTHYE-
CKHE CETH U JIP., KOTOPHIE TOTIONHAIOTCA CIIeHap-
HBIM IIPOTHO3HPOBAHUEM.
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AHHOTALINA

B cmambe aHanusupyemcsi npobnema cuHme3a 6e30nacHbIxX
cucmemM ynpaesieHusi 0meemcmeeHHbIMU MEeXHO02UYECKUMU NPOYEC-
camu Ha npumepe cucmem xene3Ho0opoXHOU agmomamuku u mene-
MeXaHUKU.

[Moka3aHo, Ymo cospeMeHHbIe CUCMEMb| ynpasneHust Ons CIOXHbIX
pacnpedenéHHbIx CUCMEM, MaKuX Kak xene3HodopoxXHas mpaHcnopm-
Hasi cucmema, peanusylomcsa He ¢ abcomomHol 6e3onacHoCmebio.
bBesonacHocmb makux cucmem o2paHuyeHa y4émom mosbko cobcmeeH-
HbIX OMKa308, BHEWHUX 0OMKa308 ynpasnsiouwux cucmem u ux cocmas-
NIAWUX, @ makxe omka3oe 06beKmos UHppacmpykmypsl, Henocped-
CMBeHHO 83auModelicmeyrowux ¢ ycmpolicmeamu ynpasneHus. [pyeue
06beKMbI UHGPacMPyKmypb! HUKaK He y4umbIigalomes npu asmomamu-
yeckoM ynpasneHuu u nepedaye daHHbIX Ha 6opmossle cpedcmea as-
momamuku.

Llensto cmambu S68156MCs U3NOXEHUe Meopemuyeckux NPUHUUNOS
CUHMe3a 6e3onackbIx CUCMeM ynpaerneHus A8UXeHUEM Noe3dos ¢ y4emom
803mOoxHOCMel 060pyd08aHUs 06BEKMO8 UHEPACMPYKMYPbI 8bICOKOHAOEX-
HbIMU U 6€30nacHbIMU cpedcmeamu mexHUYecKo2o QuagHoCmuUposaHUs U
MOHUMOPUHea.

Mpusedera ynpowéHHas cmpykmypa KoMniekca UeHmpansHo20
ynpaenexus deuxeHueM noe3008 C y4émom pesybmamoeg QuagHocmupo-
8aHUSsI U MOHUMOPUHea 8CEX COCMABIISOLLUX NEPEBO30YHO20 NPOLECCa.

CchopmynupogaHb ycriogusi CUHMe3a NOTHOCMbI0 6e30NacHbIX cucmem
ynpaenexus deuxeHuem noesdos. Ommeyaromes conymemayroujue CuHme-
3y 6e3onacHol cucmems! ynpageHus 3adaqu.

KomnnekcHbili y4ém napamempos 06beKmos xene3Hod0POXHOU
UHGbpacmpyKkmyps1 U NOABUKHO2O COCMaga NO3B0UM bIIMU Ha ka4ecmeeH-
Ho bonee 8bIcoKull yposeHb besonacHocmu A8UxKeHUs Noe3008.

Knioyesble croga: cucmema ynpasneHusi 0guxeHuem noe3dos, xene3Ho00poxHas asmomamuka U menemexaHuka, 6e3onacHocme 8LKEHUS Noes-
dos, 6e30nacHbIli KOHEeYHb Il asmomam; onackbIli omkas 0bbekma xene3Ho00POXHOU UHpacmpyKkmypsI, (PyHKUUOHabHas 6e30nacHoCmb cucmems|

MOHUMOpPUHea.
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camonpoeepsieMbIx, 0mKka3oycmoliyuebIx, HAOEXHBIX U 6e30NaCHbIX CUCMEM ynpaeseHust 0meemcmeeHHbIMU MeXHOMO2UYECKUMU Npoyeccamu, 8 mom
yucne, dswxeHust noe3008 Ha xenesHbix dopoeax. Bbipakaem 6nazodapHocms C80UM y4uUmenam U Konnezam 3a 6a3osble udeu U co30aHHbIe 803MOXHOCMU
051 pa3eumusi UHMeeKmyarbHbIX MexHomoaull cuHmesa 6e30nackbIx CUCMEM ynpaeseHus!.
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BBEOEHUE

Bompocam cuHTe3a 0e30mMacHBIX CHCTEM
YTIPaBIICHUS OTBETCTBEHHBIMH TEXHOIOTHYECKH-
MH TIPOIECCAMHU, B TOM YHCIE, YIPABICHUS
JBIKCHHEM TOE3]0B Ha XKEJIE3HOJOPOKHOM
TPAHCIIOPTE, TTOCBAIIEHO OTPOMHOE KOJIIUYECTBO
paboT y4EHBIX, WH)KEHEPOB W HCCIIe0BaTeNeH
[1-5]. [Ipu 3TOM, KaKk HH CTPAHHO, JI0 CHX TTOP
9Ta 3aja4a 0CTaéTCs aKTyaJbHOM.

C pa3BHUTHEM TEXHUKHU M TEXHOJIOTHH TOSB-
JSIOTCSI CIIOCOOBI MOBBIMICHUS MMOKa3aTeNneH
Oe3omacHOCTH U y4éTa (PYHKIIHOHUPOBAHWS H
BO3JCHCTBUS CMEXHBIX OOBEKTOB M CHCTEM.
OnHAaKo K HACTOAIIEMY MOMEHTY OHHM HOCSAT
BEChbMa OTPaHNYEHHBIN XapaKTep U HAPaBICHBI
Ha yAay4llIeHNe «TOYeUHbIX» perieHnid. Kak npu-
Mep — IOBBIIICHUE Ha/IEKHOCTH M O€301TaCHOCTH
CHCTEMBI IEKTPUIECKON LEHTPAIN3AINH 32
CUéT MCIIONB30BaHNS Oosiee HAAEKHBIX KOMIIO-
HEHTOB  o0opymoBaHusi. OO ATOM CBHAETENb-
CTBYIOT MHOTOUYHCJICHHBIC ITyOJIMKAIlMHA B 3TON
ctepe, cpemu KOTOPBIX OTMETUM paboThl [6-9].

[NoBeImIeHne 6€30MaCHOCTH CHCTEMBI YIIPaB-
JICHWSI IBUKEHHEM TT0€3/10B MOJKET OBITH JOCTHT -
HYTO ITyTEM peati3aryy 0omee pa3BUTHIX CIIOCO-
00B cCaMOAMATrHOCTHPOBAHUS HHPPACTPYKTYPHO-
TO KOMIIIEKCA 3a CUET NCTIOIB30BAHNS BHEIITHHX
TEXHUYECKUX CPEACTB AHMArHOCTHUPOBAHUS H
MouuTopuHTa. U3 pyHIaMeHTansHpIx pador [2;
10] chenyer, uto, K IpUMEpY, IpH cCHHTE3E Oe3-
OITACHBIX CHCTEM KEJIE3HOIOPOKHOI aBTOMATHKN
u TeneMexanuku (JKAT) mo cux mop B MOMHOMH
Mepe HE yYHTBIBACTCS TEXHHUIECKOE COCTOSHHE
00BEKTOB KEJIEe3HOIOPOKHON HHPPACTPYKTYPHI.
INocnenane, XOTh 1 MPOXOAAT MPOIIEAYPY TECTO-
BOTO ¥ (DYHKIIMOHAIEHOTO ANarHOCTUPOBAHUS B
TIpoliecce IKCILUTyaTalluy, HO UX PE3YJIbTaThl He
YUHUTBHIBAIOTCS MIPH PEAN3alUK aJITOPUTMOB
ynpasineHust. OHU HCIIOIB3YIOTCSI TOJIBKO IS
OpraHU3aIMHN TIPOLEAYpP MO TEPHOTMIECKOMY U
BHETTaHOBOMY o0OciykuBanuio [11-13]. Boree
TOTO, K€ CAMH YCTPOMCTBA aBTOMATHKH B TIOJI-
HOHM Mepe B aBTOMAaTHIECKOM PEKUME He Tiepe/ia-
0T JAHHBIE O CBOEM TEXHUIECKOM COCTOSTHIH IS
yuéTa uX B Tiporieccax yrpasieHus [ 14; 15]. 3to
CBSI3aHO, TTPEXKE BCETO, C HCTOPHUECKU CIIOKUB-
ITUMUCS TPUHIUIIAMHA MOCTPOCHUS CHUCTEM
YTIPaBIICHUSI HA KEJIE3HOIOPOKHOM TPAHCIIOPTE,
€0 c(hOPMHUPOBABIINMCSI HHCTHTYTOM CTaH/IapTH-
3aIHH, CepTH(UKAIIN 1 JOKa3aTeIhCTBa Oe30mmac-
HOCTH, a TaKXKE€ C OTCYTCTBHEM METOIMK ydETa
JTAHHBIX OT CHCTEM TEXHUUECKOTO THATHOCTHPO-
BaHusg 1 MoHuTOpHHTA (TAM) M1t aBTOMaTHYE-
CKOTO YIIPaBJICHUSI TPOIIECCAMH.

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 50-57

3agava cuHTE3a 0€30MacHOI CHCTEMBI YIIpaB-
JICHUS PemIacTcs 3a CUET UCKITFOUCHUS BIMSHUS
TeX COOBITHIA, KOTOPBIE TIPUBOAAT K HEKOPPEKT-
HOW pea3aliy alTOPUTMOB YIIPAaBICHUS U K
BO3HHKHOBCHHMIO OTTACHBIX OTKA30B. Takue oTKa-
36l HE TPOCTO BIUAIOT Ha TEXHOJIOTHYECKHUH
mpoIiecc B BUJE €T0 OCTaHOBOK, a CO3/Af0T
YCIOBHS BOSHUKHOBEHHUS KaTacTPOPUISCKHUX
HapYIICHAH, BICKYIIHX 32 COO0H MOBPEKICHNS,
aBapuu u KpymeHus. [losToMy mpu cuHTE3e
0e30MacHBIX CHCTEM YIIPABICHUS UCTIONB3YETCS
LIENTBIA KOMIUIEKC Mep MO 3aIIUTe W ITapupoBa-
HUIO OTTAaCHBIX OTKa30B: HCTIOIE30BAHNE KOHTPO-
JIETPUTOIHBIX CTPYKTYP YCTPOMCTB, IPUMEHE-
HHUE CAMOKOHTPOJIHPYEMBIX, CAMOIIPOBEPSIEMBIX
1 OTKa30yCTOWYMBBIX JIOTHIECKUX CXEM, FICTIONb-
30BaHME JIEMEHTOB C HECUMMETPHYHOH Xapak-
TEPHUCTUKOH 0TKa3a, MPUMEHEHNE H30BITOYHOTO
KOIMPOBaHUS, BHECEHHE CTPYKTYPHOH, HHDOP-
MAaIOHHOH ¥ BpeMEHHOH U30BITOYHOCTH, pea-
TU3aIHsE O€30TTaCHBIX YCTPOWCTB COMPSKCHUS U
mp. [1-5; 10; 16-20].

L]envio HacTOSIICH paOOTHI ABISETCS U3JI0-
JKeHHE TEOPEeTHYECKUX OCHOB CHHTEe3a 0e3-
OTIACHBIX CHCTEM CUTHAJIN3AINA U YIIPABICHUS
IBIDKEHUEM IT0€3/I0B Ha KEJIe3HBIX JOpPOTax.
B ortnuume oT nmpeablIyluX HMCCIENOBAHUN
MPEATIOKEHO YUUTHIBATh HE TOJBKO Oe3omac-
HOCTh (YHKIIMOHHUPOBAHUS CAMHUX CPEICTB
JKAT, HO 1 00BEKTOB HHPPACTPYKTYPHI U TIO-
JIBIDKHOTO COCTaBa, HETIOCPEACTBEHHO C HUMHU
HE B3auMOJeCTBYOMHUX. Takol y4€T BO3MO-
J)KeH 3a cu€T mcmnoib3oBaHus cuctem TIM,
KOTOpBIC, OTHAKO, TOJDKHBI PEaTn30BBIBATHCS
10 BIIOJTHE OTpENeTAEHHBIM NMPUHINIIAM, SB-
JATHCSI BRICOKOHAEKHBIMH U 1aBaTh HHPOP-
MalMIO C BEICOKOM, Hanepé 3a1aHHOoM, JOCTO-
BepHOCTHIO [21-23].

PE3YNbTATbI
1. Be3onmacHocTh cUCTEMBI YIPaBIeHUS
JABUKEHHEM T0€3/10B

B coBpeMeHHOl mapanurme OpraHu3alnuu
JBIDKEHUS TOE3I0B MOKHO YTBEP)KIaTh, UTO
TEXHUYECKHE CPEACTBA 00CCIICUCHUS IBIKCHHUS
TTOE3/I0B HAXOAATCS B YACTHYHOM OTPBIBE APYT
OT JIpyTa ¥ B CBOEM OONBITIHCTBE HAMIPSIMYIO HE
cBsa3anbl [5]. Tak, cucrema KAT HaxomuTcs
MIPAKTUIECKH B ITOJTHOM OTpPBHIBE OT YCTPOWCTB
KOHTaKTHOH TTO/IBECKH, YACTUIHO B OTPBIBE OT
00BEKTOB BEPXHETO CTPOCHUS MyTH W HCKYC-
CTBEHHBIX COOPYKEHHUH, YACTHIHO B OTPBIBE OT
COCTOSTHHUS TTOJIBIDKHOTO cocTaBa. Hampumep,
COOBITHE UCKPUBJICHUS PEITECOBOTO ITyTH W Ha-
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Puc. 1. KoHyenmyanbHasi opaaHu3ayuoHHasi cCmpykmypa ynpaeneHusi deuxeHuem noe3doe [8bIN0MHeHO agmopamul].

PYIICHUsS IUPHUHBI KoJen (BBIOPOC IyTH) TpH
COXPAaHEHHWHU B IEJIOCTHOCTH PElbca HUKAK HE
moBnusier Ha cucremy JKAT: Ha cBeTodope,
OTPAXKIAIONIEM BHE3/l HA YYaCTOK C JEe(EKTOM
yTH, OyJIeT TOpeTh pa3pemnraiomiee NoKa3aHue.
Bonee Toro, mare 3ampemaroiiee nokasaHue
B cucteme JKAT make B TakoM cirydae HCKycC-
CTBEHHO, 0€3 HapyIICHNS TIPaBIIT SKCILTyaTaI[HN
CPEJ/ICTB aBTOMaTHKH HEBO3MOXKHO.

Takum 00pazom, paccyskaeHHs 0 6e301acHO-
ctu yerpoictB U cucteM XKAT cTaHOBSTCS HE
BITOJTHE COCTOSITEIIEHBIMU B CMBICIIE O€30T1acHO-
CTH TEPEBO30YHOIO MPOLECCa B YCIOBHIX OT-
CyTCTBUSI yuéTa 6€301MacHOCTH HHPPACTPYKTYp-
HOTO KOMIIJIEKCA M TIO/IBI)KHOTO COCTaBa B Iie-
J0M. MHOTOJNETHUN ONBIT HKCHIyaTalUU
n pazpabotku cucreM XAT, a Taxxke aHanns
HayYHO-TEXHHUYECKON JINTEPATYPhI IO TAHHOMY
HaIpaBJICHUIO TIOKA3aJIH, YTO B PEaIbHOCTH IPH
paccmoTpennn 6e3omacHocTH yerpoicTB XKAT
MOYKHO TOBOPUTH O HEKOTOPOM CBOMCTBE Orpa-
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HUYCHHOHN 0€3011acHOCTH. Y YUTHIBACTCS ITOJTHO-
CThIO BHYTPEHHSSI 0E30IIaCHOCTh M YaCTHIHO
BHETITHSISL.

Omnpenenenne 1. [Tox BHyTpeHHEH Oe3omac-
HOCTBIO ITOHUMAETCS CBOHCTBO HEBO3MOKHOCTH
BIIMSTHUSI HEMCIIPABHOCTEH M OMMOOK B BBIYNC-
JICHUSX Ha WCIIOJHEHHE AJITOPUTMOB B YaCTH
WCKJIIOUCHHUS TTEPEXO0/I0B B OTACHBIE COCTOSIHUSI.

Omnpenenenne 2. [Tox BHEmHEH YacTHIHON
6€3011aCHOCTBIO TOHUMAETCSI CBOMCTBO BO3MOXK-
HOCTH TIAPUPOBAHMS TOIBKO TEX BHEIIHHX Jie-
CTaOMIM3UPYIOMNX (PAKTOPOB, KOTOPHIE MOTYT
OBITH 3a(MKCUPOBAHBI OOHEKTOM ABTOMAaTHKH.

Peanusauus ycrporicts u cuctem JKAT B Ta-
KOH TIapaJurMe Mo3BOJIHIIa TOCTPOUTH Oe30rac-
HBIC YIPABIISIONINE KOMITIEKCHI, OTHAKO HE T10-
3BOJIMJIA JIOCTHYG A0COJIOTHOW OE3011aCHOCTH
B JIBIDKCHUH TTO€3/10B, TaK KaK COCTOSHUS 00b-
€KTOB HH(PACTPYKTYPHI ¥ TTIOJBHIKHOTO COCTaBa
YUIHUTHIBAIOTCS B YHPABIAIOMNX KOMITJIEKCAX
TOJBKO YACTHIHO.

0. Ne 3 (100). C. 50—
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TexHUYeCKUl 00BEKT KEJIC3HOIOPOKHOU
HHPPACTPYKTYPHI U MOJBIIKHOTO COCTaBa XapaK-
TEPU3YETCs CIICAYIOIINMH MHOXKECTBAMHU:
<X,Z,A,P,S>, (1)
rae X — MHOJKECTBO BXO/IOB;

Z — MHO’KE€CTBO BBIXO/IOB;

A — MHOXKECTBO peaji3yeMbIX aJrOPUTMOB;

P — MHOXECTBO pabovnx mapaMeTpoB;

S — MHOXECTBO COCTOSIHUM.

Jlyist OCTPOCHMSI TIOJTHOCThIO 0€30IMacHOM
CHUCTEMbI aBTOMAaTHKHU TPeOyeTCsl peiaTh 3a/a-
4y MOJy4YeHHUsS HH(DOpMAIUU O COCTOSHUHU
00beKTa, BOBJICYEHHOTO B TIEPEBO30YHBIN TIPO-
necc (WiIu ero 00eCIeYrBaroIIero), ¢ 3aJaHHON
noctoBepHocThi0 De[0,1]. Ha mpaktuxe sta
BEJIMYMHA JIOJKHA HOPMUPOBATHCS U CTaHIap-
TU3UPOBAThCs. be3omacHas cucrema ympasiie-
HUS JIOJDKHA PEaTM30BbIBATHCS 3a CUET IPUME-
HEHUS TEXHUYECCKUX CPEICTB BCTPaMBAEMOI0
U HAJICTPABAEMOTO TECTUPOBAHUS M (PYHKITHO-
HaJILHOTO IHAarHocTUpoBaHus. [Ipomenypsl
TeCTHPOBaHUS ¥ (DYHKIHMOHAJIBHOTO JIHATHO-
CTUPOBAHUS [TOJDKHBI POU3BOIUTHCS aBTOMA-
TUYECKH, B 3apaHee BRIOPAHHBIX U HAYYHO 00-
OCHOBaHHBIX KOHTPOJIbHBIX TOUKAX U C 3apaHee
YCTaHOBJICHHBIMU U 000CHOBaHHBIMHU IIEPHO/IA-
MU, peayn3ysl ONpeaeIEHHY CTPATEIHI0 MO-
HuTOpHUHra [21-23].

Ilpu pemieHuu 3a7a4ul AMATHOCTHPOBAHHUS
U MOHUTOPHHIAa MOXXET KOHTPOJIMPOBATHCS HE-
KOTOPOE MOJAMHOXECTBO KaXKIOI0 U3 MPEACTaB-
JIEHHBIX BBIIIe MHOKECTB X*C X, Z*CZ, A*CA,
P*cP, S*<S. D10 M03BOJISET MOTYyYaTh HEKOTO-
pO€ TIOJIMHOXECTBO KOPPEKTHBIX U HEKOPPEKT-
HBIX COCTOSIHUM Ka)KIOT0 U3 0OOBEKTOB JUATHO-
cTupoBaHus. JlJisi KaI0ro U3 Takux 00bEKTOB
BBIJICIISICTCS] MHOXKECTBO KOPPEKTHBIX COCTOSIHU
Sg 1 MHOYKECTBO HEKOPPEKTHBIX COCTOSHUN S '
S= Sgqu Ha muoxecTBe S . MOXKHO BBIICIUTE
T€ COCTOAHUSA S, KOTOPbIE CBA3AHBI C KOHKPET-
HBbIM 33J]JaHHBIM PHCKOM JIJIsl YIIPABJICHUS JIBH-
JKEHHUEM I10€3/10B: SRch

Yreepixaenue. Bee cocrosuus S, MOMKHBI
JUTSL KaXKJIOTO TEXHUYECKOrO 00beKTa (PUKCHPO-
BaThCs M TEPEIABaThCs HA SAMHOC OE30IacHOe
peliarolee yCTPOMCTBO Il BBIPAOOTKH UM
JIOJDKHBIX PEaKIMiA JIJIsl Iepexo/ia B 3alllUTHBIC
COCTOSIHUSL [UISL YIIPABJICHHUS JBHKCHUEM I10€3-
JI0B U MH(OPMAIIMOHHBIX COOOIIICHHIA IS y4acT-
HUKOB JIBIDKCHHSI U JKCILTyaTanuu 00bEKTOB
JIUarHOCTUPOBAHUS.

Takum 00paszom, oTaeabHbIe cucTeMbl TJIM
00bEKTOB MH(PACTPYKTYPHI, MOABHIKHOTO CO-
craBa u JKAT no/mKHBI BRIpaOaThIBATh CUTHAJIBI
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0 IOCTHXECHUH CBOUX COCTOSIHHUM S, ¢ 3a/JTaHHOM
JIOCTOBEPHOCTHIO D. OHM MO0 HANPSIMYIO (4TO
CJIOKHEE TEXHUYCCKH ), THO0 uepe3 Oe30MacHy o
w1arhopMy aHATUTUKHA U MPUHITUAS PCIICHUS
JIOJKHBI TIepeIaBaTh CUTHAIIBI JJIs TIEPEX0/ia BO
MHOXECTBO 3aITUTHBIX COCTOSTHHUM JIJIS1 CHCTEMBI
yIpaBieHUs MEePeBO30YHBIM TporeccoMm. Ha
puc. 1 u3o0pakeHa CTPyKTypa B3auMOCHCTBUS
00BEKTOB JKEJIC3HOJJOPOKHOTO TPAHCIIOPTA.

2. OcHOBHBIE IPaBHUJIa CHHTe3a 0e30MacHOM
CHCTEeMBbI yIpaBJieHUsl IBH:KEHHEM 110e3/10B

Be3zonacHOCTh MEpeBO30YHOTO Mpoliecca
CYIIECTBEHHO 3aBHCUT OT 0€30MacHOCTH (yHK-
LIHOHUPOBaHUA ycTpoiicTB U cucteM JKAT [1-3].
®daxTHuecku ycrpoiictsa u cucremsl JKAT BbI-
MOJIHAIOT POJIb PETYIUPYIONUX TEXHUYECKUX
CPEICTB JJIs NepeJadydl JOCTOBEPHBIX JAaHHBIX
MatMHUCTY. TpanIMOHHBIM CIIOCOOOM Tepeia-
YH CIIY)KHUT MCIOJIb30BaHHE CBETO(OPHOU CHT-
Hanm3anuu. Kaxplii 1BeToBO cUrHain 0003Ha-
YaeT onpeAeaEHHoe AeiicTBUE I MallTHHKCTA.
Uucio TakuX CUTHAJIOB BEChMa JINMUTHPOBAHO,
YTO OrPaHUYMBAET M MPAALUH JUIs JeHCTBUIL.

B npouecce ¢pyHKIMOHUpPOBaHUS JF000OE
yctpoiictBo KAT umm ke Bcs cucteMa MOryT
MEePEXOUTh MEXIy KOHEUHBIM MHOXECTBOM
onpeneNnEéHHbIX 3apaHee COCTOsAHMM. B Takom
cly4yae B KaueCTBE MaTeMaTHYeCKON MOneIu
00bekToB XKAT MOKET HCIIOJIB30BAThCSI MOJICIb
a0CTPaKTHOTO KOHEYHOT0 aBToMara Z:
2=<X,8,Q,s, 0, y>, (2)
rae X — MHOXECTBO BXOJHBIX COCTOSIHUI, COOT-
BETCTBYIOIIMX OyJEeBBIM BEKTOpam, GopmMHpye-
MBIM Ha BXOJaX 00bEKTa X , X,, ..., x;

S — MHOXECTBO COCTOSTHHI aBTOMara, COOT-
BETCTBYIOIINX OyJIEBHIM BEKTOpaM BHYTPEHHHUX
TEPEMEHHBIX } |, Y,y .0y V)3

€) — MHOKECTBO BBIXO/IHBIX COCTOSIHUI aBTO-
Mara, COOTBETCTBYIOIIUX OYyJEBBIM BEKTOpaM,
(dbopMHUpyeMBbIM Ha BBIXO/IaX 00bEKTa BHYTpPEH-
HHX MEPEMEHHBIX Z,, Z), ..., Z ]

s, — Ha4aJIbHOE COCTOsHUE (5,€S);

¢: X*xS§ — §— dyHK1IMs nepexon0s, 0Todpa-
JKaromasi MHOXKECTBO X XS B MHOXKECTBO S

y: XXS§ — Q— QyHKIHS Iepexo0B, 0ToOpa-
JKaroIasi MHOXKECTBO X XS B MHOXKECTBO 2.

[Tpu cuHTe3e Oe30MmacHbIX KOHEYHBIX aBTO-
MaroB MOYKHO HCIIOJIb30BaTh alnredpy peryssp-
HBIX cOOBITHIT [24]. ABTOMAaT B TakoM ciiy4ae
paccmarpuBaeTcsi Kak npeoOpa3oBareib BXOJ-
HBIX CJIOB B BbIX0OHbIe. COObITHEM E /TSI KOHEY-
HOTO aBTOMaTa CYMTAETCsl JII0O0e MHOXKECTBO
BXOJIHBIX CJIOB. [l1st ontucanust aaropurMa pado-

EdbaroB [1. B., XopouieB B. B., Ocanuvn I. B. KoHLenTyanbHble OCHOBbI CUHTE3a 6e30nacHbIX
CUCTEM YyNnpaBreHus ABUXKEHUEM NOe3n0B



Hauano

v

Omnwucanue anropuTMa padoTs!
KOHEYHOTO aBTOMAaTa

v

ITonyuenue mHoxecTBa E

v

OnucaHue OMacHBIX NCKa)KEHUH
anropuT™Ma

v

IMomy4yenne MHOXKECTBA Egang

v

CunTe3s rpada nepexoaon
KOHEYHOTO aBTOMATa

v

CunTes rpada HeomacHbIX
HIepexo0B

v

CuHres rpada JOmyCTUMBIX
JIO)KHBIX MTEPEXO0/I0B

v

BesomacHoe KOAUPOBAHHE COCTOSHHN

v

CuHTE3 aBTOMAaTa B BEIOPaHHOM
(byHKIMOHAIEHOM 0a3uce

v

Komnerg

Puc. 2. YnpowéHHbIli anzopumm cuHme3a 6e3onacHo20 agmomama
[ebInonHeHo asmopamu].

ThI KOHEYHOT'O aBTOMAara TPeOyeTCst HATH COObI-
THe, BKIIOUArolee B ceOsi Bce pasperiéHHbIe
CITOBa — TaKHe CJI0BA, KOTOPBIC MPEICTABICHBI B
aBTOMare. JTO JIeNaeTcs ¢ MPUMEHEHHEM TPEX
orneparyii: TU3bIOHKIMH, TPOU3BEACHUS U UTe-
palu MHOXKECTB coObITHi. Eciu 310 cienarh ¢
MOMOIIBI0 0003HAYEHHBIX TPEX ONMEPAIUid, TO
cobbiTHE E siBsieTcst peryisapHbiM. V3BecTHO
[25], uTo MHOGOI KOHEUHBIN aBTOMAT MPECTAB-
JsieT co00M PeryyisipHOe COOBITHE U Ha00OPOT,
J1000€ PeryIsipHOe COOBITHE MOXKET OBITh IIPE/I-
CTaBJIEHO B KOHEYHOM aBTOMAre.

Mwup TpaHcnopTa. 2022

CoOBbITHSI B KOHCYHOM aBTOMATE MOTYT pea-
JIN30BBIBATh KOPPEKTHBIC MEPEXOIbl U HEKOP-
PEKTHBIC, B TOM YHCJIC, OMTACHBIC — HAPYIIIAFOIIHE
0€3011acCHOCTh TEXHOJIOIMYECKOTo IMporecca,
peau3yeMoro OMKUChIBAEMBbIM 00bEKTOM. MHO-
JKECTBO OIMACHBIX COOBITHII 0003HAUYUM uepe3

dang”

OTKa3sl B yCTPOUCTBE, KOTOPOE OMUCHIBACT-
Csl paccMaTpUBaeMbIM aBTOMATOM, MIPHUBOIAT K
TOMY, YTO BO3HHMKAIOT JIOKHBIC MIEPEXObI aBTO-
Mara —BMECTO COCTOSIHHUS S, aBTOMAT IIEPEXOHUT
B coctosnue S_(§—S). DakTHueCKH MCXOIHBIH
aBTOMaT TPaHCHOPMUPYETCsI, U PEryJsipHbIC
COOBITHSI B HEM YK€ OTUCHIBAIOTCS BEIPAKCHUEM
[24]:

E* =EE,, (3)

e £, — Bee cOOBITHS (MHOXKECTBO CIIOB), TIEpe-
BOJAIINAE MUCXOMHBIM aBTOMAT M3 HAYalIbHOTO
COCTOSIHMS B COCTOSIHUE S ;

Ez(k) — BCE COOBITHSI, TIEPEBOJISIINE ABTOMAT
U3 COCTOSIHMSA S, B COCTOSHUS, TIPECTABIISAIO-
e CoOBITHS E,, rne k — HOMEp omacHOTO
COOBITHS.

Omnpenenenne 3. KoHeuHsIi aBTOMAaT sBIS-
eTcst 0€30MaCHBIM, €CITH NCKITIOUAET BCE JIOKHBIE
TIEPEXO/Ibl, CBSI3AHHBIE C pealii3alneil OmacHbIX
COOBITHIA, BEPOSITHOCTh BO3HUKHOBEHHST KOTOPBIX
TpeOyeTcsl yUUTHIBATb.

B [10; 24] ompeneneno cuemyromiee.

Omnpenenenne 4. JIokHBIH TIepexo/] aBToMara
Ha3bIBACTCSI ONIACHBIM, €CJIU MPH €r0 BO3ZHHUKHO-
BEHHH JUTSI BCEX k BBITIOJIHSETCS YCIIOBHUE:

E* NE,, *2. 4)

Omnpenenenne 5. JIOXKHBINA mepexox aBTO-
MaTa Ha3bIBAE€TCS 3AIIUTHBIM, €CIU TPH €ro
BO3HUKHOBEHHUH JUIS BCeX k BBIMOJHSIETCS
yCIOBHE:

E* NE,, =9 &)

BBenéHHOE MMOHATHE OITACHOTO 0TKa3a JICTIIO
B OCHOBY pa0oTsI [24], Tie Oblia 10Ka3aHa Teo-
pema 00 OTCYTCTBUH OTIACHBIX OTKA30B B KOHEU-
HOM aBTOMaTe.

Teopema 1. OmacHble 0TKa3bl B paboTe Ko-
HEYHOTO aBTOMaTa OTCYTCTBYIOT TOT/Ia M TOJIBKO
TOTJIa, KOTJIa JUIs BCEX JIOKHBIX TIEPEXOIOB S—5.
1 U1 BCEX JIOKHBIX COOBITHI Kk BBINOJTHSCTCS
yCIIOBHE:!

E E N

s55. E o) O Eotang = D> (6)
rne Es s ecTb COOBITHS, COOTBETCTBYIOLINE

JIO)KHBIM TIEPEXOJiaM aBTOMATa U3 COCTOSHMS S,
B COCTOSIHHE S..
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BBenéHHble Ha OCHOBE PEryJISIPHBIX BBIpaXKe-
HUI yCIIOBHS O3BOJIMIIN aBTOPaM ChopMysIHpo-
BaTh aJITOPUTMbI CHHTE3a KOHCUHBIX aBTOMATOB,
KOTOpbIE MCKJIFOYAIOT UX MEPEXO/Ibl B OIACHbIC
COCTOSTHHSI ITPH JIFOOBIX OTKa3aX, C BEPOSTHOCTHIO
KOTOPBIX HEOOXOMUMO CUMTAThCs. I MCKITIO-
YEHUSI ONACHBIX OTKAa30B B KOHEUHOM aBTOMATe
JIOCTAaTOYHO 3alPeTHTh BCE OINACHBIE JIOXKHBIC
MIePEXOJIbI.

YpoiéHHbIH aaropuT™M cuHTe3a Oesorac-
HOTO aBTOMaTa IpEeCTaBIeH Ha puc. 2. B Hém
Ha (puHAIBLHOM 3Tarle Mojipa3ymMeBaeTcs 0e3ormac-
HOE€ KOJJMPOBAHUE COCTOSIHUI KOHEYHOTO aBTO-
Mara ¢ yu€roM rpada HeONacHbIX JIOXKHBIX Iie-
PEXO0/I0B.

Heo0OxoauMo moauepKHyTh, YTO B JaHHOM
Cllyyae KOHEYHbIH aBTOMAT, OMUCHIBAIOIINI pa-
00Ty HEKOro yCTpOICTBa MJIM HEKOH CHCTEMBbI
JKAT, OGynet 6e30macHbIM €O CIIEIYIONINX TT03H-
LIHA:

1) ¢ mo3uIuu BHYTPEHHEH 0E30MAaCHOCTH —
OTKa3bl U COOM HE MPUBEAYT K MEPEXOy HH B
OJIHO U3 COCTOSTHUI pHCKa JUIs JIBUOKSHHUS T10€3-
ToB S ;

2) ¢ O3HIINY BHEIITHEH 0€3011aCHOCTH — BHE-
LIHKE JiecTaduin3upyronye (GpakTropsl HE NpU-
BEAYT K Iepexolly HH B OJHO U3 COCTOSHUU
pHCKa IS IBHKEHHUS TTOE3/10B ..

OnHAKO MPH 3TOM KOHCYHBI aBTOMAT HUKAK
He Oy/JIeT yUMTBIBATh COCTOSIHUA S, TEX 00BEKTOB
UH(PACTPYKTYPBI ¥ HOJBHIKHOTO COCTABA, KOTO-
pble HEMOCPECTBEHHO HE B3aHMOJIEIHCTBYIOT C
JIAHHBIM KOHEYHBIM aBTOMATOM. JTO HPOCTO HE
OITPEJICIICHO B MHOXKECTBAX COOBITHIT F dang’ Taxkum
00pa3oM, KOHEUHbIH aBTOMAT Oy1eT Oe30MaCHBIM,
OJIHAKO OH OyJIET SIBJISITHCS TOIBKO OrPAaHUYEHHO
0e30IacHbIM U He CMOYKET BBIJIATh CUTHAJIA I1epe-
X071 B 3aIIUTHOE COCTOSIHHE ITPU BO3HUKHOBEHUN
OJIHOTO U3 TIEPEXOJIOB B COCTOSAHM S, TeX 00beK-
TOB MH(QPACTPYKTYPHI U MOJABHIKHOTO COCTAaBa,
KOTOPBIE HEITOCPE/ICTBEHHO HE B3aUMOZCIHCTBYIOT
C TAHHBIM KOHCUHBIM aBTOMAaTOM.

Omnpenenenne 6. [ToaHoCTBIO Ge30MaCHBIM
KOHCUHBIM aBTOMATOM YCTPOWCTBA UITA CUCTEMbI
YIIPaBJICHHMsI IBUKEHUEM [T0€3/10B OyET SIBIISTh-
Csl KOHEYHBIH aBTOMAT, KOTOPBIH CIIOCOOEH Iie-
PEXOAUTH BO MHOXECTBO 3alIUTHBIX COCTOSIHUMN
[P BOSHUKHOBEHUH BCEX 3aJaHHBIX [IEPEXOI0B
B COCTOSIHHSI C YCTaHOBJICHHBIM YPOBHEM pHCKa
HapyuIeHHs: 0E30MaCHOCTH JIBH)KEHHUS TTOE3/10B
JUTSL BCEX 00BEKTOB MH(YPACTPYKTYPHI U TIOIBHK-
HOTO COCTaBa.

Bo MHOXeCcTBO BXOAHBIX BO3IEUCTBUM
KOHEYHOI'0 aBTOMAara clieyeT J0OaBUTh emié

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 50-57

onny nepemeHuyi 0e{0,1}. [lepemennas 0
NpUHUMAaeT 3HaueHHe 1 B TOM cilyyae, eciiu
Oe3onacHbIi pemaresib GUKCUPYET MEePexoj
OJIHOTO U3 00BEKTOB MOHUTOPHUHTA, C COCTOS-
HHEM KOTOPOTro CBsi3aHO oOecreueHue 0e3-
OTIACHOCTH MIEPEBO30YHOI0 MPOIIECCa, B OJHO
U3 COCTOsHMH S,. B ocTanpHbIX ciaydasx ona
paBHa 0.

B omucanHoi#t soruke padboThl 6€30MaCHOTO
pelaTenst peajn3yercs KOHIENLHUs CTPOroro
3amnpera JUls IBHKCHUST — BUPTYaJIbHBIN 3arpa-
JIUTENBHBIN CUTHAJ (KpaCHOE ITOKa3aHUe CBETO-
¢opa). B TakoM ciryyae nepexos OCyIecTBIsIeT-
Csl B €IMHCTBEHHOE 3AIUTHOE COCTOSHHE, yXKe
MMEIOLIEECs [l KOHEYHOTO aBToMara: s . €S.
BbIX0/1 M3 9TOr0 COCTOSIHUS OCYILIECTBISIETCS TIPU
Y4acTUH YeJIOBeKa.

OpHaKo B MPaKTHYECKOW pean3alyy B KO-
HEYHBI aBTOMAT MOXKET OBITh BBEJIEH HE OJMH
curnan 0, a xozoBbIii BekTop <0, 0, ... 0>, co-
OTBETCTBYIOILUI OJHOMY M3 3alIMIIEHHBIX CO-
CTOSIHUU C 3aJiaHHON Trpamanueit. Hanpumep,
eciau TpeOyeTcs mepenaTb UHPOPMAILUIO O
CHIDKEHUU CKOPOCTH IMPOCIIEIOBAHUSI UMEHHO
4yepes3 CUCTeMY CUTHAIIM3AL|H1, TO MOYKHO BBECTH
aHaJIoT TPEX I[BETOB: «3EJIEHBIN, «KENTHII» U
«KpacHbIi». DT0 1moTpedyeT JBe MepeMeHHbIe
Juist KoupoBaHusi. Eciii Tpebyercst nepenaBarh
rpajaiuio CKopocTei B auanazone 10 km/4 B
npomexyTke ot 0 1o 300 kM/4, To oTpedyercs
nepenath 30 3aIUTHBIX COCTOSTHUI U, COOTBET-
CTBEHHO, TPEOYETCsI HCIOIb30BATh MATh TBOHY-
HBIX [IEPEMEHHBIX.

B o01iem ciiydae norpe0yercst n3HavaibHOe
BBegenue 7=[log, N| (N — 4uCIO 3alIUTHBIX

COCTOSIHUI) TIEPEMEHHBIX ISl KOAUPOBAHMSL.
Kpome Toro, 1O/mKHBI OBITH 33/1aHBI U YCIIOBHS
BBIXOJIa M3 HUX 0€3 yJ4acTHs 4eJoBeka. JTa 3a-
nada TpedyeT 0coOoii mpopaboTKu B OymayIeM.
OrTcrozia cienyeT Takoe YMO3aKITIoueHHeE.
Teopema 2. Apromar Oyner Oe30MacHBIM B
TOM CJIydae, eciu:

VS ¢ Biung 2 Eongs J €41,2,...,1}, 7
A€ n — 4YrcCiio NOACUCTEM JUArHOCTUPOBAHUA U
MOHHUTOPHUHTA.

Crnenys (7) u peaiu3ysi CHCTEMbI THATHOCTH-
pPOBaHHS U MOHUTOPHUHIAa B COOTBETCTBHH C
TpeOOBaHUSAMHU K 0C30MACHBIM CHCTEMaM, HOP-
MHUPYsI YPOBEHb JIOCTOBEPHOCTU (PUKCHUPYEMBIX
JIUATHOCTUYECKHUX COOBITHIA, MOYKHO MEPEUTH K
pea3aiii CUCTEM YIIPABJICHHS IEPEBO30YHBIM
IIPOLIECCOM HOBOT'O, pealibHO 00Jiee BBICOKOTO
YPOBHsI 0€3011aCHOCTH.
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3AKINIOYEHKE

HecMoTpst Ha konoccanbHbIM mporpecc B
Pa3BUTHHU TEXHUKH W TEXHOJOTHH 3a IPOIIe/-
MW BEK, CHCTEMBI yTIPABICHHUSI BO MHOTHX 00-
JACTSIX MPOMBIIIJICHHOCTH M TPAHCIIOPTa HE
peanu3yroTrcs TakuM 00pa3oM, 4TOOBI MOXHO
OBIIIO CKa3aTh, YTO OHU IOJHOCTHIO OC30IACHEI.
OrpaHHYCHHOCTh CBOMCTBA O€30ITaCHOCTH IS
CUCTEM YTIpaBJICHUS CBsI3aHA C Pa3’IHMYHBIMH
(baxropamu. C OZIHOI CTOPOHBI, C YEIIOBEUECKIM
(hakTOpOM, HE MCKIIOYAIOMIMM BO3MOXXHOCTH
BHECEHHS OIIMOOK B IPOEKTHYIO JIOKyMEHTAIHIO
7 OIIMOOK PU MOHTaXKe YCTPONCTB M IIPOBE/Ie-
HUM TECTHPOBAHUS B IPOIIECCE TyCKOHAIAI0Y-
HBIX paboT. C Apyroi CTOPOHBI, C OTCYTCTBUEM
KOMIUIEKCHOTO TIOAXO0Ja NMPU PACCMOTPECHHUH
TIpoliecca CHHTE3a CHUCTEMBI YTIPaBICHHS OTACIb-
HBIMH yCTPOICTBAaMH WJIM TOJCHCTEMaMH 0e3
MMOJTHOTO y4éTa BCEX B3aMMOAEHCTBYIOMIUX
00BEKTOB. DTO B MOJHOI Mepe oTpaxkaeTcs Ha
npumepe cucreM JKAT. Onu SBISIIOTCS OrpaHu-
YeHHO 0e30MacHBIMH, TaK KakK HE MepeaaroT
MAIIMHNACTY JaHHBIE O IOITyCTHMBIX CKOPOCTSAX
JUISl IBUOKEHHS C YIETOM COCTOSIHHSI OOBEKTOB
HH(PaACTPYKTYPHOTO KOMILIeKca. B mpeoxken-
HOMW cTaTbe cJeiaH yHnop MMEHHO Ha pelieHue
9TOH MPOOIIEMBI M MIPEITIOKEHO CHHTE3UPOBATh
CHCTEMBI YIPABICHUS JBWKCHUEM T0E3/I0B C
TECHOW MHTETPALUEH CO CPEeCTBAMU aBTOMATH-
YECKOr0 MOHUTOPUHTA OOBEKTOB KEIE3HOMIO0-
POXHOI HH(PPACTPYKTYPBL.

Pemenne 3amaun cuHTE3a TOIHOCTHIO O€3-
OITaCHOM CHCTEMBI YIIPABJICHUS IBIKCHHEM T10-
€3/10B B HACTOSIIIEE BPEMST HATIPSIMYIO HEBO3MOXK-
HO. DTO CBSI3aHO CO CIIOKHBIINMCS KOMIIJIEKCOM
HOPMAaTHBHON AOKyMEHTAllUH, UCKIIIOYarOIen
HCIIOJIb30BAHNE TNAarHOCTHYECKUX JAHHBIX OT
BHEITHUX CHCTEM HANpSMYIO B YIIPaBJICHUH.
TpeOyeTcst permTh MIABHYIO 1T0/133/1a9y — CO31aTh
METOANKY CHHTE3a CUCTEM TEXHWYECKOTO JHar-
HOCTHPOBAHHSI 1 MOHUTOPHHTA, KOTOPBIE MOTYT
OBITH cepTH(UIMPOBAHBI HA KAKOH-THOO U3
ypoBHEH (DYHKITMOHATBHOW Oe3omacHoCTH [26].
Taxk kak 3a/1a4a OTHOCHTEIBHO HOBas, 11E1€C000-
Pa3HO JABUTAThCS T10 ITyTH BOJIFOIINH ICHCTBYIO-
IHX, HE CepTU(PUIMPYEMbIX Ha (yHKIHOHAb-
HyI0 0€301acHOCTh, BHEITHUX CHCTEM JNarHo-
CTUPOBAHNS 1 MOHUTOPHHTA K CHCTEMaM HOBOTO
ypoBHst 6e3omacuoctr (Cucrema T/IM 0 (cospe-
MEHHAas pealn3ays, He cepTudunrupyemMas Ha
(yHKImoHaNBHYI0 Oe30macHOCTh) — Cucrema
TIM 1 — ... — Cucrema TIM 4, mo uuciy
ypoBHe# monHoTH! 6e3omacHocTy SIL 1...SIL 4).
D70 MOTPeOyeT U PEIICHHS CISTYIOMINX 3a1aq:

®  Mup TpaHcnopTa. 2022.

* OIIpe/IeJICHUE KPUTEPUEB OMACHOTO OTKa3a
CHCTEM JIMarHOCTUPOBAHKS U MOHUTOPHUHI'A;

* onpeneneHne QyHKIMOHAIBHBIX TpeOOoBa-
HUI K apXUTEKType, COCTABIISIIOIINM U K CAMUM
CHUCTEMaM MOHHUTOPHHTA;

* JICIIOJIb30BaHUE PUCK-OPUEHTUPOBAHHOTO
MOJIX0/Ia K OMNpEJEJICHUI0 U PaHKUPOBAHUIO
JIMarHOCTUYECKUX COOBITHH 110 CTETIEHH BIIUS-
HUsI Ha 0€30MaCHOCTD JBHIKEHHSI I0E3/I0B;

* HOPMHPOBAHHUE JJOCTOBEPHOCTH (PUKCUPYE-
MBIX COOBITHIL;

* OmpejIeICHNE CITI0OCO00B 0€30TIaCHOM YBSI3-
KH PEIIAOIINX CHCTEM C YIPABIISIOIINMH KOM-
IUIeKCaMH (JJaHHBbIE BOMPOCHI, HAIPUMEp, VIS
yctpoiictB XXAT paccmarpuBanuch paHee B
[21-23]).

CrnenoBaHue MPHUHIMIIAM KOMIIJIEKCHOI'O
yu€Ta napamMeTpoB 00bEKTOB HHPPACTPYKTYPHI
JKEJIE3HBIX JJOPOT U ITOABMKHOTO COCTABA [103BO-
JIUT TOCTHYb CYIIECTBEHHOT'O MOBBILICHUS (U
Jlaxke ckadyka!) B ypoBHE O€3011aCHOCTH JIBHKE-
HUSI [I0€3/I0B.
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B cmambe npedcmasneHa oueHKa 20mosHoCMU mpaHcnopm-
Holl uHgbpacmpykmypsi 2. Cankm-lTemepbype Ons anekmpomparc-
nopma. AkmyarnbHocmb meMbI 04e8UdHa, mak Kak ce200Hs Habro-
Oaemcs akmusHbIl POCM PbIHKa 37eKmMpompaHcnopma, a e2o
OanbHeliwee pazgumue exodum & ouyuanbHyl No8ecmKy
mpaHcnopmHol ompacnu. [ToscHaemcs, 4mo aKmusHoe Ucnosb-
308aHUe aekmpomparcnopma e Poccuu npednonazaem coom-
gemcmeytoujee passumue uHgpacmpykmypbl, 0C06EHHO 8 MakKux
KpynHbix 20podax, kak CaHkm-ITemepbype.

Asmopamu daHa xapakmepucmuka 0CHOBHbIX uccriedosaHu,
NoceAwEHHbIX NPednockikam U nepenekmueam pasgumust pbiHKa
anekmpompaxcnopma U mpaHcnopmHol UHppacmpykmypbI.
[posedéH aHanu3 pasnuyHbIX (hakmopos nonynapusayuu dnekm-
pompat+cnopma, cdenaH 8b1800 06 omcymemeuu 8 Hay4Hou aume-
pamype croxuswielics MemoduKu OUEHKU yPOBHS 20Mo8HOCMU
mpaHcnopmHol UHgpacmpykmypbI 01 3meKmpompaHcnopma.
BbisgneHb1 u npoaHanu3uposaHs! Haubonee 3HaquMble hakmopbI,
snusAwWUe Ha Macwmabuposarue snekmpompaxcnopma, onpede-
TTeHbI KpUMepUU U NOKa3amestu OUeHKU 20MogHOCMU UHGPacmpyK-
mypb10ns 3nekmpompaHcnopma, onpedenéx 8ec kaxdo2o Kpume-
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OueHka roTOBHOCTU TPAHCMOPTHON UHChPACTPYKTYPbI
ropopa CaHkr-lleTepOypr ana anekrpoTpaHcnopTa

Examepuna Bumanvesna Kaiizep ',
Anna Cepzeesna Jlebedesa *
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pusi, npogedéH meKywjuli aHanu3 coCMOSHUS UHGhpacmpyKmypbI.
Jocmuxeruto yenu uccnedogaHusi — nposedeHU0 OUEHKU 20Mmos-
Hocmu mpaHcnopmHoU uHghpacmpykmypbi 2. CaHkm-llemepbypea
0 aekmpompaxcnopma, cnocobcmeosasnu opueUHabHbIl cu-
cmeMHbIl nodX00, aHasu3, UHMeapasibHast U SKChepmHast OUeHKU.

[MpedcmasneHHas Memoduka pacyéma uHOexca 20mosHocmu
K UCNOMb30BaHUI HOBbIX MPaHCNOPMHbIX PeWeHUl eKYaem
OUEHKY YembIpéXx KOMNOHEHmMos. Ha ocHoge aHanu3a HayyHbIX
pabom ebideseHbl hakmopb, 8NUSOWUE HA pa3sumue U nonyrns-
pusayuro anekmpompaHcnopma. BbiseneHo, ymo Haubonee cywje-
CMBeHHbIM (hakmopom, onpedenswum memnbI Maclumabuposa-
HUSI 371EKMPOMpaHCNopma, SI8n1siemes Hanuyue UHgpacmpykmyph!.
CdenaH 861800 0 HaUbOMIbLWEM Pa3sumMuU makux 3eMeHmos, Kak
paboma anexkmpudeckol 3anpasoyHoli cmanyuu (33C) u uHgop-
MayuoHHoU cucmembl. Pacyém umoe0eoli OueHKU mpaHcnopmHoU
uHgppacmpykmypsi 2. Cankm-lTemepbype npusedén 8 mabnuue.
Ha ocHose nposedéHHozo aHanu3a bbia nomyyeHa obuas oyeHka
20MOoBHOCMU MPaHCNOPMHOU UHGhpacmpykmyps! Kk Maclumabupo-
8aHUI0 371EKMPOMpPaHCNOpMa, @ Makke OUEHKU Kaxd0e0 aieMeHma
371eKmpompaxcnopma.

Krioyesble crosa: anekmpompaHcnopm, UHpacmpykmypa, OueHka 20mogHOCMU, 3NeKMpUYeCcKas 3anpagoyHasi CmaHyus, 2o-
podckoli mpaHenopm, UHQOPMAULIOHHBIE CUCMEMbI, haKMopbI Pa3sUMUsI.
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BBEOEHUE

B Hacrosmee BpeMs HaOIrOMACTCS aKTHBHBIH
POCT MUPOBOTO ¥ OTEUECTBEHHOTO PHIHKA IEKT-
poTpaHcropra.

B 2021 roxy B Poccuu cpoc Ha 3neKTpo-
MOOWMIIM BBIPOC B JACBATH pa3, TOIOBOI 00BEM
HOBBIX 3JIEKTpOMOOMIIeH cocTaBun 2254 enu-
HUII, TOAOBOW 00BEM MOIepKAHHBIX AIIEKTPO-
mobmteit cocraBua 9070 equuun!. JlaasHei-
mee pa3BUTHE PBIHKA AIEKTPOTPAHCIIOpPTa
BXOJIUT B OpHIINABHYIO TIOBECTKY TPAHCIIOPT-
Ho#t oTpacmu. CornacHo turanam [IpaBurtens-
ctBa Poccwmiickoit @enepanun, k 2030 romxy
Ka)KIIBIH TeCSITHIN BBITTyCKAaeMBI aBTOMOOUITH
IOJDKeH paboTaTh Ha IIEKTPOJBHUTATENE .
23 aBrycrta 2021 roma 6v11a yTBepkaeHa Kon-
LETIHS 10 PA3BUTHIO TIPOU3BOICTBA M HCIIOIb-
30BaHUS MEKTPUUECKOTO aBTOMOOUIBHOTO
Tpancmopra B Poccun Ha mepuox 10 2030 ro-
Jla, B KOTOPOIl MOCTaBJIEHA 3a/1a4a Pa3BUTHSA
IIAPOKOHN JIMHEMKH TPAHCHOPTHBIX CPENICTB
C YAYYIIEHHBIMH ITOKa3aTeIIMH SHeprodddex-
TUBHOCTH, pa0OTAIOMNX Ha TSATOBOH aKKyMy-
JIATOPHOI OaTapee ¢ JoKaIH3aIe IpOu3BO-
ctBa B Poccun’.

[Ipn 5TOM aKTHBHOE UCIIOIB30BAHUE IIEKT-
porpancnopra B Poccuiickoit @enepanuu npen-
TI0JTaraeT COOTBETCTBYIOIIEE pa3BUTHE WH(pa-
CTPYKTYPBI KaK 9KCTEHCHBHOE, TaK M HHTCHCHB-
Hoe. Heocrarounast pa3BUTOCTB TEX MIIM HHBIX
NIEMEHTOB HH(PPACTPYKTYPBI IAJISI EKTPOTPAHC-
TIOpTa CAEPKHUBACT POCT PHIHKA H TIPETIITCTBYET
peayn3anyy yCTaHOBICHHBIX CTPATETUIECKUX
ieneif B JanHoi cepe. B ¢BSA3M ¢ TUM BOTIPOCHI,
CBSI3aHHBIC ¢ HHOPACTPYKTYPHBIM 00€CIIEICHH-
€M MacmTaOupOBaHUS IIEKTPOTPAHCIIOPTA
B Poccun, SIBISITOTCS aKTyalbHBIMH, 0COOCHHO
IS TAKUX KPYMHBIX TOpPOA0B, Kak CaHKT-
[TeTepOypr, B KOTOPHIX HAOMIONACTCS 3HAYNTEITb-
HOE BIMSIHAE TPAHCIIOPTA Ha 3KOJOTHUYECKYIO
0€30MacHOCTb.

B poccuiickoil HayuHOW JuTeparype cylie-
CTBYIOT MCCJIEIOBAHMS, MOCBSMIEHHBIEC MPEIIITO-

! Poccuiickuil ppIHOK HOBBIX 351eKTpoMoGuteii B 2021 roxy
BBIPOC BTpOE. [DreKTpoHHBIH pecypce]: https://www.autostat.
ru/news/50525./ Doctymn 22.05.2022.

2 Passurue snexrpomobuibHocTh: Jtan I1. [DnekrpoHHbIi
pecypc]: https://events.kommersant.ru/events/elektromobilnost/.
Jocryn 22.05.2022.

3 Pacnopsokenne [IpaButensctBa Poccuiickoit denepannu
or 23 asrycra 2021 . Ne 2290-p «Konuenuus no pasbu-
TUIO IPOHU3BOJCTBA M HCIOIb30BAHUSA DIEKTPHUUECKOTO
aBTOMOOMIIEHOTO TpaHcnopTa B Poccuiickoit @enepanyy Ha
nepuoz 10 2030 romax. [DnektpouHbIii pecypc]: http://static.
government.ru/media/files/bW9wWGZ2rDs3BkeZHf7Zsaxnl
bJzQblJJt.pdf. Joctym 22.05.2022.
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CBIJIKaM U MEePCIEeKTUBAM Pa3BUTHI PhIHKA JIEKT-
pOTpaHCIIopTa U TPaHCHIOPTHOM MH(PPACTPYKTYPHI,
a TaKKe aHAJIM3Y Pa3IMYHBIX (PAKTOPOB MOITYIIs-
pH3aLUK ANEKTPOTpaHcHopTa. B uccnenoBanun
B. b. Momikosa, B. B. Opunnnukosa, JI. B. Uep-
HSIKOBA U JIp., a Takke B padote A. H. Adanach-
€Ba [IPUBOJINTCS IIEpeUeHb (hPaKTOPOB, BIUSIIOIINX
Ha pa3BUTHE HJIEKTPOMOOUIIEH, a TaKkKe paccMa-
TPUBAIOTCS NEPCTIEKTUBBI U IPOTHO3BI PA3BUTHUS
anekTpoTpancnopra B Poccun [1; 2]. daxropsl,
BIIUSIONIME HA Pa3BUTHE 3JIEKTPOTPAHCIIOPTA,
Takxke paccMoTpeHsl B cratse JI. WM. Jlemuaosa
u B. B. Ilyrauesa [3]. OnHOBpPEMEHHO C 3TUM
ABTOPbI M3YYalOT BONPOCH HH(PACTPYKTYPHI,
aHAJM3UPYS CTaHJAPThI PACTIPEAEIICHUS IEKTPO-
3apsiaubIX cranimit (93C), HICTOYHUKY SHEPTHU
JUISL NIEKTPO3APSAHBIX CTAHLMK U TepepadoTKy
0TpabOTaHHBIX aKKyMYJISITOpPHBIX Oarapeii. [To
MHEHHIO psijia aBTopoB, K 2030 romy B O0IbLINH-
CTBE Pa3BUTHIX W PAa3BUBAIOIIUXCS CTpaH OyayT
MPUHSTH €IMHbIE CTAHIAPThl U TPeOOBaHUs
K MHQPACTPYKType AJIsl AIEKTPOTPAHCIIOPTA.
B skcnepTHO-aHATUTUYECKOM JOKIAJE, MOAro-
TOBJIGHHOM mon penaknuei A. M. boposkosa
u B. H. Kusrununo#, yTBepK1aeTcs, 4To pa3Bu-
THE TPAHCIIOPTHOW MH(PACTPYKTYPBI IS AIIEKT-
pOTpaHcHopTa AOHKHO OINEpekaTh pa3BUTHE
phIHKa 3neKkTpomobmiei [4]. OqHako B psije uc-
TOYHHKOB 3apsiiHas HH(PaCTpyKTypa paccMar-
pHUBaeTCA OTIENBHO.

Takum 00pazoM, CyIIECTBYIOIIHE HCCIIEI0-
BaHMsI 110 JaHHOW MpoOJeMaTHKe MpenMyIie-
CTBEHHO UCCIIeTYIOT OJJUH WJIH /1Ba CACP KUBAIO-
IIMX MacHITaOUPOBAaHUE DIIEKTPOTPAHCIIOPTA
B cTpaHe dakropa. [Ipu aToM 0coboe BHUMaHKe
YAETSIETCS] IMEHHO J1EKTPO3apsAHBIM CTaHIUAM
1 HE pacCMaTpUBAETCs BeCh KOMIUIEKC AJIEMEH-
TOB UH(PACTPYKTYpbl. B HayuHOH nuTeparype
OTCYTCTBYET METOAMKA OIICHKH YPOBHSI TOTOB-
HOCTH TPaHCIIOPTHOH MH(PACTPYKTYphI st
ANIEKTPOTPAHCIIOPTA KaK B PETMOHAX, TAK U B 11e-
JIOM TIO CTpaHe.

METOAONOrnA

L]envio HACTOAIIETO UCCIIEIOBAHNUS SIBIISIETCS
IIPOBEJICHHUE OLIEHKU TOTOBHOCTHU TPAHCIIOPTHOI
nndpacrpykrypsl 1. Cankr-IlerepOypr mius
3NEKTPOTPAHCIOPTA.

B cooTBeTCTBHM C IOCTABIEHHOW IIEIIBIO
Ipe/ITIoKEeHa CIIEYIOIasi METOOIOTUs UCCIIe-
JIOBAaHUS:

1. BBISIBUTH M IIpOAHAIM3UPOBATh Haubolee
3Ha4YMMBbI€ (JaKTOPbI, BIHSIONIHME HA MaCIITA0UPO-
BaHHE IEKTPOTPAHCIIOPTA.

Kanzep E. B., JlebeaeBa A. C. OLieHKa roTOBHOCTU TPaHCMOPTHOW UHpacTpyKTypbl ropoaa
CaHkT-lleTepbypr AnsA anekTpoTpaHcnopTa




2. OnpenenuTh KPUTEPUH U IMOKa3aTeln
OIICHKH TOTOBHOCTH TPaHCHOPTHON MH(ppa-
CTPYKTYPBbI JUIsl 2JIEKTPOTPAHCIIOPTA.

3. OnpenenuTh Bec KaK0ro KpUTEpHs OLICH-
KU TOTOBHOCTH TPAHCIIOPTHON HH(PPACTPYKTYPbI
JUIsl DJIEKTPOTPAHCIIOPTA.

4. IlpoBecTH aHaJIM3 TEKYIIETO COCTOSHUSA
undpacrpykrypsl r. Cankr-IlerepOypr u eé€ ro-
TOBHOCTH JIJIsl BHE/IPEHUSI AJIEKTPOTPAHCHIOPTA.

5. OueHuTh ypOBEHb TOTOBHOCTH DJIEMEHTOB
TPaHCIIOPTHOW MH(QPACTPYKTYPHI JJIsl MacIiTa-
OMpOBaHUS AIEKTPOTPAHCIIOPTA.

Jlist petenust 3a/1a4 MCCIeJOBaHMUSI UCTIOJb-
30BaHbl METO/Ibl aHAJIM3a, CHHTE3a, NHTErPaJib-
HOMW M 9KCHEPTHOH OIIEHKH.

PE3YNbTATbI
AHajau3 GaKkTopoB, BAUSIOIMX
HAa MaclITa0MpoBaHHe 3JIEKTPOTPAHCIIOPTA

B coBpeMeHHBIX HCCIIEOBAHUIX, MTOCBS-
MIEHHBIX PACIIPOCTPAHEHUIO U IOMYJISIPU3AIUN
3JEKTPOTPAHCIIOPTA, UCIONB3YIOTCSA Pa3Ivy-
HbI€ MOJIXO/bI K OTIpe/IeJICHHI0 Hanbosee 3Ha-
YUMBIX (PaKTOPOB, BIMSAIONIUX HA MaclITaOu-
pOBaHUE MEKTPOTPAHCIIOPTA.

Tax, B ucciaenosannn T. Monra n U. ITapka,
MOCBSALIEHHOM KaueCTBEHHOMY CPaBHHUTEIIbHO-
My aHalu3y (pakTOpOB, BIMSIIOIINX HAa BHEIPE-
HUE JIEKTPOMOOMIIEH, Bce pakTOphbl pasjere-
HBI Ha TPH I'PYIIIBI: TEXHOIOTHYECKHE (HaKTO-
pbl (aBTOHOMHOCTH 3JIEKTpPOMOOHMIIEH, BpeMs
3apsAKM, MakCHUMallbHass CKOPOCTh, CTOM-
MOCTB), HOJUTHYECKHE (PakTOpbl (Bce BUIBI
roCyAapCTBEHHON MOJJEPXKKH), GaKTOpHI
OKpYyKaromei cpepl (IeHbl HA TOIJIUBO, M0~
TpeOHuTEeIbCKUE XapaKTePUCTUKU, YPOBEHb
pasButus uHOpacTpykTypsl) [5].

AHaJIOTHYHBIN TOJXO/ UCIIOJIB3YETCS B UC-
caenoBanun KMIII, nocBsménHOM ypoBHIO
TOTOBHOCTH CTpaH K MCIOJb30BaHHUIO OecIu-
JIOTHOTO 3JIeKTpoTpaHcnopra. B nanHom uc-
CJIE0BAHUM METOJMKa pacuéTra MHJIEKca Io-
TOBHOCTH CTPaH K MCIHOJIb30BAHUIO HOBBIX
TPAHCIIOPTHBIX PEIIEHUH BKJIIOYAET OLICHKY
YeThIPEX KOMIIOHEHTOB: MOJUTHKA M 3aKOHO-
JIaTeIIbCTBO, TEXHOJIOTMY U MHHOBALMHU, UH{)-
pacTpykTypa, ypoBeHb IPHHSTHSI HOTpeOuTe-
TstME 4.

B nccnenosanuu C. Ctatapoca u ero co-
ABTOPOB IIABHBIM (PaKTOPOM MOMYJISIpU3aun

* MHeKC rOTOBHOCTH CTPaH K MCIIOJIb30BaHUI0 aBTOHOMHOTO
TpaHcropra. [DnekTpoHHBIi pecypce].: https://assets.kpmg/
content/dam/kpmg/ru/pdf/2018/03/ru-ru-avri-index.pdf.
Jocrym 25.05.2022.
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JIEKTPOTPAHCIIOPTA SIBIISIETCS] DKOHOMHYECKast
BbITOJ1a ToTpedureeii [6]. He MeHee BakHBIM
(akTopOoM SBIISIETCS MOIYJISIPU3AIHS IKOJIO-
THYHOTO 00pasa )KMU3HH. DTO MOJATBEPKAAETCS
pesyabratamu onpoca BIIMIOMa, kotopsie
MoKa3bIBaroT, 4To 50 % aBTOBIAAEIBIIEB I'OTO-
BBI IIPH BO3MOXKHOCTH TIE€PECECTh Ha AJIEKTPO-
MOOUJIb. [TTaBHBIMM IPUYMHAMH, ONIPEEIISIO-
IIMMHU UX BBIOOp, PECHOH/ACHTHI Ha3Balu
9KOJIOTMYHOCTH U 9KOHOMHOCTB KCILTyaTalluu
9JIEKTPOTPAHCIIOPTA, @ TAKXKE BBITOIY OT HC-
T10JIb30BAHUS DIIEKTPOMOOMIISI BBU/Y BEICOKOU
CTOMMOCTH OCH3MHA’.

Takske cylecTByeT MOAXOJ, paccMaTpH-
Baromnii BBII Ha nyury HaceneHus u aeMmo-
rpaduyYecKyro CTPYKTypy HacejeHHs B Kade-
CTBE BaKHEHIINX (PaKTOPOB pacHpOCTPAHEHHUS
9JEKTPOTPAHCIIOPTA HapsIAy C pPa3BUTHEM
nHQpacTpyKTypbl U TOCYIapCTBEHHOHN IMOJ-
Jepkkoil [7]. AHamIOTHYHOTO MHEHUS IPUAEP-
skuBatores J1. 10. Karanesckuii u T. P. 'apees,
OTMeYasi CTOMMOCTb MIEKTPOMOOMJIS U pa3BH-
TOCTb 3apsAHON HH(PPACTPYKTYPHI KaK IepBO-
creneHHble (GakTops! s GopMUPOBAHUS T10-
TPEOUTENLCKOTO IPEANIOYTEHUS DIIEKTPOMOOH-
JIsi aBTOMOOMIIIO C JIBUTATeJIeM BHYTPEHHETO
cropanus (IBC) [8].

B uccnenopanuu B. b. Momkosa, B. B. OB-
YUHHHUKOBA, J{. B. UepHsikoBa u apyrux K dak-
TOpaM, BIMSIOIIUM Ha Pa3BUTHE DJIEKTPOMO-
OMJILHOTO pPbIHKA, aBTOPBI OTHOCSAT TOCynap-
CTBEHHYIO MOJJICPXKKY Pa3BUTHUS DIIEKTPOMO-
OuJeii 1 OM3Heca AEKTPUIECKOr0 TPAHCIIOPTa,
HaJH4ue COOCTBEHHOTO IIPOU3BOJICTBA IECKT-
pomoOuieii B cTpaHe, co3laHue nHppacTpyK-
TYPBI 3apSIHBIX CTAHIMH U 0COObIE Crienu(uy-
Hble POCCHICKHME YCIOBHS JKCILUIyaTaluu
aneKkTpomobduieit [2].

Ha ocHoBe aHanm3a Hay4HbIX paOOT BBIACIUM
(axTopbl, BIUSIONIME HA PA3BUTHE U TIOMYJISIPH-
3aLUIO AIIEKTPOTPAHCIIOPTA!

* rOCyAapCTBEHHAs MOJACPKKA Pa3BUTHS
ANIEKTPOTPAHCIIOPTA;

* CIIPOC Ha JIEKTPOTPAHCIIOPT B KOMMeEpUe-
CKOM CEKTOpE;

* HaJinune cOOCTBEHHOTO MPOM3BOACTBA
ANIEKTPOTPAHCIIOPTA;

°* YPOBEHb Pa3BUTHUS CETH IEKTPO3APSTHBIX
CTaHLIMI;

* HayYHO-TEXHHUYECKHI TPOrpecc;

> Barapeiika Ha kosécax: Oyayliee akKyMyJsiTOPOB
aneKTpoMoOmIIei. [DnekTponHbIid pecypc]: https://trends.
rbe.ru/trends/green/62671a189a7947¢85bb260f. JocTym
02.06.2022.
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* 00IIEMHPOBOM TPEH/ Ha HKOJIOTMYHOCTB;

* [Iepexo/l Ha MCIIOIb30BaHUE PACIIPEeNEH-
HOU 2JIEKTPOIHEPIeTHKH;

* 0COOCHHOCTH OpPraHMU3aMK TPAHCIIOPTHOM
HHPPACTPYKTYphl B PETHOHE.

locynapcTBeHHas MojiepKKa, 10 MHEHHIO
MHOTHX aBTOPOB, SIBJISIETCS] OJIHUM U3 Ba)KHEH -
KX (GaKTOPOB, BIUSIOIINX HA PA3BUTHE MIEKT-
potpancnopra [2; 5; 7]. K Mmepam rocyaapcTBeH-
HOM MOJIIEPIKKH OTHOCSITCSI Pa3IMuHbIE CIIOCO-
OBl CTUMYJINPOBAHUS CIIPOCA HA DIIEKTPOTPAHC-
MopT, HApUMeEp, CYOCUIIMU Ha NMOKYIKY
JIEKTPOTPAHCIIOPTA, OCBOOOKACHHUE OT HAJIOTa
Ha 100aBJICHHYI0 CTOUMOCTh, OCBOOOXK/ICHHE
OT TPAHCIIOPTHOT'O HAJIOra, OpraHu3anus oec-
IUIaTHBIX TTAPKOBOK, OpraHU3alys rnpoesja mno
BBIJICJICHHBIM T10JIOCaM M OECILIaATHOTO ITpoe3/ia
0 IJIaTHBIM Jioporam. Taxke K Mepam rocy-
JIApCTBEHHOM MOAJIEPIKKN HEOOXOIUMO OTHECTH
MO/IIEPIKKY COOCTBEHHBIX MPOU3BOAMUTENCH
JIEKTPOTPAHCIIOPTa U CyOCUIMU HA pa3BUTHE
ceTH 3reKkTpo3apsaaubx craniuit (33C).

Hanw4ue coOCTBEHHOTO NMPOU3BOJICTBA
B CTpaHe SIBJISETCS BAKHBIM (DaKTOPOM Pa3BUTHS
ANIEKTPOTPAHCIIOPTA HApsILy C TEHACHIIMEH K UC-
T10JIb30BaHHIO PACTIPEAEIEHHON AIEKTPOIHEpre-
THUKH, TaK KakK dJIEKTPOTPAHCIIOPT HE TOJBKO
MoTpe0IsIeT YHEPTHI0, HO U HAKAIUINBAET e€ JUIs
JJIbHEHIIero pacnpeaeeHus, 4To oMoraet
CIVIAJIUTh JHEBHBIC U HOUHBIE MAKCUMYMBI K MU-
HUMYMBI B DJHEPrOCHCTEMAX.

Cripoc Ha 3JIeKTPOTPAaHCIOPT B KOMMEpYe-
CKOM CEKTOpe 00yCIIOBJICH KaK SKOHOMUYECKON
BBIFOJIOW, TaK M OOIIEMHUPOBBIM TPEHJOM Ha
9KOJIOTMYHOCTh M COKpAIEHUE YIJIEPOIHBIX
BBIOpOCOB. Ha poTsKeHUH )KU3HEHHOTO LIUKJIA
AJIEKTPOMOOHIIN MO3BOJISIIOT COKPATUTh CyM-
mapubie BriOpochl CO, B aTmocdepy Ha
66—69 %°.

[Tepeuncnennbie (HaKTOPbl UIPAIOT CyIIe-
CTBEHHYIO POJIb B Pa3BUTUH U HOMYJISIPU3ALNN
AJIEKTPOTPAHCIIOPTA, OJJHAKO Haubosiee cyIe-
CTBEHHBIM (DaKTOPOM, OIPEACISIFOIUM TEMIIbI
pacrpocTpaHeHusl dJIeKTPOMOOIIEH B CTpaHe,
SIBIISIETCS HAIMYHE He00X0uMoit nHdpacTpykK-
typel [7]. CornacHo uccaegoBanuio KIIMI,
MUHHMYM TPETh HMOTEHLUAIBHBIX ITOTpEOUTE-
JIel 2eKTpoMoOunIIeil NPUHUMAIOT pelIeHHe
0 TIOKYTIKE Ha OCHOBAHUU JJOCTYITHOCTH 3apsifi-
HOU HHPPACTPYKTYPHI*.

¢ DyekTpHYecKre aBTOMOOHIIH OKa3aJIMCh YKOIIOTHYHEE TPa-
JIMIHOHHBIX C Y4ETOM MX KU3HEHHOTO LIUKIIA. [ DICKTPOHHBIH
pecypc]: https://nplus1.ru/news/2021/08/04/comparison-of-
life-cycle. Jloctym 22.05.2022.
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OnHako MHPPACTPYKTypa ISl SJIEKTPO-
TpaHcnopTa He orpannuuBaercs I3C. Tpanc-
opTHast UHGPACTPYKTYPa MPEACTABISACT COO0I
pe3ysbTar AesTeIbHOCTH COBOKYITHOCTH BCEX
OpraHH3aluii, KOTOpbIE PA0OTAIOT B TPAHCIIOPT-
HOHU cdepe u obecrneunBatoT 3PPEeKTUBHOE
BBINOJIHEHHE U 00CITY)KMBaHUE TPAHCIIOPTHBIX
nepeBo3ok [5]. UHdpacTpykTypa asst 2IeKTpo-
TPaAHCIIOPTA COCTOMUT M3 CIIEIYIONIUX JIEMEH-
TOB:

* D3C;

* aBTOCEPBUCHI;

* MH(OPMALIMOHHBIE CHCTEMBI;

* IPOU3BOJICTBO JIEKTPOMOOHIICH;

* IPEIIPUSATHS PELUKINHTA;

* YIAWYHO-JIOPOXHAsl CETh M JIOPOKHOE
CTPOUTEIHCTBO.

[Tpu 5TOM Ha MacmITaOUPOBAHUE DIEKTPO-
TPAHCIIOPTa BIUSIET HE TOJILKO KOJIMYECTBEHHOE,
HO M Kaue€CTBEHHOE Pa3BUTHE BCEX DJIEMEHTOB
3a cuéT BHEAPECHUSI MHHOBALIUI. DTO MOATBEPXK-
JIAeTCsl T€M, YTO HauOOJBIIUN POCT MPOJAK
AJIEKTPOMOOHIICH B PETPOCIICKTUBE OBLI CBsI3aH
C M300pETEHUsIMH, YIYUIIAIOINUMH KOHCTPYK-
LUI0 M DKCIUIyaTallMOHHBIE XapaKTEPUCTUKU
anekTpomobuied. Tak, Hanpumep, 1mocie u30-
OpereHus HOBoro tuma Gatapeu B 1986 romy
U TIOSIBJICHUSI THOPHUHBIX aBTOMOOMIICH, KOM-
OMHUPYIOIINX TPAJULUOHHBIH BUraTellb BHYT-
PEHHETO CrOpaHusl ¥ AJIEKTPHYECKUH JIBUTaTelb,
00BEMBI ITPOJIAXK AIIEKTPOMOOHMIIEH BO3pOCIN
Oosee ueM B 1ATh pa3. HoByto momyssipHOCTB
AIIEKTPOMOOHIIH TTOJIYYHITH C HaUaJIOM BBIITyCKa
anexkrpomobumieit Tesla B 2008 roxy, mocie
4ero MHOTHE aBTONPOM3BOJUTENN O0paTHIN
BHUMaHHE Ha 3TOT CEIMEHT PhIHKA W Hayalu
COOCTBEHHOE MPOU3BOICTBO IEKTPOMOOHMITEH .

AKTyaJbHbIe HallPaBJICHUS] MHHOBAIOHHO-
ro pa3BHUTHS DJIEMEHTOB MH(PACTPYKTYPHI
AJIEKTPOTPAHCIIOPTA MTPEJCTABICHBI HA puC. 1.

Tak kak OOJIBIIMHCTBO BBIJIEJICHHBIX (haKTO-
POB MacmTaOMpPOBaHHUs DIEKTPOTPAHCIIOPTA
HaIpsIMyI0 MJIM KOCBEHHO CBSI3aHO MMEHHO
¢ nH(pPaACTPYKTYpHOH 00eCIedeHHOCThIO, TO
JUISL IOCTHIKEHHUSI CTPATEernYecKuX Leiel yBe-
JIMYCHUsSI 10JU dJIekTpomobuieit B Poccun
B 00111eM 00BbEME UCII0NIb3yeMOT0 TPaHCIIopTa,
HE0OX0/IMMO, B IEPBYIO O4Yepe/b aHaIH3HPO-
BaTh TOTOBHOCTh TPAHCIIOPTHOIN MH(paCTPyK-
TYpPbI pErMOHa K 00CITY)KHBaHUIO TPAHCIIOPTHBIX
CPEe/CTB JAHHOTO THIIA.

7 Global EV Data Explorer. [ Dnektponnbiii pecypc]: https://
www.iea.org/articles/global-ev-data-explorer. Joctyn
29.05.2022.
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23C HupopManuonnbie CHCTEMBI

+ CaepxObicTpast Garapes ¢ * MiHTepaKTHBHas KapTa 3apsjHbiX
BO3MOYKHOCTBIO 3apsi/IkH 3a 10 MHHYT. CTaHIMIL.

* MoGuJIbHbIE 3apsi/IHbIE CTAHUUH. * CHCTEeMBI 110 TIOHCKY 1

« TeHepawys CIIOKHBIX HMITYIBCOB OPOHHPOBAHHUIO MECT JUI 3aPSIKH.
3aPA/IKH C IOMOILBIO HCKYCCTBEHHOTO * BeCKOHTAKTHBII CEPBUC OMIATHI
MHTEJUICKTA. CTOUMOCTH 3aps/IKH.

ABTOCEPBHCBI TIpeanpuATHS PeHHKINHTA
« Texuomoruy 1o Ge3omacHoi

YTHIM3AIHH H 11IeDEPabOTKE JIMTHIi-

« Cranmuu GbICTPOIi cMeHBI GaTapeit.
+ CHalskeHue CepBHCHBIX CTAHIHMIT

CHeNUAITH3UPOBaHHBIM HMOHHBIX aKKyMYJIATOPOB.
D " TeNBHOE
obyueHne nepcoHaa.
1 BO DJIEKT) meii Vs ceTh u

CTPOHTENLCTBO

* Tlap) MecTa ¢ p i
3apSIKOIL.

* YMHbIe JI0pOrH ¢ GecrpoBOIHOM
3apAIKOIL.

+ TecTHpoBaHHE TEXHOIOTHiT HATPHIi-
HOHHBIX AKKyMYJIATOPOB.

+ VeraHoBKa CONHEUHbIX Gararpeii Ha
DIEKTPOMOGHIIH /LISl IO(3aPSIKH B
JBHKEHHH.

Puc. 1. HanpaenieHusi UHHOBaLUOHHO20 Pa3guMusi 31EMEHMOo8
uHgbpacmpykmypsbI Anst aneKkmpompaHcnopma [ebINoHeHo
asmopamul].

MeTtoauka OLeHKH FOTOBHOCTH
TPAHCIOPTHON HHQPACTPYKTYPhI PErHOHA
JJIS1 3JIeKTPOTPAHCIIOPTA

B cooTBeTcTBIY C (haKTOpaMU, BAUSIOMINMH
Ha pa3BUTHE W NOMYISIPU3AINIO SIEKTPOTPAHC-
TI0PTAa, BBIACIUM KPUTEPHH OIICHKH TOTOBHOCTH
TPAHCIIOPTHOW MH(PPACTPYKTYPHI IS HIIEKTPO-
TpaHcropra: obecneueHHocTs I3C, ypoBEeHb
nokanu3anuu npousBoacTBa D3C, cTpyKTypa
cetn O3C, o0ecneyeHHOCTh aBTOCEPBUCAMH,
oOydeHHe TepcoHana, MHpOpPManoHHas WH-
pacTpyKTypa, OpraHu3anus Mpou3BOJCTBA, HH-
HOBAIN{, YPOBEHb PA3BUTHS PEIUKINHTA, HO-
CTYIMHOCTH YJIMYHO-JOPOXHOM CeTH, rocymap-
CTBEHHas TTOJ/IEPKKa, MHBECTUIINH. Bec kax1o-
TO KpHUTepHsi ObUT OmpeenéH Ha OCHOBaHUH
OLICHKH [IECTH SKCTIEPTOB: OTPACIIEBBIX CIIETINA-
JIMCTOB,  TAK)KE HAYYHBIX COTPYIHUKOB M TIpe-
nonasareneld HannoHanbHOro uccienoBareb-
ckoro yHuBepcuteta UTMO, 3aHMMAaronmxcs
BOTIPOCAMH Pa3BUTHS JIEKTPOTPAHCIIOPTA
B Poccuiickoit @enepanuu.

Jist KaKoro KpuTepus ObUIH OTIpE/IeNICHBI
TIOKa3aTeNN OI[CHKU W MX IeJIeBbIe 3HAYCHUS Ha
OCHOBE aHaAJIN3a 3apyOEKHOTO OITbITA, pE3yIbTa-
TOB aHAJIMTHYECKNX UCCIICIOBAHUHN U CTpaTEeT -
YEeCKHX JJOKyMEHTOB (Tabm. 1).

leneBbIM 3HAYEHHEM O00CCHEYEHHOCTH
AMEKTPOMOOHIIEH HEOOXOMUMBIM KOJTHYECTBOM
33C ycranosneno Hammane ogHoi I3C Ha ne-
CSITH ANMEeKTpoMOoOwITel. B riccenoBanum, mocBs-
MEHHOM MHUPOBOMY CPAaBHEHMIO IMOKa3aTenei
TPAHCIIOPTHOW MH(PACTPYKTYPHI IS AIEKTPO-
TPAHCIIOPTA, CPEIHUM MOKa3areseM Uil A3un
sBisieTcs ofaa D3C Ha BOCEMB dIICKTPOMOOHIICH,
st EBporer—omaa 93C Ha 20 21eKTpOMOOHITeH,
s Slnornn — ogaa D3C Ha AECSTh IEKTPOMO-

®  Mup TpaHcnopTa. 2022

ouneit, st CILIA —onna 33C Ha 29 351ekTpomo-
Oureii®. B KOHIEMIMH [0 Pa3BUTHIO MTPOU3BO-
CTBA U HCIOJIb30BAHMS JIEKTPUUECKOTO aBTOMO-
OouibHOrO TpaHcnopra B Poccuiickoit denepa-
uuu 70 2030 roja 1meneBbIM YPOBHEM SIBIISIETCS
oana D3C Ha gecsaTh dJIEKTpoMoOuIeit’.
M. 1O. Karanesckuit u T. P. 'apeeB Takxe cuu-
TaOT ONTUMAJIbHBIM NOKa3areneM oxHa 93C Ha
JecsTh aekTpomoduieii [8]. B ynomsinyrom
BBIIIIE UCCIIEI0BAHUH, TIOCBSILIEHHOM MUPOBOMY
CpaBHECHHMIO [TOKA3aTeNIeH TPAHCIIOPTHOM HHppa-
CTPYKTYPBI JUIsl QJIEKTPOTPAHCIIOPTa, CPEIHUM
nokasareneM konudectsa 93C Ha OJMH MIJLIH-
oH HaceleHus mig Asuu ssisercs 3900 D3C,
st EBponietl — 2200, nist Snonun — 150, ans
CIIA —9808.

LeneBbIM 3HaYEHUEM YPOBHSI JIOKAJTU3AIMN
npousBozactBa D3C asnsercsa 70 % 33C poc-
cuiickoro mpou3BojacTa’. COOTBETCTBYIOIIHA
ypoBeHb Obl1 ycraHoBieH B [locraHoBieHHH
[IpaButensctBa PO ot 03.12.2020 . Ne 2014
«O MHUHUMAJTBHOH 00513aTENILHOM [10JIC 3aKYTIOK
POCCHICKUX TOBapOB U €€ TOCTHKEHUH 3aKa3-
YHKOM» °.

IleneBbIM 3HAUCHUEM COOTHOMLICHHS ObI-
CTpbIX ¥ MeIeHHBIX D3C ABNSeTCS COOTHOIIIE-
Hue 2:3. JI. 1O. Karanesckuit u T. P. 'apeeB
B CBOEM MCCJIEJOBAaHUH ONTUMAIILHON CTPYKTY-
poit cetu D3C cumraror cootHoueHue 1:4 [8],
onHako B KoHuenuuu no pa3BuTuio Nponu3BO/I-
CTBA U HCIOJIb30BAHMS JIEKTPUUECKOTO aBTOMO-
OMJIBHOTO TPAHCIIOPTA LIEJIEBBIM YPOBHEM ME/I-
nenubix I3C sBrsiercst 60 %°.

LeneBbIM 3HaYEHHEM KOJIMYECTBA JIEKTPO-
MoOusel Ha OJMH aBTOCEepBHUC siBisiercs 30
2JIeKTpOMOOMIIel Ha oxuH aBrocepsuc. Komu-
YeCTBO F’MOPUAHBIX MALIMH U DJIEKTPOMOOMIIEH,
00paTHBIINXCS 32 CEPBUCHBIM 00CITY)KUBAaHUEM
B 2021 roxay, cocraBuio 3500 equuui'’. Tlpu
9TOM OO0Illee KOJMYECTBO aBTOMOOMIIEH, 00pa-
THBLIUXCS 32 CEPBUCHBIM OOCIyXKHBAaHHEM
B 2021 roxy, cOCTaBUIIO OUH MUJUIMOH aBTOMO-

8 How to build an electric vehicle city: deploying charging in-
frastructure. [ DnexrpoHHbI pecype]: https:/www.c40knowl-
edgehub.org/s/article/How-to-build-an-electric-vehicle-city-
deploying-charging-infrastructure?language=en_US. Jloctyn
29.05.2022.

° Tlocranosnenue IIpaButenscrea PO or 03.12.2020 r.
Ne2014 (pen. ot 16.05.2022) «O MEHUMAIBHO#T 00513aTEBHOI
J10JI€ 33aKyIIOK POCCHICKHX TOBapOB M €€ JOCTHIKCHHH
3aKa3uuKkoM». [DIeKTpOHHBIN pecypc]. Pexum nocryna:
http://www.consultant.ru/document/cons_doc
LAW_370114. Joctyn 22.05.2022.

10 DnexTpomMoOMIH: 3a ¥ MPOTUB. [ DICKTPOHHBIH pecypc]:
https://wciom.ru/analytical-reviews/analiticheskii-obzor/
ehlektromobili-za-i-protiv. Jloctym 22.05.2022.
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Taoéauuna 1

KpuTtepnu u nokaszare/u oOlleHKH FOTOBHOCTH TPAHCIIOPTHOI MH(PACTPYKTYpPBbI
JUUIS1 3JIEKTPOTPAHCIIOPTA [BHINOJHEHO aBTOPAMH|

DeMeHT Kpurepwuii onenku | [Tokaszarens oreHKH IleneBoe | Bec kpurepust
HHQPACTPYKTYPBI 3HAYCHUE
93C Obecnieuennocts | KomuectBo anekrpomobmeii Ha 1 93C, | 10 0,4
23C T
Konnuectso 93C Ha | muiuinoH yenosex | 200
HACEJICHUS, IIIT.
YpoBeHb Jomnst 93C poccuiickoro 70 % 0,4
JIOKAJIM3AI[HH TIPOM3BOJICTBA, %0
TIPOU3BOJCTBA
23C
Crpykrypa cetn | COOTHOLIIEHHE OBICTPBIX  MEUICHHBIX 2:3 0,2
23C 323C
ABTOCEPBHCHI ObecnieuenHocth | KonmuuecTBo 3ekTpoMoOuieit 30 0,5
aBTOCEPBUCAMHU Ha | aBTOCEpBHC, IIT.
OOyuenne Hanwane o0y4Jaromux mporpamMmm Ja 0,5
nepcoHana 110 0OCITY>)KUBAHHIO HIEKTPOMOOMIIEH
WuhopmarmonHsie WNudopmaronnast | Hamuune npuiioxeHui mo moucky Ja 1
CHCTEMBI uH(pacTPyKTypa |1 aHANU3y 3apsTHBIX CTAHIIHIL
Wupexe pazsurus UKT >0,5
IIpousBozncTo Opranuzanus KonunuectBo opranusanuii- >1 0,6
TIPOU3BOJCTBA IIPOU3BOAUTENCH IIEKTPOMOOIIIEH, IIT.
KonnuecTBo opranuzanmii- >1
MIPOU3BOJUTEINCH JIEKTPOTPAHCIIOPTA, LIT.
KoraecTBo TOTOBBIX K IPOU3BOACTBY >3
00pasuoB, IIT.
VunoBanun YpoBeHb H300peTaTeNbCKON aKTHBHOCTH | >3,5 0,4
peruoHa
Penukiaunr Yposenb pazutus | KonmuectBo opranusanuii, peanusyomux | >1 1
PELHKINHTA TEXHOJIOTHH PEUKIINHTA, IIT.
Jlons akkyMynsiTopoB Ha mepepadotky, % | 90 %
YIIUYHO-0pOXKHOE JloctynHocTh Hanuuue BbIIeIeHHBIX TIOIOC Ja 0,3
CTPOHUTETHCTBO YIANYHO- UL DIIEKTPOTPAHCIIOPTa
JIOPOXKHOM CeTH
TocynapcrBennast | Hanmume OecruiaTHBIX ITapKOBOK Ja 0,4
TOICPIKKA UTSL DIIEKTPOTPAHCIIOPTA
Hanuaue nprotHoro npoesaa no miatiem | la
BHYTPHTOPOACKHM JOPOTraM H y9acTKaM
(enepanbHbIX Tpacce
MuBecTnumn Jlons MHBECTHLIMI HA pa3BUTHE 5% 0,3
3JIEKTPOTPAHCHIOPTA B 0011EM 00bEME
HMHBECTHIMI Ha TPAHCHOPTHYIO
uHpPaCTPyKTypy, %

omeit. O01Iee KOIMYECTBO AEKTPOMOOMIIeH Ha
koHrer; 2021 roga cocrasuiio 10836 equuni 'l
LeneBbIM 3HaYEHIEM YPOBHS H300peTaTelh-
CKOM aKTMBHOCTHU PETHOHA C YYETOM IOJIE3HBIX
Monenei sieisiercs 3,5 [6]. LleneBbiM 3HaYCHHEM
ypoBHs permkiiara sipistercs 90 %', CoracHo
nupeKkTuBaM EBporneiickoil KoMUCCHM HauMHast

" Dnexrpomobunusauus crpansl. Kax B Poccun Oymyt

Pa3BUBATH YKOJOTHYECKH YHCTBIN TPAHCTIOPT. [ DIEKTPOHHBIN
pecypc]: https://tass.ru/transport/13593109?utm__
source=yandex.ru&utm_medium=organic&utm
campaign=yandex.ru&utm_referrer=yandex.ru. loctyn
02.06.2022.
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¢ 2015 rona B EC npu ytunmzarm aBToMOOMITeit
MUHIMYM 85 % JOIKEH COCTABIATH PEIUKIIITHT
MaTepHajoB, 5 % MOXKET COCTABIATH 3aXOpOHE-
HHUE MaTepuasoB, nepepadboTka akKyMyJsITOPOB
JTOJDKHA COCTaBIATh MUHIMYM 50 % Beca Oata-
pen [9]. OgHako cpemHmi mMoKa3arenb 3¢dek-
TUBHOCTH [IEPePabOTKU JINTUH-UOHHBIX AKKYMY-
nsTopoB 3a 2019 ron moctur 74,5 %, B 2020 To-
ny — 80,1 %2, mosTomy ceitgac uIET 06CyKIE-
HHE HOBBIX IPABUJI C YBEIMUYCHUEM MPOIIEHTHBIX

2 TlepepaboTka NUTHH-HOHHBIX aKKyMYJISITOPOB.

[3nexrponnstii pecypc]: https://rocla.ru/. loctym 29.05.2022.
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MoKazarelseil yTUIN3aluy pa3inuHbIX dJIeMeH-
TOB U HCIIOIb30BAHMEM HOBBIX TEXHOIOTHIA’.

LleneBbIM 3HAYSHHUEM JIOJIM MHBECTHUIIMH Ha
pa3BUTHE JIEKTPOTPAHCIIOPTA B 00IIEM 00BE-
Me MHBECTHIMH Ha TPaHCIOPTHYIO MH(pa-
cTpykTypy siBisetrca 5 %. CornacHo OTuéry
«Tpancnopt u okpy»xaromast cpena» (Transport
& Environment), onyoaukoBannomy EBponeii-
CKOH (heniepalueii TpaHCIIopTa ¥ OKpyKarouien
cpenbl, B 2020 romy 10Jist ”HBECTUIIUN B HH)-
pacTpyKTypy ais anektporpancrnopra B EC
coctasmia | %. C TekymuMu TeMnamMu HHBe-
CTHLIMH B UHPPACTPYKTYPY LIS IEKTPOTPAHC-
MOpTa U B JOPOXKHO-TPAHCIOPTHYIO MH(pa-
CTPYKTYpYy OXujaaemasi 10Jisi HHBECTHUIIUN
yBenuuutcs 10 3 % B 2025 rony u 10 5 %
B 2030 romy .

J1J1s1 TTIOJTy YEeHUsI OLICHKH 110 KaXK/I0MY KpHTe-
puro akTHyecKre 3HaYeHHs [T0Ka3areieii cooT-
HOCSITCSI C LIEJIEBBIMH 3HAYEHHUSIMH, [TOCIIE YEero
MCIIOJIb3yEeTCsl PABHOB3BEUICHHBIH MOAXOI.
O1eHKa KaXJ0ro dJIeMeHTa MH(PPACTPYKTYphI
paccumMThIBaeTCS KaK CPEHEB3BEIICHHAS OLICHKA
¢ y4€TOM BaKHOCTH KPUTEPHEB OLICHKH:

R= Z:l:lA" L

Z:l:lwi '
rae R — cpenHeB3BeIIeHHAs OIEHKA dIIEMEHTa
HHPPACTPYKTYPHI;

A,— OlleHKa KpPUTEPHS;

W, —BEC KPUTEPHS;

11— KOJIMIECTBO KPUTEPHEB IS OIICHKH dJIe-
MEHTA.

J171st osty4eHust UTOrOBOM OLIEHKH FTOTOBHO-
CTH TPAHCTIOPTHOW WH(PPACTPYKTYPHI PErHOHA
JUTS DJICKTPOTPAHCIIOPTA CYMMHUPYIOTCS OLIEHKU
KaXXI0TO JIEMEHTa, TI09TOMY UTOTOBas OIlEHKA
HaxomuTes B nuarasone ot 0 1o 6.

OueHka roTOBHOCTH TPAHCIIOPTHOM
uHpacTpykTypsl I. CankT-IleTepOypr
JUIS1 3JIeKTPOTPAHCIIOPTA

B nensix oneHku roToBHOCTH TPaHCIIOPTHOM
nHpacTpykTypsl I. Cankr-IlerepOypr s nc-
TI0Tb30BAHUS AEKTPOTPAHCIIOPTA HEOOXOIMMO,
TIPEX/IE BCETro, MPOBECTH aHAIN3 TEKYIIETO CO-
crosiHus e€ snemeHToB B Cankr-IlerepOypre
n Poccun B enoM 1 onpenenuTs GakTHIecKue
3HAUCHMS YCTAHOBJICHHBIX ITOKa3aTeIeH.

13 Transport & Environment. European Federation for
Transport and Environment AISBL, 2020. [DnexrpoHHbIi
pecypc]: https://www.transportenvironment.org/wp-content/
uploads/2021/07/01 %202020 % 20 Draft%20TE%20
Infrastructure%20Report%20Final.pdf. Joctyn 02.06.2022.
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B Cankr-IletepOypre o0iiee KOIUYESCTBO
3aperucTPUPOBAHHBIX DIIEKTPOMOOUIEH
B 2021 romy cocraBmiio 417 eauHUIl, IPU 3TOM
322021 roz ObUIO 3apErUCTPUPOBAHO 255 2I1eKT-
pomoGuIei .

B Cankr-IlerepOypre u JleHuHrpaackoi
oOnacTu IecTBYIOT 83 3apsiiHble cTaHuu (43 —
memteHubie D3C, 40 — obictprie D3C), X HUX
46 3apsIHBIX CTaHIMH SKcIuTyaTupytorces ITAO
«Pocceru Jlenanepro» (10 — mennenusie I3C,
36 — obicTpbie D3C), 37 3apsAHBIX CTAHIIHI
YCTAHOBIICHBI U 3KCIUTyaTUPYIOTCSI HHBIMH Op-
ranuzanusamu (33 u3 Hux — meuieHHbie D3C,
4 — 6picTpeie D3C) 5. Ha 12 mapra 2022 roaa
B Poccuu ceprudunnpoBano 0oiiee IeCATH Mpo-
n3poguteneit 33C, 4acTh U3 KOTOPBIX YXKe
¢byukunonupytoT («®@OPA 33C—-DCy», «®OPA
93C — AC», «ID23C-CKT», «E-prom), onHako
Ha JaHHBIH MOMEHT YPOBEHB JIOKAJIH3aALHH
B Mockse u Cankr-IletepOypre He npeBbliaeT
10 %'

B Cankr-IlerepOypre aeiictByer 30 aBrocep-
BHCOB, MPEAOCTABISIONIMX YCIYTH TI0 PEMOHTY
U CEpPBUCHOMY OOCIY)KMBAHUIO TMOPHJIHBIX
1 3JIeKTpOKapoB. Takxke NelcTByeT BOCEMb Cep-
BHCOB, OCYIIECTBISIOMINX MOCIerapaHTUHHBIN
pemonT aBromobOmiel Tesla, 18 cepBucos —
Nissan Leaf, 18 cepsucos — BMW i3. O0y4aro-
1K€ TIPOrPAMMBI 110 ITOJrOTOBKE CIEIHAINCTOB,
MPEAOCTABISIONINX YCIYTH IO CEPBUCHOMY
00JIy)KMBaHHIO JIEKTPOTPAHCIIOPTA, MPEACTaB-
JICHBI B KOJUIEJKAX M By3ax (TEXHHKyM «ABTO-
CepBHCY», AKaJEeMHUsI TPAHCIIOPTHBIX TEXHOJIO-
I'Uid), IeHTpax Npo(heCcCHOHAIbHON MOATOTOBKH
U moBbIIIeHUS KBanudukanuu (Axanemus
EuroAuto), a Takxe peajnusyrorcsi B BUue 00-
yUaIOIIMX KYpcoB Ha 0a3e MHKMHUPUHTOBBIX
LHEHTPOB (MHXWUHHUPUHTOBBIH Hay4dyHO-
oOpazoaresnbHbli ieHTp SMART).

B Poccun oreuecTBeHHbIe HHPOPMAIHMOH-
HbIE CHCTEMBI MOTYT B IOJIHOM 00BEME 0Oec-
MEYUTh CIPOC MPOU3BOAUTEINICH U MOTPeOUTE-
JIeH JNEeKTPOTPAHCIOPTa, TaK KaK Ha PhIHKE
CYILIECTBYIOT BC€ HEOOXOANMBIE IPOrPaMMHBIE
MIPOJLYKTHI, B TOM YHCJIE TPOTPAMMBI 110 yTIPaB-
neHuto cetaMu D3C, OTCIEKUBAHUIO YPOBHS
3apsiIKK DIIEKTPOMOOMIISL ¥ IOUCKY CBOOOIHOM

14 Poccuiickuii pplHOK HOBBIX aieKTpoMoGmiiei B 2021 roxy
BBIPOC BTpOE. [ DNeKTpoHHbIH pecypc]: https:/www.autostat.
ru/news/50525. loctym 22.05.2022.

15 Yucenmo 3apsSgHBIX CTAHIME IS DIEKTPOMOOMIICH

B IlerepOypre yBennuntcst B 2,5 pasa. [DIeKTpOHHBIH
pecypc]: https://spbdnevnik.ru/news/2022-02-03/chislo-
zaryadnyh-stantsiy-dlya-elektromobiley-v-peterburge-
uvelichitsya-v-25-raza. Jloctym 29.05.2022.
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33C. Ha teppuropun Canxr-IlerepOypra mo-
CTYIHBI K CKaUMBaHUIO Oojee 15 mpunoskeHnit
T10 TTIOMCKY M aHAJM3Y 3apsTHBIX CTAHIINH, Ha-
npumep, Charge Map, PlugShare, NextCharge,
«3apsn n napkoBkay, PlugMe, IT Charge, Zevs.
JlaHHbBIE TPUIOXKEHUS MO3BOJISIOT HE TOJBKO
Haiitn Ommxkaiinryto 93C Ha KapTe, HO | OIlIa-
THUTD 3apsIKy U 3ape3epBHPOBATH TAPKOBOYHOE
Mecto. VHaeke pa3BUTHS WHOOPMAIHOHHO-
KOMMYHUKanuoHHBIX TexHoxornit (UKT)
B 2020 romy coctasuin 0,511, mpu 3TOM ypOBEHb
noctyna k UKT pasen 0,671, a ypoBeHs uc-
monb3oBanus UKT pasen 0,803 [10].

B Poccuu cymiecTByeT npou3BOACTBO MIEKT-
pOTpaHCIIOpTa, HO /10 HEJaBHEr0 BPEMEHH OT-
CYTCTBOBAJIO CEPUITHOE TIPOU3BOICTBO JIEKTPO-
MOOMIIeH. DTO CBA3aHO C OTCYTCTBHEM OTeUe-
CTBEHHOTO MPOM3BOACTBA KOHCTPYKTHBHBIX
9JIEMEHTOB M JJICKTPOHHKH, a TaKXKe HeI0CTa-
TOYHBIM 00BEMOM JTOOBIYH HEOOXOAMMBIX TIPH-
ponHbIX pecypcoB. Hanbonee KpymHBIM pou3-
BOJMTENEM d31eKTpoTrpancnopra B CaHKT-
[erepoypre siBsiercst OO0 «I1K TpancroptHble
cucTeMb» (MPOM3BOACTBO Mojeneit 71-911
«Cutu-Crapy, 71-911E, 71-923 «boratbipby,
71-922 «Bapsr», 71-931 «Butazp, 71-931 M
«Buts3p-M»). B cermente anexTpomoOmIieit Oput
peal30BaH psiL IPOCKTOB IO TTOJITOTOBKE MOJIe-
JIel JIEKTPOKAPOB, CAMBIM yCIICIITHBIM M3 KOTO-
peix sBisieTcs co3manne «KAMA-1» Ha Oaze
Cankr-ITeTepOyprckoro moJIMTEXHUYECKOTO
yauBepcureta [lerpa Benmkoro, BBINOTHEHHBIN
B pamkax denepalbHON LEIEBON MPOrpaMMBbl
«HMccnenoBanns M pa3pabOTKH 110 PHOPHUTET-
HBIM HalpaBJICHUSIM Pa3BUTHSA HAydHO-
TEXHOJIOTHYECKOTO KoMmmiekca Poccum Ha
2014-2020 roapi»’. JlanHas aeiicTByIOmAs MO-
JIeTTb HaXOJUTCS B TPOIIecCe MOATOTOBKH K Ce-
PpHUIHOMY IPON3BOAICTBY, BBIITYCK 3aIJTAHUPOBAH
B 2024-2025 roxpl [4]. YpoBeHb n300peTaTehb-
ckoit akruBHOCTH B 2021 Tomy coctaBmn 3,23,
a ¢ yuéToM roJe3HbIX Mozenek —4,79. 3a nepu-
012011-2021 ronos B Poccun 05110 3am1aTEHTO-
BaHO 50 pemeHui, CBA3aHHBIX C Pa3BUTHEM
NEKTPOTPAHCTIOPTA, KOTOPHIE BKIIOUAOT B CEOS
BApUAHTHI UCMOJHEHUS 3apsAJHBIX CTAHIINH,
a TaK)KE CUCTEM M CIIOCOOOB YIIPABICHHS 3apsil-
HBIMH CTAHIMSIMH W 3apsAIoM aKKyMyJsiTopa,
a TaKkXKe AMCTAHIIMOHHOTO YIPaBICHUS U WU/ICH-
TU(UKAIAA ToTb30Barenei [11].

B 251eKkTpOMOOHIISIX NCTIONB3YIOTCS JTUTHH-
MOHHBIE 0aTapeu, B CPEJHEM B KKIOM aKKyMy-
asitope 95-96 % marepuanos sIBISIETCS] BO3Bpa-
IIaeMBIM CHIPBEM, KOTOPOE MOXKHO TTOBTOPHO

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 58-68

HCTIONB30BaTh B pon3BoacTBe. [lepepaboTkoit
JIUTUH-MOHHBIX aKKyMYJISITOPOB B MUPE 3aHUMa-
eTcs OKOJIO COTHH Kommnanwuii'’. Ho B Poccun
PEUMKIIMHT Ha JaHHBI MOMEHT SIBIISIETCS MaJIo-
Pa3BHUTHIM, TaK KaKk OTCYTCTBYIOT BOZMO>KHOCTH
IO KOMMEPUYECKH BBITOHOM 3aKOHHOH yTHIIN3a-
IIUH JIUTHH-NOHHBIX aKKyMYISITOPOB, a TAaKXkKe
MEXaHU3MbI KOHTPOJIS YTHIIM3aIUH JIEKTPOMO-
Ouneid. [Ipy 5TOM PBIHOK PEIUKIINHTA SBIISICTCS
MaJIOTIPUBIICKATEIILHBIM JUIsSi HHBECTOPOB BBHLY
HEI0OCTaTOYHOTO CIIPOCa HAa KOMIUIEKTYIOLIHNE
JIEKTPOMOOIIIEH, MOTydacMble B pPe3yibTaTe
yrumzaimn. B Cankr-IlerepOypre opranuzanmit
PELIMKIINHTA TTOKA HET.

VIIMYHO-I0pOKHOE CTPOUTENHCTBO TOPa3y-
MEBaeT 3HAYNTENIbHBIC KAMTAJIbHBIC 3aTPaThl
1 JIUIIEH3UPOBAHNE HHOCTPAHHBIX TEXHOJIOTHH,
HO TIPH 3TOM Ha JIAHHBIH MOMEHT OTCYTCTBYET
JIOCTaTOYHBIN CIPOC JUIS CHICIUATM3AIIIH YITHY-
HO-ZIOPO)KHOTO CTPOUTENIECTBA Ha 3JIEMEHTaX
NH(PACTPYKTYPHI IS IEKTPOTPAHCIOPTA.
B Cankr-IlerepOypre 1uis BIageableB 3IeKTPo-
MOOMIIEH CyIIecTByeT BO3MOKHOCTB MX OecIiaT-
HOTO pa3MEIICHUS B 30HE IUIaTHON MAapKOBKH,
€10 MOJKHO BOCIOJIE30BAThCSI IPH O(OPMIICHUN
MTapKOBOYHOTO Pa3peIIeHHs Ha 3IIEKTPOMOOHITb.
JlaHHY1I0 BO3MOXKHOCTH YK€ peann3oBain 349
yernoBek''. B TO e BpeMst OTCYyTCTBYET BO3MOXK-
HOCTb ITPOE3/1a 110 BBIICIICHHON T0JIOCE U JIBTOT-
HOTO ITPO€3/1a IO TUIAaTHBIM Y4acTKaM BHY TPHTO-
POJCKHX JIOPOT M PErHOHAIBHBIM yYacTKaM
¢denepanbubx Tpacc [2]. OgHako B paMKax
noAJepkku cripoca B 2022 romy miaHupyeTcs
peanu3anus MUIOTHOTO MPOEKTa 10 OTMEHE
IJIaThl 3a MPOEe3/ Ha IUIATHBIX J0porax s
anekTpomobmieir’. OxumgaeMpiii 00bEM HHBE-
CTHLMH TSI pean3aliiy PerHOHAIBHBIX MPO-
TrpaMM TIO Pa3BUTHIO TPAHCIIOPTHOH mH(pa-
CTPYKTYPHI 7 dNeKTpoModmteit 3a 2020-2023
roJibl cocTaBUT He MeHee 70 MitH pyOneid's.

Ha puc. 2 npeacraBiieHo akTyanbHOE COCTOS-
HUE CTPYKTYPHBIX JIEMEHTOB TPaHCIIOPTHOU
UH(PACTPYKTYPHI JUTS IEKTPOTPAHCIIOPTa, TAE
OTMEUEHBI Y)KE JOCTATOYHO Pa3BUThIE, UMEIOIINE
MOTEHIIMAT K Pa3BUTHIO, a TaK)Ke MMEIOIINe
CyIIECTBECHHBIC OI'PaHUYCHHUS AJIS Pa3BUTHSA
B Poccum aneMeHTsI.

CornacHo puc. 2, U3 3JIEMEHTOB HH)pa-
CTpYKTypHl B Poccum irydmne BCero pa3BUTHI
93C n nH(OPMAIMOHHBIE CHCTEMBI, YTO 00-

1o Kuraii nenaer 6usHec Ha nepepaborke Li-lon, a mouemy
npyrue Het? [DnekTpoHHBI pecypc]: https://neovolt.ru/
blog/1045_pererabotka-li-ion-akkumulyatorov-v-kitae .
Joctym 22.05.2022.
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‘ 93C ‘ ‘ ABTOCEPBHCBI ‘ ‘ Hucpopmanmonnbie ‘
cHeTembl
TIpoussoacteo 93C TloctaBka KOMIUIEKTYIOLIHX PaspaGorka C
Veranoska 93C - Jluuensuporanne NC
Ixkeruryataims I3C l Cerenas nudpacTpykrypa
ueckoe
CepBicHoe obciyxupanie 93C CepsepHas uudpacTpykrypa
Huppactpyktypa
ans
2J1eKTPOTPAHCIOPTa
Jlo6br4a chipbs
TlocTaBKy KOMIUIEKTYIOLIX CTPOMTENILCTBO NPEIPHSATHIT
Paspaorka Mojelteii 21eKTPOKapos € iy et Tiuensuposanme UC
(Opranu3alis IPOH3BOACTBA Peansais BTOPChIPbs VIHBECTHIIHOHHBIE IPOrPAMMBI
TpoussojcTBo Tpeanpusitus Vianuno-1opoxnoe
2JIEKTPOMODHIIEH PEUHKIHHTA CTPOUTENLCTBO
Xopoito passHTO b PAb i HMCET IPEATIOCHLIKH He passiTo b P, 10 MOKeT GhiTh earinsosaio s

415 TaKoro passHTHs Guxaiuee Bpenst

He woket Guirs passio » P b Ginkaiitiee Bpess

Puc. 2. AHanu3 pazeumocmu 371eMeHmoe uHgpacmpykmypb1 01151 anekmpompaxcnopma e P® [ebinonHeHo asmopamu].

93C

1,0
0,8

VY IIn4HO-10pOKHOE 0,6
CTPOUTENBCTBO

Penukinunr

04037 0,73

ABTOCEpPBUCBHI

WudopmaroHHsie
1 CHUCTEMBI

0,67

IIpounssoncTeo

Puc. 3. OyeHka 20moeHOCMU 371eMeHMo8 MpaHcNoOPMHoU UHghpacmpykmyps!
2. CaHkm-lemep6ype 0ns anekmpompaHcnopma [8bINOSHEHO agémopamu].

YCIIOBJICHO HAJIMYNEM COOTBETCTBYIOIINX TEX-
HOJIOTHH B Pa3pabOTOK Ha pOCCUICKOM PBHIHKE.
MeHnee Bcero pa3BUTH yIHYHO-AOPOXKHOE
CTPOMTENIECTBO U PEIUKJINHT, a TAK)KE aBTOCEP-
BHUCBHI, YTO CBSI3aHO C OTCYTCTBHEM JIOCTaTO4-
HOTO CHpOca Ha IEKTPOMOOMIHN CO CTOPOHBI
nokynareneil. OgHaKo yBEeJIHMYEHHE TapkKa
SNMEKTPOKapoB 1m0 1,4 MHUINIHMOHA €qUHUIL
k 2030 romy? TOIKHO MpeIycMaTpUBaTh MOJIEP-
HU3AIMIO U aAaNTaIluI0 TPAaHCIIOPTHOH HH(]pa-
CTPYKTYPHI IO/ YBETTUYHUBIITUICS 00BEM DIIEKT-
pomobwueit. JIist 5TOro BaskHO KOJTMYIECTBECHHO
OILIEHUTH YPOBEHb TOTOBHOCTH K MacIITaOHpO-
BAaHHUIO TPAHCIIOPTHON MH(PACTPYKTYPHI KOH-
KPETHBIX PETHOHOB, B JAHHOM city4ae, I. CaHKT-
ITerepOypr.

Pacuér nToroBoi oLeHKH YpOBHSI FOTOBHO-
CTH TPaHCTIOPTHOH MHPpacTPyKTypsI I. CaHKT-
[TetepOypr, comtacHO MPETOKESHHON METOTNKE,
TIPECTaBICH B Ta0MI. 2.

Mwup TpaHcnopTa. 2022

WToroBasi onieHKa ypOBHSI TOTOBHOCTH 3JIe-
MEHTOB MH(PACTPYKTYpPbI ISl ITEKTPOTPAHC-
TopTa MpeCcTaBIeHa Ha pHC. 3.

CornacHO pe3ynbpTraTtaM aHain3a, BBICOKHN
YPOBEHb TOTOBHOCTH OTMEUAETCSI y TAKHX AIEMEH-
TOB, KaK «/H(pOpPMAITHOHHBIE CHCTEMBD», «ABTO-
cepBUChD, «IIpon3BOACTBO», HU3KUM YPOBEHb
roTOBHOCTH — «23C», « YTHIHO-TOPOKHOE CTPOH-
TeIbCTBOY, «Pemuknmury. MToroBas omeHka
YPOBHS TOTOBHOCTH HH(PACTPYKTYPbI JUIS ITEKT-
potpancriopra coctaBuina 2,98 mwm 49,67 % ot
MaKCHMAJIbHON OLIEHKH, YTO TOBOPHT O CPEIHEM
YPOBHE TOTOBHOCTH HH(PACTPYKTYPbI JUIST ITEKT-
pOTpaHCTIOpTa M HEOOXOJUMOCTH peaIn3annui
KOMIUIEKCHBIX MEp MO €€ MOBBIIICHHIO.

BbIBOObI

B pesynprare npoBeaéHHOTO aHAMM3a OBLTA
MOJIydeHa 0oOmIast OleHKa TOTOBHOCTH TpPaHC-
MTOPTHOW MH(PACTPYKTYpHI K MacImTabupoBa-

Ne 3 (100). C. 58-68
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Taoauma 2
PacuyéT nToroBoii oLieHKM rOTOBHOCTH TPAHCIIOPTHOM
HHQPACTPYKTYPHI [BBINOJIHEHO aBTOPAMH|

OnemeHT HH(ppa- Kpurepnit Iokasarens ouenkn | Ilenesoe Dakr WurerpansHas | Bec Onenka
CTPYKTYpPBI OLICHKH 3HAYCHHE OlLICHKA KpHUTEpHs | SIeMeHTa
KPUTEpHs
23C Ob6ecneuennocth | KomndectBo 10 5 0,288 0,4 0,37
23C JNEKTPOMOOHIIEH
Ha 1 23C, mr.
Komiaectso 93C Ha | 200 15

1 MUJLTHOH YeNloBEK
HacCeJICHMs, LIT.

VposeHs Jomns 93C 70 % 10 % 0,143 0,4
JIOKaJTH3aliH poccuiickoro

MPOU3BOJICTBA HPOU3BOJICTBA, %o

23C

Crpykrypa cetn | CooTHOLICHHE 0,67 0,93 1 0,2
23C OBICTPBIX

u MeteHHsIx 93C

ABTOCEPBHCHI Ob6ecmeuennocts | KommuectBo 30 14 0,467 0,5 0,73
ABTOCEPBHCAMU | DICKTPOMOOMIICH
Ha | aBTOCepBHC, LIT.

O6yuenue Hanuune o6yuaromux | 1 1 1 0,5
nepcoHaia IPOrpaMM o
00CITy)KHBaHHIO
AIIEKTPOMOGHIICH

Wndopmarmonnsie | Undopmanuon- | Hanuune 1 1 1 1 1
CHCTEMBIL Hast HHPPACTPYK- | IPUIOIKEHHUIA 110
Typa TIOMCKY M aHAIIH3y
3apsIHBIX CTAHIMI

Wnjekc pazsutHs 0,5 0,51
UKT

IIpoussoncreo Opranuzanus KonuuectBo 1 3 0,444 0,6 0,67
TIPOU3BOJICTBA OpraHu3aLuii-
MPOM3BOUTENIEH
AIIEKTPOTPAHCIIOPTA,
mT.

Konnuecto 1 0
OpraHu3aIuii-
HPOU3BOIUTENICH
DIEKTPOMOOUIIEH, LIT.

KonnuectBo rotoBeix | 3 1
K IIPOM3BOJACTBY
00pa3IoB, IIT.

UnHoBanuu Vpoenb 3,5 4,79 1 0,4
n300peTaTenbCKoi
AKTHBHOCTH PETHOHA

Peuuxsinar Vposens pazeu- | Kosdectso opranu- | 1 0 0 1 0
THS PELUKINHTA | 3aLUif, peaan3yommx
TCXHOJIOTHH pelu-
KJIMHT'a, IIT.

Jlons akkymynsatopos | 90 % 0%
Ha nepepaboTky, %

VIIM4HO-I0pOKHOE JloctynHocTh Hanuune 1 0 0 0,3 0,21
CTPOUTEIILCTBO YIA4YHO- BBIICTICHHBIX
JIOPOKHOM CeTH | Tonoc ist
3IIEKTPOTPAHCIIOPTA

Tocynapcreen- Haymune 6ecrurataeix | 1 1 0,5 0.4
Hasl MOJUICPKKA | TTAPKOBOK ISk
9NIEKTPOTPAHCIIOPTA

Hanuune neroraoro 1 0
poe3/1a Mo IUIATHBIM
BHYTPUTOPOICKUM
JIOpPOTaM U yyacTKam
(enmepabHBIX Tpace

Unsectunmn Jlonst HBECTHIIHIA 5% 0,09 % |0,018 0,3 i / ~
Ha pa3BUTHE e |
5JIEKTPOTPAHCIIOPTA e

B 0011eM 00BEME
MHBECTHLIMH Ha
TPAHCIIOPTHYIO
uH(PACTPYKTYpY, %
Wrorosas omeHka 2,98
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HUIO 3JIEKTPOTPAHCIIOPTA, & TaKXKE MOJTYy4EHBI
OLIEHKH Ka)KJI0T'0 3JIeMeHTa HH(PACTPYKTYPBL.

Jist ycrienHoro MacrabupoBaHusi TpaHC-
MOPTHOM HHPPACTPYKTYPBI IS JIEKTPOTPAHC-
opTa HeO0OXOAMMO NPHUBJIEKATh OOJIbIIEC HH-
BECTULMI B Te 00JIACTH, KOTOPbIE MOIYYHIN
HauMeHbllee konndyecTBo OayuoB. Hexocra-
ToyHOEe KosndecTBO D3C Ha CerogHsIIHUN
JICHb SIBIISIETCSl BAKHEHIINM CIIEPIKUBAIOLINM
(hakTOpOM pacrpoCTpaHEeHHs IEKTPOMOOHU-
Jel, modToMy Heobxoauma pabora Hal MX
YBEJIMYEHHEM C HCII0JIb30BAaHUEM CIIETYIOIINX
MHCTPYMEHTOB: MapTHEPCTBO ¢ OU3HECOM,
oneparopaMu A3C U perHoHaIbHBIMU YHEPTe-
THYECKMUMHU OINlepaToOpaMM JUIsi YCTaHOBKH
yacTHbIX D3C, yyacTue BO BTOPOM dTare pea-
nu3anuu npoekra [IpaBuTenbcTBa, IPOBOIU-
MOTr0 B paMKax KOHLENLHH 110 Pa3BUTHIO
MPOU3BOJACTBA U UCIIOJIB30BAHUS AJIEKTPO-
tpancnopra B PO 1o 2030 rona, nndopmarnu-
OHHAsl U aJIMUHHUCTpPATHBHAS IMOJJEPIKKA
poccuiickux npousBoauteneir I3C, comeii-
CTBHE B 3aKJIIOYEHUH TPEXCTOPOHHUX KOHTPAK-
TOB MEX/ly pETHMOHAIbHBIMU OPTaHaMH BJIACTH,
OM3HECOM M POCCUHCKUMHU TIPOU3BOIUTEISIMU
93C.

CojieficTBUE TIOBBIILIEHUIO YPOBHSI JIOKAJIH-
3anuu I3C u poct konuyectBa D3C 1OMKHBI
COITPOBOXK/IATHCS OPraHU3alneil MPOu3BOCTBA
JJIEKTPOJIBUTATENICH, AKKYMYJIITOPOB, @ TAKXKE
peanu3anueil npoekra 1o 6€30nacHON yTHIIN-
3alMU aKKYMYJISITOPOB IS IOCTHIKSHHUS 11eJie-
BOTO ypOBHsI peunkiuHra. Heooxonumo mac-
TabUpPOBaTh CYIIECTBYIOIINMN OIBIT POCCHIA-
CKHUX KOMIIAaHMH C NPUBJIEUYECHUEM COBPEMEH-
HBIX Hay4YHBIX Pa3pabOTOK.

Jliiss ycnmemHoro pa3BUTHS YJIHUYHO-
JIOPOXKHOW CETH MOXKHO HCIIOJIb30BaTh 3apy-
OeKHBbIE MPAKTUKH KaK IPUMEpP pean3annuu
MacIITaOHBIX HH(PACTPYKTYPHBIX MPOEKTOB
(nanpumep, odecneuenre I3C Bcex CKOPOCT-
HBIX MarucTpaiei).

Pa3zpaboranHas MeTOAMKA MOXKET OBITh
UCIIOJIb30BaHA JJIsl OLIEHKH YPOBHS TOTOBHOCTH
TPaHCIOPTHON MHQPPACTPYKTYPBI AJIsI IIEKT-
pOTpaHCHIOpTa Kak B peruoHax, TaKk U B LEJIOM
no Poccuiickoit ®enepanuu.
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OunarHocTuka nogcucTeM Lienen NOCTaBoOK MaTepuanbHo-
TEXHUYECKMX PECYpPCOB Xene3HOA0POXHbLIM TPaHCMOPTOM
B OpeHOyprckon obnactu

EBreHus TAPACEHKO

Bnagumup ENIUCEEB

AHHOTALNA

[Npouecc docmasku MamepuasnsHO-MeXHUYECKUX PECYPCO8 Ha
npednpusmus aensemes saxHelwum ycrosuem Ons becnepeboll-
HO020 U Npou3goduUMenbHO20 (hYHKUUOHUPOBaHUS CyGbEKMos
3KOHOMuUYeckol desmenbHocmu. [Toamomy 8axHO obpawams
8HUMaHUe He MOMbKO Ha KONUYeCMBO 3aKynok U payuoHarbHoe
UCNOMb308aHUE 3MUX PECYPCO8, HO U Ha NPOAOHKUMENTBHOCMb
docmasku Ha npednpusmusi, 8pems Haxox0eHus 8 nymu. 3adepx-
Kka nocmagok HeobX00UMbIX PECYPCO8 MOXEM NPUBECMU K CHUXKe-
HUK aghehekmugHoCcMU npoyeccos npouzgodcmea, Ymo, 8 0asb-
Hellwem HenpeMeHHo noseyém 3a coboll yobImku npednpusmud.

Oma npobnemamuka sie/isemcs akmyasnbHoll He MosbKo Ha
yposHe omaenbHbIX GU3HEC-CMPYKmMyp U opeaHusayul umu e

Eezenus Anexceeena Tapacenko ',
Braoumup Hurxonaesuu Enucees ?

! Openbypeckuii punuan Hncmumyma skoHoMuKu
VYpanvckoco omoenenus Poccuiickoil akademuu Hayk,
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-2 Openbypeckuil uncmumym nymet cooowenus —
Gunuan Caml'VIIC, Openbype, Poccus.

M1t e a t@mail.ru.

macwmabax mpaHcnopmHoU cucmeMbl CmpaHbl, HO U 8 peauo-
HarbHOM acnekme.

B daHHoll cmambe Ha npumepe OpeHbypackoli obnacmu
paccmampugaomes He MorbKo 06ujue 80NPOCkI pa3sumusi pe-
2UOHabHO20 MPaHCNOPMHO-TI02UCMUYECKO20 KOMNIEKca, HO U
0COBEHHOCMU Xene3HOOOPOXHBIX NEPESO3OK.

B kayecmee pekomeHOayuli npednoxeHa Knaccugpukayus
nodcucmem ynpagrneHusi uensimu NOCMasok N0 OCHOBHbIM NPU-
3Hakam OessmenbHocmu, Yymo @ danbHeliwem npednonazaem
nposederue demarbHol duaeHOCMUKU Onsi 8bIABNEHUS NPUYUH
NPOSIBIIEHUS NPU3HAKO8 HEIGHEKMUBHOCMU KENE3HOOOPOXKHBIX
Nepeso3oK U UX 0NepamusHO20 yCMPaHeHUs.

Knmtoyesbie crioga: mpaHcnopm, nepesosku, uenu nocmasoxk, Kaapbl, UHd)pacmpmeypa, epysoenaOenbub/, OuaeHocmuka, peauo-

HallbHas mPaHCNopPmMHo-/io2ucmu4yeckas cucmema.

McmoyruKu chuHaHCUposarusi: cmames nodeomosneHa 8 pamkax ninaHa HUP Micmumyma skoromuku YpO PAH Ha 2021-2023 ee.

Lns uumuposaHus: TapaceHko E. A., Enuceeg B. H. [JuaeHocmuka nodcucmem yeneli nocmagok MamepuasbHO-mexHUYeCKUxX
pecypcos xenesHodopoxHbsIM mpaHcnopmom 8 OpeHbypackol obnacmu // Mup mpaxncnopma. 2022. T. 20. Ne 3 (100). C. 69-74. DOI:

https://doi.org/10.30932/1992-3252-2022-20-3-8.

MonHb1l mekem cmambu Ha aH2nulICKOM si3bIke ny6uKyemcsi 0 emopoll yacmu daHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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YIPABJIEHV/E A SKOHOMUKA




BBEEHUE

Kene3HonMOpOXKHBIN TPAHCIIOPT 3aCIYKEHHO
TIOJTb3yeTCs MOMYJSIPHOCTBIO BO BCEM MHpPE HE
TOJIBKO CPEJIN TPY30BIIaICTbIIEB U IPY30IOIyYa-
TeJel, HO M CPeIy MacCaKUPOB (CM., HAI.:
[1;2]).

IIpu 3TOM B COBpeMeHHOM Mupe, B (hopmare
PBIHOYHBIX OTHOIIEHHUI, KOTAA JEATEIBHOCTD
KOMMEPUECKHX IPEATPHATHI HalleIeHa HE CTOMb-
KO Ha y/IOBJICTBOPEHHE IIEHHOCTH MOTPEOHTETEH,
CKOJIBKO Ha TIOJTy4YeHNE COOCTBEHHON BBITOIBI, 1
HECMOTPS Ha TO, 4TO IPHOBIITE BO MHOTOM 3aBHCHT
OT YIOBJIETBOPEHHS CIIPOCA KIINEHTOB, HE HCKITIO-
4€H PUCK NMPHUHSTUS PyKOBOAUTEISMU PELICHUH,
KOTOPBIE MOT'YT IIPUBECTH K CHIDKCHUIO KaueCcTBA
TIPEIOCTABIIAEMBIX [IEPEBO30YHBIX YCIIYT.

B cBs131 ¢ 5TIM MOsIBHITAaCH rIpodirema (hopMu-
POBaHMS M PA3BUTHS CHCTEM YIIPABICHHS LETISIMH
TIOCTABOK C MCIIOJIb30BAaHUEM JHATHOCTHKH BCEX
e KOMITOHEHTOB, 3aTParvBaloOlNX yYaCTHHKOB
TIEPEBO30YHOTO IPOIECCa.

Pemrenne 5t0it 3amaum TpeOyeT TIIATETHHOM
TIOATOTOBKH, cOOpa OTPOMHOTO KOJTHMYECTBA Ma-
tepuana. [1opoii 3To sBiIseTCs JOBOIBHO 3aTPy-
HUTEJILHBIM [0 IPHYHMHE TOTO, YTO yYACTHUKAMH
LIeTICH TTOCTaBOK SIBISIFOTCS CyOBEKTHI SKOHOMU-
YECKOH JeATETbHOCTH Pa3IMIHOTO OpraHn3all-
OHHO-TIPABOBOTO CTaTyca, ¥ BBHUIY TOTO, YTO
dhopmar u 00BEMBI HOCTYITHOH HWHMOPMAITIT
pazHsTCS.

B nporiecce moaroToBKu CTaThU aBTOPHI CTa-
BIJIH Y€/1b PACKPBITH OCHOBHBIE IPHYMHBI COOS 1
3a7IepKEK TTOCTAaBOK MaTepHAIbHO-TEXHUIECKUX
PECYpcoB, a TaKkKe MPEACTABUIN pa3padoTKy
TIOZICHICTEM YIPABJICHHS IEPEBO30THBIM TTPOIIEC-
COM, TO3BOJISAIOILYIO B JTAJIbHEHIIIEM POBOAUTH
JIMarHOCTHKY BCEX YYACTHUKOB M YPOBHEH IIETH
TIOCTaBOK.

METO[bI NPOBEAEHWUA UCCNEQOBAHUIA

JIys ipoBeIeHNST HCCIIeOBAaHUHN TI0 TTpo0Te-
MaM JKeJIe3HOIOPOXKHBIX TIepeBO30K B OpeHOypr-
CKOIf 00macTi OBITH UCTIONB30BaHBI CICAYIOIINE
Memoovl: cOOp TaHHBIX O KOJMWYECTBEHHBIX H
KadeCTBEHHBIX TOKA3aTesAX pabOThl TaHHOU
cepsl, MPOBeNEH CPaBHUTENBHBIN aHAN3 pa3-
JIMYHBIX BUJIOB TPAHCIIOPTA C LIETIBIO OTIPEICTICHUS
TIO3UIINH KENE3HOIOPOKHBIX TIEPEBO30K HA PhIH-
Ke TPaHCIIOPTHBIX yciyT. Kpome Toro, 61 mIpo-
BenéH SWOT-anamu3 xapakrepuctuk OpeHoypr-
CKO¥f 00JT1acTH, CBI3aHHBIX CO Cepoil TpaHcTIopTa
W JIOTHCTHKH, YTOOBI OTTPEIEITUTH, KAKAM 00pa3oM
OHH MOTYT OKa3bIBATh BIMSHNE HA TIEPEBO30YHYIO
JIEATETBHOCTD JKEJIE3HOAOPOKHOTO TPAHCIIOPTA.

®  Mwup TpaHcnopTa. 2022.

PE3YNbTATbI

C 1ensio ONpeneyeHus] CHIBHBIX B CITa0BIX
cTopoH ocoberHoctelr OpeHOyprckoii 00macTH,
CBSI3aHHBIX C TPAHCTIOPTHO-JIOTHCTUYECKUM CEK-
TOPOM, B 4aCTHOCTH, >KEJI€3HOJJOPOKHBIM TPAHC-
TIOPTOM, @ TaKKe ISl BBISIBIICHUSI BO3MOXXHOCTEH
1 yrpo3 aBropamu 0611 mpoBenéH SWOT-anami3
(tabm. 1).

B meitom B OpenOyprekoii o6macti 1octarod-
HO OJIaronpusITHBIC YCIOBHS JUISl TIEPEBO30YHON
JEATENEHOCTH, B TOM YHCIIE JUISl IESITEIIBHOCTH
KEJIE3HOIOPOKHOTO TPAHCTIOPTA.

B nipencrasnenHom B mrone 2022 rona Ha 00-
IIECTBEHHOE 00CyXeHne mpoekTe «CTparernu
passutust OpeHOyprckoii 0bmacTi Ha TIepHOL 10
2030 roma», oTMe4aeTcsi, UTo 00IacTh SBISICTCS
«OIHWM U3 HanOoJlee MHTETPUPOBAHHBIX C Ka3axX-
CTaHCKUMHU MApTHEPAMU POCCUICKUX PETHOHOB, B
TOM YHCJIE 10 TEXHOJOTHUCCKUM IICTIOTKaM».
IlonuépkuBaercst €€ pacnonoKeHHOCTh Ha Iepe-
CEUYEHNH JIByX KPYIHBIX TPAHCIIOPTHBIX KOPHIO-
poB — «EBpoma—3amanmsrit Kurait» n «Cesep—
IOr». Kpome Toro, depe3 He€ MPOXOIUT CaMBIit
KOpOTKHMH NyTh uepe3 LlentpanbHyto Azuio Ha
Wpan u nanee na Munuto u crpansl [lepcuackoro
3ammBa. JT0 SBIAETCS TMPEITOCHIIKAMHE TS pea-
JIM3aLMY TPAH3UTHOTO MOTEHIHAIa o0acTh'.

Uto KacaeTcs JKENe3HOAOPOKHBIX TEPEBO30K,
To Tak Kak OpeHOyprckas 00nacTs pacnolokeHa
Ha Tpanmie ¢ PecrryOmmkoit Kasaxcran, a takoke
MMEET BO3MOKHOCTH coo0menus ¢ Kuraiickoi
Hapomnoit PecryOrnikoit, MOXKHO TIPEATIONOKUTD,
YTO OHH SIBJISTFOTCSI EPCIIEKTUBHBIMU JUIST TPAHC-
TIOPTHOTO 00ECTICYEHHNST COTPYTHUUECTBA C 3THMH
CTpaHaMM TIPH YCIIOBHH 3aKyNKH Yy 3THX CTpaH
HEKOTOPBIX BHJIOB PECYPCOB: HAIPUMeEp, MPH HO-
craBkax m3 PeciyOmmku Kazaxcran memésoro
TorumBa, a n3 KHP — Oonbioro accopraMenTa
TIPUHAJIKHOCTEH IS TOTPEONUTENBCKUX HYX]I,
HarpuMep, KaHIEISIPCKUX TOBApOB M OPHUCHOU
TEXHUKH.

Hamiune KpynHBIX IPOMBILUIEHHBIX TPEANPHS-
THI TIOZIpa3yMEBACT BOSMOKHYIO OTIIPaBKY B APYTHE
Topozia ¥ 00JIaCTH 110 XKEJIE3HON JI0pore MOIe3HbIX
HCKOTIAEMBIX, BKIIFOUAsi KAMEHHBIH YToib, KOKC,
JKeJIe3HbIE M MapraHLEBbIE PYIIbl, IPOXYKThI YEPHOU
MeTtamutyprud. CIeyeT TakKe YIUTHIBATh, 9T0, KakK
OTMEUaeTcsl B MPOEKTE CTPATETHH Pa3BUTHS 00-
macte, Ha e€ momo mpuxoautes 100 mporeHToB
TIPOM3BOJIIIIIETOCS B CTPAHE CHKIDKEHHOTO TEIIHs,

! Crparerust pa3Butus OpeHOyprekoit 00nacT Ha HepHOL
110 2030 roma. Ipoekr. [Dmextpounblii pecypc]: https:/www.
economy.gov.ru/material/file/6a52661b0123d0507aef907cec
e7d894/proekt_strategii.pdf. Joctym 06.07.2022.
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Taoéauma 1

SWOT-ananin3 0CHOBHBIX XapakTepucTuk OpeHOyprcekoii 00/1acTH, BJAUSIONIUX
Ha pa3BUTHe kKeJIe3HOI0POKHBIX NePeBO30K [pa3padoTaH aBTopamu]|

CuiibHBIE CTOPOHBI

Crnabbre CTOpOHEI

1. Y no6Hoe reorpauueckoe pacroiokeHue 001acTu,
6m3ocThb K Pecnybuike Kazaxcran.

2. JlocraTtouHast CTEHCHb Pa3BUTHS
arponpoMBbIIIJIEHHOI0 KOMIIIEKCa.

3. Pa3Buras TpaHCIOPTHAS CETh, YA0OCTBO
HOJIbE3/IHBIX My TeH K 00beKTaM HHPACTPYKTYPBI.

4. Hanuaue TpOMBIIUICHHBIX OPEAIPUSITHH.

1. HemocraTtodHoe pa3BUTHE KAJPOBOTO OTCHIHAIIA.

2. OTCyTCTBHE JIOTHCTHYECKUX PACIIPEICIHTEIbHBIX LICHTPOB
U CKJIa/I0B Ha TEPPUTOPUX 0OIACTH.

3. Henocraro4uHoe puHAHCOBOE 06ECIIEUCHHE PErHOHa.

4. OcoOCHHOCTH KIUMAaTHIECKHX YCIOBHIA.

BosmoxunocTi

Yrpo3st

1. CorpynunuectBo ¢ Pecriyonukoii Kazaxcran u KHP.
2. loObI4a MoJIe3HBIX UCKOMAEMBIX C MOCIIETYIOIINM
COBITOM B COCEJIHHE PETHOHBI.

1. Yrpos3a 3arpsi3HeHHs BO3/lyXa, CBA3aHHAs C MPOMBIILICHHOH
JIeSTEIBHOCTBIO.

2. OTTOK HaceJIeHHs BBHY OTCYTCTBHS 3aHSATOCTH.

3. IIporpeccupyroliee HCTOMEHUE BOJHBIX PECYPCOB.

OZIOpaHTa M MEKTPOIUTHIECKOTO XPOMa BBICOKOH
yncToThl. Kpome Toro, obmacts pacnonaraet u
3HAYUTETBHBIM MOTEHINAJIOM ISl PACIINPEHUS
HECBIPHEBOTO CEKTOPA PErHOHAIIBHOM SKOHOMHKH' .

Oco0EeHHOCTH pa3BUTHS arPOIPOMBIIIICHHOTO
xomriekca OpeHOyprekoil 00JacTH MO3BOIISTIOT
obecrnieunBaTh 00BEMBI ITEPEBO30K B Pa3HOE BPEMsI
TOJ1a, OTMEUACTCS «EXKETOAHBIN POCT 3KCIIOpPTa
CEJIbCKOXO3SIMCTBEHHOM MpoayKimn»'. Bmecrte ¢
TEM, Ha PErHOHAJIbHBIC IEPEBO3KH BIHSET (aKTop
cezoHHOCTH. Harprmep, 1ocTaBKa JIETHETO ypoXkast
apOy30B 3 roposa Cob-Miterka moBkIaeT ypo-
BEHb PETHOHAJIBHBIX MEPEBO30K, MO JaHHBIM
Craructudeckoro exxeroganka OpeHOyprekoit
obmactu (202 1rom), Ha 2 %°.

Bwmecrte ¢ Tem, Ha Tepputopun OpeHOyprekoit
001acTH B HACTOSIINH MOMEHT HE CYIIECTBYET
3¢ PeKTHBHO HYHKIHOHUPYIOIICH SIMHOM TpaHC-
TIOPTHO-JIOTHCTHYECKON CUCTEMBI, KOTOpast Tpefl-
TI0JIaraeT HaJIMIKe JIOTUCTUYECKOTO [IEHTPa BMECTO
JEHCTBYIOIINX OT/CIBHBIX HEOOBIINX MPEATIPHS-
THH, OKa3bIBAIOIIIX TIEPEBO30YHBIC YCITYTH.

B rocynapcreennoit nporpamme «Pa3Burtue
TpaHCHOPTHOH cucTeMbl OpeHOypreKoii 001acTmy
OTMEYACTCsI, YTO «HECMOTPSI Ha ONaronpusTHbIC
TEH/ICHIIMH B PA3BUTHH OT/CIBHBIX BUIOB TPAHC-
TIOPTa, TPAHCIIOPTHAS CUCTEMA HE B ITOJIHON Mepe
OTBEUAET CYIIECTBYIOIMM MTOTPEOHOCTSIM U TIep-
CIICKTHBAM Pa3BUTHs peruoHa’. B uncie npudna

2 Crarucrudeckuil exeroqHuk OpeHOyprekoi obnacTH.
2021 r.: Crar. c6. / OpenOypr: OpenOyprcrar., 2021. —
516 c. [OnexrponHslii pecypc]: https://orenstat.gks.ru/storage/
document/document_statistic_collection/2021-12/30/Esxe-
roguuk_2021.pdf. loctym 06.07.2022.

* Tlocranosnenue [IpaButenscTBa OpenOyprekoit obnactn
or 29.12.2018 . Ne 916-nm «O6 yTBepkaCHHU TOCyaap-
CTBEHHOI! Iporpammbl «Pa3BUTHE TPAHCTIOPTHON CHCTEMBI
OpeHOyprekoit obmacT» (¢ M3MEHEHHSMHU U JOTOJTHEHHUS-
MH). [DnexTpoHHBIH pecypc]: http://pravo.gov.ru/proxy/
ips/?docbody=&prevDoc=153108768&backlink=1&&
nd=153123737. Joctyn 06.07.2022.
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Ha3BaHBI HECOAJTAHCUPOBAHHOE W HECOTIIACOBAH-
HOE Pa3BUTHE OTICIBHBIX BUIIOB TPAHCIIOPTa U
TPaHCIIOPTHOW HHPPACTPYKTYPHIL.

B or0ii cBs3M akTyaJbHOU SIBISETCS 3ajadya
Pa3BUTHS TPAHCIIOPTHOTO KOMILICKCa, (POpMHpOBa-
HUS MEXKPErMOHAIIBHOTO JIOTUCTHYECKOTO KIIacTepa.
JTa BO3MOKHOCTh 0003HAYCHA B YHICIIC KITFOYCBBIX
B IIPOCKTE CTPaTEeruH pa3BUTHs o0acTi. B qacTHO-
CTH, IVIAHUPYETCS, YTO CTPOUTETBCTBO ABTOIOPOK-
HOM MH(DPACTPYKTYpBHI B paMKax Ipoekra « HoBbrid
[I&mKoBBIi MyTH» MO3BOIUT CO3/1aTh B OONACTH
BayKHBII MYJIBTUMOZAIBHBIN y3en. [ 3Toro, He-
00XOIMIMO TTOCITIEZIOBATEIIFHOE YCTPaHeHHE KITFOUe-
BBIX Y3KHX MECT PETMOHAIBLHOM JOPOXKHOM CETU U
COBEPIIICHCTBOBAHNE MH(PACTPYKTYPhI TIPOITYCK-
HBIX ITyHKTOB. JTO OyZIeT CONIeHCTBOBATH CO3IAHHIO
YCIIOBHH «UIsl IIepepacipeieieHus FPy30I0TOKa B
TOJTB3y OOJIACTH, TIEPETATUBAHUS B PETHOH TPYy30-
MIEPEBO30K U TPY30MEPEBO3UHKOBY .

Co3nmanne eaUHON TPAaHCIIOPTHO-JIOTHCTHYC-
CKOH CHCTEMBI OyIeT B IIEJIOM CIIOCOOCTBOBATH
JATBHEHIIIEMY YCHIICHUIO TPUBJICKATCIFHOCTH
OpeH0Oyprekoii 00MacTy Ha HaIMOHAJIEHOM PBIHKE,
TIO3UIMOHUPYS €€ «KaK KPYIHBINA TOPTOBBIi, 00-
pa3oBaTCIBHBIN, KYIBTYPHBIA U 8 IMAHUCTPATHB-
HO-IIeNoBO# eHTp» [3]. Bornee Toro, moTeHImab-
HO TPaHCIOPTHO-JIOTUCTHYECKUI KOMITIIEKC MOMKET
CTaTh OJHUM M3 KITHOUEBBIX CEKTOPOB PErHOHAIIb-
HOM 5KOHOMUKH H ITO3BOJIUT OOJIACTH HTPATh POITh
BaYKHOI'O TPAHCIIOPTHOIO y3J1a Ha NEepEeCceUeHUU
TPAHCIIOPTHBIX KOPHIOPOB «EBpomna—3araaHbrit
Kurait» u «CeBep—tOr»'.

Ho HEeoOXommMo y4YUTHIBATH U PSIIl OPYTUX
(akTopoB.

B wacTHOCTH, Ha pa3BUTHE TPAHCIIOPTHOU
CHCTEMBI O0JTACTH OKA3bIBACT BIMSHUC «IIPOIION-
JKaFOIIUICS OTTOK HACEIICHUS, B OCOOCHHOCTH C
BOCTOYHO# yacTu 00sactiy'. CleCTBUSIME 3TOTO
SIBJISTFOTCS, B YaCTHOCTH, TTOTEPST KITFOYCBBIX KOM-
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METEHIINI B Pa3HbIX OTPACisIX U YBEIUYCHHE Ha-
TPY3KH «Ha COJIEP’KaHNE COLMAIILHO M TPAHCIIOPT-
HOW HHPPACTPYKTYPHD» .

Pucku HerocpencTBeHHO B cepe KaIpoBOro
obecrieueHus KEIEe3HOAOPOKHOTO TPAHCIIOPTa
CBSI3aHBI C MOTEHIHMAILHBIM HEJIOCTaTKOM padoT-
HHUKOB, 00JIQIAFOIIMX HEOOXOMMMON KBaIH(UKA-
IIMel, MPUBJIEYEHNEM MOJIOABIX CIIEIUATIMCTOB [ 3,
c. 115-116].

Ha cHmxeHre BpeMeHH JOCTaBKY MaTepHalib-
HO-TEXHHYECKUX PECYPCOB Ha MPEIIPUSTHIX
JKEJIE3HOIOPOXKHOTO TPaHCHOPTa HauboJblee
BIIMSIHUE OKa3bIBaeT 0OIIee BPeMsi HaXOXKICHHs
TpaHcropra B myTH. Crofia Takke BKIIIOYAeTCs
MPOCTOM BaroHOB U JIOKOMOTHBOB Ha CTAHIHSIX BO
BpeMsl [IOTPy304HO-Pa3rPy304HbIX, PEMOHTHBIX,
9KCIUTyaTallMOHHBIX 1 MAHEBPOBBIX OIEpaLiid.

OnHOM M3 OCHOBHBIX IPOOJIEM TPAHCIIOPTHON
MHPPACTPYKTYPHI SIBISIETCS BBICOKAs! CTETIEHb U3-
HOCa OCHOBHBIX IPOHM3BOJCTBEHHBIX (DOHJIOB.
Hanpumep, uto kacaercsi aBroMOOMIIBHOTO TPaHC-
nopra B OpeHOyprckoit o0IacTy, T «I10 OTACIb-
HBIM Tpynnam usHoc gocturaer 50-80 %, uro
BJIMSIET Ha TPOIYCKHYIO CIIOCOOHOCTH JI0pOr U
TpeOyeT MOCTOSTHHOTO MPUTOKA MHBECTHLIMN ISt
peMoHTa 1 MoziepHu3arum»’ [4]. TIpoGieMbl U3HO-
ca, B TOM YHCJIE TTIO/IBHYKHOTO COCTABa, XapaKTEPHBI
B pa3HOW CTENEHM M JUIS JKEJIE3HOJIOPOKHBIX
npeanpusituii OpeHOyprekoii obnactu. Takxe
HEMaJIOBKHBIM (PAaKTOPOM SIBIISETCS TEKyIlee
coziepykanne MHQPACTPYKTYPbl U MOABHIKHOTO
cocrasa (CM., Hamp.: [S]), moIepsKaHue UX B pa-
60TOCIIOCOOHOM COCTOSTHUH.

BHUMaHMe TOJKHO YAISTHCS U TOBBIILICHHIO
0€3011aCHOCTH KEJIE3HOJOPOXKHBIX MEepee3ioB,
HECOOMIONICHHE TIPaBUII TIPOE3/1a KOTOPBIX HECET
PHCKH HapyIIIEHUH YKeJIe3HOJIOPOKHOTO JIBHKEHHSI.

BaxxHo oTMeTuTb 1 e111€ 0IMH BeChMa aKTyallb-
Hb1H paxtop. TpaHCIOPTHO-TOrNCTHYECKUIA KOMIT-
JIeKC 00JIaCTH HY’K/IaeTcsl B yCKOPEHHOM BHEZIpe-
HUM IHQPOBBIX TEXHOJIOTHH. DTO BaXKHO Kak
MPUMEHHUTEHHO K Pa3BUTHIO 00IacTH', Tak u 1Ist
TPAHCIIOPTHOM OTPACIIHN B [IEIIOM®, U [JISI JKETIE3HO-
JIOPOKHOTO TpaHcmopra’® (Harp.: [6]), Kak Ha Ha-
[[IOHAJILHOM YPOBHE, TaK ¥ B MaciTadax o0acTy.

4 TpancnoprHas crparerus Poccuiickoit @enepauun 10 2030
rozia ¢ MpoOrHoO30M Ha nepuon 1o 2035 roma. YTBepkaeHa
ITocranosnenuem [IpaBurenscrBa Poccuiickoit denepannu
ot 27 nosiopst 2021 1. Ne 3363-p. [DnexTpoHHbIii pecypc]:
http://static.government.ru/media/files/7enYF2uL5kFZ10
OpQhLIOnUT91RjCbeR.pdf/. dara noctyma 06.07.2022.

> Coser mupekropoB OAO «PXK/I» yTBepaui cTparerio
i poBoii TpaHchopmarm. [ DIeKTpoHHBIH pecypc]: https:/
company.rzd.ru/ru/9397/page/104069?1d=184629. Jlara
nocryna 06.07.2022.

®  Mup TpaHcnopTa. 2022.

BellieykazaHHOe MO3BOJISIET CIeNIaTh BBIBO,
YTO TPH ONTHUMHU3ALUM JCHCTBYIOIEH CHCTEMBI
YIIPaBJICHMUs! IEMSIMH TTOCTABOK B PAMKaX TPaHC-
TIOPTHO-JIOTMCTHYECKON CHCTEMBI 00J1acTH HE0O-
XOJIMMO YYHUTHIBATH COBOKYITHOCTH YKa3aHHBIX
(haxTopoB.

Kpome Toro, BHMaHust Kak (axrops! a¢dex-
TUBHOCTH pEaJIM3alluy MOCTABOK 3aCIly)KUBAIOT
BOIPOCHI COXPAHHOCTH I'PY30B, B TOM YHUCIIE HX
TPaBOBbIE aCTIEKTHI (HarIp.: [ 7-9]), KoOMOMHUPOBaH-
HBIX NepeBo3ok (Hamp.: [10]), Tapudukaumu u
nenooOpasoBanust (Harp.: [117).

Pexomenianuu no coBepuieHCTBOBAHUIO
MEePEBO30K HA KeJIe3HOI0OPOKHOM TPAHCIIOPTe

VYuuThIBas, 4TO 10 TIOKA3ATENSIM TIOTPY3KH U
rpy30000poTa KEeJIEe3HOOPOKHBIH TPAHCIOPT
OpeHOyprKbst 3aHUMAET OJJHO M3 BEIYIINX MECT B
[TpuBomKcKOM (enepanibHOM OKpYyre, a Cpelu
pErnoHaNBHBIX CTPYKTYp Poccuut BXomuT B ecst-
Ky KPYTHEHIINX, a TAKXKeE TO, YTO JIOJIS IepeBE3EH-
HBIX I'PY30B JKEJIE3HOJOPOKHBIM TPAHCIIOPTOM B
o01eM 00bEME TPY30IEePEBO30K 110 00JIaCTH CO-
crapysiet okono 67 %, a rpy3o06opora — 95,3 %S,
HauOosIbIlIee 3HAYCHUE MMEIOT MPEIJIOKEHUsS B
OTHOLICHNH JKEJIE3HOJJOPOIKHBIX TTEPEBO3OK.

[o pe3ysbraram poBeEHHOTO aHAIN3a MOK-
HO HPEATIONIOKHTb, YTO PUCKH HETaTHBHOTO BIIMSI-
HUS1 Ha YKEJIE3HOIOPOKHBIE IIEPEBO3KH IPE/IOoIpe-
JIEJISIFOTCS. PSIIOM (PaKTOPOB, KOTOPBIE MOTYT IIpe-
TISITCTBOBATH PA3BUTHIO IIEPEBO30YHOM JIESTEIILHO-
CTH 1 HETIPEPBIBHOMY (DYHKIIHOHHPOBAHHIO LIeTel
MIOCTABOK BBH/LY HEOCTATOYHON YCTOWYMBOCTH.

OCHOBOM /7151 3TOTO MOCITYKHJI PsiJl HCCIEI0-
BaHWW aBTOPOB, KACAIOIINXCS KJIACCU(PHUKALUH
00BEKTOB YIpaBJIeHHs LIETISIMU TOCTaBOK, UHTET -
PHPOBaHHBIX IOTOKOB PECYPCOB, KIACCH(UKAIUH
TIPOLIECCOB, COIPOBOX/IAIOIINX OT/AECIIBHBIE IT0TO-
KM, ¥ UX yCToM4uMBOCTH [ 12], ynpasneHus j1oruc-
TUYECKUMH Tporieccam [ 13], ynpasieHust 1ersi-
MU IOCTaBOK Ha YPOBHE TEPPUTOPHAIBHBIX
mojIpa3ielieHu xese3Hoi noporu [3; 14], pabo-
ThI IPYTUX YUEHBIX B chepe yrnpaBieHus HesIMU
nocTaBok [15].

Bormpocam narHoctuku 3 hekTHBHOCTH Lie-
TIel OCTaBOK B 11€J7I0M, O€3 aKIeHTa Ha TPaHCIIOpT-
HOM 3BEHE, Y/ICJISIOT BHUIMaHUE CIIeHAIN3UPYIO-
[IMECs] Ha 3TOM 3apyOe)KHbIC KOMITAHHH , OYCHb

¢ Caiir [IpaBurenscrBa OpenOyprekoit obnactu. Tpawc-
nopt. [DnekTpoHHbId pecypce]: https://orenburg-gov.ru/
activity/1651/. octym 06.07.2022.

7 Hamp., Supply chain diagnostic: improving processes.
[OnexTponHnslii pecypce]: https://www.mecalux.com/blog/
supply-chain-diagnostic. Jloctym 06.07.2022.
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Taoauma 2

IMapameTpbl MoAcCHCTEM yIPaBJIeHHsI EPEBO3KAMHU HA 7KeJIe3HOJ0POKHOM TPaHCIopTe
[ropadoTano aBTOpamMu Ha ocHoBe [3, c. 140-141]]

Bup ycroiiunBocty | KnueHTh! busHec-nporneccel DuHaHCHI Ilepconan
DKOHOMHYECKAs - 00BEM IepPeBO30K; - BBIIIOJTHEHHUE ITAHOB | - 00BEM IPHOBLIH - KOJIN4ECTBO
- ACCOPTHMEHT 110 TIEPEBO3KAM; OT TIePEBO30YHOI COTPY/IHHKOB;
OKa3bIBAEMBIX YCIYT; |- HaJIHYHE CKIAJ0B U | AEATEIbHOCTH; - CpellHHii ypoBEeHb
- KOJIMYECTBO TOBE3THBIX Ty TEH; - MapXKUHAIbHAS OILIATHI TPYIA;
KJIMEHTOB; - CKOPOCTh TIPHOBLIB; - YPOBEHb
- YpOBEHb BBITNIOJIHEHUS 3aKa30B | - yPOBEHb MIPOM3BOAUTEILHOCTH
JIOTHCTHYECKOTO Ha TIepeBO3Ky J1eOUTOPCKOH Tpynaa
cepBHCa 3a/I0JDKEHHOCTH
Dxonornyeckas - COOTBETCTBHE YCIIYT | - BBIOPOC BPEIHBIX - 3aTpaThl HA CPE/CTBA | - COOMOICHNE
9KOJIOTMYECKHM BEILECTB B OXpaHbI OKpY’KaroIel | TpeboBaHHIl OXpaHbI
CTaHJapTaM; OKPYKAIOIIYIO CPENy; | Cpelbl; TpyJa U TEXHUKH
- KOJIMYECTBO CIIyYaeB |- yPOBEHb IIyMa, - KOMITEHCAIHs 6e3omacHoCTH;
3aJIepXKKH JI0CTAaBKM; | BUOpAIMY, paJHallii; | HepabOTOCTIOCOOHOCTH | - YHCIIO
- cobuofieHne TepcoHaa 1o npoecCHOHATbHBIX
Mep CaHHTapHu Ha TPUYMHAM HapyIIeHus | 3a001eBaHmit
paboumx mMecTax CTaHJaPTOB SKOJIOTUY; | - HAJIMYUE CPEJICTB
- mTpadbl U BHILIATHL | MHAUBUJYaIbHOM
3a HECOOITIOICHIE 3AIUTHI;
TpebGoBaHUil K OXpaHe |- 0OydeHHe MpaBIIaM
OKpY Kalollel cpeibl | HOBEIEeHUs B
9KCTPEHHBIX YCIOBHAX
CoumanpHast - YHCIIO JOSANBHBIX - YUCJIO MOCTABIIUKOB | - Pa3Mep COLBBIILIAT; | - IICHXOIOIHYECKUI
KJINEHTOB; U TIOCPETHUKOB; - TIOTEPH OT TPOCTOSI | KIIMMAT B KOJUICKTHBE;
- IPOLIEHT HOBBIX - KOJIMYECTBO OMIMOOK | MOJBMKHOIO COCTaBa | - HECUACTHBIC CIydaH
KIIMEHTOB; B cOOpKE 3aKa30B; 1 paboThI CBEPX Ha IPOHM3BOACTBE;
- JIOJIS yXOJIAIINX - IOTEpH U3-3a HOPMBI; - cobmonenne
KJIMEHTOB; HH3KOIO YPOBHs - 3aTpaThl HA TPYIOBO#
- YPOBCHb JI0BEPHS YIpaBICHHS; TpuéM, YBOJIbHEHHUE JVCIUIIINHBL;
KJIMCHTOB - TPaMOTHOE n o0ydeHue - TeKy4eCTh KaJIpoB
HCIIONB30BAHHE COTPY/IHUKOB
KaJIpOBOTO
MOTEHIIMANa

MHOTUMH HCCIIEAOBATEISIMU PacCMaTpUBAIOTCS
BOIPOCHI OPTaHU3aNH W ONTUMH3AINN IETICH
MOCTABOK KaK JJIsl OTJIENBbHBIX OTPACIIEH WM TIPEA-
TIPUSATHH, TaK U B 0OIIEM KOHTEKCTE aHaJIH3a
YTIpaBiIeHHs! IMH, psist paboT (Harp.: [16]), mocss-
mEH OTACNBHBIM (YHKIIMOHAIBHBIM aCTIeKTaM
JUAarHOCTUKH, B TOM YHCII€ HCIOIb30BAHUIO
IT-Trexnonorui.

Hcxons u3 aToro, mpemiaracTcsi pUMepHbINA
HabOop MoKazareseH A1s MPOBEICHNS JaTbHEHIIeH
JMATHOCTUKH LENEN TTOCTAaBOK Ha KENE3HOIOPOXK-
HOM TPAHCIIOPTE, B OCHOBY KOTOPOH B3SIThI KPHUTE-
MM YCTOIYMBOCTH IO SKOHOMUYECKOMY, COLIHAITb-
HOMY 1 9KOJIOTUYECKOMY BUJIaM 110 MOJICHCTEMAM
«Kimentsl», «buzHec-npoueccbd», «DUHAHCHD),
«Ilepconam.

B Tabn. 2 npencraBieHs! BO3MOKHBIE TIPOO-
JIEMBI B KakJI0H U3 BBIIEICHHBIX TOACHCTEM LieNen
MOCTABOK, YTO MO3BOJAET JalIbHEHIIEE POBE/E-
HUE UX JUAarHOCTHUKHU C IEJBI0 OOHAPYKEHHS
«y3KHX MECT» 1 ONIEPATUBHOTO YCTPaHEHHS ITPO0-
JIEM, OCIIOXKHSIOIUX ITOCTABKU MAaTE€pHaNbHO-TEX-
HUYECKHX PECYPCOB HKEIE3HOMOPOKHBIM TPaHC-
moptoMm B OperOyprekoit odmactw [3]

B pesynerare npoBeaeHHs AMArHOCTHUKH MOJK-
HO BBIJICIUTH HanOOJIee BayKHBIE HECOOTBETCTBHS
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TIapaMETPOB JIOTUCTHIECKUX CHCTEM, KOTOPBIE TIPH
HEZOCTATOYHO KaYECTBEHHOM BBITTOJHEHHN KOH-
LEHTPAIMK ¥ PacHpeieNicHHs], a TAKKe IO BO3-
JICCTBUEM pa3InYHBIX (PaKTOPOB BHEIIHEH U
BHYTPEHHEH CPEJibl MOTYT OKa3bIBaTh HETaTHBHOE
BIIMSIHAE Ha OKa3aHWE TIEPEBO30UHBIX YCITyT Ke-
JIE3HOJIOPOKHBIM TpaHcriopToM OpeHOyprekoit
00J1acTH, YBEINYMBAsI CPOKU M CHIDKAs KAIEeCTBO
JIOCTaBKH.

BbIBOAbI

B pesynbrare npoBenéHHBIX MCCIEI0BAHUN
ObUTH BBISIBIICHBI (hJaKTOPBI, BIUSIONIHE HA IS TEIb-
HOCTb JKEJIE3HOAOPOKHOTO TPAHCIOPTa, B TOM
4HCIie, Ha CBOEBPEMEHHOCT IOCTABKH IPy3a, 4TO
TIPH PaKTHYECKOM HCTIOIB30BAHHH IIPH MIPOBEIE-
HUM aKTyaJIbHOM JAMArHOCTUKH TIOACHCTEM NN
TIOCTaBOK C NNPHUBJICYCHIEM MAacCHUBA HEOOXOIMMBIX
JIAHHBIX TTO3BOJIT OTBETCTBEHHBIM JIMIIAM JKEJIe3-
HOJTOPOXKHOM KOMITAHUH, B TaHHOM cirydae, OAO
«PX]», onepatBHO yCTPaHUTh BO3HHUKAIOIINE
TIPOOIIEMBIL.

VipaBieHne HENsIMH TTOCTABOK SIBISIETCS
Ba)kKHEMIIEN 3amadeil 1isi KOMOAHUM TpaHc-
MTOPTHO-JIOTHCTUYECKOTO KOMIIJIEKCA, TaK KaK
HEIO0CTaTOYHO 3P (PEKTUBHOE yIpaBICHUE
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u ynpasnenue. —2019. — T. 8. — Ne 1 (26). — C. 93-96. [Dnext-
pouHBIl pecypc]: https://www.elibrary.ru/item.

MOXET NPUBECTU K MOTEPEC )IeﬁCTByIOHlPIX
KJIIMECHTOB, MOCPEAHUKOB U MOCTABIINKOB,

BIIEYET 32 COOOM YIMYIICHHYIO BBITOY, YCHIIU-
BaeT TEKy4eCTh KaJPOB M TaK Jayee, 9TO IMO0-
BBIMIIACT PHUCK ITOTEPH BHITOJHOTO COTPYIHHU-
4ecTBa, a, CIeI0BaTeIbHO, HEU3MEHHO MPUBO-
JIUT K CHIDKCHHIO TPUOBLUTH IPEATPUSITHIHA, IS
KOTOPBIX JKEJIC3HOTOPOKHBIC TIEPEBO3KH SBIIS-
FOTCSI OCHOBHBIMU.

TTosToMy it HarOoJIee TOYHOTO BBISBICHUS
MPUYYH TTOSIBICHHS OT/ICIBHBIX TIPU3HAKOB HEA(-
(DEeKTUBHOCTH ACSATEIFHOCTH KEIEC3HOIOPOKHOTO
TPaHCIIOPTA IIeJIeco00pas3Ha pa3padoTKa JeTalTi-
3UPOBAaHHBIX TTAPAMETPOB BCEX TIOJICUCTEM TIeTeH
ITOCTABOK C JIAJIbHEHIIIEH TMarHOCTUKON KaXKI0TO
HX HUX.

IIpu ycroBrUM COOTBETCTBYIOMICH aIalTAIIH
MPEAJIOKEHHBIA MaTPUYHBIN MMOAX0J K AUArHO-
CTHKE ITOJICHICTEM YIIPaBICHUS IEISIMU MOCTa-
BOK, 10 MHCHHUIO aBTOPOB, MOXKET OBITh MACIITa-
6upoBan Ha mesarenbHOCTE OAO «PXKJ» (B
clydYac JKEJIC3HOMOPOKHOIO TPAHCIIOPTA), a
Tak)ke KOMITAHUHM BCEX BHJIOB TPAHCIIOpPTa Kak
Ha PEerHOHALHOM, TaK ¥ HAIITHOHAIEHOM YPOBHE.
VcnoBrueM st 3TOTO SBISETCS, B TOM YHCIEC U
nmanpHeHImas HaydHas mpopaboTKa JaHHOTO
MO/IX0/1a.
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Bb16opoyHoe ob6cnegoBaHue naccaxuponoToka
Mmetoaom aHanu3sa Wi-Fi gaHHbIX B MOCKOBCKOM
TpaHcnopTHoM y3ne. YacTb 1

b4 alekseev-trn@mail.ru.

Hukonait ATIEKCEEB

AHHOTALUA

B cospemeHHbIx, 6bicmpo pa3susaroLyuxcs 2opodax mMupa
0118 nocmpoeHust mpaHcnopmHoU mModenu 20podos mpebyromes
0OaHHble 0 naccaxuponomokax. Omcymemeue makux 0aHHbIX He
N0380/I51€M C80E8PEMEHHO NPUHUMAMb YNPagIeHYecKUe PeWeHUs
Ha yposHe ux pacnpederneHus, 8 MoM yucre 8 pamkax obujux
MpaHCNOPMHbIX NOMOKOS.

Ha daHHb Il MoMeHm cywecmeyiom pa3fuyHbie Memods! u
cucmemb| An1s noOcyéMma naccaxxuponomokos, makue Kak 2naso-
MEpHBIU, aHKeMHbIU U ManoHHbI MemoObl U pa3fiuyHble agmo-
mMamu3upogaHHble cucmembl. OOHaKo u3gecmHble Memolbl
umetom cgou Hedocmamku.

o amoli npudyuHe akmyanbHoU sensemcs 3adaya noucka
anbmepHamueHbIX MemMo008 U UCMOYHUKO8 OaHHbIX 01 uccre-
008aHUsT Naccaxuponomokos.

[JlaHHas cmambs onupaemcs Ha akmyanu3uposaHHble pe-
3ynbmams| uccredosanus, NposedéHHO20 8 pamkax N0020mosKu
asmopom Mazucmepckol duccepmayuu. B e2o npoyecce u 8
passumue 6onee paHHUX pabom asmopa, 8 ka4ecmee UCMOYHU-
Ka 0aHHbIX bbITu 8bibpaHbi 0aHHbIe 0 NOOKIHYEHUU NACCaxUpPos
k Wi-Fi poymepam. Tak kak Ha OaHHOM 3amane uccredosaHue
npusodunock Ha meppumopuu Mockogckoeo mpaHcnopmHo2o

Hugxonaii IOpvesuu Anekcees
AO Cumponuxc, Mockea, Poccusi.

yana, 8 MempononumeHe u Ha Mockogckux ueHmparnbHbIx Oua-
mvempax (ML), 8 sa2oHax KOMOPbIX yCMaHO8/IEHO 02POMHOE
konusecmeo Wi-Fi poymepos, npu nodkmoyeHuu K Komopbim
MOXHO becnnamHo nonyyums docmyn 8 VIHmepHem, 3mo 3Hadu-
mesbHo pacwupurio 8bibopky Wi-Fi daHHbIX.

Llenbto aHHO20 UccrnedosaHust s8n15emces U3y4eHue 803MOX-
Hocmeli obpabomku Wi-Fi 0anHbIx, nonyyenHbix om Wi-Fi ckaHe-
po8, 8 kKa4ecmee UHCMpPyMeHma aHasnu3a Naccaxuponomokos.

Mo pesynomamam nposedéxHozo uccrnedogaHusi 6b110
onpedeneHo, Ymo e cpedHem 9o 40 % naccaxupos, Haxodauwuxcs
8 8azoHax Mempononumera u MLJ] Ha uccnedosagwux nUHUSX
noe3dok, ucnonb3ytom ekmoyéHHbIt Wi-Fi modynb 6 c80ém mo-
6unbHom ycmpoticmee.

Pesynbmamsi uccnedosarnus nodmeepdunu, ymo Wi-Fi
0OaHHble Mo2ym 6bImb UCNOMb308aHb| 8 KAYeCmee UHCMpyMeHma
0N aHasnu3a naccaxuponomoKos, HO 8 MO Xe 8PeMs 8bIABUNU
Heobxodumocmb codemams UX ¢ OpyeuMu UCMOYHUKaMU OaHHbIX,
amakxe CurbHyr 3asucumocms pesynbmamos obpabomku Wi-Fi
om mexHuyeckux xapakmepucmuk Wi-Fi ckaHepa u e2o pacnono-
JKeHUsi 8 mpaHcNopmHom cpedcmae npu nPogedeHUU 3amMepos.

B daHHoM Homepe nybniukyemcsi nepsasi Yacme cmambu.

Knroyesnie crioga: mparcnopm, 20podckoli 06uecmeeHHbIl mpaHenopm, Mempo, 20podckas XesnesHas dopoea, Naccaxuponomok,

aHanu3 danHbIx, Wi-Fi aHanumuka.

bnazodapHocmu: asmop 8bipaxaem UCKDEHHIOK NpU3HamesbHOCMb KaHoudamy eeoepachudeckux HayK, cmapuiemy HaydHoMy
compydHuky HayuoHanbHo20 uccrnedogamenbcko20 yHusepcumema «Bbicwas wkona skoHomukuy (HUY BLUS) Maeny Bnadumupoguyy
3103UHy 3a e20 HEOUEHUMYH NOMOWb NpU NposedeHuU uccedosaHus U Nod2omogke K nybnukayuu e2o pedysbmamos.

[ns uumuposarus: Anekcees H. fO. BibopoyHoe obcriedosaHue naccaxuponomoka memodom aHanu3sa Wi-Fi 0aHHbIX 8 MOCKOBCKOM
mparcnopmHom y3ne. Yacme 1// Mup mparscnopma. 2022. T. 20. Ne 3 (100). C. 75-82. DOI: https://doi.org/10.30932/1992-3252-2022-

20-3-9.

MonHbiii mekcm cmambu Ha aH2IUlICKOM si3bIKe ny6auKyemcsi 0 emopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

OnnuM 13 Hanboee BXKHBIX IEMEHTOB CO3-
JIaHHs1 COBPEMEHHOU TOPOACKON CPEIbI U MOBBIIIIE-
HUSI KauecTBa JKM3HM MPOXUBAIOIINX B TOPOJE
MockBe rpask/ia sSBJIsIeTCs TOPOJICKOH 00IIIEeCTBEH-
HbIH TpaHCcnoptT. M3 rozia B rof 3a CUET HEYKIIOHHO-
TO Pa3BUTHSI CHCTEMBI TOPOJICKOTO O0IIECTBEHHOTO
TPaHCIOPTa CTOMHIB " > 3, HHTErpaIuK B He€ HO-
BBIX O0BEKTOB TPAHCIOPTHOW HH()PACTPYKTYPHI,
OOHOBIIEHNUSI U BKJIFOUCHHUS] HOBBIX BUI0OB MOJBUK-
HOTO COCTABA, MOBBIICHNS NHTETPHPOBAHHOCTH €€
COCTABHBIX YacTeil IOIYIISPHOCTD OOIIECTBEHHOTO
TPaHCIIOPTa BO3PACTALT.

[Ipu sTOM 3HaUMTENBHAS 10N 00BEMOB TIEepe-
BO30K I1ACCAKUPOB MO-NPEKHEMY HPHXOIUTCS Ha
Mockosckuit MmerpononuteH. OCHOBBIBAsICH Ha
JIAHHBIX JENapTaMeHTa TpaHcropra . MOCKBBI,
B 2021 romy B cpeJiHEM TaCCaXKUPOIIOTOKE B pabo-
4yuil 1eHb HAa METPOIONUTEH MPUXOIUIOCh 56,7 %
(n3 HUX 0 4,135 % Kak Ha MOCKOBCKOE 1IEHTPaIIb-
Hoe kobIio (MLIK), Tak 1 Ha BosbInyto KOnbIieByt0
mmauio (BKJI), otkpriTyio B 2020 roxy), Ha Ha3eM-
Hbli TparcnopT —30,3 %, Ha JKeTe3HOTOPOKHBIN —
13 % (mpnuém u3 vHux 4,21 % — Ha MocKoBCcKue
nerTpansabie auameTpsl (MI)). 3naunTensHO
YITyUIIIINCE 10 cpaBHEHUIO ¢ 2020 romoM moka-
3aTeNN MacCaXuponoTokoB (Ha 37 %) u no 4yuciy
MePeBe3EHHBIX YHUKAJIbHBIX MACCAXUPOB (Ha
38 %), XOTsI OJTHOCTBIO TTOKA3aTEIIH 110 CPABHEHHUIO
¢ ponannemMuiineiM 2019 rogomM He BOCCTaHOBU-
JIUCh. VICKITFOUCHUEM SIBILSIIOTCS OBICTPO Pa3BUBAIO-
muecs nepeBosku mo MILJI, MIIK, kotopsie yxe
npeBbickIn ypoBenb 2019 roga’, u ecTh Bce 0CHO-
BAHMS 110J1araTh, YTO MOJNOKUTEIbHAS IUHAMUKA
MoKa3aTenel Mo BCceM BHJaM OOIIECTBEHHOTO
TPaHCIIOpPTa COXpaHHUTCA U yckopures B 2022 roxy,
a TaKkxke OyZeT MpeooneHo 00yCIOBICHHOE TaH-
JieMuel BpeMeHHOE N3MEHEHHE TPEH A B M3MEHe-
HHMH HapacTaBILIEro JI0 3TOr0 TPeH/a B COOTHOIIIE-

! Tlpesenrauus «TpancrnoprHsiii Kommiekc MockBbI».
[Onexrponnsrit pecypc]: https://report2010-2017.transport.
mos.ru/download/full-reports/ar_ru_annual-report_spreads.
pdf. loctyn 10.04.2022.

2 Urorn paGoThl TPAHCIOPTHOIO KOMINIEKCA ropoja

Mockasi ¢ 2010 roza. [TpesenTars. [DneKTpoHHbIH pecypc]:
https://transport.mos.ru/common/upload/public/prezentacii/
Ipesentauust_Wtoru_pabotsr_%2008 11 _19.pdf. Jloctyn
10.04.2022.

3 MHupekc pa3BUTHs TPAHCIOPTHOIO KOMILIEKCA: COIO-
CTaBIICHHE BEIYLINX POCCHUCKUX U 3apyOeIHBIX TOPOLOB.
IIpesentauus MI'Y Ha MOCKOBCKOM ypOaHHCTHYECKOM
¢dopyme 6-12 nronst 2017 roma. [DnexTpoHHEIH pecypc]:
https://transport.mos.ru/common/upload/docs/1499956207
PrezentatsiyaMGUv2.10.pdf. Toctyn 10.04.2022.

4 Hroru paGoTsl TPAHCIOPTHOTO KOMIUIEKCa MOCKBBI

B 2021 rogy u miansl Ha 2022 roxa. JlemaprameHT TpaHc-
nopta I. Mockssl. IIpesenTanus. [DOeKTpOHHBIH pe-
cypc]: https://transport.mos.ru/common/upload/public/
prezentacii/106/itogi-raboty-tk-2021-i-plany-na-2022.pdf.
Joctyn 10.04.2022.

®  Mup TpaHcnopTa. 2022

HHH JIOJIM OOIIECTBEHHOT'O U JITYHOTO TPAHCIIOPTa
(moxst oOmecTBenHoro Tpancnopra B 2019 roxy —
70 %, B 2020 romy — 60 %, B 2021 roxy — 62 %)*.

KoMdopTHOCT MepeBo30K B 0OIECTBEHHOM
TpaHcropTe 1 Ha MOCKOBCKOM MeTporoiuTeHe [ 1]
©XKEeToAHO yny4maercs. ClecTBHEM IIaHOMEPHO-
T'0 Pa3BUTHS OOIIECTBEHHOTO TpaHCcIIopTa MOCKBEI
1 pocTa KOM(POPTHOCTH TIOE3/I0K CTaJl POCT yIIO-
BJICTBOPEHHOCTH TTACCAXKMPOB KaK OOIIECTBEHHBIM
TpaHcnopToM B 1esoM (¢ 76 % 82019 roxy 10 89 %
B 2021 rony), Tak u paboToil MeTporoauTeHa (1o
nansbM oripoca COMET B 2021 rony MockoBckwuit
METPOIOJIUTEH BOMIEN 110 ITOMY OKa3aTeo
B TPOHWKY MHUPOBBIX JTHIECPOB)*.

VuutsiBast 00IIyI0 TEHIECHIUIO K POCTY MO-
MYJIIPHOCTH HCIIOJIB30BaHUS TOPOJCKOro odlie-
CTBEHHOTO TPAHCIIOPTA, @ B YACTHOCTH, MOCKOB-
ckoro 1 Cankr-ITeTepOyprekoro METpOIOINTEHOB,
B TOM YHCJIE B PA3JIMYHBIX ACHEKTaX, HAPUMeEp,
KaK TYpHCTHYECKOTO 00beKTa [2], 04eHb BaKHBIM
(bakTopoM SBISIETCS aHAIM3 MACCAKHUPOIIOTOKOB
JUI ONTUMHU3ALUN TPACCUPOBOK MapIIpyTOB
U YTOYHEHHS! HHTEPBAJIOB JIBHKEHHS TOPOICKOTO
00IIeCTBEHHOTO TpaHcmopTa (Hampumep, [3]).

Ha nannbiii MOMEHT /171 pacuéra maccaxupo-
TIOTOKOB HCTIOJB3YIOT KaK TPAIUIIMOHHbIE CHCTEMBI
cOopa JlaHHBIX (BU3yalbHbIC, aHKETHBIE, OUIIET-
HbIE), TAK U MIOCTPOCHHBIE HA OCHOBE 00PabOTKH
MAacCHBOB IH(POBBIX TAHHBIX, IOCTYNAIONINX OT
ABTOMATHU3MPOBAHHBIX CHCTEM KOHTPOIS TPOE3/ia
(Bammpmanum), MOHHTOPHHTA TTaCCaXUPOMIOTOKOB,
COTOBBIX OIEPATOPOB M Apyrue. B MupoBoi mpak-
THKE, TIOMHMO BBIIICYKa3aHHBIX HCTOYHUKOB, IO
KOTOPBIM BO3MOKEH YaCTHUYHBIA pacyéT maccaxu-
POTIOTOKOB, UCIOJB3YIOT Wi-Fi aHAUTHKY, OTIEIb-
HBIM acIieKTaM KOTOpOi OblIa, B YaCTHOCTH, I1O-
CcBsileHa myonuKarus [4].

B ropojickom 001IeCTBEHHOM TPaHCIIOPTE TO-
pona MOCKBBI, Ha €r0 OCTAHOBOYHBIX ITYHKTaX,
CTAHIUSIX METPONOJNTEHA U APYTHX MECTax
¢ 2016 roma BHexpsiercst OecrarHas ceth Wi-Fi
nox HazBanueMm «MT FREE»®. VBennuenue xomnu-
gecTBa OectuiaTHEIX Touek cet Wi-Fi B ropomckom
00IIECTBEHHOM TpPaHCIOpTe ropona MOCKBHI 110
OTIPE/ICNICHHIO YBEIMUNBACT ayIUTOPHUIO TOTCHIIN-
QIIBHBIX N1aCCAKUPOB, KOTOPBIE TTOJIB3YIOTCS TaHHOH
OecrutaTHO# ceTblo. COOTBETCTBEHHO, C YBEIIHYE-
HHEM YHCIIa TTACCAKHUPOB, MOB3YIOLIMXCS OecIuIar-
Hoii ceTbto Wi-Fi, yBennunBaeTcs OTOK Moityyae-
MbIX Wi-Fi JaHHBIX, KOTOpbIE MOKHO HCTIONB30BaTh
I71s aHaIM3a NacCaXUPOINIOTOKOB, C 331eHCTBOBA-
HHeM coBpeMeHHbIX Wi-Fi ckaHepoB 1 aJlropuTMoB
00padotkn Wi-Fi JaHHbBIX.

> B MeTpo 1 Ha3eMHOM TPAHCIIOPTE TEIEPh JOCTYITHA SAUHAS
cetb Wi-Fi. CaiiTt MOCKOBCKOTO TpaHCHOPTA. [ DIEKTPOHHBIH
pecypc]: https://transport.mos.ru/mostrans/all_news/14254.
Joctym 10.04.2022.
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L]enb pabOTBI — M3YYHUTH U TIPOAHATU3UPOBATH
Mmeton coopa u 0opadboTku Wi-Fi maHHBIX Kak nH-
CTpYMEHTa JUIsl aHAIIM3a MacCaKUPOIIOTOKA.

OOBEKTOM HCCIIET0BAHUS SBIAIOTCS MACCAKHU-
ponoToku B MOCKOBCKOM TPAHCIIOPTHOM Y3II€.

[Ipenmer uccnenoBaHus — CBOWCTBA NMACCAKU-
POTOTOKOB Ha UCCIIEyEMBIX MAPIIPYTaX.

3adauu WccnenoBaHUs BKIKOYAIH H3y4YCHHE
CYIIECTBYIOIINX MeTonoB oOpadotku Wi-Fi nan-
HBIX; cOop n aHanm3 Wi-Fi nannbix B MOCKOBCKOM
TPaHCIIOPTHOM Y3JI€ B yTPEHHHUI{ 4ac UK C CHOJIb-
3oBanueM Wi-Fi ckaHepa Ha BRIOpaHHBIX MapIIpy-
Tax; CO3JaHHe AITOPUTMA aHAIM3a U 00pabOTKH
Wi-Fi naHHBIX, MOTyY4aeMbIX C THHAMHUYECCKOTO
Wi-Fi ckanepa; mojyueHue JaHHBIX O KOJIHYe-
CTBEHHBIX XapaKTEPUCTUKAX MACCAKHUPOIOTOKOB:
CpejiHeil IabHOCTH MOEe3/[0K MaCCaKUPOB, CPE/l-
HEM BPEMEHH IyTH MacCaXKHUPOB.

CTpYyKTypHO CTaThsl IPEAIIOIATaCT TPH YaCTH,
TIepBast U3 KOTOPBIX MOCBSAIICHA H3YYEHHIO METO/IOB
pacuéra maccaxMporoTOKOB ¥ MHPOBOTO OIIBITA
B oOiactu Wi-Fi aHaIuTHKH, BTOpas — METO/IONIO-
ruu cOopa JaHHbIX, aropuT™y Jutst ananusza Wi-Fi
JIaHHBIX, TPEThsl — HEIOCPEACTBEHHBIM PE3yJIbTaTaM
UCCIICI0BAHMSI.

PE3YNbTATbI
MeToabl HCCIEI0BAHNS 1ACCAKUPONIOTOKOB

HccnenoBanus B 001acT! MacCaXUPOIOTOKOB
SBISTIOTCSI HanOOJIee BaXKHBIM HJIEMEHTOM aHaJN3a
U TUTAHUPOBAHUS JIEATEIbHOCTH TPAHCIIOPTHOM
CHCTEMBI JTF000 KPYITHOH arimoMeparii, Tak KaK
HanpsAMyIO CBS3aHBI C IIaraMy 10 YJITy4YIICHHUIO
KOM(OPTHOCTH HEPEMEIICHHS MTACCAKUPOB U CKO-
POCTHU UX MEPEMENIECHHS.

B MockBe pocT naccaxupornoroka 1aér 60ib-
LIyI0 Harpy3Ky Ha BCIO BHYTPUIOPOJCKYIO TPaHC-
MOPTHYIO CETh, B IIEJIOM Ha BeCh MOCKOBCKHIA
TPAHCIIOPTHBINA y3€N M ero mepecagoyHble Y3Ibl.
ComnyTCTBYIOIMM 3arpyKEHHOCTH TPAHCIOPTHON
CETH TOPOJIa PUCKOM SBIISIETCS! yBEIIMUCHHE BpeMe-
HU OKHJIAHWSA U CaMOH MOE3/IKH MacCa)xXupos.
VYenoBueM MiIaHUPOBaHUS MEPONPHUITUHN IO €ro
HEHTpaIM3aliy 4epe3 ONTUMHU3ALNIO TPAHCIOPT-
HOH HHGPACTPYKTYPHI U MAPIIPYTHBIX CETEH cTa-
HOBHTCSI OUCHb TIIATENBbHBIA aHAIN3 TPAHCIOPT-
HBIX TOTOKOB M TTaCCAKHUPOIOTOKOB.

Cucremaryzaryst CyIeCTBYIOIMX METOJIOB cO0-
pa CBEIEHMI M aHaNu3a MacCaKUPONOTOKOB Kak
B MHUPOBOI NpakTuKe, Tak 1 B Poccuiickoit @enepa-
LU MOXET MO3BOJIUTh OTBETUThH HA CIIELYIOIIHE
BOIIPOCHI: «KAKOH MHCTPYMEHT cOopa U aHaIu3a
JIAHHBIX O TACCaKUPOIOTOKAX SIBIIAETCS HauOomee
TOYHBIM?», «KaKOBBI IIPEUMYIIIECTBA U HEIOCTATKH
TOTO WJIM MHOTO METOJa cOOpa JAHHBIX O MACCAKH-
POTIOTOKE?», «CYIIECTBYET JIM MHOE PEIICHHE IO
cOopy 1 00pabOTKe JaHHBIX O MACCAKUPOIIOTOKAX 7.
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[Tox TepMUHOM «nAccaxXcuponomory noapasy-
MEBAeTCsl MIOHSTHE, CBS3aHHOE C TepeMeIleHIEM
MaccaKMpPOB, KOTOPOE BbIpaXkaeTcsi B 00bEMe Tie-
PEBE3EHHBIX MACCAXKUPOB HA JIF0OOM BHE 00IIe-
CTBEHHOTO TPAHCIOPTa (HA3eMHOI0, MOI3EMHOI0
U JIPyruX) WK WHIUBHAYAIbHOM TPAHCIIOPTE 32
e/IMHHUILY BPEMEHH.

B cimydae maHHOTO MCCIENOBaHWS OTPaHHYH-
TEITBHBIM YCIIOBHEM SIBIISICTCS PACCMOTPEHHUE TTac-
CaKMPOMOTOKOB HA OOIMIECTBEHHOM T'OPOICKOM
TpaHcnopTe ropoaa MoCKBBI.

Ha nannbiit MOMEHT /11 pacuéra maccaxupo-
notoka B MOCKOBCKO# arsioMepaniy MOryT ObITh
UCIIOJIb30BAHbI YKE CYIIECTBYIONINE TPAJUIIHOH-
HbIE METOJIbI cOOpa 1 aHaJN3a JAHHBIX, TAKUE KaK:

* BusyansHbIi MeTOA (T71a30MEepHBIN METON).

* AHKETHBII METOJ (OTIPOCHBIA METON).

* brneTHbIi MeTON (TATOHHBIA METON).

* ABTOMAaTH3UPOBAHHbIE CHCTEMBI MOHUTOPHH-
ra naccaxupornorokos (ACMIIIT).

* ABTOMATHU3UPOBAHHBIC CHCTEMBI KOHTPOJIS
npoesnaa (ACKII), Bamunanus.

* Jlanusle coToBbIX onepatopos (GSM).

* CucreMa BHICOHAOIIONCHNSL.

B crarbe [5] moapoOHO OMUCaHBI pa3inYHbIC
METO/IbI cOOpa U 00pabOTKH JAHHBIX IS TIOACUE-
Ta TMAaCcCaXKMPOIOTOKA M CYIIECTBYIOIINE MPOO-
JIeMbl, BbISIBJIEHHBIE J[enapTaMeHToM TpaHcmopTa
ropoja.

Bwmecte ¢ Tem 1ienecoo0pa3Ho aaTh KPaTKyro
XapaKkTepPUCTUKY HaUOOIIee pacpoCTPaHEHHBIX U3
TaKHX METOJIOB.

Heasmomamu3zuposannvle memoosl
Buszyanenuii (2nazomeprulil) u mabauynolil
(HamypHblil) Memoo

JlanHbIil BUA moacuéTa maccaxuporoToka xa-
PaKTEPHU3yEeTCs BU3YaIbHbIM PACYETOM KOJIMYECTBA
MAacCaXUPOB, BOIIC/IIAX U BBIMICANINX U3 00IIe-
CTBEHHOTO TpaHcropta®. s monyvYeHust pe3yiib-
TaTa MCTONb3YIOT OAIUTBHYIO IIKaITy. 3a1a4eid JiuIa,
MPOBOISIETO BU3yalIbHOE HAOMIONICHUE, SBJISETCS
OILIEHUTh «Ha TJa3» KOJIMYECTBO MacCaxKHupOB
B TPAHCIIOPTHOM CPEJICTBE M BHICTABUTH COOTBET-
CTBYIOIIHI OaJIT.

OT4acTH €ro pa3HOBUIHOCTEHIO SBISETCS Tab-
JINYHBIHA (HATYPHBII) METOJI, IPH KOTOPOM HAaOIIH0-
JICHUSI MOTYT MPOM3BOJAUTHCS KOHTPONIEPAMH, KOH-
JIYKTOpaMH, BOJUTEISIMA TPAHCIIOPTHBIX CPEJICTB
U JIPYyTUMH JIMIAMHE, HAXOJISIIUMHCS BHYTPHU TPAHC-
MOPTHBIX cpeAcTB. [Ipu TabauYHOM (HATYPHOM)

¢ PomwmH A. 1., Axonos @. B., XKykoB A. 1. Metoanueckue
YKa3aHus K Ja00paTopHbIM padoTam st TIOATOTOBKH CTY-
JICHTOB IO JUCIUILTHHE « MeToIbI 00CIeI0BaHHS TPAHCIOPT-
HBIX TporieccoBy. MAJIN. — 2015. — 35 c. [DnekTpoHHbIi
pecypc]: https:/lib.madi.ru/fel/fel1/fel l6M435.pdf. loctyn
10.04.2022.
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coOuparorcst Oosiee JeTajbHble CBEICHHS ITyTEM
1ozIcu€Ta BXOISIMX M BBIXO/SIINX HA OTACIBHBIX
OCTaHOBKaX MacCa)XUPOB, X KATEropuii 1 T.1.

Bo mHorux ropoznax Poccuu yTBep:kaeHbI Me-
TOJMKH €TO NCHOIb30BAHMS JUISI OL[CHKHU H TIPOTHO-
3HPOBAHMS TACCAKUPOIIOTOKOB (Harpumep, 7, ®).

B pesynbrare nCronb30BaHUS BH3YalbHOTO
Metona [6] yaanock paccanuTaTh TaKHe TTOKa3aTelH,
KakK cpe/iHee HaroJHEHNE TOPOJICKOTO 00IIECTBeH-
HOTO TpaHcnopra, Ko3(pQUIHEHT HepaBHOMEPHO-
CTH, K09 PHUIMEHT NCTIONIb30BaHNS BMECTUMOCTH,
CpejiHee paccTOSHUE MOE3NKH Haccaxupa B obe
CTOPOHBI MapIIpyTa.

Ipeumywecmea: Henoporoi crocod nojpcuéra
MacCaKMPOMOTOKA, KOTOPBII MOKET OBITH paccuu-
TaH JISUCTBYIOLINMH COTPYIHUKAMH, TIEPEMEIIato-
IMMHCS HAa KOHKPETHOM OOIIECTBEHHOM TpaHC-
TOpTEe, TAKUMH KaK KOHTPOJIEP, KOHAYKTOP MIIH
BOJIUTEI.

Hedocmamxu: pa3oBOCTb MCIIOIb30BAHUS,
OTCYTCTBHE BO3MO’KHOCTHU CHCTEMAaTH3aINK cOopa
JIAHHBIX, 3aBUCHMOCTB OT OOJIBIIOTO KOJIMYECTBA
YEJIOBEUECKUX PECYPCOB.

Anxemmuvil (onpocHulii) memoo

JlaHHBIA MeTOJ MOIpa3syMeBaeT OMpocC macca-
JKHUPOB (COBEPIIAIOIINX MOE3/KY MM HOTCHIHATb-
HbIX) MyTEM 3aIlOJHEHHUS aHKeThI (COOpa OTBETOB)
HEIOCPEeICTBEHHO Ha YIMYHO-10POKHOMN CETH UITH
B ceTu VHTepHeT. Bonpockl MOTYT KacaTbCst Leau
MOE31KH MacCaXupa, HANPABICHUA U BPEMCHH
roe3akn. OTBETHI Ha 33/1aBaEMble BOIPOCH! MOTYT
OBITH IPUMEHEHBI M MCTIOIB30BAHBI IS PEIICHHS
po0IieM, CBS3aHHBIX C MEPCHEKTUBOH Pa3BUTHS
TPAHCIOPTHOI CETH KaK LI€I0r0 TOpoja, Tak U OT-
JIeTbHOTO MUKpOpaioHa.

3TOT METO] TAKIKE IIMPOKO UCTIONB3YETCA B IIPaK-
THKE a/IMHUHHCTPATHBHBIX OPI'aHOB TOPOJIOB U CYyOb-
extoB Poccuiickoit denepannu. HanonusemocTs
AHKEThI 3aBUCHUT OT IIeJIH, TIOCTABICHHOM Tepe] uc-
CIIeZI0BATENEM, B TOM UHCJIE PECTABUTENEM TPaHC-
TOPTHOM AMPEKLMH TOpOia WM TOPOZICKOM arome-
panmu. Pe3ymbTar aHKETHOTO METOAA 3aBHCHT OT
YeJIOBEYECKOro (pakrtopa M 00bEMa MOCTABICHHBIX

7 IlocraHoBIeHHE A IMHHHUCTPALH AHIAPCKOTO FOPOACKOTO
okpyra lpkyrckoit oomactu ot 06.12.2016 . Ne 2697-11a «O6
yTBepxkeHuu [lopsiaka nposeaeHus o0CIeJ0BaHUs racca-
JKUPOIIOTOKOB Ha PETYJSIPHBIX TOPOJCKHX M MPHTOPOHBIX
MapIIpyTax aBTOMOOHIIBHOTO M HA3EMHOTO JIEKTPUYECKOT0
00IIECTBEHHOTO [TACCAKUPCKOTO TPAHCIIOPTA HA TEPPUTOPHU
AHrapcKoro ropoJICKoro oKpyray. [D1ekTpoHHbIi pecypc]:
https://angarsk-adm.ru/upload/iblock/5¢4/2697 pa-poryad-
obsled-passazhiropot.doc. octym 10.04.2022.

§ Tlpuka3 [lemapraMeHTa HPOMBIIIICHHOCTH, TPAHCIIOPTA
u cBsi3u bpsiackoit o6mactu ot 17.10.2016 . Ne 175-I1 «O6
YTBEPKACHHH MOPSIIKA U3YYCHUS ITaCCaKHPOIOTOKAY.
Ilpunoxenne 1. [DnexkrponHuslii pecypce]: https://base.
garant.ru/42574462/53£89421bbdaf741eb2d1ecc4ddb4c33/.
Joctyn 10.04.2022.
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BOIIPOCOB, a TAKKE B OOJIBIIOH Mepe 0T (paKTUYECKH
TIOJTYYEHHBIX OT MACCAKUPOB JIAHHBIX.

ITpu moMoIy JaHHOTO METOA BO3MOKEH TaK-
e pacuéT B OTHOLUEHUM TPAHCIIOPTHOU CETU OT-
JETbHOTO MUKPOpaiOHa B CIydae NMPOBEICHHS
ornpoca ero xxureneil. [lomyyeHHbIE JaHHBIE MOTYT
OBITH I0CTATOYHO JAOCTOBEPHBI, TAK KaK KUTEIN
KOHKPETHOTO MHKpOpaioHa 3aHHTEPECOBAHEI
B YIy4LIEHWH TPAHCHOPTHOW JOCTYHMHOCTH OJH-
KaWlIero TPaHCHOPTHO-TIEPECaTOIHOTO y3JIa
(TITY), TpaHCIIOPTHOTO COOOIICHNUS, OCOOCHHO
C MECTOM paboThl 110 pabounM JHSIM, ¥ HUMEHHO
OHHM 00J13/1a10T OOLINPHON peabHON HH(OpMaIH-
€l 0 TPaHCTIOPTHOM CUTyalluK MUKpopaiiona [7].

IIpeumyuecmea: BOZMOKHOCTb MOIYUUTh
PACIINPEHHYI0 HHPOPMALMIO OT IAaCCaXKUPOB,
a TaxoKe 00paTHYIO CBA3b OT IOTEHINAIBHBIX T1ac-
CaXXNPOB KOHKPETHOTO MUKPOPaHOHA TOpoJia.

Hedocmamxu: OTCYyTCTBHE BO3MOXXHOCTH pac-
4€Ta MacCaKUPOINOTOKA, MOMYYCHHE TOJIBKO Ya-
CTHUYHBIX JIAHHBIX 00 OIICHKE MOJIb30BaHMS 001IIe-
CTBEHHBIM TPAHCIIOPTOM, HEBO3MOKHOCTH BBISIBUTD
MapHIPYThI IEPEMEIIECHHUS YePe3 MPOMEKYTOUHBIE
octaHoBku u TIIV.

Bunemuviii (manonnwiit) memoo

JIaHHBII METOJT 3aKITFOUACTCS B MOJCYETE KOJTH-
YeCTBA POJAHHBIX OMJICTOB B KOHKPETHOM TpPaHC-
HIOPTHOM CpeicTBe. [l yiydiIeHus pe3yabTaTiB-
HOCTH IIPUMEHEHH ITOTyYEeHHBIX TAHHBIX METOZIOM
TIOKa3aTeNel, KaKk IPaBHIIo, HCIIONB3YIOT CIIE/YIO-
IIYI0 cXeMy paOOThl: OAUWH y4aCTHUK MOACYETA
TIaCCAXKUPOIIOTOKA HAXOAUTCS y BXOAHOH ABEpH
00IeCTBEHHOTO TpaHcnopTa, Gukcupys Bpems
1 MecTo (OCTaHOBKY OOIIIECTBEHHOTO TPAHCIIOPTA)
BXOJIa TTacCaknpa, W BHINAET TalloH, Jnbo Omier
JIAHHOMY TaCCa)kKUpy, a BTOPOH y4aCTHHK TTO/ICUETa
3abMpaer JaHHbIE TAIOHBI 00 OWJIETHI, PUKCHPYSI
BpEMs M MECTO BbIX0/1a raccaxupa. Takum oOpazom
B pe3y/bTaTe MOKET ObITh PacCUMTaHa B3aHMHAs
KOPPECIIOHACHIHUS, KOTOpask MO3BOJUT IONYYHTh
IaHHBIE O BXOZIE M BBIXOIE M3 OOIIECTBEHHOTO
TPAHCIIOPTa KOHKPETHBIX TaccaxupoB. JlaHHas
MH(OpPMALIHS 0YeHb BaXKHA IS IUTAHUPOBAHUS KO-
JINYECTBA BBIXOAIIMX B PEiC €AMHMI OOIIECTBEH-
HOTO TPAHCIIOPTA W BO3MOKHOCTH BBE/ICHHS OCTa-
HOBOK I10 TPEOOBAHMIO, YTO MO3BOJIUT YBEIHYHUTD
CKOPOCTh MEPeMEIIEeHNUs TPAHCIIOPTHBIX CPE/ICTB
U B UTOT€ COKPATHTh BPEMsI TTOE3/KH TTACCAKHPOB.

[1pu 5TOM nauHbIi MeToq (B popme yuéra Ou-
JICTOB) HE MPUMEHAM K MOCKBE U psy APYTHX
TOPOJIOB, I1e OTCYTCTBYeT Ipojaxka OMIeTOB Ha
1poe3]] B 00IIECTBEHHOM TPAHCIIOPTE B OyMa)KHOM
BHJIC HJIM CYLIECTBYET OOJIBIIOE YHCIIO MACCAKH-
POB, HE UCIIONB3YIOMINX Pa30Bble OUICTHI.

Ipeumywecmea: He TpeOyeT CreMUANIBHON
TIOJITOTOBKH JIJIsI TTOZICUETA.
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Hedocmamxu: oTCyTCTBUE BO3MOXKHOCTH pac-
4&Ta 1acCaKUPOB C JILIOTHBIM [POE3I0M, HEIIPUMe-
HHM IIPH OTCYTCTBUM OyMaXHBIX OUIIETOB, TpeOyeT
OOIBIIOE KOMHYECTBO YEIOBEYECKHX PECYPCOB.

Bece BbllIeyKa3aHHbIE METOIBI ITOZICUETA TTACCA-
KHPOB SBISAIOTCSA HE aBTOMATH3MPOBAHHBIMH,
TpeOyIOmMMH 3aIeHCTBOBAHNUS OOIIBIIIOTO KOJTMYE-
CTBA YEJIOBEYECKUX PECYPCOB, HEJOCTATOYHO MH-
(opMaTHBHBI, CONPSIKEHBI € MOTEHIMATBHO 00T~
IIUMH TIOTPEIIHOCTSAMH, YTO JIeJIaeT UX B COBpeE-
MEHHBIX YCIIOBHSX YCTaPEBIINMH.

bornee Toro, nonmyueHHbIE TAaHHBIMU METOIAMH
PE3YJIBTATHI SIBISIIOTCS PA30BBIMH, HE CHCTEMHBIMH,
HE [O3BOJISIOT IPOBOJUTH NPOTHKEHHBIE BO Bpe-
MEHH 3aMephlL.

VYunTeiBasi 00nbiiy10 3pHEeKTHBHOCTD HCTIONb-
30BaHUSI COBPEMEHHBIX TEXHOJIOTHH, JaHHBIE Me-
TOZBI MOTYT OBITH HCIIOJIb30BAHBI B YACTHBIX CITY-
qasx, 100 B HEOONBIINX TOPO/AX, B KOTOPBIX OT-
CYTCTBYET BO3MOXHOCTb MCIOJIb30BaHHs aBTOMa-
TH3UPOBAHHBIX CHCTEM H3-3a OTCYTCTBUS
(uHaHCHpOBaHHUs, TMO0 OTCYTCTBHS HEOOXOIMMO-
CTH MX BHEJIPEHHS 1O IIPUYMHE HU3KOW HHTEHCHB-
HOCTH TPaHCIIOPTHBIX ITOTOKOB.

Aemomamu3zuposantvle Menoovl

PacmipocTpaHeHue MONy4YHiId aBTOMATH3UPO-
BaHHBIE CUCTEMBbI, KOTOPBIE HE TPEOYIOT HaX0XK/1e-
HHSI OCYIIECTBIISIIOIIETO 3aMephbl YeJI0BeKa Hero-
CPEICTBEHHO B OOIECTBEHHOM TPAHCIIOPTE JIHOO0
Ha OCTaHOBKE.

Asmomamuzuposannvle cucmemvbl MOHUMOPUH2A
RACCANCUpOnOnoKo8 Ha 20POOCKOM
naccaxcupckom mpancnopme (ACM-I111)

Takune cucTeMbl MOMYYHIIN TOCTaTOYHO MIUPO-
KO€ pacrpocTpaHeHue Ha Tepputopuu Poccuiickoit
Deneparyn.

B unciie nepBbIX JaHHYIO TEXHOJIOTUIO CTAJIO0
BHEZIPATh HAy4HO-IIPOM3BOJCTBEHHOE MPEAIPHS-
tre « TpaHcHaBHTAIHA»®. YCIOBHEM MPUMCHEHHUSI
SBIIICTCS OCHAIIIEHHUE TTO/IBHKHOTO COCTaBa F'OPOJI-
CKOT0 00IIECTBEHHOTO TPAHCHOPTA CIIEIHATbHBIM
00opymoBaHNEM, BKIIOUAIONTNM HH(paKpacHbIe
JATYMKH, HABUTallMOHHO-CBsA3HBIE 00Kku ¢ GSM
u GPS/TJTIOHACC anTeHHaMH.

CyTb peann3aniy TEXHOJOTHHU 3aKII0YaeTcs
B pa3MEIICHNH Haj JJBEPHBIMU NPOEMaMU TOPOJI-
CKOT0 OOILIECTBEHHOT0 TpaHcHopTa (B YaCTHOCTH,
aBTOOYCOB, TPOJLIEHOYCOB, TpaMBaeB) HH(paKpac-
HBIX JIJaTYMKOB, (PUKCUPYIOMIUX BXOJ M BBIXOJ
[acCaKUPOB, BKJIIOUAs BPeMsl M MeCTO. TakuMm

° ABTOMaTH3MPOBaHHAs CHCTEMa MOHHTOPHHIA Macca-

JKHPOIIOTOKOB Ha TOPOJICKOM MAacCaXUPCKOM TPAHCIIOPTE
(ACM-III). Caiit HIIIT « TpancHaBuramms». [ DneKTpOHHBINA
pecypc]: http://www.transnavi.ru/projects/asmpp/about/
about.php. Toctyn 10.04.2022.
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00pa3oM B pe3ylbTare COOMPAIOTCS JIaHHbIE O KO-
JIMYECTBE BOLISIINX M BBIIIEIIINX TACCAKUPOB
B KOHKPETHOM TPAHCTIOPTHOM CpeNICTBE [4, €. 56—
57].

IIpeumyujecmea: cucreMa, He TpeOyeT HCIIONb-
30BaHUs YEJIOBEYECKUX PECYPCOB B TPAHCIIOPTHBIX
CpEJICTBaX B IPOLECCE IKCIUTyaTaLHH.

Hedocmamiu: pUHAHCOBBIE 3aTPATHI HA BHE-
pEHHE CHCTEMBI, TIOTPEITHOCTH CHCTEMBI, CIIOX-
HocTb cuHXpoHu3armHu cuctembl ¢ GPS/TJIOHACC
MOJIYJISIMH.

Asmomamuzuposannas cucmema KOHMPOIs
npoesoa (ACKII), sanudayus

Ha nannsnii moment ACKII, mo MHEHHIO aBTO-
pa, BXOAUT B YUCJIO Hauboiee TOYHBIX METOJOB
c6opa TaHHBIX O ITACCAXKUPOIIOTOKE KaK HA TePPH-
topuun Poccuiickoit denepanuy, Tak U B MUpPE
Cpeay NOMy4YHBIINX MacCOBOE PAacIpOCTPaHEHHE.

B Poccun BriepBhie TaHHAS TEXHOJOTHS ObLIa
BHEZIpeHa Ha TeppuToprn MOCKOBCKOH arnoMepa-
uu B 2001 rogy Ha TeppUTOpUM 3€IEHOTPATCKOro
A/IMHHUCTPATHBHOTO OKPYTa Ha aBTOOYCHBIX MapIil-
pyTax'’.

OcnogHoti 3amaueit ACKII aBnsercs mpoBepka
MPOE3/HBIX JOKYMEHTOB M OIUIaThl mpoe3za. Jlnsa
BHenpenust ACKII tpebyercst ycTaHOBKa Bayaa-
TOPOB B TOPOJICKOH OOIICCTBEHHBIH TPAHCIIOPT.
JlaHHast TEXHONOT U I0CTATOYHO IIPOCTA B UCIIONb-
30BaHMU: JUIS OMyUEHHS TAaHHBIX HAaCCAKUPY J0-
CTaTOYHO TPUIJIOKUTH TTPOE3THON JOKYMEHT K Ba-
JIM/IaTOPY, KOTOPBIN CUNTHIBACT JJAHHBIE C TIPOE3/I-
HOTO JIOKyMEHTa M (pUKCcHpyeT oriary. MoMeHT
TIPHUKJIaJbIBAHMS IPOE3IHOTO JOKYMEHTA 1 Oyner
SIBJIATHCS (pUKcaImei maccaxupa [4, c. 56; §].

Ipeumywecmeom NaHHOW CUCTEMBI SIBISETCS
TOYHOCTH MOJTYYESHHBIX JIAHHBIX.

Hedocmamiu: BO3MOXKHasI TIOTPELTHOCTD B CITy-
Yae OTCYTCTBUSI IPUHYAUTENBHOTO IPUKJIA IbIBAHHUS
Ouiera K BaIuIaTopy, CTOMMOCTD BHEAPECHHUS.

B ob6uiectBeHHOM TpaHcnopre MocCKOBCKO#M
aryToMepanun npenMyectseHHo BHeApeHa ACKIT
TOJIBKO TTPH BXOJIE TTACCaXMpa B aBTOOYC, TPOIIIEH-
0Oyc, TpamBaii 1 MeTpo. Takum 0Opa3omM, HemOCTaT-
koM ACKII siBsieTcst OTCYTCTBHE JaHHBIX O MeCTe
BBIX0JIa TTACCAXKUPA, YTO CYIIECTBEHHO BIMSET Ha
pacuér maccaxxupornoToka.

Emé omHuM HEZOCTaTKOM CHUCTEMBI SBIISETCS
1o, uTo BHepeHue ACKII yacto conpoBoxknaercs
YCTaHOBKOM TYpPHHKETOB. YCTaHOBKA TYPHHKETOB
MOJKET CYIIECTBEHHO YBEINYNBATh BPeMs IOCATKU
MaccaKMPOB U COOTBETCTBEHHO, BPeMs ITyTH Iac-

10B crommiie BBOAUTCS ABTOMATH3HPOBAHHAS CHCTEMA KOHT-
POJIsl Ha TOPOJICKOM HA36MHOM TPaHCIOPTE. [ DIEKTPOHHBIH
pecypc]: https://duma.mos.ru/ru/34/news/novosti/v-stolitse-
vvoditsya-avtomatizirovannaya-sistema-kontrolya-na-
gorodskom-nazemnom-transporte. Joctyn 10.04.2022.
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CaXUPOB. YUUTBIBASI, YTO TYPHUKET YCTAHABIINBA-
eTcs B IepejHel IBepH aBToOyca M TYpHUKET
cpabaThIBaeT TOJNBKO [P OILIATE POE3/Ia, B Cllydae
HepabOTaIoIIEro POe3JHOT0 JOKYMEHTa Y IOTeH-
[IAJBHOTO ITaCCaKUPa YBEIHMYHBACTCS BPEMS
OXHUJaHHSA M BpeMs IIyTH cliefoBaHus. laHHas
npobiieMa HMeeT OrpOMHOE 3HAYCHHE B yTPCHHHE
1 BEUEPHHE Yachl MUK TS MACCAKHUPOB, TIepeMe-
IIAFOIIMXCS €XKEJHEBHO B paboune THHU C MecTa
MPOKUBAHMA 10 ONMKalIiell CTaHIHU METPO
u 00OpaTHo.

B MockoBckoii armoMepanyy B ropoacKkoM
Ha3eMHOM OOIIECTBEHHOM TPAHCIIOPTE C HeJ[aBHE-
r0 BpeMeHH peleHusMu JlenapramMeHTa TpaHc-
IIOPTa ¥ Pa3BUTHUA AOPOKHO-TPAHCIIOPTHON HH(-
pactpykrypsl 1 I'VII «MocropTpaHcy TypHUKETHI
OTKJIIOYEHBI, OIlIaTa MPoe3ia MPOU3BOAUTCS Mac-
CaXHPOM C WCIIOJb30BaHNEM BamumaTopa ' 12,
JlaHHOE pelIeHHe TTI03BOIMIIO CYIIECTBEHHO YCKO-
PUTH BpeMs OCAJIKH M BBICAIKH TTACCAXHUPOB HA
Ha3eMHOM TOpOJICKOM TpaHcnopre. Panee, 1o ot-
KJIIOUCHUs TYPHHUKETOB, HCCIIEIOBATENb Ha COO-
CTBEHHOM IpHMepe Ha0JTIoa JTaHHYIO Ipo0Iiemy,
Harpumep, Ha aBTo0ycHoM Mapuipyte Ne 906 I'YII
«MocroprpaHcy.

Haunwie comosuvix onepamopos (GSM)

JlaHHbIE COTOBBIX OIEPATOPOB TOXKE UCHIOIb3Y-
10TCS sl pacuéra maccaxuponorokos [4, C. 57].
Cratbs [9] packpbiBaeT BOZMOXXHOCTH HCTIONB30-
BaHUS TaHHBIX COTOBBIX omeparopoB GSM, omu-
ChIBaET Tpolecc cOopa JaHHBIX O MEPEeMEIIEeHUH
MISITHCOT THICSY MOJb30BaTeNeH, NCHOMb3YIOMINX
MOOMIIBHYIO CBSI3b, Pa3pabOTKy MOJIEIH JUIS H3Me-
HEHUsI MapuIpyTOB TOPOJCKOTr0 OOMIECTBEHHOTO
TpaHcropra. Moyiesns Obula NCHOIb30BaHa U MPO-
TECTHPOBaHA B ropoae AOMKaH — KpyIHEHIIeM
ropoze Kor-n1’HByap (4MCIEHHOCTh HAcEIEHHS
cocTaBJIsiia 3,8 MUJIHOHA YEJIOBEK 110 JaHHBIM Ha
2013 r.). /lanHble ObLIH MOYYEHBI OT KpyIHE#i1Ie-
IO omeparopa MOOWIBHOH CBS3H 3a IEPHOJ C Jie-
kabps 2011 1. mo anpens 2012 1. Bee ncnonb3oBan-
HBIE JaHHBIC OBIIM OYMINEHBI OT MEPCOHATBHOH
NACHTU(UKALMHN, YTO SBISCTCS OYCHb BAXKHBIM
9JIEMEHTOM COXPaHEHUS! KOH(HACHINATEHOCTH.
ABTOpBI CTaThH MPEIIOKHUIN ONTHMH3HPOBATH
MIECTHJECAT MATh CYIIECTBYIOIIMX MapIIpyTOB
W CO31aTh TPH HOBBIX MapIipyTa TOPOJCKOro 00-
IIECTBEHHOTO TpaHcnopTa. Takke aBTOPhI yKazaun

' Banuaarop MpOTHB TYPHUKETA: MACCAKUPBI IKOHOMSIT 10
20 MUHYT, OIUTa4MBast Ipoe3/ B caione. OdHIHaIbHbIi cCalT
M3pa MOCKBEL. [ DnekTpoHHbIi pecype]: https://www.mos.ru/
news/item/38508073. Toctyn 10.04.2022.

12C 1 cenrsi6ps 2018 roma OGecTypHHKETHAS CHCTEMa

OIUIATHI MPOE3/1a BBEACHA HA BCEX MapIIPyTaX Ha3eMHOIO
Tpancopra MoCKBBI — BX0J BO Bce aBepu. OduuuanbHbIi
caiir I'VII «Mocroprpanc». [DneKTpoHHbIH pecypc]:
https://www.mosgortrans.ru/alldoors. Joctyn 10.04.2022.
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Ha CHIJKeHHe BpeMeHu oxuianus Ha 10 % B mac-
CaXNUPO-MHUHYTaX.

OCHOBHOI 0COOEHHOCTBIO TAHHOM MOJIEIH, Ha
B3IJIsI]] aBTOPA, SIBIISIETCS] BOSMOXKHOCTH ONTHMH32-
I[UM CYIIECTBYIOIINX MapIIPyTHBIX CETEH uIs
HOBBIX MUKpPOPaHOHOB ropoja.

B crarbe [10] aBTOpHI Mpe/sIaratoT UCIob30BaTh
JIaHHBIE COTOBBIX OIEPATOPOB UL MOACYETA T1acca-
JKUPOIIOTOKOB Ha BXOJIE M BBIXOJIE M3 METPOIIOJIH-
TeHa. ABTOPBI OITMCBIBAIOT MaTPHUILLy KOPPECIIOH/ICH-
UM ¥ JabHEHIIee BO3MOXKHOE HCIIOIb30BaHUE
TOJTy4aeMbIX JaHHBIX, HAIPUMeEP, TTPH OTKPBITUH
HOBOH cTaHIuu MeTpo. OHM TaKkXke CUHTAIOT, 4TO
TIOJTyYeHHBIE JJaHHbIE HEOOXOANMO HCIIONb30BaTh
TIPY IUIaHUPOBAHUH CTPOUTEIILCTBA METPO U IIPH €10
SKCIUTyaTaly, TIPH INIAHUPOBAHHH 3aITycKa Heo0-
XOJIMMOTO KOJIMYECTBA TTO/IBUKHOTO COCTaBa B yT-
PEHHHE ¥ BEUEPHHE Yachl MUK, TO €CTh, UCIIONIB30-
BaTh JAHHBIC HE TOJIBKO B SKOHOMHYECKHX LIETIIX,
HO U B LIEJISIX TOPOJICKOTO TPAHCTIOPTHOTO TIAHUPO-
BaHMs1. TaxoKe aBTOPBI MOJIATAlOT, YTO MOTyUEHHBIE
PEe3YJIBTaThl MOXKHO HCIIONB30BaTh JUIsl CHHXPOHH-
3allMM BCETO TOPOJICKOTO OOIIECTBEHHOTO TPaHC-
HIOPTa, OCOOCHHO B Yachl UK U B Pa3HbIE EPHOJbI
BPEMEHH, HAIIPUMED, JIETOM U 3UMOH.

B npyroii craree [11], Onaropapst JaHHEIM cO-
TOBBIX ONEPATOPOB, OB MPEI0KEH METOJ KJac-
cu(UKaIK CTaHINH B yTPEHHUE M BEUCPHHE YaChl
MK ¥ ChOPMYITUPOBAHBI YETHIPE TPYIIIIBI XapaKTe-
PUCTHK.

Taxum 00pa3oM, NPEUMYIIECTBOM HCIIOIB30-
BaHMsI IAHHBIX COTOBBIX OIEPATOpPOB IS pacuéra
MaCCAKMPOIOTOKOB M ONTUMH3AIINH CYIIECTBYIO-
IAX MapUIpyTOB TOPOJCKOTO 0OLIECTBEHHOTO
TpaHCHOpTa SABJIAETCSA OOJBIIOE KONUYECTBO HH-
(bopmaryu, oTyIaeMoil OT COTOBBIX OTIEPAaTOPOB
CBSI3H, U BO3BMOXKHOCTB €€ JJaJIbHelfIel aBroMaTu-
3UPOBAHHOM 00PaOOTKY U aHAIH3A.

[NoTeHnMANBHBIM HEAOCTATKOM SIBIISICTCS] TOU-
HOCTb TI0JTy4aeMbIX JAHHBIX, KOTOpask HapsIMYIO
3aBUCHT OT PACIONOXKEHHS 0a30BBIX CTAHLHI CO-
TOBOTO oneparopa. Takxke IMEIOTCsI PUCKH COXpa-
HEHHsI KOH(UICHIIMATBHOCTH MONYyYaeMbIX JlaH-
HBIX, UX 3aLIUTHI OT IOCSTATENbCTB 37I0YMBIIILICH-
HHKOB.

Cucmema udeonabnooenus

Hcnonb30BaHne BUICOHAOMIONCHHS IS TIOY-
YEHUsI JAaHHBIX 0 MACCAKUPOHOTOKAX, OMICHIBAETCS
B cTathe [ 12] KaKk MOTHOIIEHHOE PEIIeHUE ISl MO/
c4éTa KOJMIECTBA TACCAKUPOB, KOTOPBIE HAXOIATCS
B CaJIOHE TPAHCHOPTHOIO CPEICTBa (BaroHa) Ha
cusunx Mectax. s peanusalniy JaHHOTO perie-
HES TPeOYIOTCS KaMephl BUICOHAOMIONEHUS U O0p-
TOBOW KOMIBIOTEP, KOTOPBIH npu momorn Wi-Fi
CeTH NocpeicTBOM MIHTepHeTa HalpaBIisieT JaHHbIE
Ha cepsep. [lanee Ha cepBepe NONTy4YeHHbIE JaHHbIE
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Taoéauma 1

HpenMymeCTBa M HEAOCTATKHU CyLIECTBYIOIIUX ME€TOA0B U CUCTEM noacuéTa
MmaccakKuponoToxKoB [Bl)ll'lO.]'ll-lel-IO aBTOpOM]

Metox/cucrema IpenmymniecTsa

Henocrarku

I'mazomepHblii (BU3yaIbHbII),
TaONMYHBII (HATYPHBINH) METOX

JlemeBr3Ha NCTIOTB30BAHUS

PazoBocTh ncnonp3oBaHms, OTCYTCTBHEC
BO3MOXHOCTH CHUCTEMATU3allNA c60pa
JIAHHBIX, 3aBUCUMOCTH OT 0O0JIBIIIOTO
KOJIMYECTBA YEIOBECUECKUX PECYPCOB

AHKETHBIIT MeTO (OIPOCHO-
TaONHMYHBIIT)

Tonyuenne oOpaTHO CBSI3M OT
MOTEHIIMAIBHBIX [ACCAXKUPOB
KOHKPETHOTO MUKPOpaifoHa ropojia

OTCyTCTBHE BO3MOXXHOCTH pacuéra
MAcCAKUPOIIOTOKA, MOIYICHUE YACTHIHBIX
JIaHHBIX 00 OIEHKE TIOJIb30BAHMUS
0OIIECTBEHHBIM TPAHCIIOPTOM

TanoHHbINH MeTO/1 (OHMIIeTHBII)

He tpebyer cnerpanbHoOi
MIOITOTOBKY IS ITOACUETA

OTCyTCTBHE BO3MOXKHOCTH pacuéra
[aCCaXKUPOB C JIFOTHBIM TIPOE3/I0M,
TpeOyeTcst GOJIBIIOE KOTHIECTBO
YEJIOBEYECKUX PECYPCOB

ABTOMaTI/BI/IpOBaHHaSI CHUCTEMa
MOHHUTOPUHTA TACCAXKUPOIIOTOKOB
(ACML-IIIT)

Cucrema o3BOJISICT BHIUUCIIATH
KOJIMYCCTBO BOMICAIINX W
BBILICAIINX [MACCAXKUPOB

TpeOyeT JONOIHUTENTBHOTO OCHAILCHUS
00IIIeCTBEHHOTO TPAHCIIOpTa U
(huHaHCOBBIX BIokeHHH. [1pn Gombirom
IIOTOKE BEPOSITHBI IyOIHPOBAHNUS

ABTOMATH3HPOBAHHAS CHCTEMA
xoHTpouist npoesaa (ACKIT),
BaJIM QLS

Bricokast TOUHOCTH TaHHBIX
O BOLICAIINX IMacCaXxupax

ITpu OTCYTCTBHY BaIMAATOPOB HA BEIXOJ
HENOCTIKIMA MH(OpMALHs 0 MecTe
BBIXO0JIA TACCAXKUPA

I[aHHLIC COTOBBIX OIIEPATOPOB
(GSM)

BosbIIIOE KOJTHYECTBO JaHHBIX,
OJIy4aeMbIX OT COTOBBIX
OIIEPATOPOB CBA3U C BOBMOXKHOCTBIO
nx 00pabOTKU 1 aHaIM3a

TouHoCTH JAHHBIX, KOTOpas HAIPsIMYIO
3aBUCUT OT PACIIOJIOKECHUA 6a30BbIX
CTaHIIMH COTOBOTO oreparopa

Cucrema BUICOHAOIIONCHUS

TTo3BomsieT TIOJTyYUTh TOYHBIC
JAQHHBIC O MTaCCAXKUPOITIOTOKE

TpeOyeT (hUHAHCOBBIX BIOKECHUN U
CO3JIaHMs ATTOPUTMA 0OPaOOTKU TaHHBIX

00pabaThIBAIOTCS: KAYKIIOMY BHICO(QparMeHTy MpH-
canBaercs koopamHata GPS/ITIOHACC n mapku-
POBKa C HOMEpOM I0e3]1a, BaroHa, KaMepsl, JaToi
1 BpeMEeHeM N0JTy4eHns Bueodparmenta. Bropsim
PCLICHHEM, TTPEUIaracMbIM B CTAThe, SABIISICTCS YIKe
ynomsiHyTas ACM-IIIL

Cpagnumensnsle xapakmepucmuKu
Cyuecmayiouux Memoooe noocuéma
RACCa’cuponomoroe

Ecnu pe3roMupoBaTh BbINICYKA3aHHBIC BUJIbI
MONICYETA TACCAKUPOIIOTOKA, TO MOXKHO 0000IIUTH
yKa3aHHbIE BBIIIE MPEUMYIIECTBA U HEOCTATKH
METO/IOB MO/ICYETA [ACCAKUPOIIOTOKA (Tad. 1).

Kak mbl Buanm u3 Tabn. 1, He cymecTByeT
UJICATbHOTO HHCTPYMEHTA HJIH METO/[a J1JIs aHAJH-
3a U pacuéra naccaKMpONOTOKOB.

B crarpe [13] moxTBepKIaeTCSA TEOPHS O MPO-
OemMax B CYIIECTBYIOIINX METoIax cOopa u aHa-
JU3a JaHHBIX O ITacCaXUPOIOTOKAX, IPU ITOM
NaéTCcs KOJMYECTBCHHAS OILCHKA MPEUMYIIECTB
0oJiee COBPEMEHHBIX METOIOB (B YaCTHOCTH BHIICO-
HAOJFOICHUS).

EcTb pa®oThl, HalpaBICHHBIC HA M3YYCHHUEC
MOBEICHHUS TACCAKUPOB, U COOTBETCTBEHHO, HX
xoppecnonaeHui [14], n pabotsl, KmaccupuIm-
pyrouue maccaxxupckue motoku [15]. Taxxke
MOTBEPIKAACTCS HHPOPMALIHS O TOM, YTO TaHHBIE,
MOTy4aeMble OT MEPEBO3UMKA, 3a4ACTYIO0 OBIBAIOT
HEJIOCTOBEPHBIMH [ 16].

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 75-82

COBOKYMHOCTh yKa3aHHBIX YCIIOBHUIl Jeiaer
AKTYaJIbHBIM TTOMCK HOBBIX METOJIOB JUISl pacuéra
MacCaXUPOIIOTOKOB, KOTOPHIC OBLIH ObI JIUIICHBI
BCEX WM 110 KpaifHell Mepe OOJBIINHCTBA YIIOMSI-
HYTBIX HEZIOCTATKOB.

OJHUM 13 BaXHEHIINX KPUTEPUEB B MOKCKE
HOBOT0, 00JIee HaJIEKHOTO U MHOTO(DYHKI[MOHATb-
HOTO MeTonia cOopa TAHHBIX M aHaJIn3a IMACCakKH-
POTIOTOKOB SIBJISIETCSI CIIOCOOHOCTh OMpPEICISTh
MapIUIPyThl MOTEHIUAIBHBIX IACCAXKUPOB, 3arPy3-
Ky B JaJbHEWIIeM KOHKPETHBIX TPaHCIOPTHBIX
eMHHUIL (B CITydae JTAaHHOTO MCCIIEIOBAHMUS — Baro-
HOB METPOIOJIUTEHA) HA KOHKPETHOW OCTAHOBKE
TOPOJICKOTO OOIIECTBEHHOTO TPAHCIIOPTA.

Hcxoast u3 o01ieit rumoTe3bl 0 BO3MOXKHOCTH
NPUMEHEHHUS B 3TOM KauecTBE cOOpa JaHHBIX 00
ucnosbs3oBannu Wi-Fi u ero pacrnpoctpanéHHOCTH
B MOCKOBCKOH arfioMeparnu, ObIIO OTpeIeNeHo,
YTO OHA 3aCITyXKHUBAET OoJIee MoAPOOHOTO UCCIIETIO-
BaHUS ¥ DKCIIEPUMCHTAIIBHON arpobaiyy.
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Anekceee Hukonall lOpbesuy — mazucmp no mpaHcnopmHomy nnaHuposaHuto HUY BLLO, pykosodumesns npoekmos AO

«CumpoHukcy, Mockea, Poccusi, alekseev-trn@mail.ru.

Cmambs nocmynura e pedakyuto 21.06.2022, 0dobpeHa nocne peueHsuposanus 11.07.2022, npuHsma k nybnukayuu 13.07.2022.
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AnekceeB H. 0. Bbi6opoyHoe o6cneqoBaHMe naccaXxmMponoToka meToaomM aHanusa Wi-Fi AaHHbIX

B MOCKOBCKOM TpaHCNOpPTHOM y3rne. YacTb 1
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0 cydbbe 08yx xenesHbIx 0opoe,
Komopble He bbUTu yHUKabHbIMU,

HO Kponomugoe uccredosaHue 3mux
edea 3aMemHbIxX 8 Macmabax
cmpaHb! 06beKmos nokasbieaem,

Kak mecHo nepennenach UCmopust
2ocydapcmea, modeli, mexHonoauli

U XenesHoix dopoe.
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Ha kpato Meweépbl. UcTopusa necHbIx gopor.
HekoTopble thakTbl 06 UCTOPUM CTPOUTENLCTBA
Kene3HOA0POXHbIX NMHUN KpnBaHanMHO-PA3aHOBKa
n CazoHoBo-Tunéso. Yactb 2
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KOJIECO CTOPUA

Anexceit Heopesuu Dedanun

Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccusi.
04 lekha.fedianin@yandex.ru.

Anekcent ®EAAHUH
AHHOTALIUA

OKOHYaHue cmambu, Ha4yano komopol onybnukogaHo 8  pocy 8 apXugHbIX yypexdeHusx 2. Mockebl. Hekomopsle do-
npedbidywem Homepe. KymeHmbI nybiukyromcs enepebie.

B cmambe ¢ npusniedeHueM apxusHbix U Opyaux paHee Pesynsmamom ecetl npogedéHHoU paboms| cmario ycmaHos-

He nybnukosaswuxcs Mamepuanos paccMampueaemcs Uc-  JieHue credyruwux paHee bbIBLUX HEU38ECMHbIMU Ul nodeep-
mopusi NPOEKMUPOBaHUS U CMPOUMENbCMea Xene3Ho00pOX-  2aBWUXC COMHEHUI (hakmos: xene3HoAopoxHas nuHus Kpusa-
Hbix nuHul KpugaHOuHo-PsizaHoska u CasoHoso-ITunéeo,  OuHo—-Psa3aHoska nocmpoeHa 8 1943-1944 2odax, yyacmok Ca-
omHocuswuxcsi k Mockoscko-PsizaHckomy omoeneHuto Mo-  30Ho80—-Ps3aHoeka NocmpoeH noaxe ocmarbHol nuHuY. HasHa-
ckosckol xene3Hol dopozau. Lenbto HanucaHus cmambu  YeHue nuHuu KpusaHOuHo—PsasaHoska no npoekmy u & nepebie
A6/15€MCs 8bISCHEHUE 06CMOAMeNbCMe NPOeKMUPosaHus,  200bl €€ CyuecmeosaHusi — nepesoska dpos Ons omonneHus
cmpoumenbcmea U dkcnayamayuu ykadaHHbiX nuHull, a  Mockebl. Jama npuéma nuHuu Ca3oHoeo-Iunégo & nomaHom
makxe 8bls8eHue NpuYuH, npugedwux K ux ynadky u 3akpbl-  0bbéme Ha obcryxusaHue Kyposckoli ducmaryuu nymu — 1 siH-
muto 8 cepedure 2000-x eodos. [ns docmuxeHusi nocmas-  eaps 1978 eoda. Om cesepHoli 20p08uUHbI cmaHyuu [Tunéeo
NeHHoU yenu bbinu npoaHanu3uposaHbl u3secmHble nybnu-  nodbe3dHoll nyms omxodun k cmpolidgopy mopgonpednpusmus
kayuu 8 neyamu u cemu MHmepHem. Kpome ucnonb3osanus  «Mewgépckoer. o OanHbiM Kypogckoll OucmaHyuu nymu, nepe-
0aHHbIX U3 yKa3aHHbIX UCMOYHUKO8 bbifa 8binoIHeHa paboma  epy304Has cmaHyusi wupokol komeu mopgonpednpusimus
N0 NOUCKY NUCbMEHHbIX UCMOYHUKOB no uccredyemomy eon-  «Mewgépckoe» Hasbiganack TophsiHas.

Knroyesble crosa: xene3Ho0opoxHas nuHus, KpusaHOuHo, PsasaHoska, Ca3oHoso, [Tunéso, mopghonpednpusimue, Benukas
OmeyecmeeHHas 80UHa, MPaHCNOPMHOE CMPOoUMesTLCmao.

bnacodapHocmu: aemop ebipaxaem 6mazodapHocmb cocmagumenam KHueu «Mewépckas mMaeucmpanb»
3a uHmepecHoe npoussedeHue, cmagwiee UCMOYHUKOM 800XHOBeHUSI Onsi pabombl U nuyHo Badumy MupoHosy 3a
peuyeH3uposaHue u npedocmasneHHble pomoepacuu; aemopam HEOOHOKPAmMHO ynoMUHaBWUXCH UCMOYHUKOS
[2-4] 3a nosHasamerbHble pecypchbi ¢ Maccoli hakmog 06 uccrnedosaHHbIX NIUHUSX; uccredo8amerto Y3KOKoNeUHbIX Xene3Hbix dopoe
C. B. Kocmbleosy 3a xusoe onucaHue y3kokonelHol xenesHoli dopoeu mopghonpednpusimull «PszaHogckoe» u «Padoguukull Mox»
(Kocmbieoe C.B MpowaHue ¢ Ps3aHoskoll. [AnekmpoHHbIl pecypc]: hitp://www.pereyezd.ru/readarticle.php?article_id=124. Jocmyn
28.03.2020.) u ebipaxkaem Ha0exdy, Ymo Ko20a-Hubydb OH 8CE Xe onybruKyem nonHyto eé ucmoputo, a Hacmoswuti Mamepuarn 6ydem
8 amom Yyem-mo none3eH; 3asedyrowemy kaghedpol «3nekmponoesda u mokomomussiy PYT (MAUT) npogheccopy O. E. [ydosukosy;
cnyxb6e nymu Mockosckoli xenesHol dopoau u Mu4HO HayanbHUKy cryxbbi[]. A. KopeHbkosy, enasHomy uHxerepy I1. FO. boedaHosy 3a
nposienexHb Il UHMepec k meme uccnedosaHus u npedocmasiieHue docmyna K apxusHbim Mamepuanam dopoau; ['bY «I'A Mockebi»
3a coxpaHeHue saxHeliwux AoKyMEeHMOo8 N0 UCMOPUU PacCMOMPEHHbIX IUHUL; compyOHUKam YumanbHo2o 3ana Omoena XpaHeHus
Hay4YHO-mexHuYeckol 00KyMeHmayuu 3a Ux 8bICOKUL NPOHeCCUOHAMU3M.

[ng yumupogarus: ®edsHuH A. U. Ha kpato Mewépb1. icmopusi necHbix dopoe. Hekomopsie hakmei 06 ucmopuu cmpoumesnscmea
Kene3Ho00pOoxHbIX uHUl KpueaHduHo—-Ps3aHoeka u CasoHoso—[Tunégo. Yacms 2 // Mup mpaHcnopma. 2022. T. 20. Ne 3 (100). C. 84-91.
DOI: https://doi.org/10.30932/1992-3252-2022-20-3-10.

MonHb1l mekcm cmambu Ha aH2nulICKOM si3bIKe ny6uKyemcsi 0 emopoll Yyacmu daHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.

© PepsHuH A. U 2




BoeHnHbIe roabl

s obecriedenust pyHKIIMOHUPOBAHUS BET-
BU CTPOWJINCH JIBA PA3AEIbHBIX ITyHKTa — CTaH-
uuu IToxxora u JlecHast, a Takke peKOHCTPYHUpO-
Banachk craHnus KpuBanamno. Ha cranmumsax
MIPOEKTOM HPElyCMaTPUBAINCH CTPOUTEIHCTBO
CJIEIIYIOLINX CITYKEOHO-TEXHUYIECKNUX 3aHUH:

* IApOBO3HBII capail Ha OIHO CTOMIIO, ITECKO-
CYLIMJIKA C HAaBECOM, Morped Ui XpaHEeHHs
1 BBIIAUM CMa3KK — Ha cTaHiuu [loxora;

* ITyHKT TEXHUYECKOT'O OCMOTPa —Ha CTaHINN
KpuBanauno, Ha cranmuu [loxora TakoBoi
pa3mermascs B cranirionHoM 3naani (I'BY «I'A
Mocksb» @. T. 51 om. 62 1. 232 1. 51).

Kpome HUX, Ha ABYX HOBBIX CTAHIIMSX IIPO-
€KTOM IIPEIyCMaTpPUBAIOCh CTPOUTEIHCTBO
BoK3a10B. B KpuBananHO BOK3ad K MOMEHTY
CTPOUTEIBCTBA JIMHUH YK€ UMEJICS, HO TTOJIOBH-
Ha 3/1aHusI ObLIA 3aHATA MO/ )KIJIbIE TIOMEILCHUS,
B JIPYTO¥ TIOJIOBUHE PACHONIATAINCH HAYaIbHUK
CTaHIUH, JEKYPHBIM 10 CTAHINH, MacCaXHp-
CKUH 3aJ1 M OMIICTHBII Kaccup.

Ha puc. 3—5 (nymepayus pucynkos npodondica-
em Hayamyio 6 nepeoti 4acmit) MPeJCTaBIeHbI NX
CXEMBI, PEeKOHCTPYHPOBaHHbIE Ha OCHOBE IIPOEKT-
HBIX YepTEKEH.

VYunTBIBASI CTPATErHYECKYI0 BAKHOCTD CTPOSi-
IIEHCsT JIMHUK — 00€CTIeUEHNE CTOJMIIBI BOFOIOILIETO
rOCy/lapcTBa TOIUIMBOM, a TaKKe TOT (haKT, 4TO
3eMIISIHBIE Pa0OTHI SIBILSIIOTCSI HAHOoIee TPYIOEM-
KHMH TIPU CTPOUTEIBCTBE JKEJIEIHOJOPOIKHOTO
IyTH, ObLIO ObI HEOC3UHTEPECHO MPUBECTH TAOHITY
(tabn. 1 Ha cremyroIel cTpaHuIle) U3 TPoeKTa [S]
(I'BY «II'A Mockse»y ®. T. 51 om. 62 1. 232 11. 60).

HecMmotpst Ha TpeOOBaHUE TTOCTAHOBICHHS
I'KO o cTpoutenbcTBe TMHUM 0€3 CMEThI U 9KC-
NIepTH3bL, TOCeHsIs ObLIa BeIoIHeHa. [TpuBe-
JIEM U3 HEe€ HEKOTOPBIE BBIJICPIKKH:

«3akiroueHne 0ropo DKCIEPTU3bI TPOEKTOB
n TexHndeckux ycnoBuit Ctpoutenscta [IOH
HKIIC.

26 suBaps 1944 .

[To TexHMYECKOMY MPOEKTYy K CMETE II0-
CTpOWKH k.J1. BeTBU KpuBananno—PanoBuiisI.
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Puc. 3. Cxemamuyeckutli nnaH cmaHyuu Moxoza. PexoHcmpykyus Ha ocHose 'BY «JI'A Mockebi» @. T. 51
on. 62 0. 232 n. 54. [y6nukyemcs enepable.
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Puc. 4. Cxemamuyeckull nnaH cmaHyuu Jlecras. PekoHcmpykyus Ha ocHose 'BY «LJl'A Mockebi» @. T. 51
on. 62 d. 232 n. 55. My6nukyemcsi enepable.

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 84-91

®PensaHvH A. . Ha kpato Mell€epbl. UcTopus necHbIX gopor. Hekotophle thakTbl 06 uctopumn
CTPOMUTENBLCTBA XKene3HoAopoXHbIX MMHUK KpnBaHanHo—PsisaHoBKa u Ca3oHoBo-TlunéBo. Yacts 2
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Puc. 5. Cxemamuyeckuli nnaH cmaryuu KpueaHduro. PekoHcmpykyusi Ha ocHose BY «LjrA Mockebi»
®. T. 51 0n. 62 d. 232 n. 53. ly6nukyemcsi enepeble.
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Bropo OxcnepTHsbl MPOEKTOB ¥ TEXHUUECKHUX
YCIIOBHI CTPONTEIHCTBA, PACCMOTPEB pa3pado-
TaHHBI MockoBcknM Otaenenuem Coro3TpaHc-
MPOEKTAa TEXHUYECKUH MPOEKT X.JI. BETBH
KpusanauHo—Pa10BHIBI CYUTAET, 4TO OH MOXKET
ObITH TIpenicTaBieH Ha yrepxkaeane HKIIC.

Ha 1/1-1944 r. na yuactke KpuBanuno—Jlec-
Hasl BBITIOJIHEHBI pa0OTHI TIO COOPY)KECHHIO 3EM-
JISTHOTO TIOJIOTHA, YKJIAJKE BEPXHETO CTPOCHHUS
IIyTH, TIOCTPONKE HCKYCCTBEHHBIX COOPYKEHUI
¥ 9aCTUYHO BBITIOJIHEHBI PAOOTHI MO IIOCTPOIKE
MMacCa)KUPCKUX 31aHMM, nerno Ha cT. Iloxora
W YCTPOHCTBY BOJOCHAOKEHHS.

CTOMMOCTB BBITIOTHEHHBIX paboT 6666 ThIC.
pyo.

Bropo OkcrepTussl IPOEKTOB CUMTAET, YTO
TIPY BBITIOJIHEHNH OCTABIIETOCS 00bEMa padoT
B TEXHUYECKHI MPOEKT HEOOXOOUMO BHECTH
CJIE/TyTOIIME U3MEHEHUSI U JIOTIOTHEHHS:

[IpuHATO B TEXHUY. TIPOCKTE:!

1. Ilorpy3ka apoB ITPOU3BOIUTCS HA TIEPETO-
Hax.

®  Mwup TpaHcnopTa. 2022.

[Tpennoxeno bropo DKcrepTH3bI TPOESKTOB:

[Torpy3ky ApoB Ha MEeperoHax BETBH J0-
ITyCTUTH Ha MEpeTroHax JINIIb Ha MEPBBIH T1e-
PHOJ TIPH HE3HAYUTEIBHBIX pa3Mepax JIBHKe-
HUS.

Opranu3anuio ABHKEHHS TT0€3/10B 110 BETBU
TIPUHSTH C MTOTPY3KOH IPOB HA PA3bE3IHBIX ITy-
TSIX ¥ YCOBBIX TYNHKaX.

B pabots! 1 ogepeny TONOIMHUTEIEHO BKITIO-
YUTH YKIIAJKY, IJIs1 HOTPY3KHU APOB, PA3bE3THBIX
myTed Ha pasbe3gax MuHUHO M BoOBIHMHO:
rrone3Hoi aumHOH 200 M 1 yKITaJKy Ha Mepero-
HaxX 3 BPEMEHHBIX TYIHKOB MPOTSDKEHHEM MO
200 metpoB...» (I'BY «II'A Mockem» ®. T. 51
om. 62 n. 232 1. 81).

[ToaBoast UTOT paccMOTpPEHHS YCIIOBHO TIEp-
BOTO (BOGHHOTO) 3Tara CyIecTBOBaHNUS JIMHUH,
TIOBTOPUM YK€ C/ICIIAHHbIE PAHEE BHIBOJIBL:

1) XKenesnonoporkHast muaMs KprBananHo—
PsizanoBKka OblTa OCTpOEHA ISl CHAOXKEHNUs
MockBsl apoBaMu U3 PagoBUIIKOTO JTECHOTO
MacCHBa.

0. Ne 3 (100). C. 84-91

®PeasaHnH A. . Ha kpato Mell€epbl. UcTopusi necHbIX aopor. Hekotopble chakTbl 06 nctopumn

CTPOMUTENBLCTBA XKene3HoAopOoXHbIX MMHUK KpnBaHanHO—PsizaHoBKa u Ca3oHoBo-TlunéBo. Yacts 2




Puc. 6. Macwma6Has cxema cmaHyuu OcaHogo no cocmosiHu Ha 1954-1974 22,
(TBY «LJrA Mockebi» ®. T. 51 on. 4 . 96 n. 19. [Ty6nukyemcs enepable).

Puc. 7. Macwma6Has cxema cmaHyuu lMoxoza no cocmosiHuto Ha 1954-1974 2e.
(FBY «LyrA Mockebi» . T. 51 on.4 d. 96 n. 20 ly6nukyemcsi enepesle).

2) I[lepeBo3ku Topda 1o JIMHUH B ITOT MEPH-
0/1 HE OCYIIECTBILUIHCE, a JINIIb TUNIAHUPOBAJINCH
B OymyImiem.

3) Yuactok Jlecnas (Ca3oHoBO)—Ps3aHoBKa
ObUT MTOCTPOEH Mo3Ke ydyacTka KpuBanauHO—
JlecHas.

4) Jlurus CazonoBo—I1niéBo Ha cBOMX Tep-
BBIX KIJIOMETpPax ObUIa mocTpoeHa B 1943 roxy.

IMocieBoennsble roasl. Pazsurne anHmii

O 1oCJIeBOEHHOM ITEPHOJIE B UCTOPUH paccMar-
PpHBaEMBIX JIMHHUI UIMEIOTCS CBEJICHHS B ITACTIOPTax
Kypogckoii qucranumu mytu (IT4-8) MockoBckoi
JKEJIE3HOH JTOPOTH, KOTOPasi PHHsLIA HA 00CITyKH-

® Mup TpaHcnopTta. 2022. T. 20. Ne 3 (100). C. 84-91

BaHHE PAacCMaTpUBaEMble OOBEKTHI MPAKTHICCKH
C CaMOro HauaJjla X CyILECTBOBAHUS. JTH JIOKY-
MeHThI umetotcs B I'BY «LII'A MockBbD».

B uactHOCTH, coxpaHMIKCh macmopra 3a
1960-1962 I'bY («LII'A Mockse» @. T. 51 om.
62 . 157),1970-1973 (I'BY «LII'A MockBbI»
®. T. 51 om. 62 11. 179),1974-1977 (I'BY «IT'A
Mockse» @. T. 51 om. 62 1. 245),1978-1982
(I'BY «IIT'A Mockser»y @. T. 51 om. 62 1. 269)
TO/I0B.

Ha ocHoBaHMM 3THX TOKYMEHTOB MOXXHO
CKa3aThb CIEyIOLIEE.

ITo cocrosiauto Ha 19601962 rons! Ha yué-
T€ AUCTAHIMUU ITYTH MUMEJCS TJIaBHBIA MYTh

®PensaHvH A. . Ha kpato Mell€epbl. UcTopus necHbIX gopor. Hekotophle thakTbl 06 uctopumn
CTPOUTENLCTBA XeNMe3HOAOPOXKHLIX NMHUK KpnBaHaWHO—PA3aHoBKa n CazoHoBo-T1nnéBo. Yacts 2




Puc. 8. Macwma6bHas cxema cmaHyuu bapmuHo no cocmosiHuto Ha 1954-1974 2e.
(FBY «LrA Mockebi» ®. T. 51 on. 4 0. 96 n. 21. [Ty6nukyemcs enepabie).

Puc. 9. Macwma6Has cxema cmaHyuu Ca3oHo80 no cocmosiHuro Ha 1954-1974 22,
(FBY «LrA Mockebi» ®. T. 51 on. 4 0. 96 n. 22. [Ty6nukyemcs enepable).

Kpusananno—Ps3anoska n CazonoBo—Copoxko-
Boit bop, mocnenuuii Taxke HazpiBasics [pynos-
ckoif BeTkoi. [Tocennsist yanTeiBanace ot 42 1o
50 knmomeTpa, pa3BEpHyTast JJTMHA COCTABIISLIA
8379 M, Ha 50-M KmoOMeTpe CBOAHBIN Tpaduk
COCTOSIHHSI TIyTH 3aKaHUMBAJICS Ha CEpeaAnHE
CTpPaHMIIBI JIeNla TOMETKON «TpaHuna ¢ Topdo-
TIPEANPUSTHEM, HUKAKOTO Pa3/IelIbHOTO ITyHKTa
B 9TOM MECTE HE YNCIUIIOCh. B myTH Ha y4yacTke
JIeKali pestbchl Mapok P-38 u erue, makcumym
P-43, 11 To Ha TPOTSHKEHUH BCero 525 M, nMencs
OJIMH CTPEJIOYHBIN TEPEBOI.

Ha yuactke KpuBanauno—Psa3anoBka, pas-
BépHyTOHN jymHON 52 500 M, nmenock 22 cTpe-
JIOYHBIX NIEPEBO/IA, B Iy TH ITPE0OIIaJali PEIbCHI

NEéTKUX Mapok, Hampumep, P-38 ymoxeno
19533 M. [lo pesymbraram mpoxona myTeH3Me-
putensHOTO BaroHa B 1961 rogy y9acTok ObIn
OIICHEH CJIEAYIONUM 00pa3oM: «OTINIHO» —
2 KM, «XOPOIIIO» — 8 KM, «Y/IOBICTBOPHTEITHLHO» —
42 xwm. [Toctpoennsie B 1943 roxy mepeBsHHBIC
MOCTBI ITPOIOIIKAIIN SKCIITyaTHPOBaThesl. CXeMBI
Ppa3eNbHBIX ITYHKTOB PACCMATPUBACMBIX JIMHUH
TIPUBEICHBI HIKE.

B rexnmueckom macropre [T4-8 3a 1970—
1973 ronp! yuactok CazonoBo—CopokoBoii bop
HazBaH [IpynoBckoii BeTBBIO, yUTEéH 10 50-TO
KWJIOMEeTpa. B myTn mo-mpexxHeMy yinoKeHBI
peunbesl nérkux Mapok. Ha mmanm KpuBanauao—
PszanoBka x 1974 romy u3 52 500 M Ha 13940 M

®  Mwup TpaHcnopTta. 2022. T. 20. Ne 3 (100). C. 84-91

®densHvH A. U. Ha kparo Meluepbl. ictopusi necHbIx aopor. HekoTopkle haktbl 06 ncropmm
CTPOUTENLCTBA XeNe3HOAOPOXKHbIX NMHUN KpBaHAWHO—PA3aHoBka n CazoHoBo-T1MnéBo. Yacts 2
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Puc. 10. ®omozpacgpusi 0dHoll u3 cmpaHuy « TexHopaboye2o npoekma anekmpuyeckol yeHmpanu3ayuu Ha y4acmke
OcaHoeo-PszaHoeka». ®omo asmopa.

Puc. 11. T32-479 Ha cmaHyuu PsizaHoeka 1983 2. ®omo B. MupoHosa. [ly6nukyemcsi ¢ e20 paspeweHust.

n 22527 M ynoXeHbBI PeNIbChl COOTBETCTBEHHO
P-65 u P-50. B mepnox 1960-1972 ronos mpo-
M3BE/ICHA 3aMEHA BCEX JAECPEBSHHBIX MOCTOB Ha
KeJIe300eTOHHBIE TPYOBI, KPOME CaMOTO JUIHH-
Horo—4epe3 pexy JleToBky Ha 40-M KnmomeTpe.
Ha ygactke CazonoBo—CopoxoBoii bop MocTsr
OCTaBAJIMCh AECPEBIHHBIMH, TOJT TOCTPONKH yKa-
3aH 1945, 9TO MPOTHUBOPEUNT MPHUBEAEHHBIM
BBIIIE BBIIEPXKKAM M3 MPOCKTHON JOKYMEHTa-
nuy. BriepBeie ykasaHa cepus MpUMEHSEMBIX
JTOKOMOTHBOB M BHJI IyTEBOI OJOKMPOBKHU:
T31, 2, a s muann KpuBannnHo—Ps3aHoBKa
T2 n nomyasromarndeckas 6nmoknposka (ITAB).

Haubonee naTepeceH macnopT ANCTAHINHA
mytn 3a 1974—1977 ronsl.

B néM Ha 00m1eii cxeme myTel, 00Ty KIBae-
Mbix [TY-8, k nmuann KpuBanamao—Ps3zanoBka
no6asieH yyactok CazonoBo—CopokoBoit bop—

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 84-91

[Munéso or 50-ro kmioMerpa, 0003HAUECHBI
craanuu Copokosoii bop n ITunéso (mMenHO
TaK, ¢ 6ykBoit «E»).

Ha sTom y4acTke mpon3BeieHa CMEHa HyMe-
panuu KuioMmerpaxa oT ctaHnuu Ca30HOBO
B cTopoHy CopoxkoBoro bopa, oTcaér Hauascst ot
HYJIS, TPaHUIA ¢ TOPQOIPETIPUSITHEM HA CBOI-
HBIX Tpadukax obo3HagaeTcs mo 1977 rona,
B 3TOM roxy crout momerka «C 1-1-78 cm Ca-
3oH0BO—[TrnéBo». C 1 ssuBapst 1978 roga yqactok
YUUTHIBAaETCS KaK IIAaBHBIA myTh CazoHoBO—I1N-
néBo amuHOoH 34460 M, TOIBI MOCTPOUKH yKa3a-
HBI CTICTYFOITUM 00pa3oM: 10 9-To KM — peKOH-
CTPYKIMS My TH ipon3BeeHa B 1970 roxy, mocie
9-ro0 KM ITyTH 0003HAYEHBI KAK «HOBOCTPOUKA»
c rogamu crpourtenscTsa: 10-22 km—1971, ¢ 22
110 28-r0o— 1972, mocne 28-ro—1973,30u 31 km—
1974. B myTH yJIOXEHBI, B OCHOBHOM, PEJIbCHI

®PensaHvH A. . Ha kpato Mell€epbl. UcTopus necHbIX gopor. Hekotophle thakTbl 06 uctopumn
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Puc. 12. Tennoeo3 T32-489 Ha cmanyuu Munéeo. ®omo B. MupoHoea, ny6nukyemcsi ¢ e20 pa3peweHus.

Puc. 13. l'opnosutxa cmanyuu Munéeo. Cnpasa

HbI: [T Tiokoso, Munéso—Cnac-Knenuku y3koli koneu,

Munéso-Copokoeoli bop HopmanbHoli koneu. ®omo B. MupoHosa, ny6nukyemcs ¢ e20 pa3peuweHust.

P-50. Bce nckyccTBeHHBIE COOPYKEHUS 3aMEHe-
HBI Ha OeTOHHBIC. HOBBIC CTaHIINU Cpasy CTPOU-
JIUCh HA COBPEMCHHOM TEXHHUYCCKOM YPOBHE —
BCEC CTPEIIOYHBIC MepeBoabl Ha cTaHnuu Copo-
koBoi bop ¢ 1976 rona uMEIoT 2IEKTPUUECKYIO
LEHTpaln3aluto, Ha craniuu [Tunéso—c 1978.
B kauecTBe myTeBOI OJIOKUPOBKH MPHUMEHEHA
ITAB, cepun TOKOMOTUBOB JUIsl TATH MOE370B —
31, 2.

Ha nunun KpuBanaunno—PszanoBka Takxke
MPOU3BEACHA PCKOHCTPYKIUS — IO CTaHIIMU
Ca30HOBO Bce penbebl 3aMeHeHbl Ha P-50, P-65,
cama CTaHIMs 00OpyIOBaHA IEKTPUUCCKOM
[EHTPAIU3ALUCH CTPEIOK ¥ CUTHAJIOB, OTHAKO
JIPYTHE CTAHIUU ITOTO ydacTKa MOJY4YHIIU e
Toabko B 1981 roay (puc. 10).

ITeperon Ca3oHOBO—Ps3aHOBKA PEKOHCTPYK-
LU0 HE TPOLIEN.

Mwup TpaHcnopTa. 2022

Peka JletoBka B 1974 romy Obua 3aKirOdeHa
B JKEJIE300CTOHHYIO TPYOY, TEM CaMbIM MOCIICTHHI
JICPEBSHHBII MOCT Ha JIMHUK ObLT JTUKBHINPOBAH
(T'BY «II'A Mockeey ®. T. 51 om. 62 1. 269 11. 71).

Ha crannmsix Copoxkosoii bop u ITunéso ume-
JIMCh MTACCAKUPCKHUE T1aT(OPMBI, a Ha TIOCIIeTHEH
emé u Bok3ad. Ho, mo uMerommmes AaHHbIM,
JIBVDKECHHE NTACCAKUPCKUX MTOE3/10B HA4aTo TaK 1 He
6b110. T10 KaKoit MpUYKHE — HEM3BECTHO.

Iocaennue roanl TUHAN

CokpallleHHs1 Ha ONTUCHIBAEMBIX JIMHHUSX Ha-
yanuck B 1990-e ronel.

ITo nanHbIM HCTOUHMKA [3], epBOI CTaHIU-
eil, 3akpbIToil Ha MMM KpruBananHo—Psa3anoB-
Ka, crana [loxora, uro nmpousonuio B 1995 rony.

Crenyromeif, B 2004 roay, no JaHHBIM TOTO
Ke aBTopa, OblIa 3aKphiTa cTaHnus OcaHoBO.

Ne 3 (100). C. 84-91
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CMmeHa coOCTBEHHHKA OCHOBHOTO TIOTpeOU-
tenst Topda — [larypcekoii I'POC-5 u nocneno-
BaBIIHI 32 9TUM TIOJIHBIH MIEpEBOJI €€ Ha TPUPOJI-
HBIU Ta3, —TU COOBITUS CTAJIH MPUYMHOHN TIpe-
kpauieHus Tophonoosrun B [llarypckom paiione,
a, CIIeJI0BaTeIbHO, U CIEJall0 HEHY)KHOU BCIO
HH(PACTPYKTYpPY €ro MepeBO3KHU, TO €CTh U Pac-
cMmarpuBaemble JTMHUU. [0 TaHHBIM HCTOUHHKA
[2], TpanciOpTHPOBKA TOP]A IO HUM IIPEKPaTH-
nack B 2009 rony.

Hanio6GHOCTh B IPOMEKYTOUHBIX pa3/ielIbHbIX
nyHkTax Ha jguHuM KpuBannnHo—PszaHoBka
BCJICJICTBUE ATOTO OTnaja. J[pyrux mnoeszios,
KpOME €)KEJHEBHOI'O IPUTOPOIHOTO B 00BEME
Tpéx nap, pakruyecku He ocranock. Ha nunun
CaszonoBo—IIunéBo nBMKEHHE MPEKPATUIOCH
BOBCE.

[Tpuka3bl 0 3aKPHITUH OCTABIIMXCS CTAHLUH
BBILLIM TOJBKO YepPe3 HECKOIBKO JIET ITOCIIe UX
(axTHYecKOl JIMKBUIAIMK: cTaHIUsT bapmMuHO
ounmanpHO ObLIA NEepeBesieHa B pa3psi] ocTa-
HOBOYHBIX IyHKTOB NpHKa3oM Pocxkennopa ot
26 mapta 2010 roga Ne 105, CazonoBo, Copoxo-
Boit bop, Ilunéro — nmpukazom ot 4 amnpens
2013 roga Ne 127.

IIpumenutensHo k muHuN CazoHoBo—ITnné-
BO IpuKa3 ObLT (POPMaTbHOCTHIO — BCKOPE MOCIIe
MPEKpALICHUs JIBU)KEHHSI MTyTh HA4aJld PacxXu-
1aTh Ha METAJUIONOM, 110 3TOMY (hakTy ObLIO
BO30YX/ICHO YTOJIOBHOE JIeNO0 !, HO CBemeHHN
0 MOMMKE TIPECTYITHUKOB TaK U He ObLIO OIy0-
nkoBaHo. K cepeanne 2010-x ot inHuK (hakTu-
YEeCKH OCTaJIaCh POCEKa B JIECY U UCKYCCTBEH-
HBIE COOPYIKEHHUSL.

IOpuandecku ucTopust TOH JOPOrH MpeKpa-
THJIACh CIIMCAHMEM I10 OallaHCy Pa3peLInTelb-
HBIM ITUCBMOM OT 5 OKT0pst 2015 roma Ne 54 3a
MOJIITHUCHIO TIEPBOTO 3aMECTUTENISI HavalbHUKA
MOCKOBCKOI JKeJIe3HOM JJOPOTH.

Jlunusa Kpusanauno—Psa3aHoBKa mpeBparu-
JIach B OJIMH IIEPETOH, 110 KOTOPOMY KYPCUPYET
€XEHEBHBIM MPUTOPOAHBIN MMOE3]], KOTOPHIH,
BEpOSITHO, NOTUPYeT MOCKOBCKasi 00JacTh.
U Ttem yauBuTenbHee (GakT IPOBEICHUS Kallu-

! Tlo marepuanaM MPOKYPOPCKO# MPOBEPKU BO30YIKACHO
YTOJIOBHOE JIeI0 10 (DaKTy XMINEHHUS HKEIE3HOTOPOKHOTO
IyTH NPOTSHKEHHOCTHIO Oostee 2 KM. [ DNIeKTPOHHBIN pecypc]:
http://www.mmtproc.ru/news/1/7811/. Joctym 28.03.2020.

TaJbHOTO PEMOHTA BceX 54 KUIOMETPOB C MOJ-
HOMW CMEHOM BepxHero cTpoeHus mytu B 2015 ro-
ny. Ilpu atom, no coctostHuio Ha 2015 rox,
CKOPOCTh MPUTOPOAHOTO MOE3[a OcTaBaitach
TaKoH XKe, KaK U JI0 PEKOHCTPYKIIHH.

3AKINKOYEHUE

B xone HacTosIIIer0 CCIeI0BaHNUS YCTaHOB-
JICHBI WJIK YTOYHEHBI CIEyIoIue (haKThl:

* JKeJIE3HOJOpOKHas inHus KpuBaHauHO—
PszanoBka nmoctpoena B 1943—-1944 rogax;

* yuacTok Ca30HOBO—Ps3aHOBKa moOCTpoeH
103)Ke OCTaJIbLHOM JIMHUU;

* Ha3HavyeHue HuK KpruBanauno—Ps3zaHoB-
Ka I10 TIPOEKTYy U B IIEpBbIE TO/bI €€ CYIIECTBO-
BaHUS — MepeBO3Ka JPOB i oToruieHuss Mo-
CKBBI;

e nata npuéma nuHuu CazonoBo—IIunéso
B MOJIHOM 00bEMe Ha oOciyxuBanue [14U-8 —
1 auBaps 1978 roxa;

* OT CEeBEPHON TOPJIOBUHBI cTaHIMU [InnéBo
MOJTbE3HOMN MyTh OTXOAMI K CTPOMIBOPY TOp-
donpennpusaTst «Mermépckoey;

* 1o ganHbeIM [TY-8, meperpy3ounas ctaHuus
HIMPOKOH Kojien Topdonpennpusitus «Memép-
ckoe» HasbiBajack TopdsiHasi.
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peueH3upogaHus 14.02.2022, npuHsima k nybnukayuu 05.03.2022.
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O6cyxpaeHue poknaga H. . BepxoBcKoro no kHure
«XenesHogopoxHasa Hepa3depuxa» B UMnepatopckom
Poccuickom TexHuyeckom obuiectse B 1910 rogy

Herbaronoporkmoe Ihio

KYPHATD

Ilpecc-apxue

B mpéx npedwvioyujux Homepax 6viia 0Cnpou3eo0ena cooepacamenbHas 4acms 00K1aod,
¢ komopwim 6 1910 200y 6 VIII Omoene Umnepamopcrozo Poccuiickozo Texnuueckoeo
Obwecmea evicmynun Huxonaii Ilemposuy Bepxosckuil, npedcmasnss HAnucaumyio
um KHu2y «JKenesHo0opodicHas Hepazbepuxay, NOCEAWEHHYH KOMNICKCHOMY PeUeHU)
WUPOKO20 KPY2a HACYUWHBIX BONPOCO8 Op2aHUu3ayuu pabomsl dyxcenesubix 0opoe. Jloknao,
1o cymu, npeocmasisii ROOPOOHOE U AKYEHMUPOBAHHOE USNONHCEHUE €€ COOEPHCAHUS.
He menvuuii unmepec npedcmagisien nocie0o8asulds Ha 3ace0anuu OUCKYCCusl, KOmopas
no3goisem npeocmasums cyms umesuiuxcs bonee 110 nem nazao 6 npogeccuoHaibHoMm
21CENE3HODOPONUCHOM CO0DUeCEe 83211006 U NOOX0008 K MAKUM «GEUHbLM» NPOONIEMAM,
KaK OnmumanbHas KapbepHas mpaekmopus, KOPRopamueHdas Kyismypd, npouseoou-
MenbHOCMb MPyod, POlb NPEMUPOBAHUs 8 CIMUMYIUPOSAHUU IPPeKmusHocmu paboniv
PYKogoOumeell u Cneyuaiucnos, COOMHOUEHUe PO U ONIAMbL MPyOa YRPABISAUe2o
U UHIICEHEPHO20 36€HA KOMNAHUI, 60pbOa ¢ HAPYWEHUAMU OUCYUNIUHDL, HAZPY3KA ON
U3OLIMOYHOU OMUEMHOCIU U €€ NAPAOOKCAIbHAS POTb 8 0CB000NHCOEHUU OM Hecnpa-
6€0IUBLIX HAKAZAHUIL.

JI060nbIMHbIM A8TIAEMCS U YACMHBIN ACNEKm OUCKYCCUU npedcedameiisi COOPaHus u 00-
KAa0YuKa no nosooy OmMCymcmeus peakyuu yumameineil Ha nyonuKayui 8 Ompacneeoix
JICYPHANAX.

TIpeocmasnsem ocrogHoe cooepaicaniie CMeHoZpapUIecko2o omyéma, onyonuKo8aHHo20
8 dicypHaie «)KenesHo0opodcrHoe 0eioy. B mekcme MakcumanbHo CoOXpaneHbl OpueUHAlb-
HAs NYHKMYAYUs, 1eKCUKA U COKpaujeHusl, NPUHAmMole 8 mo 6pems.

o " log N,

KOJIECO CTOPUA

Kntodesble crioga: ucmopusi, xenesHble Aopoeu, ynpaeneHue, ynpasieHue nepcoHasnoM, coyuabHasi NoUMUKa Ha XenesHbix
dopozax.

[ns uumuposarus: ObcyxdeHue doknada H. [1. Bepxosckozo no kHuee «XKenesHoOopoxHas Hepasbepuxa» 8 MiMnepamopckom
Poccutickom mexHuyeckom obujecmee 8 1910 2ody // Mup mpancnopma. 2022. T. 20. Ne 3 (100). C. 92-98. DOI: https://doi.
0rg/10.30932/1992-3252-2022-20-3-11.

bBnazodapHocmu: pedakyus 8bipaxaem npusHamerbHoCMb compyOHuKam bubnuomeku Pocculickozo yHugepcumema mpaHcnopma
3a nomowjb 8 No020moske Mamepuarna.

MonHbIl mekcm apxueHOU cmambU Ha aH2/TUliCKOM si3bIKe nybIuKyemcs: 60 emopoll Yyacmu 0aHHO20 8bInycKa.
The full text of the archived article in English is published in the second part of the issue.
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CreHorpapuyeckuii oTYET Mo JOKIATY
H. I1. BepxoBckoro u 6ecene B VIII Otnenae
H. P. Texunueckoro ObmecrTBa 2-ro ae-
ka0psa 1910 roaa, moa nmpeacenarejbCTBOM
A. H. TopuakoBa.

Ilpeoceoamens. Ilo3BonpTe, Hukomnai
IleTpoBuu, npenyioxkuTh BaM HekoTOphIE
BONPOCHI. S| 3amuca HECKOJIbKO 3aMEYaHUM.
Boo6mie, mo Bamemy MHOTOCOAEPKATETBHO-
My JOKJIaZy MOKHO CJIeJaTh 1 MHOTO BOIIPO-
COB, HO sl OTPAaHUIYCh HEMHOTHUMH. MHe Ka-
KETCs, 4TO Bamr nokiiaj 3HaYUTENBHO BBIUT-
pan Ob1, ecii Bel He 000N HCTOPUYECKOMH
CTOPOHBI JieNa, T.€. UCTOPHIO 00pa3oBaHUs
JKEJIE3HBIX JI0POT, TOTO, KaK PyCCKUE JKEIe3-
HbIE JOPOTH JOIIIHN JI0 HBIHEIIHETO COCTOS-
Hus. To e camoe — HET Jake KpaTkoi ma-
pajienu ¢ 3arpaHuIHBIMU JOPOTaMH.

3arem, y Hac B O6mectBe B 1892 1. m3nan
«O4epK ceTH KENE3HBIX I0POT», U, MHE KaXKeT-
cs1, 9Ta KHUra BaM Toke HEM3BECTHA, 10 Kpaii-
Helt Mepe o Hell Brl He yrmoMsHYymH 1 0601TH
HEKOTOpHIE U3 COOOMIEHHBIX B HeH pakToB. BoT
ecnu OBl 3TO OBUTO HE ymymieHo, To Bel HE
rp. bapanosa, Hu A. A. Benapuxa u B. M. Bep-
XOBCKOTO HE OTHECIH K Ae()EeKTaM CO CTOPOHBI
HAYaJIbHUKOB JIOPOT M YIPABIISIONINX, @ OTHEC-
71 OBI JESITEIBHOCTh ATHUX JIMI] K MOJIOKEHHIO
nopor B Poccun!. He Bcé Benb exuT Ha 0051-
3aHHOCTH YNPABISIONINX H HAYaJIbHUKOB JIOPOT.
3areM s XOTeJ CKa3aTh, YTO B HACTOAIIIEE BPEMs,
BCJIEJICTBHE HE OCOOCHHO XOPOIIETro yIpaBie-
HUS CITY’KOO0H ABMKEHUS KOMMEPYECKON 9acTH
JKCIUTyaTalliy JOPOT, KOMMepUecKasl 4acTh
CKOpO 00pa3yeT OTAENbHYIO CITy>KOy, HapaBHE
co cimyk00it aBrkeHus. K aTomy xein. mop. yxe
TOTOBSITCSL.

OTHOCHUTEIBHO apTeNH, HACKOJIBKO TIOMHIO,
JIOKJIa/IbIBaJI HAM BECHOM, B Mae, I'-H Tpaycrenb,
KOTOPBIN TAaKXKE COUYBCTBOBAJ 3TOH PYyCCKOU
opraHu3anuu. MeHs yIuBISET JONTOe IECTBHE
3TOTO BONPOCA MO BCEM YUPEKAEHUSM. B

! B HeomyOnukoBaHHOW B «Mupe TpaHCIOPTa» 4acTH

BeicTymieHust H. I1. BepxoBckoro ormeuanoch, 4To «...
3aTpyJHEHHMS TIepeBO3KH Xi1eba Bo Bpems roiozna 1901 roma
BBI3BAJIM HAa3HAYCHHE TPO3HOTO NMONKOBHMKA Benapuxa
C KpYHHBIMH BhICOYailInMm MOTHOMOYHMSAMH, JUIS TIPUHS-
THS DHEPTUYHBIX MEp K yCTENHOH nepeoske. O4eBnaHO,
B3aMMHOM COJNIMIAPHOCTH U CAMOIEATEIBHOCTH YIIPABIISIO-
MIUX U HAYaJbHUKOB JOpPOTr (T.K. TOT/A YK€ MHOTO JJOpOT
HaXOJIMJIOCh B Ka3éHHOM YIIPaBJICHUH) BBICIINE C(Ephl He
JIOBEPSIIM M TPUIIIOCH MPUOETHYTh K BOCHHOM SHEPIUH,
¢ 00BEIMHEHNEM BJIACTH B OJHUX pyKax... Emié panee sToro
TIEPUO/IA JKEIE3HOIOPOKHBIC HEYPSTHITHI BHI3BAIM HAa3HAYE-
Hue Bricouaiine yrBepxaéHHOIT komuccuu rpada bapanosa
U1 ICCTIC/IOBAHMS YKETIE3HOOPOKHOTO JIeTIa». — PUM. peo.
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cKaszajau, 4To mpuiaércs 3To paspeuruts [oc.
Jyme. 3HAUUT, 3TO BCTpEUAET KaK OyATO MHOTO
TPEHUH, U O TAaKUX TPEHUSAX HUYECTO HE CO00-
mjaercst B opunuanpHo neyatu. Yemy ke 310
npunucath? ApTeiab CBOHCTBEHHA PYCCKOMY
Tpyay, 0CTaéTCs B3ATh U MPUHSATH e€; HO, OYe-
BH/IHO, TPCHHUSI CYIIECTBYIOT IO JAPYTUM IIPHU-
YUHAMH MOXET OBITh — 3TO MPHUYUHBI 3aKOHO-
JIaTeNIbHBIC WU aIMHUHHCTPATUBHBIC, KOTOPHIC
HaM HEU3BECTHBI, TAK YTO XOPOIIIEE JEJI0 TOP-
MO3HUTCS HE JKEJIC3HBIMHU JOPOTAMH, U UX O0BHU-
HSTh B 3TOM HUKTO HE MOXKET, a [0 MPHUYUHAM
MTOCTOPOHHUM.

OTHOCHUTEIBHO Pa3pabOTKK TOrO BOIPOCaA,
YTOOBI JKEJIC3HOMOPOKHUKH, TIPU COICHCTBUU
HBIHCIIHEr0 MUHHUCTpPA M aJMUHHUCTPAIUH,
MPUHSUTACH 3@ YCOBEPIICHCTBOBAHKE JKEJI. J0-
pOT, KaXkeTcs, B 3TOM B HamieM TeXHUYECKOM
O6mecTBe HemocTaTtka He Obuto. B TexHuue-
ckoM OOmiecTBe mevyaTaluch B CBOE BpeMms
JTOKJIJIbl, U OHO MPOIOJIKACT ITHM BOIIPOCOM
3aHMMAThCS B CBOEM JKypHAJIe, a HHOI/IA B Ha-
mux 3acenaHusx. JlokazareiabCTBOM 3TOTO
CIY)XHT U CerofHsmHss Oecena ¢ Bamu mo
MOBOAY Ballero jokiana. B coxmeiictBum co
ctopoHb! O0IIIECTBa HEAOCTATKa HET, U BOOOIIIE,
€CJIH TIPOCIICIUTE HCTOPUICCKYIO YACTh HKEJIC3-
HBIX JIOPOT, TO MOXETE YBHJETh, YTO IEPBHIC
HauMHAHUS BO BCEX BONPOCAX IILJIM HE OT Ipa-
BUTEJIbCTBCHHBIX YUPEKICHUHN, & OT YaCTHBIX.
DT0 3aMeyarebHO M COBEPIICHHO HATYPaIbHO
, 51 IyMaro, BO BCEX CTPaHaxX TaK BeACTCS HAIIe
neno. Bor uro s xoten Bam ckazate. ['ocniona,
KOMY YTOHO MIPE/JIOKUTH BOTIPOCHI JOKJIA U1~
Ky?

Joknaouux. ToT TPy, 0 KOTOPOM BbI FOBO-
puTe, ICHCTBUTEIBLHO, MHE Ha IJ1a3a He Momna-
Cs, HO sI BBICKA3aJl TO, YTO MHE CaMOMY IIpH-
LIUIOCh MEPEKUTh. S TOKE clesiaa UCTopHuue-
CKUH OYepK, HO €ro He YUTaJ, U S MPUIIEN
K 3aKJIYCHHUIO, YTO HadallbHUKU AOPOT
U YIPABIISIONINE HE MOIJIM COJTUIAPHO JACHCTBO-
BaTh, U BCJICICTBUE 3TOTO UM MPHUIILIOCH K IATh
yKa3ku co cTopoHsl. Kaskercs, Bol camu co3na-
JI TIPOCKT O paclpenenTeabHbIx Otopo. Ecin
OBl HAYATBHUKHU CYMEJIH HAMPABJISITh TPY3bI I10
COOCTBEHHOMY COTJIAIICHUIO, TO HUKTO HE Me-
majy Obl HaYaJllbHUKAM ChE3)KAThCsl, a BbI
yCTpOMIH OIOPO.

Ilpeoceoamens. Bamie yka3aHue Ha MEHs
naét MHe TIpaBo nonpaButh Bac. HavansHuku
JIOPOT, ¥ TOTHa, Korja si ObLUI JIUPEKTOPOM JIe-
MapTaMeHTa KEJE3HBIX JOPOT, ObUIH CBS3aHbI
PACIOPSDKCHUSIMU JIeTIapTAMEHTA KEJIC3HBIX
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JIOPOT, ¥ MPOEKTHI, KOTOPBIE MPEICTABIISIIUCH,
3ané&xuBanuck. Bunosar obuwmii crpoid. U Te-
ephb 3TO /110 OOCTOUT TOYHO TaK XKe. DTO 3a-
BHCHT OT OOIIEro CTPOSt U OTHOIIEHUS 00IIe-
CTBA K aJMHHHMCTPAIMH W, 3HAYMT, MPHUUNUHBI
JIeKAT TIIyO)Ke, 4eM BOJI HAYaJbHUKOB JJOPOT
U yOpasisonux. BIopo He Tak mpocTo yupe-
JUAITH: B3sUTH W yupeannd. Her, Obuta HekoTopast
00pn0a, HO st He Oyy BXOIUTH B IOJAPOOHOCTH,
U OTOTO HE HYIKHO, HEHCTBUTEIBHO, JKEI. J0P.
ObUTH cTecHEHBI. K 3TOMY ke BOPOCY MOKHO
MIPUCOETMHUTE M MOPAaHOHHBIE KOMUTETHI. Bo-
BC€ HE OIJIONMIHOCTHh HAYAJbHHKOB JIOPOT
1 yIPaBISIONINAX SBJISIOTCS IPUYMHOM 00pa3o-
BaHMsI MOPAHOHHBIX KOMUTETOB, & Ta JESTENb-
HOCTb, KOTOPO# 9TH KOMUTETHI Ce0sl TOCBSITHIIH,
Obu1a OBl HE MO IUICYY OJHUM HauyaJbHUKAM
U YIPaBJSIFOIIUM JTOPOT.

Jloxnaoduux. 51 xody cka3aTh OTHOCHUTCIIBHO
apreneil. Kak penaxrop « Kypuana Munucrep-
crBa Ilyteit CooluieHus», s XOTEJ IIOMOYb,
u s npoBo3rnacui: «locnoza, ropopute!». Mbl
cleNiajy Tak: B PEJaKIMU Y Hac 2 peJakTopa.
Sl Hamucast ofHO, a IPyToi 3aBeIOMO HE CoIJia-
IIaJICsl CO MHOM, YTOOBI MOKA3aTh, HACKOJIBKO
MBI CMOTPUM 0O€CIPUCTPACTHO. MBI %K J1a/Hu, He
HaWIyTCs JIM Kakue-HUOyIb Bo3pakenust. [Ipea-
0JIaraJiv, 4TO IOPUINUYECKUN OTHEN JKETE3HBIX
JIOPOT MOCMOTPHUT Ha 3TO C IOPUINYECKON TOY-
KU 3PEHUS 1 OCBETHUT ITOT BOMPOC, HO MOJIroja
BCE MOJTYAT U, OYEBUIHO, HUKTO HE MHTEPECY-
ercst. Hy)xHo moHyauTh YIIpaBJieHHE KeIe3HbIX
JIOPOT J1aTh JaHHBIE.

Ilpeoceoamenv. XoTUTE 3HATH MO OTBET?

JMoxnaouux. 51 xoTen ObI 3HATH.

Ilpeoceoamens. [puyrHa Balero BOJTHEHUS
[0 3TOMY TIOBOAY — Baiia Moo10cTh, Kak pe-
JIAKTOpa. B 93TOM OTHOIIEHNH st UMEIO HEKOTOPOE
cTapimHCTBO niepen Bamu. I Obut OBl OYEHB
VIUBIEH, €CITU ObI HA TAKOE MPEIJIOKESHUE C MO-
€l CTOpOHBI OBUTH TOJTyYEHBI OT3BIBBI. VX HET.
ITyOnuka Hatia 0coOeHHasl, U MbI CAMH YaCTO Ha
MOJTyYEHHBIE TUChMa HE OTBeYaeM. Y Hac B Kyp-
HaJIe ObUT yUpEeXkIEH OT/ICIT BOIIPOCOB U OTBETOB,
1 4TO xKe? MBI I0JOKHBI OBLIH JIE]IaTh TO, YTO BBI
MPOJIENIBIBAETE C 2-MsI PEAaKTOPaMH, T.€. MBI,
3aj1aBast BOIPOCKI, CAMH Ha HUX OTBEYAJIH, JKeJiast
MPUMEPOM BbI3BaTh 0OMEH MHEHHUH. MBI JIOJDKHBI
OBUTH OTPAHHUYUTHCS STHM.

[BbicTyniieHnsi B npeHusx|

fO. H. Opnux. 51 nomxen cka3aTb, 4TO MPO-
YUTajd KHUTY, O KOTOPOH MAET pedb, TaK 4YTO
s JOCTaTOYHO OCBEAOMJIEH O MHEHHUSAX TOKIA]-

Mwup TpaHcnopTa. 2022

yuka. Kak BUsHO U3 JOKJIa/1a, KHUATA COJIEPIKUT
MHOT'O HHTEPECHBIX HU]P, U 5 HE 3HAIO, [T0YEMY
JOKJIQJYMK TaK CKpOMHO o3ariaBui e€: «He-
paszbepuxa». Sl qymaro, mpu TOM I'POMaJHOM
OTIbITE, KOTOPBII MPOMVIS/ABIBAET B aBTOpE, OH
TIOHSLJI, YTO HY>KHO OCOOEHHO MOJAYEPKHYTh.

MBI IPaKTUKH JieJ1a, 3HAaeM, YTO MbI 00sI3aHBbI
JIepKaTh CJIUIIKOM MHOTO CIIyKallluX, a rmoye-
My? ABTOp KHUTHY 3HAET, IOTOMY YTO MbI 00pe-
MEHEHBI JJOCTAaBJICHUEM MAacChl CBEICHUH, KO-
TOpbIE HUKOMY HE HY)XHBL. DTH CBEICHUS CO-
CTaBJISIIOTCS TIOTOMY, YTO HauyaJbCTBO, 110 TEO-
PHH, JOJKHO 3HATH BCE U MBI JIOJDKHBI 000 BCEM
JIOHOCHUTb. [1e/10 JOXOAUT 10 TOTO, YTO HEIaBHO
OBUIO COBEIIaHUE, T/I€ 33/1AJINCh 3a]a4eii yMEeHb-
LIMTh YKCIIO0 OJIAHKOB OTYETHOCTHU, U HAM OBLIO
IIOCTABJICHO TAKOE TPEOOBaHKE, YTO LIEHTPAIb-
HBIE YUPEXJCHHUsS XKeJaloT 3HaTh, CKOJBKO
B Poccuu 110 KaXk1oMy IEperoHy Bcex jKees-
HBIX JIOPOT HAIpPaBISIETCs] IPY30B B OAHOM
U ApYyroMm Ha npasieHuu. Korna Ha aTom 3ace-
JIAaHWHU OJIMH U3 ITPUCYTCTBOBABLIMX HAaYaJIbHH-
KOB CIIy)KObI ABMIKCHHS CKa3all: «Ka3E€HHBIX
nopor 40000 Bépct 1 ¢ yacTHeIMU Beero 60 000
BEpcT, a y MeHst 2000 BepcThl B MOEM pacmopsi-
JKEHHH, U 51 HHTEPECYIOCh JIUIIb 2—3 3arpyKeH-
HBIMHU HalpaBlICHUSIMH, @ OCTAJIbHBIMU HE WH-
TEpEeCyIoCh», eMy OTBedasu: Bbl MoxkeTe Tak
CMOTPETh, HO HaM 3TO HE TOJUTCS; MBI JIOJDKHBI
3HaTh BCE.

[Torom ojiHa U3 IPUYUH, OJIMH U3 HEJIOCTAT-
KOB JKEJI. JIOp. 3aKIII0YaeTCsl B HEIPOU3BOIM-
TeJILHOCTH Tpyaa. Heypsinuia xet. 1op., MOXKeT
OBITh, 32aBUCHUT OT TOTO, YTO y HAC TOHSATCS 3a
HUBEJIMPOBKOM COZIepKaHMs. Y HAc CUUTAETCS
MIPEKPacHBIM, €CIIM COAEpKaHUe MoJ00paHo
OJIIHAKOBO JIJIsl BCEX, BCE MOJIYYat0T OJJMHAKOBO.
Ecnu uenoBek paboTaronuii NoIyyaeT CTOJIbKO,
CKOJIBKO U JIPYTOi, MeHee paboraroliei, To 3To
B OOJIBIIMHCTBE CIIy4aeB IPOU3BOAUT HEXOPO-
iee JieiicTBre, yMEHbBILAET €0 SHEPTHIO, & TYT
HY>KHO TIPUJIEPKUBATHCS CHCTEMBI, KOTOPYIO
aBTOP BEPHO YKa3aJl, UTO JIFOIH JIOJDKHBI BO3HA-
IpaxkJaThCsi HEPAaBHOMEPHO. DTOT MPHHIIMII
IIPOTUBOIIOJIOKEH HMPUHLMUIY Ka3&HHBIX JKeJl.
JI0p., KOTOPbIE ATOTr0 N30eraroT.

B yacTHBIX NpeANpPUATHSIX OTBETCTBEHHBIC
JIUIIA, XOTS M MJIQIINE CITY)KallHUe, BbIJIENISIOT-
Csl W TIOJIy4YaroT ropasao OoJblie, YeM UX CO-
ciyxuBubl. [Toatomy onu m crapatorcs. Bor
9TO OJIMH M3 NMPUEMOB B HAIllEeM OO0ILEM Jeie
HEU30eKHBIH.

3areMm 51 He MOT'Y COTJIACHTBCSI OTHOCUTEIb-
HO TPEMHIA, YTO CTaplINe ciyXalre OyaTo Obl
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MOJIy4aroT CJIUIIKOM MHOT0, @ MIIQJIIIKE MaJIo.
Taxk st monstn?

Jloknaoduux. Her, s ykazan 4acTHUHBIN IPU-
Mep, KOTopbIit 0bu1 coodmién B [oc. Jlyme, uro
MIPEMHH 110 TOBAPHO-CTAHIIMOHHBIM padoTam
BBIJIAIOTCS HA4aJIbHUKAM J[BHIKCHHS.

O. H. Dpnux. Eciiu npeMupoBaTh Bcex 0e3
HCKJIFOYEHHS], TO, KaKhe Obl KPEIUTHI HU OBLIH,
B KOHIIE KOHIIOB Ha JIOJIIO KaXK/IOTO MOJYYHTCS
OYEHb MaJlo, a Majas pruOaBKa K >KaJIOBAHUIO
He ecTb npemust. [loaToMy npuxoauTcs Jaronen
JIeJIUTh Ha TaKUX, KOTOPbIE PYKOBOIST JIEIOM,
U TeX KOTOpbIe pykoBoguMbl. [lostomy mis
TOTO, YTOOBI UMETh yCIIeX, HY)KHO PyKOBOJANTE-
neit BeiaenuTb. Crioco0, KOTOPBIH BBl yKa3bl-
BaeTe, Ha YaCTHBIX JOpOrax MPaKTHKYeTCs
C TIOJIHBIM YCIIEXOM.

Yro KacaeTcst TOTo, YTO YCIEX B TAKOM JIeje
3aBHCHUT OT 10J00pa CIYXKAaIIUX, TO ITO SICHO,
HO TJIC 3TO MOXKET OBITh OCYIICCTBICHO? DTO
MOXET OBITh OCYIIECTBICHO TOJIBKO Ha HOBBIX
JIMHUSX. 371€Ch, MPEANOIOKUM, HAYaIbHUKH
MOTYT IIOI0MPATh Ce0e CITyKaIlUX, a Ha CTapbIX
JIMHUSX JIFOJIM CITy’KaT MHOTO JIET, yCTPOUIINCH,
M 9TOT 1mox0op HadalbHUKAM JMHUN MeHee
JIOCTYTICH, U TakKasi KacTa, 0 KOTOPOH rOBOPHUT
JIOKJIQIYHK, cama co0oi o0pasyercst U3 cTapo-
ciyxamux. Sl He MOT'y OTHOCHUTBCSI K 3TOMY
SIBIICHHUIO, KaK K TaKOMY, KOTOPOE IPUHOCHIIO
ObI OOJIBIIYIO MMOJIB3Y. S, HAITPOTHB, TyMAl0, YTO
9TO IPUBOJAMT Ha JKeJl. 10p. IMEHHO K TOMY, 4TO
Ha KeJI. JIOp. UCYE3aeT TOT UMITYJIbC, KOTOPBIH
€CTh TOTJa, KOrJa JIFOAM TOAOMPAIOTCS 1O Ta-
NaHTIMBOCTH. TYT MMOHEBOJIE TPUXOIUTCS CUHU-
TaThCsl C TEM, UTO MPUXOJUTCS IEPIKATh JIFOIEH,
KOTOPBIX HEJNb3sl HE NMPHUHATH Ha CIIyX0y. ITO
OyzeT rpoMaIHO¥ 00y30#, TaK 4TO 00pa30BaHUE
KacThbl 5l HE MOTY ITPU3HATH MEPOl palnoHab-
HOM, KOTOpasi MOXKET CII0COOCTBOBATH IPOTpec-
CY JKell. JIop., TeM OoJiee, 4To caM aBToOp, Korjia
yKa3bIBaET, 4TO Ha CIYkKOE TSTU MPOIIIsIbIBACT
LIEXOBOE HA4allo, CTABUT 3TO B MUHYC CIIyX0e
Tsiru. Kazanock Obl, eciu 1o ciry:x0e Tsru Obl-
BAET, 4TO HE Pa3OMparoTcs, KTO Mpas, KTO BU-
HOBAT, U TOJBKO CBOMX OTCTaMBAIOT, TO TEM
Ooiee 910 Oy/IET, ECIIU BCE CITyIKAIHIE KEITE3HOU
JIOPOTH OyAyT COCTaBISITH COOOM KacTy.

3arem JIOKJIQIYHK TIpeJyIaraeT npeionpee-
JIeHHE B BbIOOpE HavaibHUKa jgoporu. Kax
s TIOHSLT, 3apaHee Kak Oy/ITO ONpeelisieTCsl, 4TO
TaKOM-TO MOJIOZOH YEIIOBEK MOXKET OBITh MPO-
BeZ€H B Oynymiue HadanbHUKU. Kak s Mory
pa3o0parh, 4YTO OJIMH MOJIOZOHM YEIOBEK HMEET
Martepuasl ObITh Ha4aJIbHUKOM, a JPYrod He
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nmeer? Ecimu mononoil yenoBek Oyner 3HATh,
YTO TOTOBUTCS B HAYQJIBHUKH, TO OYIET JIH 3TO
MOJIE3HO?

Joxnaouux. T1o HOBOY KacThl 5 CKaXy, 4TO
00pa3oBaHKE KACTHI sI CBSI3bIBAI0 C CUCTEMATHU-
YECKOH U TUTAaHOMEPHOH MOATOTOBKOM TUYHOTO
cocraBa. Sl HM OJHHM CIIOBOM HE OOMOJIBHIICS,
YTOOBI KACTY MIOHMMATh TAKUM 00pa30oM, YTOObI
KaKJIbIH JKEJIC3HOIOPOXKHHUKY pa3 ero pOIUTeIn
OBLITH JKEJIC3HOAOPOKHBIMU CITYKAIIUMU, TPHU-
00pén mpaBo Ha 3BAHHE KEJIC3HOJOPOIKHUKA,
YTOOBI KQK/BIN CIYXKAIIUN, KAKUMH OBl OTPHU-
[aTebHBIMU KauyeCTBAMHM OH HH OTJIHYAjCH,
HEMPEMEHHO ObLT Ha ciayx0e. S Tak He MOHHU-
Mar M T'OBOPIO, YTO €CJIM CYIICCTBYET TaKas
KacTa Ha cIy»0e TATH, TO 5 YKa3bIBalo e€ OTpu-
naTesipHyo cropoHy. Kormga momanércs nmpuH-
LU, He 0C000 Pa3BUTHII, TO AACT HAIIPABIIC-
HHE KacTe HEXOPOIIee B CMBICIIC MOMICPIKKU
JIPYT Apyra BO 4TO ObI TO HU cTasio. Bo BesikoM
ciy4ae, JKeJIe3HOIOPOKHBIX CIYXKAIIUX TaKas
Macca, 4TO BCEX HX, MOHSTHO, MPUCTPOUTH
HUKaK HEJb3s Ha kes. 1op. JKenesHsie 10poru
00/1a1a10T TAKOM MacCOi MOJTOJIEXKH, UTO U3 HEE
MOJKHO JIeJIaTh BBIOOP; TaK YTO HETOMASIIUC HE
OyIyT MPUHUMATHCS.

Uto KacaeTcst MPUTOTOBIICHUS HAYaIbHUKOB
JIOPOTH, TO CIIOCOOBI €CTh pa3Hbie. S ocTaHaB-
JIUBAFOCh HA 3TOM CIIO0CO0E MIMEHHO [TOTOMY, YTO,
MHE Ka)KeTCsl, JIUIA, TOATOTOBISIONINECS K Jes-
TEJIHHOCTH HAYaIbHUKOB JOPOT, JOJDKHBI IPOiA-
TH MacCy JOJDKHOCTEH, YTOOBI 03HAKOMHUTHCS
co ciyx0aMu, U Takue Jnia OyAayT, MOXET
OBITh, 0OJICE KOMIIETEHTHBIMU HaYalbHHUKAMM
JIOPOT, U U3 HUX BO3MOXeH BbiOOp. [locie u3-
JIaHUsl 3TOM KHUTHU s MOJYYHJI MacCy IHCEM,
1 OJIMH WH)KEHEP IMUIIET, YTO 51 TAKUM 00pa3om
CTaBJII0 BOMPOC, YTO MHIKCHEP, MOATOTOBIICH-
HBI TAKUM CIIOCOOOM, OyIEeT CTaBUTh H3BECT-
HbIe TPeOOBAHUS: s TAK MOJATOTOBUIICS U JIOJI-
YKCH OBITh HAYaJIbHUKOM JH0pord. [1oaroroBuTh-
CsI OH IMOJATOTOBHIICS, HO, MOXKET OBITH, 00J1a/1a-
eT TaKUMH OTPHIATCIIbHBIMH TaJlaHTaMH,
KOTOPBIC HEIOIYCTUMBI B XKeJ1.-10p. aene. S He
CTaBJII0 BOMPOCA TaK, YTO SCIIM HHIKCHEP MPO-
Jienai Be€, 4To s PEKOMEH/IYIO, TO MOXKET Tpe-
0oBaTh MecTa HayaJlbHUKA 10poru. OH MOXKET
OBITh HAYaJILHUKOM CJIYXKOBI, IOTOMY YTO
Y HErO €CTh HEIOCTATKH, KOTOPBIC HE JA0T eMY
BO3MOXXHOCTH OBITh Ha3HAUYEHHBIM HaYaIbHH-
KOM JIOpPOTH.

M. A. l]yxun. MHe KaxeTcsl, B 3TOM OTHO-
IICHUH BbI ¢/1Ba JIK MpaBsbl. [10 ONbITY MBI 3HAEM
MacCy HayaJbHUKOB JOPOT, KOTOPhIC Kak pa3
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HUKaKUX CIYO0 HE MPOXOAMIN U OKa3bIBAIHCh
CaMbIMH JIy4IIMMHU HadyaJlbHUKaMH JI0por. 5 He
Oyay Ha3bIBaTh (haMHIIMH, HO ATO TaK.

3areM Bbl TOBOPHTE, YTO Ha JKEI. JIOp. Cy-
IECTBYET HUBEIUPOBKA. DTO HEBepHO. Hauanb-
HUKH cTaHIu# nonydaroT ot 40 p. go 150 p.

0. H. Opnux. CnumkoMm mManas pa3HUIa.

M. A. H]yxun. IIpocTute, pa3HUIly MEXIY
oknanamu B 40 u 150 enBa 11 MOXKHO CUHUTATh
MaJioil. PazHuIbl B OKJIaiax CyIIeCTBYIOT BO
BCSIKOTO pOJia IOJDKHOCTSX M 3aBHCAT OT JeJia,
KOTOpOE MOpPYYaeTcsi N3BECTHBIM JIMIIAM, XOTS
Y 3aHUMAIOLIMM O/INHAKOBOT'O HA3BAHHUSI JI0JIK-
HOCTH.

1I. A. Anexcanopos. 51 xoten ObI CKa3aTh 110
MIOBOJIy PEKOMEH/IOBAHHOT'O JIOKJIa{YUKOM CII0-
coba OOpOTHCS C XUILEHUSIMUA. ABTOP, C OTHOU
CTOPOHBI, IPU3BIBAET K COBMECTHOM JIPYKHOU
pabote U, ¢ Ipyroii, pacIKChIBAETCS B TOJTHOM
Oeccuinu, T.€. TOBOPHUT — «CETh Hallla BEJIHMKa
1 o0IIMpHA, HO TIOPSJIKA B HEH HET — JaBaiite
BapsroBy. 51 FOBOPIO O BCEPOCCUNHCKON apTenn
«Bapsir», ycuIIeHHO PEKOMEHIYeMO# JTOKJIaj-
YUKOM. $1 COBEpIIEHHO MPUCOEANHSIOCH K 3a-
SBJICHUIO T-Ha Dpiinxa 0 NeperpyeHHOCTH
JKEJIE3HOJIOPOXKHBIX CIIY)KaIIUX paboTaMu Mo
COCTAaBJICHHUIO Pa3JIMYHBIX CBEIEHUH, B yiiepo
MPSMBIM O00SI3aHHOCTSIM.

CKOJIBKO OJIHUX CTAaTUCTUYECKHUX CBEACHUIA,
HHUKOMY He HyXHbIX? [T1y0oKkoyBaxkaemblii ViBan
WBanoBu ¢.-Puxrep npoussén moucuér »Toi
macce Oymar. OH MOXKET IOATBEPAHTH, CKOJILKO
JieJIaeTCsl M3NUIIHEH, TOBTOpHOM. JlaliTe monsam
3aHUMAThCSl CBOMM TIPSIMBIM JIEJIOM, 00ecIeyb-
T€ UX MaTepHajbHO, — U TOTJAa TEMH e Cpell-
CTBaMH MbI CIipaBUMCs ¢ xuieHusMu! Takoii
NPU3BIB K BapsAraM HE HYXEH, HY)KHO TOJIbKO
MOCTaBUTh JIEJIO NPABHIIBHO.

Jloknaouuk. Tomy, 4TO ceiiyac ckasaHo,
s1 COBEpIIEHHO COYYBCTBYIO U, 10 TpaBJie CKa-
3aTh, 3TO 51 YIYCTHII U3 BUY. 5 cam, Kak OmbIT-
HBIIl YellOBEK, CTpajal OT MpPEeACTaBICHUS
Macchl TAKMX MaTepHajioB, XOTS M OY€Hb ICH-
HBIX M MPeKpacHo nojodpanubix. Hampumep,
Ha ciyx0e JBH)KEHHS, KaK JIIOOUTEIb ITOr0
JIel1a, sl CTapasics MpeCTaBIsITh CAMbIe TOYHbIC
1 BEPHBIE CBEJICHHUSI, U KAKOBO OBLIIO MOE I10JI0-
JKEHHUE, KOT/Ia 3a4acTylo S TOJIydall 3arpochl —
JlaTh cBejieHus. Sl roBopuil — Mo3BoJIbTE 00pa-
TUTBCSL K 3TOMY. «Hert, roBopsar — naBaiite
CBEJICHUSI», U s JOJDKEH ObLI coo0marh Jiere-
IIaMH O TOM, YTO TIOCJIAJI MECSIII Ha3a/l IPaBHJIIb-
HO M3JIOKEHHOE Ha Oymare. 5 mo3a0sL1 00 3TOM
Harmcarb, HO 00 3TOM MOYXHO HaIKcaTh HEMAaJIo
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XOPOUIMX CTPaHUILI, 0COOEHHO MHE, KaK CBOOO/I-
HOMY 4eJOBEeKYy. DTO — OoJjbluas si3Ba, XOTs
NepenucKa MHOTHX criacia oT KyTy3ku. C tex
0P KakK CTajH MUCaTh, MbI IEPECTAIH CUIETh.
WHxeHep COCOOHBIN U EbHBIN OTCHKHUBAI
3a TO, YTO HE YCIIeJ BBIPa0OTaTh HHCTPYKIUIO.
Uro kacaercsi Ballero 3aMedyaHus, TO B MOEi
KHHUIEe s HE pa3 rOBOPHII, YTO MOTY yKa3arb
Maccy CIOCOOHBIX U JIebHBIX HHXKeHepoB. He
MOT 5 TOBOPHTD O JIFOASIX JKUBYIINX; 51 00 AJa-
JypoBE MOT' CKa3aTh, U 3Ta NnpubaBka ObuIa
clenana nocie cMeptH ero. S cruenan npudas-
Ky HOTOMY, 4TO ciry>kuit 11 siet ¢ Hum. 970 ObLI
BEJIMKOJIETIHBIA aqMUHUCTpaTop. To ke camoe
MOT'Y Ha3BaThb Maccy JAeJbHBIX HH)XEHEPOB,
MIPEBOCXOJHBIX aJIMUHHCTPATOPOB, KOTOPHIE
PEKOMEH/IyeMOH MHOIO IIKOJIBI HE TIPOXO/IHIIH.
DTO 3aBUCHUT OT TaslaHTa. bbu10 OBI TPHCKOPOHO,
ecinu Obl MBI He 00JaJany TaKUMH TaJlaHTIIH-
BBIMHU dJIeMEHTaMH. MBI He JOCTUTIIN ObI TOTO,
Yero JIOCTUINIM Telepb, ¥ NOJOXKEHUE Hallle,
MOXET OBbITh, OBLIO OBl XYK€, YeM Telepb.

U U. p.-Puxmep. 51 Taxxke npounTal KHUTY
JIOKJIaJIYUKa C OOJIBIIMM BHUMAaHHEM H [IPUTOM
JIBXIIbI, 1 HAXOXKY, YTO KapTHHA, UM HApHCO-
BaHHas, BEpPHA, HO, MHE KaXKeTCs, CTOJIb XKe
BAXKHBI, KAK CaMbI€ SIBIICHHSI, IPUYMHBI UX.
51 coBepIIEHHO ITPUCOEUHSIOCH K MHEHHIO, I-Ha
[pencenarensi, 4To UCTOPUUECKHIA pa3dop Mor
OBl pacKpBITh BCE YCIIOBHUSI COBPEMEHHOTO I10J10-
JKEHUs Kell.-Jop. Aena. S jaymaro, yKene3Hble
JIOPOTH CYTh IJIOTh OT HaIlIei r1oTu. Mbl uMeeM
JKEJI. JIOp. TaKHue, KaKue 3acily)KMBaeM HMETb.
OrmstHeMcst KpYroM Ha To, 4To Jienaercst B Poc-
cuu. PasBe ke 1op. Xy»e IeiCTBYIOT, 4eM BeCh
ocTtaibHOW MexaHu3M? Hert, HUCKOJIBKO. MBI
BUJIUM, YTO HEKOTOPBIE OTHOCSTCS K OTOMY JIeITy
C IECCUMH3MOM, JPYyTUe C ONTUMU3MOM. Sl cHa-
yasa ObLI ONTUMHCTOM, HO CAEJIaJICs HACTOJIBKO
MIECCUMKCTOM, YTO MEHsI HE Opa)kaeT Aaxe To,
YTO Hac OTrYJIBHO O03BIBAIOT MOLICHHHKAMH.
[Touemy »xeJ1. 1Op. JOIKHBI 00pa30BaTh 0A3MUC,
rae OyJeT HapcTBOBaTh HPABCTBEHHAs YUCTOTA?
51 mymaro, 4TO HYXXHO M3YYHTh, BCE YCJIOBUS,
u toraa Bc€ OyleT SCHO, U MOXKHO HepeTH
K OIICHKE BBIBOJIOB M IPEMJIOKEHHH, KOTOpPbIE
JIeJIAI0TCS JUIs MCIIpaBJieHUs 37a. S| roBopio:
THIATEILHOE M3YYE€HHUE UCTOPUU HECOMHEHHO
packpbuIO OBI, YTO AJIsi BEJCHHUS BOWHBI, KaKk
U JKeJl.-JTOPOXKHOTO Jielia, HYXKHBI TPH BEIIH:
JICHbI'H, ICHbI'Y U JICHBTH.

Bcst HeY10BIETBOPUTENILHOCTD HAILIUX XKEJl.
JIOp. ciaraercsi U3 UxX yObITOYHOCTH. Bam m3-
BECTHO, HACKOJIBKO pa3/iyTa 3Ta yObITOYHOCTD,
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CKOJTbKO BOJIBI 3aKJTIOYACTCS B KamuTalax, Ha-
CKOJIBKO HEZIOCTOBEPHBI Halu Oanancsl. Henag-
HO aHKETHAas KOMHCCHs yKa3ajia, 4TO HH Iac-
CHBHAs, HM aKTHBHAsI CTOPOHA ATOTO GanaHca
HUKOMY B TOYHOCTH HEH3BECTHBI.

Ecnu 661 TOPOTH HAIIK 1aBaJIH PUOBLITE, TO
MBI HaXOAMJIU ObI, 4TO BCE XopoIno. B HacTosi-
1Iee K& BPEeMs Mbl, YHHBI YTIPABICHHUS, SIBIIS-
eMcsl Ko3namu oTmymieHus. Tapudamu Mbl He
3aBellyeM, 00CIy)KMBaeM HE TOJBKO TOPTOBIIIO
Y TIPOMBIIIUIEHHOCTD, HO U BCEBO3MOYKHBIE TO-
CyJapCTBEHHBIC TOTPEOHOCTH, KOTOPBIC B aK-
THBE Hallero 0agaHca He QUTYPHUPYIOT. YIIpaB-
JICHHUS JOPOT MOABEPTalOTCs HECIBIXaHHOM
OreKe; Mbl HE MOXKEM HH LIary CTYMUTh 06e3
TOTO0, YTOOBI HE MOJABEPTHYTHCS PYKOBOIUTEITb-
CTBY, B KOTOPOM, OTHAKO HEIOCTAET CIUHCTBA.
3/mech BO3HHK BOIMPOC: HYKHBI JTH COBETHI.
51 nymaro, OHM Hen30eKHBI: TaM, Tie MHUHUCTD
MyTei COOOIICHHS HE MOXKET PacmopsKaThCs
0e3 MuHucTpa (PMHAHCOB U LIEJIOTO0 Psijia APYTUX
MHUHHCTPOB, TaM HaYaJbHUKH JOPOT HE MOTYT
OBITH CaMOCTOSITENIbHBI. [ OBOPST, 4TO HAYATb-
HUKH JOPOT TUTOXH. 51 OCTaBIISIFO 3TOT BBIBOJ HA
OTBETCTBEHHOCTH JOKJIAYHKa U TOTOB JIOMY-
CTHTb, YTO 3TO TaK. MHE HHTEPECHBI HE (HaKTHI,
a UX OPUYUHBL. [OBOPSAT, YTO JIMYHBIA COCTAB
He opranu3oBaH. OH je30pranu3oBan. Msl 3a-
MedaeM, 4To 3a nociennue 50 ser oH cran
MHOTO0 XyXe. Takoro BceoOuiero oercraa, Kak
Tenepb, He 6b110. CKOJIBKO ObI HUA MOATOTOBIIS-
JIH CIYXallluX, OHK yiayT ot Hac. OHu oruta-
qUBalOTCs rpomramu. S 6but B BamumnrTone,
B AMepHKe, U MOWHTEPECOBAJICS Y3HATH, KaKH-
MU CPEICTBaAMH 00JafaeT ciyx0a cOopoB.

Ha certu B 2400 cranwmii, 1.e. B 10 pa3 60Jb-
e ueM Ha CeBepo-3anaHbIX JKell. J10p., ObLI0
ciyxanux 200, y Hac sxe 800. bapslau nony-
yarot 110 1800 p. Ha HaIM AEHBI'H. DTO 0OBsIC-
HSETCSl HE TOJNBKO HAMPSKEHHOCTHIO PabOTHI,
HO U IPYTHMH YCIOBHUSIMH.

B Awmepuxe xein. 1op., uToObl n3bexarb
KOHTPOJIsI (heiepanbHOro MPaBUTENbCTBA, BbI-
JIAF0T HAKJIaHBIC JTUIIb B Tpe/esiax cOOCTBEH-
HbIX nuHUH. [Iponenypa yuéra npocra — y4du-
TBHIBACTCS MEPEBO3KA M0 HOPMaM H MpaBHIIaM
BHYTpPEHHETO co001eHus. CpaBHEHHUE C HAIIIH-
MH YCIIOBHSIMH MOKA3bIBACT, HACKOIBKO ITO
POIIe, OHAKO HU 0 YEM MTOJOOHOM MBI TyMaTh
HE MOXEM.

3areM TOBOPHUIIOCH 3/1€Ch O IEPENpPOU3BO/I-
CTBE CTATUCTHUKH. DTO €CTh PE3yJbTaT BO3MCH-
CTBUSI 1I€JIOW MaccChl OPTraHoOB, KOTOPbIC MPEIb-
SIBJISIFOT CBOM TPEOOBAHUS K Kell. JI0p., He C000-
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pasysich CO CPEACTBAMHU MOCIEAHUX. S Tpon3BEN
OTIBIT KJITACCU(HUKAIINN COOTBETCTBYIOIIMX JaH-
HBIX ¥ [I0Ka3aJl, KaK BEJIMKO 3TO MEPEHpPOU3BO/I-
cTBO. S| 3HaI0, MBI JEHCTBYEM HEYHOBIETBOPH-
TEJIBHO BO BCEX OTHOIICHUSX, U B TEXHUYCCKOM,
1 B XO3s5IICTBEHHOM, HO moueMy? [Totomy uTo Ha
OJHOH A0pOTre, Ha KOTOPOH 5 CITY>KHWJI, CPEAHUI
BO3pacT MapoBO30B ObLI 37 JIET, a MPOIOIKH-
TEIBHOCTh CIYXObI ciyxamux 5,7. CamoBap
TaKoro BO3pacTa rofuicsi Obl B KyHCTKamepy.
[Tomuurcs emé, B 60-e 1. npuesxan B Poccuto
aMepHKaHell M CIIPalIiBall, YTO MbI JEJIaeM CO
CcTapbIMH MapoBo3aMu? MBI HX PEMOHTHPYEM,
apoBo3bl Beab He cTapetor. OkaspiBaeTcs,
B AMepHKe MEHSIOT IKYpy Kakzabie 10 jet, a MbI
MIPO0JDKAEM CTaBUTh 3aIlIaThl HA CTAPYIO MOJ10-
mBy. YUTo Kacaercs ciyKallux, TO B 3TOH 00-
nacty 0OHapyKUBAETCsI KaK pa3 oOpaTHoe.

['oBOpST, CTAHLIIMOHHBIE PACXO/IbI MTOTIIONIA-
FOT TPOMAJHBIC JICHBTH.

[Ipomno 40 neT, u cneabHbIN YYET CTaHIIH-
OHHBIX PACX0/I0B CYIIECTBYET TOJILKO Ha Oyma-
re. S mo3Bouto cebe pacckaszarb, 4To ObLIO HA
HukonmaeBcko#l .1.: TUPEKTOP, TOKOUHBIN
U. ®@. Kenwur, BcaencTBUE MOETO 3asIBICHUS, YTO
YCIIOBHE TaKOr0O y4€Ta 3aKJII04aeTCs B KOHIICH-
TpaIMy MOMEIICHUH U alaparoB, IPH MOMOIIX
KOTOPBIX MPOU3BOIUTCS JABMIKCHHUE, PELINI
MEPECTPOUTH JIJIsl OTbBITA OJHY U3 MaJICHBKHX
craniuii. I3BeCTHO, YTO CTAHIMH 3TH UMEIOT
JIBOWHBIC 3aHUS U MPUXOIUTCS COMCPIKATH
cayx0y B 2 xoprycax. Ha 3Toil maneHbKOI
CTaHI[UU YCTPOCH TOHHEIb, YTOOBI COCTUHUTH
Bce CIyKObl B oHOM Kopryce. [TokoiHbIl
CKazaj: s IIOCTPOIO BaM ITOT MAMSTHUK, U OH
OCTAHETCsS B Ha3HJAaHUC MMOTOMCTBY, HO, s Jy-
Malo, HY 51, HU BbI HE JJO)KUBEM [10 3TOTO MOMEH-
Ta. OTO M €CTh HEN30EKHBIN MPOAYKT HAIIUX
ycnoBuil. [loka ycioBusi He U3MEHATCS, ITO
JIeJI0O HE UBMEHHTCS. DTH yCIIOBHS OY€Hb pas-
HOOOpa3Hbl, U JAXKE €CTh ITOJILEH3YPHBIE YCIIO-
BHsI, KOTOPBIX 51 Ha3BaThb HE MOTY, a APyrue
MOABEPTaIOTCS IIaCHOMY 00cyxieHH0. X Tak
MHOT'0, YTO €CJIM 5l HAaUHY MX 00Cy»X/1aTh, TO 110
3aBTpa HE JIOTOBOPIO.

Joknaouuk. Y MeHs ecTh Takas ¢pasa:
«O0111eCTBO YBUINT, HACKOJIBKO KEJ.-10P. MUP
CJIOKEH M KaK JJOBECTH €ro JI0 COBEPIICHCTRA,
IIpHU 00LIEM HECOBEPIICHCTBE BCEX BEJIOMCTB
BOOOIIE U JJaKe CaMOil 00LIIECTBEHHON Cpeibl,
13 KOTOPOH uYepraroTcst ACsITeIH Halero oo-
LIMPHOTO X03s1icTBaY. Clie/10BaTeIbHO, 51 TOHH-
MaJl, YTO HE MOXKEM OBITh MbI COBEPIIICHCTBOM,
KOTJ]a HECOBEPIICHHBI JIpyTHE.

[Ipecc-apxmB. ObcyxaeHne aoknaaa H. 1. BepxoBckoro no kHure «»Kene3HoAopoXHasA
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Harire 00111ecTBO JOIDKHO CHUCXOUTENBHO,
MIO9TOMY OTHOCHUTBCS K JIe(eKTaM MyTEHCKUM.

M. A. ]yxun. 51 3HaKOM C HEKOTOPBIMU
3aBOYMKAMU M B OTKPOBEHHOM Oecefie s Cilbl-
111aJ1 MHEHHE, YTO BOPOBCTBO, O KOTOPOM IILIa
peyb B MOCIJENHEE BpeMs, PacIpoCTPAHEHO
B Poccuu oueHb cepbE3HO, U JJOBOJIBHO TPYIHO
UMETh JIeJI0 C Pa3HbIMU YUPEKJACHUSIMH, HO
JIerdye BCEero ¢ TeM Y4peKIACHHUEM, KOTOPOe Tak
pyrator. 5l 3To ciibliIan COOCTBEHHBIMU YIIIAMHU.

U U. ¢.-Puxmep. 51 nymato, 4To €CTh MHOTO
npeyBeiIuueHui. S nymaro, BOpoBajH BCeraa
U MPEXJIe, U Terepb, HO Teleph 0OIIECTBEHHOE
MHeHHe pearupyet Oombie. Ooumii Yeras co3-
JlaJl MHOTO HEBBITOAHBIX JJISl JIOPOT YCJIOBUA,
1 BOPYIOT TO, YTO IUIOXO IOJIOKEHO, HAIIPUMeED,
HEJI0CTaTOYHAs CIELHAIU3alusl IPy30BbIX I10-
MEIIEHU I 1 HEAOCTATOUHOE Pa3BUTHE COPTUPO-
BOYHBIX YCTPOWCTB, MPEISTCTBYIOIIAS KJIaCCH-
(uKanus v crienuaIn3ais oe310B U BArOHOB,
UTPaIoT OOJIBILYIO POJIb, & YTOOBI YCTPAHHUTh ITO,
HY>KHO MHOTO JieHer. Perient, KoTopblii peKoMeH-
JIyeTcs, — CHelraliu3anus He eCTh YTO-HUOYIb
HOBO€. UTOOBI CPaBHUTH MPEKHHUE B3TJISIbI
1 TIOKEJIaHUs C TENEePeLIHUMH, s B3sUT ONOIHo-
rpaduuecKuil ykasareib, COCTaBICHHBIN SIIIE 110
pacriopspkenuto rp. bapanosa, 1 0ka3anock, 4To
TOT/IA TaK e, KaK ¥ Terepb, HaC 3aHUMaja Ta
cneunanuzanus. He umeercst crienuaibHO 1M0-
CTPOCHHBIX IaKray30B M IyTeH, a MpUKa3bl
W OUPKYISPBI 110 3TOH 4acTH CyIECTBOBAIN
Bcerna. Korna rpys pasdpocas 1o Bcemy noesnys,
[0 BCEM BaroHam, BCKpPBIBA€MbIM Ha KakJOU
CTaHIMHU, TO KaK )K€, 4TOObI €ro He MOXHUILAIN?

0. M. Dpnux. 51 ckaxy 0 KBapTUPHOM BOTIPO-
ce. S 3Har0, 1Opory, KOTOpast, MPOBOJIS PACIIEHOY-
HYI0 BEJIOMOCTb Ha HECKOJIbKO MHJUTHOHOB,
BKJIIOUHMIIA HECKOJIBKO COT ThICSY pyOJiel Ha sKu-
Jibie omeneHust. JIunus uiér no cTenHou Mect-
HOCTH, 1€ HeTJIE )KUTh, U BOT IIPH PACCMOTPEHHUN
BEJIOMOCTH BO3paskall IpeAcTaBuTens locynap-
CTBEHHOTO KOHTpOJIsi. OH 3asiBHJI: «BaM ropasjo
NPOLIIE aBaTh KBAPTUPHBIE JICHBIT.

M. A. H]yxun. CooOpaxeHHUs MO 3TOMY
BOIPOCY OBLIM ITPEJICTABICHbI BCEMH Ka3EHHBI-
MM JKeJIe3HBIMHU JOPOTaMH M, HACKOJIBKO 5 3HAIO,
6e3 ocoObix MHeHui KoHTpous; Ho camo Mu-
nHucrepcrBo Ilyreit CooOuienus Hauwio Gonee
BBITOJIHBIM BBIJauy KBAPTHPHBIX [ICHET.

Ilpeoceoamensy. B 3akioueHue s XoTesa Obl
CKa3aTh TOJIBKO TO, YTO HBIHEUIHHH AOKIIa
BBICJTyIIIaH ObLI ¢ OosbIIUM HHTEpecoM. Jlokian
KOCHYJICSI cpepbl, OTIMYHO HAM 3HAKOMOW,
Y TeM He MEHee 710 CaMOT0 KOHIIa OH He yTpaTuil

Mwup TpaHcnopTa. 2022

unTepeca. KoHeYHO, Takoe COXpaHEHUE MHTE-
peca IpUHAJICKUT CAMOMY ITOKIaI4uKy. Mbl
JIOJDKHBI €ro 3a 3TO OJarofaputh. A 4YTO W3
3TOrO J0KIaaa Beiitner? [IpubassTcs B 00memM
co3HaHUU emé (aKThl, 3aCAYKUBAIOIINE BHU-
MaHus. Y HAC HEpPEAKO ObIBAJIM JOKIAIbI, XO-
poIliKe, HO OT HUX, K COXKAJCHHIO, MaJIO OBLIO
HEIOCPEICTBEHHOM MOJIb3bI, BCJICACTBHUE OIISITh-
TaK TeX OOIIUX YCIOBUH, O KOTOPBIX CETOIHS
roBopuiid. TOUHO Tak *ke, eciiu He OyeT ycre-
Xa 3TOMY JTOKJIaNy, TO TaKOW pe3yibrar OymeT
HE 10 BUHE JOKJIaAunuKa win Hael. Te mepo-
MPUSTHSI, O KOTOPBIX Mbl TOBOPUJIH, HAXOMMIN
Mpex/e, HALUIM U Ternepb cede coOYyCTBHE.
JKenarenbHo, 4TOOBI Ha 3TO OOIIECTBEHHOE
MHEHHUE ¥ BJIACTH 0OpaTHJIM BHUMAHKE, U XOTS
YTO-HUOY/b M3 BO3MOXKHOTO cienaiu. [103Bosib-
T€, MUJIOCTUBBIC TOCYIAPH, MPEIIOKUTH Oa-
rolapuTh JOKJAaAYUKa U ONIOHEHTOB €ro,
a TaKKe JIMII, TOIJICPIKABIIKX €0, 32 3TH CO00-
LICHUSI U 33 XKEJIaHUS yIyYIIHTh JKEJIC3HbIC
JIOPOTH B HAILIEM OTCUECTBE (aNnioOucMenms).

Om Peoaxyuu [«)Keneznodopooicrnoeo de-
aax]. BelenpuBe1EHHBINA TOKIAI, IO BETHYH-
He CBOEil He MOr' OBbITh NMPOYTEH CIUIOINIB, O3
nponyckos, B 1' /, uiam 2 4aca, KOTOpBIMU
MOYKHO OBLIIO ITOJIb30BATHCS JUIS €TI0 IPOUTEHUS,
a [OTOMY B ITOCJIEZIOBABILEH 3a JOKIa0M Oe-
cejie HeKOTOphIe MeCTa JIOKJIa/ia OCTAIKMCh KaK
Obl 00OMIEHHBIMU WIIM HE3aMEUCHHBIMU. TeM
HE MEHee 110 COIVIALICHHUIO C YBa)KaeMbIM JI0-
KJIaJYUKOM, MBI PCUIWIMCh MX HE MCKIIOYATh
1 MIPEJJOCTABIISIEM JKEJIAIOIIMM BbICKa3aThCsl 1O
BCEMY JI0KJIa/ly BOBMOXKHOCTbH JTO C/IENIaTh.

Bo Bcskom ciyyaii, o0si3piBaeMcst 00paTuTh
BHUMaHHE T'OCIIOJI-KPUTHKOB Ha I1eiecoo0pas-
HOCTb I10JIb30BaHUSI HAKOMHMBIIMMCS B «Keres-
HOJOpokHOM Jlene» 3a moutu 30-TunerHee ero
W3/IaHKe MaTepuajioM 110 BCEM OTpacisiM Jiesi-
TEJIBHOCTH JKEJIC3HBIX JTOPOT U UX YIPaBICHHUN
o «Cucmemamuueckomy ykazamenio cmameil,
nomewénnblx 6 Jcypran «XKenesnooopooicnoe
Jeno» 3a 6ce 200vl ¢ Hauana e2o u30aHusl
6 1882 200y» 1 B 4aCTHOCTH IIPEUMYIIIECTBEHHO
OTHOCSIIIIUMCS K JIOKJIa/ly MaT€pHaJIOM B OT/EJIe
«JIn4HBIA cOCTaB», B KOTOPOM UMEIOTCS BBLIAI0-
mrrecs cTarthy u 3ametku .. lllumikosa, Puxre-
pa, Paanura, 3anepankoro u MH. ap. — OObsiB-
JICHHAsI 1IeHa 03HaYeHHOro «CucreMaTnyeckaro
VYkazarens» Oy/ieT HOHIKEHa.

(Keae3nonpopoxnoe geo. — 1911. —
Ne 21-22.-C. 50n1—-60n) @
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XN\, TpaHcnoptHbn
Z/\* yHUBEpCUTET

AKTYANIbHbIE NPOBJIEMbI
NPABOBOIO PETY/IMPOBAHMS
W OPTAHUSALIMK
KOHTPONbHO-HAJ30PHOM
JEATENLHOCTH

PELIEH3US 100
|

KormponsHo-Had30pHast
desimenbHOCMb Ha mpaHenopme.
[osornbHo Hosas ducyunnuHa
Hyxdaemcsi 8 HOBbIX y4ebHUKaX.

BK)HJI@TGI—LBUO KT @

brojuieren

Texmmxo-swomovmsecknil
HGopamONHi KypHLH

XYPHANbI-NAPTHEPEI 104
|

65 nem Bronnemerio OCXK/]. C yem
nodouwino usdaHue K obunew?

KHUWXHAA NOLKUA

ABTOPE®EPATbI 112
|

* besonacHoCmb NPOLU380OCMBEHHbIX
npoyeccos npednpusimuti
XKene3HodopoXHO20 mpaHcnopma

Ha 0CHOBE CHUXEHUS BIUSHUS
yenoseyeckoz0 hakmopa.

* OHepaocbepezarowjee ynpasneHue
CUT08LIMU ycmaHogKamu
2a30mypOUHHBIX TIOKOMOMUBOB.

* Modenb ynpaeneHus
3Hep2emuyeckuM KOMNIEKCoM
XKene3HoAopoxXHO20 npednpusimust
0ns uHmennekmyanbHoU noddepxku
npouyeccos NPUHSMUS peweHud.

* Modenb ynpagneHusi XU3HEHHbIM
YUKITOM JTOKOMOMUB08

C UCNO/b308aHUEM CO8PEMEHHBIX
Memo008 MexHU4EeCcKo20
OuaeHOCMUpPOBaHUSI.

« Mamemamuyeckoe

u aneopummuyeckoe obecneyeHue
8bI4UCITEHUS noKa3amenel
ahchekmugHocmu obenyxugaHus

U peMOHMa CroxHo20 060pydo8aHUs.
* QopMupoBaHUe Ha N0BEPXHOCMU
pexyweeo UHcmpymeHma u demarnel
OuckpemHbIx Ouey3UOHHbIX
OKCUOHBIX 1088 01151 N0BbILUEHUS

ux 001208€4HOCMU.

HOBbIE KHUTU

O TPAHCIMOPTE 122
|

HedasHo gbiweduwiue KHu2u U y4ebHUKU
0 mpaHcnopme.
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Cmambs npedcmasnsiem coboll peyeH3uto Ha y4ebHUK
«AKkmyarbHble npobremMb NPagogo2o peaynuposaHus U opeaHu-
3ayuU KOHMPObHO-Ha030pHOU dessmenbHocmuy 0515 cmydeHmos
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Hayk, npogpeccopa A. M. S3emnuna. Ommeyaemcs akmyanbHOCMb
memamuk, 8KMIYEHHbIX 8 codepxaHue yyebHuka, wupoma ux
ocseweHust, No3gonsowas 0becneyums NOHOE U 8CECMOPOHHee
ocgoeHue Oudakmuyeckoeo Mamepuana, 2nybuHa Hay4yHo20
nodxoda, npodemMOHCMPUPOBaHHO20 agmopamu 8 npouyecce pa-
6ombI Had u3daHuem, npaKkmuyeckas 3Ha4yuMoCmb U NOMEHYU-
anbHas gocmpebogaHHocmb yyebHuka. Ocobo noduépkugaemes
docmamo4Hocmb Mamepuana, npedcmagneHHo20 8 y4ebHuKe,

npagogoe obecneyeHue.
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MpaBoBoe perynupoBaH1e U OpraHU3aLusi KOHTPOSILHO-
HaA30pHOW AeATeNbHOCTU: HOBble MeToanYecKue
FOPU3OHTbI AN HOBOW ANCLUNMUHBI

Hean Bnaoumuposuu Xonukoe

Uncmumym 3akonooamenscmea i cpagHUmenbHo20 npasosedenus
npu IIpasumenscmee Poccuiickou @edepayuu, Mockea, Poccus.

0115 (hopMUPOBaHUS KaK y cmyOeHmo8 mpaHcnopmHbIx 0bpa3o-
sameribHbIX Op2aHu3ayuli, mak u y yxe delicmsyrowjux UHCNeK-
mopos PocmpaHcHad3opa npogheccuoHasnbHbIX Komnemeryut,
Heobxo0umbIx Orsi ycnewHo20 8bINOTHEHUS umu obsizaHHocmel
no AOMKHOCMHOMY NPeOHa3HaYeHUI0 8 YCrosUSIX 8CMYNUBLIE20
8 cunty ¢ 1 utons 2021 eoda PedeparnbHozo 3akoHa om 31 urons
2020 2. Ne 248-©3 «O eocydapcmeeHHoM koHmpone (Had3ope)
U MyHuyunansHom koHmpone & Poccutickoli @edepayuu.

YuebHuK pekomeHA08aH K UCNOMb308aHUIO 8 Kayecmse
OCHOBHOU numepamypb! Npu 06y4eHuU MazucmpaHmos no Ha-
npasneHuto «fOpucnpydeHyusy u caywamenel us yucna UH-
cnekmopckoeo cocmaga PocmpaHcHad3opa no npozpammam
00NOTHUMENbHO20 NPOheCCUOHaNbHO20 0bpasosaHus «[Tpago-
8oe obecneyeHue U opeaHu3ayus KOHMPObHO-Had30pHOU
desmenbHocmu Ha mpaHcnopmey u «OpeaHu3ayuoHHO-
npasosble 0CHOBbI KOHMPOIbHO-Had30pHOU OessmenbHOCMU Ha
mpaHcnopmey. lpu pabome ¢ y4yebHUKOM UCNOIb308aUCH
CnpasoyHbie npasogble cucmemb! «TAPAHT» u «KoHcynsmaHm-
Mnwocy, 3aKkoHodamenbcmeo npueodumcsi N0 COCMOSHUK Ha
1 mapma 2022 2oda.

Kntoyesbie crnosa: KOHmpOﬂbHO-HaaSOpHaﬂ OessmerbHOCMb, mpaHcnopm, npaso, 3aKoH00amesbcmeo, 06yquue, cmyOeHmbl,

0rg/10.30932/1992-3252-2022-20-3-12.

Ons uumuposarus: Xonukos U. B. [Ipagosoe pezynuposaHue U opaaHu3ayusi KOHMposbHO-Ha030pHOU OessmebHOCMU: HOBble
mMemoduyeckue 2o0pu3oHmsi Ons Hosol ducyunnuHbl // Mup mpaHenopma. 2022. T. 20. Ne 3 (100). C. 100-103. DOI: https://doi.

MonHb1l mekcm cmambU-peyeH3uU Ha aHeaulickoM si3bike nybukyemcsi 60 mopoli yacmu daHHO20 8bInycka.
The full text of the review article in English is published in the second part of the issue.
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cremHoe (GyHKIMOHUPOBAHUE TPaHC-

MIOPTHOW CHCTEMBI IIPEJIIOIATraeT, Haps Iy

C OCYIIECTBICHHEM MEpOIPHUSATHI 1O
obecriedeHn0 0€30MaCHOCTH TPAHCIOPTHOM
nHpacTpyKTypsl [1; 2], BEIITOITHEHUEM MEXKY-
HapOJHO-TIPABOBBIX 0053aTENILCTB HAILETo To-
CylapcTBa B TpaHCHOPTHOI cdepe [3], peanu-
3anMell KOMIUIEKCA COLMAIBHBIX U MEIUIUH-
CKUX MEPONPUSITHIA, HAIIPaBICHHBIX Ha CHIKE-
HHUE PUCKAa BO3ZHMKHOBEHUS YpE3BbIYalHBIX
CUTyaIlUil U COXpaHEHHUE 37]0pOBbs Mofeil [4],
YMCHBIIICHUEM yIepOa OKpyKarolien mpupo-
HOM cpene [S5; 6] 1 MHOTUM JPYyTHM, TaKXe
U OCYIIECTBIEHHE KOHTPOJIbHO-HAJ30PHOM
JEeSITeTLHOCTH.

Buumanwue, ynensemMoe cruenualucTaMu
B 00JIaCTH TPaHCIOPTHO-NIPaBOBOW HAayKH
po0JeMaM MPaBoOBOTO PETYINPOBAHMS TPAHC-
MOPTHBIX OTHOUICHWH, BO3HUKAIOMIUM IIPH
OCYUIECTBIICHUU Pa3JIMYHBIX BHUJOB JIESTEIb-
HOCTH, BIIOJIHE 3aKOHOMEPHO M 00YCJIOBICHO
MOTPEOHOCTIMHU Pa3BUTHSI TPAHCIIOPTHOU
cuctrembl Poccuu [7]. [ToaroToBka crenuanu-
CTOB TPAHCIOPTHOW OTpaciu B 00JIACTH Ipa-
BOBOT0 o0ecrneueHus: uX NpodeccuoHaIbHON
JeSITEIIBHOCTH SIBJISIETCS 3aJI0T'0M ITOCTOSIHHO-
IO COBEPIICHCTBOBAHUS M PAa3BUTHS ITOH OT-
paciu [8]. Bc€ aT0 B momHON Mepe OTHOCUTCS
K KOHTPOJIbHO-HA/I30PHOH AEsATENbHOCTH Ha
TpaHcHopre.

DTO 00CTOATENHCTBO OMPEACISIETCS TOU
POJIBIO, KOTOPYIO UTPAET «4esIoBeueCKHui (ax-
TOp» B YMCIIE MPEAINOCHUIOK U IPUYHH Hapy-
HIeHUH NpaBUI dKCIyaTaluu 00bEKTOB
TPaHCHOPTHOH MHPPACTPYKTYphl U TPaHC-
MOPTHBIX cpenacTB [9], a Takke 3HAUEHHEM
TPAHCIOPTHOI 0€30MaCHOCTH B IIEJIOM, YTO
B yKa3aHHOU cdepe AorKHA POPMHUPOBATHCS
B paMKaX MHCTHUTYIHMOHAJIbHBIX CyOBEKTOB
3aKOHOJIaTeIbCTBA, OTBETCTBEHHBIX 32 00CITY-
JKUBaHHUE COOTBETCTBYIOIIMX oTpaciei [10],
BBICOKOH CTEINEHbIO YSI3BUMOCTH OOBEKTOB
TPAHCHOPTHOM MH(MPACTPYKTYpPBHI JIJIsI aKTOB
HE3aKOHHOTO BMemIarenbcTBa [11; 12], a Taxoke
WHBIMH OOCTOSATENIBCTBAMHU, Ha KOTOPBIX aK-
LEHTUPYIOT BHUMAHHUE MTPEJICTABUTENIN TPAHC-
MOPTHO-NIPaBOBOW HayKH M 00pa3oBaHUA
[13-16].

[IpakTryeckas 3HAYMMOCTb MMOATOTOBKH
BBICOKOKBaJIM(DUIIMPOBAHHBIX CIEIHUATHCTOB
JUISL OCYIIECTBIICHUSI KOHTPOJIbHO-HAA30PHOM
JeSITEIbHOCTH Ha TPaHCHOpTe, 00Jaaaronux
CUCTEMHBIMH NIPABOBBIMH 3HAHUSIMHU U HABbI-
KaM{d OpraHM3aluu KOHTpoJs (Ham3opa),

MIOATBEPIKAAETCS pe3yJibTaTaMu padOThI TPAHC-
MTOPTHBIX MMPOKYPOPOB, 3a4ACTYI0 OTMEUAIOIINX
HU3KHH ypOBEHb KaK TEOPETHYECKOH, Tak
U IPAKTUYECKOM MOJTOTOBKU HHCIIEKTOPCKOTO
cocrasa PoctpaHcHan3opa, a Taxoke pabOTHH-
KOB MOJIKOHTPOJIBHBIX OpraHU3aIHi.

IIpu 3TOM BeTynuBLIN B cuity ¢ | urond
2021 rona denepanbHbIA 3ak0H OT 31 mions
2020 1. Ne 248-d3 «O rocynapcTBEHHOM KOHT-
pose (Hazx30pe) ¥ MyHULUIIAIBHOM KOHTPOJIE
B Poccuiickoit denepanuny», ycTaHaBIUBaeT
MPUHLIUIINAIBHO HOBBIE TPEOOBAHUS K TIOPSII-
Ky U IpolueaypamM KOHTPOJbHO-HaA30pHOM
nesaTenbHoCTH B Poccuiickoit denepanun
U TPEIbsIBISIET HOBbIE TPeOOBaHMS K MOATO-
TOBKE YYaCTHHUKOB KOHTPOJbHO-HAJ30PHBIX
OTHOIIEHUH.

Tak, OCHOBHBIMHU 3ajjauaMi, pelIaeMbIMU
B IIpolecce 00y4eHHs CIEIUATNCTa, SIBIISIOT-
csi: BOOPYXKEHHE OOydaloIUXCS COBOKYIIHO-
CTBIO ITPABOBBIX 3HAHUI, HABBIKOB M YMEHHUIA,
HEOOXOAMMBIX I TTOHMMAaHHs NPHHIIMIIOB,
(hopM 1 METOJIOB TOCYIapCTBEHHOTO yIIpaBJIe-
HUsl, KOHTPOJIsS (HaA30pa) M pealu3alud UX
B IIpoLecce IpodeccHoHanbHOM 1esTeNbHOCTH
I10 JIOJDKHOCTHOMY IIpEAHa3HAYeHHIO; (hOPMHU-
poBaHKE y 00y4aloUIMXCsl HABBIKOB U YMEHHUIA,
HE0oOX0qUMBbIX st 3(H(PEKTUBHOTO ydacTus
B OCYIIECTBJICHUHM KOHTPOJIBHBIX MEPOMpPHS-
TUH, 00ecrieyeH sl UCIIOJIHEHHSI TOAKOHTPOIIb-
HBIMU (TI0IHAJI30PHBIMU ) JIMLIAMH TPEOOBaHUN
3aKOHOAATENbCTBA, COOIIONEHUS 00s3aTeNb-
HBIX TPeOOBaHUU.

Kpome Toro, crares 29 ®enepaibHOro
3axkoHa «O rocyJapCcTBEHHOM KOHTpoJIe (Hal-
30p€) ¥ MYHULHNAIbLHOM KOHTpoJie B PD»
yCcTaHaBJIMBaeT 005S3aHHOCTH HHCIIEKTOPA,
HCIIOJIHEHHE KOTOPBIX IPEII0JIaraeT HaTnuue
Yy HEro KOMIEeTEeHIINI MPpaBOBOH HANIPaBIECHHO-
CTH, CBSI3aHHBIX C OCYIIECTBICHUEM IOPUIU-
YeCKH 3HAYUMOI! IeATeIbHOCTH U peau3aIu-
eif mpaB MHCIIEKTOpa.

JlanHble 00CTOsATENBCTBA O0YCIOBHIIH 11O~
TPEOHOCTh M3/1aHUsl YUYeOHNKA «AKTyallbHbIE
pOOJIEMBI ITPABOBOTO PErYJINPOBAHUS U Opra-
HU3aIUU KOHTPOJIbHO-HAA30PHOH 1€ATebHO-
CTH», KOTOPBIA OBLI MOJArOTOBJIEH KOJUICKTH-
BOM Yy4E€HBIX — IpEACTaBUTENEH HAay4dHON
urkoJiel « TpaHcmopTHOE MpaBoy», CO3AaHHOI
n ¢ynkuuonupytouieit B IOpuanueckom uH-
ctutyTte Poccuiickoro yHuBepcuTeTa TpaHC-
1opTa, SBISIONErocss 0a30BBIM OTPACIEBBIM
BYy30M, Hay4YHbIM M y4€OHO-METOJUYECKUM
LIEHTPOM TPAHCIOPTHOM oTpaciau. Marepuain,

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 100-103

Xonukos W. B. [[paBoBoe perynmpoBaHne u opraH3aums KOHTPONIbHO-HaA30PHOW AEATENLHOCTU:
HOBbLIe MeTOANYECKNE MOPU3OHTLI ANl HOBOM ANCLMMIUHLI



X\, TpaHcnopTHbIi
//\ yHusepcuter

AKTYAJIbHBIE NPOBJIEMbI
NPABOBOI'0 PETYJIMPOBAHMA

W OPTAHUSALIUK
KOHTPOJIbHO-HAJ130PHOM
NEATENBHOCTH

MpEeACTaBICHHBIN B YKa3aHHOM y4eOHHKE,
KapAMHAJIBHO TepepaboTaH M CYNECTBEHHO
JIOTIONTHEH, TI0 CPAaBHEHMIO C TEMaMH, Npea-
CTaBJICHHBIMH B paHEe MMEBILIEHCS HA PBIHKE
M€YaTHON NPONYKIIUH.

Koncrarupyst ero cBoeBpeMEHHOCTh, TEO-
peTudecKy0o 000CHOBAHHOCTH U TPAKTHYE-
CKyI0 3HAUUMOCTbh HEOOXOJUMO TaKKE OTMeE-
THTb, YTO aBTOPbHI CTABHMJIM CBOECH ILENBIO
BOCIIOJTHEHNE HEJ0CTaTKa yueOHOH TuTepary-
PBI, HEOOX0ANMOI 00yUaroIeMyCs IS UCITON-
HEHHS O0SI3aHHOCTEH 1O MPEACTOSMEMY
MPEeJHA3HAUYEHHUIO U B COOTBETCTBUU C KBaJH-
(hUKAITMOHHBIMH TPEOOBAHUAMH, TIPEIBSIBIIIC-
MBIMH K JIHIIaM, 3aMELIAI0IIUM TOJIKHOCTH
TOCYyIapCTBEHHOHW TPaXkTaHCKOW CIIyXKOBI,
CBSI3aHHBIE C UCIIOJHEHHEM MOTHOMOYHH MH-
CHEKTOpa.

IIpu GopMupoBaHUN CTPYKTYphl YIeOHHKA
OBUTH yYTEHBI OTPEOHOCTH CIEHHAINCTOB Ha
TPAHCIIOPTE B TTOMYyYCHUH IPABOBBIX 3HAHUH 110
BCEM HAaIpaBJIEHUSM KOHTPOJIBbHO-HAA30PHON
JesTenbHOCTH. Tak, n31aHue CONePKUT JUIaK-
THYEeCKHEe OJOKH, BKIIOUEHHBIE B pabodyio
MpOTpaMMy JUCHUTUINHBI « AKTYalbHBIE TIPO0-
JeMBl MyOINYHO-TIPABOBOTO PETYIUPOBAHUS
TPAHCIOPTHBIX OTHOIICHUH PH OCYIIECTBICHUH
KOHTPOJIbHO-HAJ[30pPHOI AESITENIbHOCTHY, W3-
yuaeMoii cTyneHTamu FOpuaniaeckoro HHCTUTY-
Ta PYT B paMkax mporpaMMbl MarucTepcKou
moAroToBkH 1o mpodmmo «IIpaBoBoe obecrre-
YEeHHUE TPAHCTIOPTHOM O€30MaCHOCTH, KOHTPOITb-
HO-Ha/130pHOM ¥ IPaBOOXPAHUTENBHOMN JESITENb-
HOCTH Ha TPaHCIIOpTe», HanpasineHnto «HOpuc-
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npyaeHnus». Takke yd4eOHUK PEKOMEHJIOBAaH
B Ka4€CTBE OCHOBHOM JINTEPATYPBI IS 00y IECHHs
T10 IIPOTpaMMaM JOTOITHUTEIIBHOTO PO eccHo-
HaJBpHOTO OOpa3oBaHus «IIpaBoBoe obecrede-
HUE W OpraHu3anus KOHTPOIbHO-HAA30PHOU
JeATeIbHOCTH Ha TPaHCTIOpTe» U «OpraHu3anu-
OHHO-IIPABOBBIE OCHOBBI KOHTPOJIBbHO-HAI30pPHON
JIeATENIbHOCTU Ha TPAHCIIOPTE», OPUEHTUPOBAH-
HBIM Ha ITOBBIICHUE KBATH()UKALIMU 1 IePeIo/-
TOTOBKY T'OCYAapPCTBEHHBIX T'PAXKJAHCKUX CITy-
KAIMKUX U3 YHCJIa HUHCIEKTOPCKOrO COCTaBa
PocTpancHag30pa 1 1OMKHOCTHBIX JIUIT TOAKOH-
TPOJIBHBIX (TTIOTHAI30PHBIX) OPTaHNU3AIHI.

Marepuain, comepKalmuiica B yaeOHUKE,
M3II0KEH B JOCTYNMHOH (opMe, CTPYKTYpPHPO-
BaH B COOTBETCTBUU C JIOTHUKOW OCBOCHUS He-
00XOAMMBIX JUJISI CHCTEMHOTO BOCHPUATHUSA
npo0ieM OCyIECTBIEHUS KOHTPOIBbHO-
HaJ30pPHOM AEATENbHOCTH 3HAHUM.

Oc000 X0TET0CH OBI OTMETHUTH, YTO U3JAHNE
PEIEH3UPYEMOro yueOHNKA MPEACTaBUTEIIMHI
Hay4HOM mkoisl « TpancmoptHoe mpaBoy FOpu-
JINYECKOr0o MHCTUTYTa Poccuiickoro ynusepcu-
TeTa TPAHCIOPTA CBUJIETEILCTBYET O MPOIOII-
KEHUH TPAJUINNA, HICTOPHUECKH CIIOKHUBIIUXCS
B BEJyIIEM TPAHCIIOPTHOM BY3€, COITIACHO KO-
TOpbIM (POPMHUPOBAHHE BBHICOKOH MpPaBOBOM
KYJIBTYpPBI SIBJISIETCS BaXKHEHIIEH COCTaBIISIO-
mel MOArOTOBKHU CIEIUANUCTA JJIST HYXK]
TpaHCTIOPTHOH oTpacnu [17-21].

C y4€TOM M3I0KEHHOTO MPEACTABISAETCS
BO3MOXHBIM KOHCTaTHPOBAaTh, YTO YUEOHUK
HalMCcaH JAOCTYIHBIM, HO, BMECTE C TEM, IOpH-
JMYECKU TPAMOTHBIM JIUTEPATYPHBIM SI3BIKOM,

Xonukos W. B. [[paBoBoe perynmpoBaHue 1 opraHu3aumsi KOHTPObHO-HaA30PHOW AESATENHLHOCTHU:
HOBble METOANYECKNE FOPU3OHTLI ANsi HOBOM AUCLMNMIUHLI



BHE BCSIKOTO COMHEHUSI, B 3HAYUTEIBHON Mepe
BOCTIOJIHSIET UMEIOIIUIICS HEI0CTATOK y4eOHOU
JINTEpaTyphl JUIsl TIPENoiaBaHusl CTYIeHTaM
TPaHCIIOPTHBIX 00pPa30BaTENbHBIX OpPraHU3a-
LU, 00y4aroIMMCsI 110 TPOTpaMMaM MarucTpa-
TYpBI, IOJHOCTBIO COOTBETCTBYET rocyaap-
CTBEHHOMY 00pa3oBaTeJbHOMY CTAaHJAapTy IO
FOPUCTIPYACHIIUY U, 0€3yCIIOBHO, OyIEeT BOCTpe-
6oBan He TonbKo cryneHTamu PYT u ciymare-
JISIMU JTOTIOJIHUTEJIBHBIX TMPO(ECCHOHATBHBIX
porpamMM, HO W aclUpaHTaMH, Hay4YHO-
T1e1IarOTMYECKUMH U ITPAKTUIECKUMH pabOTHH-
KaMH.
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Mupocnas AHTOHOBUY,
Cepreit KABEHKOB

B nepsom-BTopoM Homepax «Bro/uierens
OCKI» 3a 2022 roa pasmeniéH Marepua,
MOCBSAIIIEHHBII 65-IeTHEMY 1001J1€I0 €ro u3-
JaTeJbCKOM NeATeJTbHOCTH.

B oOpamnienun K 4uTaTensM mpecenaTens
Komurera OCX]] MupocnaBa AHTOHOBHYA U
TJIABHOTO peJakTopa kypHaia «bromiereHn
OCX» Ceprest KaberkoBa oTMedaeTcs, 9To 3a
3TOT nepro BoIIo yxe 380 Homepos. B Teue-
HUE BCEH CBOEH MHOTOJIETHEN UCTOPUU MHOTO-
SI3BIYHBIN TEXHUKO-9KOHOMHUYECKHH MH(OpMa-
HUOHHBIA CIENUATU3UPOBAHHBIN JKYypHAI C
JIOCTOMHCTBOM H B TIOJTHON MEpE BBITIOJIHSIT CBOIO
BOKHEHITYI0 (YHKIIMIO ITEYaTHOTO OpraHa
OCX/], ctaB cBOEro poaa «IpoKEKTOPOM» I10
nonyssipuzanun pestensHoctn OCXK/ B 06-
JIaCTH Pa3BUTHS ¥ COBEPIICHCTBOBAHUS MEXK Y-
HapOJHOTO JKEJIE3HOAOPOKHOTO TPAHCIIOPTA,
OCBeEIIasl Ha CBOMX CTPAHUIIAX BCE BAKHEHIIINEC
COOBITHS KaK B JiesTenbHOCTH OpraHn3aiyy, Tak
U B KM3HU JKEJIE3HBIX JIOPOT CTPaH — YICHOB

Mup Tparcriopta. 2022. T. 20. Ne 3 (100). C. 104-111

65 net u3pgatenbLCKOW OeATeNbLHOCTU
«bronnetens OCX»

B smom 200y bronnemens OCIK/] — uzoanue Opeanusayuu compyoHuyecmea
e Jicenesnvix dopo2 — ommeuaem 65-remuuti oounel. byoyuu npakmuuecku
PposecHuKom camotl opeanusayuu, bionnemens 6ce dmu 200bl HEYCMAHHO
oceewjan eé oesimenbHOCMb, OOHOCUN 00 yumamenetl uLgopmayuio 060

6cex eé CMoponax, a maxdice 0 OOCMUNICEHUAX e€ YNEHO8, PACCKA3bIBAT O
6AJICHEUUUX NPOEKMAX, NONYIAPUSUPOBAN HAYYHO-MEXHUYECKUE UOEU.
IIpedcmasnsiem ¢ co2nacus Hawux Koaiee us pedakyuu «broniemens
OCIK]]» ocnosnoe codepoicanue cmamou Ilpeocedamens Komumema OCIK]]
M. Anmonosuua u enasnozo pedakmopa bronnemens OCXKJ] C. Kabenxosa
U3 gblUEOUIe20 NO DMOMY CIYYAI0 100UNIEH020 HOMepa.

Knroyesbie cnosa: OCXKL, Bronnemerb OCXKL, xenesHbie dopoeu.

HaOIoareneil 1 MpucoeANHEHHBIX MPEAIPHUs-
tuit OCXK/I, a Takke opraHu3anui-IapTHEPOB
10 COTPYIHHYECTRY.

HcTtopus coznanus U pa3sBuTUs
«brosuerenss OCK Iy

JKypHai ObLT cO311aH Ha OCHOBAaHNH PEILICHHS
II ceccun CoBermannst MUHHCTPOB, COCTOSIBIIICH-
cs Bropone [lexune B 1957 roxy, e MUHACTPOM
nyteii coobmennss CCCP bopucom BemnieBbim
OBLIO IPEITIOKEHO HayaTh BHITYCK «bromerens
OCXI» Ha kuTaiicKOM, HEMEIIKOM U PyCCKOM
SI3bIKaX IS MOMYJSIPU3AIMN PEIIEHUH U peKo-
MEHIAIUH, TPUHSTHIX PYKOBOSIIIMMU OPraHaMH
OCXK/, a Taxxe s ooOMeHa uapopmanuenn 0o
OIIBITE PA0OTHI U O JOCTHKEHUSIX HKEJIE3HbIX [0~
por crpan-ygactaury OCXKJ]. XKypnan nagan
BBIXOIUTH ¢ 1958 roma 6 pa3 B ro Ha KUTaWCKOM,
HEMEIIKOM M PYCCKOM SI3bIKaX, a ¢ stHBaps 2015
rojla Bepcusi Ha HEMEIKOM sI3bIKe OblIa 3aMEHEHa
Ha BEPCHIO HA aHIVIMHCKOM.

[ns uumuposarus: AHmoHosuy M., Kaberkos C. H0. 65 nem usdamensckoli dessmensHocmu «bronnemens OCXK[» // Mup
mparcnopma. 2022. T. 20. Ne 3 (100). C. 104-111. DOI: https://doi.org/10.30932/1992-3252-2022-20-3-13.

MonHb1l mekcm cmambu Ha aH2nulICKOM si3bIKe ny6uKyemcsi 0 emopoll Yyacmu daHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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3a 65 net u3nanuro, Kak u Bceit Opranuzanuu
B II€JIOM, yZaJOCh NMPONTH Ba)kKHBIE 3TAIlbI CTa-
HOBJICHUS U pa3BuTHA. JKypHai urpai v mpoaon-
JKaeT UIpaTh BAKHEHIITYIO pOJIb B MOMYJSpU3a-
LU JESTeNbHOCTH U permeHnit Opranu3ainuu
COTPYJHMYECTBA JKEJIE3HBIX TOPOT, cOmmKas
JKEJIE3HOJOPOKHUKOB BCEX CTPaH, BXOIAIMINX B
OCXKI.

Camoii epBoii myOIMKaIei B mepBoM HO-
Mepe KypHasa B 1958 romy (mepBeIM INIaBHBIM
pelakTopoM B TO BpeMsi ObUI NpelCTaBUTEIb
T'epmanum Xaitai Xakicc) ctana ctaThs XeHpH-
ka JlponxkeBuua — npeacraBurens [loabckux
TOCYapCTBEHHBIX JKEJE3HBIX JOPOT, SBISABIIIEC-
rocst B To BpeMms IIpencenarenem Kommurera
OCXK/, o coznmanun OCXK], e€ crpykType u
OCHOBHBIX HaIPaBJICHUSAX ACATEIbHOCTH.

B nocnenyromiem Ha CTpaHUIIAX )KypHaIa co
CTaThsIMU BBICTYIAJIM MUHHUCTPBI, BEJAIOIINE
JKEJIE3HOIOPOKHBIM TPAHCTIOPTOM B CTpaHax —
yeHax OCXK]I, pyKoBOAUTEIH KETE3HBIX J0POT
OCX]I, nabnrogaTeneil U MpUCOSTUHEHHBIX
npennpustaii OCX/[, pyKoBOACTBO M UJICHBI
Komurera OCXK]I, crienuanucTsl ¥ S9KCIEPTHI B
00J1acTH KEJIE3HOJOPOXKHOTO TPAHCIIOPTa U3
Bcex rocyaapctB-ydactHrkoB OCXK/I.

Ha HaganpHOM 3Tame CTaHOBICHUS KypHAI
reyaTaics B 4€pHo-0eJI0M BapuaHTe C UCIOJb-
30BaHHUEM TEXHOJIOTMH BBICOKOH (THMOrpad-
ckoit) meuatu. [IpocToTa meyaTHOTO Mpoiecca
NPH HCIOJH30BAHUM TaHHOM TEXHOJOTHH,
JIETKOCTh M3TOTOBJICHHS MEYaTHOU (HOPMBI,
4y€TKUe HauepTaHus OyKB, POBHbIE HITPUXU H
KOHTYPBI OTTHCKOB BBICOKOH Ne4YaTH HAIO0JITr0
cleNalli BBICOKHH CIOCO0 TevaTd JOMHHH-
PYIOIIHM.

ITo mepe pa3Butus HU(POBBIX TEXHOIOTHIA
Y KOMITBIOTEPU3AIIH BO BCEX 00JIACTSX YeTIoBe-

Puc. 1. XeHpuk [poHxkesuy.

YeCKOH IesTeTbHOCTH, B M3JAaHUH JKypHaia B
koHIle 90-x—Havane 2000-x rogoB (TIIaBHBIMH
penakropaMu B 3TOT niepuoy Obuti A. [onTH,
JI. Cno6omauuiok u A. @UIMMOHOB) MPOU3OMIENT
MEPEXOJ1 Ha DJICKTPOHHBIN HA0OpP CTaTel C IOMO-
IO IEPCOHATBHBIX KOMITBIOTEPOB, YTO 3HAYU-
TEJIBHO YIYYIINIO, YCKOPHIO U YIPOCTHIO
MTOJITOTOBKY MaTEPHAJIOB JJIS UX MOCIEIy IOt
MeYaTy.

M3MeHUIuCh ¥ TEXHOJIOTMH CaMOM Iedary,
i€ CTaJIU TIPUMEHSTHCSI COBpEMEHHbIe IU(ppPO-
BbIC BUJIbI OPCETHOM 1evyaT: computer-to-plate
nm C-to-P. Bonbliee BHUMaHUE CTalo TaKkKe
VAEJSITHCS BHELTHEH 0OPMHUTEIILCKOM CTOPOHE
KypHaJa, TAe CTaIN IUPE UCTIONB30BATHCS 1IH-
(poBbIE TEXHOJIOTMH, YTO ITPUBEJIO K CO3/IAHUIO
€ro CyIIEeCTBYIOIIETO Iu3aifHa: KpacodHOTO,
IBETHOTO, C MCIOJb30BaHUEeM (oTorpaduii,
UIUTIOCTPUPYIOIIUX OCHOBHBIE TEMBI CTaTeit
KakJ0ro Homepa. Vcnonb3oBaHue HOBEHIINX
KOMIIBIOTEPHBIX TEXHOJIOTHI MO3BOJIHIIO TTOBBI-
CUTh U Ka4e€CTBO PENaKIMOHHO-U3IaTeIbCKON
MOJITOTOBKH, MJITIOCTPAIlMOHHOTO MaTepuana,

OCK/: 65 ner
HA cJayK0e KeJIe3HBIM 10poramM Mupa
1956-2021

2021 200 seanemcn snamenamenvnuin 08 Opzanuzaquu compyonuvecmen
xneeaesnuix dopos (OCHK): ei ucnoannemes 63 aem. Bee smu 2006 nenpepuisnoo
pazsumus OCH Guumu HANOARENBE 3HAYUMETBHBIMIG COOBUNUAMNU U 1
Kak & camoli dexmersnocmu Opzanuzayiiie, Max i 6 IKOHOMUHECKON 1t 260N 011mi-
HECKOI CHMYyauuu Ha CapaziuiicKom npocmpancmee.

O mom, Kaxue ymansi & ceoém pazeumun npowaa Opzanusanus 3a 65 rem
CROCT DERMETHHOCI 1 KAKIUE TA0aUi peiiaem & Hacmosiy

uamu

PEMA, PACCKATH

& caoein ¢ Ipeoceo

Ki OCKA Mupocaae AHTOHOBHY.

Puc. 2. B 2021 200y OCX[] ommemuna ceoé 65-nemue, e cesizu c yem, e Ne 1-2 «bronnemenb OCX/[» 3a 2021 2. 6bi1a ony6nukoeaHa cmambsi
lpedcedamens Komumema OCX[ M. AHmoHosuya 06 ucmopuu pazeumusi OpzaHu3ayuu u desmenbHOCMU Ha COBPEMEHHOM 3mane.

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 104-111

AHTOHOBMY M., KabeHkoB C. 10. 65 net nsgarenbckon gesatensHoctu «bronneteHsa OCXK»




Puc. 3. 06noxku «bronnemenss OCX[I» pasHbix 20008 ebinycka.

J3aifHa, TEXHUKO-TIOIUTPa()UIecKoro MCIo-
HEHMS, a TAK)KE ONIEPaTUBHOCTH U aKTYaJIbHOCTD
MIPEAOCTABIIEMON HH(POPMAIINH.

Heob6xoanmo ormetuts, uto PenaknnonHas
KOJIJIETHS )KypHAJIa, IPEACTaBICHHAs CTICIHAIH-
CTaMH CaMOT0 BBICOKOTO YPOBHS Pa3JIMIHBIX
xomuccuit 1 IPT” OCXK/] u3 pa3nuyHbIX cTpaH,
BHOCHUT HEOIIEHUMBIH BKJIQ/I B TOATOTOBKY, M3-
JIaHWE W JTAJIbHEHIIIee pacpoCcTpaHeHNEe Mare-
pHaoB B XOJI€ MPOBEJCHUS Pa3IMIHBIX MEPO-
MpHUATHN BO BCeX yroskax EBpasuiickoro mpo-
cTpaHcTBa. TakKe 3HAYMTEJICH BKJAJ WICHOB
Komurera OCX/], npeacraBureneii MuUHH-
CTEPCTB W XKEIE3HBIX JOPOT CTPaH — YJICHOB
OCX]l, nabmonareneii n NpucoeTNHEHHBIX
TIPEANPUATHHA, TAPTHEPOB MO COTPYAHUUECTBY
W3 APYTUX MEXKIYHApOAHBIX OpPTaHM3aIHUNA —
EBK OOH, OCKATO OOH, EC (DG MOVE),
OTU®D, LIUT, EADC, LICXKT, MCX, EXJIA,
KCTII, BTamO, BIIC, ®UATA, FTE,
FERRMED, O2C u nip., 3 IpYTHUX H3IATEITHCTB
eBpazuiickoro npocrpancTsa — «Bahnfachverlagy
(Tepmanms), «'ymox», «PX/I-ITaptaép», «EBp-
asus-Bectny, «OKenesnsie noporu mupa», «Mup
TpaHcnopTay, « HHOBaIMHK TpaHcopTa», Yueo-
HO-METO/IMUECKHHN IIEHTP Ha ’KEJIC3HOIOPOKHOM
tparcmopte (YMIL X/T) (Poccuns), «Kenezo-
mpTeH Tpancropt» (bonrapust) u npyrue.

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 104-111

B cBs3u ¢ Bcé Gosee Bo3pacTarowleil poiibio
AHIIMHCKOTO A3bIKa B MEXKTyHaPOJHbBIX OTHOILIE-
HUSIX HaunHas ¢ ssHBaps 2015 rona xypHan cran
M3/1aBaThCsl Ha aHIIUHCKOM s3blke. Bcé ato
BMECTE C YJIyUIIEHUEM KauyeCTBEHHOIO COHEp-
KaHUsI cTareil crmocoOCTBOBAIO YCHICHUIO
CIpocCa Cpe/id YUTATeNIed B pa3IMYHbIX CTPaHax
1 TIOBBIIICHUIO €r0 KOHKYPEHTOCIOCOOHOCTH
CpeaH XKeIEe3HOAOPOKHBIX EUATHBIX U3JaHHUMH.

«bromierens OCHK/» ceroaus

B mocnennue rouel, ciemayst TpeOOBaHHUSIM
BPEMEHH M Iporpecca B 00JsacTu IH(POBBIX
TEXHOJIOT i, HA PEIAKIIHIO )KypHaJIa ObLIa TaKKe
BO3JIOKEHA 3aj1ada 10 MOAJIEPKAHNUIO paboThI
Web-caiita OCXK/I, 4TO 1O3BOJIUIIO HE TOJBKO
Oojee OmMepaTUBHO JOBOJUTH JI0 YHTaTelel
MHPOPMALMIO O BKHEHIINX COOBITHAX B JIes-
tesnbHOCTH OCXK] M XKene3HbIX I0por, HO U
o0ecriedynTh 0OMEH aKTyaJIbHBIMHU JIOKYMEHTaMU
JUTS peaIM3aliiy TI0OCTaBIEHHBIX 33/1a4 pab0InMHU
OpraHaMi B paMKax BBIITOJHEHHS X IIJIAHOB M
niporpamm padort. Ha caiire myGnmkyercst nadop-
Malus o CTPYKType, UJIeHax, 3a7a4ax 1 JesITeNb-
Hoctu OCXK], pa3MemaroTcst B aKTyaJbHOM
COCTOSIHUU Bce JOKyMeHThI: coramenus CMIIC
n CMI'C u CiyxeOHbIe MHCTPYKIUH K HUM,
IIpaBuIIa 1MoJb30BaHus naccaxxupcekumu (I111B)

AHTOHOBMY M., KabeHkoB C. 10. 65 net nsgatenbckon gesatensHoctn «bronneteHsa OCXK»
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Puc. 4. OcHosHasi cmpaHuya Web-caiima OCX/], noddepxueaemo20 Ha pycckoM, KUmailicKOM U aH2/uliCKoM si3bIKax.

u rpy3oBbiMu (I11'B) Baronamu B MesxayHapo-
HoM cooOmennn, Tapuder (MIIT, MTT u ETT),
I'HI, noroBopsl, comnaieHus, MaMsiTK1 U BCE
Jpyrue 10KyMEHTBI, IPUHATHIE U ACHCTBYIOIINE
B pamxax OCXK/I.

B HacTosiiee BpeMs Ha CTpaHUILAX )KypHaa,
KOTOPBIM BBIXOAUT HA TPEX sI3bIKaX (PycCKoM,
KMTAaHCKOM M aHIVIMIICKOM) LIECTh pa3 B IO,
myOHMKyeTcst nHpOpMaIus:

* 0 PELICHUSAX U PEKOMEHAALUSX, IPUHSITHIX
ceccusimu CoBerianust MUHUCTPOB, 3ace€AaHUs-
mu Kongepennunu [eHepanbHbIX AUPEKTOPOB U
Komurera OCXK/;

* 0 coBemaHmsIx padounx oprano OCXK/ n
HX OCHOBHBIX PE3yNbTarax;

* 0 COTPYJHHYECTBE JKEJIE3HbIX JOPOr' B 00-
JIaCTH MEXIAYHAapOAHBIX KEJIE3HOAOPOXKHBIX
NepPeBO30K Mexay crpaHamu EBpons! u A3uu,
BKJTI0Yasi KOMOMHNPOBAaHHbIE IEPEBO3KY;

* 0 X0zie poBeAeHUs MexXyHapOIHO! KOH-
(epeHIMM 1O MPUHATHIO TeKkcTa KoHBeHIH 0
MPSIMOM MEXAYHAPOIHOM >KEIE€3HOJOPOKHOM
COOOIIIEHNH;

* 0 Ipo0JIEeMax, CBSI3aHHBIX C TPAHCIIOPTHON
MOJINTUKON, SKOHOMUYECKUMU, MPABOBBIMU U
SKOJIOTUYECKUMU ACTIEKTAMU JKEIE€3HOJOPOXKHO-
rO TPAHCIIOPTa;

* 00 acreKTax, BhITEKAIOMINX N3 KOHBEHIUH
U COMIAILIEHUH O MEKIYHAPOIHBIX JKEIE€3HOI0-
POXXHBIX ACCAKUPCKHUX U IPY30BBIX COOOIICHHU-
SIX ¥ IPYTHX [TPABOBBIX JIOKYMEHTOB, CBS3aHHBIX
C MEXKIyHapOJHBIMU IEPEBO3KAMU, B TOM UUCIIE
MIpaBuII ¥ TapuQoB;

* 0 B3aMMOJECHCTBUU JKEJIE3HBIX JOPOr B
00J1acTH MMpaBWII TI0JIB30BAHMS OIBU)KHBIM CO-

CTaBOM M TIPaBWJI TEXHHYECKOW JKCIUTyaTal[ly
JIMHUI, Ha KOTOPBIX OCYILECTBIISIIOTCS MEXIY-
HapOJHBIE IEPEBO3KH;

* 00 aKTyaJIbHBIX BOIIPOCAX COBEPLIEHCTBO-
BaHMS W Pa3BUTHUS JKEJIE3HOIOPOKHOTO TPaHC-
1IOpTa, O JICSTEILHOCTH JKEJIC3HBIX JI0POT CTPaH
— unenoB OCX]I, a Taxke HaOMromaTenaci u
npucoequHEHHBIX npeanpustuil OCXK/] u apy-
T'HX XEJIEe3HBIX JOpOT;

* 0 COTPYAHHYECTBE U COBMECTHOH padoTre
OCXK] ¢ npyrumu MexayHapOAHBIMH OpraHU-
3aIMsIMU, 3aHUMAIOIIMHUCST BOIIPOCAMH XKeJe3-
HOZIOPOKHOTO TPAHCIIOPTa;

* 00 0OMEHe OIBITOM MEX/Iy MUHHCTEPCTBA-
MU TPaHCHOPTA U JKEJIC3HBIMH JIOPOTaMH B 00-
JIACTH SKCILTyaTallMOHHOM JIeSITeIbHOCTH, BHEI-
PEeHUSI HOBOM TEXHUKH U IEPEAOBBIX TEXHOJIO-
T'Hi, B TOM 4Hciie OU(PPOBU3ALMHN IIEPEBO30YHO-
ro mpoiecca, yJay4lieHUs KOHOMHUYECKHX
nokasaresneil paboThbl, a TaKXKe 10 APYTUM BOII-
pocam;

* cripaBoYHast HHGOPMAIHs AJIsl HCIIOIb30Ba-
HUSI B IPAKTHYECKOM eI TEIILHOCTH CHeUaH-
cramu u 3xcnepramu OCXK/I.

B nocnennue rogsl B CBS3M CO CTPYKTYPHO-
HKOHOMHUYECKMMH N3MEHEHHSIMH, ITPOUCXO/ISIIIH-
MH BO BCEM MHUpE, B TOM YHCJIE U Ha JKEJIC3HBIX
noporax ctpan — wieHoB OCX]I, c nepexonom
JKEJIE3HOJIOPO’KHOTO TPAHCIIOPTA Ha PHIHOYHBIE
OTHOUICHMSI, CTAJIO TOSBIATHCS BCE OOibIIe
crareif, cBA3aHHBIX ¢ (PUHAHCOBO-IKOHOMHYE-
CKOI JIeITeIbHOCTBIO U CO CTPYKTYPHBIMHU pe-
(opMamH JKeJIe3HBIX JOPOT.

Taxoke B mocineiHee BpeMsi B XKypHaJIe IoiTy-
YU CBOE pa3BUTHE TAaKHE HOBBIE aKTyaJIbHbIC
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Puc. 6. B 2014 u 2016 200ax Komumemom OCX/ 6binu u3zdaHbi c60pHUKU cmameli u mamepuanoe «[lepedosas npakmuka
noebiweHus 3hpekmueHocCMu MeXAYHapPOOHbIX Kene3HOO0POKHBIX NePeso3oK Ha espasulickom npocmpaHcmee» u «HanpaeneHus
cmpame2u4eck020 pa3eumusi Xene3HodopoxHo20 mpaHcnopma cmpaH = 4neHos OCX/]».

TeMsl, Kak «Pabora Hag npuHsTHEM TekcTa Kon-
BEHIIMH O TIPSIMOM MEXKTyHAPOIHOM JKEJIe3HO0-
POXXHOM cooOImeHn I, «IToBbIIIeHIE KOHKYPEH-
TOCITOCOOHOCTH JKEJIE3HOAOPOKHOTO TPaHC-
nopra», «O0nerdyenye nepeceueHust TpaHuI] IpH
ME>K/TyHAPO/IHBIX YKEIIE3HOIOPOXKHBIX TACCAKUP-
CKHX ¥ TPY30BBIX ITepeBo3Kax», «Padora 1o co-
BEPIICHCTBOBAHMIO TPAHCIIOPTHOTO TIpaBa n HaJl
CO3/IaHMEM EJMHOTO TPAHCIIOPTHOTO IMPaBay,
«Pacrmmpenvie nCTonp30BaHNs yHI(DHUIMPOBAHHOMN
HaxnagHoi LIMM/CMI'C nipn MeXIyHapOaHBIX
TPY30BBIX JKEIE3HOAOPOKHBIX MEPEBO3KAXY,
«MexTyHapOoIHBII ONBITY», «JlorucTukay, «Bbl-
COKOCKOPOCTHOE JIBIKEHHE», «3aluTa OKpy-
JKaIoMIeH cpenbl W 0S30MacCHOCTh JABIDKEHISD,
«ndpoBble TEXHOIOTHU U ITPOLECCH TH(PO-
BU3AIIMU HA TPAHCIIOPTE».

Bronnerens pacnpocTpaHsieTcs B CTpaHax —
arenax OCXK], manpaBisieTcss HaOMFODATEISIM
" npucoeuHEHHBIM npeanpustusm OCXK,
TIOATMCYMKAM, a TAKXKE BBICBUIACTCS B paMKax
obmeHa nH(pOpMaIye B Ipyrue MeKIyHapoI-
HBIE OPTaHU3alNH U JKEeJIE3HOIOPOKHBIE TIeyaTr-
HBIC M3JJaHUSI — BCETO OH PACHPOCTPAHSETCS B
6onee gem 50 cTpaHax Mupa.
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Koneuno xe, (yHKINOHHPOBaHHE )KypHATA
«brommererr OCXK]» Ob110 OBI HEBO3MOXKHO 03
AKTHBHOU MOICPIKKH CO CTOPOHBI MUHICTEPCTB
TpaHCIIOPTa M BCEX JKEJIE3HBIX OPOT CTpaH —
YJICHOB, HAOMIOHATeNIe W MPHUCOCTNHEHHBIX
npeanpuatuit OCXKJI, 6e3 B3anMoneHcTBHS C
MEXXTyHapOIHBIMU OPTaHU3AIMSIMH B 00JacTH
TpaHCTIOPTa, IPYTHMH KEIC3HOIOPOKHBIMHU
mgausMa. [1o3ToMy XOTernock OBl UCKpEHHE
mo0TarofapuTh BCEX 3a OKa3aHHYIO TIOMOIIb!

Meponpusitusi B yecTb 50-j1eTHsI :KypHaJa
«bwaaerens OCKI»

8—9 nmexabpst 2008 roma B Komurere OCK]]
B Bapmase nponuin robuneiiHoe 3acenanue
Penakunonnoil komieruu u MexayHapoaHbli
ceMHuHap Ha TeMy «PoJb cennaam3mpoBaHHBIX
JKETIC3HOIOPOKHBIX U3IaHHI B Pa3BUTHH JKEIIC3-
HBIX IOpPOT», MOCBSIMEHHBIE S0-1eTHI0 00pa3o-
BaHUS JXypHaJia U BBIXOMY €ro TPEXCOTOTO HO-
Mepa. B MeponpusTHSX IPUHSIIN YIaCcTHE PYKO-
BomuTenu W wieHbl Komurera OCX]I, uneHs
Penakmmonnoi xomernu «bromrererst OCX ]y,
IJIaBHBIC PEIAKTOPHI U TIPEICTABUTEITH JKEIIE3HO-
MOPOXHBEIX CIECIHATU3UPOBAHHBIX W3IaHUH,

AHTOHOBMY M., KabeHkoB C. 10. 65 net nsgatenbckon gesatensHoctn «bronneteHsa OCXK»



Puc. 7. YyacmHuku ro6uneiiHo2o 3acedaHusi PedakyuoHHOU K
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Kyp meHb OCX/[]» u MexdyHapoOHO20 ceMuHapa Ha

memy «Ponb cneyuanu3uposarHbIX Xene3H0O0POXHbIX U30aHUl 8 pa3sumuu xenesHbIx dopoe», NoceswEHHbIX 50-nemuto o6pa3osaHus
JKypHana u ebixody e ceem e20 mpéxcomozo Homepa (08-09.12.2008, Komumem OCXJ).

TIpecc-CITyKO, KeTe3HBIX TOPOT i MK TyHAPO/I-
HBIX OpraHW3alnil B o0acTu TpaHcmopra. Bee-
TO Ha TICPBOM B FICTOPHH JKEIIE3HBIX JOPOT (O-
PpYyMe KeJIe3HOIOPOKHBIX ITeUaTHBIX U3IaTeIIECTB
cTpaH — wieHoB u Habmonarener OCX] npu-
cyrcTBOBaio 6onee 50 meneraroB u3 27 cTpaH.

IIpencraBurenu xeneznonopoxusix CMU
BBICTYIIHITH C TIPE3CHTAIMSIME 1 JIOKJTAIAaMH O pa-
00Te CBOMX M3/IATEIBCTB. B pamMkax mpoBenEHHBIX
JICKYCCHIT 1 0OMEHA MHEHHUSIMHU OBUTH HaJTAKCHBI
TECHBIE JICTIOBBIC OTHOIIICHHS MEXKITY TIPEICTABUTE-
JISIMHF SKeTIe3HOMOPOKHEIX CMU paszmiaHBIX CTpaH,
YTO B TAJIFHEHIIIEM CITIOCOOCTBOBAJIO OoITee orepa-
THBHOMY 1 Ka4€CTBEHHOMY OOMEHY MH(pOpMAIIHeH
B 00J1aCTH (PyHKIIMOHUPOBAHUS M PA3BHUTHS JKEIC3-
HBIX 1opor Ha npoctpancTee OCXK/.

Bce nmemerars! BeIpazmwim OoJBINyRO Onaro-
napaocts Komurery OCX/ u penakuuu xyp-
Haya 3a OOJNBIIYIO MPOJCTBIBACMYIO PadoTy 10
nonyisipuzatuu aesreasHoctu OCXK/ u xxenes-
HBIX JIOPOT, a TaKXKe MO CONMKEHUIO TPODIITE-
HeIXx CMU. Onu ObLIM €1MHBI BO MHEHHH O TOM,
9TO OOMEH OTBITOM OTPACIIEBBIX H3IATEIHCTB
Ba)XCH, TaK KaK OHH JKUBYT B YCIOBUSAX PHIHKA,
e BeaéTcst 00pr0a 3a KIMEHTOB, YUTATEITBCKYIO
ayIUTOPHUIO, COBPEMEHHBIC TEXHOJOTHH U pac-
npocTtpaHeHue. Toxpko Omaromapst yKperuieHHIo
COTPYIHUYECTBA U B3aUMOJICHCTBHSA, 00bEINHE-
HUIO YCWIIUH, HAIPaBJICHHBIX HA TMOIYJApU3a-
U0 JeSITeTHhHOCTH JKEJIE3HBIX TOPOT CTpaH —
qeHoB OCX]I, MOXXHO JTOOUTHCS TTOBBITICHHUS
KOHKYPEHTOCTIOCOOHOCTH JKETIC3HOTOPOKHOTO
TPaHCTIOpTA, TPUBJICYCHIS HA )KEJIC3HBIC JOPOTH
KJIHCHTYPHI IS MMACCAXUPCKUX H TPY30BBIX
TIEPEBO30K, PAa3BUTHSI JKEIC3HOIOPOKHBIX ITepe-

BO30K KaK B MEXIyHapOJIHOM COOOIICHNH
Mexay EBponioii u A3ueil, Tak 1 BHYTpPH CTpaH.

Me:xnyHnapoanoe npusHanue «bronierens
OCK]»

Kypnan «bromnerens OCXK/» HeonHokpar-
HO Y/IOCTaMBAJICS PA3TMIHBIX MEXIYHAPOIHBIX
TIpeMHi ¥ Harpas B 00JIaCTH M31aTelIbCTBA MHO-
TOSI3BIYHON CTICIIMAIN3UPOBAHHON JKEIIE3HO/IO0-
POXKHOH JIUTEpaTyphl, B TOM uucie MexmtyHa-
POIHOM TPaHCIIOPTHOM TPEMUU «30J10Tast KOJIEC-
HUIa», MeXIyHapOIHOTO KOHKypca M3IaHUH
«YHUBEpCUTETCKAst KHUTa» | JIp.

B pamkax XXVIII MexnyHaponHoil KHUX-
HOW BBICTABKH-SIpPMapKH, MPOXOAUBIIECH B
Mockse co 2 o 6 certsops 2015 rona, 3 ceH-
TSOPsI COCTOSUIACH TOP’KECTBEHHAS IIEPEMOHUS
HarpaxaeHus mooeaureneit [11 MexxayHapomHo-
ro KOHKypca «YHuBepcuTerckas kHura-2015»,
rae Komurer OCX]] OBIT yIOCTOCH TUTIIIOMOB
I crenenn n Menanu B HanpaBineHnN « TexHHUKa
1 TEXHOJIOT WSl HA3€MHOTO TPAHCHIOPTa» B HOMH-
Hanusax: «Jlydamee monurpadudeckoe nzua-
HHUE» — 32 W3/IaHHE TEXHUKO-IKOHOMHYECKOTO
NHPOPMAMOHHOTO XypHana «bronmereHs
OCXI» u «Jlyamee 3apyOexxHOE M3TaHUC 11O
JKEIIE3HOOPO)KHOMY TPAHCTIOPTY» — 32 OCBEIIIe-
HUE aKTyaJIbHBIX TIPOOIEM COBEPIICHCTBOBAHHS
1 pa3BUTHUS KEJIE3HOJOPOKHOTO TPAHCIIOPTA.

6 ceHtsa0ps 2019 rona B pamMkax JIeI0BOU
nporpamMmmbl XXXII MockoBckol MexIyHa-
POAHOW KHWIKHOUN BBICTAaBKH-IpMapKd Ha
B/IHX B MoCKBe cOCTOSIMCH TOPKECTBEHHOE
3aceaHie ¥ IePEMOHMS HarpaKACHHs mooe-
nureneil MexxayHapoJHOro KOHKypca U3laHui

®  Mwup TpaHcnopTa. 2022. T. 20. Ne 3 (100). C. 104-111

AHTOHOBMY M., KabeHkoB C. 0. 65 net nsgatenbckon gestenoHoctn «bronneteHss OCXKO»




Puc. 8. Qunnomsi u Medanb, komopbimu 6b11u ydocmoeHbl Komumem OCX/] 3a no6edy e lll MexdyHapodHom KoHKypce
«YHueepcumemckas kHuea-2015».

[
T
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Puc. 9. Haepadei dnsi OCX[] 3a nyqwue nepuoduyeckue neyamHbie U3daHusi Ha UHOCMPaHHbIX A3bIKax NO HanpaeneHuro « TexHuKa u
MexHOn02UU Ha3eMHO20 MpaHcnopman.

«YHuBepcurerckast kaura-2019» mo nampas-
neHnio «TeXHUKa W TEXHOJIOTHH Ha3eMHOTO
TpaHcTopTay, rae Opranuszanys coTpyIHHYe-
cTBa xene3nsix fopor (OCXK]I) 6puta ynocroe-
Ha BBICOKHMX HAarpaj M 3BaHus jaypeara B 00-
JaCTH W3AaTeNbCTBA CIEIHATU3NPOBAHHOMN
KEIIE3HOJOPOXKHOM TUTEpaTyphl HA HHOCTPaH-
HBIX S3BIKaX (PYCCKOM, KHTalCKOM M aHTJIHH-
CKOM), Cpenu KOoTopoit: «OT4ET 0 IesTeNbHO-
cti OpraHu3anuy COTPYAHNIECTBA KEIE3HBIX
nopory», xypuan «bromnerens OCXKI» n
cOopHUK MaTepuanoB «HampasneHus crpare-
THYECKOTO PAa3BUTHUS KEIE3HOJLOPOKHOTO
TpaHcnopra ctpad — wieHoB OCXKI».

16 HOsOpst 2021 roa B paMKax BBICTABKH
«Tpancnopt Poccum» (16—18 Hos10pst, MockBa)
COCTOSUIACh IIEPEMOHUSI HarpaskACHHs TT00e -

Puc. 10. Junnom | cmeneHu & HomuHayuu «JTy4wee teneit VI MexnyHapoaHoro KoHKypca « YHUBeEp-

nonuzpagpuyeckoe ucnosHeHue» no umozam 17-20 N &
MexdyHapodHo20 KoHKypca u3daHuil «YHueepcumemckasi cuterckas Kuura-2021» n3januii no remarmie
KHuza-2021/ TpaHcnopm. «Tpancnopt», B KOTOpOM KypHal «bromiereHb
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Puc. 11. YuacmHuku coemecmHozo 3acedaHusi [pynnbi mepmuronoauu MCX/[-0CX[ (Mapux, okmsa6pb 2015 2.).

OCX» o ynocroeH Jluruioma I cTemeHu B
HOMUHAINH «JIydree momurpadudeckoe Hemom-
HEHUEY.

CoTpyaHu4ecTBO B 00J1aCTH YHHU(PHKALUM
MHOTOSI3BIYHOI TEPMUHOJIOTHH

Ha npoTshkeHur MHOTHX JIET peaKITist Kyp-
HaJIa OCYIIECTBISIET COTPYIHIYECTBO ¢ [ pyrmoit
tepmuHonorun MCX]] B obmactu co3maHus
TEMaTHYECKHX CIIOBAPEH-TE3aypyCOB IO JKee3-
HOJOPO’KHOM TEeMaTHKe, B TOM YHCJIE JICKTPOH-
HBIX, B IEJIX 000OIICHUS M CTaHIAPTU3ANNN
TEPMUHOJIOTHUH, UCTIONIE3YEMOH TP TIepeBOIax
Ha paboune S3BIKU B MEXKTyHAPOTHOU ACATEIb-
HOCTH TI0 COTPYAHUYECTBY B Pa3IMIHBIX 00Ia-
CTAX JKETIC3HOIOPOKHOTO TpaHCTIopTa. [1ockoIs-
Ky xypHan «bromnerens OCXK/» nznaércs na
TpEX s3bIKaX (PyCCKOM, KHTAHCKOM W aHTJIHIA-
CKOM), TO JaHHas paboTa WMeeT OONbIIoe 3HA-
YeHHe sl YHU(QUKAIWM U CTaHIapTU3AIUN
TEPMUHOJIOTHH TIPH ITEPEBOIAX CTaTeH U HHPOP-
MAIHH Ha 3TUX S3BIKAaX C TOYKH 3PCHUS PEIICHUS
BOIIPOCOB (DYHKIIMOHUPOBAHHUS M COBEPIIICHCTBO-
BaHUS DIEKTPOHHBIX CIOBapell, pa3paboTKu
MIPOTPAMMHOTO O0CCIIEUCHUS UTS YIPABICHHUS
TEPMHUHOJIOTHUEH, TPAKTHYECCKOTO HCTIOTF30BAHNS
AIIEKTPOHHBIX CIIOBapeil B paboTe u mp.

2022 roja, Kax ¥ iBa NpeablAyIIUX, HauyaJl-
Cs B HETIPOCTHIX YCIOBUAX MaHIECMUH U CBS-

3aHHBIX C 3TUM OrpaHmdeHmil. HecMoTps Ha
9TO AeATEeNbHOCTh OpTaHU3aINy U KEIC3HBIX
IOpor €€ CTpaH — YJICHOB MPOJOJIKACT OCY-
IMIECTBIATHCS COTIACHON YTBEPKAEHHBIM
IJIaHaM ¥ IporpaMmaM padoT, B TOM YHCIE
Omaromapsi MCIIOJIb30BAHHIO COBPEMEHHBIX
TEXHOJOTHUH U CPEICTB KOMMYHHKAI[HA.
OCX/I B 3TOT CHOXKHBIN EPUOJI JEMOHCTPHU-
PYET CBOIO CTaOMIBHOCTH W CIIOCOOHOCTH K
TrUOKOI afanTanuy B HOBBIX YCIOBUSAX QPYHK-
unonupoanus. «bromierens OCX» npo-
IOJKAET CBOIO PabOTy IO MOMyNIspU3aIuu
eI TeTPHOCTH OpPTaHU3AIMHA B ITUX HEMPO-
CTHIX YCIIOBHSX, M MBI HaJeeMcs Ha TO, UYTO
HaIlld YATATENH U J1ajiee CMOTYT yIOBICTBO-
PATH cBOM MH(OPMAIIMOHHEIE IOTPEOHOCTH B
00IacTH JKeNe3HOAOPOKHOTO TPaHCTIOpTa Ha
CTpaHWIIaX KypHala.

Kak ormeuaeTcs B pefakiliOHHOM MaTepHa-
JIe, KOHEIHO ke, m3nanne «bromnererns OCXK ]y
He OBLTO OBI BO3MOXKHO 0€3 aKTHBHOU ITOICPIK-
KH ¥ y9acTHs CO CTOPOHBI PYKOBOZICTBA, CIICIIHA-
JIUCTOB W DKCTIEPTOB MUHUCTEPCTB M JKEIIC3HBIX
nopor crpat —unieHoB OCXK/]I, uieHoB u coTpya-
nukoB Komurera OCX/I, uneHoB penakinoHHON
KOJUICTHH JKypHAJIa, a TakKe MPECTaBUTENCH,
HaOTrONaTeNelt U MPUCOSANHEHHBIX MPENIPUs-
i OCXK/] u opranuzanuii-napTHEPOB MO CO-
TPYIHIYECCTRY. )
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Bepectoxk H. O. IloBbimenune 6e3onacHo-
CTH NMPOU3BOJACTBCHHBIX IPOIECCOB Mpea-
NPUSTHI KeJIe3HOJOPOKHOI0 TPAHCIOPTa
Ha OCHOBE CHHKCHHUS BIUSAHHUSA YeJI0BEUYECKO-
ro ¢axkropa / ABroped. AucC... KaHJ. TEXH.
Hayk.— M.: PYT, 2021.-24 c.

JIBUKEHME MOE300B SABISETCS TEXHHUKO-
TEXHOJOTMYECKON OCHOBO MPOU3BOICTBCHHBIX
MPOIECCOB TPAHCIOPTHOTO MPEANPUSITHSA.
[ToBTOpeHHE W3 TOMa B T'OJA aBapHii, CXOIOB
C PCIIbCOB, CTOJKHOBCHHI MOE3/I0B U MPEATO-
CBIJIOK K HMM MPAKTHYECKH 0 OJHUM U TEM Ke
MPUYHHAM CBSI3aHO C YCIOBCUCCKUM (DaKTOPOM.
ITo manubiM cTatucTHkH, 90 % BCexX MHIUIECH-
TOB MPOUCXOAUT B CBSI3U C HAPYIIEHHEM HOPM
U TIPaBUJI, PETIAMEHTUPYIOIIUX JAEHCTBHsI pa-
OOTHHUKOB. DTO CBHUICTCIBCTBYET O TOM, YTO
CJIOKMBINASCSA cHCTEMa MPO(UIAKTHKU Hapy-
IICHHUI OE30MMACHOCTH JIBHIKCHHUSI TOC3/I0B MTPH
OpraHH3aIiHi EPEBO30YHOTO TPOIecca HEI0-
cTaro4Ho 3(dekTuBHa.

[ToBbimicHHE YPOBHS 0C30MIACHOCTH MIPOU3-
BOJICTBEHHBIX TPAHCIOPTHBIX MPOIIECCOB Tpa-
JUIMOHHBIMA METOAAMH 3a CYET 3HAYUTEIILHBIX
00BbEMOB KalMTaIbHBIX BIIOKEHUN B OlMKaii-
el MEPCIEKTUBE SBISIETCS MATOBEPOSITHBIM
BapuaHtoM. [lo3ToMy uccliieZjoBaHUEe BOmpoca
MTOBBIIIEHHUS 0E30MaCHOCTH 3a CUET CHIDKEHUS
HETaTUBHOTO BIUSHUS YEJIOBEYCCKOTO (hakTopa
MPEICTABIISICTCS AKTYaJIbHBIM.

Llenbro muccepTannoHHO paboTHI SIBIISIETCS
pa3paboTKa METOMKH OLICHKH YPOBH: Oe30mac-
HOCTHU MPOU3BOACTBCHHBIX MPOIECCCOB MPE/I-
NPUATUN KEJIC3HOTOPOKHOTO TpaHCHOpTa
¢ yuéTOM BIIMSIHHS YCIOBEUYCCKOT0 (pakTopa.

Jlns peanu3aiuu MOCTABICHHOW IelH
B JAHHOM HCCJEJOBAHMH HEOOXOAMMO OBLIO
PEIINUTh CICAYIOIINE 3aauu:

Mwup TpaHcnopTa. 2022

ABTOpechepaThl AucceptTaunm

* IPOAHATM3UPOBATH CYIICCTBYIOIINE MO
XOJIbI K YMPABICHUIO OE30MaCHOCTBIO MPOH3-
BOJICTBEHHBIX TPAHCIIOPTHBIX MPOIECCOB;

* CTPYKTYPHPOBATH HapyIICHHS OE30MacHO-
CTH MPOU3BOJCTBEHHBIX TPAHCIOPTHBIX MPO-
L[ECCOB;

* 000CHOBATH HHCTPYMCHTAPH MOTYICHHS
9KCHEPTHBIX JAHHBIX O CBSI3H BHIOB HAPYIICHHU
C MIPU3HAKAMHU KYIBTYPbI 0€30MaCHOCTH;

* TPEUIOKHUThH MOAXO/ K OICHKE BIUSHHS
YeJI0BeYeCcKoro hakropa Ha 6€30MacHOCTh MPO-
M3BOJICTBCHHBIX TPAHCIIOPTHBIX MPOIECCOB;

* 000CHOBATh TEXHOJOTHIO KJIACTEPHOTO
aHaM3a HapylIICHWH MpaBuil 6€30MacHOCTH
JIBHDKCHUSI TIOE3/I0B C yUETOM BIIUSHHS YETOBE-
geckoro (hakrtopa;

* pa3paboTaTh METOIHKY OIICHKH ypPOBHS
0€30MacHOCTH TPOU3BOACTBEHHBIX MPOLIECCOB
MPEANPHUSITHH KETe3HOIOPOKHOTO TPAHCTIOPTA
¢ y4€TOM BIHSHHS YEIOBEYECKOTro (hakTopa;

* MPOBECTH anpobanuio pa3paboTaHHBIX
METOJMYECKHUX PEIICHUH U MPEUIOKHUTE PEKO-
MEHIalUH MO0 MUHUMH3AIHH HETaTUBHOTO
BIIUSIHUS YesIOBeUeCcKoro (hakropa Ha obecrie-
yeHHe 0e30MacHOCTH MPOU3BOACTBEHHBIX
TPaHCIIOPTHBIX MPOIIECCOB.

B pesynbrare npoBeAEHHBIX HCCICAOBAHUI
B JIMCCEPTAIOHHON paboTe OblIa perieHa Ha-
y4Hast 3a/1a4a 1Mo pa3paboTKe METOMUKH OIICHKH
ypOBHSI 6€30MaCHOCTH MPOU3BOACTBEHHBIX
MIPOLIECCOB MPEANPUATHI KETSIHOLOPOIKHOTO
TPAHCIIOPTA C YIETOM BIHSHHUS YETOBEYCCKOTO
¢baxTopa. [lomydeHHBIC MPH 3TOM OCHOBHBIC
HAy4YHbIC U TPAKTHYCCKHE PE3YTBTATHI COCTOST
B CIICTYOIIEM.

BeImosiHEeH aHAU3 COCTOSHUS 6e30MacHO-
CTH MPOU3BOJCTBEHHBIX TPAHCIOPTHBIX MPO-
[[ECCOB, KOTOPBIH MOKA3aJ, 4TO CYNIECTBEHHOE
BJIMSTHHE HA YPOBEHb 0€30MaCHOCTH OKa3bIBACT
yenoBeueckuit pakrop u Tpedyercs pazpadoTka
METOJIMYECKOTO HHCTPYMEHTAPHUS OIICHKH 3TO-
TO BIIHSHHS.

BhIIBHHYTA THIIOTE3a O CBSA3H PEalbHO
coBepuIaeMbIX pabOTHHKAMHU HapyUICHUH
C IPU3HAKAMH KyIbTypbl 0€30MACHOCTH — HO-
BBIM MHCTPYMEHTOM [ESITEIbHOCTH JKEJIE3HO-
JOPOXKHBIX MPEANPHUIATHN MpH 00eCIeYeHUH
0e30MacHOCTH IBMKEHUS M0e310B. ['umoresa
MOJTBEPKICHA IKCIICPTHBIMH OIEHKAMH, T0-
JYYSHHBIMH TIPH BBITOIHCHUH AUCCEPTAIHOH-
HOTO MCCIICIOBAHUSI.

BeimosiHeHa BUIOBasi CTPYKTypH3alus Ha-
pylIeHuit 6e30macHOCTH MPOU3BOJICTBEHHBIX
TPAHCIOPTHBIX MPOIECCOB, KOTOPAst MO3BOIHIA
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CBECTH MHOT000pa3ue eMHUYHBIX HAPYILEHUN
K KOHKPETHOMY YHCIY UX BHJIOB, 00J1aJIal0INX
YCTOMYMBBIM XapaKTepoM, O3BOJISIONIAs YII0-
pAAOUUTH UX 00pabOTKY M aHaM3 B KOHKPET-
HBIX IPOU3BOJICTBEHHBIX CUTYAIHSX.

PazpaboraHa MeTO/MKa OLEHKU YPOBHS
0€3011aCHOCTH IPOU3BO/ICTBEHHBIX TPAHCIIOPT-
HBIX IPOLIECCOB C YYETOM BIIUSIHHS YeJIOBeYe-
ckoro (akropa. MeToayKa BKIIIOYALT:

* oIpeieIeHUe KOMITJIEKCHOM Cpe/iHel OLieH-
KM 0011eT0 YPOBHS 0€30M1aCHOCTH 110 YCTaHOB-
JICHHBIM BHJIaM HapyIIeHHUH;

* oIpeJieNieHue CpeaHel IKCIIEPTHOM OleH-
KM CTEIEHH CBSI3M HAapyUICHUI C NMpU3HAKaAMH
KYJIBTYPbI 0€30MaCHOCTH;

* Cr1I0CO0 KOJINYECTBEHHOM OLIEHKU YPOBHS
0€3011aCHOCTH POU3BOICTBEHHBIX TPAHCIIOPT-
HBIX IPOIIECCOB C YYETOM BIIUSIHHS YeJIOBeYe-
ckoro (hakTopa;

* KJIACTEPHBIN aHAJIN3, UCIIOJIb3YEMBbIH ISt
MOy YEHUsI CTPYKTYpUPOBaHHON HH(OpMaLuy,
JIOTIOJTHSIONIEeH 0000IEHHBIE CPEHNE OLIEHKH.

Amnpo0Oanyst METOAMKH Ha IPUMeEpE JTaHHbIX
2018 roga mo3BojuiIa yCTaHOBUTH CIAEAYIOIINE
3HAYEHUsI CPETHUX OLEHOK:

* CpeiHsisl OLICHKA CBSI3U HAPYLICHUH C ITPH-
3HaKaMU KyJIbTyphl Oe3onacuoctu: 0,27;

* YpOBeHb 0€30I1aCHOCTH MPOU3BOJICTBEH-
HBIX TPAaHCIOPTHBIX INpoleccoB 0e3 yuyéra
BJIMSIHUSI uesioBedyeckoro ¢akropa: 0,35;

* ¢ yuérom ero Brnusuus: 0,31.

[Ipennoxena MmoanpUIMPOBAHHAST ABTOPOM
mkaina XappuHITOHA JJIsl Ka4eCTBEHHOM XapaK-
TEPUCTUKU KOJMYECTBEHHBIX OLIEHOK YPOBHS
0€3011aCHOCTH MPOU3BO/ICTBEHHBIX TPAHCIIOPT-
HBIX TponieccoB. E€ MonuduunpoBanHas Bep-
CHSI OTJIMYAETCSI OT UCXO/IHOM OoJiee )KECTKUMU
TpeOOBAHUSIMU K MHTEPIPETALMN KOJINUECTBEH-
HbIX onleHOK. 3Hauenue 0,31 mo mkane Xap-
PUHITOHA U MO LIKaJe, MPEJIOKEHHON B JUC-
cepTalyy, OLEHKH HapylleHUs 0e3011acHOCTH
IIPOM3BOICTBEHHBIX TPAHCIIOPTHBIX IPOLIECCOB
C y4€TOM BIMSIHUSI YeJIoBeuecKoro Qaxropa
COOTBETCTBYET HHU3KOMY YPOBHIO COCTOSIHUSI
0€301acHOCTH.

[IpeasioxkeH HHCTPYMEHTAPHIA KIIACTEPHOTO
aHaJIn3a, IO3BOJISIONINK TONYy4nuTh HH(OpMa-
LU0, JIOMOJHSIONIYIO CPEeJIHUE OLIEHKH, HE0O-
XOJIUMYIO JUIsl IPUHSTHS YIIPABJICHYECKUX pe-
LICHUH 110 TIOBBILICHUIO YPOBHSI 0€30MaCHOCTH
IIPOM3BOICTBEHHBIX TPAHCIIOPTHBIX IPOLIECCOB
1 CHW)KEHHIO HEraTHBHOTO BIIMSIHUS YeJIoBeYe-
ckoro (akropa. MHCTpyMeHTapuil BKIlO4YaeT
METOJI 9KCIIEPTHBIX OLIEHOK JJISl YCTaHOBIICHHS

CBA3M BUJOB HapyLICHUH ¢ MPU3HAKAMU KyJIb-
TYpBbI 0€3011aCHOCTH, JIEBSITH C(HOPMUPOBAHHBIX
KJIACTEpOB HAapyLIEHUI ¢ UX aBTOPCKOH TpyI-
ITUPOBKOI1 110 acleKTaM KyJIbTYpbl 0€3011acHO-
CTH, aBTOPCKYI0 TPAKTOBKY COJEPIKAHUS KaxK-
JIOTO KJIacTepa.

YcraHoBieH (haKkT TECHOM CBSI3M HAapyLICHHUN
0e301acHOCTH, JOITyCKaeMbIX paOOTHUKAMHU
NpeaAnpuaTHil opranusanuu asuwxkenns OAO
«PXK1», c omuOKaMu CTYICHTOB TPAHCIIOPTHO-
IO By3a IIpU UX paboTe ¢ aBTOPCKUM TECTOBBIM
KOHTEHTOM. J/[aHO 00BsICHEHHE CYLIIECTBOBAHUIO
TaKoil CBsI3M.

[IpennoxeHbl peKOMEHAAIMK MO MOBBIIIe-
HUIO YPOBHs1 0€3011aCHOCTHU IIPON3BOACTBEHHBIX
TPAHCIOPTHBIX MPOLIECCOB U CHIKEHUIO Hera-
THBHOTO BJIMSIHUS YeJIOBEYECKOTro (akropa,
B TOM 4YHCJI€ Ha BY30BCKOM 3Tame KaJpoBOTO
o0ecrieyeHnst TPaHCIIOPTHOTO IIPOU3BOJICTBA.

[TosmydeHHBI€ pe3yIbTaThl, BEIBOBI U IIPE-
JIO)KEHUsI HAIILIM PUMEHeHue B pabore Jlenap-
tameHTa OezonmacHocTu aABuxeHuss OAO
«PXK», OO0 «IIpoexkTHble TexHOIOTHU»
n kadpenpsl «XKene3HOMOPOKHBIE CTAHIUU
u TpaHcnoptHele y3ie» PYT (MUUT).

ITo pe3ynpraTram NpoBEeAEHHOTO aHATIHU3A IS
Ka)X/IOT0 KJIacTepa HapylleHHH pa3paboTaHbl
TEXHOJIOTHYECKHE KapThl, HAIpaBJICHHbIE Ha
MOBBIILIEHHE YPOBHS 0€30MaCHOCTH MPOU3BO/-
CTBEHHBIX NPOIECCOB 3a CUET MUHUMM3AIUU
BIIMSIHUS YeJIoBeYecKoro (akropa.

[lepcriekTuBOl manpHElICH pa3padoTKu
TEMBI SIBJIIETCS COBEPIICHCTBOBAHME ITOKa3aTe-
Jel XapaKTepUsyroIue CUCTEMHBIH MOAX0[
K KyJIBTYpe MPOU3BOJCTBA HA MPEIPUITHH.

05.02.22 — Opeanuzayus npouszeoocmeda
(mpancnopm).

Paboma evinonnena u sawuwiena 6 Poccuii-
CKOM YHU8epcumene mpaHcnopmd.

I'paues H. B. JDueprocoéeperawomiee
ynpasJjieHHe CHJIOBBIMH YCTAHOBKAMH Ia30-
TYPpOMHHBIX TOKOMOTHBOB / ABTOped. quc...
KaHA. TexH. Hayk. — CII6.: IIT'VIIC, 2022. —
16 c.

B nacrosimee BpeMsi OJHOW M3 II€JEBBIX
3a/a4 SIBJISIETCS MOBBIIIEHUE YKOHOMHYHOCTHU
paboThI ra30TypOUHHBIX IOKOMOTHUBOB, HCIIOJb-
3YIOIIUX B KQY€CTBE MOTOPHOIO TOIUIMBA MPH-
pOIHBIH Ta3.

OOBEKTOM HCCIICIOBAHUS ABISIIACH CUIOBAs
SHEpreTHYecKas yCTaHOBKA ra3oTypOMHHOTO
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noxomoTuBa. [IpenMeToM Hccaea0BaHus SIBIIS-
JICh OCHOBHBIE (PM3MUECKHUE TPOLIECCHI IPE00-
pa30BaHUA PHEPTHUH ra3a B 3JIEKTPUUECKYIO
9HEPrHIo B CUCTEMeE ra3oBasi TypOuHa — reHepa-
TOp M yNpaBIEHUE €10 C LIEJIbI0 MOBBIIICHUS
9KOHOMHYHOCTH pabOoThI ra30TypOUHHBIX JIOKO-
MOTHUBOB.

[{enpro qUCCEPTALMOHHOTO MCCIENOBAHUS
SIBJSIOCH MOBBIIIIEHUE SHEPTeTHUECKOH I pex-
TUBHOCTH I'a30TypOUHHBIX JIOKOMOTHUBOB Ty TEM
COBEPILEHCTBOBAHMUS CIIOCOOOB U aJITOPUTMOB
YIPaBJICHUS UX CUJIOBBIMU YCTaHOBKAMH.

B pabore pelieHsl ciieyronme 3a1a4qm:

* IpoBeIEH 0030p U aHAJIN3 CYIIECTBYOIINX
CUCTEM IIepe/iaud YHEPTUU I'a30BOW TYpOWHBI
K KOJIECHBIM ITapaM aBTOHOMHOT'O JIOKOMOTHBA;

* HMCCJE0OBaHbl OCHOBHBIE (pU3HUYECKUE
npoueccsl nNpeodpa3oBaHus YHEPIUU rasa
B 3JIEKTPOMATrHUTHYIO PHEPTHIO B CHCTEME ra-
30Bas TypOMHa—TeHepaTop MU yNpaBleHHE €10;

* pa3zpaboTaHbl MaTeMaTHYECKHE MOJENN
CUJIOBOI SHEPreTHUECKOM YyCTAaHOBKH Ia30Typ-
00BO3a W PeryysaTopa BBIXOAHOW MOIIHOCTH
CUCTEMbI TypOMHa—TeHepaTop ra3oTypOuHHOTO
noxkomorusa cepun ['T1h;

* FICCIIEJOBAHBI AIEKTPOMArHUTHBIE IPOIIEC-
CBI B TSITOBOM DJIEKTPONPUBO/IE I'a30TypONHHBIX
nokomotuBoB cepuu [ T1h B paznuyHbIX pexu-
Max ero padoThl;

* ycciej0BaHa paboTa aJropuTMOB YIIpaB-
JICHHUsI CHJIOBBIMH yCT@HOBKaMH Ta30TypOWH-
HBIX JIOKOMOTHBOB;

* 000CHOBaH METOJI peajH3aluu yIpasie-
HUSI Ta30BOM TYPOMHOM, HArpy>KEHHOI! Ha TATO-
BBII TeHEepaTop, KOTOPBIN 00eCIIeUnBaeT yIy4-
IIEHUE SKOHOMUYHOCTH €€ paboThl HA YacTHY-
HBIX Harpyskax;

* B COOTBETCTBUH C MPEAJIOKESHHBIMHU MO/~
XO0JIlaMH K YIPaBJICHHUIO Ia30BOH TypOMHOM
U PEryJIMPOBAaHHUIO BBIXOJHONH MOIIHOCTH CHC-
TEMBbI Ta30Basi TypOUHA—TEHEPATOP, NPEIIIOKEH
QITOPUTM YIIPABIEHHUS MOLIHOCTHIO CHCTEMBI
TypOuHa—TeHeparop, obecrneunBarouuii hop-
MHUPOBaHHE PallMOHAIBHBIX TPAEKTOPUI HArpy-
JKEHUs Ta30BOW TYpOUHBI 110 CBOOOIHOM MOIII-
HOCTH TYPOHMHBI BO BCEM JIHaria3oHe e€ UCIoJb-
30BaHUsA, MO3BOJIAIOMUNA CHU3UTH YAEIbHBIN
pacxoj TOIUIMBA, 3aTPavyMBaEMOro Ira3oTypoo-
BO30M Ha TATY TO€3/10B;

* BBINIOJIHEHA 00pabOTKa SKCIIEPUMEHTAb-
HBIX JIaHHBIX, OJYYEHHBIX B XO/I€ DKCILTyaTa-
1K ra3otypooBo30B cepuu I'T1h NeNe 001, 002
Ha MyTsIX OOILIEro MoJjib30BaHusi HHPPACTPYK-
Typbl CBEpUIOBCKOM KeJle3HOU Joporu — (u-
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nuana OAO «PX/I» ¢ ucnonp3zoBaHuEeM Npea-
JIOYKEHHOT0 aJITOPUTMa yIIPaBICHHS CUIIOBBIMU
YCTaHOBKAMHU Ia30TypOUHHBIX JIOKOMOTHBOB,
00eCcreyrBaoIero MOBBIIIEHUE UX YKOHOMH-
4eCKoi 3P PEKTUBHOCTH.

B nuccepranuonHoil padorte pelieHa akTy-
aJlbHasi Hay4HO-TE€XHHYECKas 3ajada, 3aKio-
Yarouasics B MOBBINIEHUH SKOHOMUYHOCTH pa-
00TBI ra30TYPOMHHBIX JIOKOMOTHBOB 3a CUET
COBEPIICHCTBOBAHUS aJTOPUTMa YIPABICHUS
CUJIOBBIMH YCTaHOBKaMH. B mporuecce BbIoi-
HEHUS PabOTHI IOIYUYEHBI CIEAYIONINE OCHOB-
HBI€ PE3YJIbTAThl U BBIBOJIBI.

AHanu3 cyLecTBYIOIUX CHCTEM ra3oTyp-
OMHHOM TATH MOKa3aJl, YTO OJAHOM M3 IPUOPH-
TETHBIX 3a/1a4 MOBBIILIEHUS YKOHOMUYHOCTH
paboThl Ta30TypOMHHBIX JIOKOMOTHBOB SIBJISIET-
cq cHIKeHHue pacxoaa Torumsa I'T/l Ha xomo-
CTOM XOAY M YaCTHYHBIX Harpyskax 3a cuér
COBEPILECHCTBOBAHMUSI AJITOPUTMOB YIIPABICHHS
CUJIOBBIMH YCTaHOBKaMH ra30TypOOBO30B.

Pa3paborana maremMaTnueckas MOAENb CU-
JIOBOW SHEPreTHYECKON YCTaHOBKH Ia30TypOHH-
HOT'0 JJOKOMOTHBA, BKJIIOYAIOLIIas B ce0sl MOJIeIH
ra30TypOMHHOIO JIBUTATEIsl, TATOBOTO 3JIEKTPO-
MIPHUBOJIA U CUCTEMbI aBTOMaTHUYECKOTO PEryJIu-
pOBaHUs ra30TypOMHHOTO JIOKOMOTHBA, II03BO-
JAIOIUME UCCIEN0BaTh AJIEKTPOMAarHUTHBIE
MIPOLIECCHI B TSTOBOM 3JIEKTPOIPUBO/IE.

ITo pesynbTaTaM HCCIIELOBAHUS IEKTPO-
MarHUTHBIX IPOLIECCOB B TATOBOM 3JIEKTPOIIPH-
BOZIE ['a30TYyPOMHHOI0 IOKOMOTHBA C IIOMOLIBIO
pa3paboTaHHONM MaTeMaTH4eCcKOll MoaenIu Io-
nydeHa oonactb ycroiunBoctu [1H-perynsitopa
CHCTEMbI aBTOMaTHYE€CKOTO PEryJupOBaHMUs,
U OIpeAenéH TeMI Habopa 3aJaHHOH MOIITHOCTH
TATOBOTO T€HEPATOpa.

OO00CHOBaH METOJl pealu3aliy YIpaBICHHUs
ra3oBOi TypOWHOMW, HArPYKEHHOH Ha TATOBBIN
reHepaTop, KOTOPbIi 0OecIieunBaeT yiyylieHne
9KOHOMHUYHOCTHU €€ paboThl HA YACTHYHBIX Ha-
rpy3Kax.

OmnpenesneHbl orpaHudeHus npu padore
00bEJMHEHHOTO PETYJISITOpPAa MOIIHOCTH M Ya-
CTOTBI 0OOPOTOB Ta30TYpPOMHHOIO JBUTATEINS
U peryjsiTopa MOIHOCTH CUCTEMbI TypOuHa-
reHeparop. B orpaHuueHHsX y4YHThIBajach
H3MEHSIOIAsICA YacTOTa BPAIlIeHUs BaJla CUIIO-
BO# TypOWHBI ¥ TOCTYITHAsI MOIIHOCTh Ta30TyP-
OMHHOTO JIBUTraTells B Pa3JIMYHBIX JHAa30Hax
peryJMpoBaHusl, YacTOTHl BPAIICHUS Bajla CHU-
JIOBOI1 TypOUHBI.

Pa3paboTana maremMaTnueckas MOAENb Ha-
Onrozaresisi COCTOSIHUS Ta30TYPOMHHOTO BUTa-
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TeJIsl, MPeHa3HaYCHHAs [UIsl pacuéra cBOOOI-
HOW MOIITHOCTH Ta30TypOUHHOTO IBUTATEIIS TIPU
ero pabore B 3HeprocOeperaroiieM pexume.

ITo mpenoxeHHOMY METOAY pa3paboTaH
AJTOPUTM YTMPABJICHUS MOIIHOCTBIO CHCTEMBI
TypOMHA-IeHEepaTop, MO3BOISIOIIUN HOPMHUPO-
BaTh pallMOHAIbHBIC TPACKTOPUH HATPYIKCHHS
ra3oBoil TypOUHBI BO BCEM quara3oHe e€ uc-
M0JIb30BaHUS.

IToka3aHo, 4To Y4&€T OrpaHUYCHHI 110 CBO-
0O0IIHOM MOIIIHOCTH Ta30TypOMHHOTO JIBUTaTEIIs
pu paboTe PEryasaTOPOB BHIXOHON MOIITHOCTH
CUCTEMbI TypOHHA—TEHEPaTOP MO3BOJISET Pop-
MHPOBATh PAIMOHAIBHBIC TPACKTOPUHU HATPY-
JKCHHSI Ta30TYPOUHHOTO JIBUTATEIIS.

CHMXeH ynelabHBIN pacXoa TOIUIMBA ra3o-
TypOOBO30M TPU BOXKICHHUH: JIETKUX TOE3I0B
maccoit 1500 Toun Ha 35,5 %, noe310B Maccoi
6000 Tonn Ha 16,2 % U TSHKEIOBECHBIX II0E310B
maccoit 9000 Toun Ha 9,57 %.

O’xuaeMblii MHTETPAJbHBIM SKOHOMHYE-
ckuit adpdekr nmpu FKCIITyaTannm ra3oTypooBo-
3a Ha yyacTke Cypryr—BoiiHOBKa ¢ TsDKenoBec-
HbIMU noe3gamu Maccoid 9000 TOHH cOCTaBUT
17478,18 ThIC. pyd. B IO CO CPOKOM OKYyIIiae-
moctu 0,003 roma 3a cuéT HU3KOM CTOMMOCTU
paboT Mo CMEHE MPOTPaAaMMHOI0 00CCIICUCHUSI.

05.22.07 — Iloosudicnoti cocmas Hcene3nvlx
dopoe, msiea noe3008 u 3NeKMmpUGUKayusl.

Paboma evinonnena u 3awuwena ¢ Ilemep-
Oypeckom 20cy0apcmeenHom yHugepcumeme
nymeiti coobwenusi Umnepamopa Anexcanopa .

Ocumnosa B. 9. Moaeas ynpaBiaeHus
JHEPreTHYeCKHM KOMILJIEKCOM 3KeJIe3HOI0-
POKHOTO NPEeANPUATHS LISl HHTEJIEKTYaJIb-
HOI MOJ/IeP’KKH NMPOLecCOB NPUHATHUS pelie-
HHii / ABTOped. aHC... KaHJ. TeXH. HAyK. —
Hpkytex: UpI'VIIC, 2021.-17 c.

OCO0OCHHOCTBIO paOOTHI 0OBEKTOB JKEIIE3HO-
JIOPOYKHOTO TPAHCIIOPTA SBJISIETCSI HEPABHOMEP-
HOCTh HArPy3KH CHCTEMBI 110 BPEMEHH, YTO
3arpyaHser GOpMUPOBAHKE TIOJHOW HCXOXHOM
0a3bl JaHHBIX, XapaKTEPHU3YIOIINX paccMaTpu-
BACMYIO CHCTEMY.

MHoroob6pa3ue U HeONpPeaAeTEHHOCTHIO
(hakTOpOB, OMUCHIBAIOIIUX COCTOSIHUE €€ OT-
JICNTbHBIX DJIEMEHTOB, HE TMO3BOJISET B MOIHOM
Mepe HCIOJIb30BaTh JAHHbBIE OJJHON U3 HMEI0-
[IMXCS CHCTEM Y4ETa JKEIE3HOIOPOKHOM OT-
paciu (ACYTII), kak cieacTBue, 3aTpynHsET
NPUHATHE PEIIEHUs C eI yIpaBIeHuUs

TEXHOJIOTMYECKUM MporieccoM. Pexumbl pado-
ThI CIIEHAIN3UPOBAHHOIO 00OPY/IOBAHUS Ta-
KHX 00BEKTOB 0OBIYHO OTJIMYAIOTCS HATHYHEM
JKECTKUX OTPaHUYEHHI 110 BPEMEHH M CII0MKHO-
CTBIO OITUCAHHS U3MEHEHUH, XapaKTEePU3YIOIINX
COCTOSIHUSI CUCTEMBI B OITPE/ICIEHHBI MOMEHT
BpPEMEHHU.

Bcé 310 crmocoOcTByeT pa3paboTKe CIIOKHBIX
MaTeMaTH4eCKUX MOJIENIeH C IEbI0 IPUHSITHS
ynpaBieHuecKkux pemenuil. Haubonee nep-
CHEKTHBHBIM U3 KOTODBIX SIBIISIETCS IIPUMEHE-
HUE TEOPUH HEUETKUX MHOXKeECTB. Takum oOpa-
30M, aKTyaJIbHOCTh JINCCEPTALIMOHHOTO HCCIe-
JIOBaHMs 00yCIIOBJIEHAa HEOOXOIMMOCTBIO CO-
BEPILECHCTBOBAHMS METOJUKN (POPMHUPOBAHHUS
TOIJIMBHO-YHEPreTHYECKOT0 OajlaHCca CUCTEMBI
9HEeprocHa®XeHHs Ha OCHOBE TEOPUU HEUETKUX
MHOYECTB.

Lesnbto quiccepTaliMOHHOM pabOTHI SIBISUIOCH
COBEpUICHCTBOBAHUE CHCTEMBI yIpaBJICHUS
SHEPTEeTHYECKUM KOMILIEKCOM XKEJIE3HOTO0POXK-
HOTO NPEANpHUATHS MYTEM 3 (HeKTUBHOTO Pop-
MHUPOBaHHMSI TOTUTMBHO-PHEPreTHYECKOT0 OaaH-
ca Ha OCHOBE CUCTEMHOI'0 aHaJIn3a, pa3padboTKu
MareMaTu4ecKoi MOJEIH U METOAMKH YIpaB-
JICHHUs TOTUIMBHO-DHEPIreTHYECKUMH pecypca-
MHU.

Jluist peanuzanyy oCTaBIEHHOH 1EJIU B XO-
JIe IMCCEePTAIIOHHOTO UCCIIeJOBAaHUsI TOTPE0O-
BaJIOCh PELINTH CIEIYIOIIIE 33 aum:

* IPOBECTH CHCTEMHBIH aHaJI13 HEeolpee-
JNEHHOCTH MCXOJHBIX JJAHHBIX U U3YYUTh IPUH-
LUITBI 1 0COOEHHOCTH PabOTHI CHCTEMBI yIIPaB-
JICHUSI PAcXOZ0M TOILIMBHO-IHEPTETUYECKUX
PECYPCOB IHEPIETHUECKOTO KOMILIEKCa KeJe3-
HopopoxkHoro npennpusitust (TOP DKKIT);

* ONpENIEINTh KPUTEPUU BHIOOPKH, OCHOB-
Hbl€ CHUCTEMHBIC CBSI3M M 3aKOHOMEPHOCTH
¢byukiuonuposanus DKXKII, mist coznanus
0a3bl IpaBUJI YIIPABICHHUS PACXO/IOM TOTLTMBHO-
9HEPIreTHUECKUX PECYPCOB;

* pa3paborarh MareMaTH4YECKYI MOJEIb
yrpasieHus pacxoaom TOP DKXKII;

* IPOBECTH OLIEHKY M aHAJIN3 aJIeKBATHOCTH
MOJIYYeHHBIX PE3yJIbTAaTOB pa3paboTaHHBIX
MoJIeNieil YIpaBIeHHUs, ONPENIEIUTh IKOHOMH-
YeCKUi A3 PeKT oT BHEAPEHUS MpeiaraeMon
MOJIEIIN;

* IPEIOKUTh METOIMKY YIIPABJICHHUS pac-
xonoM TOP DKOKII Ha ocHOBE TeOpHH HEUETKHUX
MHOECTB C HCIIOJIb30BAHUEM 0a3bl MPaBHII
HEUETKUX BBIBOJIOB U HEUETKUX PETYJISITOPOB.

OOBEKTOM HCCIIEI0BaHUS SBIISETCS CUCTEMA
yIpaBiIeHUs Pacxoj0M TOILUIMBHO-IHEpTe-
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TUYECKUX PECYPCOB IHEPTETHUECKOTO KOMII-
JeKca KeJe3HOJ0POKHOTO MPEeANPHUSTHUS.
[Ipenmerom ncciieoBaHus — MaTeMaTUYECKHUE
METO/ABl YIPaBICHUS PACXOAOM TOIUIMBHO-
9HEPTreTUYECKUX PECYPCOB KEIE3HOJOPOIKHOTO
MPEANPHUSTHS, METO/IbI HEUETKOTO YIIPABICHUS
Y HEYETKHX BBIBOJIOB, U CO3/JaHHAs Ha UX OCHO-
Be MeTojnKa hopmupoBanus 6ananca TOP.

B pesynbrare npoBeaéHHOrO AHMCCEpTaLH-
OHHOTO HCCJICJIOBAHHUS [10JyYeHbI HOBbIC Hay4-
HBI€ PEe3yNbTaThl, HANPABJICHHBIC HA TTOBBIIIC-
Hue 3¢ PekTUBHOCTH (QYHKIMOHUPOBAHUS
CHUCTEMBI YNPAaBIEHUS PACXOAOM TOIUIMBHO-
JHEPreTHYECKUX PECypCOB IHEPreTHYECKOTO
KOMILIEKCA YKEJIE3HOAOPOKHOTO MPEIIPHUSITHSL.
[IpakTHyeckoe MpUMEHEHHE PEe3yIbTAaTOB UC-
CJIEIOBAHMS TTO3BOJIUT MOBBICUTH 3()()EKTHB-
HOCTB yIPaBJICHUS TEXHUUECKUMH CHCTEMaMH,
a TaKk)Ke CHU3MTB 3aTparhl Ha dHEproodecneye-
HHUE.

BrlinonHeH cUCTEMHBIN aHATU3 HEolpee-
JNEHHOCTH UCXOJHBIX JIAHHBIX U 0COOEHHOCTEH
paboThl CYHIECTBYIOMIMX MOEIeH HEeYETKOTO
ynpasneHus npuMmenutenbHo k DKKII, onpe-
JIeJIeHbl KpUTEPHH BHIOOPKH M OCHOBHBIE B3aU-
MO3aBUCHMOCTH MEX/1Y IapaMeTpaMu paccMmar-
pUBaEeMOil CUCTEMBI.

[TpensnoxeHbl ypaBHEHUS IS ONIPECICHUS
«IIEHTpa TKECTH» B mpolecce neddazuduka-
UK Ha ocHoBe anroputMa Mamaanu—CyreHo,
KOTOpBIE JIErJIM B OCHOBY MaTeMaTH4eCKOU
Mozenu ynpasienus pacxogom TOP SKXKII.

Paspaboran HOBBII alnropuT™M GOpPMHUpPOBa-
HUSI TONJIMBHO-3HEpPreTUYecKoro OajaHca
OKIKII, obecneunBaroniuii moppiieHue 3 heK-
THUBHOCTH IPHUHSTHS PEUICHUN B YCIIOBHSIX
HEOIPENENEHHOCTH, 32 CYET MCIIOJIb30BAHUS
MaTreMaTH4ecKoro anmnapara He4€ TKOH JIOTHKH.

OcymiecTBiieHa MPOrpaMMHasl peaau3anus
pa3paboTaHHOW MOJIEIIH YIIPABICHHSI PACX0I0M
TOP DKKII. Dxonomuueckwuii 3hGeKT OT BHEI-
peHus mpeaiaraeMoil METOJUKH COCTaBIsET
COKpAIlleHHE IKCIUTYyaTallMOHHBIX PACX0/I0B Ha
3akynky TOP nHa 2—4 %.

[Tpennoxena meroguka GpopmupoBaHus
TOIJIMBHO-3HEPIreTHYECKOTr0 OajlaHca, OpueH-
TUpOBaHHAasi Ha MOBbIMIEHHE 3(PHEKTUBHOCTH
MPUHSTHS PELICHUS C UCIIOJIb30BaHUEM COBPE-
MEHHBIX METOA0B 00paboTKH MH(pOPMALHH,
B YCJIOBUSIX HEONPEACIEHHOCTH MUCXOTHBIX
JIAaHHBIX.

2.3.1 — Cucmemnvuil anaius, ynpasienue
u obpabomra ungopmayuu.

Mwup TpaHcnopTa. 2022

ABTOpechepaThl AucceptTaunm

Paboma evinonnena u sawuwena ¢ Hpxym-
CKOM 20CYOapCmeeHHOM YHugepcumeme nymei
coobwenus (UpI'VIIC).

CeménoB A. II. Moaeas ynpasiaeHust
KM3HEHHBIM HMKJIOM JOKOMOTHBOB C HC-
NoJb30BAHHEM COBPEMEHHBIX MeTOHdOB
TeXHHYeCKOro TMarHoCTUPOBaHUsA / ABTO-
ped. nuc... 10K. TexH. Hayk. — M.: PYT,
2021.-39 c.

B MupoBoi#l U oTeuecTBEHHONW MpaKTHUKE
TEXHHUYECKOTO0 00cyxuBanus U pemonta (TO-
uP) TAroBOro MOJBMKHOTO COCTaBa MMEETCs
TEHJICHITHS K TIepexo/ Iy OT MJIaHOBO-TIPeayIpe-
JUTEIBHON CHCTEMBI K PEMOHTY C y4ETOM
(akTHUECKOr0 TeXHU4YeCcKoro cocrosiHusi. Of-
HOBPEMEHHO ITPOUCXOINT MEPEX0/l Ha yIpaBie-
Hue TOuP KoMmiIeKCHO Ha BCEM JKH3HEHHOM
LUKJIE IOKOMOTHUBA, /IS YETO C MPOU3BOAUTE-
JIeM 3aKJTI0YaeTCs KOHTPAKT )KU3HEHHOTO ITUKJIa
Ha cepBucHoe TOuP. Dtu TenneHnnm 00ycioB-
JICHBI Pa3BUTHEM aBTOMATH3UPOBAHHBIX CHCTEM
ynpasienus (ACY) mpou3BOACTBOM, MUKPO-
MIPOIIECCOPHBIX CUCTEM YIIPABICHUS TIOKOMOTH-
Bamu (MCY), aBTOMaTu3upoOBaHHBIX CHCTEM
TexHu4Yeckoro auarnoctuposanus (ACT]I) —
BCTPOCHHBIX B 000pyJIOBaHHE, OOPTOBBIX Ha
6aze MCY, 1ermoBCKHX MEPEHOCHBIX U CTAINO-
HapHbIx ACT/I.

MaccoBoe BHenpeHne Kndbephusnueckux
MIPOU3BOJICTBEHHBIX CHCTEM IO3BOJISET FOBO-
PHUTH O «UETBEPTOI NMPOMBINIICHHON PEBOJIIO-
LIUU», METOJIbI KOTOPOH CIeAyeT OCMBICIUTh
U IPUMEHHUTH, B TOM YHCJE B JIOKOMOTHBOPE-
MOHTHOM KomIiekce. TpeOyeTcss Hay4dyHO-
MpakTH4eckas npopadboTka HOBOW TEXHOJIOTHH
ACY TOwuP. Pazpaborka mMozenu ynpaBieHHs
JKU3HEHHBIM ITUKJIOM JIOKOMOTHBOB C HUCIIOJIb-
30BaHHEM COBPEMEHHBIX METOJ0B TEXHUYECKO-
IO AMarHOCTUPOBAHUA U TPUHIIUIIOB TOCTPOE-
Hus ACY sgBnsieTcs akTyaJlbHOH.

B nuccepranun pa3BuBalOTCA Hay4dHbIE
OCHOBBI YIIPaBICHUS HaJIEKHOCTHIO TOKOMOTH-
BOB uepe3 pa3paboTKy MOJENIH yHpaBJICHUS
JKU3HEHHBIM ITUKJIOM JIOKOMOTHBOB C HUCIIOJIb-
30BaHHEM COBPEMEHHBIX METOJI0B TEXHUYECKO-
TO AMATHOCTUPOBAHMUS.

OOBEKTOM HCCIICIOBAHUS SIBIISIETCSI TATOBBIN
MOJIBUYKHON COCTAaB XKeJIe3HBIX JOPOT, CHCTEMa
YOpPaBICHUS KU3HEHHBIM ITUKJIOM JIOKOMOTH-
BOB, CHCTEMa TEXHHYECKOTO 00CIyKHBaHUS
U PEMOHTa JIOKOMOTHBOB C HCIIOJIB30BaHUEM
ABTOMATHU3UPOBAHHBIX CHUCTEM TEXHHUYECKOTO
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JIMarHOCTUPOBaHUSI 000PYIOBAHUS JTOKOMOTH-
BOB.

Lenbto tuccepraliiOHHON pabOTHI SIBIISETCS
MOBBILICHHE HAAEKHOCTH U 3PPEKTUBHOCTH
skcrutyatanuu TTIC yepe3 coBepiieHCTBOBaHUE
cucrtembl TOuP 3a cué€t mepexoza Ha MOjEIb
YIIPaBJICHHS XXM3HEHHBIM [IUKJIOM JIOKOMOTHBOB
C KOMIIJIEKCHBIM HCIIOJIb30BAaHUEM COBPEMEH-
HBIX CHCTEM JHMarHOCTHPOBaHUs (1ajiee — MO-
JIeTb).

B nucceprannonHoit pabore 000CHOBaHBI
TEXHUYECKHE U TEXHOJOTHYECKUE arnpoOupo-
BaHHbIC PELICHNUS B 00JIACTH yIIPaBICHHS KH3-
HEHHBIM IMKJIOM JokoMoTHBOB (OKIIJI), BHEn-
peHUe KOTOPBIX BHOCUT 3HAYUTENIbHBIN BKIAJ
B Pa3BUTHE JIOKOMOTHBOPEMOHTHOTO KOMILIEKCA
JKeJIe3HOAOPOKHOT0 TpaHcnopTa Poccun.

Pa3zpaborana TexHOJOTHYECKash MOJEIb
ABTOMAaTH3UPOBAHHONW CHUCTEMBI YIPABICHUS
KU3HEHHBIM IHUKJIOM JOKOMOTHBOB (ACY
JKIJT), npencrapinstonias codooit kudeppusu-
YECKYI0 TPOU3BOJICTBEHHYIO CUCTEMY, 00BE -
HSIOLIYI0 B ce0e 10 MPHUHIMIYY BHYTPEHHEU
HHTEpOoIepadeIbHOCTH aBTOMaTH3UPOBAHHBIC
CHCTEMBl TEXHUYECKOTO THATHOCTUPOBAHUS
obopynosanus jokomotuBoB (ACT]), BKitrovast
OOpTOBBIE U BCTPOCHHBIC, TEXHOJIOTHYECKOE
000py10BaHUE C MUKPOTIPOLIECCOPHBIM yIIPaB-
nenreM u ACY TeXHHUECKUM 00CITy)KUBAHUEM
u pemoHTOM (TOUP) 10KOMOTHBOB (C UCITIONB-
30BaHueM MeTonoB «uaycTpun 4.0», cuctem
MEHE/DKMEHTa KauecTBa, OepPeKINBOT0 POU3-
BOJICTBA, CEPBUCHOT0 OOCIYXHBaHHSI H JP.),
a TaKkke 00bEAMHSIONIYIO B ce0e 110 MPUHLUITY
BHEIIHEH mHTeponepadeiabHocTH Bee ACY,
Y4acTBYIOIIHE B )KU3HEHHOM IUKJIE JIOKOMOTH-
Ba: CHCTEMBbl aBTOMaTHYECKOTO MPOEKTHUPOBA-
Hust o0opynoBanus JokoMotiBoB (CAITP), ACY
JIOKOMOTHBOCTPOUTEIBHBIX U JIOKOMOTHBOPE-
MOHTHBIX 3aB0I0B, ACY 3KCIITyaTHPYIOIIHUX
opranmnzauuii (Bxitouas ACYIKT OAO «PXK/I»),
ACY TOwuP cepBUCHBIX KOMITaHH# C QYHKIIHSI-
MU TOJICPKKH IIPUHSTHS penieHuii. B ocHose
Mopnenu npejaraercs Co31aTb CUCTEMY YIIPaB-
nenus 6azamu ganubix (CYBJ) «KnuzneHuslit
ki jokomotuBay (KLJT), st koTopoi onu-
CaH MopsaoK e€ GOpMUPOBAHNUS U OOHOBJICHHSL.

BrInosnHeH aHanm3 MUPOBOTO U OT€YECTBEH-
HOTO OIBITA yNPaBICHHS KU3HEHHBIM [[UKJIOM
JIOKOMOTHBOB C HCTIOJIb30BaHUEM JIMTEPATyp-
HBIX MCTOYHUKOB M COOCTBEHHOI'O OIIBITA.
AHanu3 mokasal, 4To, HapsaJy ¢ OCTaolencs
B OCHOBE IIJIAHOBO-IPEIyNpPEeaUTENbHOI cuc-
temoii ceppucHoro TOuP, ectb TeHneHuus

UCIONIb30BaHus JaHHBIX OopToBBIX ACTJ Ha
0a3e MUKpPOITPOIIECCOPHBIX CUCTEM YITPABICHHS
noxkoMoTuBoB (MCYVY), KOTOpBIE TIOCTYNAIOT
B ACY TOwuP no paguokanany B pexxume pe-
ajgpbHOro BpemeHu (online) Asis HOMOJHUTEIb-
HOTO MH/IMBUAYaJIbHOTO IUIaHUPOBAHUsI 00bEMA
TOwuP. OnbIT UCTIONIB30BAHKS JTAHHBIX OOPTO-
BbIX U BcTpoeHHBbIX ACT]l npu opraHuzanuu
ceppucHoro TOuP 10KOMOTHUBOB €CTh Kak
y 3apyOeIKHBIX JIMJEPOB JOKOMOTHBOCTPOCHHUS,
TaK M y OT€4eCTBEHHbIX KoMnanuii. [Ipu sTom
B)KHO O0BEIMHUTBH TEXHOJIOTHYECKHE ITPOLIEeC-
Cbl MOHMTOPHHIA M JIMNAaTHOCTHPOBAHUS C TEX-
HOJIOTHYECKHMH ITPOLIeCCaMU MJIaHUPOBAHMUS
B ACY TOwuP. B pa3paboranHoil Moaenu uc-
10JIb30BaH MUPOBOM U OTEUECTBEHHBIN OIIBIT.
Pazpaboran MeTo onieHKH 3 (heKTHBHOCTH
UCIIOJIb30BAHUSI TATOBOT'O ITOJIBUIKHOTO COCTaBA
(TTIC) yepe3 KOAPGUITUCHT TOJIC3HON pabOThI
K - OTHOIIEHHE BPEMEHH HAXOXIEHHs JIOKO-
MOTHBA B COCTOSIHHH «Tsra B IOJIOBE MOE3/1a»
cornacHo kinaccupukaropy ACOYII OAO
«PX1» k obuemMy BpeMeHHU dKCIuTyaTanuu (B
JIOJISIX eIMHMIIBI MIIK NIpoLieHTax ). PazpaboTano
COOTBETCTBYIOIIIEE [TPOrpaMMHOE 0OecIIeueHHe
Ha anropurMudeckom si3bike Visual BASIC for
Applications (VBA) B cpene MS Excel, ¢ no-
MOII[bIO KOTOPOTO BBITMIOJIHEH aHaJIM3 dKCILTya-
TalK OTEYECTBEHHOT'O IOKOMOTUBHOTO T1apKa:
no nanHbiM ACOVYII (ACYXT OAO «PX/»)
Cly4ailHO OTOOpaHHBIX JTOKOMOTHBOB U3 12
CaMbIX MAaCCOBBIX CepHii (8 cepuii AIEKTPOBO30B
u 4 cepun TernoBo3oB) 3a 400-500 mHel ux
skciutyaranuu (¢ yuérom nposeaenus TOuP —
9TO TOJ PKCITyarauuu). Pasmep penpeseHTa-
TUBHOU BBIOOPKH IrapaHTUPYET JOCTOBEPHOCTD
MOJIy4eHHBIX pe3ylnbTaroB. JlokazaHo, 4TO
B CPEIHEM Y JIOKOMOTHBOB K, = 48 % mpu
OJTHOBPEMEHHOM HECOOJIIOIEHUH TpeOOoBaHH
KOHTPAKTOB Ha CEPBHUCHOE OOCIIy>KUBaHHE IO
Ha&xHOCTH. [IpH 5TOM ecTh OT/IEIbHBIE JIOKO-
MOTHBBI, Y KOTOPBIX 110 UTOraM padoThI 3a rojl
K, =75 %. Ilotepu B skcrunyaraunn AK, ==
25 %, B oxuganun TOuP AK, == 14,4 %, npu
seinonnenun TOuP AK, = 5 %. Ilpu sTom
TOwuP 3anumaer oxono 10 % y 31€KTPOBO30B
1 20 % y TermIoBo30B 0011ero Oro/pKeTa BpemMe-
Hu. Takum oOpa3zoMm, onTUMallbHAsE MOJEJb
KU3HEHHOT'O IIMKJIA JIOKOMOTHBOB SIBJISIETCS
BXXHBIM PE3€PBOM IMOBBIIICHUS dPPEKTUBHO-
CTH UX DKCILTyaTalluK KaK 3a CYET MOBBIICHHUS
3 PEKTUBHOCTH UCIIOJIL30BaHHSI IOKOMOTHBOB,
TaK M 3a CYET MOBBILIEHUS YPPEKTUBHOCTH
cepBucHoro TOuP, B T.4. 3a CU€T COKpaleHus
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BpemeHHu npoctost Ha TOuP 1o yposHs HopMma-
TUBHOT'O U BBIIIE.

BbINONHEHHBIH aHAIU3 MPUHATHIX B KOH-
TPaKTax >XM3HEHHOTO IUKJa JIOKOMOTHUBOB
(KXKLI) mexy OAO «PX]I» 1 mocTaBiKaMu
JIOKOMOTHBOB TOKa3aTeaeld Hag&XKHOCTH IO
KaTeropusiM OTKa30B COIVIACHO KJacCU(pUKaTo-
py cuctemsl yuéra otkazoB «kKAC AHT» OAO
«PXXI» moka3ay, 4TO KaTeropuu OTKa30B
B OOJIbILICH CTENEHH 3aBUCST OT YCIOBHUI DKC-
IUTyaTaly JOKOMOTHBOB, a HE OT ITPOU3BOJIH-
Tesieit o0opynoBanus. Pazpaboran BeposiTHOCT-
HO-CTATUCTUYECKUN METOJ| yCTaHOBICHUS
B3aMMOCBSI3M MEXK]Iy [TOKa3aresiMu HaJI&XHO-
CTH, IPEAYCMOTPEHHBIMH CTAHIAPTOM, U ITOKa-
3arensamu, npuHATeIMU B KOKLI.

Paspaboran MeTox oueHkH HH(POPMAIIMOH-
HO# 3((EKTUBHOCTH CHCTEM TEXHHYECKOI'O
JIMarHOCTUPOBAHUS C TIO3ULUI TEOPUH MTO3HA-
HUsl (THOCEOJIOTHN), Teopuid nH(opmanuu, aB-
TOMaTHYECKOT0 YIpaBICHUs U IUPPOBHU3ALINY.
B3sitast 3a ocHoBy (opmyna lllennona jgomod-
HEHa CTaTHCTUYECKOW BEPOSTHOCTHIO HACTYII-
JICHHsI OTKa3a U CTOMMOCTBIO YCTPAHEHHUs OT-
Kasa B YJIEJIbHBIX eluHHIaxX. BBenén koadpdu-
HUEeHT MHpOpManMOHHON dP(PEeKTUBHOCTH
ACT]], kak oTHOIIEHHE €€ NH(POPMATHBHOCTH
0 TPEUIOKEHHOU (opMylie K 001ieit nHpop-
MaIMOHHOM SHTPONHU 00bEKTa JHAarHOCTHPO-
BaHusL. [1o npesioxkeHHOMY METO/y BBIIIOJHEH
aHaln3 MHPOPMaLMOHHON AP dexkTuBHOCTH
HaunboJjiee pacpoCTPaHEHHBIX aBTOMATH3UPO-
BaHHBIX CHUCTEM TEXHUYECKOTO IHarHOCTHPO-
Banust (ACT/). lokazano, uro 6oproBsie ACT/]
00J1a1a10T OrpaHMYEHHON HH(POPMATHBHOCTHIO
JlaKe MY PACIIMPEHNH UX (PyHKIIMOHAIBHOCTH,
MO03TOMY UCKIIOUHUTH U3 cucteMsl TOuP nemnos-
ckue cranuoHapHbie U nepeHocHbie ACT/]
HeNb35.

Pazpaboran MeTO/ TEXHUKO-IKOHOMHUECKOU
onenku 3¢pdexkruBHoctu BHeapeHuss ACT]]
MMUTAIIMOHHBIM MOJIETUPOBaHUEM B cpesie MS
Excel ¢ ucnonp3oBaHueM cHelnuaIbHO paspa-
6ortanHoi Ha VBA mporpaMMbl HOMECSYHOTO
pac4yéra 4uCTOM MpUBEAEHHONH CTOMMOCTHU
npoekra (NPV). /loka3aHo, 4TO MpUMEHEHHE
Bcex BuoB cymectByomux ACT/] obopymo-
BaHMsI IOKOMOTHBOB SKOHOMHUYECKH HEIEeJIECO-
o0pasHo. Jlokazana 3pPpeKTUBHOCTH IPUMEHE-
Hust 0oproBeix ACT]/], aBTOMaTH3HPOBAHHBIX
CHCTEM PEOCTAaTHBIX MCIBITAHUWU JH3EJb-
TreHEepaTOPHBIX YCTaHOBOK, BHOPOUCIIBITAaHHH
KOJIECHO-MOTOPHBIX OJIOKOB U psia APYTruX
ACT/.

Mwup TpaHcnopTa. 2022

ABTOpechepaThl AucceptTaunm

Pa3paboran MeTo]| oniepaTUBHON IKCIIEPT-
HON OLIEHKH NMPOAOJIKUTEIBHOCTH MpOBeJe-
Hust TOuP npu ero opranu3anuu ¢ HHAUBU-
JyaldbHBIM JJISI KaXJA0M CEeKIUHU IIaHUPOBa-
HueM 00bEMa peMOHTa ¢ yU€TOM JUArHOCTH-
YECKUX JaHHBIX coBOKynHocTH Bcex ACT/I.
B ocHOBY MeTO/a MOJI0KEHO BEPOSITHOCTHO-
CTaTHUCTUYECKOE MOJEIUPOBAHUE TIPOIOIIKHU-
TEJIbHOCTH OTJEIbHBIX PEMOHTHBIX OIepanuit
C LEJIbI0 BEPOSITHOCTHOMN OIIEHKH OXKHUIAEMO-
ro BpemeHn TOuP kak10# KOHKPETHOH CeK-
LUU JIOKOMOTHBA. [l mpOBEpKU MeTona
pa3paboTaHO COOTBETCTBYIOLIEE MPOrpamMMm-
Hoe obecnieuenue B cpene MS Excel na VBA.

BrinmonHeHna mpakTuueckasl peaau3amus
cuctembl TOUP mo npemnoxxeHHONW Mojenu
JKU3HEHHOTO IuKiIa JokomotuBoB (JKIIJI)
B CEPBUCHOM JIOKOMOTHUBHOM jeno «bpat-
ckoe» Ha craHiuu Buxopeska (Bocrouno-
Cubupckas xene3Hast 1opora) rpymnibl KOM-
naHuii «JlokoTex» MPUMEHUTENBHO K DJIEK-
TPOBO3aM NMEPEMEHHOI'0 TOKa C BBIIPAMU-
TEJIbHO-MHBEPTOPHBIMU ITpeoOpa3zoBaTeIsIMU
npousBoacTBa HOB3. Buenpenue monenu
MMO3BOJIMIIO CYLIECTBEHHO IOBBICUTH (P eK-
THBHOCTH paboThl jgerno (mpoctoit Ha TOuP
COKpalléH B TpU pa3a, KO3 (OHUIIUEHT TOTOB-
HOCTH K 3KCIUTyaTalluu NMpPHUBEAEH B HOPMY,
JIOTUCTUYECKHE NOTepHu cokpamieHsl Ha 30 %
U ZIp.), TEM caMbIM JloKa3aB 3(pPpeKTUBHOCTD
MPEJIOKEHHBIX TeXHUYECKUX U TEXHOJIOTH-
YECKUX pEeLICHUH MO pe3ylbTaTaM TeOopeTH-
YECKUX MCCIe0BaHUN. 3amIaHUpPOBAHO TH-
paXXUpOBaHHE TEXHOJIOTHU BO BCEX CEPBHUC-
HBIX JOKOMOTHUBHBIX Jieno BocTouHoro nonu-
rona OAO «PX]I», obcnyxuBawmux
AQHAJIOTUYHBIE DJIEKTPOBO3HI.

[lepcnektuBoii nanpHeimed pa3padoTku
TEeMBI SIBISAETCS:

e ajanTtanusi pazpaboTaHHON Mouenu
u texHosorun TOuP nns apyrux cepuit no-
KOMOTHBOB;

e yukancysiuus B ACY TOuP Bcex npen-
JIO)KEHHBIX MaTeMaTUYECKUX METOOB yIIpaB-
JICHUSI C LIEJIBIO MOBBIIIEHUS 3P PEKTUBHOCTH
cuctembl TOUP mo npemnoxxeHHONW Mojenu
YIPaBICHUS )KU3HEHHBIM LIUKJIOM;

* pacmMpeHrne QyHKIHMOHAIBHOCTH OOp-
ToBBIX ACTJI[ 3a C4€T yCTaHOBKH JOTOJHHU-
TEJIbHBIX J1aTYUKOB, Pa3BUTHS BCTPOCHHBIX
B camo obopynoBanue ACT]I, paspaboTku
JOTIOJTHUTEJIBHBIX METOJOB TPOTHO3UPOBAHUS
OCTaTOYHOI0 pecypca 000pyI0BaHUS U JIOKO-
MOTHBA B LIEJIOM;
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* JNaipHeiIIas UHTEerpanus BCEX BUIOB
ACTJ B ACY TOwuP, B nundpopmannoHubie
cucteMmbl «I{udposoe nemo» u «l{udpposas
skene3nas noporay (MCYXKT).

05.22.07 —I1oodsudichoii cocmag diceesHvlx
00poe, msea noe3008 u ANeKMpuUGUKayus.

Paboma evinonnena u zawuwjena 6 Poc-
Cutickom yHugepcumeme mpaHcnopmd.

Xoanr Hroxk Aub. MaTemaTuuyeckoe
H aJITOPHTMHYECKOe o0ecreyeHne BbIYHC-
JeHusi moka3zareJeil dpdexkTuBHOCTH 00-
CJY’KMBAHHSI M PEMOHTA CJOKHOI0 000py-
nopanusi / Aproped. auc... KaHI. TeXH.
Hayk. — Upkyrck: UpI'VIIC, 2021.-18 c.

Pa3BuTHE TEXHUKH U TEXHOJIOTUI IPUBEIIO
K CO3/IaHMIO U COBEPIICHCTBOBAHHUIO METOIOB
U cpenctB obecriedeHus HanExXHOTO (QyHK-
LHOHHUPOBAaHUSI 000PYAOBAHUS PA3IMYHOTO
HazHayeHus. K 3TUM cpencTBaM OTHOCAT
METObl HaAEKHOCTHU, a TAK)KE CPEeICTBA MO-
HUTOPUHTA U TMAarHOCTHKH CJIOXKHOT0 000py-
JIOBaHUSI.

Hanéxuoe GpyHkunonupoBanue o00py0-
BaHMS BO MHOTOM OTpEeNsIeTCs UCIO0JIb3ye-
MOU CHCTEMOI €ro TEXHHYECKOTO 00CIyKH-
BaHUs M PEMOHTA. B cBsi3u ¢ 3TUM, B Hallel
CTpaHe ¥ 3a pyOeKOM pa3BHBAIOTCS U COBEP-
LIEHCTBYIOTCSl Pa3JM4YHble TEXHOJIOTHH €ro
oOcnyxuBaHusi U pemonta. O0ciy) uBaHuE
U PEMOHT 000pY/I0BaHUSI IPOUCXOUT B YCIIO-
BUSIX OI'PaHUYCHHBIX (PHHAHCOBBIX PECYPCOB,
MMOATOMY B OPraHM3alMI0 PEMOHTHBIX paboT
LIUPOKO BHEJPSIOTCS Pa3JIUYHbIE METOMIBI
CHUCTEMHOT0 aHalh3a, MaTeMaTHU4YEeCKOTO
Y UMUTAIMOHHOTO MOJEIHPOBAHUS.

JuccepranmoHHOe HUcclieJ0BaHHE OCBS-
LIEHO MCCIEA0BAHUIO OOCIYKUBAaHUSI U pe-
MOHTA CJIOXHOTO 000pYyJIOBaHHS B YCIOBHIX
HEOTPEeeIEHHOCTH U OTPAHUYCHHBIX (UHAH-
COBBIX pecypcoB. B auccepranuonnoi pabo-
T€ PEKOMEH/I0BaHa IPOLeAypa 00CIyKUBAHHS
1 PEMOHTA CJI0XKHOTO 000pYyIOBaHUS, UCTIONb-
3ylolas CTpaxoBoil (GpOHJ, KOTOPBIil BBIMOJI-
HSeT JIBe QYHKIIHH:

1) HakamIMBaeT MJaTeX U ¢ 3aJaHHOH Ie-
PUOJUYHOCTBIO JUISI BBITIOJIHEHUS PA3JIMYHOTO
BHJIa PEMOHTHBIX padorT;

2) o Mepe HeoOXOAMMOCTH OIJIauMBaET
9TH paboTbl. MareMaTnueckoe ONHCaHUE
COCTOSIHHS CTPaxoBOro )OH1a B MOMEHT Bpe-
MEHH ! MpeajiaraeTcsi NIPOBECTH Ha OCHOBE

IIpOIeCcCca PUCKA CIIEUAIBHOTO BH /1, UCIIONb-
3yeMOTro B MaTeMaTH4eCKON TEOPUU PUCKA.

Jlnst MonenupoBaHUs 3TOro mporecca
pHUCKa MPEI0KEHO UCIOJIB30BaTh UMHUTAIM-
OHHBIU MOJXO/, IPE/IOoJIAralolni co3lanme
MOJIEJIUPYIOLIei TPOrpaMMbl Ha OCHOBE CO-
OBITUHHOTO METONa, KOTOpasi co31aéT BhIOO-
pOYHbBIC 3HAYCHUSI MOMEHTOB BPEMEHH, KOT/Ia
(UHAHCOBBIC PECYPCHI ISl BHITIOJHECHUS pe-
MOHTHBIX pa0OT 000PYIOBaHUS OTCYTCTBYIOT.
DTH 3HaYeHHUs 3aTeM 00pabaThIBAKOTCS MO
MPEIIOKEHHBIM AJITOPUTMaM C IIeJIbIO0 TTOJY-
YeHUs 3HAYCHUU MoKa3areiei 3QPeKTHBHO-
ctu obciyxkuBaHus odbopynoBanus. [louck
Mojesiedl s oleHKH 3P(HEKTUBHOCTH pe-
MOHTHBIX Pa0OT CIIOKHOTO 00OPYIOBaHUS
B IIPOLIECCE €ro IKCILTyaTallly SBISETCS aK-
TyaJbHOW 3ajaueil, TpeOyromiell cBoero pe-
menusi. Bcé BhieckazanHoe 00OCHOBBIBAET
aKTyaJIbHOCTh BBIOPAHHOM TEMBI JUCCEPTa-
LMOHHOW padOTHI U MO3BOJIsIET CHOPMYIUPO-
BaTh €€ LleJb U 33/1a4H.

Lleapto quccepTalioHHON pabOThI SBIIS-
eTcsl OBBIIICHUE 3PHEKTUBHOCTH MPUHSITHS
yHpaBlIeHYECKUX peleHu 3a cuét pazpaboT-
K U NPUMCHCHHUS MaTEMaTHYECKOTO, ajro-
PUTMHUYECKOTO ¥ IPOrPAMMHOI0 00€CTICUCHUS
BBIUMCIICHHUS TOKa3aTelieil, OleHUBAIOIINX
00CIIy’)KUBaHHE M PEMOHT CJIOXKHOI0 000py-
JIOBaHUSI B MPOIECCE €ro dKCILTyaTaliy.

Jlns peanuzainuu moCTaBICHHON 1eNU He-
00X0JUMO OBLIO PEHIUTH CIEAYIONINE 3a/1a4Hn:

* cO3/1aTh MaTeMaTHuecKoe obecreueHue,
HCII0JIB3Ysl MIPOIIECC PUCKA, JIJISl MOJISIIMPOBa-
HUS 00CITY)KUBAHUS K PEMOHTA 000PYyI0BaAHUS
C MPUMEHEHHEM CTPaxOBOIro ()OHJIA, BBIMOJI-
HSIONIET0 (PYHKIUK MO HAKOIUJICHUIO IJIaTe-
JKeW ¢ pa3iMyHOW MEePHOJMYHOCTHIO U IO
oruIare 3TUX paboT 110 Mepe HeOOXOAUMOCTH;

* BBIOpATh BEPOSITHOCTHBIC MOJECIHU, UC-
MOJIb3YEMBbIC TIPH OMUCAHUU KOMIIOHCHT MPO-
1ecca pyucka 1 HeoO0X0oAMMBbIe JIJIsl MOEIINPO-
BaHUS MHTEPBAJIOB BPEMEHH MEXKY PEMOHT-
HBIMHU pa0OTaMHU U 3aTPAT HA UX BHITIOJHCHUS,

* pa3paborarp ajJropuTMuueckoe obecrie-
YEHUE BBIYMCIICHUS MoKa3zaTeneii appexTun-
HOCTH 00CIy)KUBAHUS U peMOHTa 000py/10Ba-
HUSI TI0 TaHHBIM UMHUTAIIHOHHOTO MOJCIHPO-
BaHUS,

* CO3JaTh MPOrPAMMHBINH KOMIUICKC s
MOJICJIMPOBAHMS U KOMILIEKCHOTO MCCIIEeI0BaA-
HUSI 00CIIY)KMBAHHUS ¥ PEMOHTA CIIOKHOTO
000pyI0BaHUs 110 PE/JIOKEHHBIM [T0Ka3aTe-
15iM 3 HEeKTUBHOCTH;
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* [IPOBECTH anpoOaIfio CO31aHHOIO aJro-
PUTMHYECKOTO ¥ TPOTPAMMHOTO 00eCIeYCHHsI
[0 BIUSIOIMAM (aKTOpaM Ha OCHOBAHHH BbI-
YHUCIUTEIBHBIX IKCIIEPHUMEHTOB C MOJICTHPYFO-
el mporpaMmoiil Mo BBIOPAaHHBIM HCXOIHBIM
JTAHHBIM.

OOBEKTOM HCCIIeJOBaHUS B JHCCEPTALIN-
OHHOU pabore sIBIISIETCS 00CIy)KUBAHUE U Pe-
MOHT CJIOXHOTo 000pyIOBaHUsI B Ipoliecce
ero skcmuyaranuu. [lpenmerom auccepranu-
OHHOTO HCCIJICJIOBAHUS SIBISIOTCS MaTeMaTH-
YecKoe U aJropuTMHuUeckoe obecrieueHue
MPUMEHHUTEIBHO K BBIYHCICHHIO TPETOKCH-
HBIX MOKa3aTellell prcKa U HaJAEKHOCTH MPH
00cnyxuBaHUM 00OpyIOBaHMUS HAa OCHOBE
pe3ynbTaTOB MMHUTAIIMOHHOTO MOJSIHPOBa-
HUS.

B pesynbrare nuccepTraiioHHOIO HCclie-
JIOBAaHUS JOCTUTHYTHI CIIEYIOIINE OCHOBHBIC
pe3ynbTarhl.

BeimonHeHs! hopManu3anms u moCcTaHOB-
Ka 3aJ]auy CHCTEMHOTO TO0JX0/Ja K 00CIIyXH-
BaHUIO U PEMOHTY CJIOXHOTO 000pyIOBaHUS
C MPUMEHEHHEM CTPaxoBOTo (OH/A, BHIMOI-
HAOMIEr0 QYHKIMH 10 HAKOMJICHHUIO TIaTe-
Kel ¢ pasIuYHON MEePUOTUIHOCTHIO U MO
oruare 3TUX pador. s MaTeMaTH4ecKoro
OTIMCaHUSI COCTOSTHUS ITOro (hoHIa MpeIo-
JKEHO HMCIIOJb30BaTh MPOIECC PUCKA CIIEIH-
aJbHOTO BHUJA.

BbIOpaHbl BEpOSTHOCTHBIC MOJEIH, HC-
MOJIb3yeMbIe 151 OIIEHKH KOMITOHEHT MPOIlec-
ca pucka. DTH MOJIEIH OMKMCHIBAIOT HHTEPBA-
JIBI BPEMECHH MEX/1y PEMOHTHBIMH paboTamu
W 3aTpaThl HAa WX BBIMOJNHEHHUs. B KkauecTBe
9TUX MOJeJeil BBIOpaHbl: pacrpeieiieHue
ITapeto ¢ HylneBOW TOYKOH, TamMMa-pac-
npenesenue, pactpenenenne bupudayma—Ca-
yHAepca H Jp.

Co3/1aH0 ClieuajbHOE AJTOPUTMHUYECKOE
obecrieueHue 1Mo odbpadoTke MHPOpPMALUH,
coJliepKaliee BepOsITHOCTHbIE MOJACIN M all-
TOPUTMBI TTONYYCHUS PE3yTbTATOB UMHUTAIH-
OHHOT'O MOJEJIMPOBAHUS C MCIIOJIb30BAHUEM
COOBITHIHOTO MOIX0/Ia M KaJleHAaps COOBITHIA
CMeUaIbHOTO BUJA MO TPEM OCHOBHBIM
BIUSIONIUM (PakTOpam:

a) cmocoOy oOecrnedyeHus MPEBBIMICHUS
JIOXOJIHOW YacTH HaJl PACXOJIHOM;

b) monsm rutaTesxeit Mo BUgaM PEMOHTHBIX
pabort;

C) MEePUOAMIHOCTH IJIATEHKEH.

Pa3paboTaHbl anropuTMbI s BBIYHCIIC-
HUS TOKa3aresei 3 eKTUBHOCTH MO Pe3yIib-
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TaraM MMHTALMOHHOTO MOJEIUPOBAHUSI
B BUJI€ TOYEYHBIX U MHTEPBAIBHBIX OLIEHOK
pecypcHO-3aTpaTHOro ¥ (PUHAHCOBOTO PUCKOB
u nokazaresne Hanéxuoctu «OTKa3 B 00cy-
JKUBAHUN» 110 (UHAHCOBBIM NIPUYHHAM.

Pa3paboraH nmporpaMMHBIH KOMILIEKC,
OCHOBAHHBII HAa MOJIEIUPYIOIEH TporpamMme,
HCIIOJIB3YIOIIel COOBITHITHBII 0X0/1, TO3BO-
JISIIOIUA TPOBOJUTH BBIUYMCIUTEIbHBIE IKC-
MIEPUMEHTHI U peau3y oIl pa3paboTaHHbIe
METOJIbI ¥ aJTOPUTMBI OIIEHKH ITOKa3aTelen
3(QPeKTUBHOCTH, XapaKTCPU3YIOIUX 00CIIy-
JKUBaHUE U PEMOHT CJI0KHOI'0 000pyI0BaHHUSI.
[IporpaMMHBI# KOMIJIEKC pealn30BaH Ha
sI3pIKE MporpaMmupoBanus nakera MatLab.
HMeroTcst 1Ba CBUIETENBCTBA O TOCylap-
CTBEHHOUM perucTpanuu CO3JaHHBIX MPO-
rpamm.

Wcnonb3ys oiHy U3 IpOrpamMmm, poBeICHO
TECTUPOBAHHUE MOJYJISl, HEOOXOIUMOTO ISt
MOJIEIIUPYIOLIel porpaMMbl. TecTupoBanue
110Ka3aJio, YTO MaTeMaTH4eCKOe U IIPOrpaMM-
Hoe obecrieueHue ISl OLIEHKH ITOKa3aTesen
HaJ&XKHOCTH 00Ja7aeT HEOOXOAMMON TOYHO-
CTBIO U MOXET OBITh PEKOMEHIOBAHO JUJIs
OCHOBHO# IIPOrpaMMbl MOJIEITUPOBAHUS.

CdopmynupoBaHbl YeThIpE 3a/1a9l KOMII-
JIEKCHOTO HcclieoBaHus d(PPEeKTUBHOCTH
PEMOHTHBIX PadOT CII0)KHOTO 000PYAOBAHHSL.
[TepBbie Tpu 3ajjaun B KaueCTBE IMOKa3aTesen
CpaBHEHHMsI BAPUAHTOB HCIOJIB3YIOT OLEHKH
pecypcHO-3aTpaTHOro U (UHAHCOBOTO pHC-
KOB, 4eTBEpTas 3a]ja4a — OLICHKH [T0Ka3aTesen
HanéKHOCTH «OTKa3 B 00CIY)KUBAaHUU». ITO
MT03BOJIMIIO BIIEPBBIE IPOBECTH KOMILIEKCHOE
uccienoBaHue Ha oCHOBaHUU 30 BBIYHCIHU-
TEJIbHBIX IKCIIEPUMEHTOB C MOJEIUPYIOLIei
nporpammoii u 120 BapuaHTOB OLIEHOK TOKa-
3areneidl 3QHEKTUBHOCTH U MOJYUYUTD MPaK-
THYECKHU Ba)KHbIE PE3yJIbTAThI: MPEBBILICHHE
JIOXOJIHOM 4acTH HaJl pacXoJIHOH He00X0MMO
Jienarhb 3a C4€T HaYyaJIbHOTO TOJJ0OBOTO 3HAYE-
HHsl cTpaxoBoro (OHAA; NEPUOJUYHOCTD
J1aTexeil 10J)KHa 3aBUCETh OT BHJ1a PEMOHT-
HBIX pabOT M UCXOJHBIX JAHHBIX; JIOJIM TIa-
TEXEeH JOJKHBI OBITh PA3JINYHBIMH.

2.3.1 — Cucmemuwiii ananus, ynpasienue
u obpabomra ungopmayuu.

Paboma evinonnena 6 Upkymckom cocyoap-
CMBEHHOM A2PAPHOM YHUGepcumeme UMeHu
A. A. Excesckoeo, 3awuwiena ¢ Upxymcrkom
20¢y0apcmeenHom ynusepcumeme nymeti cooo-
wenus (MpI'VIIC).
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Yekanosa E. A. Hayunble M TeXHOJIOTH-
YyecKHe 0CHOBBI (JOPMHPOBAHNSA HA MOBEPX-
HOCTH peKylllero HHCTPYMeHTa U JeTaJjei
AMCKPEeTHBIX AUPPY3HOHHBIX OKCHIHBIX
€J10€B /1151 MOBbIIIEHUS UX 101TOBEYHOCTH /
ABTOpeQd. AuC... T10K. TexH. Hayk.— M.: MAHU,
2021.-45c.

Crparerus MOBBIIIEHUS HAIEKHOCTH H 10TI-
TOBEYHOCTH MaIINH TPeOyeT KOPEHHOTO YIyd-
IIEHUsT KadecTBa AETaleH U y37I0B IIPOU3BOIH-
MOM NPOAYKUMH. YCHEUIHOE pEelIeHue ITOU
PoOIeMBbI IPAaKTHIECKH HEBO3MOKHO 0e3 pasz-
paboTKH 1 BHEAPEHHS HOBBIX, O0JI€e COBEPIIICH-
HBIX MarepuaioB U d(PPEKTUBHBIX TEXHOIOTH-
YgecKuX mporeccoB. Ocoboe MecTo B TOCTHKE-
HUM HEOOXOJMMOTO KadecTBa JeTaled MalluH
MIPUHAICKHUT TOBEPXHOCTHOMY YIPOYHEHHIO
MHCTPYMEHTAJIBHBIX U KOHCTPYKIIHOHHBIX MaTe-
pHaoB.

Knaccuuecku ynpouHeHnE HHCTPYMEHTAIb-
HBIX 1 KOHCTPYKIIHOHHBIX MaTE€PHAJIOB JOCTUTa-
eTcsl BBEJEHHEM JIETHPYIOIHUX 3IEMEHTOB
¥ TEPMUIECKOH 00pabOTKOH My TEM paIiioHaIb-
HOTO YNPaBIEHUS XUMHYECKHM COCTaBOM
U CTPYKTYpOM MaTepuasos.

B T0 ke Bpems [uIsl LIenoro psjga Hanbosee
MAacCOBBIX U OTBETCTBEHHBIX JI€TaJICH, TAKHX KaK
JIOTIAaTKM KOMIpPeccopa ra3oTypOUHHBIX JIBUTa-
Tenel, paboTaloIMX B YCIOBHAX BO3ICHCTBHUS
BBICOKHMX 3HAKOIIEPEMEHHBIX HArpy30K, KOppo-
3MOHHO-3PO3MOHHOI0 BO3JEHCTBUS Ia30BOU
Cpenbl, KOTOpbIE, KaK MPaBHIIO, OKAa3bIBAIOT
OIpesieNsIIolIee 3HaUeHUE Ha PeCypc ABUraTenei
B I[EJIOM BECbMa aKTyaJIbHOM SIBIISIETCS ITpodIeMa
pa3paboTku HOBBIX Ooiiee PPEKTUBHBIX METO-
JIOB TIOBEPXHOCTHOTO YIPOIHEHHS.

OcoberHo ocTpo mpobiemMa yHpoIHEHUs
MHCTPYMEHTAIBHBIX M KOHCTPYKIIMOHHBIX MaTe-
puanoB nprodpera mpu pa3padoTKe HOBBIX BEI-
COKOHArpy>KeHHBIX SHEProEMKHX MAIlUH, MIPU
peleHuy Mpo0JIeM CHIDKEHHS TPYLOEMKOCTH
1 ce0eCTOMMOCTH, CYIIECTBEHHOTO TTOBBIIICHHS
MX KOHKYPEHTOCIIOCOOHOCTH HA MUPOBOM PBIHKE.

Co3manne NepceKTHBHBIX Ta30TypPONHHBIX
JIBUTATENe HEM30€KHO COMPOBOXKAACTCSA PE3-
KHM YKE€CTOUCHHEM yCIOBHUH NX IKCILTyaTalluH,
TIOBBIIIEHNEM YPOBHS TEPMOMEXaHUIECKUX
LUKJINYECKUX HATPy30K, HEOOXOANMOCTBIO MPH-
MEHEHHs 00Jiee COBEPIIEHHBIX HHCTPYMEHTAITb-
HBIX MaTepHajoB, MOBBIIIEHHs KadecTBa 00pa-
OOTKH TTOBEPXHOCTEH. B CBsI3M ¢ 3THM BechMa
aKTyaJIbHBIM HaIPaBIECHUEM DPELICHUS MpPoO-
JIEMBI MTOBBIIIEHUS HAEKHOCTH U JTOJITOBEYHO-

CTH MHCTPYMEHTOB U U3JIENIUH SBISIETCS CO3/1a-
HUE HOBBIX BBICOKO()(EKTUBHBIX U3HOCOCTOM-
KHX TTOKPBITHH.

Jlpyro#i BaxxHO¥ 3ajaueii siBiisieTcst pa3pador-
Ka HOBBIX, OoJiee HAJEKHBIX U IKOHOMHYHBIX
IIPOMBIIUICHHBIX TEXHOJOTHIH (OpMUpPOBaHUS
YHPOYHSIFOIIUX MOKPBITHH, 00€CIIeUNBAIOIINX
BBICOKYIO CTaOWJILHOCTh KaueCTBa M BOCIIPOH3-
BOJIMMOCTbH (DM3MKO-MEXAaHUYECKUX CBOMCTB.
BbICOKyI0 aKkTyaabHOCTB IPHOOPETAET YCTAHOB-
neHne (PYHKIMOHAJIBHBIX CBSI3EH MEX1y napa-
METpaMHu TEXHOJIOTHYECKOT0 Tporecca GopMu-
POBaHMsI OKPHITUI M UX KCILTyaTallMOHHBIMH
XapaKTepUCTUKAMHU.

KoMIIeKCHBII MOAX0/] K PEIIEHHIO OCTaB-
JICHHBIX 3aJlau IMpeJIojaraeT, IpexJie BCero,
1yOOKO€ M3ydYeHHE MEXaHU3MOB Pa3pylLeHHs
MOKPBITUH B YCIOBHSIX BO3JICHCTBHS HECTAIIMO-
HapHBIX TEPMOMEXaHUYECKUX HArpy3oK, Hayd-
HOe 000CHOBaHHME LIeJICHAIPABICHHOT'O JIETUPO-
BaHMSI IOBEPXHOCTHOT'O CJIOS A€TaJIe U MHCTPY-
MEHTA ISl [TOJTy4eHHsI 3aJJaHHBIX DKCILTyaTaly-
OHHBIX CBOWCTB.

B pabore mpeiaraercsi NIpUHIMIIAAIBHO
HOBOE pelIeHHe NPOOJIEeMbI JJOJITOBEYHOCTH Jie-
Tajeil MallMH U UHCTPYMEHTAa, COCTOsINEee
B pa3paboTke HOBoro tuna audGQy3noHHBIX
MIOKPBITUH C TUCKPETHOM STYEUCTON CTPYKTYPOid
HECTEXMOMETPHUYECKOT0 COCTaBa, 00JIaIat0IInX
MOBBIIIEHHON U3HOCOCTOMKOCTBIO.

Llesb paOoThI — MOBBICUTH TEXHOJIOTHUECKHE
1 DKCIUTyaTalMOHHbIE CBOWCTBA MHCTPYMEHTOB
u jeTanei 3a cu€r Cco3JaHusl TOBEPXHOCTHOTO
T y3MOHHOTO TUCKPETHOTO OKCHIHOTO CIIOSI
pu 00paboTKe TOKOM KOPOHHOTO paspsizia.

HccnenoBanue Mo3BOIMIO TOCTUYD CIIEAYIO-
LIMX PE3yJIbTaToB.

Pazpaborana reoperuueckas MOAEIb JJOJITO-
BeuHOCTH 00pa3na ¢ Audy3HOHHBIM TUCKPET-
HBIM OKCHJIHBIM CJIO€M IS CPaBHUTEIbHOU
OLICHKH BIIMSIHUS TUCKPETHOTO OKCUJIHOTO CJIOSI
U CIUIOIIHOTO TOKPHITHS Ha (pU3MKO-Mexa-
HUYECKHE CBOWCTBA IMOBEPXHOCTHOIO CJIOSI Ma-
Tepuaa.

Pa3paboraH HOBBII METO IOJTYUEHHUSI TOKOM
KOPOHHOTO paspsijia, Ipu HU3KHUX TeMIIepaTypax
(BILIOTH 10 KOMHATHOI1), HA TIOBEPXHOCTH PEXKY-
LIEr0 MHCTPYMEHTA U JieTaledl U3 WHCTPyMEeH-
TaJIbHBIX U KOHCTPYKIMOHHBIX MaTepHaloOB
T Y3MOHHBIX TUCKPETHBIX OKCHJIHBIX CIIOEB
U OompeJieseHbl PEKOMEHIyeMble MapaMeTpbl
TEXHOJIOTHYECKOTO MPOLIECcca, yBEIMYHBAIOIINE
JIOJITOBEYHOCTh PEXKYIIEr0o MHCTPYMEHTa M Jie-
TaJedl B yCIOBHSIX OKCILTyaTallly.
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YCTaHOBNEHBI BIMSHIE XMMAYECKOTO COCTABA
ra30BOM CPEJIbI M MAPAMETPOB TEXHOIOTHYESCKOTO
nporiecca Ha CTPYKTY Py (pOPMUPYEMOTO OKCUTHO-
ro ciosi 0OpadarbIBaeMbIX MaTepUajoB WHCTPY-
MEHTa W JeTaNell U BIMSIHUE CTPYKTYPHBIX 0CO-
OCHHOCTEH IMCKPETHBIX OKCHAHBIX CII0EB Ha (-
3UKO-MEXaHUUYECKHUE U PEXKYIIHE CBOWCTBA HHCTPY-
MEHTAIIBHOTO MaTepraa i (PU3NKO-MEXaHIICCKHE
CBOMCTBA KOHCTPYKIIMOHHOTO MaTepHaa.

BrisiBIieH MeXaHH3M TOPMOYKCHHS H3HAIIINBA-
HUS PEXKYIIETO0 HHCTPYMEHTA C AUCKPETHBIM OK-
CHJTHBIM CJIOEM TIPU TOUCHHH 1 (Ppe3epOBaHUH.

Pa3paboTana METOMKA M KPUTEPHIA OIICHKA
JOJITOBEYHOCTH MATEPHUAIOB C AMCKPETHBIM
OKCH/IHBIM CJTOEM I10 BEJIMYHHE MOJISPHO#T SHEp-
ruu akTuBanuu U, o

Paspaboran croco0 MOBBINICHHS OITOBEY-
HOCTH JIONIATOK KOMITPECCcopa Ha BTOPOH pecype

myTéM BOCCTAHOBJIEHHUSI H3HOCOCTOMKOIO MO-
KPBITUS Ha aHTUBUOPANMOHHBIX OaHaKHBIX
MOJTKaXx.

PaspaboTanbl 000py10BaHUE U TEXHOIOTHS
MOJTyYE€HHST TUCKPETHBIX TU(D(PY3HOHHBIX OKCHJI-
HBIX CJIOEB HA HHCTPYMEHTAJILHBIX H KOHCTPYK-
[MOHHBIX MaTepuaax.

2.6.5—Iopowkosas memannypeus u KOmMno-
SUYUOHHBLE MATNEPUATBL.

Paboma evinonnena ¢ Mockosckom noiau-
mexnuyeckom ynugepcumeme (Mockoeckuil
nonumex) u 8 HUO-9 Mocroeckozo asuayuon-
noeo uncmumyma (Hayuonanvnuiii uccnedo-
B8AMENbCKUL YHUBEPCUMEM)», 3AUUUeHd
6 Mockogeckom asuayuoOHHOM UHCMUMyme
(Hayuonanvholii ucciedosamenbekuil yHugep-
cumem)y» (MAH). °
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mas 2022 rona B Poccuiickom

YHHUBEPCUTETE TPAHCIOPTa COCTO-
siycst pUHAIBHBIN HTan Beepoccenii-

CKOT'0 KOHKYpCa UCCIIEI0BATEIBLCKUX U IIPO-

eKTHBIX paboT «TpaHcropt Oyaymiero».

B konkypce, npoxoausiieM B 12 HoMU-
HalMsAX U 4 BO3PACTHBIX IPYIIIaX, y4acTBO-
BaJIN LIKOJIBHUKH, YYAIINECS TEXHUKYMOB,
CTYJICHTBI BY30B, 00ydJaromuecs: JeTCKUX
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JKEJIE3HBIX Jopor u kBaHTopuymoB OAO
«PXKI» u3 35 pernonoB Poccuiickoit @ene-
pauuny, a Tarkke OoJbIasi rpyrnna KOHKYp-
canToB u3 Pecmyonuku bemapyce. Beero
B (uHane ObuM mpeacTaBicHsbl moutu 300
Jy4IIuX padoT.

Konkype, npoBoauBIIHiics yxe B ce/lb-
MOH pa3, CHOBa Jajl y4aCTHUKaM BO3MOXK-
HOCTB IIPEJICTaBUTh JKIOPU M IKCIEpTaM
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CBOM MAaKEThl M IPOEKTHI, 03HAKOMHUTHCS
C IpYTUMH paboTaMH, T0y4acTBOBAaTh B 00-
CY)KIICHUSIX TIPO3BYYABIINX UJIEH.
[IpoexThl y4acTHUKOB, TMOATBEPKIAs
MPAaBUIBLHOCTh HAa3BaHMSA KOHKypca, JAeH-
CTBHUTENILHO OBIIIM yCTpEeMJICHBI B Oy/ryIiiee
tpancnopta. Cpean HUX ObUIM MOnENH
U TPOEKTHI OECIMIOTHBIX TPAHCHOPTHBIX
CHCTEeM, TOPOJICKOTO, BO3AYIITHOTO U KOCMH-
YECKOTO TPAHCIIOPTA, CTAHIHUN M Y3JIOB,
HOBBIE TEXHOJIOTUH TPAANIIMOHHBIX Ha3eM-

HrodmseT
WA MTAROBR
e toCop

HBIX MEPEBO30K, UJCH TI0 HOBBIM yCITyraM
JUTS TTacCaXupoB. BeiGop xtopu ObLT HE
HPOCTBIM, TaK KaK Bce (DHMHAIMCTHI TIPOJIe-
MOHCTPUPOBAJIN OPUTHHAIBHOCTD IIOIXO0/I0B
U OOJBIION MHTEpeC K MHHOBALUSAM Ha
TpaHCIopTe.

Tem He MeHee BBIOOD )KIOPH ObLI C/1eNaH,
U B TOT )K€ JICHb B TOP)KECTBEHHON 00CTa-
HOBKe [IBOopma kxymerypsl PYT (MUUT)
NpoNLIa HEePEeMOHUS BPYUYCHHS AUILIOMOB
nobenurensiM u npu3épam Konkypca. o
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ussian University of Transport
Rtraditionally hosted on May 16, 2022,

the final of the 7™ edition of the
Transport of the Future Contest.

The contest, held in 12 nominations and
within 4 age groups from 6 to 25 years, was
attended by schoolchildren, students of
vocational schools, and universities, pupils
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of children’s railways and quantoriums of
JSC Russian Railways. The contestants
represented 35 regions of the Russian
Federation, as well as the Republic of
Belarus with almost 300 best projects and
works.

The contest gave the participants a new
opportunity to present their models and



projects to the jury and experts, to get
acquainted with other works, to participate
in discussion of the pronounced ideas.

The projects of the participants proved
the validity of the name of the contest being
aimed at the future of transport. They
included models and projects of unmanned
transport systems, urban, air and space
transport, stations and nodes, new
technologies of traditional ground
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transportation, ideas for new services for
passengers. The choice of the jury was not
easy, as all the finalists demonstrated the
originality of approaches and great interest
in innovations in transport.

Nevertheless, the jury made its choice
and on the same day in the solemn
atmosphere of the RUT Palace of Culture
winners and prize-winners were awarded
with diplomas. °
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ABSTRACT

Lateral wear of the locomotive wheel flange is one of the main
types of wear that occurs during rolling stock operation. An important
characteristic of a rail wheel rim is its wear resistance, which directly
depends on the carbon content in steel. The carbon content in wheel
steel of group 2 in the amount of 0,55-0,65 is due to the fact that
at its lower concentration, the proportion of grain boundary ferrite
increases, which leads to a decrease in the contact strength of
wheels, and a higher one leads to a tendency to brittle fracture.
The increased carbon content makes it possible to harden the
surface of steel. Plasma and laser hardening technologies can be
used to reduce tyre flange wear and increase the service life of
locomotive wheelsets.

The objective of this work is to determine advantages and
disadvantages of technologies for laser and plasma hardening of
working surfaces of tyres of wheelsets of railway rolling stock.

The comparative analysis related to microstructure and
microhardness of wheelsets tyres of the 2TE25KM diesel

locomotive which are made of wheel steel of group 2 according
to GOST 398-2010 state standard and hardened respectively
by plasma and laser hardening.

The tasks set were solved using theoretical and
experimental research methods. The preparation and study of
hardened samples was carried out using the equipment of the
testing laboratory of LLC Scientific and Technical Association
«IRE-Polus».

A study referred to hardened zones in various areas and
sections of the tyre. Tribological tests concerned wear resistance
of specimens hardened with a high-power fiber laser. The main
advantages and disadvantages of laser and plasma hardening
processes are revealed.

The conducted studies allow making a conclusion that the
use of laser hardening technology for hardening wheelsets tyres,
as an alternative to the plasma hardening process, is highly
promising.

Keywords: railway transport, laser hardening, plasma hardening, wheelset, wheel steel.
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INTRODUCTION

The introduction of fundamentally new
technologies for laser hardening of medium-carbon
and high-carbon steels using industrial fiber lasers
and special optical heads that allow processing
a tyre in one pass with a hardening zone width of
up to 40 mm is currently an important direction in
development of technology. The laser hardening
process has a number of advantages over other types
of processing. When exposed to laser radiation on
the surface of the workpiece, compressive stresses
are formed that positively affect the overall stress
state of the product [1]. Formation of high
compressive stresses in the hardened surface layer
and reduction of tensile stresses in the transition
zone is an important factor in improving the
performance of products operating under contact
and alternating loads [2]. Laser hardening ensures
uniformity of structure and microhardness over the
entire depth of the hardened zone.

A significant positive effect is achieved with
the creep resistance of the metal. It is due to the
fact that because of the finely dispersed
structure, the plastic flow of steel occurring in
the presence of sharp temperature gradients is
prevented [3; 4]. Due to the finely dispersed
structure of the hardened layer, the workpiece
combines optimal values of plasticity, hardness
and strength, which leads to an increase in its
tribotechnical characteristics [5]. The laser heat
treatment results in an increase in the contact
fatigue strength of the workpiece, as well as in
an increase in its wear resistance by several
times [6].

The equipment for laser processing of flanges
of wheelsets tyres is practically not used at
Russian maintenance and repair enterprises. Until
recently, there has been only one laser hardening
site on Gorky Railway using Kometa-2 complex
[7]. Plasma technology for hardening locomotive
wheelsets tyres is the most common. At the
enterprises repairing and maintaining locomotives
of JSC Russian Railways, about 90 installations
have been introduced, though many of them
(at least 20) are not used for various reasons [8].

The authors of [9] showed that high residual
tensile stresses are formed in the zone of plasma
hardening of the flanges. When they occur in
the surface layers, summation with external
tensile or alternating stresses arising during
operation of wheelsets is possible [10]. The
described effect can lead to the occurrence of
defects of contact fatigue origin and cause the
formation of cracks and fatigue spalling

(flaking), which can directly or indirectly affect
train traffic safety [11; 12].

The experimental data obtained using plasma
technology showed that during plasma treatment
it is necessary to ensure the uniformity of the
hardened layer both along the width of the
hardened zone and along the circumference of
the flanges [2]. Based on the presented data, it
can also be concluded that in the process of
plasma hardening, a significant overheating of
the surface layer of the workpiece can occur. With
laser processing, this effect is not observed.

The objective of the work is to conduct
a comparative analysis of formation of the
microstructure, microhardness and wear of
2TE25KM diesel locomotive wheel tyres, made
of wheel steel of group 2! and hardened with
plasma and laser hardening.

EQUIPMENT AND EXPERIMENTAL TECHNIQUE

The experiments were carried out on real
wheelsets made of steel of group 2 (according to
GOST [Russian state standard] 398-2010) with
hardening of the entire length of the tyres of two
wheels. The chemical composition of wheel steel
has been identified using a Q8 Magellan
spectrometer according to GOST 18895 and is
presented in Table 1.

The steel microstructure (Pic. 1) is a thin-
lamellar perlite with ferrite fringes 3—7 um wide
along its boundaries. In this case, the size of
pearlite grains changes in the range from 35 to
55 wm. The microhardness of such a structure is
295-333 HVO0,2.

Laser hardening of wheelsets tyres was
carried out on an IPG FL-CPM machine for

! Rail steel deoxidised with aluminium. — Transl. note.

Pic. 1. Microstructure of main metal of wheel steel of type 2, x1000
[developed by the authors].
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Table 1

Chemical composition of wheel steel 2 [developed and compiled by the authors]

C Si Mn Cr Ni S

P Mo Cu Co v

0,595-0,617 | 0,372-0,397 | 0,779-0,813 | 0,025-0,039 | 0,043-0,073

0,005-0,006

0,011-0,013 | 0,003-0,005 | 0,009-0,012 | 0,025-0,031 | 0,021-0,025

Pic. 2. Installation for processing bodies of revolution FL-CPM [developed by the authors].

processing bodies of revolution, equipped with
an [PG YLS-10000 fiber laser, manufactured by
LLC Scientific and Technical Association «IRE-
Polusy (Pic. 2).

To increase productivity of the laser hardening
process, the tyre was processed with a laser
rectangular beam profile with dimensions of 35
x 5 mm. The transformation of the circular profile
of the laser radiation spot into a rectangular one
was carried out using a specialized module of the
IPG IRE-POLUS shaper of the linear spot profile,
its external view and internal structure, which
are shown in Pic. 3.

Plasma hardening was carried out applying
standard equipment, which is used at the
enterprises maintain locomotives of JSC Russian
Railways.

Laser hardening modes: laser radiation power
was of 5-8 kW; linear rate of hardening of tyres
was of 5-7,5 mm/s. Transverse air circulation
was used to protect the optical elements of the
laser head.

Plasma hardening modes: operating power
of the source was up to 35 kW; linear speed was
of 5-7,5 mm/sec, width of the impact zone was
of 28 mm. Nitrogen was used as the plasma-
forming and shielding gas. Cooling water
consumption was of 0,8 litres per wheelset.

RESULTS

The study of the macrostructure after plasma
and laser hardening was carried out on sections
cut from the central part of the wheel, which was
not subjected to reheating when completing
(«lockingy) the process of hardening the surface.

Pic. 4 shows cross sections of the hardened
sections after plasma and laser hardening,
indicating the size of the hardened zones.

Macrostructures of Pic. 4 show that the
maximum depth of the hardened layer after
plasma and laser hardening is comparable and is
approximately of 1900 um. Along the edges of
the hardened zone, in both cases, a gradual
decrease in depth to zero values is observed.

Based on the study of the microstructure and
microhardness of the samples after laser and
plasma hardening, it was found that the properties
obtained in different areas of the tyre, other than
the area where hardening was started and
completed, are the same, which makes it possible
to study only its central part and the area where
hardening has completed.

The study of the microstructure was carried out
in the areas shown in Pic. 4 and marked with numbers
1,2, 3. The microstructure and microhardness of the
middle section 2 (Pic. 4) for plasma and laser
processing are shown in Pics. 5 and 6.

The study of the near-surface layer of section
2 with a depth of ~1100 pm showed that, during
plasma treatment, a martensitic structure is
formed in the form of blocks, along the boundaries
of which inclusions of a ferrite-carbide mixture
are observed, the micro hardness values are in
the range of 766-857 HVO0,2 (Pic. 5a). Upon laser
hardening, the microstructure consists of
martensite with higher hardness values of 783—
879 HVO,1 (Pic. 6a).

Upon plasma treatment, increasing distance
from the surface of the area under study to a
depth of more than 1100 pm leads to formation
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Pic. 3. Shaper of a rectangular spot profile:
a - external view of the assembly; b — assembly design [developed by the authors].

000D mm 4700 |
| .

Pic. 4. Macrostructure of the sample cut out from the wheel tyre:
a - after plasma hardening; b - after laser hardening [developed by the authors].

of'a 500 um long zone with a troostite-martens-
ite structure, the microhardness of which is
471-621 HVO0,2 (Pic. 5b), while upon laser
hardening there is a zone with a length of about
~400 um with an insignificant decrease in mi-
crohardness to 726783 HVO0,1 and formation
of a mixture of martensite and troostite in the
structure (Pic. 6b).

At the depth of more than 1600 um, in both
cases, a transition zone with a length of ~300 um
is observed, the microstructure of which is pre-
dominantly a ferrite-carbide mixture with a mi-
crohardness of 347-503 HV0,2 (Pic. 5¢) upon

plasma hardening and a microhardness of 425—
669 HVO0,1 (Pic. 6¢) upon laser hardening.

Thus, the study of the macro- and microstruc-
ture, as well as the microhardness of various
sections of the central part of the tyre after laser
hardening, showed high hardness values through-
out the depth of the hardened layer due to forma-
tion of a martensitic structure and a highly dis-
persed ferrite-carbide mixture.

After plasma and laser hardening of the
wheelsets tyre, a «lock» area is formed — a place
in which reheating occurs due to the closure of
the hardened layer. The study analysed this sec-
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766-857 HV0.2

471-621 HV0.2

347-503 HV0,2

Pic. 5. Microstructure and microhardness of various areas of the
hardened section 2 after plasma hardening.

tion in transverse and longitudinal directions
after laser hardening. The depth of maximum
hardening at the starting and ending area of
hardening is 1500—-1900 um, i.e., practically over
the entire hardening depth. A comparative
analysis of the microstructure and microhardness
within the starting and ending zones of the «lock»
area showed formation of a hardened layer over
the entire depth, both at the beginning of the
«lock» area and at the end, of a structural-phase
composition and of microhardness values similar
to the central part of the tyre. This is due to the
same content of the martensite component in the
structure of the zones corresponding to their
location. It was found that during laser hardening,
the overlap zone is characterised by fine disper-
sion even after repeated re-hardening and a
minimum tempering zone, in which the probabil-
ity of defects during the operation of wheelsets
is significantly reduced. It is also worth noting
that when processing using plasma heat sources,
the softening zone in the «lock» area is larger,
due to the high thermal heating of the processed
area during the closure of the hardening zone of
wheelsets tyres, which also leads to re-hardening
and tempering of the previously hardened zone,
which increases the likelihood of various types
of defects in this zone.

The microstructure of sections 1 and 3 after
laser hardening in the corresponding zones of the

783-879 HVO,1

Pic. 6. Microstructure and microhardness of various areas of the
hardened section 2 after laser hardening
[developed and compiled by the authors].

hardened layer, both at the beginning and at the
end of «lock» area, is close, namely, a martens-
itic structure with maximum micro hardness
values of 860 HV0,2 is formed in the surface
zone. As we move away from the surface, we
observe release of troostite, and, as a result, the
microhardness drops to 750 HV0,2. The transi-
tion layer is characterised by a further decrease
in microhardness, due to formation of predomi-
nantly ferrous-carbide mixture. The study of the
«lock» area of the hardened layer after laser
hardening showed that the minimum values of
microhardness are in the range of acceptable
values.

The results of a comparative analysis of
various areas of hardened wheelsets tyres indi-
cate that in the case of plasma hardening, the
micro hardness values in the surface zone of the
hardened layer are somewhat lower than in laser
hardening. However, when moving away from
the surface towards the base metal, the values of
the micro hardness of the corresponding zones
differ significantly. Thus, in the case of laser
hardening, the micro hardness of the transition
zone is approximately by 100—-150 Vickers units
higher. At low hardness values, the likelihood of
«catastrophic wear» of the side surfaces of the
wheel and rail flanges increases, associated with
the transition to wear via the scuffing mechanism,
which requires a relatively long path of continu-
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Pic. 7. Intensity of linear wear of samples without heat treatment and after laser hardening:
1- wheel steel sample; 2 - rail steel counterbody [14].

ous sliding at a relatively low (less than 0,7 m/s)
speed and with surface hardness not more than
600 HV [13].

It is shown that both types of hardening lead
to formation of a gradient-mixed structure in the
hardened layer. In this case, a martensitic struc-
ture is formed in the surface layer at high cooling
rates, and in the underlying zones, decomposition
of austenite is accompanied by formation of a
ferrite-carbide mixture of various particle size
distribution. It should be noted that during laser
hardening, the depth of the surface layer with a
purely martensitic structure is greater, which
reduces the depth of zones with a mixed structure
and lower microhardness values.

In the process of laser heat treatment of steel
surfaces in the laser heating zone, phases and
structures are formed that are similar in structure
to the structures that emerge during classical
methods of metal hardening. Due to the short
thermal cycle, since there is no long exposure
in the austenite region, the microstructure of the
hardened area is finely divided as compared to
the structure formed after plasma hardening.
This effect has a positive effect on the me-
chanical properties of the near-surface layer of
the hardened workpiece, which leads to an in-
crease in the hardness and wear resistance of
products.

Thus, high values of microhardness over the
entire depth of the hardened layer, the absence
of a sharp change in the structure and phase
composition during laser hardening, and forma-
tion of a predominantly martensitic structure at
the depth of maximum hardening can lead to a
decrease in wear during operation of the wheel-
sets tyres.

To determine the rate of influence of laser
hardening on the wear resistance of tyre ridges,
tests were carried out according to the scheme
of a plane (made of wheel steel of type 2) and a
ring (made of rail steel) using an MTU-01 friction
machine.

Pic. 7 shows the results of tribological tests
intended to determine the intensity of linear wear
I of wheel steel specimens after laser hardening
and without it, paired with a rail steel counter-
body.

Wear intensity was determined by the
formula:

I=Ah/L,
where L — friction distance, mm,;

Ah —wear value, um.

From the above diagram (Pic. 7); it can be
seen that with a slight change in the rate of wear
of rails, there is a shape change in resistance of
specimens made of wheel steel of type 2. The
tests have so shown high efficiency of laser
hardening of wheelset tyres.

Thus, the results of the comparative studies
carried out allow making a conclusion that it is
promising to introduce the technology of laser
hardening of the near-surface layer of locomotive
wheelsets tyres. Its implementation at repair
enterprises will reduce the average intensity of
tyre wear and increase their expected average
mileage between wheelset turning during
scheduled maintenance of rolling stock.

CONCLUSIONS

The depth of the hardened layer after plasma
and laser hardening in the central section of the
tyre is comparable and is of ~1900 pm, and in
the areas located closer to the edge, ~1500 um.
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6. Shmelev, S. A., Bogdanov, A. V., Tatarkin, D. U.,
Khriptovich, E. V. Development of optimal modes of harden-

Therewith, the depth of maximum hardening
with increased values of microhardness and of a

finely dispersed structure are greater with laser
hardening.

Both types of hardening result in formation
of a gradient-mixed structure in the hardened
layer. In the surface layer at high cooling rates,
a martensitic structure is formed, and in the un-
derlying zones, decomposition of austenite is
accompanied by formation of a ferrite-carbide
mixture with different range of particle dimen-
sions. The microstructure of the hardened steel
layer after laser hardening is more uniform.

Tribological tests have shown that with a
slight wear of rails, resistance of wheelsets tyres
after laser hardening can be increased by 2,8
times.
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ABSTRACT

A modern approach to determining the useful life of
components and parts of rolling stock allows not only to estimate
the pre-failure state of an object, but also to predict its useful life.

The objective of the study is to predict the mileage of
wheelsets of modern electric trains of the «Rusich» series based
on the use of statistical data and assessment of the residual
life.

The study used real data recorded during maintenance and
repair of electric trains.

The proposed approach allows getting a vivid presentation
of the equipment wear rate, since it is based on the use of the
measured parameters of the object. The analysis of these values
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makes it possible to determine the processes occurring in the
product. When using large samples, it becomes possible to
approximate the obtained numerical values and make a forecast
of the technical condition with greater reliability.

The task of predicting the residual life is quite complicated
and must be solved separately for each type of equipment. That
is why the generally accepted world practices are associated
with preventive maintenance and repair system, while modern
automated digital systems for technical diagnostics (including
on-board and built-in ones) make it possible to partially switch
to technical maintenance and repair considering the actual
technical condition of the rolling stock.
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INTRODUCTION

The duration of useful life of parts is determined
at the design stage and indicated in the specifications
for the product. For example, for wheelsets of
metro electric trains of «Rusichy» series, a service
life of 31 years is set for their individual elements,
subject to respect of the stipulated schedule of
technical maintenance and repair (TMR). One of
the tasks of technical diagnostic systems is to
predict the technical condition of an object,
namely, to determine the residual life of the
equipment (the remaining time of its run or
operation to the limit state)'. According to GOST
«Reliability in equipment»?, residual life is the
total operating time of the object from the moment
of monitoring its technical condition to the
moment when it reaches the limit state. The pre-
failure state criterion is a sign or a set of signs of
the pre-failure state of an object. As a rule, this is
falling of one or more parameters outside the
tolerance limits. The latter greatly simplifies the
solution of the problem of predicting the residual
life through approximation of the trend of
diagnostic data, which involves selection of
a mathematical function for statistical data to
calculate the residual life.

The dependence of the change in the
parameters of the object being diagnosed on time
(mileage) depends on the physical characteristics
of the object and can have either linear, or other
types of regularities: parabolic, hyperbolic,
exponential, and many others [1]. The wear of
the wheel flange and tread occurs evenly with
a change in mileage, and the values of these
parameters will have a linear relationship with
a change in mileage. In case of parabolic,
hyperbolic, exponential, and other dependences,
the solution of the approximation problem is
quite difficult. Therefore, in practice, a linear
approximation of the function y (in our case, the
diameter and thickness of the wheel flange) of
the diagnostic argument x (y = kex + b) is usually
used, for which, within small observation ranges,
the application of least squares method is
widespread. This method is based on minimising
the sum of squared deviations of the desired
function from statistical data [2]. The value of

! GOST [state standard] 20911-89 Technical diagnostics.
Terms and definitions. [Electronic resource]: https://docs.
cntd.ru/document/1200009481. Last accessed 21.02.2022.

2 GOST [state standard] 27.002-2015 Reliability in
equipment. Terms and definitions. [Electronic resource]:
https://docs.cntd.ru/document/1200136419. Last accessed
21.02.2022.

the sought-for function is equal to the sum of the
squared deviations of the observed values from
the theoretical ones.

To find the function, it is necessary to identify
the type of the expected dependence (most often,
a linear regression of the form y = kex + b is used)
and solve the system of equations to find the
parameters k and b.

While calculating the lifetime of electric train
wheelsets, two concepts of useful life can be
applied: those based respectively on destruction
or on exhaustion of the controlled parameter [3].
In this study, due to the small number of failures
of wheelsets associated with destruction of their
elements, as well as to determine their useful life,
we will use the method of determining the useful
life based on the exhaustion of the controlled
parameter. Regarding electric trains, the required
range for the calculated residual life is based on
the soonest coming scheduled TMR, so-called
technical maintenance-3, or technical repair-1,
executed in metro car depot. With an average
daily run of 700 km and a basic overhaul run of
30000 km, this makes 2 months. For such
relatively short periods, the least squares method
is suitable.

The objective of the work is to assess the
technical condition of the wheelsets of electric
trains of the Moscow Metro based on statistical
data. To solve the problem, the least squares
method was used followed by further analysis of
the results obtained [4, pp. 203-216].

This method makes it possible to obtain the
most accurate description of the state of the
equipment in the absence of exact values of the
parameters of individual parts of the considered
assembly [2].

RESULTS
Initial Data

To analyse the process of wheel wear, the
values of the diameters and thicknesses of the
wheel flange, obtained at fixed operating times,
were retrieved from the «Charts of accounting
for the condition of wheelsets» for the head cars
of model 81-740 and intermediate cars of model
81-741.

We will summarise the numerical values of
the diameters of the wheelsets in Table 1, and the
thickness of the flange of the wheelsets in
Table 2.

Tables 1 and 2 show the numerical values of
the wheel flange diameter and thickness of the
81-740/741 cars, which were measured both
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Table 3
ke Examples of approximation of the wear of the tread of wheelsets for car No. 0293
‘ [compiled by the authors]

No. Mileage before turning I | Mathematical expectation | Product of mileage and Square of mileage 1 *
of diameters of wheelsets | diameter 1 +d
of the car
1 0 860,92 0 0
2 117 554 860,85 101 196 360 13818942916
3 143 351 860,83 123 400 841 20549509201
4 175 644 860,67 151 171 521 30850814736
5 202 728 860,56 174 459 607 41098641984
6 228 222 860,36 196 353 079 52085281284
7 240 874 860,17 207 192 588 58020283876
8 246 054 860,07 211 623 663 60542570916
9 265 552 859,97 228 366 753 70517864704
10 292 689 859,89 251 680 344 85666850721
11 322 539 859,81 277 322 257 104031406521
> 2235207 9464,10 1922767018 537182166859
Trend |k=-0,000004147 b =2860,92
1 350 000 859,47
239 12250 000 810,12
240 12 300 000 809,92
Wheel
diameter, mm
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Pic. 1. Dependence of the wheel diameter on total mileage of the car No. 0883 [developed by the authors].

Flange
thickness, mm
A

35

30

25

20

S >

Total mileage, km

Q ™ S ™ ®
EASIROR R ite '»@? F L& FOINOROIN gé’}
F ST T EF T TS S

Pic. 2. Dependence of wheel flange thickness on total mileage of the car No. 0291 [developed by the authors].
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when the wheelset was rolled under the car and
during periodic technical maintenance and
repairs of cars.

To determine the relationship between the
mileage and the diameter and thickness of the
wheel flange, we will construct the operational
characteristics of the wheelsets using the
indicated values (Pics. 1, 2).

As can be seen from Pics. 1 and 2, the
numerical values of the diameter and thickness
of the wheel flange, depending on the total
mileage, have linear dependences of the form y =
k * x + b. This allows finding the coefficients £,
b and predicting the residual life of wheelsets by
approximating numerical values with analytical
expressions using the least squares method.

Forecasting the Residual Life of a Wheelset
by Wheel Diameter

Table 1 shows an example of wheel centre
wear data as by diameter. To predict the residual
life, it is necessary to regularly measure the
geometric parameters of the wheelsets from the
very beginning of its operation. Let us denote the
number of measurements as N and approximate
the wear of the wheel tread based on 11 available
values obtained during the measurements.

Let, as a result of measuring n = {1, N} of
the diameter or thickness of the wheelset flange
at different mileages / , the diagnosed parameter
takes the values d . Then the linear trend function
will be calculated by the least squares method
using formulas (1) and (2):

N

k=INY(,-d,)-

>1,->4d, 1/[N[Zln "2 j— (1)
-2,
b=[Y(d,)-kY1 1/N. )

Using formulas (1) and (2), the coefficients
k and b were calculated for an equation of the
form y = k * x + b, then the equation for
forecasting the value the diameter of the
wheelsets of car No. 0293 takes the form
indicated in the formula (3):
d=-0,000004147 = [ + 860,92. 3)

Examples of the results of forecasting the
residual life of wheelsets by their diameter for
car No. 0293 are summarised in Table 3.

Thus, by summing the values of the products
of the mileage and the wheel diameter (/ *g ), the
square of the mileage /* indicated in Table 3,

® World of Transport and Transportation, 2022, Vol.

Table 4
Forecasting the condition
of wheelsets for the train No. 0291-0293
[compiled by the authors]

No. of the car | Mileage from beginning of operation
to minimal diameter of 810 mm,
mln km

0291 17

0883 19,45

0888 4,8

0293 12,25

Average value | 13,375

N
substituting them into expression (1) (>.(/, d,)
n=1

N
and D7), it becomes possible to find the

coefficient & of the expression y = k * x +b.

Forecasting the service life of wheelsets
based on the diameter for car No. 0293 shows
that the change of wheelsets for the specified car
must be done when the mileage reaches 12,25
million km.

Having made similar calculations for the
remaining cars of train No. 0291-0293, the
mileage values given in Table 4 were obtained.

Thus, the calculation of the average value of
the wheelset mileage according to the limited value
of the diameter [5] of the wheel fixed at 810 mm
for the train No. 0291-0293 amounted to 13,375
million km, which, with a daily run of a metro car
of 700 km, is equal to 52,3 years of service of the
wheelsets without considering downtime for TMR.
The obtained value of the service life indicates that
such a parameter as the diameter of the wheel is
subject to increased requirements in accordance
with the operation and repair manual for metro
wheelsets. This is due to the need to keep the values
of diameters of the wheels of one wheelset, of the
wheels of the wheelsets on the same bogie and of
the wheels of the wheelsets of one car as close to
the same value as possible.

However, besides such a controlled value as
the wheel diameter, there are dozens of other
quantities (ridge thickness, tyre width, tyre
thickness, etc.) that have a limited value. This
indicates that it is impossible to determine the
actual service life of individual elements of
wheelsets, considering only one of the controlled
parameters (for example, wheel diameter).
Therefore, there is a need to apply the least
squares method to other controlled parameters
of wheelsets to find vulnerabilities and increase
the service life of individual elements of
wheelsets, which is currently 31 years.
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Table 5

Examples of approximating the thickness of the wheelset flange for car No. 0291
[compiled by the authors]

No. Mileage before turning /, Mathematical Product of mileage and | Square of mileage / *
expectation of wheel | flange thickness / *g.
flange of the car
1 0 32,42 0 0
2 120 000 32,38 3885600 14400000000
3 240 000 32,32 7756800 57600000000
4 360 000 32,32 11635200 129600000000
5 480 000 31,85 15288000 230400000000
6 600 000 30,66 18396000 360000000000
7 720 000 29,86 21499200 518400000000
% 2 520 000 221,81 78 460 800 1310400000000
Trend k =-0,000003449 b=3242
1 840 000 29,52
2 960 000 29,11
3 1080 000 28,69
4 1200 000 28,28
5 1320 000 27,87
6 1 440 000 27,45
7 1560 000 27,04
8 1680 000 26,63
9 1 800 000 26,21
10 1 920 000 25,30
11 2 040 000 25,38
12 2 160 000 24,97

Forecasting the Residual Life of the
Wheelset by Flange Thickness

Table 2 shows examples of data on the wear
of wheel centres along flange thickness, where
the number of measurements of geometric
parameters of whellsets N = 7. Using formulas
(1) and (2), the coefficients k£ and b were
calculated for an equation of the form y =k *x +b,
then the equation for predicting the thickness of
the wheel flange of car No. 0291 takes the form
indicated in formula (4):
g=-0,000003449 [ +32,42. “)

Examples of the results of forecasting the
service life of wheelsets by their diameter for car
No. 0291 are summarised in Table 5.

Thus, by summing the values of the products
of the mileage and the thickness of the flange
(/ °g,) indicated in Table 5, the square of the
mileage / *, substituting them into expression (1)

N N
(X.(4,- d,) and >1,*), it becomes possible to find

the coefficient & of the expression y = k * x +b.
Forecasting the resource of wheelsets based
on the thickness of the wheel flange for car
No. 0291 shows that the change of wheelsets for
the specified car must be done when the mileage
reaches 2,04 million km, since at the specified
mileage, the thickness of the wheel flange will

be closest to the minimum (25 mm). In most
cases, the cause of increased wear of the flange
part of the wheel is the wheel slip as a result of
creeping and (or) slipping relative to the rail [6].

Having made similar calculations for the
remaining cars of the train No. 0291-0293, the
mileage values given in Table 6 were obtained.

It should be noted that for cars No. 0883 and
No. 0888, the estimated mileage from the
beginning of operation to the minimum flange
thickness of 25 mm was 1,2 million km, while
the value of the flange thickness for both cars
was 25,1 mm, which indicates the accuracy of
the applied method.

For head cars No. 0291 and No. 0293, the
mileage was 2,04 million km and 1,8 million km,
respectively, which is more than for intermediate
cars. This is explained by the fact that for head
cars with a stall valve installed, increased
requirements are imposed to ensure traffic safety.

Intensive wear of the flange is provoked by
a large difference in the diameters of the wheels
in the rolling circle. Measuring the diameters of
wheels mounted on one axle is necessary to
ensure the correct location of the wheelset in the
track, since with different diameters of the wheels
their slippage increases, and misalignments of
the wheelset occur during movement [7].
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Thus, the calculation of the average value of
the wheelset mileage according to the limited
value of the flange thickness [8] of 25 mm of the
train No. 0291-0293 amounted to 1,56 mIn km,
which with daily mileage of a metro car of
700 km is equal to 6,1 years of service of
wheelsets without considering downtime for
TMR. This, in turn, requires optimisation in
terms of increasing reliability [9] of wheelsets,
since this unit has the greatest impact on train
traffic safety.

Results of Calculation of Mileage Values

Data on the mileage for the wheels of cars of
the «Rusichy series with a DMeTI profile [a type
of wheel profile allowed for use for metro cars
of this series] and a minimum wheel diameter of
810 mm are summarised in Table 7.

It can be seen from Table 7 that the service
life of wheelsets with calculated mileage up to
the minimum wheel diameter, considering
downtime for technical maintenance and repair,
is 50,8 years, which is 63,8 % more than the
designated service life for individual elements
of wheelsets (31 years). This refers to timely
replacement of wheelsets to maintain the same
diameter for all wheel centres mounted on one
car and, consequently, to reduce dynamic loads
on the wheels of one car.

Another reason for replacing the wheelset
may be associated with the discrepancy between
its controlled parameters and the permissible
values. In this case, the dismantled wheelset is
sent for scheduled repairs, turning or for
inspection to bring its controlled parameters back
to acceptable values and further put wheelsets
on the car for further operation.

«Wheelsets are part of the running gear and
are one of the most important elements of the
car. Therefore, they are subject to special,
increased requirements of the state standard, the
Rules for technical operation of railways, the
Instructions for survey, repair, and assembling
of car wheelsets, as well as of other regulatory
documents during their design, manufacture, and
maintenance» [10].

Table 6
Forecasting the condition of wheelsets
for the train No. 0291-0293
[compiled by the authors]

No. of the car Mileage from the beginning of
operation to minimal value of
flange thickness of 25 mm of
wheels of the car, mln km

0291 2,04

0883 1,2

0888 1,2

0293 1,8

Average value 1,56

Let us summarise the data on the mileage for
the wheels of the «Rusich» series cars with
DMeTI wheel profile and the minimum value of
the wheel flange thickness of 25 mm in Table 8.

Table 8 shows that the service life at the
calculated mileage to the minimum thickness of the
wheel flange, considering downtime for technical
maintenance and repair, is 5,9 years, which is 5,2
times less (19,1 % of the assigned mileage) than
the designated service life for separate elements of
wheelsets (31 years). This is due to the fact that the
least squares method must be applied starting with
a flange thickness of 30 mm. With a flange thickness
of 33 mm to 30 mm, intensive wear occurs, which
was proved using the methods for calculating
service life indicators in the article [11].

CONCLUSIONS

Analysis of the results of the study has shown
that the estimated mileage when using the least
squares method and approximating respectively
the values of:

* Wheel diameters is 13,375 mIn km.

* Wheel flange thickness is 1,56 mln km.

The use of wheelsets with the current wheel
profile for metro rolling stock is not advisable,
since intensive wear of the wheel flange thickness
is the limiting factor in terms of reducing the
mileage between unscheduled maintenance
(turning of wheelsets) [12].

Structurally, there are the following ways to

improve reliability of wheelsets:
Table 7

Calculation results [compiled by the authors]

Mileage of a car | Estimated value | Estimated value | Estimated value | Assigned service | Percentage of
per day, km of mileage, days | of mileage, years | of mileage with life for elements | assigned mileage
account for of wheelsets of of the train
downtime, years | DMeTI profile No. 0291-0293,
and diameter of | %
862 mm, years
700 19107 52,3 50,8 31,0 163,8
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Table 8
Calculation results [compiled by the authors]
Mileage of a | Estimated Estimated Estimated value | Assigned service life for Percentage of assigned
car per day, | value of value of of mileage elements of wheelsets of | mileage of the train
mileage, mileage, with account of | DMeTI profile and flange | No. 0291-0293, %
days years downtime, years | thickness of 33 mm, years
700 2229 6,1 5,9 31,0 19,1

* Improvement of mechanical properties
through the use of new grades of steel.

* Calculation of optimal dimensions of the
wheel centre.

» Improvement of the technology of their
manufacture [13].

Due to the large number of curved track
sections on the lines of the Moscow Metro, and,
as a result, to the increased wear of the wheel
flange from 33 to 30 mm due to the effect of
lateral forces [14], it is advisable to use the
DMeTI VR wheel profile with a 30 mm thick
flange for metro car rolling stock.
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ABSTRACT

The expediency of using a hybrid power system with the use
of traction batteries on a diesel locomotive is substantiated since
the relevance of the problem being solved lies in the possibility of
increasing the weight norm of the train without reducing the
performance of the main power equipment of the diesel locomotive,
which is of great importance for improving the efficiency of railways.

To predict the effectiveness of introduction of autonomous
locomotives with a combined power source, traction properties of
a diesel locomotive equipped with a set of traction batteries are
estimated by mathematical modelling. The basis of the method is
a dynamic model of train movement, in which the locomotive is
represented as an electromechanical system with a direct current
electric drive, where a diesel power generator and a lithium-ion
battery are used as the primary energy source. It is shown that the

Elena Yu. Loginova ',
Grigory Yu. Kuznetsov’

-2 Russian University of Transport, Moscow, Russia.
M1 ejy-loginova@mail.ru, * kuznetsov_gy@mail.ru.

use of a hybrid power source with a storage device with capacity
of 1300 ampere-hours on a diesel locomotive makes it possible to
increase the weight rate of a train by 18 % when moving along a
typical profile. Particular attention is paid to the requirements for
operation of traction electric machines to prevent their premature
failure. It was found that during movement of a locomotive with a
hybrid power plant with a train of the calculated weight and under
normal environmental conditions (20°C and normal barometric
pressure), an increase in the load current of traction motors does
not lead to overheating of their windings at the calculated upward
slope.

The model suggested is universal and allows calculating the
efficiency of a diesel locomotive with a hybrid power plant under
any driving conditions.
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INTRODUCTION

The issue of developing diesel locomotives
capable of moving with trains of increased
weight is currently being decided based on the
requirements for increasing the power of
autonomous locomotives and reducing the cost
of their operation (fuel, oil, etc). An increase in
the weight rate of a train can be implemented
with hybrid diesel locomotives, which use
traction batteries (accumulators) as an additional
power source to accumulate free energy for its
subsequent use for heavy traffic mode. Energy
storage devices are widely used in hybrid power
sources [1-4].

Accumulators on rolling stock are already
applied for the use of additional energy [5-7].
To reduce the operating costs of a diesel
locomotive, it is necessary to choose an energy
storage device with high specific rates in terms
of capacity, stored energy density, and service
life [8-9]. At the same time, energy storage
devices for traction conditions must have low
weight and size and be designed for high currents.
Besides traction modes, several works on the use
of energy storage devices refer also to the
improvement of the efficiency of regenerative
braking of locomotives [1; 3; 4].

The amount of energy that can be stored in
the storage device directly affects its cost [10].

The use of energy storage devices in
railway transport is a comprehensive task, in
solving which it is necessary to consider the
operation of the entire locomotive equipment
[11-15]. In addition to the traction battery, the
energy storage circuit contains expensive
energy converters based on power electronic
switches with complex control algorithms. As
a result, the price of the power equipment of a
hybrid diesel locomotive grows significantly,
and its development requires a justification of
economic efficiency. Therefore, the calculation
of the increase in the traction properties of a
hybrid diesel locomotive compared to a diesel
locomotive is an important stage in development
and adoption of hybrid energy sources on
autonomous locomotives.

One of the main problems in creating hybrid
diesel locomotives is the coordinated operation
of two power units: a diesel engine and a traction
energy storage device (TES). The solution of this
problem requires development of a dynamic
model of the energy system of a diesel locomotive
with a hybrid energy source and performance of
numerical experiments to determine its traction

properties; and this constitutes the objective of
the study.

RESULTS
Energy Circuit of a Hybrid Diesel
Locomotive

The energy circuit of a hybrid diesel
locomotive provides for operation of two energy
sources for traction motors (Pic. 1). Regarding a
diesel locomotive with an AC/DC power system,
the main energy source consists of a diesel engine
D, a traction synchronous generator (TSG) with
a combined control system, a rectifier unit (RU),
and traction electric motors (TEM) 1-6. For the
possibility of shifting electric motors to the
braking mode, the power system is equipped with
a brake switch (BS).

The additional energy source includes a
traction energy storage device (TES) and a charge
and discharge control device (CDCD) with a
control system (CS). The process of TES
charging is carried out in the braking modes of
the diesel locomotive by turning on the TES to
the voltage of the TEM using contactor C2.

On a hybrid diesel locomotive in the traction
mode, the TEM windings can be powered both
from the TSG together with the TES storage, and
only from the TSG. The TES discharge current
is regulated by the CDCD control device, which
is a module based on IGBT transistors and CS.
The CDCD device connects the TES to the
traction drive of the locomotive by contactor C3
(with closed contactor C1). In conditions of low
resistance to movement, the contactor C3
disconnects the TES from the traction electric
drive and the latter is powered from the TSG
through the RU.

If necessary, the TES can be disconnected
from the power circuit by opening contactors C1,
C2 and C3.

If it is necessary to use the electrical energy
of only traction energy storage devices, for
example, to work on station tracks, it is enough
to open the contactor C4 and close the contactors
C1 and C3. At the same time, as in the braking
mode, the diesel engine must operate under load
so that the TSG voltage is sufficient for operation
of the TEM cooling fan motors.

When operating a TEM from a hybrid energy
source, there is a danger of overheating of its
windings since the increase in traction torque is
implemented by increasing the current. This
requires equipping the TEM with a winding
temperature control system. At present, the
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Pic. 1. Traction electrical circuit of a hybrid diesel locomotive with AC-DC transmission,
T1 - train contactor switch of TEM 1; T6 - train contactor switch of TEM 6; BC7- braking contactor; EW1 - excitation winding of TEM1;
EW6 - excitation winding of TEM6; AW1 - armature winding of TEM1; AW6 — armature winding of TEM 6 [performed by the authors].

problem of controlling the current temperature
of the windings of electrical machines has been
solved and there is no difficulty in controlling
the voltage of the TSG and the CDCD unit to
limit the current of traction motors.

For the numerical solution of the problem of
estimating the traction properties of a diesel
locomotive under operating conditions, its
dynamic model was developed. The energy circuit
in the model was represented by a hybrid energy
source based on the diesel locomotive 2TE116
(Table 1). TES in the model is represented by
blocks of LT-LFP70M traction batteries (Table 2).

Diesel locomotive 2TE116 with a capacity
of 2200 kW has an AC-DC electric
transmission with ED-118 traction motors and
is one of the most common freight diesel
locomotives in Russia and the post-Soviet
countries.

In general, batteries in the transport industry
are used to start gas turbine and piston engines,
in industrial transport, electric vehicles, and also
as emergency, backup or auxiliary power
sources [16-23]. Lithium-ion batteries are
modern energy storage devices. The LT-LFP70M
traction battery packs for the diesel locomotive
hybrid power source were selected based on
their effective use to power the electric motors
of machines and on-board rail transport systems.
Besides, this type of batteries is already used
on the experimental TEMS5X hybrid diesel
locomotive.

The characteristics of train movement
resistance were assumed based on [25].

Modelling of train movement was carried
out according to the generalised track profile
of class III in accordance with the classification
of VNIIZhT (Research Institute of Railway
Transport), for which the calculated upward
slope is i, = 9 %o [25]. At the same time, the
calculation of the current temperature of the
TEM armature windings was carried out in
accordance with the methodology given in
[24].

At the first stage of calculations, the normal
weight of the train was estimated for the
locomotive operating with a standard energy
system (without energy storage), and it was taken
as the base value.

The calculated weight of the cargo train O
was determined based on the fact that the power
of the locomotive is fully used during uniform
movement at the calculated speed v_ along the
calculated upward slope i . The calculated weight
of a cargo train O was determined by the
formula, kN:

F,-P, (Wm (v.)+ ic)
T )
where w (v ) — main specific resistance to
locomotive movement in traction mode at design
speed, N/kN;

w_"(v,)—main specific resistance to movement
of a cargo train (cars) at calculated speed, N/kN;

(1)
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Table 1
The main parameters of the 2TE116 diesel
locomotive [24]

Locomotive weight, t 276
Calculated speed v, km/h 24,2
Calculated traction force F_ *10°, N 506
Adhesive weight P . kN 2760
Design speed V,, km/h 100
Table 2

Rated parameters
of LT-LFP70M battery cells [8]

Cell capacity, ampere-hour 73
Energy density, Weh/kg 130
Rated voltage, V 3
Permissible long-term discharge 146
current, A

Maximum short-term discharge 219
current, A

Maximum charge current, A 73
Internal resistance, m*Ohm 0,5

Battery life in the charge-discharge 5000

interval, cycles

External dimensions, Hx W x T, mm | 222 x 135 x 30

Weight, kg 1,8

Operating temperature range during | -30—+50

discharge, C°

F, — calculated traction force of the
locomotive at the calculated speed, N;

P_,, —adhesive weight of the locomotive, kN;

i, — steepness of the calculated upward
slope, %o.

The main specific resistance to movement of
the locomotive in the traction mode w,_" was
calculated based on [24], N/kN:

w,, (v.)=1,9+0,01-v+0,0003+v°, 2)

the main specific resistance to movement of four-
axle cars on roller bearings in accordance with
[24], N/kN was calculated as:
3+0,09+v + 0,002+

w,(v.)=0,7+ .

3

As a result, it was found that the calculated
weight of the cargo train Q_for the track profile
with a calculated gradient of upward slope of
9 %o was 43280 kN or 4413 tons.

®  World of Transport and Transportation, 2022, Vol. 20, Iss. 3 (100), pp. 139-147

In the MathCad software package, the motion
mode of the 2TE116 locomotive with a train was
simulated with and without a traction battery.

To numerically determine the traction
characteristics of a diesel locomotive with a
hybrid and standard power source, comparative
calculations of the driving modes were
performed:

1. Calculation of traction force and kinematic
characteristics of movement with the train of the
basic normal weight of 4413 tons.

2. Calculation of the traction force and
kinematic characteristics of movement of a diesel
locomotive with a hybrid energy source with a
train, the weight of which exceeds the base one.

3. Calculation of TES currents for powering
the TEM during movement of a diesel locomotive
with a hybrid energy source and trains, the weight
of which exceeds the base one.

4. Calculation of temperatures of TEM
windings during movement of a diesel locomotive
with a hybrid energy source and trains, the weight
of which exceeds the base one.

Calculation of Traction Force
and Kinematic Characteristics
of the Locomotive

The calculation of the traction force and the
kinematic characteristics of the train with the
base normal weight was carried out based on the
operating conditions of the TSG working with
the TEM.

Based on the value of the locomotive speed
and the current characteristics of the EDU-133
traction motors, taking into account the values
of'the excitation attenuation coefficients, the load
current of the TEM was determined.

Electromagnetic moment of the traction
motor M, , Nm:

M, =c I *F, 4)
where ¢, — constant of the traction motor,

determined by the dependence:
L CON

Cin 2 2n=e'g- )

The tangential moment on the wheel of the
entire diesel locomotive M, taking into account
the number of axles, Nm:

Mt - nax ¢ Mtem ¢ l’J‘tr ¢ ntr’ (6)
where n__— the number of diesel locomotive
axles;

n,. — the efficiency of the traction reducer;

W, — gear ratio of the traction reducer.

Tangential traction force of a diesel
locomotive £, N:
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Pic. 2. Change in the speed of a diesel locomotive with a standard power plant and the train of the calculated weight when moving along a
class lll track profile depending on the travel time V = f(t) [performed by the authors].
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where R —radius of the locomotive wheel.
Acceleratior} of thq train, m/s:

o5) - FL) ) () i)

0. +P

coupl

O]

®

The locomotive speed curve obtained based
on mathematical calculation in the MathCad
program is shown in Pic. 2.

Calculation of Traction Force and
Kinematic Characteristics of a Hybrid
Locomotive

The calculation of the traction force of a
diesel locomotive with an energy storage device
is carried out similarly, except for the calculation
of the current on the traction motors.

Current on each motor of a hybrid diesel

locomotive in the traction mode 7 P A:

I isc) e
Im(acb) S +dn& P (9)

ax

where [ —current, supplied to the TEM from the
TSG, A;

PP discharge current of the traction
battery, A.

The calculation of the kinematic
characteristics of a hybrid diesel locomotive in
the MathCad program is shown in Pic. 3.

The current of the energy storage device was
determined based on the voltage on the TES

elements.

Calculation of Currents of the Traction
Power Storage
Voltage in the zone of exponential discharge

Upitep is described by a nonlinear equation [26],
V:
U,., I BattAse BB 2q (10)

where Ag — the decrease in battery capacity at
the integration step.

Empirical coefficients were used to determine
the parameters of the TES battery in accordance
with [26]:

Battd = 0,084 « U + 0,00004,

(1)
(12)

where U — current value of the battery cell
voltage, V.

Qbam’y — current value of the battery capacity,
ampere-hour.

As a result, the voltage U on the battery at
the current time during discharge, V:

BattB = 60,6930, %%

battery >

U = BattEO +Ubnt. exp + me. nom +

+ Ubaz. nom. discharge® (13 )

when charging, V:

U = BattEO +Ubnt. exp + me. nom +

* Unt . e (14)

where

BattEO = 1,0843 « U — 0,00002, (15)
U, — voltage component in the zone of

at. nom

the nominal operating mode, V;
bat. nom. discharge’ ~ bat. nom. charge voltage
components in the charge or discharge zone, V.
Voltage in the zone of the nominal operating
mode of the battery U, , is described by the
equation, V:

U _ —BattK - BattQc
bat.nom. Batth—Aq >

(16)
where BattK, BattQc — empirical coefficients:

BattK =0,006196« v

: (17)

‘battery

BattQc=1,0341+0, . ~0,0013. (18)
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Pic. 3. Change in the speed of a diesel locomotive with a hybrid power plant when moving with a train of 5750 tons
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of weight along a lll class track profile depending on the travel time V = f(t) [performed by the authors].
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Pic. 4. Discharge characteristic of the simulated battery U = f(AQ) [performed by the authors].
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Pic. 5. Change in train speed when moving along a lll class track profile depending on the travel time V = f(t):
1- 2TE116 locomotive with a standard power plant and with a calculated train weight of 4413 tons;

2 - locomotive 2TE116 with a hybrid power plant and with a train weighing 5750 tons [performed by the authors].
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Pic. 6. Curves of the temperature rise of the armature winding of the traction electric motors of a hybrid diesel locomotive
when moving with trains of increased weight:
1- a train with a weight of 4600 tons and TES with 1 cell of a traction battery; 2 - a train with a weight of 4900 tons
and TES with 6 cells of a traction battery; 3 - a train with a weight of 5250 tons and TES with 11 cells of a traction battery;
4 - a train with a weight of 5750 tons and TES with 18 cells of a traction battery [performed by the authors].

In accordance with [26], the voltage rates
were calculated in the nominal mode during the
discharge U V:

bat. nom. discharge’®

—BattK-1I , «BattQc
U . — discharge ,
bat. nom.discharge BattQC—Aq (19)
and when charging U, . .V
BattKI , «BattQc
U — discharge ,
bat. nom. charge Aq + BtlttQC'BaﬂkC (20)

where Battkc = 0,1 — battery constant.
The discharge current with the active load
1 is calculated according to Ohm’s law for

discharg'e R A
a section of the circuit, A:

1 = U/R,

discharge

@n

where R — active resistance of the load, to which
the battery is connected, Ohm.

The resulting discharge characteristic of the
battery is shown in Pic. 4.

Calculation of Heating
of Traction Electric Motors

Calculation of heating of traction electric
motors was carried out in accordance with [24]
when driving in traction mode, °C:

(22)

when driving in idle mode and pneumatic
braking, °C:

r:ro-(l—%} 23)
where At — the considered time interval, min;

T, — initial temperature at the time of
calculation;

T, T, — thermal constants for the traction
motor.

Thermal constants t_, 1, for TEM as a
function of motor armature current are given in
[24].

Analysis of the Results

A comparison of the kinematic characteristics
of movement of trains driven by locomotives
with standard and hybrid power plants is shown
in Pic. 5.

An analysis of operation of the traction
electric drive of a locomotive with a hybrid
power plant made it possible to calculate the
rational parameters of the traction battery to
improve the performance of the locomotive.

Equipment of a locomotive with traction
battery imposes certain restrictions on operation
of power equipment:

1. Current from the electrical storage device
causes additional heating of the traction electric
motors.

2. In the operating modes of the TES, the
modes of deep discharge and increased charge
should not be allowed.

3. Weight rate of a train with a hybrid
locomotive will be higher than for a serial
locomotive; at the same time, it is required to
ensure the specified kinematic characteristics
of train movement based on the conditions of
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Pic. 7. Discharge curves of the traction battery TES of locomotives with a hybrid power plant: 1- a train with a weight of 4600 tons and
TES with 1 cell of the traction battery; 2 - a train with a weight of 4900 tons and TES with 6 cells of a traction battery;
3 - a train with a weight of 5250 tons and TES with 11 cells of a traction battery; 4 - a train with a weight of 5750 tons
and TES with 18 cells of a traction battery [performed by the authors].

the map of driving modes and to exclude
overheating of the windings of the traction
electric motors.

The rational number of electric energy
storage cells is calculated from the conditions of
normal operation of the locomotive.

Pic. 5 shows that the choice of the right
number of battery cells makes it possible to
ensure movement of the locomotive through a
given section at a calculated speed (V, =
24,2 km/h), even with the weight of the train,
exceeding the calculated one by 30 %.

Pic. 6 shows the change in the temperature
of the TEM armature winding during movement
of a locomotive with a hybrid power plant (with
different numbers of traction battery cells). The
results obtained make it possible to establish a
functional relationship between the weight of the
train and the maximum (or average) temperature
of the armature winding for a given mode of
motion.

The process of discharge-charge of TES
during movement of the locomotive has a
pronounced dip in the residual capacity (state of
charge, SOC) at the calculated upward slope
(Pic. 7). The degree of discharge of the TES is
determined by the number of cells and the mode
of operation of the power equipment of the diesel
locomotive.

CONCLUSIONS

Thus, using the developed model, quantitative
indicators of the efficiency of using a hybrid
diesel locomotive as a traction unit are determined.
Using the example of modelling the operating
modes of a diesel locomotive 2TE116 with a
hybrid power plant with traction batteries of

LT-LFP70M type, the following conclusions
have been drawn.

1. As a result of using a traction battery on a
diesel locomotive, the weight of the train can be
reliably increased by 1000 tons (18 %).

2. Due to the increase in the normal weight
of the train, the travel time of the train increases
by 8 % while maintaining the set value of the
design speed of the diesel locomotive.

3. Due to the increase in the normal weight
of the train, the total fuel consumption of the
diesel locomotive increases by 9 %.

4. Specific fuel consumption per unit of
transportation work, kg/10* tkm gr, decreases by
10 % due to a significant increase in the weight
of the train.

5. The temperature rise of the TEM armature
winding varies within the limits established by
GOST-2581 state standard (the maximum
temperature of the armature winding of traction
motors was t, = 130°C).

Based on the results presented above, it can
be concluded that the use of a hybrid power plant
on a locomotive can significantly improve the
traction properties of a diesel locomotive.

The conclusions drawn are inherently
universal, e.g., can be applied to any locomotives
by substituting the numerical values of their
characteristics.
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ABSTRACT

Main technical and operational characteristics of the
locomotive receiver of the automatic locomotive signalling system,
which is part of all types of core locomotive safety devices, comprise
its sensitivity. This characteristic makes it possible to estimate by
indirect methods the signal/noise ratio at the input of the locomotive
receiver, and, therefore, to evaluate the noise immunity of its
operation at the nominal parameters of amperage and current
frequency of signals of automatic locomotive signalling system in
the track circuit under operating conditions.

Thanks to correct adjustment of the sensitivity of the locomotive
receiver, it is possible to significantly reduce the number of failures
in operation of the main locomotive safety devices. Checking the
sensitivity of the locomotive receiver and other parameters of safety
devices is carried out at control points, usually equipped in depots,
using stationary test loops that simulate the electromagnetic field
generated by the signal current flowing in the track circuit. Sensitivity
measurement results are influenced by various factors, primarily

World of Transport and Transportation, 2022,
Vol. 20, Iss. 3 (100), pp.148-156

Assessment of Locomotive Receivers’ Sensitivity
Using Test Loop with Crossing

Viadislav S. Kuzmin ',
Alexander K. Tabunshchikov ?

! Russian University of Transport, Moscow, Russia.
04 1 vs. kuzmin@bk.ru.

the position of the receiving coils along the test loop performed with
crossings, as well as the distance between adjacent crossings. The
influence of these factors may lead to the impossibility of checking
the correct operation of locomotive safety devices at nominal signal
parameters, as well as to an incorrect assessment of sensitivity.

The objective of this work is to evaluate the influence of these
factors on the results of measuring the sensitivity of a locomotive
receiver. A model developed as part of the work and based on the
well-known methods of analysis and synthesis and the Biot-Savart-
Laplace law describes the inductive connection «test loop-coil».
Several characteristic dependencies have been also obtained. The
results have been compared with the existing requirements for the
position of the coils relative to the test loop performed with crossings.

To ensure the most accurate results of measurements of the
sensitivity of the locomotive receiver, it is proposed to place the
receiving coils of the locomotive safety devices at an equal distance
from adjacent crossings of the test loop.
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INTRODUCTION

Any system for managing or controlling train
traffic has at least one channel for transmitting
information from stationary or as they are
otherwise called «track» infrastructure facilities
to on-board equipment, that is «track—
locomotive» channel. The network of Russian
railways widely uses train traffic control systems
which use inductive communication channels,
where track circuits are used as signal transmission
lines.

It should be noted that the deviation of the
parameters of the «track—locomotive» channel
from the nominal values can result in failures in
operation of the systems under consideration and
in the concomitant occurrence of abnormal states
of the critical technological process of train traffic
[1]. In this regard, highly important are the
processes of maintenance and repair of equipment
aimed at keeping the characteristics of the
transmission channel «track—locomotive» in the
range of permissible values [2]. The processes
of maintenance and repair of automatic
locomotive signalling equipment mounted on
railway rolling stock are of particular interest. To
assess its technical condition, in addition to the
characteristics of each of the blocks, the
technology for estimating which is described in
the country in the Instruction No. L229', it is
advisable to determine the level of noise
immunity of the operation of the entire set of
receiving equipment [3]. Direct calculation of
this characteristic for locomotive receivers is not
done since:

* Firstly, the dynamic range and frequency
band of interference largely depend on the series
of railway rolling stock units in operation, their
operating modes, as well as other features of each
section of railway lines [4].

* Secondly, such checks would take a long
time (from several to tens of hours) since all
possible combinations of interference and useful
signals would have to be checked.

For this reason, the evaluation of noise
immunity is carried out by indirect methods. On
the one hand, the estimate can be implemented
due to the peculiarities of the decoder

! Instructions for maintenance and repair of locomotive safety
devices No. L229, approved by the Order of JSC Russian
Railways dated March 12, 2019, No. 454/r (as amended by
the Order of JSC Russian Railways No. 1677/r dated August
6,2020). [Electronic resource]: consultantplus://offline/ref=3
EFCC965A7D98E47C2DE4862AC4B7F4A77F3DBE093B

33095DDE8542B41DB77AB46814B78A3F1C7BEDBOF3
ATACFDB53v2EAL. Last accessed 11.04.2022.

algorithms [5]. On the other hand, the assessment
can be carried out by measuring the EMF value
at the input of the locomotive receiver, induced
at the minimum possible current value in the
inductive coupling line under operating
conditions, leading to its emergence, and that is
the sensitivity of the locomotive receiver [6]. The
latter approach is the most widespread and is
applied at specially equipped control points.

In most cases, control points are in the depot,
where there is not always a technical or
production possibility of organising testing of
track circuits. Track circuits require a large
amount of track equipment per one tested unit of
rolling stock, in addition, they significantly
reduce the processing capacity of production sites
for maintenance and repair of traction rolling
stock: one track circuit should be intended for
one locomotive, while in most cases at a control
point an average of three to five locomotives are
serviced at the same time.

At control points, instead of track circuits,
test loops are used which are the conductors laid
in a certain way so that when an electric current
of'a given amperage and frequency flows through
them, an electromagnetic field is formed around
them, equivalent to the electromagnetic field of
the track.

The use of test loops entails several obvious
difficulties [7-9] related, among other things, to
the need for the correct placement of onboard
equipment for the period of testing.

There are works related to tentative
assessments of the influence of the geometric
position of the test loop on the magnitude of the
magnetic field induction formed around it [10].
At the same time, despite a fairly detailed
description of the features of the inductive
connection of track circuits and stationary wires
of loops with receiving coils of automatic
locomotive signalling equipment in the sources
[11—14], there are no works aimed at assessing
the influence of the location of the receiving coils
of'the tested unit of railway traction rolling stock
along the test loop or of test loop configuration
(with or without crossing) on the measurement
of the sensitivity of the locomotive receiver. In
the specialised reference literature, in particular,
in the Technical reference book of the
railwayman?, there are only mathematical
expressions for estimating the magnitude of the

2 Technical reference book of the railwayman. Vol. 8.
Signaling, centralization, blocking, communication. Moscow,
State transport railway publishing house, 1952, 976 p.
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EMF induced in the receiving coil from a
separate current-carrying conductor, that is from
a rail. These expressions cannot be used to
evaluate the effect of test loops on the
measurement of the sensitivity of a locomotive
receiver, since they do not consider either the
presence of crossings in the latter, or the position
of the receiving coils relative to the crossings.

It should be noted that foreign researchers
also consider issues related to the operation of
communication lines in automation and
telemechanics systems on railways. At the same
time, most modern research is devoted to the
use of a radio channel. In [15], researchers
analysed the effect of interference on the
transceiver equipment of train traffic control
systems based on a radio channel using
numerical methods.

Issues related to the inductive channel of
information transmission are considered much
less often. Some of these works are related to the
consideration of issues of electromagnetic
compatibility of equipment with various sources
of interference. So, the paper [16] presented the
results of the analysis of the influence of traction
current harmonics on the operation of the
receiving equipment of track circuits. The work
[17] considered issues related to the influence of
contact wires on the communication lines of
automation systems.

The work [18] using computer simulation
made the assessment of the electromagnetic
environment typical for electrified railway lines.
It should be noted that to assess the distribution
of current rates along the track section, the work
used the provisions of the multiwire line theory,
which is widely used by domestic specialists for
the analysis of multiwire lines, including
inductive coupling lines. However, the technique
described in the work cannot be used in this
study, because it does not allow evaluating the
features of the «test loop—coil» inductive
coupling.

See the above, the objective of this work is
to evaluate the influence of the parameters of the
test loop and of the position of the receiving coils
along the test loop on the measurement of the
sensitivity of the locomotive receiver. To achieve
this objective, it is necessary to solve the
following tasks:

* To develop a model that describes the
process of signal transmission from an inductive
communication line in the form of a test loop of
arbitrary configuration and geometric dimensions

to a receiving locomotive coil; at the same time,
the model should answer the question: do the
given parameters of the test loop and the
geometric position of the receiving coils along
the loop provide the possibility of measuring the
sensitivity of the locomotive receiver and, if so,
with what accuracy?

* To analyse the influence of the geometric
position of the receiving coil along the test loop
on the possibility and accuracy of measuring the
sensitivity of the locomotive receiver.

* To compare the existing governing
documentation and modelling results.

In carrying out this work, conventional
methods of synthesis and analysis were used.
When synthesising the model, the provisions of
the classical theory of the electromagnetic field
were used in terms of determining the magnitude
of magnetic induction and Faraday’s law. In
addition, the well-known provisions of
trigonometry are used.

The developed model accounts for the
dimensions of the railway rails used, as well as
for the current regulatory documents in the field
of design and equipment of control points.

RESULTS
Model Building

The developed model should be aimed at
studying the influence of the test loop parameters
and the geometric position of the receiving coils
of'the tested unit of traction railway rolling stock
relative to test loop. The model characterises the
inductive coupling between the following
objects: receiving coil and test loop.

Model parameters are:

* Number of crossings of the test loop N
(when the parameter is equal to zero, we assume
that the test loop is made in the form of a single
frame).

* Length of the inductive coupling line of the
test loop L.

* Distance between the left edge of the test
loop and the first crossing L.

* Distance between the right edge of the test
loop and the last crossing L.

* Distance between adjacent crossings of the
test loop L, , where s is natural number between
land N- 1.

* Crossing numbered as K, behind which the
receiving coil is located (counting is carried out
from the left border of the test loop).

* Distance /, from crossing K to the receiving
coil.
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Pic. 1. Graphical representation of the essential parameters of the test loop model with crossings [performed by the authors based on the
current regulatory documentation (Instruction 35002-00-00, 36090-00-00 MU)].

* Height of the test loop relative to the level
of the rail head /_.

* Height &, of the suspension of the receiving
coil krelative to the level of the rail head r (distance
to the centre of the receiving coil core k).

* Geometric dimensions (height, width,
length of the core, cross-sectional area of one
turn S,), core material (magnetic permeability of
the core material ) of the receiving coil £.

* Number of winding turns of the receiving
coil N,.

All parameters characterising the geometric
dimensions must be expressed in metres.

For understanding we offer a schematic
illustration, which shows the essential geometric
parameters of the test loop (Pic. 1).

The model is built based on the following
assumptions:

1) The height of the suspension of the test
loop relative to each of the running rails of the
same track is the same; the height of the
suspension of the receiving coils relative to the
test loop is the same.

2) The EMF value induced in the considered
receiving coil from the section of the test loop
fixed on another running rail is equal to the value
of the EMF induced from the considered section
of the test loop in the other receiving coil
(consequence from the first position) and
therefore due to the counter sequential connection
of the receiving coils each other may not be
considered.

We will assume that the ideal conditions
ensuring the maximum value of the EMF
induced in the receiving coil are under the
situation when the receiving coil is fixed over
an infinitely long straight thin current-carrying
conductor. Under such conditions, the sensitivity
of the locomotive receiver can be determined
with absolute accuracy. We will consider as real
ones the conditions under which the EMF in the

receiving coil is induced from a straight thin
conductor of finite length with a current. The
ratio of the EMF induced under real conditions
ER to the EMF induced under ideal conditions
EI will be considered as the test loop efficiency
Jactor K_ (1):

K, =E.E,. (1)

At this stage, the conceptual design of the
model can be considered complete. Let’s move
on to the direct construction of the model, which
is reduced to the estimate of the EMF values on
the right side of (1). First, we write down the
fundamental expressions connecting:

* The magnitude of the induction B, of the
magnetic field in the core of the recelvmg coil &,
formed by the current /_in the loop wire s, fixed
on the rail , with the height of the receiving coil
suspension relative to the axis of the loop wire

=h_+h, (2).

« The Value of the magnetic field induction
B_, for the receiving coil £ from the loop wire s
w1th the geometric position of the receiving coil
relative to the loop wire s of finite length (3), as
well as the value of EMF E | in the receiving coil
k from the loop wire s w1th magnetic field
induction (4):

“’k”’ols
B =0t
5.k ZTCAr . (2)
B, = i‘;:l: s (cos( )—cos(asvz)) R 3)
N, do N, S, cos(a,,)dB,
E —_ k s,k —_ k™~ k r.k s,
e dt dr ’ )

Substituting (2) into (4) and (3) into (4), we
can obtain the final formulas for calculating the
EMF in the receiving coil £ for an infinite length
conductor (5) and a finite length conductor (6):

N do N, S,cos(a, ,)dB
E —_ %%k TPk rk %55 k
sk dt dt 2 )
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USB
Pic. 2. Determination of cosine values for the model [performed by the authors].
LGN S.cos(a, ) dI Further work is reduced to determining the
By == 214, e (3 values of cosines. Let us consider two cases:
’ connection of the coil with the section of the test
Wl VS, COS((L k) dl ich it ;
E,, =~ (cos(a,, ) - cos(ar, ) - (6) loop, over which it is located, and connection of
b 4nA,, N 2 dt

It was previously stated that the test loop most
often has crossings. Then, when considering a
loop laid along one rail, it should be divided into
N + 1 sections — individual conductors, the
direction of the current in any two adjacent
sections will be opposite. To consider the
direction of the current, we introduce the
coefficient k_ into formula (6), which we will
consider equal to 1 if the current flows from left
to right (Pic. 1) and -1 if the current flows in the
opposite direction. It should be noted that the
value of the EMF induced in the receiving coil,
in accordance with the principle of superposition,
is equal to the sum of the EMF from each of the
conductors, therefore, the EMF ER obtained in
real conditions can be obtained by formula (7):

EX — By NS, cos(a‘r,k) dl .
ok 4nA,, dt

N

(M

o> —k, -(cos(ocs’1 ) —cos(a,,))-

5=0

Substituting (5) and (7) into (1),
simultaneously reducing the parameters of the
receiving coil k (taking advantage of the fact
that one and the same coil is considered, and
the influence of its parameters on the possibility
of measuring the sensitivity of the receiver is
not considered in this work), we obtain the
formula (8):

K, =%g—ks(cos(asyl)—cos(oc:,z)) . (8)

the coil with the section of the loop, over which
it is not located (Pic. 2). The universal serial bus
(USB) line in the figure corresponds to the laying
level of the test loop.

Based on the above, we can write formulas
for the cosines of the angle in general form as
(9) and (10) as they are shown in the next page.

Combining formulas (8)—(10) into a system,
we can consider the construction of the model to
be completed.

Simulation Results

Initially, we will simulate the efficiency factor
for a test loop of arbitrary length without
crossings. This is necessary to estimate the
distribution of the efficiency factor along a part
of the test loop between two adjacent crossings
without considering the influence of adjacent
sections of the test loop. To do this, we supplement
system (8)—(10) with the following equation (11):
N=k=0. 1

In addition, we will specify different lengths
of the inductive coupling line of the test loop.
Let L_ take the values 4, 5, and 6 m. Let’s plot
the test loop efficiency factor without crossing
(Pic. 3). The height of the receiving coil
suspension relative to the level of the rail head
is assumed to be 100 mm.

From the graphs it follows that the decrease
in the efficiency of the test loop occurs only in
the area near its boundary. At a distance of 1,1 m
or more from the boundary of the test loop, the
value of the magnetic induction generated by the
test loop is at least 0,99 of the same value under
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Pic. 3. Dependence of the test loop efficiency factor on the location of the receiving coil above it [performed by the authors].

I+ Zilfﬁ

Jif s <K
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1.
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B _‘ri:rzzj-_xjﬁ . if s>k
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Testloop efficiency factor

P

0,00 0,47 0,94 141 1,88
Distance from the left crossing of the test loop in metres at the height of the receiving coil suspension
relative to the level of the rail head

— 100 mm— 170 mm —— 280 mm

2,35 2,82 329 3,76 4,23 4,70

Pic. 4. Dependence of the test loop efficiency factor on the position of the receiving coil along
the section of the test loop between adjacent crossings [performed by the authors].

ideal conditions for a given height of the
receiving coil. Note that the test loop efficiency
factor when the receiving coil is placed outside
itatadistance of at least 1,5 m from the boundary
is practically equal to zero. This greatly simplifies
the model and the reasoning associated with it.
In any case, it will be sufficient to consider only
three sections of the test loop: above which the
receiving coil is directly located and two adjacent
to it, provided that the length of the test loop
L >>1,5m (in practice, the minimum allowable
distance between two adjacent crossings is 4,7 m
according to table G.1 of Instruction No. 35002-
00-00%). Then, assuming that all sections of the
test loop have the same length IF1, system (8)—
(10) can be written as a single equation in a
simpler form (12).

Further, regarding loops with crossings, we
will operate only with formula (12). This will
significantly reduce the number of calculations
with a sufficient degree of accuracy for the study.

Let us consider the case when the lengths of
all frames are the same and equal to the typical
minimum possible value L =4,7 m in accordance
with the requirements of Table G.1 of Instruction
No. 35002-00-003 (Pic. 4). As we have already
seen, with an increase in the length of the
inductive coupling line, the test loop efficiency
factor is approximately equal to 1 over most of

3 Instructions for the equipment, maintenance and repair
of test loops and track devices ALS control point ALSN
No. 35002-000-00, approved by the Order of JSC Russian
Railways dated July 12, 2021 No. 1510/r. [Electronic
resource]: consultantplus://offline/ref=ACFCOF802E265D
5609396C61FA2297645A36CD 753B15BBFOF0683C6B
87B643E0101F73D15E3E927DF0C91393978316kCG2L.
Last accessed 11.04.2022.

its length. The worst operating condition will be
the shortest possible distance between crossings.
The resulting picture allows us to judge the
following. The lower is the height of the
receiving coil suspension relative to the level of
the rail head when using a loop with crossings,
the smaller is the area near the crossings of the
latter, in which the test loop efficiency factor
changes significantly. With equal distances
relative to adjacent crossings of the test loop, the
test loop efficiency factor with the given length
of the loop and the height of the receiving coil
suspension is maximum (this statement can be
quite simply proved by determining the maximum
of the function defined by expression (12) with
respect to L, ). Near the crossing points of the test
loop, the test loop efficiency factor is sharply
reduced due to the influence of the adjacent
section of the test loop, which makes it impossible
to measure the sensitivity of the locomotive
receiver in this area at the rated current in the test
loop. With this in mind, we will plot the
dependence of the test loop efficiency factor
when placing the receiving coil at an equal
distance from its adjacent crossings (Pic. 5).
Considering the graphs presented in Pic. 5, it
can be concluded that with a known allowable
range of heights of the suspension of the
receiving coils relative to the level of the rail
head, when assessing the sensitivity of the
locomotive receiver, it is necessary, firstly, to
determine the required accuracy (it can be set by
the test loop efficiency factor; characterises the
difference between the obtained EMF
measurement results induced in the receiving
coils and the maximum possible values), and,

®  World of Transport and Transportation, 2022, Vol. 20, Iss. 3 (100), pp. 148-156

Kuzmin, Vladislav S.; Tabunshchikov, Alexander K. Assessment of Locomotive Receivers’

Sensitivity Using Test Loop with Crossing




= 0,95
i}
P}
g 0.90
4
o 08
[=]
=
%
o 080

035

1 2 1 4 5 6 7 8 9
Distance from the left crossing of the test loop in metres at height of the receiving coil

-
L
1

]

suspension relative to the level of the rail head

— 100 mm—170 mm—280 mm

Pic. 5. Dependence of the test loop efficiency factor on the distance between adjacent crossings of the test loop [performed by the authors].

secondly, to determine the minimum distance
between the crossings, at which the specified
accuracy will be achieved when the receiving
coil is placed symmetrically with respect to
neighbouring crossings.

The results obtained allow us to analyse the
existing standards established by various
documents: clause 1.8.4 of the Guidelines 36090-
000-00 MU* and clause 3.4.6.6 of Instruction
No. 35002-00-003. From these regulatory
documents it follows that «the receiving coils of
a unit of traction railway rolling stock must be
located no closer than 200 mm to the place of a
test loop crossing». According to the simulation
results at the indicated distance, the test loop
efficiency factor is in the range from 0,45 to 0,67,
therefore, the sensitivity of the locomotive
receiver cannot be determined at the nominal
values of the current in the test loop (the induced
EMEF will differ from the nominal value by almost
two times).

To confirm the data obtained as a result of
modelling, a full-scale experimental study is
required to clarify the value of the test loop
efficiency coefficient in the test loop crossing
zone.

CONCLUSION
Based on the results of the study, the
following main conclusions can be formulated:
1. Based on the hypothesis that, depending
on the position of the receiving coils along the

* ALS checkpoint. Guidelines for design and equipment.
36090-00-00 MU: Approved by the Deputy Head of the
Signaling, Communications and Computer Engineering
Department on 30.12.1996. Album 1. Total albums 2.
Moscow, 1996, 24 p.

test loop, the conditions for assessing the
sensitivity of the locomotive receiver change
significantly, a mathematical model was
developed that allows modelling the value of
the test loop efficiency factor depending on the
position of the receiving coil and the parameters
of the test loop. The model was developed in
conformity with the requirements of the
current regulatory documents for laying test
loops.

2. Based on the simulation results, it was
found that the lower is the height of the receiving
coil suspension relative to the level of the rail
head when using a loop with crossings, the
smaller is the area near the crossings of the latter,
in which the efficiency coefficient of the test loop
changes significantly. The form of dependence
of the test loop efficiency factor at its various
lengths is the same and has the same characteristic
points.

3. Based on a comparison of the simulation
results with the current standards for placement
of the receiving coils of the tested unit of traction
railway rolling stock, their discrepancy was
established. For the distance between the
receiving coil and the crossing point of the test
loop specified in the regulatory documents, the
test loop efficiency factor is only 0,45-0,67,
which does not allow providing conditions for
assessing the sensitivity of the locomotive
receiver. To obtain accurate results of assessing
the sensitivity of the locomotive receiver, the
receiving coils should be located at an equal
distance from the crossing points, and the
distance between the crossings of the test loop
should be selected considering the previously
accepted measurement accuracy.
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9. Teslev, A. N. Automatic switching on and off of the

To clarify the simulation results, it is
ISh-74 loop near the PTOL building [Avtomaticheskoe

necessary to conduct appropriate experimental

studies, that has already started to be developed
by specialists from the Department of Railway
Automation, Telemechanics and Communications
of Russian University of Transport.
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ABSTRACT

The objective of the work is to study methods for forecasting
transport systems development and determine their suitability under
economic instability conditions.

The modern methodology for forecasting the development of
regional transport systems includes expert and formal methods,
methods of active and passive forecasting.

The use of expert systems, scenario forecasting and strategic
planning can be mentioned as promising areas.

Scenario planning is more adapted to non-linear transformations
in the economy than traditional linear planning. In traditional planning,
the past explains the present, in scenario planning, the future is the
meaning of the present, the future is created.

The variety and instability of statistical indicators encourages
creation of hybrid systems of forecasting models. They are based on
regression models, as well as on intelligent models, including artificial

forecasting, hybrid forecasting models.
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neural networks, analytical networks, etc., which are complemented
by scenario forecasting.

The identification of the main factors that determine the
functioning of the transport network of the European and Ural Arctic
facilitated the choice of methods for forecasting its development. The
main factors negatively affecting the development of the transport
network of the region under the study are the insufficiency of freight
flows in the ports; insufficient capacity of seaports’ access roads;
political, social, natural-climatic, and other risks.

The example of the Northern Sea Route (NSR) illustrates the
use of a hybrid system of forecasting models to obtain possible values
of traffic volumes. Based on the analysis of regression models and
the study of the possibility of achieving the target traffic volume by
2024, it was concluded that this model is basically acceptable for
forecasting the volume of goods transported along the NSR.
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INTRODUCTION

Transport, being a sector of the economy and
a provider of services, ensures the prerequisites
for revitalisation of economic activity in
a particular territory, and development of
transport infrastructure should be ahead of the
curve [1] in relation to material production.
Therefore, it is necessary to identify trends and
indicators that make it possible to forecast
development of transport systems both in the
short and long term.

Throughout its history, humanity has tried to
look into the future and find out what lies ahead.
Martin van Creveld [2] tells from the point of
view of a historian the story about the emergence
of various methods of prediction, the principles
and beliefs that underlie them. Today, scientists
strive to make predictions using the latest
computer technology.

The analysis of various forecasting
methodologies, including those applied to
transport systems, was carried out by
A. M. Andronov, A. N. Kiselenko,
E. V. Mostivenko [3, pp. 26—41]. Under the
conditions of a planned economy (from the
beginning of the 1970s to 1991), methods based
on probability theory, mathematical statistics,
and regression theory were widely used in
forecasting traffic volumes.

The objective of this work is to determine the
applicability of these and a number of promising
methods for forecasting the development of
transport systems in today’s economic
environment, characterised by a high degree of
uncertainty.

RESULTS
Methodology
Forecasting Development of Transport
Systems and Scientific Methods

The authors [3] have developed a modern
methodology for forecasting the development of
regional transport systems, which includes expert
and formal methods, active and passive
forecasting methods, bottom-up and top-down
methods, individual and group models.

Expert methods are methods for making
forecasts based on expert assumptions. Among
them are Delphi Method, brainstorming,
morphological method, etc.

With passive forecasting methods, the value
of an indicator of interest is predicted without
specifying how it will be achieved, for example,
when extrapolating time series.

With active forecasting, the mechanism for
formation of the indicator in question is accurately
described. In foreign literature, such methods are
also called normative, and passive methods are
called search methods.

Forecasts have different time signs (over five
years, five years, year, quarter, month, etc.).

Transport facilities have a certain hierarchy
according to belonging to various departments,
regions, enterprises of various forms of
ownership. A necessary condition for quality of
forecasts developed for transport facilities
(forecasts of different levels) is their
correspondence to each other.

Also, when predicting the development of
transport systems, individual and group models
are applicable. An individual forecasting model
is based on considering each object separately
(for example, a transport company); a group
model is based on considering a certain set of
objects at the same time (airports, etc.)

To analyse and forecast the development of
transport systems, the methods of multivariate
linear regression are often used.

Suitability of Forecasting Methods under
Economic Instability Conditions
Classical forecasting methods

The authors of [4] note that «with all the
noted constraints, the methods based on statistical
dependencies remain the most used methods in
economic research for forecasting demand for
infrastructure services at the regional level. The
reasons are associated with availability of
statistical information and ease of implementation,
when the task of achieving economic growth,
both in general and in terms of components, is
brought to the fore».

The turbulence of the economy actualises the
development of methods for obtaining predictive
values of socio-economic indicators with
unstable time series. As promising areas, one can
name the use of expert systems in forecasting [5;
6], scenario forecasting and strategic planning
[7-9], which makes it possible to use both expert
and formalised methods when building scenarios.

Scenario planning is more adapted to non-
linear transformations in the economy than
traditional linear planning. In traditional planning,
the past explains the present, in scenario
planning, the future is the meaning of the present,
the future is created.

T. Saaty and K. Kearns offer the following
definition of a scenario: in its most general form,
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Table 1

Correlation of scenario, forecast, vision [11]

Scenario Forecast

Vision

Possible, most probable options of the future

Probable options of the future

Desired option of the future

Based on uncertainty

Based on certain relationships

Based on the value

Shows risks Hides risks

Hides risks

Qualitative or quantitative Quantitative

Usually qualitative

Needed to know what decision to make

Needed to dare to make a decision

Encourages action

Rarely used Daily used

Relatively often used

Effective in the medium long term and under
medium to high uncertainty

Effective in the short term and under
low uncertainty

Acts as a trigger for conscious
change

a scenario is a hypothetical outcome that is
determined using some assumptions about
current and future trends [10, p. 144].

M. Lindgren and H. Bandhold noted that «the
scenario is not a forecast, that is, a description of
arelatively predictable development of events in
the present. Nor is it a vision, a desired future.
A script is a carefully crafted answer to the
question, «What is supposed to happen?» or
«What happens if...?» [11]. The ratio (difference)
ofthe scenario, forecast and vision, as suggested
in that work, is shown in Table 1.

B. V. Artamonov notes that «the purpose of
writing a scenario is not so much to predict the
future, but to identify the main patterns and trends
in the development of the object in question over
time, to provide a higher probability of developing
an effective solution in situations where it is
possible, and to reduce the expected losses to
a minimum in situations where they are
unavoidable» [12].

In the monograph [13, p. 187] it is noted that
scenario analysis has been actively used since
the 1970s. It should be «considered as
a forecasting tool complementing traditional
quantitative forecasting and simulation methods,
as a means of strategic planningy, since «the main
goal of scenario analysis is not to predict the
future state of the economic system, but to reduce
the uncertainty of its development».

In addition, the authors of [10; 13] distinguish
the following classes of scenarios: research
scenarios (based on the study of cause-and-effect
relationships between the current state of the
system and options for its future development);
anticipatory scenarios (based on the study of
cause-and-effect relationships in the opposite
direction — from the desired future state of the
system to the current one by identifying
development strategies that will ensure the
desired transition); scenarios based on
quantitative mathematical models and
simulations. There is no single approach to the

methodology of scenario analysis, each method
has «its own advantages and disadvantages, its
constraints regarding applicability».

Regarding transport support for development
of the Russian Arctic, the monograph [13,
pp. 63—64] states that «it is necessary to substantiate
the calculated options for the scenario conditions
for formation and development of energy and
transport systems in the Arctic territories ... in
interaction with the processes of development of
the productive forces of the base region».

The need to obtain predictive values under
the conditions of instability of time series and
uncertainty promotes the use of multiprocessor
architectures that would approach the capabilities
of the human brain in terms of performance, such
as, for example, artificial neural networks (ANN)
[14].

ANN is «composed of many individual
processors, which we call data processing units»
(DPU), «just like neural networks are formed in
living biological systems» [15, pp. 465—466].

DPU includes several inputs (i), each of
which is assigned with a certain weight (w).
Weight can be either positive (excitatory effect)
or negative (inhibitory effect). Variables (x) that
take the values «0» or «1» are received at the
inputs of DPU.

The weighted sum of the actual inputs S is
called the effective input and is defined as
a multiple linear regression:

S§=>x-w+6,

i=1
where 0 — shift parameter. If it is not specified,
then 6= 0.

The value of the effective input is compared
with the specified threshold value P. If S> P, the
output of DPU is «1», otherwise the output is
«O».

Determining the weight coefficients of ANN
DPU is similar to the search for the weight
coefficients when using the analytical hierarchy
process [16, pp. 64—66; 17].
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Table 2

Comparison of forecast estimates of traffic volumes along the NSR with actual values
for 2020 and 2021 (million tons) [18]

No. System objects | Actual Forecast estimates

cargo flows | pessimistic scenario Optimistic scenario

2020 2021 2020 2025 2030 2020 2025 2030
1 NSR 32,98 34,85 19,7 39,8 39,0 23,2 68,6 71,1
2 Transit 1,28 2,04 1,5 2,0 3,0 2,0 4,0 8,0

In addition to those listed, patent research
(promising vehicles) can be attributed to methods
for predicting the development of transport
systems. «Another aspect of time is the speed of
innovation» [11], including in transport.

Below we consider the application of the
above approaches to forecasting the development
of the transport network of the European and Ural
Arctic (EaUA).

The Main Factors Determining the
Functioning of the Transport Network of
the European and Ural Arctic

The EaUA transport network, which includes
railways, road, air routes, waterways and
a pipeline system, operates in the following land
arcas of the Russian Arctic and adjacent
waterways, including the Northern Sea Route
(NSR): Murmansk region, Nenets Autonomous
District, parts of the territories of the Yamalo-
Nenets Autonomous District (two urban districts
and two municipal districts), of the Republics
of Karelia (five municipal districts and an urban
district) and Komi (three urban districts and
amunicipal district), Arkhangelsk region (three
urban districts and four municipal districts).

The main factors influencing freight traffic in
the Russian Arctic are listed in [18, p. 89]. They
are «divided into two groups: exogenous (natural
and climatic conditions, the state of global
commodity markets, geopolitical and
geoeconomic relations, strategies of global
corporations and companies) and endogenous
(state economic policy regarding mining, state
policy in the field of regulation of Arctic
shipping, the state of the port and transport
infrastructure, the state of the merchant and
icebreaker fleets, organisational and economic
infrastructure)».

The authors of [18] obtained predictive
estimates of the volume of traffic along the NSR
for two scenarios. Let’s compare them with the
actual cargo flows in 2020 and 2021 (Table 2).

The comparison shows that the actual values
of traffic along the NSR in 2020 turned out to be
higher than the forecast estimates, even under its
optimistic scenario. At the same time, the volume
of transit in 2020 turned out to be lower than
forecast estimates, but quite close to the forecast
value in the pessimistic scenario.

In our opinion, the main factors negatively
affecting the development of the EaUA transport
network are:

* Insufficient cargo flows in the ports [19].

* Insufficient capacity of access roads to
seaports' [20].

« Political, social, natural-climatic, and other
risks [21].

The impact of external and internal factors is
complex and constantly changing. When
forecasting the volumes of EaUA traffic for 2021,
the main groups of factors in terms of significance
could be arranged in the following sequence:
sufficiency (or insufficiency) of the cargo flows
in the seaports; the impact of Covid restrictions
(it is with this that the slowdown in the growth
rate of traffic along the NSR in 2019-2021 can
be linked). It is possible to expect that in 2022
Covid restrictions will gradually decrease, but
probably other constraints will come to the fore.

Hybrid Model for Forecasting
the Development of the Transport Network
of the European and Ural Arctic

B. V. Artamonov notes: «Under the conditions
of high uncertainty and rapid changes in economic
and market conditions, when developing a strategy
for any business entity, it makes sense to use
scenario forecasting, during which, taking into
account the simultaneous change in many factors,
the possibility of various situations in which studied
subject may turn out to bey [22].

' Mikhailov, A. Murmansk ports are faced with a lack of e

capacity (in Russian). Internet portal «Rossiyskaya Gazetay.
[Electronic resource]: https://rg.ru/2021/11/30/reg-szfo/
murmanskie-porty-stolknulis-s-nehvatkoj-propusknoj-
sposobnosti.html. Last accessed 27.05.2022.
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E. O. Demidova distinguishes three enlarged
stages of scenario forecasting and planning: pre-
scenario, scenario, and stage of scenario
implementation [23, p. 3].

At the pre-scenario stage, the goals of
scenario forecasting should be determined, and
a working group should be constituted.

The main task of the scenario stage is to
identify the key factors that determine the
development of production systems (in our case,
of transport system). This is followed by
immediate work on formation of scenarios,
during which « key driving forces with weak
correlation are identified and a range of their
possible values is outlined for scenarios». With
reference to foreign researchers, the author notes
that «scenarios in the amount of more than four
begin to blur and lose their important differences
for decision-making» [24, p. 238].

It would be more correct to call the last stage
the «scenario implementation stage». During its
implementation, it is necessary to pay due
attention to each scenario, monitor them and
analyse feedbacks.

The author of the work [23, p. 3] also notes:
«The scenario method is quite expensive and
resource-intensive. However, with the proper use
of scenarios in strategic planning, the costs pay
off many times over, as they give a great
economic effect due to more efficient use of
emerging opportunities and countering threats.

B. V. Artamonov says [22] that «a set of
scenario options forms a cone of scenario
forecasting, the boundaries of which are»
optimistic and pessimistic scenarios.

The forecasted development of the system is
determined by the vector (trajectory) of scenario
development, which is located inside the
forecasting cone.

The location of this vector close to the
boundaries of the contour (to optimistic or
pessimistic scenarios) in both cases carries risks
to the functioning of the system; therefore, for
development of the system, it will be optimal to
choose a base scenario that will allow rational
use of system resources to achieve the target
result. At the same time, based on the data of
continuous monitoring, the scenarios are
adjusted.

One of the possible algorithms for scenario
management of regional development, which can
also be applied to the management of the
development of transport systems, is presented
inthe work of T. V. Solovyovaand S. G. Chefranov

[25]. Conventionally, four stages of
implementation of this algorithm can be
distinguished:

«At the first (initial) stage, the following
occurs: formation of the goal of scenario
synthesis; determining the time horizon of the
scenario; formation of a set of targets;
identification of the current state.

Next, the synthesis of scenario conditions is
carried out (the second stage). A check is made
to see if a complete group of events has been
formed. In the case of a successful check, the
probability of occurrence of events that determine
the scenario conditions is estimated; quality
indicators of a set of scenario conditions are
calculated; it is checked whether the best
performance has been achieved. When the best
indicators are achieved, a system of control
actions is formed for various scenario conditions.

At the third stage, after synthesising a set of
indicators of scenario conditions, monitoring the
state of the controlled object and the environment,
the implementation of scenario conditions is
checked.

At the final stage, the implementation of
control measures for the most probable scenarios
(as mentioned above three or four) is carried out».

N. M. Bukharov suggests using combinations
of different approaches in forecasting and calls
them «hybrid» appraoches: «If the outcome of
the hybrid is successful, a synergistic effect is
expected, which means a significant improvement
in its performance» [26].

According to the authors of [27, pp. 130—131],
a hybrid system of forecasting models consists
of a complex of regression models and a set of
intelligent models, including artificial neural
networks, analytical networks, etc. (Pic. 1).

This system is open and allows us to include
new models and indicators, it can have a modular
architecture, which gives additional stability.

Using a Hybrid System of Models:
an Example of Obtaining Predictive Values
of Traffic Volumes along the Northern
Sea Route

The number of indicators characterising the
rate of passenger and cargo transportation used
in various problems of forecasting and planning
the operation of the EaUA transport is very large.
To date, there are more than 150 forecasting
methods and models. They are usually based on
stable time series of indicators, mathematical
statistics, and programming [1, pp. 16—17].
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| Hybrid systems of models |

E Regression models | ‘Inte]l{gent models ‘ ‘ Sc o forecasting i
E ‘ Artificial neural networks | | Analytical networks | i
E ‘ Genetic algorithms l | Fuzzy sets | i
: Expert models | i

Pic. 1. Hybrid system of forecasting models [27].

Table 3

Volume of cargo transported along the Northern Sea Route in 2011-2021 (thousand tons)
[[29; 30] and based on the analytical data
of the NSR Directorate of Rosatom State Corporation*]

Year

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Traffic 3111,0 |3752,0 [3930,0 [3982,0 [5392,0 [7256,0 [10691,0{20180,2|31531,2|32978.,9 |3487,9
volumes
along the
NSR
including 824,0 1212,0 | 13559 |2743 39,6 210,0 (214,5 [491,3 [697,3 1281,0 |2041,3
transit

* Volume of transportation of goods within the basin of the Northern Sea Route (in Russian). [Electronic resource]: https://

www.fedstat.ru/indicator/51479. Last accessed 28.05.2022.

An important indicator of the functioning of
the EaUA transport system is the volume of
freight traffic along the NSR, which is of
exceptional importance, first, for ensuring the
security of the Arctic zone of the Russian
Federation. Its target value is stipulated as 80 mln
tons by 20242, Such a target setting activates two
possible scenarios for development of the Arctic
transport system and of the EaUA transport
network as of its component: optimistic (the
specified traffic volume will be achieved) and
pessimistic one (the specified traffic volume will
not be achieved). Which of them will develop is
determined by economic, political, natural and
other risks [28, p. 53].

Between 2011 and 2019 there was a steady
increase in the volume of freight traffic along the
NSR due to an increase in the volume of
hydrocarbon production in the EaUA and their

2 Plan for development of infrastructure of the NSR till
2035 has been approved (in Russian). [Electronic re-
source]: http://government.ru/docs/38714/. Website of state
programs of the Russian Federation. [Electronic resource]:
https://programs.gov.ru/Portal/pilot_program/24/elements.
Last accessed 27.05.2022.

export transportation, which made it possible to
develop quite adequate models for their
forecasting with regression analysis.

Data on traffic volumes along the NSR in
20112021 are given in Table 3.

A certain contribution to this growth was
made by transit transportation of goods from the
Asia-Pacific region to Europe, however, their
volumes are insignificant.

Based on the available values, regression
models were built for the time series 0of2011-2020
and 2011-2021 (Pic. 2).

For the time series 2011-2020 the forecast
value obtained from ten actual values using
a quadratic model for 2021 amounted to 45199,7
thousand tons, which significantly exceeds the
real value of 34850,0 thousand tons. The estimate
of traffic volumes in 2022 according to this model
is 562924 thousand tons, further continuation of
the trend line confirms the achievability of the
target in 2024.

For the time series 2011-2021 the value of
traffic volumes along the NSR for 2022 (based on
11 actual values) is 47824,4 thousand tons, while
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Pic. 2. Extrapolation of time series 2011-2020 and 2011-2021 in terms of traffic volumes
along the NSR using regression models [compiled by the authors].

regression analysis does not exclude development
according to the pessimistic scenario as well,
including slower growth pace by 2024.

Thus, according to the results of the regression
analysis, it is possible to make certain assumptions
about the achievability or unattainability of the
target indicator in the presence of stable time
series. The scheme of such studies is directed
«from the past to the future» [31, p. 18].

Therewith, it is necessary to consider great
dependence of the regression analysis on the
current changes in the dynamics of indices
achieved, including temporary fluctuations,
which reduce the accuracy of the forecast.

In the case of ANN, research is directed «from
the future to the presenty, i.e., first, the main
factors that may affect the functioning of the
system in the future are determined, and then
several scenarios for the current development are
developed.

Below is a basic example of a model of
building the elements of ANN, which determines
the probability of achieving the target indicator
of traffic volumes along the NSR by 2024.

Building a basic DPU

Considering the initial data, the input and
output variables were determined, preliminary
weights were set for the inputs (Table 4), and the
threshold value P = 0,4 was also set. It is to bear
in mind that preliminary groups of considered

constraints, their composition (including
decomposition into the single lines), and relevant
weights, that were determined by expert method,
are not strictly set and in that case represent an
illustrative example only. While implementing
acting model they should be determined through
large expert survey.

The generated basic DPU is shown in Pic. 3.

Using the software implementation of ANN—
the Flux.jl package (machine learning library?,
written with the Julia programming language®,
and for it), the weight coefficients were
recalculated, a new threshold value P’= 0,2 was
set, new data were entered into DPU_2 (Pic. 4).

To analyse the sufficiency of the cargo flows
intended for transportation along the NSR, ANN
developed DPU 1, the table of initial data of
which is presented in Pic. 5.

The output variable DPU 1 goes to the input
DPU_2, which, in addition to the sufficiency of
the cargo flows, analyses the impact of other
external factors (Pic. 6).

The initial data were read from an Excel file
into Julia using XLSX.jl package, which made
it easy to correct the data (variable weights)
depending on the declared volumes of cargo

3 Flux: The Julia Machine Learning Library. [Electronic
resource]: https://fluxml.ai/Flux.jl/stable/. Last accessed
27.05.2022.

4 The Julia Programming Language. [Electronic resource]:
https://julialang.org/. Last accessed 27.05.2022.

Table 4

Input and output variables and their weights for the basic DPU
[compiled by the authors]

Variable notation The meaning of the variables x,

«Weight» of the variable w,

L

X, External constraints (economic, environmental, etc.) 0,2
X, Covid-restrictions 0,3
X Insufficient cargo flow 0,5

<

Target indicator is achieved / is not achieved
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1 02
X2 03 04

. ¥
X3 0.3

Pic. 3. Basic DPU for the stated forecasting goal.

1 0,11
X 0,13 0.2 ¥
X3 0,7

Pic. 4. Changed DPU_2.

Semantic meaning of variables Variable notation Variable’s weight (transported
(conditional name of a project) volume within the project, min t),
WSi
1 New port X, 5,56
2 Vostok Oil XSV2 30,00
3 Ymal LNG X5 19,70
4 Arctic LNG2 X4 12,60
5 Obsky GCHC X5 0,60
6 Norilsky Nickel Xs6 0,96
7 Syradasayskoe deposit X, 3,50
8 Other projects X5 0,31
9 Procurement goods, «Northern X0 16,78
deliveryy, transit
Shift o, -10,01
Insufficient cargo flows X,
P= 80

Pic. 5. Table of initial data DPU_1 for the analysis of the sufficiency of the cargo flows along the NSR [compiled by the authors based
on the Decree of the Government of the Russian Federation dated 01.08.2022 No. 2115-p «On approval of the Plan for development of the
Northern Sea Route for the period till 2035». Consultant Plus reference and legal information system].

flows (Pic. 5). The results of all calculations were
also exported to an Excel file.

Depending on the objectives of the study, it
is possible to replace the inputs of the network
elements with new DPU, thereby increasing the
number of ANN layers, or the number of DPU
in any layer.

As aresult of assessing the current and future
volumes of cargo transportation along the NSR,
it is possible to conclude that there are risks
associated with achievement by 2024 the
directive and forecast value of the cargo turnover
of 80 million tons along it. One of the obstacles,
in addition to the above, is the limited capacity
of the existing railway access roads to the
seaports of EaUA (Murmansk and Arkhangelsk)
and the lack of such for Sabetta and the promising
port of Indiga.

The quality of any forecast depends on the
accuracy of input data, in that case, on the list of
factors considered and on weights attributed by
experts. Therefore, the forecast could not be
considered under existing dynamically changing
conditions as a finally achieved.

Thus, the first half of 2022 showed that
a group of foreign countries was going to

renounce’ to Russian oil, gas and coal, despite
the fact that in 2021 this group of countries had
provided more than half of the proceeds from
energy exports (about 100 out of 191,5 billion
dollars). This might negatively affect the
problem of insufficient freight flows in the
Arctic seaports and, consequently, provoke the
decrease in the volumes of cargo transported
along the NSR.

On the other hand, the forecast regarding the
set 2024 indicator has not been reduced, the target
indicator is maintained at 80 mln t° The
exportation of oil and gas is redirected to the
promising markets of other groups of countries
(it refers also to implementation of rail, pipeline,
port infrastructure projects and to provision of
demand for energy resources in the internal

> It has been ordered to accelerate the turn to the East: the
path of energy resources to Asia will be thorny (in Russian).
[Electronic resource]: https://eadaily.com/ ru/news/2022/04/15/
povorot-na-vostok-prikazano-uskorit-put-energoresursov-v-
aziyu-budet-ternist. Last accessed 27.05.2022.

¢ Russia will deliver 80 min t along Northern Sea Route
by 2024. Izvestiya, 05.05.2022 (in Russian). [Electronic
resource]: https://iz.ru/1329712/2022-05-04/rossiia-dostavit-
po-sevmorputi-80-min-t-gruzov-k-2024-godu. Last accessed
27.05.2022.
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Variable notation Variable weight w, The meaning of variables

X, 0,11 External factor 1

X, 0,13 External factor 2

X, 0,7 External factor 3 (insufficient cargo flows)
y Target indicator will not be achieved

P= 0,2

Pic. 6. Example of a table of initial data DPU_2 for forecasting the achievement of the target indicator of the volume of freight traffic along the
NSR [compiled by the authors].

market). Therefore, to determine priority of oil
and gas projects and of implementation there-of
it is necessary to use forecasted values of high
validity.

In general, this task is due not only to the
situation developing at a certain time period but
has a long-term nature.

CONCLUSION

«The complexity of the problems of economic
forecasting, in particular, of development of the
transport network of the European and Ural
Arctic determines the need for an interdisciplinary
approach to their solution, the expansion and
integration of existing methods» [32].

The variety and instability of statistical
indicators encourages the creation of hybrid
systems of forecasting models. They are based
on regression models, intelligent models,
including artificial neural networks, analytical
networks, etc., which are complemented by
scenario forecasting.
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ABSTRACT

The article analyses the problem of synthesis of the systems
of safe control of critical technological processes on the example
of railway automation and remote control systems.

It is shown that modern control systems for complex
distributed systems, such as a railway transport system, are not
implemented with absolute safety. The safety of such systems
is limited by considering only their own failures, external failures
of control systems and their components, as well as failures of
infrastructure objects that directly interact with control devices.
Other infrastructure facilities are not considered in any way
during automatic control and data transfer to on-board
automation.

The objective of the article is to present theoretical concept of
the synthesis of safe train traffic control systems, considering the
capacity of equipping infrastructure facilities with highly reliable and
safe means of technical diagnostics and monitoring.

A shown simplified structure of the central train traffic control
centre considers the results of diagnosing and monitoring all the
components of the transportation process.

The conditions for the synthesis of completely safe train traffic
control systems are formulated along with the accompanying tasks.

A comprehensive accounting of the parameters of railway
infrastructure facilities and rolling stock will allow reaching a
qualitatively higher level of train traffic safety.
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INTRODUCTION

A huge number of works of scientists,
engineers and researchers are devoted to the
issues of synthesis of safe control systems for
critical technological processes, including train
traffic control in railway transport [1-5]. At the
same time, oddly enough, this task remains
relevant.

With development of engineering and
technology, there emerge the ways to improve
safety performance and to consider the
functioning and impact of adjacent objects and
systems. However, to date, they have owned very
limited character being aimed at improving
«point» solutions. As an example, one can quote
improving reliability and safety of the electrical
interlocking system through the use of more
reliable components and equipment. This is
evidenced by numerous publications in this field,
among which we might note the works [6-9].

Improving safety of the train traffic control
system can be achieved by implementing more
advanced methods of self-diagnosis of the
infrastructure complex through the use of
external technical means for diagnosing and
monitoring. It follows from fundamental works
[2; 10] that, for example, in the synthesis of safe
systems of railway automation and remote
control (RARC), the technical condition of
railway infrastructure facilities has still not been
fully taken into account. The latter go through
the procedure of test and functional diagnostics
during operation, but the results there-of are not
considered when implementing control
algorithms. They are used only to organise
procedures for periodic and unscheduled
maintenance [11-13]. Moreover, even the
automation devices themselves do not fully
automatically transmit data on their technical
condition to be considered in control processes
[14; 15]. This is due, first, to the historically
prevalent principles of building control systems
in railway transport, to the established institute
of standardisation, certification, and to safety
evidence, as well as to the lack of techniques to
account for data from technical diagnostic and
monitoring systems (DMS) for automatic process
control.

The task of synthesising a safe control system
is solved by eliminating the influence of those
events that lead to incorrect implementation of
control algorithms and dangerous failures. Such
failures not only affect the technological process
in the form of'its shutdowns, but create conditions

for the occurrence of catastrophic disturbances,
resulting in damage, accidents, and crashes.
Therefore, in the synthesis of safe control
systems, a whole range of measures is used to
protect and parry dangerous failures: the use of
controllable device structures, the use of self-
monitoring, self-checking and fault-tolerant logic
circuits, the use of elements with an asymmetric
failure characteristic, the use of redundant
coding, the introduction of structural,
informational and temporal redundancy,
implementation of safe interface devices, etc.
[1-5; 10; 16-20].

The objective of this work is to present
theoretical foundations for the synthesis of safe
signalling and train traffic control systems on
railways. In contrast to previous studies, it is
proposed to consider not only safety of functioning
of the very means of railway automation and
remote control, but also of infrastructure and
rolling stock that do not directly interact with
them. Such accounting is possible through the use
of diagnostic and monitoring systems, which,
however, must be implemented according to well-
defined principles, be highly reliable, and provide
information with a high predetermined reliability
[21-23].

RESULTS
1. Train Traffic Control System Safety

In the modern paradigm of organisation of
train traffic, it can be argued that the technical
means of ensuring movement of trains are
partially separated from each other and for the
most part are not directly related [5]. Thus, the
RARC system is almost completely separated
from catenary facilities, partly separated from
the objects of the superstructure of the track and
artificial structures, partly separated from the
state of the rolling stock. For example, the event
of a track geometry defect and track width
violation (track buckle), while the integrity of
the rail is maintained, will not affect the RARC
system in any way: a permissive indication will
be lit at the traffic light blocking the entrance to
the track section with a track defect. Moreover,
it is impossible to give a prohibiting indication
in the RARC system even artificially in this case
without violating the rules for operating
automation equipment.

Thus, the reasoning about safety of devices
and systems of the RARC becomes not entirely
consistent in terms of safety of the transportation
process in the absence of consideration for safety
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Pic. 1. Conceptual organisational structure of train traffic control [performed by the authors].
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of the entire infrastructure facilities and the
rolling stock. Many years of experience in the
operation and development of RARC systems,
as well as an analysis of the scientific and
technical literature in this area have shown that,
in fact, when considering the safety of RARC
devices, one can speak of a certain property of
a limited safety. Considered fully is internal
safety and external safety is considered partially.

Definition 1. Internal safety means a property
of impossibility of the influence of malfunctions
and errors in calculations on the execution of
algorithms in terms of excluding the transition
to dangerous states.

Definition 2. External partial safety means
a property of possibility of parrying only those
external destabilising factors that can be fixed
by the automation object.

The implementation of the RARC devices
and systems in such a paradigm has made it
possible to build safe control systems but has not
allowed achieving absolute safety of train traffic,
since the states of infrastructure and rolling stock
are only partially taken into account in the
controlling systems.

The technical object of the railway
infrastructure and rolling stock is characterised
by the following sets:
<X,Z, A, P, S>,
where X is set of inputs;

Z—set of outputs;

A —set of implemented algorithms;

P —set of operating parameters;

S—set of states.

To build a completely safe automation
system, it is required to solve the problem of
obtaining information about the state of an object
involved in the transportation process (or
providing it) with a given validity De[0,1]. In
practice, this value should be normalised and
standardised. A safe control system should be
implemented through the use of technical means
of built-in testing and functional diagnostics.
Testing and functional diagnostic procedures
should be carried out automatically and at pre-
selected and scientifically substantiated control
points and with pre-established and substantiated
periods, implementing a specific monitoring
strategy [21-23].

When solving the problem of diagnosing and
monitoring, some subset of each of the above
sets X*cX, Z*cZ, A*cA, P*cP, S*<S can be
controlled. This allows getting a certain subset
of correct and incorrect states of each of the

(M

checked objects. For each of these objects, a set
of correct states S, and a set of incorrect states S,
are allocated: S: § =S US,. Within the set S, it
is possible to single out those S, states that are
associated with a specific given risk for train
traffic control: §,cS,

Statement. All S, states for each technical
object must be recorded and transmitted to
a single safe decision device to develop the
proper reactions for switching to protective states
for train traffic control and information messages
for traffic participants and operation of objects
under diagnostics.

Thus, separate diagnostic and monitoring
systems of infrastructure objects, rolling stock and
RARC should generate signals about reaching
their S, states with a given validity D. They either
directly (which is technically more difficult) or
through a secure platform for analytics and
decision making should transmit signals for the
transportation process control system to go to the
set protective states. Pic. 1 shows the structure of
the interaction of railway transport objects.

2. Basic rules for the synthesis of a safe train
traffic control system

The safety of the transportation process
significantly depends on the safety of functioning
of'the RARC devices and systems [1-3]. In fact,
RARC devices and systems play a role of
regulatory technical means for transmitting
reliable data to a driver. The traditional way of
transmission is the use of traffic lights. Each
colour signal indicates a specific action for
a driver. The number of such signals is very
limited, which also limits the gradations for
actions.

In the process of functioning, any RARC
device or the entire system can switch between
a finite set of predetermined states. In this case,
the model of an abstract finite-state automaton
(finite-state machine) Z can be used as
a mathematical model of RARC objects:
Z=<X,8,Q,5,9,y>, (2)
where X is a set of input states corresponding to
Boolean vectors generated at the inputs of the
objectx,, x,, ..., x;

S — a set of finite-state machine states
corresponding to Boolean vectors of internal
variables y, y,, ..., y;

Q —a set of output states of the finite-state
automaton corresponding to Boolean vectors
formed at the outputs of the object of internal

variablesz , z,, ..., z ;

P

®  World of Transport and Transportation, 2022, Vol. 20, Iss. 3 (100), pp- 168-175

Efanov, Dmitry V., Khoroshev, Valery V., Osadchy, German V. Conceptual Foundations
of the Synthesis of Safe Train Traffic Control Systems




Start

!

Description of an algorithm of operation of
a finite-state automaton

v

Obtaining a set £

\ 4

Description of dangerous distortions
of algorithms

Y

Obtaining a set Egng

|

Synthesis of a graph of transitions of finite-
state automaton

v

Synthesis of a graph of non-
dangerous transitions

Y

Synthesis of a graph of permissible
false transitions

\ 4

Safe coding of states

Y

Synthesis of a finite-state automaton within
the selected functional basis

!

End

Pic. 2. A simplified algorithm for synthesising a safe finite-state

automaton [performed by the authors].

s, —initial state (s,€S);

@: XxS§ — §—transition function that maps
the set XxS to the set S;

y: Xx§ — Q—transition function that maps
the set XxS to the set Q.

When synthesising secure finite-state
automaton, one can use the algebra of regular
events [24]. In this case, the finite-state machine
is considered as a converter of input words into
output ones. An event E for a finite-state
automaton is any set of input words. To describe
the algorithm of the finite-state automaton, it is
required to find an event that includes all allowed
words: such words that are represented in the
automaton. This is done using three operations:
disjunction, product, and iteration of sets of
events. If this is done using the three indicated
operations, then the event £ is regular. It is known
[25] that any finite-state automaton is a regular
event and vice versa, any regular event can be
represented in a finite-state automaton.

Events in a finite-state automaton can
implement correct transitions and incorrect ones,
including dangerous ones that violate safety of
the technological process implemented by the
described object. The set of dangerous events
will be denoted by £ -

Failures in the device, which is described by
the finite-state automaton under consideration,
lead to false transitions of the finite-state
automaton: instead of the state S, the finite-state
automaton goes into the state S_ (S—S.). In fact,
the original finite-state automaton is transformed,
and regular events in it are already described by
the expression [24]:

E* =EE,, 3)

where £ —all events (a set of words) that transfer
the original finite-state automaton from the initial
state to the state S;

E_, —all events that transfer the finite-state
automaton from state S, to states representing
events £, where k is the number of a dangerous
event.

Definition 3. 4 finite-state automaton is safe
if it excludes all false transitions associated with
implementation of dangerous events, the
probability of which must be taken into account.

In [10; 24], the following is defined.

Definition 4. 4 false transition of a finite-state
automaton is called dangerous if, when it occurs,

for at least one k, the following condition is
satisfied:
E* NE,, 2. )

lang
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Definition 5. A false transition of an
automaton is called protective if, when it occurs,
for all k, the following condition is satisfied:
E* NE,,, =9 5)

The introduced concept of a dangerous failure
formed the basis of [24], where the theorem on
the absence of dangerous failures in a finite-state
automaton was proved.

Theorem 1. There are no dangerous failures
in the operation of a finite-state automaton if and
only if for all false transitions S—S_and for all
false events k the following condition is satisfied:

N g =D (6)

555, L) O
where Ej_ s are events corresponding to false

transitions of the finite-state automaton from the
state S, to the state S.

The conditions introduced based on
regular expressions allowed the authors to
formulate algorithms for the synthesis of
automata that exclude their transitions to
dangerous states in case of any failures, the
probability of which must be considered. To
exclude dangerous failures in a automaton, it
is sufficient to prohibit all dangerous false
transitions.

A simplified algorithm for synthesising
a safe finite-state automaton is shown in Pic. 2.
In it, the final stage supposes safe coding of
the states of the finite-state automaton
considering the graph of non-dangerous false
transitions.

It should be emphasised that in this case, the
finite-state automaton describing the operation
of a certain device or a certain RARC system
will be safe from the following positions:

1) From the standpoint of internal safety:
failures and malfunctions will not lead to the
transition to any of the risk states for train
traffic §,.

2) From the standpoint of external safety:
external destabilising factors will not lead to the
transition to any of the states of risk for train
traffic §,.

However, in this case, the finite-state automaton
will in no way consider §, states of those
infrastructure and rolling stock objects that do not
directly interact with this finite-state automaton.
It’s just not defined in the £ 4ang CVENL SELS. Thus,
the finite-state automaton will be safe, but it will
only be limitedly safe and will not be able to signal
the transition to the protective state during one of

the transitions to S, states of those infrastructure
and rolling stock objects that do not directly
interact with this finite automation occurs.

Definition 6. 4 fully safe finite-state automaton
of a train traffic control device or system will be
a finite-state machine that is capable of
transitioning to a set of protective states upon
the occurrence of all given transitions to states
with a specified level of risk of violation of train
traffic safety for all infrastructure and rolling
stock objects.

One more variable 6 {0,1} should be added
to the set of input actions of the finite-state
automaton. The variable 0 takes the value 1 if
the safe solver detects the transition of one of the
monitored objects, the state of which is associated
with ensuring safety of the transportation
process, to one of S, states. In other cases, it is
equal to 0.

In the described logic of the safe solver
operation, the concept of a strict ban on movement
is implemented: a virtual obstruction signal (red
traffic light). In this case, the transition is made
to the single safe state already available for the
finite-state automaton: s, €S. The exit from
this state is carried out with participation of
a human.

However, during practical implementation, not
a single signal 0, but a code vector <0, 0, ... 0>
corresponding to one of the protected states with
a given gradation, can be introduced into the
finite-state automaton. For example, if it is
required to transmit information about a decrease
in speed of passage through the signalling
system, then it is possible to adopt an analogue
of three colours: «green», «yellow» and «red»
ones. This will require two variables to encode.
If it is required to transmit a gradation of speeds
with a step of 10 km/h in the range from 0 to
300 km/h, then it will be necessary to transmit
30 protective states and, accordingly, five binary
variables must be used.

In the general case, an initial introduction of
t=[log, N'| (Nis the number of protective states)

variables for coding will be required. In addition,
the conditions for exiting them without human
intervention should also be specified. This task
requires special study in the future.

Hence follows such a conclusion.

Theorem 2. The finite-state automaton will
be safe if:
VSy 1 E,

lang

= Edjallg’j € {1,2,...,}1},

()
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where n —number of diagnostic and monitoring
subsystems.

Following (7) and implementing diagnostic
and monitoring systems in accordance with the
requirements for safe systems, normalising the
level of validity of recorded diagnostic events,
we can proceed to implementation of
transportation process control systems of a new,
actually higher, level of safety.

CONCLUSION

Despite the tremendous progress in
development of engineering and technology over
the past century, control systems in many areas of
industry and transport are not implemented in such
a way that it can be said that they are completely
safe. The limited safety property of control
systems is due to various factors. On the one hand,
it is due to the human factor, which does not
exclude the possibility of introducing errors into
the design documentation and errors during the
installation of devices and testing during
commissioning. On the other hand, it is due to the
lack of an integrated approach when considering
the process of synthesis of the control system for
individual devices or subsystems without full
consideration of all interacting objects. This is
fully reflected in the example of RARC systems.
They are limitedly safe, since they do not transmit
to the driver data on permissible speeds for
movement considering the state of infrastructure
facilities. In this article, the emphasis is on solving
this problem and it is proposed to synthesise train
traffic control systems with close integration with
the means of automatic monitoring of railway
infrastructure facilities.

Solving the problem of synthesising
a completely safe train traffic control system
directly is currently impossible. This is due to
the existing set of regulatory documentation,
which excludes the use of diagnostic data from
external systems directly for controlling. It is
required to solve the main subtask: to create
a methodology for the synthesis of technical
diagnostics and monitoring systems that can be
certified at any of the levels of functional safety
[26]. Since the task is relatively new, it is
advisable to move along the path of evolution of
existing, not certified regarding functional safety,
external diagnostic and monitoring systems, to
systems of a new level of safety (DMS 0 (modern
implementation, not certified regarding functional
safety) > DMS 1 — ... —» DMS 4, according to
the number of safety integrity levels SIL 1 ...

SIL 4). This will also require solving the
following tasks:

¢ Identification of criteria of a dangerous
failure of diagnostic and monitoring systems.

* Identification of functional requirements for
the architecture, components and for the
monitoring systems themselves.

* Application of the risk-focused approach to
identify and rank diagnostic events according to
the degree of impact on train traffic safety.

* Normalisation of validity of recorded
events.

« Identification of ways to safely link solvers
with control systems (these issues, for example,
for RARC devices were considered earlier in
[21-23])).

Following the principles of integrated
accounting of parameters of railway infrastructure
facilities and rolling stock, it is possible to
achieve a significant increase (and even a jump!)
in the quality of train traffic safety.
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ABSTRACT

The article presents an assessment of electric vehicle readiness
of the transport infrastructure of the city of St. Petersbhurg. The
relevance of the topic is obvious since today there is an active growth
in the electric vehicle market, and its further development is on the
official agenda of the transport industry. It is noted that the active use
of electric vehicles in Russia implies the corresponding development
of infrastructure, especially in such large cities as St. Petersburg.

The authors have described core studies on the prerequisites
and prospects for development of the electric vehicle market and
relevant transport infrastructure. The analysis of various factors
for popularisation of electric vehicles allowed to conclude that
scientific literature does not contain fully developed methodology
for assessing the rate of electric vehicle readiness of the transport
infrastructure. The most significant factors influencing the scaling
of electric vehicles have been identified and analysed allowing to
identify criteria and indicators for assessing the electric vehicle
readiness of infrastructure, to determine the weight of each
criterion and to carry out an analysis of the current state of the

development factors.
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urban infrastructure. Achieving of the objective of the research
which is the assessment of electric vehicle readiness of the
transport infrastructure of the city of St. Petersburg, was facilitated
by authors’ system approach, analysis, integrated and expert
assessments.

The methodology for calculating the rate of readiness to use
new transport solutions comprises assessment of four components.
The analysis of scientific works helped to identify the factors
influencing development and popularisation of electric vehicles. It
was revealed that the most significant factor determining the pace of
dissemination of electric vehicles is the availability of infrastructure.
The conclusion is made about the better development in the city of
such elements as operation of an electric charging stations (ECS)
and an information system. The calculation of final assessment of
the transport infrastructure of St. Petersburg is shown in the table.
The study has allowed to obtain a general assessment of the electric
vehicle readiness of the transport infrastructure, as well as to assess
each element of electric vehicle system.
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INTRODUCTION

Currently, there is an active growth in the
global and domestic market for electric vehicles.

In 2021, the demand for electric vehicles in
Russia increased nine times, the annual volume
of new electric cars amounted to 2254 units, the
annual volume of the used electric vehicles
amounted to 9070 units'. Further development
of the electric vehicle market is on the official
agenda of the transport industry. According to
the plans of the Russian government, by 2030
every tenth produced car should be powered by
an electric motor2. On August 23, 2021, the
government approved the Concept for
development of production and use of electric
road vehicles in the Russian Federation for the
period up to 2030, which set the task of
developing a wide range of vehicles with
improved energy efficiency indices, operating on
a traction battery with localisation of production
in Russia®.

At the same time, the active use of electric
vehicles in the Russian Federation implies the
corresponding development of infrastructure, both
extensive and intensive. The underdevelopment
of certain elements of the infrastructure for electric
vehicles hinders the growth of the market and the
implementation of established strategic goals in
this area. In this regard, issues related to
infrastructure support for scaling of electric
vehicles in the Russian Federation are relevant,
especially for such large cities as St. Petersburg,
where there is a significant impact of transport on
environmental safety.

In Russian scientific literature, there are
studies on the prerequisites and prospects for
development of the electric vehicle market and
transport infrastructure, as well as the on the
analysis of various factors for popularisation of
electric vehicles. The study by V. B. Moshkov,
V. V. Ovchinnikov, D. V. Chernyakov and others,
as well as the work of A. N. Afanasyev offered
a list of factors influencing development of

! The Russian market for new electric vehicles tripled in 2021
(in Russian). [Electronic resource]: https://www.autostat.ru/
news/50525./ Last accessed 22.05.2022.

2 Development of electromobility: Stage II (in Russian).
[Electronic resource]: https://events.kommersant.ru/events/
elektromobilnost/. Last accessed 22.05.2022.

3 Decree of the Government of the Russian Federation dated
August 23, 2021 No. 2290-r «Concept for development of
production and use of electric road vehicles in the Russian
Federation for the period up to 2030». [Electronic resource]:
http://static.government.ru/media/files/bW9wGZ2rDs3BkeZ
Hf7ZsaxnlbJzQblJt.pdf. Last accessed 22.05.2022.

electric vehicles and considered prospects and
forecasts for development of electric vehicles in
Russia[1; 2]. Factors influencing the development
of electric transport were also considered in the
article by D. I. Demidov and V. V. Pugachev [3].
Some authors also studied issues of infrastructure,
having analysed standards of location of electric
charging stations (ECS), power sources for ECS,
and recycling of used batteries. According to
some authors, by 2030 most developed and
developing countries will adopt uniform
standards and infrastructure requirements for
electric vehicles. The expert and analytical report
prepared under the editorship of A. 1. Borovkov
and V. N. Knyaginina states that development of
transport infrastructure for electric vehicles
should outstrip development of the electric
vehicle market [4]. However, some sources
consider the charging infrastructure separately.

Thus, the existing studies on this issue mainly
examine one or two factors hindering the scaling
of electric transport in the Russian Federation.
Particular attention is paid to electric charging
stations while the infrastructure elements are not
considered as the entire system. The scientific
literature does not contain methodology for
assessing the rate of electric vehicle readiness of
transport infrastructure both in the regions and
in the whole country.

METHODOLOGY
The objective of this study is to assess the

electric vehicle readiness of the transport

infrastructure of the city of St. Petersburg.

In accordance with the above objective, the
following research methodology is proposed:

1. To identify and to analyse the most
significant factors influencing the scaling of
electric vehicles.

2. To determine the criteria and indicators for
assessing the electric vehicle readiness of the
transport infrastructure.

3. To determine the weight of each criterion
for assessing the electric vehicle readiness of the
transport infrastructure.

4. To conduct an analysis of the current state
of the infrastructure of St. Petersburg and its
electric vehicle readiness.

5. To assess the rate of readiness of transport
infrastructure elements for scaling electric
vehicles.

The research problems were solved with the
methods of analysis, synthesis, integral and
expert evaluation.
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RESULTS
Analysis of Factors Affecting the Scaling of
Electric Vehicles

Modern research on dissemination and
popularisation of electric transport applies
various approaches to determine the most
significant factors affecting the scaling of electric
vehicles.

Thus, in a study by T. Yong and C. Park,
devoted to a qualitative comparative analysis of
factors affecting the introduction of electric
vehicles, all factors are divided into three groups:
technological factors (autonomy of electric
vehicles, charging time, maximum speed, cost),
political factors (all types of state support),
environmental factors (fuel prices, consumer
characteristics, level of infrastructure
development) [5].

A similar approach is used in the KMPG
study on the level of readiness of countries to use
unmanned electric vehicles. In this study, the
methodology for calculating the country readiness
index regarding adoption of new transport
solutions includes an assessment of four
components: policy and legislation, technology
and innovation, infrastructure, and consumer
acceptance *.

In the study of S. Stataros [ef a/], the main
factor for popularisation of electric vehicles is
associated with the economic benefit of
consumers [6]. An equally important factor is the
promotion of an eco-friendly lifestyle. This is
confirmed by the results of VTSIOM survey,
which show that 50 % of car owners are ready
to switch to an electric car if possible. The
respondents named main reasons for their choice
that included the environmental friendliness and
economy of the operation of electric vehicles, as
well as the benefits of using an electric vehicle
due to the high cost of gasoline>.

There is also an approach that considers GDP
per capita and the demographic structure of the
population as the most important factors in the
spread of electric transport along with the
development of infrastructure and state support
[7]. A similar opinion is shared by
D. Yu. Katalevsky and T. R. Gareev, who note

* The index of readiness of countries to use autonomous
transport. [Electronic resource]: https://assets.kpmg/content/
dam/kpmg/ru/pdf/2018/03/ru-ru-avri-index.pdf. Last
accessed 25.05.2022.

°> Battery on wheels: the future of electric vehicle batteries
(in Russian). [Electronic resource]: https://trends.rbe.ru/
trends/green/62671a189a7947¢85bb2610f. Last accessed
02.06.2022.

the cost of an electric car and the development
of charging infrastructure as the primary factors
for the formation of consumer preference for an
electric car over a car with an internal combustion
engine (ICE) [8].

The study of V. B. Moshkov, V. V. Ovchinnikov,
D. V. Chernyakov and others include into the
list of factors influencing the development of
the electric car market the state support for
development of electric vehicles and of electric
vehicle business, the availability of own
production of electric vehicles in the country,
the development of the infrastructure of
electric charging stations and special specific
Russian conditions for the operation of electric
vehicles [2].

Based on the analysis of scientific works, we
can highlight the factors influencing the
development and popularisation of electric
vehicles:

* State support for development of electric
vehicles.

* Demand for electric vehicles from the
commercial companies.

¢ Availability of own production of electric
vehicles.

» Rate of development of the network of
electric charging stations.

* Scientific and technical progress.

* Global trend towards environmental
friendliness.

* Transition to the use of distributed electric
power industry.

» Features of organisation of transport
infrastructure in the region.

The state support, according to many authors,
is one of the most important factors influencing
the development of electric vehicles [2; 5; 7].
Government support measures include various
ways to stimulate demand for electric vehicles,
such as subsidies for the purchase of electric
vehicles, exemption from value added tax,
exemption from vehicle tax, organisation of free
parking, permission to use dedicated lanes and
free travel on toll roads. Also, state support
measures should include support for domestic
electric vehicle manufacturers and subsidies for
the development of electric charging stations’
(ECS) network.

Own electric vehicle manufacturing in the
country is an important factor for development
of electric vehicles, as well as the trend towards
the use of distributed electric power, as electric
transport not only consumes energy, but also
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ECS

« Ultra-fast battery with 10 minute
charge time.

* Mobile charging stations.

 Generation of complex charging
pulses using artificial intelligence.

Information systems

« Interactive map of charging stations.

* Systems for finding and booking
places for charging.

« Contactless charge payment service.

Car services

« Stations of fast change of batteries.

« Supply of service stations with
specialised equipment and additional
staff training.

Recycling companies

« Technologies for safe disposal and
recycling of lithium-ion batteries.

Production of electric vehicles

« Testing technology of sodium-ion
batteries.

« Installation of solar panels on electric
vehicles for recharging on the move.

Street and road network and road
construction

« Parking lots with wireless charging.
* Smart roads with wireless charging.

Pic. 1. Directions of innovative development of infrastructure elements for electric vehicles [compiled by the authors].

accumulates it for further distribution, which
helps to smooth out the day and night highs and
lows of the energy system.

The demand for electric transport in the
commercial sector of economy is driven by both
economic benefits and the global trend towards
sustainability and reduction of carbon emissions.
Over the life cycle, electric vehicles can reduce
total CO, emissions by 66-69 %°

These factors play a significant role in the
development and popularisation of electric
transport, however, the most significant factor
determining the rate of distribution of electric
vehicles in the country is the availability of the
necessary infrastructure [7]. According to KPMG
research, at least a third of potential EV consumers
base their purchase decisions on the availability
of charging infrastructure®.

However, the infrastructure for electric
vehicles is not limited to ESC. The transport
infrastructure is a result of the activity of all the
organisations of the transport sector and that
ensure the efficient implementation and
maintenance of transportation [5]. The
infrastructure for electric vehicles consists of the
following elements:

* ECS.

» Car services.

* Information systems.

¢ Electric cars proved to be more environmentally friendly
than traditional ones, taking into account their life cycle
(in Russian). [Electronic resource]: https://nplusl.ru/
news/2021/08/04/comparison-of-life-cycle. Last accessed
22.05.2022.

* Manufacturing of electric vehicles.

* Recycling companies.

» Street and road network and road
construction.

At the same time, the large-scale introduction
of electric vehicles is influenced not only by
quantitative, but also by the qualitative
development of all elements through the
introduction of innovations. This is confirmed
by the fact that the largest growth in EV sales in
retrospect has been attributed to inventions that
improve the design and performance of EV. For
example, since the invention of a new type of the
battery in 1986 and the advent of hybrid vehicles
combining a conventional internal combustion
engine and an electric motor, sales of electric
vehicles have more than quintupled. Electric
vehicles gained new popularity with the launch
of Tesla electric vehicles in 2008, after which
many automakers turned their attention to this
market segment and started their own production
of electric vehicles’.

Actual directions of innovative development
of the elements of the electric vehicle infrastructure
are presented in Pic. 1.

Since most of the identified factors for large-
scale introduction of electric vehicles are directly
or indirectly related precisely to the availability
of infrastructure, to achieve the strategic goals
of increasing the share of electric vehicles in the

7 Global EV Data Explorer. [Electronic resource]:
https://www.iea.org/articles/global-ev-data-explorer. Last
accessed 29.05.2022.
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Table 1
Criteria and indicators for assessing the electric vehicle readiness of transport
infrastructure [compiled by the authors]

Infrastructure Assessment Assessment indicator Target value Criterion
element criterion weight
ECS Availability of ECS | Number of electric cars® per 1 ECS, units | 10 0,4
Number of ECS per 1 million population, |200
units
Level of localisation | Share of Russian-made ECS, % 70 % 0,4
of ECS production
Structure of ECS Ratio of fast and slow ECS 2:3 0,2
network
Car services Availability of car | Number of electric cars per 1 car service, |30 0,5
services units
Employees’ training | Availability of training programs for Yes 0,5
maintenance of electric cars
Information Information Availability of applications for finding Yes 1
systems infrastructure and analysing charging stations
ICT development index >0,5
Production Organisation of Number of organisations-producers of >1 0,6
production electric cars, units
Number of organisations-producers of >1
electric vehicles, units
Number of samples ready for production, |>3
units
Innovation Level of inventive activity in the region | >3,5 0,4
Recycling Recycling Number of organisations implementing >1 1
development rate recycling technologies, units
Share of batteries intended for recycling, |90 %
%
Street and road Availability of Auvailability of dedicated lanes for electric | Yes 0,3
construction street-and-road vehicles
network
State support Availability of free parking lots for Yes 0,4
electric vehicles
Auvailability of preferential travel on toll | Yes
intercity roads and sections of federal
highways
Investments The share of investments in the 5% 0,3
development of electric vehicles in the
total volume of investments in transport
infrastructure, %

* The term «electric vehicles» is used in the context of the article to translate Russian term «electric transport» that englobes electric
cars, trucks, buses, trams, trolley-buses etc., the term «electric car» is applied when the authors directly use it. — Transl. note.

Russian Federation in the total volume of structure of the ECS network, the availability of

transport vehicles in use, it is necessary, first of
all, to analyse the readiness of a region’s transport
infrastructure to service vehicles of this type.

Methodology for Assessing the Electric
Vehicle Readiness of the Transport
Infrastructure of a Region

In accordance with the factors influencing the
development and popularisation of electric
vehicles, we single out the criteria for assessing
the electric vehicle readiness of the transport
infrastructure: the availability of ECS, the rate
of localisation of the production of ECS, the
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electric car services, staff training, information
infrastructure, organisation of production,
innovation, the quality of development of
recycling, accessibility of the road network, state
support, investments. The weight of each
criterion was determined based on the assessment
of six experts: industry experts, as well as
researchers and professors of ITMO University,
involved in the development of electric vehicles
in the Russian Federation.

Assessment indicators and their target values
were determined for each criterion, based on the
analysis of foreign expertise, the results of
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analytical studies and strategic documents
(Table 1).

The target value of provision of electric
cars with the required number of ECSs is one
ECS per ten electric cars. A study on
worldwide comparison of transport
infrastructure performance for electric
vehicles, the average for Asia is one ECS per
eight electric vehicles, for Europe —one ECS
per 20 electric vehicles, for Japan —one ECS
per ten electric vehicles, and for the United
States — one ECS per 29 electric vehicles®.
The concept for development of production
and use of electric road vehicles in the
Russian Federation until 2030 provides for
a target level equal to one ECS per ten electric
vehicles®. D. Yu. Katalevsky and T. R. Gareev
also consider one ECS per ten electric
vehicles to be the optimal indicator [8]. The
above study comparing global transport
infrastructure performance for electric
vehicles highlights the average number of
ECSs per 1 million population for Asia is
3900, for Europe 2200, for Japan 150, for the
United States 9809.

The target value of the level of localisation
of ECS production is 70 % of ECSs made in
Russia3. The corresponding level was established
in Decree of the Government of the Russian
Federation of December 3, 2020 No. 2014 «On
the minimum mandatory share of purchases of
Russian goods and its achievement by the
customer °.

The target value for the ratio of fast and slow
ECS is a ratio of 2:3. D. Yu. Katalevsky and
T. R. Gareev in their study consider the ratio of
1:4 to be the optimal structure of the ECS
network [8], however, in the Concept for
development of production and use of electric
vehicles, the target level of slow ECS is 60 %*

The target value of the number of electric cars
per car service is 30 electric cars per a single car
service. The number of hybrid cars and electric
vehicles that applied for service in 2021

8 How to build an electric vehicle city: deploying charging
infrastructure. [Electronic resource]: https://www.c40knowl-
edgehub.org/s/article/How-to-build-an-electric-vehicle-city-
deploying-charging-infrastructure?language=en US. Last
accessed 29.05.2022.

 Decree of the Government of the Russian Federation of
December 3, 2020 No. 2014 (as amended on May 16, 2022)
«On the minimum mandatory share of purchases of Russian
goods and its achievement by the customer». [Electronic
resource]. Access mode: http://www.consultant.ru/document/
cons_doc LAW 370114. Last accessed 22.05.2022.

amounted to 3500 units '°. At the same time, the
total number of cars that applied for service in
2021 amounted to one million cars. The total
number of electric cars at the end of 2021 was
10836 units ',

The target value of the level of inventive
activity in the region, considering also utility
models, is 3,5 [6]. The target recycling rate is
90 %". According to the directives of the
European Commission, starting from 2015, for
end-of life vehicles, w the re-use and recycling
shall be increased to a minimum of 85 % by an
average weight per vehicle, 5 % may be landfill,
and battery recycling should be at least of 50 %
of the weight of the battery [9] 2. However, the
average recycling efficiency of lithium-ion
batteries reached 74,5 % in 2019 and 80,1 % in
2020 "3, so new rules are now being discussed
with an increase in the percentage of recycling
of various elements and the use of new
technologies®.

The target value of the share of investments
in development of electric vehicles in the total
volume of investments in transport infrastructure
is 5 %. According to the Transport & Environment
report published by the European Federation for
Transport and the Environment, in 2020 the share
of investment in infrastructure for electric
vehicles in the EU attained 1 %. With the current
rate of investment in infrastructure for electric
vehicles and in road infrastructure, the expected
share of investment will increase to 3 % in 2025
and to 5 % in 2030 .

To obtain a score for each criterion, the actual
values of the indicators are correlated with the
target values, after which an equal weighting

10 Electric vehicles: pros and cons (in Russian). [Electronic
resource]: https://wciom.ru/analytical-reviews/analiticheskii--
obzor/ehlektromobili-za-i-protiv. Last accessed 22.05.2022.

' Electromobilisation of the country. How will
environmentally friendly transport be developed in
Russia (in Russian). [Electronic resource]: https://tass.
ru/transport/13593109?utm_source=yandex.ru&utm
medium=organic&utm_campaign=yandex.ru&utm_
referrer=yandex.ru. Last accessed 02.06.2022.

12 See also, Directive 2000/53/EC of the European Par-
liament and the Council of 18.09.2022 on end-of life
vehicles. [Electronic resource]: https://eur-lex.europa.cu/
legal-content/EN/TXT/PDF/?uri=CELEX:02000L0053-
20200306&from=EN. — Ed. note.

13 Recycling of lithium-ion batteries (in Russian). [Electronic
resource]: https://rocla.ru/. Last accessed 29.05.2022.

4 Transport & Environment. European Federation for
Transport and Environment AISBL, 2020. [Electronic re-
source]: https://www.transportenvironment.org/wp-content/
uploads/2021/07/01 %202020 % 20 Draft%20TE%20Infra-
structure%20Report%20Final.pdf. Last accessed 02.06.2022.
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approach is used. The assessment of each element
of the infrastructure is calculated as a weighted
average assessment, considering the importance
of the assessment criteria:

R Z :’:IAI ° W,.

Z:l:lwi '
where R — weighted average estimate of the
infrastructure element;

A, criterion score;

w —criterion weight;

n — number of criteria for an element
assessment.

To obtain a final assessment of the electric
vehicle readiness of the region’s transport
infrastructure, the scores of each element are
summed up, so the final assessment is in the range
from 0 to 6.

Assessment of the Electric Vehicle Readiness
of the Transport Infrastructure of the City
of St. Petersburg

To assess the electric vehicle readiness of the
transport infrastructure of St. Petersburg, it is
necessary, first, to analyse the current state of its
elements in St. Petersburg and in the Russian
Federation, and to determine the actual values of
the established indicators.

In St. Petersburg, the total number of
registered electric cars in 2021 attained 417 units,
while 255 electric cars were registered in 2021 5.

There are 83 charging stations in St. Petersburg
and Leningrad Region (43 are slow ECSs, 40 are
fast ECSs), of which 46 charging stations are
operated by PJSC Rosseti Lenenergo (10 are slow
ECSs, 36 are fast ECSs), 37 charging stations are
installed and operated by other organisations (33
slow ECSs, 4 fast ECSs) '¢. As of March 12,2022,
more than ten ECS manufacturers have been
certified in Russia, some of which are already
operating (FORA ECS —DC, FORA ECS - AC,
[ECS-SKT, E-prom), but at the moment the rate
of localisation in Moscow and St. Petersburg does
not exceed 10 %',

There are 30 car services in St. Petersburg
that provide repair and maintenance services for
hybrid and electric cars. There are also eight

5 The Russian market for new electric vehicles tripled
in 2021 (in Russian). [Electronic resource]: https:/www.
autostat.ru/news/50525. Last accessed 22.05.2022.

16" The number of charging stations for electric vehicles
in St. Petersburg will increase by 2,5 times (in Russian).
[Electronic resource]: https://spbdnevnik.ru/news/2022-02-03/
chislo-zaryadnyh-stantsiy-dlya-elektromobiley-v-peterburge--
uvelichitsya-v-25-raza. Last accessed 29.05.2022.

services that carry out post-warranty repair of
Tesla cars, 18 services serve Nissan Leaf, 18
services — BMW 1i3. Training programs for
employees providing service maintenance of
electric vehicles are taught in colleges and
universities («Autoservice» vocational school,
Academy of Transport Technologies), centres for
professional training and advanced training
(EuroAuto Academy) and are also implemented
in the form of training courses in engineering
centres (SMART engineering scientific and
educational centre).

In Russia, domestic information systems can
fully meet the demand of manufacturers and
consumers of electric vehicles, since there are all
the necessary software products on the market,
including programs for managing ECS networks,
tracking the level of charging of an electric car
and searching for a free ECS. On the territory of
St. Petersburg, more than 15 applications for
finding and analysing charging stations are
available for download, for example, Charge
Map, PlugShare, NextCharge, Charge and
Parking, PlugMe, IT Charge, Zevs. These
applications allow not only to find the nearest
ECS on the map, but also to pay for charging and
reserve a parking lot. The index of development
of information and communication technologies
(ICT)in 2020 was 0,511, while the level of access
to ICT is 0,671, and the level of ICT use is 0,803
[10].

In Russia, there is production of electric
vehicles, but there has been no mass production
of electric cars. This is due to the lack of domestic
production of structural elements and electronics,
as well as insufficient extraction of the necessary
natural resources. The largest manufacturer of
electric vehicles in St. Petersburg is PK Transport
Systems LLC (production of [electric trams] 71-
911 City-Star, 71-911E, 71-923 Bogatyr, 71-922
Varyag, 71-931 Vityaz, 71-931 M «Vityaz-M»).
In the segment of electric cars, a number of
projects were implemented to prepare models of
electric cars, the most successful of which is
creation of KAMA-1 in Peter the Great
St. Petersburg Polytechnic University, performed
within the framework of the Federal Target
Program «Research and development in priority
areas of development of the scientific and
technological complex of Russia for 2014-2020»
Research and complex of Russia for 2014-2020»*
This model is in the process of preparation for
mass production, the release is scheduled for
20242025 [4]. The level of inventive activity in
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Pic. 2. Analysis of development of infrastructure elements intended for electric transport in the Russian Federation [compiled by the authors].

2021 was 3,23 and considering also utility models
it accounted for 4,79. During the period 2011-
2021, 50 solutions related to development of
electric vehicles were patented in Russia, which
include options for design of charging stations, as
well as systems and methods for controlling
charging stations and battery charge, as well as
remote control and user identification [11].

Electric cars use lithium-ion batteries, on
average 95-96 % of each battery is a recyclable
raw material that can be reused in production.
About a hundred companies are involved in the
recycling of lithium-ion batteries in the world 7.
But in Russia, recycling is currently
underdeveloped, as there are no opportunities for
commercially profitable legal disposal of lithium-
ion batteries, as well as mechanisms for
controlling the disposal of electric cars. At the
same time, the recycling market is unattractive
for investors due to insufficient demand for
electric car’s components obtained following the
recycling. There have been no recycling
organisations in St. Petersburg yet.

Street and road construction implies
significant capital expenditures and licensing of
foreign technologies, but at the same time there
is not enough demand for specialisation of street
construction on infrastructure elements for

7" China is doing Li-lon recycling business, why not
others? [Electronic resource]: https://neovolt.ru/blog/1045_
pererabotka-li-ion-akkumulyatorov-v-kitae. Last accessed
22.05.2022.

electric vehicles. In St. Petersburg, the owners
of electric cars have the possibility of free
parking in the toll parking area, it can be used
when applying for a parking permit for an electric
car. This opportunity has already been used by
349 people'?. At the same time, there is no
possibility of driving along a dedicated lane and
of preferential travel on toll sections of intracity
roads and regional sections of federal highways
[2]. However, as part of demand support, a pilot
project is planned in 2022 to eliminate fees paid
by owners of electric cars on toll roads3. The
expected volume of investments in
implementation of regional programs for
development of transport infrastructure for
electric cars in 2020-2023 will be at least 70
million rubles'”.

Pic. 2 shows the current state of the structural
elements of the transport infrastructure intended
for electric transport. The already sufficiently
developed elements are marked, as well as those
that have the potential for development, along
with the elements that meet significant constraints
for development in Russia.

According to Pic. 2, ECS and information
systems are the best developed among the
elements of infrastructure in Russia, which is due
to the availability of relevant technologies and
developments in the Russian market. The least
developed are street-and-road construction and
recycling, as well as car services, due to the lack
of sufficient demand for electric cars from buyers.
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Pic. 3. Assessment of the electric vehicle readiness of the elements of the transport infrastructure of St. Petersburg [compiled by the authors].

However, an increase in the fleet of electric cars
up to 1,4 million units by 2030° should include
modernisation and adaptation of the transport
infrastructure to the increased volume of electric
cars. To do this, it is important to quantify the
rate of electric vehicle readiness of the transport
infrastructure for specific regions, in this case,
for the city of St. Petersburg.

The calculation of the final assessment of the
rate of readiness of the transport infrastructure
of St. Petersburg, according to the proposed
methodology, is presented in Table 2.

The final assessment of the rate of electric
vehicle readiness of infrastructure elements is
shown in Pic. 3.

According to the results of the analysis,
a high level of readiness is observed for such
elements as «Information systems», «Car

®  World of Transport and Transportation, 2022,
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servicesy, «Production», a low level of readiness
is characteristic of «kECS», «Street-and-road
constructiony», «Recycling». The final assessment
of the electric vehicle readiness rate of
infrastructure was 2,98 or 49,67 % of the
maximum assessment, which indicates the
average level of electric vehicle readiness of
infrastructure and the need to implement
comprehensive measures to improve it.

CONCLUSIONS

The analysis resulted in a general assessment
of'the readiness of the transport infrastructure for
large-scale adoption of electric vehicles, as well
as in scores for each element of the infrastructure.

Successful large-scale development of
dedicated transport infrastructure requires
attracting more investment in areas that receive
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Table 2

Calculation of the final assessment of the readiness of the transport infrastructure
[compiled by the authors]

Infrastructure
element

Assessment
criterion

Assessment indicator

Target
value

Fact

Integral
assessment
of the
criterion

Criterion
weight

Element
assessment

ECS

Availability of
ECS

Number of electric
cars per | ECS, units

10

Number of ECS per
1 million population,
units

200

15

0,288

0,4

Level of
localisation of
ECS production

Share of Russian-
made ECS, %

70 %

10 %

0,143

0,4

Structure of ECS
network

Ratio of fast and low
ECS

0,67

0,93

0,2

0,37

Car services

Auvailability of car
services

Number of electric
cars per | car service,
units

30

14

0,467

0,5

Employees’
training

Availability of
training programs
for maintenance of
electric cars

0,5

0,73

Information
systems

Information
infrastructure

Availability of
applications for
search and analysis of
charging stations

ICT development
index

0,5

0,51

Production

Organisation of
production

Number of
organisations-
manufacturers of
electric vehicles,
units

Number of
organisations-
manufacturers of
electric cars, units

Number of samples
ready for production,
pes.

w

0,444

0,6

Innovations

The level of inventive
activity of the region

4,79

0,4

0,67

Recycling

Level of recycling
development

Number of
organisations
implementing
recycling
technologies, units

Share of batteries
intended for
recycling, %

90 %

0%

Street-road
construction

Availability of
street-and-road
network

Availability of
dedicated lanes for
electric vehicles

0,3

State support

Availability of free
parking for electric
vehicles

Availability of
preferential travel

on toll intercity
roads and sections of
federal highways

0,5

0,4

Investments

Share of investments
in the development
of electric vehicles
in the total volume
of investments

in transport
infrastructure, %

5%

0,09 %

0,018

0,3

0,21

Total score

2,98
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filling stations. Bulletin of Orenburg State Agrarian
University, 2019, pp. 173—178. [Electronic resource]:

the lowest scores. The insufficient number of
ECS today is the most important deterrent to the

spread of electric cars, therefore, it is necessary
to work on their increase using the following
tools: partnership with business, gas station
operators and regional energy operators to install
private ECS, participation in the second phase
of implementation of the government project,
carried out within the framework of concepts for
the development of production and use of electric
vehicles in the Russian Federation until 2030,
information and administrative support for
Russian manufacturers of ECS, assistance in
concluding tripartite contracts between regional
authorities, business and Russian manufacturers
of ECS.

Promoting an increase in the level of ECS
localisation and an increase in the number of ECS
should be accompanied by organisation of
production of electric motors, batteries, as well
as implementation of a project for safe disposal
of batteries to achieve the target level of
recycling. It is necessary to scale the existing
experience of Russian companies with
involvement of modern scientific developments.

For successful development of the street-and-
road network, foreign practices can be used as
an example of implementation of large-scale
infrastructure projects (for example, the provision
with ECS of all high-speed highways).

The developed methodology can be used to
assess the level of electric vehicle readiness of
the transport infrastructure both in the regions
and regarding the entire country.
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ABSTRACT

The process of supply of enterprises with material and
equipment is one of the most important conditions for uninterrupted
and productive performance of economic entities. Therefore, it is
important to pay attention not only to the number of transactions
and purchases, and rational use of those resources but also to
the time of delivery to enterprises, to the travel time. Delay in
supply of necessary resources may cause reduction in production
efficiency that further will result in losses for enterprises. This
topic is relevant not only for individual business structures and
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organisations, or all over the national transport system, but from
the regional aspect as well.

The article using an example of Orenburg region considers
not only general issues of development of regional transport and
logistics system but also the features of rail transportation.

The proposed classification of subsystems of supply chain
management based on core activity indicators supposes further
in-depth diagnostics to reveal the causes of occurrence of signs of
inefficiency in rail transportation and their prompt elimination.
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INTRODUCTION

Railway transport is deservedly popular all
over the world not only among cargo owners and
consignees, but also among passengers (see, €.g.:
[1;2]).

Therewith, in the modern world, in the
framework of market relations, since the activity
of business enterprises is aimed not so much at
satisfying the value of consumers as at obtaining
their own benefit, and regardless the great
dependence of revenues on satisfying the demand
of consumers, the risk that managers once will
make decisions that can lead to a decrease in the
quality of the transportation services provided
can’t be entirely eliminated.

This is a reason for the emergence of
a problem of formation and development of
supply chain management systems that use
diagnostics of all its components concerning
participants in the transportation process.

The solution of this problem requires careful
preparation, collection of a huge number of
documents and data. Sometimes this is quite
difficult since the participants in the supply chain
are economic entities of different legal and
organisational status and the accessible data
format and volume differ.

In the process of preparing the article, the
authors set an objective to reveal the main causes
of failure and delays in supply of material and
technical resources, and also suggested
adeveloped model of subsystems of transportation
process management, allowing further diagnosing
of all supply chain participants and levels.

RESEARCH METHODS

The main methods of research on the
problems of railway transportation in Orenburg
region comprised collection of data on

quantitative and qualitative indicators of the work
of'this area and a comparative analysis of activity
of various modes of transport to determine the
position of railway transportation in the transport
services market. A performed SWOT analysis of
the features of Orenburg region referring to
transport and logistics was intended to determine
how they can influence the transportation activity
by rail.

RESULTS

To identify the strengths and weaknesses of
features of Orenburg region referring to transport
and logistics, namely to rail transport, as well as
to identify opportunities and threats, the authors
conducted a SWOT analysis (Table 1).

Orenburg region has quite favourable
conditions for transportation activities, including
for the activities of railway transport.

The draft Development Strategy of the
Orenburg Region for the period up to 2030
submitted for public discussion in June 2022
notes that the region is «one of the Russian
regions most integrated with partners in
Kazakhstan, including along technological
chains». The draft emphasised the location of the
region at the intersection of two major transport
corridors: «Europe—Western Chinay and «North—
Southy. In addition, it is crossed by the shortest
route through Central Asia to Iran and further to
India and the Persian Gulf countries. This is
a prerequisite for the implementation of the
transit potential of the region ..

As far as rail transportation is concerned,
since Orenburg region borders on Kazakhstan,

' Development Strategy of the Orenburg Region for the
period up to 2030. Draft [Electronic resource]: https://www.
economy.gov.ru/material/file/6a52661b0123d0507aef907¢
ece7d894/proekt strategii.pdf. Last accessed 06.07.2022.

Table 1

SWOT analysis of the core features of Orenburg region influencing the development of rail
transportation [developed by the authors]

Strengths

Weaknesses

1. Favourable geographical location in proximity to
the Republic of Kazakhstan.

2. Sufficiently developed agro-industrial complex.
3. Developed transport infrastructure, availability of
access roads.

4. A large number of industrial enterprises.

1. Insufficient development of human resources.
2. Lack of a logistics distribution centres and
warehouses in Orenburg region.

3. Insufficient financing of the region.

4. Features of climatic conditions.

Opportunities

Threats

1. Cooperation with the Republic of Kazakhstan and
the PRC.

2. Extraction of minerals and their sale to other
regions.

1. Threat of air pollution related to industrial
activity.

2. The outflow of the population due to lack of
employment.

3. Depletion of water resources.
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and also has possibilities to organise transportation
to China, it can be supposed that rail transportation
is promising to provide transportation support
for cooperation with these countries if the
purchase of some resources is made there: e.g.,
of cheaper fuel from Kazakhstan, of a variety of
consumer goods, e.g., stationery and office
equipment, etc.

The presence of large industrial enterprises
involves possible provision of other cities by
rail with various types of resources: coal, coke,
iron and manganese ore, ferrous metals. It is
necessary to take into account that according to
draft region development strategy the region
manufactures almost 100 % of liquefied helium,
odorant and electrolytic chromium in the
country. Besides, the region has immense
capacity to extend non-energy sector of the
regional economy’.

The features of the agro-industrial complex
of Orenburg region make it possible to provide
the need for transportation all the year round,
there is «year-per-year growth of exportations of
agricultural products abroad»'. At the same time,
regional transportation is influenced by seasonal
fluctuations. E.g., the delivery of seasonal harvest
of watermelons from Sol-Iletsk increases volume
of regional transportation, according to the

‘{—ﬁﬂ.

Statistical Yearbook of Oren burg Region (2021),
by 2 %?2.

At the same time, currently there is no single
transport and logistics system efficiently
operating within the territory of Orenburg region
supposing the presence of logistics centre instead
of several small enterprises providing logistics
services.

The state program of Development of
transport system in Orenburg region notes that
«regardless favourable trends for development
of modes of transport, transport system does not
fully meet existing needs and prospects for
development of the region»>. The reasons noted
comprise unbalanced and uncoordinated
development of some modes of transport and
transport infrastructure.

So, the relevant task is to develop transport
system, interregional logistics cluster. This

2 Statistical Yearbook of Orenburg Region. 2021: Stat. coll. /
Orenburgstat. Orenburg, 2021, 516 p. [Electronic resource]:
https://orenstat.gks.ru/storage/document/document _statistic
collection/2021-12/30/Exeroauuk_2021.pdf. Last accessed
06.07.2022.

3 Decree of the Government of Orenburg region dated
29.12.2018 No. 916-pp on the adoption of the state program
«development of transport system of Orenburg region» (as
amended and supplemented). [Electronic resource]: http://
pravo.gov.ru/proxy/ips/?docbody=&prevDoc=153108768
&backlink=1&&nd=153123737. Last accessed 06.07.2022.
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Table 2
Parameters of supply chain management subsystems in railway transport [newly developed
by the authors based on [3, pp. 140-141]]

Type of Clients Business processes Finance Personnel
sustainability
Economic - volume of - implementation of the | - profit from - number of employees;
transportation; transportation plan; transportation; - mean wages;
- number of services - availability of - marginal profit; - labour productivity
provided; warehouses and access | - level of receivables
- the number of clients; |roads
- level of logistics - speed of fulfilment
service of orders for
transportation
Environmental | - compliance of - environmentally - environmental - compliance with labour
services with harmful substances protection costs; safety requirements;
environmental emission; - payment for cases of |- number of cases of
standards; - the impact of noise, incapacity of personnel | occupational diseases;
- number of delays in | vibration, radiation; for environmental - availability of personal
delivery - the state of sanitation | reasons; protective devices;
in the workplace - fines and payments - training in behaviour in
for non-compliance emergency situations
with environmental
protection requirements
Social - number of loyal - number of suppliers | - the amount of social |- psychological climate;
clients; and intermediaries; payments; - number of labour
- number of new - errors in order - losses from downtime | accidents;
clients; picking; and overtime work; - the state of labour
- share of clients - losses due to poor - hiring, dismissal and | discipline;
leaving; management; training costs - staff turnover
- trust level - smart use of human
capacity

opportunity is highlighted among key
opportunities in the draft regional development
strategy. It foresees, namely, that the construction
of a new road infrastructure in the framework of
New Silk Road project will allow to create an
important multimodal hub in the region. For this,
it is necessary to continuously eliminate key
«bottlenecks» in regional road network and to
improve the infrastructure of border checkpoints.
It will facilitate the creation of conditions for
«redistribution of cargo flows in favour of the
region, attracting of freight transportation and
freight carriers into the region»'.

Development of single transport and logistics
system will contribute to further growth in
attractiveness of Orenburg region in the national
market, positioning it as «large trade, educational,
cultural, administrative and business centre» [3].
Besides, transport and logistics system can
potentially become a key sector of regional
economy and will allow the region to act an
important transport hub at the intersection of
transport corridors «Europe—Western Chinay and
«North—South»'.

It is necessary to account for some other
factors also.

Namely, the regional transport system is
influenced by «continuing outflow of population,

particularly from the eastern part of the region»’
followed by losing of key competences in
different sectors and increased load on
«maintenance costs for social and transport
infrastructure»'.

The risks in the sphere of staffing of railways
relate to probability of lack of employees with
required qualifications and to recruitment of
young employees [3, pp. 115-116].

The decrease in the time of rail delivery of
material and technical equipment is most
influenced by general time of transporting that
includes the idle time of cars and locomotives at
stations for loading and unloading, repair,
shunting and maintenance operations.

One of the main problems of transport
infrastructure is associated with high degree
of wear of main productive assets. Referring,
e.g., to road transport in Orenburg region, the
wear of «some groups [of assets] attain 50—
80 %» that influences throughput capacity of
roads and demands continuous investment on
repair and modernisation works® [4]. The
problems of wear, including of rolling stock,
are to different extent inherent also to some
rail enterprises of Orenburg region. The
important issues also comprise current
maintenance of infrastructure and rolling stock
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(see, e.g.: [5]), and keeping them in good state
of operability

It is also extremely important to pay constant
attention to improving safety of railway crossings,
since the non-respect of the rules implies risks
of interruption of rail traffic.

It is also necessary to highlight a topical
factor. Transport and logistics system requires
the fastest introduction of digital technology. It
is important for regional development!, entire
transport industry* and rail transport®, nation-
wide as well as at regional level.

The above allows drawing a conclusion that
optimisation of the existing supply chain
management system should consider the totality
of mentioned factors.

Some other factors also merit attention as
those determining the efficiency of supply. They
englobe issues of cargo safety, including legal
aspect there-of (e.g.: [7-9]), combined transport
(e.g.: [10]), tariffication and pricing (e.g.: [11]).

Recommendations on Improving Rail
Transportation

Most important are suggestions referring to
rail transportation since rail transport of Orenburg
region is among the top regions in Volga federal
district per rates of loading and fright turnover,
is on the list of top-10 of largest regional
structures, and the share of goods transported by
rail constitutes 67 % in general volume of cargo
transported in the region, and 95,3 % in regional
cargo turnover®.

See the results of the studies, it can be
assumed that risks of negative impact on railway
transportation are predetermined by several
factors that may hinder development of
transportation activities and continuous
functioning of supply chains due to insufficient
sustainability. This assumption is based on series
of authors’ research, referring to classification of
the objects of supply chain management,
integrated resource flows, classification of

* Transport Strategy of the Russian Federation till 2030 with
a forecast for the period up to 2035. Approved by the decree of
the Government of the Russian Federation dated 27.11.2021

No. 3363-r. [Electronic resource]: http://static.government.

ru/media/files/7enY F2uL5kFZIOOpQhLIOnUT91R;jCbeR.

pdf/. Last accessed 06.07.2022.

> The board of directors of the JSC Russian Railways
has approved the strategy of digital transformation.
[Electronic resource]: https://company.rzd.ru/ru/9397/
page/104069?id=184629. Last accessed 06.07.2022.

¢ The website of the Government of Orenburg region.
Transport. [Electronic resource]: https://orenburg-gov.ru/
activity/1651/. Last accessed 06.07.2022.

processes accompanying separate flows and their
sustainability [12], management of logistics
processes [13], management of supply chains at
the level of territorial entities of railways [3; 14],
other researchers’ works in the field of supply
chain management (e.g.: [15]).

The issues of efficiency of the entire supply
chains without focusing on the transport links
are developed by the foreign companies
specialised in that field’; many researchers
consider issues of organisation and optimisation
of supply chains regarding selected industrial
sectors or enterprises as well as in the context of
management there-of; works (e.g.: [16]) are
dedicated to selected functional aspects of
diagnostics, namely, to application of
IT-technology.

Based on this, it seems appropriate to suggest
a system of indicators for further detailed
diagnosing supply chains in railway transport
based on the sustainability criterion by economic,
social and environmental types within «Clients»,
«Business processes», «Finance», «Personnel»
subsystems.

Table 2 shows possible problems in each of
the identified subsystems of supply chains, which
allows further diagnostics of them to detect
«bottlenecks» and promptly eliminate those that
cause problems in the supply of material and
technical resources by rail in Orenburg region [3].

Diagnostics could result in identification of
critical deviations of the parameters of logistics
systems, which if there is insufficient quality of
concentration and distribution as activities of the
logistics system, and under the influence of
external and internal environmental factors may
have an impact on transportation services
provided by rail transport in Orenburg region,
increasing time and reducing quality of delivery.

CONCLUSIONS

The research has resulted in identification of
factors affecting the activities of railway
transport, including timeliness of cargo deliveries.
Diagnostics of supply chain subsystems being
implemented based on the array of the required
data, it will allow executives of a rail company,
in the considered case of Russian Railways, to
promptly eliminate emerging problems.

The supply chain management is the most
important task for the management of transport

7 E.g.: Supply chain diagnostic: improving processes. [Elec-
tronic resource]: https://www.mecalux.com/blog/supply-
chain-diagnostic. Last accessed 06.07.2022.
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and logistics companies, since insufficiently
efficient supply chain management may cause
loss of active customers, intermediaries,
suppliers, lost profits, growing employee
turnover, etc., which in turn will lead to loss of
beneficial cooperation and will consequently
inevitably cause decrease in profit of the
enterprises that position rail transportation as
main activity.

Hence, to reveal the causes of emergence of
signs of inefficiency in rail transportation in the
most accurate way, it is necessary to develop the
detailed parameters of all the subsystems of
supply chain followed by further diagnosing of
each of the parameters.

Once relevantly adapted, the suggested
matrix approach to diagnostics of the supply
chain management subsystems, in the authors’
opinion, may be scaled up to Russian Railways
(in case of rail transport), and the companies of
other modes of transport at regional, as well as
at the national level. Further research on the issue
will contribute to create best conditions for the
implementation.
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ABSTRACT

In modern, rapidly developing cities of the world, building an
urban transport model requires traffic data. The lack of those data
does not allow making timely management decisions on distribution
of passenger flows, namely within transport flows.

Currently, there are various methods and systems for counting
passenger flows, such as the manual staff counts, survey and
counted ticketed entries methods, and various automated
technology-based systems. However, those well-known methods
have their drawbacks.

For this reason, the task to search for alternative methods and
data sources for the study of passenger flows remains relevant.

This article is based on the updated results of the study
recently conducted by the author during preparation of his
master’s thesis. During the study and developing previous
author’s papers, data on connections of passengers to Wi-Fi
routers were chosen as a data source. Since this phase of the
study was conducted on the territory of Moscow transport hub,

Sitronics Group, Moscow, Russia.

in metro and on Moscow Central Diameters (MCD), where the
cars are equipped with great number of Wi-Fi routers, with free
connection and Internet access, it has increased the sample
Wi-Fi data array significantly.

The objective of the study was to study the possibility of
processing Wi-Fi data obtained from Wi-Fi scanners as a passenger
flow analysis tool.

The study has revealed that, on average, up to 40% of
passengers in metro and MCD cars on the studied lines use the
WI-FI module turned on in their mobile devices.

The results of the study have confirmed that Wi-Fi data can
be used as a tool for passenger traffic analysis, but at the same
time revealed the necessity to integrate them with other data
sources, as well as the strong dependence of the result of Wi-Fi
data processing on the technical features of the Wi-Fi scanner and
its location in the vehicle during experiments.

You can find the first part of the article in the issue.

Keywords: transport, urban public transport, urban mass transit, metro, city railway, passenger flow, data analysis, Wi-Fi analytics.
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INTRODUCTION

Urban public transport is among core
elements in creation of modern urban
environment and in growing quality of life of
Moscow residents. The popularity of urban
public transport in the capital has been increasing
from year to year thanks to the development of
the city mass transit system " 3, its integration
with new transport infrastructure facilities,
renewal of rolling stick, adoption of new types
of vehicles, and growing integrity of the system
components.

The important share of passengers is still
transported by Moscow Metro. According to the
information of the Transport department of the
city of Moscow, in 2021, in 2021 during
working day Moscow Metro transported 56,7 %
of average passenger flow (including those
transported by Moscow Central Circle (MCC)
and Metro Big Circle Line (BCL), opened in
2020, 4,135 % each), surface transport—30,3 %,
railways — 13 % (including 4,21 % transported
by Moscow Central Diameters (MCD)). The
indices of passenger flows (+ 37 %) and of
transported unique passengers (+ 38 %) shown
in 2021 great progress as compared with 2020,
though indices have not yet completely
recovered if compared with pre-pandemic 2019.
Fastly growing transportation through MCD and
MCC is an exception since they have already
excelled the 2019 indices*, and there are all
reasons to suppose that the positive dynamics
of all types of public transport will be kept and
even accelerated in 2022 as to overcome
a temporary, pandemic-related change in
previously growing trend regarding share of

! Transport complex of Moscow. Presentation. [Electronic
resource]: https://report2010-2017.transport.mos.ru/
download/full-reports/ar_ru_annual-report_spreads.pdf. Last
accessed 10.04.2022.

2 The results of the activity of transport complex of the city
of Moscow since 2010. Presentation (in Russian). [Electronic
resource]: https:/transport.mos.ru/common/upload/public/
prezentacii/IIpesenraius_Wrtoru_padorsr_%2008 11 _19.
pdf. Last accessed 10.04.2022.

3 Index of development of transport complex: comparison
of leading Russian and foreign cities. Presentation of
Moscow State University at Moscow Urban Forum
July 6-12, 2017 (in Russian). [Electronic resource]:
https://transport.mos.ru/common/upload/docs/1499956207
PrezentatsiyaMGUv2.10.pdf. Last accessed 10.04.2022.

* The results of the activity of transport complex of Moscow
in 2021 and plans for 2022. Transport department of the
city of Moscow. Presentation (in Russian). [Electronic
resource]: https:/transport.mos.ru/common/upload/public/
prezentacii/106/itogi-raboty-tk-2021-i-plany-na-2022.pdf.
Last accessed 10.04.2022.

public and individual transportation (the share
of public transport in 2019 was of 70 %, in
2020 —of 60 %, in 2021 —of 62 %)*.

The comfort of travelling with urban public
transport and Moscow Metro is improving every
year [1]. The phased and targeted developed of
urban public transportation and growing
comfort of travelling resulted in the increased
satisfaction of passengers of public transport
(from 76 % in 2019 to 89 % in 2021) and of
Moscow Metro (according to COMET survey
Moscow Metro in 2021 was in top-3 of world
leading metros according to passenger
satisfaction criteria)*.

Considering the general trend towards
growing popularity of using urban public
transport, and, namely, of Moscow and St.
Petersburg Metros, under different aspects
including as of tourist site [2], the analysis of
passenger flows becomes a very important
factor to optimise routing and clarify the
intervals between arrival of urban public
transport vehicles (e.g.: [3]).

Now, measuring of passenger flows involves
traditional counting methods (visual, survey,
ticketed entries counting) as well as those based
on processing arrays of digital data input from
data from automated fare collection (validation)
systems, automatic passenger counting
(monitoring) systems, mobile operators, and
other techniques. World practices, besides the
above data sources that allow partial counting
of passenger flows), also apply Wi-Fi analytics;
the paper [4] was dedicated, namely, to some
of its aspects.

Since 2016, a free Wi-Fi network called «MT
FREE» [abbreviation of Moscow Transport] 3
has been introduced in the urban public
transport of the city of Moscow, at its stopping
points, metro stations and other locations. An
increase in the number of points of free access
to Wi-Fi network in the urban public transport
of Moscow, by definition, increases the audience
of potential passengers who use this free
network. Consequently, with the increase in the
number of passengers using the free Wi-Fi
network, the flow of received Wi-Fi data
increases, which can be used to analyse
passenger flows using modern Wi-Fi scanners
and Wi-Fi data processing algorithms.

> The single Wi-Fi network is now available in metro and
surface vehicles. Moscow transport Website (in Russian).
[Electronic resource]: https:/transport.mos.ru/mostrans/
all news/14254. Last accessed: 10.04.2022.
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The objective of the research is to study and
analyse the method of collecting and processing
Wi-Fi data as a tool for analysing passenger
traffic.

The object of the research is passenger traffic
in Moscow transport hub.

The subject of the research is associated with
the properties of passenger flows in Moscow
transport hub.

The tasks of the research comprised study
of existing methods for processing Wi-Fi data;
collection and analysis of Wi-Fi data in Moscow
transport hub during the morning rush hour
using a Wi-Fi scanner on selected routes;
construction of an algorithm for analysing and
processing Wi-Fi data received from a dynamic
Wi-Fi scanner; obtaining data on quantitative
characteristics of passenger flows, namely, on
the average travel distance and average travel
time of passengers.

Structurally, the paper supposes three parts.
The first one is devoted to the study of methods
for counting passenger flows and world
experience in the field of Wi-Fi analytics. The
second chapter describes the methodology of
the data collection, and an algorithm for
analysing Wi-Fi data. The third chapter presents
the immediate results of the study.

RESULTS
Methods for Studying Passenger Flows

Research in the field of passenger flows is
the most important element of analysing and
planning activity of transport system of any
large city agglomeration since it is directly
interrelated with the steps towards improvement
of the comfort of movement of passengers and
the speed of their travelling.

The growth in passenger traffic in Moscow
implies a heavy load on the entire intracity
transport network, as well as on the entire
Moscow transport hub and its interchange hubs.
The risk accompanying load on the city
transport network is associated with increased
waiting and travel time for passengers. The
planning of measures to counter this risk
through optimisation of transport infrastructure
and route network requires a very thorough
analysis of traffic and passenger flows.

Systemising of methods of data collection
and analysis of passenger flows existing in the
world and in Russia can help to answer the
following questions: «what is the most accurate
tool for collecting and analysing data on

passenger traffic?»; «what are the advantages
and disadvantages of one or another method of
collecting passenger flow data?»; «is there
a single solution for collecting and processing
data on passenger flows?»

The term «passenger flow» means the
concept referring to movement of passengers,
which is expressed in the volume of passengers
transported by any type of public transport
(surface, underground, and others) or individual
transport per unit of time.

The case in the paper is assumed to be
limited to the study on the passenger flows at
urban public transport in the city of Moscow.

Currently, counting of passenger traffic in
Moscow city agglomeration can apply already
existing, traditional methods for collecting and
analysing data, such as:

* Visual method (estimate by staff).

* Questionnaire method (survey method).

* Ticket method (coupon method).

e Automatic systems for monitoring
(counting) passenger traffic (ASCPT).

* Automated fare collection (validation)
systems (AFCS).

¢ Data of mobile operators (GSM).

* Video surveillance system.

The article [5] describes in detail the various
data collection and processing methods for
counting passenger flows and the existing
problems that have been identified by Moscow
Transport Department.

Nevertheless, it is necessary to offer a short
assessment of most wide-spread methods.

Manual (non-automated) methods
Visual (estimate by staff) and tabular (on-site)
method

This type of passenger flow calculation is
executed through a visual counting of the
number of passengers entering and exiting
public transport vehicles®. To obtain the result,
a point scale is used. The task of the person
conducting visual observation is to estimate
according to his visual perception the number
of passengers in the vehicle [occupancy] and
set the appropriate score.

Tabular (on-site) method may be considered
as its variation since observation is conducted

¢ Roshchin, A. 1., Akopov, F. V., Zhukov, A. 1. Guidelines
for laboratory work for training students in the discipline
«Methods for surveying transport processes», MADI publ.,
2015, 35 p. [Electronic resource]: https:/lib.madi.ru/fel/fel1/
fell6M435.pdf. Last accessed 10.04.2022.
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by ticket collectors, checkers, drivers and other
clerks inside vehicles. Some more detailed data
are collected and filled in the tables regarding
number of persons boarding and alighting at
specific points, passenger categories, etc.

Many Russian city administrations have
adopted guidelines to apply this method to
assess and forecast passenger flows (e.g.: " %).

As a result of using the visual method [6],
it was possible, for example, to measure such
indicators as the average occupancy of urban
public vehicles, the rate of its unevenness, the
rate of capacity utilisation, the average distance
of a passenger trip in both directions of the
route.

Advantages: it is a low-cost method of
counting passenger flows that can be counted
by current employees travelling on a particular
public vehicle, such as a checker, fare collector
or a driver.

Disadvantages: it is mostly intended for
one-time use, it misses opportunity to systemise
data collection and is dependable on a large
number of human resources.

Questionnaire method (survey method)

This method supposes interviewing
passengers (already travelling or potential (e.g.,
awaiting) passengers) by filling in the
questionnaire (collecting answers) directly at
the segments of street-and-road network or on
Internet. question—answer on the road network
or through a questionnaire survey on the
Internet. The questionnaires may contain
questions regarding the purpose of the
passenger’s trip, its destination and time.
Answers to the questions asked can be applied
and used to solve problems related to the
prospect of developing the transport network of
both the whole city and an individual community.

This method is also widely practised by
administrative bodies of Russian cities and

7 Decree of the Administration of the Angarsk City District of
Irkutsk Region dated 06.12.2016 No. 2697-pa «On approval
of the Procedure for surveying passenger flows on regular
city and suburban routes of road and surface electric public
transport within the territory of Angarsk City District» (in
Russian). [Electronic resource]: https://angarsk-adm.ru/
upload/iblock/5¢4/2697_pa-poryad-obsled-passazhiropot.
doc. Last accessed 10.04.2022.

8 Order of the Department of industry, transport and
communications of Bryansk Region dated 17.10.2016
No. 175-P «On the approval of the Procedure for studying
passenger flows». Annex 1 (in Russian). [Electronic
resource]: https://base.garant.ru/42574462/5318942 1 bbdaf
741eb2dlecc4ddb4c33/. Last accessed 10.04.2022.

entities. The contents of the questionnaire
depend on the goal set for a researcher, e.g., by
a representative of the transport directorate of
the city or urban agglomeration. The result of
the questionnaire depends on the human factor
and the list of questions asked, and, to a larger
extent, on the amount of data received from
passengers.

This method allows also to obtain data on
the transport network of a particular
community (microdistrict) in case of
a targeted survey of residents of this
community. Data obtained can be sufficiently
reliable and valid since residents of a particular
community are interested in improving
transport accessibility of the nearest transport
interchange hub (TIH), and of transportation,
particularly to the place of work during the
weekdays, and the residents own detailed
reliable information on the transport situation
in the community [7].

Advantages. an opportunity to get detailed
feedback from passengers, as well as the
feedback from potential passengers from
a particular city community.

Disadvantages: the inability to count the
passenger flow, obtaining only partial data on
estimate use of public transport, impossibility
to identify the routes of movement through
intermediate stops and TIH.

Fare (ticket) accounting method

This method consists in counting the number
of tickets sold in a particular vehicle. To
improve the result of application of indicators
obtained with this method, the following work
scheme is often used: a checker is at the front
door of a public vehicle, recording the time and
location (stopping point of public transport) of
a passenger’s boarding and issues a coupon or
a ticket to this passenger, and the second checker
picks up these coupons or tickets, recording the
time and location of the passenger’s alighting.
Thus, as a result, origin-destination matrix can
be built, which will allow obtaining data on the
boarding and alighting of specific passengers
of public transport. This information is very
important for planning the number of vehicles
serving the route, scheduling, and the possibility
of introducing a stop on demand, which will
increase the speed of vehicles and, as a result,
can reduce the travel time of passengers.

Meanwhile, this method (in the form of
ticket collection) is not applicable to Moscow
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and several other cities, where there is no paper
tickets for trips in public transport or there are
many passengers not using single trip tickets.

Advantages: the method does not require
special training for counting.

Disadvantages: the inability to count
passengers with reduced fares; the method is
not applicable if paper tickets are not in use, it
requires many human resources.

All the above passenger counting methods
are not automated and require involvement of
many human resources, they do not offer enough
information, may potentially generate many
errors, that make them rather obsolete under
modern conditions.

Moreover, the results obtained by these
methods are one-time, not systemic, do not
allow conducting long-term measuring.

Considering higher efficiency of modern
technologies, the above methods can be used in
special cases, or in small towns where there is
no possibility of using automated systems due
to lack of funding, or the absence of the need
to implement them due to the low intensity of
transport flows.

Automated methods

Automated systems that do not require the
presence of a person conducting the counting
immediately in a vehicle, or at a public stop are
now also well-known.

Automated systems for monitoring passenger
flows in urban passenger transport (ASM-PF)

Those systems [or ASM-PP for its literally
translated abbreviation in Russian]| are
sufficiently widespread on the territory of the
Russian Federation.

Transnavigation Research and Production
Enterprise was among the first to introduce
this technology®. To implement this
technology, it is necessary to equip the fleet
of urban public transport with special
equipment, including infrared sensors,
navigation and communication units with
GSM and GPS/GLONASS antennas.

The bottom line of the technology: infrared
sensors are installed above the doorways of
urban public vehicles (in particular, of buses,

° Automated system for monitoring passenger flows in
urban passenger transport (ASM-PF). Website of RPE
«Transnavigation». [Electronic resource]: http://www.
transnavi.ru/projects/asmpp/about/about.php. Last accessed:
10.04.2022.

trolleybuses, trams), and they record the
boarding and alighting of passengers, including
time and place. This results in collection of data
on the ridership of passengers, including those
entered and alighted from a particular vehicle
[4, pp. 197-198].

Advantages. operation of the system does
not require human resources in vehicles.

Disadvantages: financial costs of system
implementation, system errors, complexity of
system synchronisation with GPS/GLONASS
modules.

Automated fare collection (validation) system
(AFCVS)

Currently, in the author’s opinion, AFCV
system [or ASCP for its abridged name in
Russian that in full literally means «Automated
trip control systemy] is among the most accurate
methods of collecting data on passenger flow
widely used both in the Russian Federation and
in the world.

In Russia, this technology was first
introduced on the territory of Moscow
agglomeration in 2001 on bus routes in the
territory of Zelenograd Administrative District'°.

The main task of AFCVS is to check travel
documents and fare collection. The
implementation of AFCVS requires the
installation of validators in urban public
transport. This technology is quite simple for
use: to receive data, a passenger needs to attach
a travel document to a validator that reads the
data from the travel document and accounts the
payment. The moment of attaching the travel
document will be simultaneously the time of
counting a passenger [4, p. 197; 8].

The advantage of this system is the accuracy
of the received data.

Disadvantages: possible error in the absence
of obligatory attachment of the ticket to the
validator, the cost of implementation.

As for public transport of Moscow
agglomeration, AFCVS mainly works when
a passenger enters compartment of a bus,
trolleybus, tram, and metro car. Thus, the
disadvantage of AFCVS is the lack of data on
the place of alighting of the passenger, which

10 See, e.g.: The capital introduces Automated control
system for surface urban public transport (in Russian).
[Electronic resource]: https://duma.mos.ru/ru/34/news/
novosti/v-stolitse-vvoditsya-avtomatizirovannaya-sistema-
kontrolya-na-gorodskom-nazemnom-transporte. Last
accessed: 10.04.2022.
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significantly affects the counting of passenger
traffic.

Another disadvantage of the system is that
introduction of AFCVS is often accompanied
by the installation of turnstiles. The installation
of turnstiles can significantly increase the
boarding time of passengers and, accordingly,
the travel time of passengers. Considering that
a turnstile is installed in the front door of the
vehicle, i.e., of a bus, and that the turnstile
works only after the fare is accounted, in case
of an unsuccessful attempt to validate the fare
because of malfunction of the travel document,
the potential passenger has an increased waiting
and travel time. This problem is of great
importance during morning and evening rush
hours for passengers moving daily on weekdays
from their place of residence to the nearest
metro station and back.

In Moscow agglomeration in urban public
transport, turnstiles have recently been disabled
by the decision of the City Department of
Transport and Development of Road Transport
Infrastructure and Mosgortrans State Unitary
Enterprise; fares are paid by the passenger using
a validator!'!- 2. This decision allowed to
significantly speed up the time of boarding and
alighting of passengers of surface public
transport. Earlier, before turning off the turnstiles,
the researcher observed this problem on his own
example, e.g., on the bus route No. 906 of the
Mosgortrans State Unitary Enterprise.

Data of mobile operators (GSM)

Mobile operator data are also used to count
passenger traffic [4, p. 197-198]. The article [9]
reveals possibilities of using the data of GSM
mobile operators, describes collection of data
on movement of five hundred thousand users
using mobile communications, development of
a model for changing the routes of urban public
transport. The model was used and tested in the
city of Abidjan, the largest city of Cote d’Ivoire
(the population of the city of Abidjan was 3,8
million in 2013). The data were obtained from
the largest mobile operator for the period

' Validator v. Turnstile: passengers save up to 20 minutes
paying the fares in the compartment. Website of the Mayor
of Moscow (in Russian). [Electronic resource]: https:/www.
mos.ru/news/item/38508073/. Last accessed 10.04.2022.

12 Fare collection without turnstiles has been introduced since
01.09.2018 on all the routes of surface public transport in
Moscow —entry by all the doors. Website of SUE Mosgortrans
(in Russian). [Electronic resource]: https://www.mosgortrans.
ru/alldoors/. Last accessed 10.04.2022.

between December 2011 and April 2012. All
data used were de-identified, which is very an
important element of maintaining confidentiality.
The authors of the article suggested to optimise
sixty-five existing routes and create three new
urban public transport routes. The authors also
pointed to a 10 % reduction in waiting time,
measured in passenger-minutes.

The main feature of this model, in the
author’s opinion, is the possibility of optimising
the existing route networks for new city
communities.

The authors of the article [10] suggest using
the data of mobile operators to count passenger
flows entering and exiting the metro. The
authors describe the received origin-destination
matrix and further possible use of the received
data, for example, when opening a new metro
station. They also believe that the data obtained
should be used when planning construction and
operating metro lines, when planning the
number of cars operated in morning and evening
rush hours, that is, to use the data not only for
economic purposes, but also for urban transport
planning. The authors also believe that the data
obtained can be used to synchronise the entire
urban public transport, especially during peak
hours and different seasons, for example, in
summer and winter.

Another article [11], thanks to the data of
mobile operators, offers a method for classifying
stations during morning and evening peak hours
and words four groups of their features.

Thus, the advantage of using data received
from mobile operators to count passenger traffic
and optimise existing urban public transport
routes is the large array of information received
from mobile operators, and a possibility of its
consequent automatic processing and analysis.

The potential disadvantage is associate with
the accuracy of the received data, which directly
depends on the location of the base stations of
the mobile operator. There are also risks of
keeping confidentiality of received data, their
protection against infringements of intruders.

Video surveillance system

The application of video surveillance to
obtain data on passenger flows is described in
the article [12] as a comprehensive solution for
counting the number of passengers who are
seated in the vehicle (car). To implement this
solution, CCTV cameras and an on-board
computer are required, which, using a Wi-Fi
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Table 1

Advantages and disadvantages of existing methods and systems for counting passenger
flows [compiled by the author]|

Method / system

Advantages

Disadvantages

Visual and tabular (on-site)
method (estimate by staff)

Cheapness of use

One-time use, lack of systematisation of data
collection, dependence on human resources

Questionnaire (survey) method

Feedback from potential passengers
of a particular city community

Inability to calculate passenger traffic,
fragmented data on assessment of public
transport use

Fare (ticket) accounting method

Does not require special training for
counting

Inability to count passengers with reduced
fares, requires large human resources

Automated systems for
monitoring passenger flows
(ASM-PF)

The system allows counting the
number of boarded and alighted
passengers

Requires additional equipment of public
transport and financial investments. With a
large flow, duplications are likely

Automated fare collection
(validation) system (AFCVS)

High accuracy of data on boarding
passengers

In the absence of exit validators, there is no
information about the points of passengers’
alighting

Data of mobile operators
(GSM)

Large array of data received
from cellular operators with the
possibility of their further processing

Data accuracy, which is directly dependable
on the location of the base stations of the
mobile operator

and analysis

Video surveillance system

passenger traffic

Allows getting accurate data on

Requires financial investments and building of
a data processing algorithm

network, sends data to the server via the
Internet. Further, the received data are processed
on the server: each video fragment is assigned
a GPS/GLONASS coordinate and a marking
with the number of the train, car, camera, date
and time of receipt of the video fragment. The
second solution mentioned in this article is the
previously described ASM-PF.

Comparative features of existing methods
of counting passenger flows

Summarising the above types of passenger
traffic counting, it is possible to show the
advantages and disadvantages of the methods
of passenger traffic counting (Table 1).

As we see in Table 1, there is no ideal tool
or method for analysing and counting passenger
flows.

A research article [13] confirms the theory
about problems inherent in existing methods for
collecting and analysing data on passenger
flows, along with that it offers quantitative
estimate of advantages of more modern methods
(namely of video surveillance).

There are works aimed at studying the
behaviour of passengers, and, accordingly, their
origin-destination patterns [14], and works that

classify passenger flows [15]. The information
is also confirmed that the data received from the
carrier is often unreliable [16].

The totality of above circumstances
highlights relevance of a search for new
methods of counting passenger flows that will
be exonerated of all or at least of most of the
above disadvantages.

One of the most important criteria for the
search for a new, more reliable and
multifunctional method for collecting data and
analysing passenger flows refers to ability to
identify the routes of potential passengers, and
consequently the occupancy of relevant vehicles
(in the case of the study, of metro cars) at
a specific urban public transport stop.

Based on the general hypothesis on
possibility of using as such a method of
collection of data on the use of Wi-Fi connections
and see the widespread of Wi-Fi technology in
Moscow city agglomeration, technologies are
being actively introduced in Moscow
agglomeration, it was determined that this
hypothesis merits in-depth study and
experimental approval.

To be continued
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FORGOTTEN
RAILS 202

Final part of the paper on the story of
two small railways. Their destiny was
not in any way unique, but scrupulous
study of those less remarkable objects
on the country’s map shows how closely
tied are the history of the state, people,
technology, and railroads.
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ON RAILWAYS 210
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Discussion on the wide range of topical
problems of railways. It took place 112
years ago. But who knows, if probably
not all of them were solved then, may
some remain relevant now?
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ABSTRACT

The final part of the article, the first part of which was published
in the previous issue of the journal.

The article, based on the archived and other never published
materials, discusses the history of design and construction of
Krivandino—Ryazanovka and Sazonovo-Pilevo railways which
belonged to Moscow—Ryazan branch of Moscow railway. The
objective of the article was to clarify the circumstances of design,
construction and operation of these lines, as well as to identify the
reasons that led to their decline and closure in the mid-2000s. To
achieve this objective, well-known publications in the press and the
Internet were analysed. In addition to using data from these sources,
written sources on the issue under study were searched for in
archival institutions in Moscow. Some documents are published for
the first time.
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History of Forest Roads.
Some Facts about the History of Construction of Railway Lines
Krivandino-Ryazanovka and Sazonovo-Pilevo. Part 2

Russian University of Transport, Moscow, Russia.
b4 lekha.fedianin@yandex.ru.

The work carried out resulted in revealing previously
unknown or questioned facts: Krivandino—Ryazanovka railway
line was built in 1943-1944, Sazonovo-Ryazanovka section
was built later than the rest of the line. The purpose of
Krivandino—Ryazanovka line according to the project and in the
first years of its existence was transportation of firewood for
heating of Moscow. The date of commissioning of the entire
Sazonovo-Pilevo line for servicing Kurovskaya distance of the
railway was January 1, 1978. From the northern neck of Pilevo
station, the access railway went to the construction yard of
Meshcherskoye peat enterprise. According to information of
Kurovskaya distance of the railway, the broad-gauge
transshipment station of Meshcherskoye peat enterprise was
called Torfyanaya.
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War Years

To ensure the functioning of the branch two
operation points were built: Pozhoga and
Lesnaya stations. Krivandino station was also
reconstructed. The project provided for
construction of the following service and
technical buildings at the stations:

* A locomotive shed with a single bay, a sand
dryer with a canopy, a cellar for storing and
dispensing lubricants at Pozhoga station.

* Technical inspection point at Krivandino
station, the inspection point at Pozhoga station
located in the station building (SBI «CSA of
Moscow» F. T. 51 op. 62 d. 232 1. 51).

In addition to them, the project provided for
construction of station buildings at two new
stations. In Krivandino, the station building
already existed at the time of construction of the
line, but half of the building was occupied by
housing, the other half housed the head of the
station, the station duty officer, the passenger
hall, and the ticket clerk.

Pics. 3—5 (the numbering of pictures continues
from the Part 1) shows their schemes,
reconstructed based on design drawings.

Given the strategic importance of the line
under construction providing the capital of the

Traction scanomy

fuel storage

cleaning pit

combatting state with fuel, as well as the fact that
earthworks are the most time-consuming in
construction of the railway, it would be interesting
to cite a table (Table 1 at next page) incorporated
into the project [5] (SBI «CSA of Moscow»
F. T. 51 op. 62 d. 232 1. 60).

Despite the requirement of State Defence
Committee Resolution on construction of the line
without estimates and expertise, the latter was
completed. Here are some excerpts from it:

«Conclusion of the Bureau of Examination
of projects and technical conditions of
construction of CBN of NKPS [commissariat of
railways].

January 26, 1944

On the technical design attached to the
estimate for construction of the railway branch
Krivandino—Radovitsy.

Burecau of Examination of projects and
technical conditions of construction, having
considered the technical design of the railway
branch Krivandino—Radovitsy, developed by
Moscow Branch of Soyuztransproekt, believes
that it can be submitted for approval by the NKPS.

As of January 1, 1944, on Krivandino—Lesnaya
section, work was completed on construction of a
roadbed, laying the track superstructure, construction

passenger

switch 1 light signal 1/2

Krivandino

0, la
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Lesnaya

Tracks under construction

————— Prospective rack
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Pic. 3. Schematic plan of Pozhoga station. Reconstruction based on SBI «CSA of Moscow» document F. T. 51
op. 62 d. 232 I. 54. Published for the first time.
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Pic. 4. Schematic plan of Lesnaya station. Reconstruction based on SBI «CSA of Moscow» document
F. T. 51 op. 62 d. 232 |. 55. Published for the first time.

®  World of Transport and Transportation, 2022, Vol. 20, Iss. 3 (100), pp. 202—209

Fedyanin, Aleksey I. On the Edge of Meshchera. History of Forest Roads. Some Facts about
the History of Construction of Railway Lines Krivandino—Ryazanovka and Sazonovo—Pilevo. Part 2



=
R
oyl
iE|
Tracks of narrow gauge of . :
d Misheronsky glass plant
|
] |
N4 '
== == |
Rl = = % '
. f{ ¥ £ = : 5 . Murom
':.'_I
Kurovskapg* | . 2
i ; \ Radovitsy
N el ottt i A
F "f& F RN P2 H 7
B e —mm e mmmm e m S aa P e = =0
o N X ! 5 \;x. s !
F- A & —: ———————————— FTT T
W S— _|
Pic. 5. Schematic plan of Krivandino station. Reconstruction based on SBI «CSA of Moscow» document
F. T. 51 op. 62 d. 232 |. 53. Published for the first time.
Table 1
Earthworks, m3
= 2
E : ) &
= 8 8 g
jo3 = = =
. 2 : £ e =
5 e 2 5 = & E
g Z 2 E £ = £ 5
j=3 = o = z = o
= = = 5\ )= g = g
2 z 2 2 = g = &
= 2 2 = : 2 3 z
5 2 g g g e g =
g z = 5 g E | g ER
£ 2 g £ 3 : £ 8 £
g =
= = = & & & S & = E
Main track | 10464 11888 49007 54195 3500 22437 130431 13371
Station = 1020 = = 29730 = 10186 1000
tracks
Sum 10464 12908 49007 54195 33230 22437 140611 14371
% 3,1 3.8 14,6 16,2 9,9 6,6 41,6 4,2

of artificial structures, and works were partially
completed on construction of passenger buildings, a
depot at the station Pozhoga and water supply.

The cost of the work performed is 6666
thousand rubles.

The Bureau of Examination of projects
considers that the following changes and
additions should be made to the technical project
when performing the remaining scope of work:

Accepted in technical project:

1. Firewood is loaded at hauls.

The Bureau of Examination of projects offers
the following:

The loading of firewood at the hauls of the
branch is allowed only during the first period
with insignificant traffic volume.

®  World of Transport and T

portation, 2022,

The organisation of train traffic along the branch
should be taken with the loading of firewood on
sidings and moustache-type dead ends.

The works provided for during the 1 stage,
should be complemented by laying, for loading
firewood, sidings at Minino and Bobynino junctions:
ofauseful length of 200 m, and laying of 3 temporary
dead ends 200 meters long each on the hauls...» (SBI
«CSA of Moscow» F. T. 51 op. 62 d. 232 1. 81).

Summing up the consideration of the
conditionally first (military) stage of existence
of the line, we repeat the conclusions already
made earlier:

1) Krivandino—Ryazanovka railway line was
built to supply Moscow with firewood from the
Radovitsky forest area.
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Pic. 6. Scale diagram of Osanovo station as of 1954-1974. (SBI «CSA of Moscow» F. T. 51 op. 4 d. 96 I.
19. Published for the first time).

Pic. 7. Scale diagram of Pozhoga station as of 1954-1974 (SBI «CSA of Moscow» F. T. 51 op.4 d. 96 I. 20
Published for the first time).

2) Peat transportation along the line during
this period was not carried out but was only
planned for the future.

3) Lesnaya (Sazonovo)-Ryazanovka section
was built later than Krivandino—Lesnaya section.

4) The first kilometres of Sazonovo—Pilevo
line were built in 1943.

Post-war years. Line development

There is information about the post-war
period in the history of the lines under
consideration in the passports of Kurovskaya
track distance (PCh-8) of Moscow Railway,
which commissioned the objects in question for

service almost from the very beginning of their
existence. These documents are available in SBI
«CSA of Moscow».

Passports have been kept for the years
1960-1962 (SBI «CSA of Moscow» F. T. 51 op.
62 d. 157), 1970-1973 (SBI «CSA of Moscow»
F. T. 51 op. 62 d. 179), 1974-1977 (SBI «CSA
of Moscow» F. T. 51 op. 62 d. 245),1978-1982
(SBI «CSA of Moscow» F. T. 51 op. 62 d. 269).

Based on these documents, we can state the
following.

As 0f' 1960-1962, the main track Krivandino—
Ryazanovka and Sazonovo—Sorokovoy Bor were
considered in the accountancy of the track
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Pic. 8. Scale diagram of Barmino station as of 1954-1974 (SBI «CSA of Moscow» F. T. 51 op. 4d. 96 I. 21.
Published for the first time).

Pic. 9. Scale diagram of Sazonovo station as of 1954-1974 (SBI «CSA of Moscow» F. T. 51 op. 4 d. 96 I. 22.
Published for the first time).

distance, the latter was also called the Prudovskaya
branch. The latter was considered from 42™ to
50" kilometre, the deployed length was 8379 m,
at the 50" kilometre the summary graph of the
state of the track ended in the middle of the case
page with a note «border with a peat enterprise»,
there was no operation point in this place. The
track was made of R-38 rails and lighter. R-43
rails were used for a distance of only 525 m, there
was one turnout.

There were 22 turnouts on Krivandino—
Ryazanovka section that was 52,500 m long.
Light grade rails prevailed along the track, for
example, 19,533 m of R-38 rails were laid.
According to the results of the passage of a track

measuring car in 1961, the section was rated as
follows: «excellenty — 2 km, «good» — 8 km,
«satisfactory» —42 km. Wooden bridges built in
1943 continued to be used. Schemes of operation
points of the considered lines are given below.
In the technical passport of track distance-8
(PCh-8) as of 1970-1973, Sazonovo—Sorokovoy
Bor section is called the Prudovskaya branch,
and it is considered up to the 50* kilometre. All
the same, light rails are laid along the track. On
Krivandino—Ryazanovka line, by 1974, out of
52,500 m, R-65 and R-50 rails were laid on a
distance of respectively 13,940 m and 22,527 m.
During 1960-1972, all wooden bridges were
replaced with reinforced concrete pipes, except
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Pic. 11. TE2-479locomotive at Ryazanovka station 1983. Photo by V. Mironov. Published with his kind permission.

for the longest one across the Letovka River at
the 40" kilometre. On Sazonovo—Sorokovoy Bor
section, the bridges remained wooden (their year
of construction was recorded as 1945, which
contradicts the above excerpts from the project
documentation). For the first time, a series of
operated locomotives and the type of track
blocking are indicated: TEI, 2, while for
Krivandino—Ryazanovka line those were TE2
and semi-automatic blocking (SAB).

The most interesting is the track distance
passport as of 1974-1977.

In it, on the general scheme of tracks served
by track distance-8 (PCh-8) the Krivandino—
Ryazanovka line was supplemented with the
section Sazonovo—Sorokovoy Bor—Pilevo from
its 50" kilometre. The stations Sorokovoy Bor
and Pilevo were also marked.

On this section, the numbering of the mileage
from Sazonovo station towards Sorokovy Bor was
changed, the countdown started from zero, the
border with the peat enterprise is indicated on the
summary graphs until 1977. This year a note was
made «From 1.1.78 see Sazonovo—Pilevo». From
January 1, 1978, the section is considered as the
main track of Sazonovo-Pilevo kine with a length
0f 34460 m. The years of construction are indicated
as follows: up to the 9" km — reconstruction of the
track was carried out in 1970, after the 9" km the
track is designated as a «newly built» with the years
of construction: 10-22 km— 1971, from 22 to 28 km
— 1972, after 28 km — 1973, 30 and 31 km — 1974.
Mainly R-50 rails were laid on the track. All
artificial structures were replaced with concrete
ones. New stations were immediately built at the
modern technical level: all turnouts at Sorokovoy
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Pic. 13. Neck of Pilevo station. From right to left, there are hauls: Pilevo-Tyukovo, Pilevo-Spas-Klepiki narrow gauge line,
Pilevo-Sorokovoy Bor normal gauge line. Photo by V. Mironov, published with his kind permission.

Bor station have been electrically interlocked since
1976, at Pilevo station —since 1978. SAB was used
as a track blocking system, a series of locomotives
used was TE1, 2.

Reconstruction was also carried out on
Krivandino—Ryazanovka line: all the rails up to
Sazonovo station were replaced with R-50, R-65
grade rails, the station itself was equipped with
electrical centralised interlocking of switches and
signals, however, other stations of this section
were similarly equipped only in 1981 (Pic. 10).

Sazonovo—Ryazanovka haul did not undergo
reconstruction.

The Letovka River was enclosed in a
reinforced concrete pipe in 1974, thus the last
wooden bridge on the line was eliminated (SBI
«CSA of Moscow» F. T. 51 op. 62 d. 269 1. 71).

At the stations Sorokovoy Bor and Pilevo
there were passenger platforms, and at the last
one there was also a railway terminal. But,
according to available data, the passenger trains
traffic had never started. The reason is unknown.
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The last years of the lines

The closings at the described lines began in
the 1990s.

According to the source [3], the first station
closed on Krivandino—Ryazanovka line was
Pozhoga, this happened in 1995.

It was followed, in 2004, according to the
same source, by Osanovo station.

The change of the owner of the main
consumer of peat which was Shaturskaya
GRES-5 [regional power station] and the
subsequent its full transition to natural gas caused
the cessation of peat mining in Shatursky district,
and, consequently, made the entire infrastructure
of its transportation, including the considered
lines, unnecessary. According to the source [2],
peat transportation through them stopped in
20009.

The need for intermediate operation points
on the line Krivandino—Ryazanovka has
disappeared consequently. There were practically
no other trains, except for the daily commuter
(three trains per day in each direction). On
Sazonovo—Pilevo line, traffic stopped altogether.

Orders to close the remaining stations came out
only a few years after their actual liquidation:
Barmino station was officially transferred to the
category of stopping points by order of the Federal
Agency for Railways dated March 26, 2010,
No. 105, Sazonovo, Sorokovy Bor, Pilevo — by
order of April 4, 2013, No. 127.

Regarding Sazonovo-Pilevo line, the order was
a formality: soon after the traffic stopped, the track
began to be plundered for scrap, a criminal case
was initiated following this fact', but no information
about the capture of the criminals was published.
By the mid-2010s, there were only a clearing in the
forest and remaining artificial structures.

Legally, the history of this railway was
terminated by writing off the balance sheet with
a letter of authorisation dated October 5, 2015,
No. 54 signed by the First Deputy Head of
Moscow Railway.

Krivandino—Ryazanovka line has turned
into one haul, on which a daily commuter

! Based on the materials of the prosecutor’s check, a criminal
case was initiated following the fact of the theft of a railway
track with a length of more than 2 km (in Russian). [Elec-
tronic resource]: http://www.mmtproc.ru/news/1/7811/. Last
accessed 28.03.2020.

train runs, which is probably subsidised by
Moscow region. And all the more surprising
is the fact that a major overhaul of all 54
kilometres was carried out with a complete
change of the superstructure of the track in
2015. Though, as of 2015, the speed of the
commuter train remained the same as before
the reconstruction.

CONCLUSION

The study determined or clarified the
following facts:

* Krivandino—Ryazanovka railway line was
built in 1943-1944.

» Sazonovo—Ryazanovka section was built
later than the rest of the line.

* The purpose of Krivandino—Ryazanovka
line under the project and in the first years of its
existence was transportation of firewood for
heating of Moscow.

* The date of acceptance of Sazonovo—Pilevo
line in full to be served by track distance-8
(PCh-8) is January 1, 1978.

e From the northern neck of Pilevo station,
the siding railway led to the construction yard of
Meshcherskoye peat enterprise.

* According to PCh-8 data, the broad gauge
transshipment station of Meshcherskoye peat
enterprise was called Torfyanaya.
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Stenographic recordings of the report of
N. P. Verkhovsky and the conversation in the
VIII Department of Imperial Russian
Technical Society on December 2, 1910, under
the chairmanship of A. N. Gorchakov.
Chairman. Allow me, Nikolai Petrovich, to
offer you some questions. I wrote down a few
notes. In general, many questions can be asked
based on your rich report, but I will confine
myself to a few. It seems to me that your report
would greatly benefit if you did not bypass the
historical side of the matter, i.e., history of
railway origins, of how Russian railway have
reached the current state. The same — there is no
even a brief parallel with foreign railroads.
Then, in our Society in 1892, the «Essay on
the Railway Network» was published, and, it
seems to me, this book is also unknown to you,
at least you did not mention it and bypassed some
of the facts reported in it. Now, if this had not
been missed, then neither Count Baranov, nor
A. A. Vendrich and V. M. Verkhovsky were not
attributed to defects on the part of the chiefs of
roads and administrators but would attribute the
activities of these persons to the state of railroads
in Russia'. After all, not everything lies with the
duties of managers and chiefs of roads. Then I
wanted to say that at present, due to the not
particularly good management of the traffic
service of the commercial part of the road
operation, the commercial part will soon form a
separate service, on a par with the traffic service.
Railways are already preparing for this.
Regarding the artel, as far as I remember,
Mr. Traustel, who also sympathised with this
Russian organisation, reported to us in the spring,
in May. I am surprised by the long procession of
this question through all institutions. You said
you would have to let that the State Duma to
decide. This means that it seems to encounter a
lot of friction, and nothing is reported about such
friction in the official press. To what is this to be
attributed? The artel is characteristic of Russian

1 The part of the report of N. Verkhovsky not published
in WTT, mentioned that «...the difficulties in transporting
grain during the famine of 1901 caused the appointment of
the formidable Colonel Wendrich, with large Higher powers,
to take vigorous measures for successful transportation.
Obviously, the higher spheres did not trust the mutual
solidarity and self-activity of the managers and chiefs of the
roads (because then many roads were already under state
administration) and had to resort to military energy, with
unification of power in the hands of one person... Even earlier
than this period, railway troubles caused the appointment of
the Highly Approved Commission of Count Baranov to study
the railway businessy». — Ed. note.

Nikolai Petrovich Verkhovsky

labour, it remains to take and accept it; but,
obviously, frictions exist for other reasons,
perhaps — these are legislative or administrative
reasons that are unknown to us, so that a good
deed is not hampered by the railways, and no one
can blame them for this, but is hampered by
extraneous reasons.

Regarding the development of the issue that
the railway employees, with the assistance of the
current minister and the administration, would
begin to improve the railways, it seems that in
our Technical Society there was no shortage of
this. The Technical Society once published
reports, and it continues to deal with this issue
in its journal, and sometimes at our meetings.
Today’s conversation with you about your report
serves as proof of this. There is no shortage of
assistance from the Society, and in general, if
you trace the historical part of the railways, you
can see that the first undertakings in all matters
did not come from government agencies, but
from private ones. This is wonderful and
completely natural, and I think this is how our
business is conducted in all countries. That’s
what [ wanted to tell you. Gentlemen, can anyone
offer questions to the speaker?

Speaker. The work that you are talking about,
indeed, did not catch my eye, but I expressed
what I myself had to go through. I also made a
historical sketch, but I did not read yours, and I
came to the conclusion that the heads of railroads
and managers could not act in solidarity, and as
a result they had to wait for instructions from
outside. It seems that you yourself have created
a project about distribution bureaus. If the chiefs
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were able to send cargoes by their own agreement,
then no one would prevent the chiefs from
coming together, and you set up a bureau.

Chairman. Your pointing at me gives me the
right to correct you. Heads of railroads, and then,
when I was the director of the department of
railways, were bound by orders of the department
of railways, and the projects that were presented
staled. Blame the general system. And now it’s
the same thing. It depends on the general system
and the attitude of society towards the
administration, and, therefore, the reasons lie
deeper than the will of the railroad chiefs and
managers. The bureaus were not so easily
established: once they decided, once they
established them. No, there was some struggle,
but I will not go into details, and this is not
necessary, indeed, railways were embarrassed.
District committees can also be added to this
issue. It is not at all the oversight of the chiefs of
railroads and managers that is the reason for
formation of district committees, but the activity
to which these committees have devoted
themselves would be beyond the capacity of
chiefs and managers of railroads alone.

Speaker. 1 want to talk about artels. As editor
of the Journal of the Ministry of Railways, I
wanted to help, and I proclaimed: «Sirs, please
speak!». We did this: we have 2 editors in the
editorial office. I wrote one thing, and the other
deliberately disagreed with me to show how
impartial we consider the issue. We waited to see
if there were any objections. It was assumed that
the legal department of the railway will look at
it from a legal point of view and highlight this
issue, but for half a year everyone is silent and,
obviously, no one is interested. It is necessary to
compel the Administration of the railway to
provide data.

Chairman. Do you want to know my answer?

Speaker. 1 would like to know.

Chairman. The reason for your excitement
about this is your youth as an editor. In this
regard, | have some seniority over you. I would
be very surprised if feedback was received on
such a proposal from my side. They is no
feedback. Our audience is special, and we
ourselves often do not respond to received letters.
We have established a department of questions
and answers in the journal, and what? We had to
do what you do with 2 editors, i.e., we, by asking
questions, answered them ourselves, wishing to
provoke an exchange of opinions by example.
We had to limit ourselves to this.

[Interventions during debates]

Yu. N. Erlikh. 1 must say that [ have read the
book in question, so I am fairly aware of the
speaker’s views. As you can see from the report,
the book contains many interesting figures, and
I don’t know why the speaker titled it so
modestly: «Confusiony». I think, with the vast
experience that can be seen with the author, he
understood what needs to be especially
emphasised.

We are practitioners of the business, we know
that we are obliged to keep too many administrative
clerks, and why? The author of the book knows
because we are burdened with delivering masses
of information that no one wants. This information
is compiled because the authorities, in theory,
should know everything and we should report
everything. It comes to the point that recently there
was a meeting where the task was to reduce the
number of reporting forms, and we were given
such a requirement that the central institutions
want to know how much cargo is sent in Russia
per each haul of all railways in one and the other
direction. When at this meeting one of the chiefs
of'the traffic service who was present said: «State-
owned roads are 40000 versts and with private
roads considered it makes only 60000 versts, and
I have 2000 versts at my disposal, and I’m only
interested in 2-3 loaded directions, and I’m not
interested in the resty, they answered him: You
can consider like that, but it is not good for us; we
must know everything.

Then one of the reasons, one of the
shortcomings of railways lies in labour
productivity. Trouble of railways, maybe,
depends on the fact that we are chasing the
leveling of wages. We consider it great if the
wages are chosen the same for everyone,
everyone gets the same. If a working person
receives as much as another, less working person,
then in most cases this produces a bad effect,
reduces his energy, and here you need to adhere
to the system that the author correctly pointed
out that people should be rewarded unevenly.
This principle is opposite to the principle of
public railways, which avoid it.

In private enterprises, responsible persons,
although junior employees, stand out and receive
much more than their colleagues. That’s why they
try. This is one of the methods in our common
cause that is inevitable.

Then I can’t agree regarding bonuses that the
senior employees get too much and the juniors
don’t get enough. Did I get it correctly?
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Speaker. No, I gave a particular example that
was reported to the State Duma, that bonuses for
cargo work at stations are offered to the heads of
traffic serivce.

Yu. N. Erlikh. If we reward everyone without
exception, then, no matter what kind of credit, in
the end, very little will come to everyone’s share,
and a small increase in salary is not a bonus.
Therefore, people have to be divided into those
who lead the work, and those who are led.
Therefore, to be successful, leaders need to be
singled out. The method you indicate is practicised
with complete success on private roads.

With regard to the fact that success in such a
business depends on the selection of employees,
this is clear, but where can this be done? This can
only be done on new lines. Here, suppose, the
chiefs can select their own employees, but on the
old lines people have served for many years, they
settled down, and this selection is less accessible
to the chiefs of the lines, and such a caste, about
which the speaker speaks, is formed by itself
from old-timers. I cannot treat this phenomenon
as one that would be of great benefit. I, on the
contrary, think that this leads on the railways
exactly to the fact that on railways the momentum
that exists when people are selected according
to talent disappears. Here you have to reckon
with the fact that you have to keep people who
cannot but be recruited into the service. This will
be an enormous burden, so that the formation of
a caste I cannot recognise as a rational measure
that can contribute to the progress of the railway,
especially since the author himself, when he
points out that in the traction service one can find
the departamental behaviour, he assesses it
negatively for the traction service. It would seem
that if in the traction service it happens that they
don’t go into details who is right and who is
wrong, and only defend their own employees,
then it will be all the more so if all railway
employees form a caste.

Then the speaker offers predestination in the
choice of the head of the railroad. As I understand
it, it seems that it is determined in advance that
such and such a young person can be promoted
to future bosses. How can I make out that one
young man has the material to be a boss, and
another does not? If a young man knows that he
is being prepared for leadership, will it be useful?

Speaker. Regarding caste, I will say that I
associate the formation of a caste with the
systematic training of personnel. I did not say a
single word in order to understand the caste in

such a way that every railway employee, since
his parents were railway clerks, acquired the right
to the title of railway employee, so that every
employee, no matter how negative qualities he
may be, would certainly be in the service. [ don’t
understand this and say that if there is such a
caste in the service of traction, then I point out
its negative side. When a principal who is not
particularly developed comes across, he will give
the caste a bad direction in the sense of supporting
each other at all costs. In any case, there are such
a mass of railway employees that, of course, it
is impossible to attach all of them to the railway.
The railroads have such a mass of young people
that one can choose from them; so that the wicked
will not be accepted.

As for preparation of the chiefs of the
railroad, there are different ways. I dwell on this
method precisely because, it seems to me,
persons preparing for the activity of railroad
chiefs must go through a lot of posts in order to
become familiar with the services, and such
persons will perhaps be more competent railroad
chiefs, and one can choose from among them.
After the publication of this book, I received a
lot of letters, and one engineer writes that I put
the question in this way, that an engineer trained
in this way will put forward certain requirements:
I have prepared myself and should be the head
of the railroad. He prepared, yes, but perhaps he
has such negative talents that are unacceptable
in the railroad. I do not put the question in such
a way that if the engineer has done everything
that I recommend, then he can demand the
position of the head of the railroad. He can be
the head of the service because he has
shortcomings that do not give him the opportunity
to be appointed as the head of the railroad.

M. A. Schukin. It seems to me that in this
respect you are hardly right. From experience,
we know a lot of railroad leaders who just did
not go through any services and turned out to be
the best railroad leaders. I won’t call names, but
that’s how it is.

Then you say that on railways leveling exists.
This is not true. Heads of stations receive from
40 rubles up to 150 rubles.

Yu. N. Erlikh. Too small as difference.

M. A. Schukin. Sorry, the difference between
salaries of 40 and 150 can hardly be considered
small. Differences in salaries exist in every kind
of office and depend on the work that is entrusted
to well-known persons, although they occupy the
same title of office.

®  World of Transport and Transportation, 2022, Vol. 20, Iss. 3 (100), pp- 210-216

Discussion of the Report of N. P. Verkhovsky about the Book «Railway Confusion» in the Imperial
Russian Technical Society in 1910 (archived publication)




P A. Alexandrov. 1 would like to say some
words about the method recommended by the
speaker to deal with theft. The author, on the one
hand, calls for joint friendly work and, on the
other hand, signs in complete impotence, i.e.,
says: «our network is large and extensive, but
there is no order in it — let’s bring the Varangians.
I’m talking about the all-Russian artel «Varyagy,
strongly recommended by the speaker. I
completely agree with Mr. Erlikh’s statement
about the overburdening of railway employees
with work on compiling various information, to
the detriment of direct duties.

How much of one statistical information that
no one needs? The highly respected Ivan
Ivanovich von Richter made a count of this mass
of papers. He can confirm how much is being
redundant, repeated. Let people do their direct
business, provide them financially — and then we
will cope with theft with the same means! Such
an appeal to the Varangians is not needed, you
just need to put things right.

Speaker. What has just been said, I sympathise
with completely, and, to tell the truth, I have
overlooked this. I myself, as an experienced person,
suffered from the presentation of a mass of such
materials, although very valuable and well-chosen.
For example, in the traffic service, as a champion
of this business, I tried to present the most accurate
and correct information, and what was my position
when I often received requests to give information.
I said, let me turn to this. «No, they say — give us

informationy, and I had to report by dispatch that I
had sent that a month ago correctly stated on paper.
I forgot to write about it, but many good pages can
be written about it, especially by me, as a free man.
This is a big ulcer, although the correspondence
saved many people from jail. Since we began to
write, we have ceased to go to jail. A capable and
efficient engineer went to jail for not having time
to work out instructions. As for your remark, in my
book I have repeatedly said that I can point out a
lot of capable and efficient engineers. I could not
talk about living people; I could tell about
Adadurov, and this addendum was made after his
death. I made an addendum because I had served
11 years with him. He was a great manager. I can
name in the same manner a lot of efficient engineers,
excellent administrators who did not go through
the school I recommended. It depends on the talent.
It would be unfortunate if we did not possess such
talented elements. We would not have achieved
what we have achieved now, and our position,
perhaps, would be worse than it is now.

L I von Richter. 1 also have read the speaker’s
book with great attention, and moreover twice,
and I find that the picture drawn by him is correct,
but it seems to me that their causes are just as
important as the phenomena themselves. I fully
subscribe to the opinion, Mr. Chairman, that a
historical analysis could reveal all the conditions
of the present situation of the railway business.
I think railways are flesh of our flesh. We have
railways, which we deserve to have. Let’s look
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around at what is being done in Russia. Did
railways work worse than the rest of the
mechanism? No, not at all. We see that some are
pessimistic about this case, others are optimistic.
At first, [ was an optimist, but [ have become so
pessimistic that even the fact that we are
indiscriminately called swindlers does not
surprise me. Why railways should form an oasis
where moral purity will reign? I think that it is
necessary to study all the conditions, and then
everything will be clear, and we can move on to
assessing the conclusions and proposals that are
being made to correct the evil. I say — a careful
study of history would undoubtedly reveal that
for the conduct of war, as well as for the railroad
business, three things are needed: money, money,
and money.

All the unsatisfactoriness of our railways is
made up of their loss. You know how inflated
this loss is, how much water is in capital, how
unreliable our balance sheets are. Recently, a
questionnaire committee pointed out that neither
the passive nor the active side of this balance is
known to anyone exactly.

If our railroads were profitable, then we
would find that everything is fine. At the present
time, we, the ranks of the Office, are the
scapegoats. We do not manage tariffs, we serve
not only trade and industry, but also all kinds
of government needs that do not appear on our
balance sheet assets. Railways’ authorities are
subjected to unheard-of care; we cannot take a
single step without being subjected to guidance,
which, however, lacks unity. Here the question
arose: do you need advice. I think they are
inevitable: where the Minister of Railways
cannot manage without the Minister of Finance
and a number of other ministers, there the chiefs
of railroads cannot be independent. They say
that the chiefs of the railroads are bad. I leave
this conclusion to the responsibility of the
rapporteur and am willing to admit that this is
the case. I’m not interested in facts, but in their
causes. They say that the personnel is not
organised. It is disorganised. We notice that over
the past 50 years it has become much worse.
There was no such general escaping as now. No
matter how much employees are trained, they
will leave us. They are paid in cash. I was in
Washington, in America, and I asked what
facilities the collection service had.

On a network of 2400 stations, i.e., 10 times
more than on the North-Western railway, there
were 200 employees, we have 800. Young ladies

receive 1800 rubles each as in our money. This
is due not only to the intensity of work, but also
to other conditions.

In America, railways, to avoid the control of
the federal government, issue invoices only
within their own lines. The accounting procedure
is simple — transportation is taken into account
according to the rules and regulations of domestic
traffic. Comparison with our conditions shows
how much easier it is, but we cannot think of
anything like that.

Then it was said here about overproduction
of statistics. This is the result of the influence of
a whole mass of bodies that make their demands
to the railways, not in accordance with the means
of the latter. I have tried to classify the relevant
data and have shown how great this overproduction
is. I know that we are acting unsatisfactorily in
all respects, both technically and economically,
but why? Because on the one railroad I served
on, the average age of locomotives was 37 years,
and the duration of service of employees was 5,7.
A samovar of this age would fit into a cabinet of
curiosities. I remember back in the [18]60s an
American came to Russia and asked what we
were doing with old locomotives? We repair them
because steam locomotives do not age. It turns
out that in America they change the skin every
10 years, and we continue to put patches on the
old sole. As far as employees are concerned, just
the opposite is found in this area.

It is said that the station’s expenses absorb
huge sums of money.

40 years have passed, and piecework
accounting of station expenses exists only on
paper. I will allow myself to tell what happened
on the Nikolaev railway: the director, the late
I. F. Koenig, as a result of my statement that the
condition for such accounting is the concentration
of rooms and apparatus with which traffic is
carried out, decided to rebuild one of the small
stations. It is known that these stations have
double buildings and it is necessary to keep the
service in 2 buildings. This small station has a
tunnel to connect all the services in one building.
The deceased said: I will build this monument
for you, and it will remain for the edification of
posterity, but, I think, neither I nor you will live
to see this moment. This is the inevitable product
of our conditions. Until conditions change, this
case will not change. These conditions are very
diverse, and there are even censored conditions,
which I cannot name, while others are openly
discussed. There are so many of them that if |
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start discussing them, I won’t finish until
tomorrow.

Speaker. 1 have this phrase: «Society will see
how railway world is complex and how to bring
it to perfection, given the general imperfection
of all departments in general and even the social
environment itself, from which the figures of our
vast economy are drawny. Therefore, [ understood
that we cannot be perfect when others are
imperfect.

Our society should condescendingly,
therefore, treat the defects of the railroad.

M. A. Schukin. 1 am acquainted with some
manufacturers and during a frank conversation I
heard the opinion that the theft, which was
discussed recently, is very serious in Russia, and
it is quite difficult to deal with different
institutions, but it is easiest with the institution
that is so scolded. I heard it with my own ears.

L I von Richter. 1 think there are many
exaggerations. I think they always stole before,
and now, but now public opinion is reacting more.
The General Charter has created many
unfavourable conditions for railroads, and they
steal what is badly laid down; for example,
insufficient specialisation of cargo spaces and
insufficient development of marshalling facilities,
hindering the classification and specialisation of
trains and cars, play a big role, and to eliminate
this, a lot of money is needed. The recipe that is
recommended is that specialisation is not
something new. In order to compare the former
views and wishes with the present, I took a
bibliographic index compiled by the order of
Count Baranov, and it turned out that then, just as
now, we were interested in this specialisation.
There are no specially built warechouses and tracks,
and orders and circular instructions on this part
have always existed. When the cargo is scattered
all over the train, over all the cars that are opened
at each station, then how can it not be stolen?

Yu. M. Erlikh. 1 will talk about the housing
issue. I know the railroad, which, having carried
out a quotation sheet for several million, included
several hundred thousand rubles for residential
premises. The line goes through the steppe area,
where there is nowhere to live, and when
considering the statement, a representative of the
State Control objected. He said: «it is much easier
for you to give apartment money».

M. A. Schukin. Considerations on this matter
have been presented by all the state-owned
railways and, as far as I know, without facing
special opinions of the Control; but the Ministry

of Railways itself found it more advantageous to
give out apartment money.

Chairman. In conclusion, I would like to say
only that the current report was listened to with
great interest. The report touched on an area that is
very familiar to us, and yet, until the very end, it
did not lose interest. Of course, this retention of
interest belongs to the speaker himself. We must
thank him for this. What will come out of this
report? More facts worthy of attention will be added
to the general consciousness. We often had
presentations, good ones, but, unfortunately, they
were of little immediate use, owing again to the
general conditions that were discussed today. In the
same way, if there is no success for this report, then
such a result will not be the fault of the speaker or
ours. Those events that we talked about, we found
before, and now we have found sympathy for
ourselves. It is desirable that public opinion and the
authorities pay attention to this, and at least will do
something of the possible. Allow me, gracious sirs,
to offer to thank the speaker and his opponents, as
well as those who supported him, for these
messages and for the desire to improve the railways
in our fatherland (applause).

From the editors [of Rail Business]. The
above report, in its size, could not be read in its
entirety, without gaps, at 1'/, or 2 hours, which
could be used to read it, and therefore, in the
conversation that followed the report, some parts
of the report remained, as it were, bypassed or
unnoticed. Nevertheless, by agreement with the
distinguished speaker, we decided not to exclude
them and give those who wish to speak on the
entire report — the opportunity to do so.

In any case, we undertake to draw the
attention of gentlemen-critics to the expediency
of using the material accumulated in the «Rail
Business» for almost 30 years of its publication
on all branches of the activity of railways and
their departments according to the «Systematic
Index of Articles Placed in the Journal «Rail
Business» during all years since the beginning
of its publication in 1882» and, in particular, the
material predominantly related to the report in
the «Personnel» section, which contains
outstanding articles and notes by Mr. Shishkov,
Richter, Radzig, Zaderatsky, and many others.
— The advertised price of the said «Systematic
Index» will be lowered.

(Zheleznodorozhnoe delo [Rail Business],
1911, Iss. 21-22, pp. 50d—60d) @
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Actual problems of legal regulation and organisation of
control and supervisory activity: Textbook [Aktualnie
problemy pravovogo regulirovaniya i organizatsii kontrolno-
nadzornoi deyatelnosti: Uchebnik]. Team of authors; under
general editorship of A. I. Zemlin. Moscow, KnoRus publ.,
2023, 592 p. ISBN 978-5-406-10620-4.

The article is a review of the textbook «Actual problems of
legal regulation and organisation of control and supervisory
activity: Textbook» intended for students of transport universities
studying in master’s programs. The textbook was prepared by
the staff of the Department of Transport Law of the Law Institute
of the Russian University of Transport under the general editorship
of the Honoured Scientist of the Russian Federation, D.Sc. (Law),
Professor Alexander I. Zemlin. The review highlights the relevance
of the topics included in the content of the textbook, the breadth
of their coverage, which allows for a complete and comprehensive
mastering of the didactic material, the depth of the scientific
approach demonstrated by the authors in the process of working
on the publication, the practical significance and potential
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relevance of the textbook. The sufficiency of the material
presented in the textbook is especially significant for both the
students of transport educational organisations and acting
inspectors of Federal Service for Supervision of Transport
(Rostransnadzor) from the point of view of development of
professional competencies, which are necessary for successful
fulfilment of their official duties in conformity with the provisions
of the Federal Law dated July 31, 2020, No. 248-FZ «On State
Control (Supervision) and Municipal Control in the Russian
Federation» valid from July 1, 2021.

The textbook is recommended as main educational literature
for training of master’s students in Jurisprudence and for
inspectors of Rostransnadzor attending the programs of additional
professional education «Legal provisions and organisation of
control and supervision activity in transport industry» and
«Organisational and legal foundations of control and supervision
activity in transport industry». When preparing the textbook,
reference legal systems « GARANT» and «ConsultantPlus» were
used, the validity of laws is as of March 1, 2022.
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system implies, along with implementation

of measures to ensure safety and security
of the transport infrastructure [1; 2], fulfilment
of international legal obligations of our state in
the transport sector [3], deployment of a set of
social and medical measures aimed at reducing
the risk of emergencies and preserving health of
people [4], reducing environmental damage [5;
6] and many others, the implementation of
control and supervision activity.

The attention paid by specialists in the field
of transport and legal science to the problems of
legal regulation of transport relations that arise
in the course of various types of activities is quite
natural and is due to the needs of development
of the Russian transport system [7]. The training
of specialists of the transport industry in the field
of legal support for their professional activities
is the key to continuous improvement and
development of the industry [8]. All this fully
applies to control and supervision activity in
transport field.

This circumstance is determined by the role
played by the «human factor» together with other
prerequisites and causes of violations of the rules
for operation of transport infrastructure facilities
and vehicles [9], as well as by the importance of
transport safety and security in general, which in
this area should be formed within the framework
of institutional subjects of legislation, responsible
for servicing the relevant industries [10], by a
high degree of vulnerability of transport
infrastructure facilities to acts of unlawful
interference [11; 12], as well as by other
circumstances that are emphasised by
representatives of transport and legal science and
education [13—16].

The practical significance of training highly
qualified specialists for implementation of
control and supervision activities in transport
sector, who have systemic legal knowledge and
skills in organising control (supervision), is
confirmed by the results of the work of transport
prosecutors, who often note the low level of both
theoretical and practical background of the
inspectors of the Federal Service for Supervision
of Transport (Rostransnadzor), as well as of
employees of controlled organisations.

At the same time, Federal Law dated July 31,
2020, No. 248-FZ «On State Control (Supervision)
and Municipal Control in the Russian Federation»,
which entered into force on July 1, 2021,
stipulates fundamentally new requirements for

The successful functioning of the transport
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the procedure and proceedings of control and
supervision activities in the Russian Federation
and imposes new requirements for training of
participants in control and supervision relations.

So, the main tasks solved in the process of
training a specialist are: providing students with
a set of legal knowledge, skills and abilities
necessary to understand principles, forms and
methods of public administration, control
(supervision) and their implementation in the
process of official professional activity;
development of students’ skills and abilities
necessary for effective participation in
implementation of control measures, for ensuring
that controlled (supervised) persons comply with
requirements of the law, and mandatory
requirements.

In addition, Article 29 of the Federal Law
«On State Control (Supervision) and Municipal
Control in the Russian Federationy sets the duties
of an inspector, fulfilment of which presupposes
that he has legal competences related to
implementation of legally significant activities
and exercise of rights of an inspector.

These circumstances necessitated the

publication of the textbook «Actual problems of [k

legal regulation and organisation of control and
supervisory activity», which was prepared by a
team of scientists, representatives of the scientific
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school «Transport Law», created and functioning
at the Law Institute of Russian University of
Transport, which is the basic industry university,
scientific, educational, and methodological
centre of the national transport industry. The
material presented in the textbook has been
radically revised and significantly supplemented,
compared with the topics presented in the printed
materials previously available on the market.

While stating its timeliness, theoretical
validity, and practical significance, it should also
be noted that the authors set as their goal to fill
the lack of educational literature necessary for
the student to fulfil the duties within the future
mission and in accordance with qualification
requirements for persons occupying positions of
the state civil service related to exercising the
authority of an inspector.

When forming the structure of the textbook,
the needs of transport specialists in obtaining
legal knowledge in all areas of control and
supervision activities were taken into account.
Thus, the edition contains didactic blocks
included in the work program of the discipline
«Actual problems of public legal regulation of
transport relations in implementation of control
and supervision activities», studied by students
of the Law Institute of RUT as part of the
master’s program within a training profile
«Legal support of transport security, control and
supervision and law enforcement activities in
transport» in Jurisprudence. Also, the textbook
is recommended as the main literature source
for training in the programs of additional
professional education «Legal provisions and
organisation of control and supervision activity

in transport industry» and «Organisational and
legal foundations of control and supervision
activity in transport industry», focused on
advanced training and retraining of civil service
employees including inspectors of
Rostransnadzor and officials of controlled
(supervised) organisations.

The material contained in the textbook is
presented in an accessible form, structured in
accordance with the logic of mastering the
knowledge necessary for a systemic perception
of the problems of implementing control and
supervision activities.

It should be especially noted that the
publication of the textbook under review by
representatives of the scientific school «Transport
Law» of the Law Institute of Russian University
of Transport indicates the continuation of
traditions that have historically developed in the
leading transport university, according to which
formation of a high legal culture is the most
important component of training a specialist for
the needs of the transport industry [17-21].

In view of the foregoing, it seems possible to
state that the textbook is written in an accessible,
but at the same time, legally literate and literary
language. There is no doubt that it largely
compensates for the existing lack of educational
literature for teaching students of transport
educational organisations, students of master’s
programs, and fully complies with the state
educational standard in jurisprudence and, of
course, will be in demand not only by RUT
students and students of additional professional
programs, but also by Ph.D. students, scientific
and pedagogical and practical employees.
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The double issue 1-2 (2022) of OSJD Bul-
letin contains material dedicated to the 65™
anniversary of its publishing activities.

The welcome message by the OSJD
Committee Chairman Miroslaw Antonowicz and
Editor-in-Chief Sergey Kabenkov highlights that
more than 380 issues have been published since
the inauguration of the Bulletin.

Throughout its long history, the multilingual
technical and economic information specialised
journal has been fulfilling its most important
function as an OSJD press organ with dignity
and to the full extent, having become a kind of
«spotlight» for popularising the OSJD activities
in the field of development and improvement of
international railway transport, highlighting on
its pages all the most important events both in
the activities of the Organisation and in the life
of the railways of the OSJD member countries,
observers and affiliated enterprises, as well as

World of Transport and Transportation, 2022,
Vol. 20, Iss. 3 (100), pp. 222-229

The OSJD Bulletin — the edition of the Organization for Co-Operation between
Railways — celebrates its 65th anniversary. Being of the same age as the organisation
itself, Bulletin has been diligently informing about its activities, acquainted the
readers with all their aspects, and with the achievements of its members, revealed the
most important projects, popularised scientific and engineering ideas.

With the kind consent of our colleagues from editorial board of OSJD Bulletin, we
present the main content of the article by the OSJD Committee Chairman Miroslaw
Antonowicz and Editor-in-Chief Sergey Kabenkov published in the anniversary

other international organisations being partners
for cooperation.

Foundation, Background and Development
of the OSJD Bulletin

The journal was founded in accordance with
the decision of session II of the OSJD Ministerial
Conference held in Beijing in 1957, where the
Minister of Railways of the USSR Boris
Beshchev proposed to start publishing the OSJD
Bulletin journal in Chinese, German and Russian
languages to popularise the decisions and
recommendations adopted by the OSJD
governing bodies, as well as for the exchange of
information on the experience and achievements
of the railways of the OSJD member countries.
The journal began to be published in 1958
6 times a year in Chinese, German and Russian,
and since January 2015 the German version has
been replaced by the English one.

For citation: Antonowicz, M., Kabenkov, S. Yu. 65 Years of Publishing Activity of OSJD Bulletin. World of Transport and Transportation,
2022, Vol. 20, Iss. 3 (100), pp. 222-229. DOI: https://doi.org/10.30932/1992-3252-2022-20-3-13.

The text of the article in Russian is published in the first part of the issue.
Tekcm cmambu Ha pycckoM si3bIke ny6aukyemcs e nepeoll Yacmu daHHO20 8binycka.
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For 60 years, the journal, like the entire
Organisation as a whole, has managed to undergo
the important stages of formation and
development. The journal has played and
continues to play an important role in popularising
the activities and decisions of the Organisation
for Co-Operation between Railways, bringing
together the personnel of railways in all OSJD
member countries.

The very first publication in the first issue of
the journal in 1958 (the first editor-in-chief at
that time was Heinz Heiss — a representative from
Germany) was an article by the Chairman of the
OSJD Committee — representative of the Polish
State Railways Henryk Drazkiewicz dedicated
to the OSJD foundation, its structure and main
fields of activities.

Subsequently, the journal published on its
pages the articles by the ministers in charge of
railway transport in the OSJD member countries,
heads of OSJD railways, OSJD observers and
affiliated enterprises, governing officials and
members of the OSJD Committee, specialists
and experts in the field of railway transport from
all OSJD member states.

At the initial stage of its functioning, the
journal was printed in black and white option
using a letterpress (or typographical) printing
technology. The simplicity of the printing process
using this technology, the ease of making a
printing plate, clear lettering, even strokes and
contours of letterpress prints have made
letterpress printing method dominant for a long
time.

With the development of digital technologies
and computerisation in all areas of human activ-
ity the new tendencies in the journal printing and
publication appeared in the late 90s — early 2000s

Pic. 1. Henryk Drazkiewicz.

(the chief editors at that period were A. Glonti,
L. Slobodinyuk and A. Filimonov): there was a
transition to electronic typing of articles using
personal computers, which greatly improved,
accelerated and simplified the preparation of
materials for their subsequent printing.

The technology of printing itself has also
changed, with modern digital types of offset
printing being introduced: computer-to-plate or
CtP. Greater attention has also been paid to the
journal’s exterior design, where digital photo
technologies have become more widely used,
thus leading to the creation of its existing design:
colourful, variegated, using photographical pic-
tures illustrating the main topics of the articles
in each issue. The use of the latest computer
technologies has made it possible to improve the
quality of editorial and publishing preparation,
illustrative material, design, technical and print-
ing performance, as well as the efficiency and
relevance of the information provided.

It is worth mentioning that the Editorial
Board of the Journal, represented by the highest-

OSJD:
in Service of the World’s Railways
1956-2021

21 i a significant yeqr for e Organisation for Co-Cheration between
FRailwaps (OST0): it s &5 Althogepears of OSTDS conlinuous development
were fLlled with s guificant evends and changes both inthe Crgamisalion § achyvifies
and i the economic aud ge opolifical situation in the Furanm space.

hfyoelaw ANTONOWTCE, Chaimman of the OSTD Committes, duells in his
article mn the stages the ORTD has pagsed through in it development in the
course af &5 pears of s aekviies, as well as on e challenges and tasks it s

Facing at present.

65 Years

Pic. 2. In 2021, 0SJD celebrated its 65th anniversary, to celebrate this event the 0SJD Bulletin published
in its issue 1-2 (2021) an article by Mirostaw Antonowicz, Chairman of the 0SJD Committee, dedicated to the history in the Organisation’s

development and its activities at the present stage.
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Pic. 3. Front covers of the issues of 0SJD Bulletin of previous years.

level specialists of various OSJD commissions
and PWGs from various countries, makes an
invaluable contribution to the preparation, pub-
lication and further distribution of materials
during various events in all corners of the Eur-
asian space. Of great importance and value is the
contribution of the OSJD Committee members,
representatives of the ministries and railways of
the OSJD member countries, observers and af-
filiated enterprises, cooperation partners from
other international organisations — UNECE,
UNESCAP, EU (DG MOVE), OTIF, CIT, EAEU,
CSZT, UIC, ERA, CCTT, WCO, UPU, FIATA,
FTE, FERRMED, ECO, etc., from other publish-
ing houses of the Eurasian space — Bahnfachver-
lag (Germany), Gudok, RZD-Partner, Eurasia-
Vesti, Railways of the World, World of Transport
and Transportation, Innovations of Transport,
Educational and Methodological Centre for
Railway Transport (UMC ZDT) (Russia), Zhe-
lezopten Transport (Bulgaria) and others.

In connection with the ever-increasing role
of the English language in international relations,
starting from January 2015, the journal has begun
to be published in English, replacing the German
version. All this, together with the improved
quality of the content of the articles, contributed
to an increased demand among readers in various

countries and to an increased competitiveness
among railway periodicals.

Today’s OSJD Bulletin

In recent years, following the requirements
of the time and progress in the field of digital
technologies, the editorial staff of the journal was
also entrusted with the task of providing the
operation of the OSJD Website, which made it
possible not only to more quickly inform readers
about the most important events in the activities
of OSJD and its member railways, but also ensure
the exchange of relevant documents for the
fulfilment of the tasks set by the working bodies
as part of the implementation of their work plans
and programmes. The information relating to the
structure, membership, tasks and activities of
OSJD is published on the Website, all documents
are posted up to date: SMPS and SMGS
Agreements and their Service Instructions, Rules
for the use of passenger coaches (PPW) and
freight wagons (PGW) in international traffic,
tariffs (MPT, MTT and ETT), Harmonised
Commodity Code (GNG), contracts, agreements,
memoranda, leaflets and all other documents
adopted and valid within the OSJD framework.

Currently, the journal is issued in three
languages (Russian, Chinese and English)
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Pic. 4. Home page of the 0SJD Website, supported in Russian, Chinese and English.

6 times a year with the following information
related to:

* decisions and recommendations adopted by
the sessions of the Ministerial Conference,
meetings of the Conference of General Directors
and the OSJD Committee;

* the meetings of the OSJD working bodies
and their main outcomes;

* cooperation between railways in the field of
international railway traffic between the countries
of Europe and Asia, including combined transport;

» the progress of the International Conference
on the adoption of the text of

the Convention on Direct International
Railway Traffic;

* issues connected with the transport policy,
economic, legal and environmental aspects of
railway transport;

* aspects arising from conventions and
agreements on international passenger and
freight traffic by rail and other legal documents
and tools related to the international transportation,
including the rules and tariffs;

» the interaction of railways in the field of the
rules for the use of rolling stock and rules for the
technical operation of lines on which international
transportation is carried out;

* the topical issues of improvement and
development of railway transport, on the
activities of the railways of the OSJD member
countries, as well as OSJD observers and
affiliated enterprises and other railways;

* cooperation and joint work of OSJD with
other international organisations dealing with
railway transport issues;

* the exchange of experience between the
ministries of transport and railways in the field
of operational activities, introduction of new
equipment and advanced technologies, including
the digitalisation of the transportation process,
improving economic performance, as well as
other issues;

« reference information for practical use by
the OSJD specialists and experts.

In recent years, due to the structural and
economic changes taking place all over the
world, including on the railways of the OSJD
member countries, with the transition of railway
transport to market relations, more and more
articles began to appear related to financial and
economic activities and structural reforms of the
railways.

Meanwhile, recently such new subjects of
current interest are covered as «Work on the
adoption of the text of the Convention on Di-
rect International Railway Traffic», «Improv-
ing the competitiveness of railway transport»,
«Facilitation of border crossing procedures in
international railway passenger and freight
trafficy, «Work on the improvement of trans-
port law and on the creation of a unified trans-
port law», «Expanding the use of the unified
CIM/SMGS consignment note for interna-
tional freight railway traffic», «International
experiencey», «Logistics», «High-speed traf-
ficy, «Environmental protection and traffic
safety», «Digital technologies and digitalisa-
tion processes in transport».

The Bulletin is distributed in the OSJD
member countries, dispatched to the OSJD
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Pic. 5. Editions published by 0SJD Bulletin.

Pic. 6. In 2014 and 2016, the 0SJD Committee published two collected works with articles and materials under the titles «Best Practices
for Improving the Efficiency of International Railway Transport in the Eurasian Space» and «Directions for the Strategic Development of
Railway Transport in the 0SJD Member Countries».

observers and affiliated enterprises, subscribers,
as well as forwarded within the framework of
information exchange to other international
organisations and publishing houses dealing with
the railway transport industry — in total it is
distributed in more than 50 countries of the
world.

Of course, the functioning of the OSJD
Bulletin journal would not have been possible
without active support from the ministries of
transport and all railways of the OSJD member
countries, observers and affiliated enterprises,
without interaction with the international
organisations in the field of transport and other
publishing houses dealing with the railway
transport industry. Therefore, it is worth
expressing gratitude to everyone for the assistance
and cooperation provided.

Events to Commemorate the 50"
Anniversary of the OSJD Bulletin

On 8-9 December 2008, the OSJD Com-
mittee in Warsaw hosted 2 events dedicated to
the 50" anniversary of the journal and the re-
lease of its 300" issue: an anniversary meeting
of the Editorial Board and the International
Seminar on the subject «The role of specialised
railway periodicals in the development of
railways». The events were attended by the
heads and members of the OSID Committee,
members of the Editorial Board of the OSJD
Bulletin, chief editors and representatives of
specialised railway publishing houses, press
services, railways and international organisa-
tions in the field of transport. In total, more
than 50 delegates from 27 countries attended
the first-in-the-history-of-railways forum of
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Pic. 7. Participants in the jubilee meeting of the Editorial Board of the 0SJD Bulletin journal and in the international workshop on the subject
«Role of Specialised Railway Periodicals in the Development of Railways», dedicated to the 50" anniversary of the journal foundation and
publication of its 300th issue (08-09.12.2008, 0SJD Committee).

the railway publishing houses of the OSJD
member and observer countries.

The representatives of the railway media
made presentations and reports on the work of
their publishing houses. As part of the discussions
and exchange of opinions, close business rela-
tions were established between the representa-
tives of the railway media branch from various
countries, which further contributed to a more
efficient and high-quality exchange of informa-
tion in the field of operation and development of
railways in the OSJD area.

All delegates expressed their great gratitude to
the OSJD Committee and the editorial staff of the
Bulletin for the great work being done to popular-
ise the activities of the OSJD and its member rail-
ways, as well as for bringing together the specialised
media in the field of railway transport. They were
unanimous in their opinion that the exchange of
experience between industry publishers was of
vital importance, as the market conditions they had
to live in required a strong competition for attract-
ing more customers, readership, modern technolo-
gies, distribution and dispatch. Only by strengthen-
ing cooperation and interaction, by combining ef-
forts aimed at popularising the activities of the
railways of the OSJD member countries, it is
possible to reach an increased level of competitive-
ness of railway transport, attract clientele for pas-
senger and freight traffic onto the railways, and
develop railway transportation both in interna-
tional traffic between Europe and Asia as well as
within the countries.

International Recognition of the OSJD
Bulletin

The «OSJD Bulletin» journal has repeatedly
become a winner of various international prizes
and rewards in the field of publishing multilin-
gual specialised railway periodicals, including
of the International Transport Award «Golden
Chariot», as well as in the International Compe-
tition of Publications «University Book —2019»,
etc.

Within the framework of the XXVIII Inter-
national Book Fair, which was held in Moscow
from 2 till 6 September 2015, on 3 September
a solemn ceremony of awarding the winners
of the III International Competition «Univer-
sity Book — 2015» was held, where the OSID
Committee was awarded diplomas of the 1%
degree and a medal in the branch of «Equip-
ment and technology of land transport» in the
nominations: «The best printing publication»
— for the publication of the technical and eco-
nomic information journal «OSJD Bulletin»
and «The best foreign periodical on railway
transporty» — for highlighting topical problems
of the railway transport evolution and develop-
ment.

On 6 September 2019, as part of the business
programme of the XXXII Moscow International
Book Fair at VDNH in Moscow, a solemn meet-
ing and award ceremony for the winners of the
International Competition of Publications «Uni-
versity Book —2019» in the branch of «Material
and technology of land transport» were held,
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Pic. 8. Diplomas of the 1st degree and a medal awarded to the 0SJD Committee as a winner in the lll International Competition «University
Book - 2015».

Pic. 9. Awards for 0SJD for the best printed periodicals in foreign languages in the field of «Material and technology of land transport».

where the Organisation for Co-Operation be-
tween Railways (OSJD) was awarded highrank-
ing awards and won the title of laureate in the
field of publishing specialised railway periodicals
in foreign languages (Russian, Chinese and
English), including: «Report on the Activities of
the Organisation for Co-Operation between
Railways», the journal «OSJD Bulletin» and a
collection of articles and works «Directions of
Strategic Development of Railway Transport in
the OSJD Member Countries».
On 16 November 2021, within the framework
of the exhibition «Transport of Russia» (16—18
November, Moscow), the award ceremony for
the winners of the VI International Competition
«University Book —2021» of publications in the
field of «Transport» was held, in which the
«OSJD Bulletin» journal was awarded a Diploma
Pic. 10. Diploma of the 1st degree in the nomination «Best in

Printing Quality» following the outcomes of the VI International of the st degree in the nomination «Best Print-
Competition of periodicals «University Book — 2021/ Transport». ing Quality».
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Pic. 11. Participants in the joint meeting of the UIC-OSJD Terminology Group (Paris, October 2015).

Cooperation in the Field of Multilingual
Terminology Unification

For many years, the editorial staff of the
journal has been cooperating with the UIC
Terminology Group in the field of producing
thematic thesauri on railway subjects, including
electronic ones, in order to generalise and
standardise the terminology used in translations
into working languages in international
cooperation activities in various areas of railway
transport. Since the OSJD Bulletin is published
in three languages (Russian, Chinese and
English), this work is of great importance for the
unification and standardisation of terminology
when translating articles and information in these
languages in terms of solving technical issues of
functioning and improving electronic dictionaries,
developing terminology management software,
practical use of electronic dictionaries in work,
etc.

2022, like the previous two years, began in
the difficult conditions of the pandemic and
related restrictions. Despite this, the activities of

the Organisation and the railways of its member
countries continue to be carried out in accordance
with the approved plans and programmes of
work, including thanks to the use of modern
technologies and means of communications.
During this difficult period, OSJD demonstrates
its stability and ability to adapt flexibly to the
new operating conditions. The OSJD Bulletin
continues its work to popularise the activities of
the Organisation in these difficult conditions, and
we hope that our readers will continue to be able
to satisfy their information needs in the field of
railway transport on the journal’s pages.

Of course, the publication of the OSJD
Bulletin would not have been possible without
the active support and participation of the
management, specialists and experts of the
ministries and railways of the OSJD member
countries, members and working staff of the
OSJD Committee members of the editorial board
of'the journal, as well as representatives of OSJD
observers and affiliated enterprises and
organisations — partners for cooperation. °
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Berestok, N. O. Improving safety of
production processes at railway transport
enterprises based on reducing the influence
of the human factor. Abstract of Ph.D. (Eng)
thesis [Povyshenie bezopasnosti
proizvodstvennykh protsessov predpriyatii
zheleznodorozhnogo transporta na osnove
snizheniya vliyaniya chelovecheskogo faktora.
Avtoref. dis... kand. tekh. nauk]. Moscow,
RUT publ., 2021, 24 p.

The train traffic is the technical and
technological basis for production processes of
atransport enterprise. The continuous repetition
of accidents, derailments, train collisions and
the prerequisites for them, for almost the same
reasons, is associated with the human factor.
According to statistics, 90 % of all incidents
occur due to violation of the rules and regulations
governing the actions of employees. This
indicates that the existing system for prevention
of' violations of train traffic safety in organisation
of the transportation process is not sufficiently
effective.

Increasing the level of safety of industrial
transport processes by traditional methods due
to significant amounts of capital investments in
the short term is an unlikely option. Therefore,
the study of the issue of improving safety by
reducing the negative impact of the human
factor seems to be relevant.

The objective of the thesis is to develop a
methodology for assessing the level of safety
of production processes of railway transport
enterprises, taking into account the influence of
the human factor.
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To achieve this goal in this study, it is
necessary to solve the following tasks:

 To analyse existing approaches to safety
management of industrial transport processes.

» To structure safety violations of production
transport processes.

* To substantiate the tools for obtaining
expert data on the relationship between types
of violations and signs of safety culture.

» To propose an approach to assessing the
impact of the human factor on safety of
production transport processes.

* To substantiate the technology of cluster
analysis of violations of train traffic safety rules,
considering the influence of the human factor.

* To develop a methodology for assessing
the level of safety of production processes of
railway transport enterprises, considering the
influence of the human factor.

* To test the developed methodological
solutions and offer recommendations for
minimising the negative impact of the human
factor on ensuring safety of production transport
processes.

As aresult of the research carried out in the
thesis, the scientific problem of developing a
methodology for assessing the level of safety
of production processes of railway transport
enterprises was solved, considering the
influence of the human factor. The main
scientific and practical results obtained are as
follows.

The analysis of the state of safety of
production transport processes was carried out,
which showed that the human factor has a
significant impact on the level of safety and
development of methodological tools for
assessing this impact is required.

A hypothesis has been put forward about
the connection between violations actually
committed by employees and signs of safety
culture which is a new tool for the activity of
railway enterprises in ensuring safety of train
traffic. The hypothesis is confirmed by expert
assessments obtained during the thesis research.

A specific structuring of safety violations
of production transport processes was carried
out, which made it possible to reduce the
variety of single violations to a specific
number of their types, which have a stable
character, which makes it possible to streamline
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their processing and analysis in specific
production situations.

A methodology has been developed for
assessing the level of safety of production
transport processes, taking into account the
influence of the human factor. The technique
includes:

» Comprehensive average assessment of the
overall level of safety for the established types
of violations.

* Average expert assessment of the degree
of connection between violations and signs of
safety culture.

* A method for quantifying the level of
safety of production transport processes,
considering the influence of the human factor.

* Cluster analysis used to obtain structured
information that complements the generalised
average estimates.

Approbation of the methodology on the
example of 2018 data made it possible to
establish the following values of average
estimates:

* Average assessment of the relationship of
violations with signs of safety culture: 0,27.

* The level of safety of production transport
processes without considering the influence of
the human factor: 0,35.

* The level of safety of production transport
processes considering the influence of the
human factor: 0,31.

The Harrington scale, modified by the
author, is proposed for the qualitative
characteristics of quantitative assessments of
the level of safety of production transport
processes. Its modified version differs from the
original one in more stringent requirements for
the interpretation of quantitative estimates. The
value of 0,31 on the Harrington scale and on
the scale proposed in the thesis for assessing
the safety violation of production transport
processes, considering the influence of the
human factor, corresponds to a low level of
safety.

A cluster analysis toolkit is proposed that
allows obtaining information that supplements
the average estimates necessary for making
managerial decisions to improve the safety level
of production transport processes and reduce
the negative impact of the human factor. The
toolkit includes a method of expert assessments

for establishing a connection between types of
violations and signs of safety culture, nine
clusters of violations with their author’s
grouping according to aspects of safety culture,
the author’s interpretation of the content of each
cluster.

The fact of a close connection between
safety violations committed by employees of
the enterprises of traffic organisation of JSC
Russian Railways, with the mistakes of students
of a transport university when they work with
the author’s test content has been established.
An explanation for the existence of such a
relationship is given.

Recommendations are proposed to improve
the safety level of production transport processes
and reduce the negative impact of the human
factor, including at the university stage of
staffing transport production.

The obtained results, conclusions and
proposals have found application in the work
of the department of traffic safety of JSC
Russian Railways, LLC Project Technologies
and the department of railway stations and
transport hubs of RUT (MIIT).

Based on the results of the analysis,
technological maps were developed for each
cluster of violations, aimed at increasing the
level of safety of production processes by
minimising the influence of the human factor.

The prospect of further development of the
topic is the improvement of indicators
characterising a systematic approach to the
culture of production at the enterprise.

05.02.22 — Organisation of production
(transport).

The work was performed and defended at
Russian University of Transport.

Chekalova, E. A. Scientific and
technological bases for formation on the
surface of a cutting tool and parts of discrete
diffusive oxide layers to improve their
durability. Abstract of D.Sc. (Eng) thesis
[Nauchnie i tekhnologicheskie osnovy
Jformirovaniya na poverkhnosti rezhushchego
instrumenta i detalei diskretnykh diffuzionnykh
oksidnykh sloev dlya povysheniya ikh
dolgovechnosti. Avtoref. dis... doc. tekh.
nauk)]. Moscow, MAI publ., 2021, 45 p.
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The strategy of increasing reliability and
durability of machines requires a fundamental
improvement of quality of parts and assemblies
of manufactured products. Successful solution
to this problem is practically impossible without
development and introduction of new, more
advanced materials and efficient technological
processes. A special place in achieving the
required number of machine parts is occupied
by the surface hardening of tool and structural
materials.

Classically, hardening of tool and structural
materials is achieved by introduction of alloying
elements and heat treatment through rational
control of the chemical composition and
structure of materials.

At the same time for a number of the most
massive and critical parts, such as compressor
blades of gas turbine engines operating under
the influence of high alternating loads, corrosion
and erosion effects of the gas environment,
which as a rule, play a decisive role in the life
of engines as a whole, the problem of developing
new, more efficient methods of surface
hardening is very relevant.

The problem of strengthening tool and
structural materials became especially acute in
development of new highly loaded energy-
intensive machines, in solving the problems of
reducing labour intensity and cost, and
significantly increasing their competitiveness
in the world market.

Creation of promising gas turbine engines
is inevitably accompanied by a sharp tightening
of their operating conditions, an increase in the
level of thermomechanical cyclic loads, the
need to use more advanced tool materials, and
improvement of quality of surface treatment.
In this regard a very promising direction in
solving the problem of increasing reliability and
durability of tools and products is creation of
new highly effective wear-resistant coatings.

The main cause of premature loss of
efficiency of compressor blades and tools is
destruction of hardening coatings. Establishing
the mechanisms of wear and destruction of
coatings on tool and structural materials is of
paramount importance in solving the problem
of durability.

Another important task is development of
new, more reliable and economical industrial

technologies of formation of hardening
surfaces, which ensure high stability of quality
and reproducibility of physical and mechanical
properties. The establishment of functional
relationships between the parameters and the
technological process of formation of coatings
and their operational characteristics is becoming
highly relevant.

An integrated approach to solving the set
tasks involves, first, a deep study of the
mechanisms of destruction of coatings under
the influence of non-stationary thermo-
mechanical loads, then a scientific substantiation
of purposeful alloying of the surface layer of
parts and tools to obtain specified operational
properties.

The paper proposes a fundamentally new
solution to the problem of durability of machine
parts and tools, which consists in development
of a new type of diffusion coatings with a
discrete cellular structure of non-stoichiometric
composition, which have increased wear
resistance.

The objective of the work — to improve
technological and operational properties of
tools and parts by creating a surface diffusion
discrete oxide layer during treatment with a
corona discharge current.

The study allowed achieving the following
results.

A theoretical model of durability of a sample
with a diffusion discrete oxide layer has been
developed for a comparative assessment of the
effect of a discrete oxide layer and a continuous
coating on the physical and mechanical
properties of the surface layer of the material.

A new method has been developed for
obtaining discrete oxide layers by the corona
discharge current at low temperatures (up to
room temperature) on the surface of a cutting
tool and parts made of tool and structural
materials, and recommended process parameters
have been determined that increase durability
of the cutting tool and parts under operating
conditions.

The influence of the chemical composition
of the gas environment and parameters of the
technological process on the structure of the
formed oxide layer of materials of the tool ad
parts being processed, and the influence of
structural features of discrete oxide layers on
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physical-mechanical and cutting properties the
tool material and physical-mechanical
properties of the structural material have been
established.

The mechanism of wear deceleration of the
cutting tool with a discrete oxide layer during
turning and milling has been revealed.

A technique and criterion for assessing
durability of materials with a discrete oxide
layer by the value of the molar activation energy
U, has been developed.

A method has been developed to increase
durability of compressor blades for the second
resource by restoring a wear-resistant coating
on anti-vibration shrouds.

Equipment and technology for obtaining
discrete diffusion oxide layers on instrumental
and structural materials have been developed.

2.6.5 — Powder metallurgy and composite
materials.

The work was performed at Moscow
Polytechnic University (Moscow Poly) and
scientific-research department-9 of Moscow
Aviation Institute (National Research
University), defended at Moscow Aviation
Institute (National Research University) (MAI).

Grachev, N. V. Energy-saving control of
power installations of gas turbine locomotives.
Abstract of Ph.D. (Eng) thesis [Energosbere-
gayushchee upravlenie silovymi ustanovkami
gazoturbinnykh lokomotivov. Avtoref. dis...
kand. tekh. nauk]. St. Petersburg, PGUPS
publ., 2022, 16 p.

At present, one of the target tasks is to
increase the efficiency of operation of gas
turbine locomotives using natural gas as a motor
fuel.

The object of the study was the power plant
of a gas turbine locomotive. The subject of the
study was the main physical processes of
converting gas energy into electrical energy in
the gas turbine-generator system and its control
to increase the efficiency of gas turbine
locomotives.

The objective of the thesis research was to
increase the energy efficiency of gas turbine
locomotives by improving the methods and
algorithms for controlling their power plants.

The following tasks were solved in the
work:

» A review and analysis of existing systems
for transferring energy from a gas turbine to
wheel sets of an autonomous locomotive has
been carried out.

* Main physical processes of conversion of
gas energy into electromagnetic energy in the
gas turbine-generator system and its control
have been studied.

* Mathematical models of the power plant
of a gas turbine locomotive and the output
power controller of the turbine-generator
system of a gas turbine locomotive of the GT1h
series have been developed.

* Electromagnetic processes in the traction
electric drive of gas turbine locomotives of the
GT1h series were studied in various modes of
its operation.

* Operation of control algorithms for power
plants of gas turbine locomotives was studied.

* A method for implementing the control of
a gas turbine loaded on a traction generator has
been substantiated to improve the efficiency of
its operation at partial loads.

* In accordance with the proposed
approaches to controlling a gas turbine and
regulating the output power of the gas
turbine-generator system, an algorithm for
controlling the power of the turbine-generator
system has proposed, which ensures formation
of rational gas turbine loading trajectories
according to the free power of the turbine in
the entire range of its use, which makes it
possible to reduce the specific consumption
fuel consumed by a gas turbine locomotive
for train traction.

* Processing of experimental data obtained
during operation of gas turbine locomotives of
the GT1h series Nos. 001, 002 on the public
tracks of the infrastructure of Sverdlovsk
Railway — a branch of JSC Russian Railways
was executed using the proposed algorithm for
controlling power plants of gas turbine
locomotives, providing an increase in their
economic efficiency.

In the thesis work, an urgent scientific and
technical problem was solved, which consists
in increasing the efficiency of gas turbine
locomotives by improving the algorithm for
controlling power plants. In the course of the
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work, the following main results and conclusions
were obtained.

An analysis of existing gas turbine traction
systems showed that one of the priority tasks
for improving the efficiency of gas turbine
locomotives is to reduce fuel consumption of
gas turbine engines at idle and under partial
loads by improving the algorithms for
controlling power plants of gas turbine
locomotives.

A mathematical model of the power plant
of a gas turbine locomotive has been developed,
which includes models of a gas turbine engine,
a traction electric drive, and an automatic
control system for a gas turbine locomotive,
which make it possible to study electromagnetic
processes in a traction electric drive.

Based on the results of the study of
electromagnetic processes in the traction
electric drive of a gas turbine locomotive, using
the developed mathematical model, the stability
region of the Pl-controller of the automatic
control system was obtained and the rate of
gaining a given power of the traction generator
was determined.

A method for implementing the control of
a gas turbine loaded on a traction generator is
substantiated, which improves the efficiency of
its operation at partial loads.

Limitations were determined during
operation of the combined power and speed
controller of the gas turbine engine and the
power controller of the turbine-generator
system. The limitations considered the changing
speed of the power turbine shaft and the
available power of the gas turbine engine in
various control ranges, the speed of the power
turbine shatft.

A mathematical model of the observer of
the state of a gas turbine engine has been
developed, designed to calculate free power of
a gas turbine engine during its operation in an
energy-saving mode.

According to the proposed method, an
algorithm for controlling the power of the
turbine-generator system has been developed,
which makes it possible to form rational
trajectories for loading a gas turbine in the entire
range of its use.

It is shown that considering the restrictions
on free power of the gas turbine engine during

operation of the output power controllers of the
turbine-generator system allows one to form
rational trajectories of loading the gas turbine
engine.

The specific fuel consumption of a gas
turbine locomotive during driving was reduced:
for light trains weighing 1500 tons by 35,5 %,
for trains weighing 6000 tons by 16,2 %, and
for heavy trains weighing 9000 tons by 9,57 %.

The expected integral economic effect from
operation of a gas turbine locomotive on
Surgut—Voynovka section with heavy trains
weighing 9,000 tons will be 17 478,18 thousand
rubles per year with a payback period of 0,003
years due to the low cost of software changes.

05.22.07 — Railway rolling stock, train
traction and electrification.

The work was performed and defended at
Emperor Alexander I St. Petersburg State
Transport University.

Hoang Ngoc Anh. Mathematical and
algorithmic support for calculating the
performance indicators of maintenance and
repair of complex equipment. Abstract of
Ph.D. (Eng) thesis [Matematicheskoe i
algoritmicheskoe obespechenie vychisleniya
pokazatelei effektivnosti obsluzhivaniya i
remonta slozhnogo oborudovaniya. Avtoref.
dis... kand. tekh. nauk]. Irkutsk, IrGUPS
publ., 2021, 18 p.

The development of engineering and
technology has led to creation and improvement
of methods and means of ensuring reliable
operation of equipment for various purposes.
These tools include reliability methods, as well
as monitoring and diagnostic tools for complex
equipment.

The reliable functioning of the equipment
is largely determined by the system used for its
maintenance and repair. In this regard, in our
country and abroad, various technologies for
its maintenance and repair are being developed
and improved. Maintenance and repair of
equipment takes place in conditions of limited
financial resources, therefore, various methods
of system analysis, mathematical and simulation
modelling are widely introduced into
organisation of repair works.
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The thesis research is devoted to the study
of maintenance and repair of complex equipment
in conditions of uncertainty and limited
financial resources. The thesis recommends a
maintenance and repair procedure for complex
equipment using an insurance fund that
performs two functions:

1) Accumulates payments with a given
frequency to perform various types of repair
work.

2) Pays for these works as necessary. A
mathematical description of the state of the
insurance fund at time ¢ is proposed to be carried
out based on a special type of risk process used
in the mathematical theory of risk.

To model this risk process, it is proposed
to use a simulation approach that involves
creation of a simulation program based on the
event method, which creates sample values of
time points when there are no financial
resources to perform equipment repairs. These
values are then processed according to the
proposed algorithms to obtain the values of
equipment maintenance efficiency indicators.
The search for models for evaluating the
effectiveness of the repair work of complex
equipment during its operation is an urgent
task that needs to be solved. All the above
justifies the relevance of the chosen topic of
the thesis work and allows us to formulate its
objective and tasks.

The objective of the thesis work is to
increase the efficiency of managerial decision-
making through development and application
of mathematical, algorithmic and software for
calculating indicators that evaluate the
maintenance and repair of complex equipment
during its operation.

To achieve this objective, it was necessary
to solve the following tasks:

» To create mathematical software, using the
risk process, to simulate the maintenance and
repair of equipment using an insurance fund
that performs the functions of accumulating
payments at different intervals and paying for
these works as needed.

* To select probabilistic models used in
describing the components of the risk process
and necessary for modelling time intervals
between repairs and the costs of their
implementation.

* To develop an algorithmic support for
calculating the efficiency indicators of
maintenance and repair of equipment based on
simulation data.

* To create a software package for modelling
and comprehensive research of maintenance
and repair of complex equipment according to
the proposed performance indicators.

* To test the created algorithmic and
software for influencing factors based on
computational experiments with a simulation
program for the selected initial data.

The object of research in the thesis work is
maintenance and repair of complex equipment
during its operation. The subject of the thesis
research is mathematical and algorithmic
support in relation to the calculation of the
proposed indicators of risk and reliability in
maintenance of equipment based on the results
of simulation modelling.

As a result of the thesis research, the
following main results were achieved.

The formalisation and formulation of the
problem of a systematic approach to maintenance
and repair of complex equipment with the use
of an insurance fund that performs the functions
of accumulating payments at various intervals
and paying for these works has been completed.
For a mathematical description of the state of
this fund, it is proposed to use a special type of
risk process.

The probabilistic models used to evaluate
the components of the risk process are selected.
These models describe time intervals between
repairs and the costs of their implementation.
As these models, the following are chosen: the
Pareto distribution with a zero point, the gamma
distribution, the Birnbaum—Saunders
distribution, etc.

A special algorithmic software for
information processing has been created,
containing probabilistic models and algorithms
for obtaining simulation results using an event-
based approach and a calendar of events of a
special type according to three main influencing
factors:

a) The method of ensuring the excess of [ ; ’

revenue over expenditure.
b) Share of payments by types of repair

work.

¢) Frequency of payments.
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Algorithms have been developed for
calculating performance indicators based on the
results of simulation modelling in the form of
point and interval estimates of resource-costly
and financial risks and reliability indicators
«Denial of service» for financial reasons.

A software package has been developed
based on a simulation program that uses an event
approach, which makes it possible to conduct
computational experiments and implement the
developed methods and algorithms for evaluating
performance indicators that characterize the
maintenance and repair of complex equipment.
The software package is implemented in MatLab
programming language. There are two certificates
of state registration of the created programs.

Using one of the programs, testing of the
module required for the modeling program was
carried out. Testing has shown that mathematical
and software for evaluating reliability indicators
has the necessary accuracy and can be
recommended for the main simulation program.

Four tasks of a comprehensive study of the
effectiveness of repair work of complex
equipment are formulated. The first three tasks
use assessments of resource-intensive and
financial risks as indicators for comparing
options, the fourth task uses assessments of the
«Denial of Servicey reliability indicators. This
made it possible for the first time to conduct a
comprehensive study based on 30 computational
experiments with a modeling program and 120
options for evaluating performance indicators
and obtain practically important results: the
excess of revenue over expenditure must be
done at the expense of the initial annual value
of the insurance fund; the frequency of
payments should depend on the type of repair
work and the initial data; the share of payments
must be different.

2.3.1 — System analysis, management and
information processing.

The work was performed out at Irkutsk State
Agrarian University named after A. A. Yezhevsky,
defended at Irkutsk State Transport University
(IrGUPS).

Osipova, V. E. A model for managing the
energy complex of a railway enterprise for
intellectual support of decision-making

processes. Abstract of Ph.D. (Eng) thesis
[Model upravleniya energeticheskim
kompleksom zheleznodorozhngo predpriyatiya
dlya intellektualnoi podderzhki protsessov
prinyatitya reshenii. Avtoref. dis... kand. tekh.
nauk]. Irkutsk, IrGUPS publ., 2021, 17 p.

A feature of operation of railway transport
facilities is the uneven load of the system over
time, which makes it difficult to form a
complete initial database characterizing the
system under consideration.

The variety and uncertainty of factors
describing the state of its individual elements
does not allow full use of the data of one of the
existing accounting systems of the railway
industry (ACSTP), as a result, makes it difficult
to make a decision to control the technological
process. The operating modes of the specialised
equipment of such objects are usually
distinguished by the presence of strict time
limits and the complexity of describing changes
that characterise the state of the system at a
certain point in time.

All this contributes to development of
complex mathematical models for the purpose
of making managerial decisions. The most
promising of which is the application of fuzzy
set theory. Thus, the relevance of the thesis
research is due to the need to improve the
methodology for formation of the fuel and
energy balance of the energy supply system
based on the theory of fuzzy sets.

The objective of the thesis work is to
improve the management system of the energy
complex of a railway enterprise by effectively
forming the fuel and energy balance based on
system analysis, developing a mathematical
model and methodology for managing fuel and
energy resources.

To achieve this objective in the course of
the thesis research, it was necessary to solve
the following tasks:

* To conduct a systematic analysis of the
initial data uncertainty and study the principles
and features of operation of the fuel and energy
resources consumption management system of
the energy complex of a railway enterprise
(TER EKZhP).

* To determine the selection criteria, the
main systemic links and patterns of functioning
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of EKZhP, to create a base of rules for managing
consumption of fuel and energy resources.

* To develop a mathematical model for
managing the consumption of TER EKZhP.

* To evaluate and to analyse the adequacy
of the results of the developed management
models, to determine the economic effect of
implementation of the proposed model.

* To propose a method for managing
consumption of TER EKZhP based on the
theory of fuzzy sets using the rule base of fuzzy
inferences and fuzzy controllers.

The object of the study is the system for
managing the consumption of fuel and energy
resources of the energy complex of a railway
enterprise. The subject of the study is mathematical
methods for managing the consumption of fuel and
energy resources of a railway enterprise, methods
of fuzzy control and fuzzy conclusions, and the
methodology for forming a balance of fuel and
energy resources created on their basis.

As a result of the thesis research, new
scientific results were obtained aimed at
improving the efficiency of the fuel and energy
resources consumption management system of
the energy complex of a railway enterprise. The
practical application of the results of the study
will improve the efficiency of technical systems
management, as well as reduce the cost of
energy supply.

A systematic analysis of uncertainty of the
initial data and the features of operation of
existing fuzzy control models in relation to
EKZhP has been performed, the sampling
criteria and the main interdependencies between
the parameters of the system under consideration
have been determined.

Equations are proposed for determining the
«centre of gravity» in the process of
defuzzification based on the Mamdani—Sugeno
algorithm, which formed the basis of a
mathematical model for controlling the
consumption of TER EKZhP.

A new algorithm for formation of the fuel
and energy balance of EKZhP has been
developed, which provides an increase in the
efficiency of decision-making under conditions
of uncertainty, through the use of the
mathematical apparatus of fuzzy logic.

The software implementation of the
developed model for managing the consumption

® World of Transport and Transportation, 2022, Vol.

of fuel and energy resources EKZhP has been
implemented. The economic effect from
introduction of the proposed methodology is a
reduction in operating costs for the purchase of
fuel and energy resources by 2—4 %.

A methodology for formation of the fuel and
energy balance is proposed, focused on
improving the efficiency of decision-making
using modern methods of information
processing, in conditions of uncertainty of the
initial data.

2.3.1 — System analysis, management and
information processing.

The work was performed and defended at
Irkutsk State Transport University (IrGUPS).

Semenov, A. P. A model for managing the
life cycle of locomotives using modern
methods of technical diagnostics. Abstract
of D.Sc. (Eng) thesis [Model upravleniya
zhiznennym tsiklom lokomotivov s
ispolzovaniem sovremennykh metodov
tekhnicheskogo diagnostirovaniya. Avtoref.
dis... doc. tekhn. nauk]. Moscow, RUT publ.,
2021, 39 p.

In the world and domestic practice of
technical maintenance and repair (TMR) of
traction rolling stock, there is a tendency to
move from a planned preventive system to
repair, considering the actual technical
condition. At the same time, there is a transition
to integrated maintenance and repair
management throughout the entire life cycle of
the locomotive, for which a life cycle contract
for service TMR is concluded with the
manufacturer. These trends are due to
development of automated control systems
(ACS) for production, microprocessor control
systems for locomotives (MCS), automated
technical diagnostic systems (ASTD) — built
into equipment, on-board based on MCS, depot
portable and stationary ASTD.

The mass introduction of cyber-physical
production systems allows us to talk about the

«fourth industrial revolution», the methods of _. |

which should be comprehended and applied,
including in the locomotive repair complex.
Scientific and practical study of the new
technology of ACS TMR is required. The
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development of a model for managing the life
cycle of locomotives using modern methods of
technical diagnostics and the principles of
building ACS is relevant.

The thesis develops scientific foundations
of locomotive reliability management through
the development of a locomotive life cycle
management model using modern methods of
technical diagnostics.

The object of the study is traction rolling
stock of railways, the locomotive life cycle
management system, the locomotive
maintenance and repair system using automated
systems for technical diagnostics of locomotive
equipment.

The objective of the thesis work is to
increase reliability and efficiency of TRS
operation through improvement of the TMR
system by switching to a locomotive life cycle
management model with the integrated use of
modern diagnostic systems (hereinafter referred
to as the Model).

The thesis substantiates technical and
technological proven solutions in the field of
locomotive life cycle management (LCL), the
implementation of which makes a significant
contribution to the development of the
locomotive repair complex of Russian railway
transport.

A technological model of an automated
locomotive life cycle management system
(ACS LCL) has been developed, which is a
cyber-physical production system that
combines, according to the principle of internal
interoperability, automated systems for
technical diagnostics of locomotive equipment
(ASTD), including on-board and built-in,
technological equipment with microprocessor
control and automated control systems for
technical maintenance and repair (TMR) of
locomotives (using the methods of Industry 4.0,
quality management systems, lean
manufacturing, service maintenance, etc.), as
well as combining, according to the principle
of external interoperability, all automated
control systems involved in the life cycle of a
locomotive: automatic design of equipment for
locomotives (CAD), automated control systems
for locomotive construction and locomotive
repair plants, automated control systems for
operating organisations (including automated

control systems for JSC Russian Railways),
automated control systems for maintenance and
repair of service companies with decision
support functions. At the heart of the Model, it
is proposed to create a database management
system (DBMS) «Locomotive Life Cycle»
(LCL), for which the procedure for its formation
and updating is described.

The analysis of the world and domestic
experience in managing the life cycle of
locomotives was carried out using literary
sources and own experience. The analysis
showed that, along with the planned preventive
system of service TMR, which remains the
basis, there is a tendency to use data from
on-board ASTD based on microprocessor
control systems for locomotives (MCS), which
enter ACS TMR via a radio channel in real time
(online) for additional individual planning the
volume of TMR. Both foreign leaders in
locomotive building and domestic companies
have experience in using the data of on-board
and built-in ASTD when organizing service
TMR of locomotives. At the same time, it is
important to combine the technological
processes of monitoring and diagnosing with
the technological processes of planning in ACS
TMR. World and domestic experience are used
in the developed Model.

A method has been developed for evaluating
the efficiency of using traction rolling stock
(TRS) through the efficiency factor K, the
ratio of the time the locomotive is in the state
of «traction in the head of the train» according
to the classifier ASOUP JSC Russian Railways
to the total operating time (in fractions of a unit
or percentage). Appropriate software was
developed in the Visual BASIC for Applications
(VBA) algorithmic language in the MS Excel
environment, with the help of which an analysis
was made of operation of the domestic
locomotive fleet: 8 series of electric locomotives
and 4 series of diesel locomotives) for 400—500
days of their operation (taking into account
TMR, this is the year of operation). The size of
a representative sample guarantees reliability
of the results obtained. It has been proven that,
on average, locomotives have K, = 48 % with
simultaneous non-compliance with the
requirements of service contracts for reliability.
At the same time, there are individual
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locomotives, which, according to the results of
work for the year, have K, , > 75 %. Losses in
operation AK, ,= 25 %, in anticipation of TMR
AK,, = 14,4 %, during TMR AK,, = 5 %. At
the same time, TMR takes about 10 % for
electric locomotives and 20 % for diesel
locomotives of the total time budget. Thus, the
optimal model of the life cycle of locomotives
is an important reserve for increasing the
efficiency of their operation, both by increasing
the efficiency of using locomotives and by
increasing the efficiency of service TMR, incl.
by reducing the downtime at TMR to the level
of the standard and above.

The analysis of reliability indicators taken
in the locomotive life cycle contracts (LCC)
between JSC Russian Railways and locomotive
suppliers by failure categories according to the
classifier of KAS ANT failure accounting
system of JSC Russian Railways showed that
the categories of failures are more dependent
on the operating conditions of locomotives and
not on hardware manufacturers. A probabilistic-
statistical method has been developed to
establish the relationship between reliability
indicators provided for by the standard and the
indicators taken in the LCC.

A method for evaluating the information
efficiency of technical diagnostic systems from
the standpoint of the theory of knowledge
(epistemology), information theories, automatic
control and digitalization has been developed.
The Shannon formula taken as a basis is
supplemented by the statistical probability of a
failure and the cost of eliminating a failure in
specific units. The coefficient of information
efficiency of ASTD is introduced as the ratio of
its information content according to the
proposed formula to the total information
entropy of the object of diagnosis. The proposed
method was used to analyse the information
efficiency of the most common automated
technical diagnostic systems (ASTD). It has
been proved that on-board ASTD have limited
information content even with the expansion of
their functionality, therefore it is impossible to
exclude depot stationary and portable ASTD
from TMR system.

A method has been developed for technical
and economic evaluation of effectiveness of
implementation of ASTD by simulation
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modelling in the MS Excel environment using
a program specially developed on VBA for
monthly calculation of the net present value of
the project (NPV). It is proved that the use of
all types of existing ASTD equipment for
locomotives is not economically feasible. The
effectiveness of the use of on-board ASTD,
automated systems for rheostatic tests of diesel
generator sets, vibration tests of wheel-motor
units and a number of other ASTD has been
proven.

A method has been developed for an
operational expert assessment of the duration
of TMR during its organization with individual
planning for the scope of repairs for each
section, taking into account the diagnostic data
of'the totality of all ASTD. The method is based
on probabilistic-statistical modeling of duration
of individual repair operations in order to
probabilistically estimate the expected
maintenance and repair time for each specific
section of the locomotive. To test the method,
the corresponding software was developed in
the MS Excel environment in VBA.

The practical implementation of TMR
system according to the proposed locomotive
life cycle model (LCL) was carried out in
Bratskoye service locomotive depot at
Vikhorevka station (East Siberian Railway) of
the LocoTech group of companies in relation
to AC electric locomotives with rectifier-
inverter converters manufactured by NEVZ.
The implementation of the model made it
possible to significantly increase the efficiency
of the depot (downtime at maintenance and
repair was reduced by three times, the
availability factor was brought back to normal,
logistic losses were reduced by 30 %, etc.),
thereby proving the effectiveness of the
proposed technical and technological solutions
based on the results of theoretical studies. It is
planned to replicate the technology in all service
locomotive depots of the Eastern range of JSC
Russian Railways, serving similar electric
locomotives.

The prospect for further development of the
topic is:

» Adaptation of the developed model and
TMR technology for other series of locomotives.

e Encapsulation in ACS TMR of all
proposed mathematical control methods to
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increase the efficiency of TMR system
according to the proposed Life Cycle
Management Model.

» Expanding the functionality of onboard
ASTD by installing additional sensors,
developing ASTD built into the equipment
itself, developing additional methods for
predicting the residual life of the equipment and
the locomotive as a whole.

* Further integration of all types of ASTD
into ACS TMR, into the information systems
«Digital Depot» and «Digital Railway»
(ISUZT).

05.22.07 — Railway rolling stock, train
traction and electrification.

The work was performed and defended at
Russian University of Transport. °
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NEW PUBLIC TRANSPORT

FOR THE

transit systems will arrive in 21 urban

agglomerations thanks to the national Safe
High-Quality Roads project. For these purposes,
about 10 billion rubles will be allocated from the
federal budget.

Within the framework of the national project,
much attention is paid not only to compliance of
the country’s road network with standards, but also
to updating of urban public transport. It is very
important that the rolling stock is comfortable and
modern because of its impact on the safety of
passengers. In the next three years, the regions will
receive 934 buses, 200 trolleybuses and 27 trams.

The new vehicles will be delivered to
Novosibirsk, Tula, Omsk, Volgograd, Chelyabinsk,
Cheboksary, Nizhny Novgorod, Perm, Sochi,
Kursk, Orenburg, Petrozavodsk, Ufa, Bryansk,
Astrakhan, Ulan-Ude, Saratov, Tomsk, Izhevsk,
Vladivostok and Ryazan urban agglomerations.

The list of regions to which the vehicles will
be supplied was approved by the Ministry of
Transport of Russia following the results of the
competitive selection. In total, applications were
received from 44 regions. When considering them,
the commission assessed the level of development
of public transport in cities. The selection criteria
comprised the availability of contactless fare
collection systems, the organisation of dedicated
lanes for public transport, the availability of
approved transport planning documents,
compliance with the schedule, and several other
indicators.

The public transport vehicles’ supply program
within the framework of the national project is
operated by JSC «State Transport Leasing
Company». Rolling stock will be purchased at
a significant discount using the mechanism of
preferential leasing.

All vehicles purchased under the national
project are equipped in accordance with modern
requirements and provide comfortable and safe

I n 2022-2024, 1161 new vehicles for mass

REGIONS

transportation of passengers, considering the needs
of citizens with disabilities and low-mobility
groups of the population, vehicles have a low floor
and folding ramps. Besides, all the vehicles
intended for the regions under the national project
are environmentally friendly.

Thanks to the national Safe High-Quality
Roads project in 2020-2021, 1131 new buses,
trolleybuses and trams have already been delivered
to the regions.

In 2022, thanks to the implementation of the
federal project «Development of Public Transport»
within the national Safe High-Quality Roads
project, 333 vehicles will be delivered to 9 urban
agglomerations. 310 new buses will be delivered
to the Chelyabinsk, Astrakhan, Nizhny Novgorod,
Perm, Sochi, Kursk and Ulan-Ude agglomerations,
23 trolleybuses to the Novosibirsk and Bryansk
agglomerations. For these purposes, more than 2,5
billion rubles are provided from the federal budget.

«In the nearest future, we will renew bus and
trolleybus fleets in 9 urban agglomerations under
the national Safe High-Quality Roads project. We
will send 333 vehicles to the regions. These are
new buses and trolleybuses. We are steadily
developing the road system in the regions. Travel-
ling by car across the country is becoming safer
and more convenient. But without the development
of public transport, our cities, especially large ones,
in a few years can simply stand in traffic jams.
Therefore, it is important to create the conditions
that trips by public transport are not inferior to
personal cars in terms of comfort», said Deputy
Prime Minister Marat Khusnullin.

Compiled based on the news of the press
centre of the Ministry of Transport

of the Russian Federation:
https://mintrans.gov.ru/press-center/
news/10293,
https://mintrans.gov.ru/press-center/
news/10300 o
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